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Uvodni slovo $éfredaktora

Vazeni étenari,

mate pfed sebou c¢islo, které vychazi nad plan a které jsme
pripravili ve spolupraci s organizatory 14. rocniku mezinarodni konference
RECYKLACIA ODPADOV / WASTE RECYCLING. Cislo obsahuje
vyhradné prispévky, které zazni na zminéné konferenci 2. — 3. 12. 2011
v Kosicich a vsechny prosly fradnym recenznim Fizenim. Na pripravé
Cisla se spolupodilely doc. Ing. Maria Kusnierova, Ph.D. a Ing. Maria
Pras¢akova, Ph.D., kterym touto cestou dékuiji.

Mimoradny zpusob vzniku &isla je také divodem nékterych
odlisnosti. Prvni z nich je zvyseny pocet prispévkui v anglicting, coZ je
dasledkem toho, Ze zminéna konference je mezinarodni. Proto jsme se rozhodli pro dvojjazyéné uvedeni
prispévku v obsahu, pricemz podle poradi nazvi Ize poznat, ve kterém jazyce je prislusny clanek.
BohuZzel bylo nad sily organizatord konference zajistit pro vsechny prispévky v anglictiné souhrn
v ¢eském Ci slovenském jazyce, ktery je jinak v nasem ¢asopisu povinny, a tak laskavy ¢tenar bude
muset u prispévki v anglictiné vystacit jen s pfekladem jejich nazvu.

Jako podékovani organizatorim konference jsme na zavér Cisla zaradlili profil poradajici
organizace, kterou je Ustav geotechniky Slovenskej akadémie vied Kosice, ktery je Patronem tohoto
Cisla. Zaroven vsechny ucastniky kosicke konference i ostatni ¢tenare tohoto Cisla zveme na 6. rocnik
symposia Vysledky vyzkumu a vyvoje pro odpadové hospodarstvi ODPADOVE FORUM 2011 a na
samy konec tohoto ¢isla pfikladame 1. cirkular.

Toto cislo rozhodné nenahrazuje radné cislo, které mélo redakéni uzavérku 8. fijna t. r. a které
v dobé kompletace tohoto &isla je v redakéni pripravé a které rovnéZz vyjde do konce roku.

Ondrej Prochazka

Pro autory

Ceské ekologické manaZerské centrum (CEMC) na vydavani dasopisu WASTE FORUM nedostava
Zadnou podporu z verejnych zdroju. Proto se snaZime minimalizovat naklady spojené s vydavanim
tohoto ¢asopisu. Proto je ¢asopis vydavan pouze v elektronické podobé a cCisla jsou zverejriovana na
volné pristupnych internetovych strankach www. WasteForum.cz.

Pro sniZeni pracnosti pfipravy jednotlivych ¢isel poZadujeme, aby autofi pfispévku je posilali do
redakce v kompletné zalomené podobé i se zabudovanymi obrazky a tabulkami, tak zvané ,printer-
ready*. Pokyny k obsahovému &lenéni a grafické Upravé prispévku spolu s primo pouZitelnou sablonou
grafické upravy ve WORDu jsou uvedeny na www-strankach ¢asopisu v sekci Pro autory.

Uverejnéni prispévku v ¢asopisu WASTE FORUM je v zasadé bezplatné. Nicméné abychom
prijmové pokryli alespori nezbytné externi naklady spojené s vydavanim c&asopisu (odmény
recenzentim, poplatky za webhosting, softwarova podpora), vybirame symbolicky poplatek za
uverejnéni podékovani grantové agenture Ci konstatovani, Ze ¢lanek vznikl v ramci feseni urcitého
projektu. Vice na www-strankach v sekci Inzerce.
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Luhovanie cinu a medi z dosiek plosnych spojov v kyseline

chlorovodikovej

Dusan Orac, FrantiSek Kukurugya, Zita Takacova, Tomas Havlik

Technicka univerzita v KoSiciach, Hutnicka fakulta, Katedra nezeleznych kovov
a spracovania odpadov, Centrum spracovania odpadov, Letna 9, 04200 Kosice
e-mail: dusan.orac@tuke.sk

Suhrn

Tato praca sa zaobera luhovanim dosiek plosnych spojov z vyradenych osobnych poéitacov s cielom
previest do roztoku kovy med a cin. Na experimenty sa pouZili podrvené dosky, ktoré sa ziskali
demontazou vyradenych pocitacov. V procese luhovania sa sledoval vplyv faktorov teploty luhovania,
koncentracie luhovacieho ¢inidla, pomeru kvapalnej ku pevnej faze (K:P) a doby luhovania na vytaznost
medi a cinu. Experimenty sa realizovali pri teplotach 20, 40, 60 a 80 C vo vodnom roztoku Kyseliny
chlorovodikovej o koncentraciach 0.25M, 0.5M, 1M a 2M. Na experimenty sa pouZil material o zrnitosti
-8 +0 mm o hmotnosti 10 g (K:P = 40), 30 g (K:P = 13) a 50 g (K:P = 8). Standardna doba luhovania bola
120 mindt. Na sledovanie vplyvu doby na vytazZnost kovov sa pri vybranych experimentoch prediZila na
360 minut. Zvysovanie teploty a koncentracie kyseliny chlorovodikovej malo pozitivny vplyv na vytaznost
cinu, pricom sa cin vyluhoval prakticky dplne. V pripade medi zvolené podmienky nevplyvali na prevod
medi do roztoku a vytaznosti sa pohybovali do 0.5%.

il

Krucove slova: recyklacia, dosky plosnych spojov, Itihovanie, kyselina chlorovodikova, cin, med’

Uvod

Pri neustalom a rychlom vyvijani novych technologii prirodzene rastie aj mnozstvo zariadeni na trhu.
Odpad z elektrickych a elektronickych zariadeni (OEEZ) je fenomén posledného obdobia (cca 15-20
rokov). Hromadenie je spbsobené aj absentovanim technoldgii, ktoré by tento druh odpadu dokazali
efektivne spracovat.

Tato druhotna surovina obsahuje zaujimavé kovy (Au, Ag, Cu, Sn), latky, ktoré pri nespravnom alebo
nevhodnom spracovani mézu mat nebezpecny charakter (tazké nezelezné kovy, plasty). Najvyraznejsi
dovod pre jeho spracovanie je vSak mnozstvo. V Eurdpskej Unii vznikne ro€ne priblizne 8 miliénov ton
OEEZ s roénym narastom 3-5% . V celosvetovom pohlade je to priblizne 20-50 miliénov ton 2.

Vacsina zaujmovych kovov je koncentrovana v doskach plosnych spojov (DPS), ktoré sa v sucasnosti
nachadzaju vo vacésine vyrobkov. Vyznamné zastlpenie je vSak v osobnych pocitacoch, kde tvoria ich
hlavnu sucast.

Roé&na produkcia DPS na svete je priblizne 60 miliénov kusov®. V poslednych rokoch priemerna rocna
vyroba DPS na svete stupla o priblizne 8.7% a toto Cislo je ovela vySSie v juhovychodnej Azii (10.8%) a
v Cine, kde je to 14.4% *.

Dosky plosnych spojov mozno principialne spracovat dvoma metédami. Ide o pyrometalurgické,
hydrometalurgické spracovanie alebo ich kombinacia.

Pyrometalurgickym spdsobom spracovania elektronického odpadu tavenim sa zaobera na svete
niekolko spolo¢nosti s dobre prepracovanou technolégiou: Noranda Metallurgy Inc., Horne Smelter v
Kanade, Boliden Mineral AB vo Svédsku, Umicore SA v Belgicku, Teck Cominco Ltd., v Kanade a
Aurubis AG v Nemecku °. Tieto firmy vyrabaju med z primarnych surovin (ruda, koncentrat) a vo svojich
procesoch pouzivaju tiez ako vstupnu surovinu elektronicky odpad, ktory tvori ¢ast vsadzky.

V sGcasnosti sa v praxi hydrometalurgickému spracovaniu elektronického odpadu venuju spolocnosti
TES — AMM Ltd. a Super Dragon Technology Co., Ltd., ktoré pochadzaju z Azie. Informacii o
pouzivanych technolégiach je velmi malo resp. spolo¢nosti nezverejiiuju informacie o procesoch.

Na Slovensku v stcCasnosti pésobi 19 spoloCnosti (ku diiu 28. 04. 2010), ktoré su autorizované na
spracovanie odpadu z elektrickych a elektronickych zariadeni °. Ziadna zo spoloénosti véak neponika
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komplexnu recyklaciu OEEZ, iba jeho Ciastkové spracovanie. Ich €innost spogiva najma v demontazi
zariadeni, ¢i mechanickej preduprave materialu s cielom ziskat predajné produkty.

Cin je jeden z kovov, ktoré hraju nezastupitelnu ulohu v elektrickych a elektronickych zariadeniach.
Nachadza sa v spajke, ktora zabezpecuje vodivé spojenie medzi doskou ploSnych spojov a suciastkami
na nej. V sucasnosti je cin prakticky nenahraditelnou suc¢astou spajky. Na druhej strane treba povedat,
Zze mnozstvo primarnej suroviny na vyrobu cinu sa odhaduje iba na 40 rokov a pri pesimistickych
odhadoch len 20 rokov ’.

Z tohto dévodu sa tato praca zaobera luhovanim dosiek plosnych kovov s cielom najst optimalne
podmienky luhovania cinu a medi.

Experimentalna cast’

Material

Pred samotnymi pokusmi sa zhromazdilo 73 kg vyradenych DPS. Z tychto sa odstranili nebezpeéné
Casti a takto pripravené DPS sa podrvili na kladivovom drvi¢i (Obr. 1). Z podrveného materialu sa
kvartovanim na automatickom deli€i vzoriek (Obr. 2) ziskala reprezentativna vzorka o hmotnosti 2 kg, z
ktorej sa ruénym kvartovanim odobrala vzorka, ktora sa podrobila chemickej analyze metédou atébmove;j
absorpénej spektrometrie (AAS), Tab. 1.

Tabulka 1. Chemické zloZenie dosiek plosnych spojov
kov Sn Cu Au Ag
Obsah [%] | 5.94 | 21.3 | 0.007 | 0.01

Obrézok 1. Kladivovy drvié SK 600 Obrazok 2. Deli¢ vzorky

Podmienky experimentu

Laboratorne experimenty sa realizovali v sklenenych kadic¢kach ponorenych do vodného kupela pri
teplotach 20, 40, 60 a 80°C za staleho mieSania (Obr. 3). Ako luhovadlo sa pouzil vodny roztok kyseliny
chlorovodikovej o koncentraciach 0.25M, 0.5M, 1M a 2M. Objem luhovacieho ¢inidla bol 400 ml. Pre
luhovanie sa pouzili navazky 10 g, 30 g a 50 g, ¢o predstavuje pomer kvapalnej ku tuhej faze K:P rovny
40, 13 a 8. Celkova dizka experimentu bola 120 min. s intervalom odoberania vzoriek 5, 10, 15, 30, 60,
90 a 120 min. Vzorky o objeme 10 ml sa analyzovali na obsah cinu a medi metédou AAS.
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Obrazok 3. Schéma aparatury na Iuhovanie maticnych dosiek
1 — pohon miesadiel; 2 — sklenené miesadlo; 3 — luhovaci roztok; 4 — odber vzorky;
5 - teplomer; 6 — davkovanie vzorky; 7 — vodny kupel kontrolovany termostatom; 8 — vzorka

Vysledky a diskusia

Spravanie sa cinu v procese luhovania

e Vplyv teploty

Na Obr. 4 a—c sU znazornené kinetické krivky lUhovania cinu z dosiek ploSnych spojov v 2M HCI, pri
teplotach 20, 40, 60 a 80°C a pri pomeroch K:P =40, 13 a 8.

Z grafov mozno vypozorovat, Ze na prevod cinu do roztoku vplyva teplota luhovania. So zvySovanim
teploty lihovania sa zvySuje aj vytaznost cinu do roztoku a najvy$sie vytaznosti sa dosahuju pri teplote
80°C. ZvySenim teploty by sa pravdepodobne dosiahli este vy§Sie vytaznosti cinu do roztoku.

Cin prechadza do roztoku postupne s dobou experimentu a najvysSie vytaznosti sa dosahuju vzdy na

konci lGhovania. Tendencia kriviek naznaduje, Ze prediZzenim doby luhovania by sa dosiahlo zvysenie
vytaznosti cinu.

60 60 60
0 e 20°C 2;v1 ;{Cl e 20°c | 2MHC
50 O 40° -8 +0mm o -8 +0 mm
50 0°C | 120 min S0f) o docc P in C
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0 20 0 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Doba lihovania [min] Doba lihovania [min] Doba lihovania [min]

Obrazok 4 a-c. Kinetickeé krivky luhovania cinu z DPS v 2M HCI,
pri réznych teplotach a pomeroch K:P

e Vplyv koncentracie kyseliny

Kedze experimenty luhovania dosiek ploSnych spojov pri r6znych teplotach ukéazali, ze pri teplote
80°C sa dosahovali najlepSie vytaznosti cinu, v dalSich Castiach su uvedené vysledky iba pre tejto
teplote.
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Na Obr. 5 je zobrazena zavislost vplyvu koncentracie kyseliny chlorovodikovej na vytaznost cinu
v 120 minute pre rézne pomery K:P. Z grafu vyplyva, ze koncentracia ma vyznamny vplyv na luhovanie
cinu. So zvySovanim koncentracie kyseliny sa zvySuje aj vytaznost cinu a najvy$Sie vytaznosti sa
dosahuju pri pouziti 2M HCI.

60

® K:P=40 |HCIL 80 °C, 120 min.
50

40

30

20

0.0 0.5 1.0 1.5 2.0

Vytainost’ Sn [%]

Koncentrécia [mol/dm’]

Obrazok 5. Zavislost’ vplyvu koncentracie HCI na vytaznost’ cinu v 120 minute luhovania
réznych pomerov K:P

e Vplyv pomeru kvapalnej ku pevnej faze

V nasledujucich ¢astiach su uvedené vysledky pre 2M HCI, pretoze z experimentalneho stadia vplyvu
koncentracie kyseliny sa zistilo, Ze pri tejto koncentracii najlepSie prechadza cin do roztoku.

Na Obr. 6 su uvedené kinetické krivky Iuhovania cinu z frakcie -8 +0 mm po dobu 120 minuat pri
teplote 80°C a troch pomerov K:P. NajvysSia vytaznost cinu sa dosiahla pre pomer K:P = 40. Znizovanie
vytaznosti pre nizSie pomery K:P, mbéze byt spbsobené nedostatoénym mieSanim tuhej fazy, ktora sa
mohla usadzovat na dne luhovacieho reaktora a tym nedochadzalo k dostatoénému styku luhovacie
média s cinu a taktiez aj nedostatoénému odvodu vzniknutych produktov lihovania.
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Obrazok 6. Kinetickeé krivky lihovania cinu z DPS v 2M HCI, pri teplote 80°C
a réznych pomeroch K:P

e Vplyv doby Iluhovania

Doteraz uvedené vysledky luhovania cinu z DPS boli realizované po dobu 120 minut. V nasledujucom
grafe su preto uvedené vysledky s predizenou dobou lGhovania, aby sa preskimal aj vplyv tohto faktora
na vytaznost cinu.

Obr. 7 zobrazuje kinetické krivky luhovania cinu z frakcie -8 +0 mm po dobu 360 minut pri teplote
80°C v 2M HCI a réznych pomerov K:P.

Vysledky ukazujd, ze predizenim doby lihovania sa zvysila vytaznost cinu vo v8etkych pripadoch. Pri
pomere K:P = 40 sa po 360 minutach vyluhoval vSetok cin. Pri pomere K:P = 13 doslo k zvySeniu
vytaznosti cinu z 23% (120 min) na 41 (360 min) a pri pomere K:P = 8 sa vytaznost zvySila z 22% (120
min) na 51% (360 min).
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Obrazok 7. Kinetické krivky lihovania cinu z DPS v 2M HCI, pri teplote 80 °C,
po dobu 360 minut, frakcie -8 +0 mm a réznych pomeroch K:P

Spravanie sa medi v procese luhovania

e Vplyv teploty

Na Obr. 8 a-c su zobrazené kinetické krivky luhovania medi z frakcie -8+0 mm v 2M HCI pri teplotach
od 20 do 80°C a pomere K:P =40, 13 a 8.

Med sa pocas luhovania dosiek plosnych spojov spravala odliSne ako cin. Zatial ¢o na prevod cinu
vyznamne vplyva teplota, pri lGhovani medi zvySovanie teploty nemalo vyznamny vplyv a vytaznosti
medi sU velmi nizke a pohybuju sa po 0,5%. Je to dané tym, ze med sa lUhuje len za oxida¢nych
podmienok, pricom cin nevyZzaduje oxidaéné podmienky, tak ako to ukazuju hodnoty zmeny Gibbsovej
Standardnej energie pre nasledujuce reakcie luhovania cinu a medi:

Sn + 2H(+a) + 4Cl(-a) = SnCl4(-2a) + Hz(g) AG%y = -59.42 kJ/mol (1)
2Cu + 2H(+a) + 4Cl(-a) = 2CuCly(-a) + Hz(9) AG°y = 16.38 kd/mol (2)

Narast vo vytaznosti medi pri pomere K:P = 40 (Obr. 8 a) mbze byt spdsobeny pritomnostou
vzdu$ného kyslika z atmosféry a ten potom pdsobi oxida¢ne podla:

4Cu + 4HCl(aq) + O2aq) = 4CuCl(aq) + 2H.0 AG% = -63.479 kJ/mol 3)

Dosky plosSnych spojov predstavuju svojou konstrukciou kompozitny material, kde si medené platy
zaliate v sklolaminate. Drvenim nedoS$lo k uvolneniu medi z DPS aaj preto sa nedosiahli vySSie
vytaznosti medi.
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Obrazok 8 a-c. Kinetickeé krivky luhovania medi z DPS v 2M HCI,
pri réznych teplotach a pomeroch K:P
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e Vplyv pomeru kvapalnej ku pevnej faze (K:P)

Na Obr. 9 su znazornené kinetické krivky lUhovania medi z DPS v 2M HCI, pri teplote 80°C, pre
frakciu -8 +0 mm a r6zne pomery K:P. Pri réznych pomeroch K:P su vytaznosti medi nizke a pohybuju
sa pod 0.15%.
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Obrazok 9. Krivky luhovania medi z DPS v 2M HCI, pri teplote 80 °C a r6znych pomeroch K:P

e Vplyv doby luhovania

Obr. 10 znazorniuje kinetické krivky lihovania medi po dobu 360 minut v 2M HCI, teplote 80°C, pre
ré6zne pomery K:P a frakciu -8 +0 mm. PrediZenie doby lihovania malo vplyv na prevod medi do roztoku
len pri pomere K:P = 8. Vytaznosti medi sa pri ostatnych pomeroch K:P pohybovali pod 0,5%.
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Obrazok 10. Kinetické krivky Iuhovania medi z DPS v 2M HCI, pri teplote 80 °C,po dobu 360 minut,
pre frakciu -8 +0 mm a réznych pomeroch K:P

Zavery

Z vysledkov luhovania dosiek ploSnych spojov vyplyva, ze zvySovanie teploty, koncentracie kyseliny
chlorovodikovej pozitivne vplyva na Ithovanie cinu. NajvySSie vytaznosti sa dosiahli pri teplote 80°C
a2M HCI. Tvar kinetickych kriviek naznagoval, Zze predizenie doby lihovania by malo napoméct
k zvySeniu vytaznosti cinu. Tento predpoklad sa aj potvrdil, ked sa dosiahlo zvySenie vytaznosti cinu pri
pomeroch K:P = 13 resp. 8 a Uplné vyluhovanie cinu pri K:P = 40 po 360 min. lGhovania.

Spravanie sa medi v procese luhovania bolo odliSné od cinu. V pripade medi platilo, Ze zmena teploty
a koncentracie kyseliny nemala vyznamny vplyv na prevod medi do roztoku.

Z vysledkov luhovania mozno teda konStatovat, ze za urCitych podmienok je mozné uplné
vyluhovanie cinu a navySe je mozné vyluhovat cin bez toho aby sa luhovala med.

Pod'akovanie 5
Tato praca sa vykonala v ramci riesenia grantu VEGA MS SR 1/0123/11 a za jeho financnej podpory,

ako aj pri rieseni projektu Centra excelentnosti v ramci operacného programu Vyskum a vyvoj, ¢islo
ITMS 26220120017.

Patronem tohoto éisla je Ustav geotechniky SAV Kosice, www.saske.sk/UGT/,
poradatel konference RECYKLACIA ODPADOV / WASTE RECYCLING XIV. WASTE FORUM 2010, éislo 4 strana 281



Dusan Ora¢, Frantisek Kukurugya, Zita Takacovd, Tomas Havlik: Luhovanie cinu a medi z dosiek plosnych spojov
v kyseline chlorovodikovej

Literatura

1. Drechse, Ch.: Mechanical Processes for Recycling Waste Electric and Electronic Equipment with
the Rotorshredder and Rotor Impact Mill, Aufbereitungs Technik, 47, 2006, Nr. 3

2. Burke, M.: The gadget scrap heap, ChemWorld UK 4, 2007, p. 45 — 4

3. Computer and Electronic Scrap Recycling [citované 07.06. 2008] Dostupné na

<http:// www.azom.com/details.asp ?Article|D=1767>

4. Li, La kol.: Recycle Technology for Recovering Resources and Products from Waste Printed Circuit
Boards, Environmental Science and Technology, 2007, 41 (6), p 1995-20002.

5. Berglund, C.: End of life treatment requirements of materials content for electronics [citované 08.
02. 2008] Dostupné na <http://wwwa3.ima.kth.se/ImaExt/Upload/Dokument/ STINA_BERGLUND _
RAPPORT.PDF>

6. Register autorizovanych zariadeni na spracovanie odpadu z elektrickych a elektronickych zariadeni
[citované 28. 04. 2010] Dostupné na <http://www.enviro. gov.sk/ servilets/page/ 8687?c id=2789>

7. Tin, [citované 28. 10. 2009] Dostupné na <http.//www.docstoc.com/docs/ 6257025/Tin>

The leaching of tin and copper from printed circuit boards in hydrochloric
acid

Dusan Oraé, Frantisek Kukurugya, Zita Takacova, Tomas Havlik

Technical University of Kosice, Faculty of Metallurgy, Department of Non — ferrous Metals and
Waste Treatment, Centre of Waste Processing, Letna 9, 04200 Kosice, Slovakia

e-mail: dusan.orac@tuke.sk

Summary

This paper deals with leaching of printed circuit boards from used computers with the aim to obtain
metals such as copper and tin into the solution. Crushed printed circuit boards obtained by dismantling
from scrap computers were used for experiments. During the leaching the influence of factors such as
leaching temperature, leaching reagent, concentration, S:L ratio and leaching duration on copper and tin
extraction were observed. Experiments were carried out at the temperatures 20, 40, 60 a 80 <C in water
solution of hydrochloric acid with concentration 0.25M, 0.5M, 1M a 2M. Granularity of PCBs used for
experiments was -8 +0 mm with the weight 10 g (S:L = 40), 30 g (S:L = 13) and 50 g (S:L = 8). Duration
of leaching experiment was 120 minutes. In chosen experiments the duration was 360 minutes in order
to observe the influence of duration on metals extraction. The results show that increasing the
temperature and hydrochloric acid concentration has positive effect on tin extraction, as tin was leached
practically completely. In case of copper the chosen conditions did not influence passing cooper into the
solution and copper extractions were about 0.5 %.

Keywords: recycling, printed circuit boards, leaching, hydrochloric acid, tin, copper

Patronem tohoto éisla je Ustav geotechniky SAV Kosice, www.saske.sk/UGT/,
poradatel konference RECYKLACIA ODPADOV / WASTE RECYCLING XIV. WASTE FORUM 2010, éislo 4 strana 282



Andrej Olijar, Miroslav Zelko, Dusan Dor¢ak, Julius LiSuch, Imrich Kostial: Spésoby zhodnocovania energetického
odpadu z vytavného kotla z elektrarne EVO Vojany o. z.

Sposoby zhodnocovania energetického odpadu z

vytavného kotla z elektrarne EVO Vojany o.z.
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KostiaF

? Fakulta BERG TU v Kosiciach, Vyvojovo-realizacné pracovisko ziskavania
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Suhrn

Cielom prace bolo hladanie mozZnosti vyuZitia energetického odpadu (popoléeka) z vytavného kotla
z elektrarne EVO Vojany o.z. a experimentalne overovanie moznosti ziskavania jednotlivych uZitkovych
ZloZiek za pomoci upravnickych procesov v laboratdérnych podmienkach. Sledované uZitkové zloZky boli
obsah Zeleza v popole a obsah zvyskov nespaleného uhlia vyjadreny stratou Zihanim’.

Krucoveé slova: Popolcek, triedenie, sitova analyza, magnetické rozdruZovanie, flotacia.

Uvod

Pre kazdy ekonomicky vyspely §tat srozvinutym priemyslom je nevyhnutné, aby disponoval
dostatoénym mnozstvom energie. To isté plati aj pre taky ekonomicky vyspely komplex, ako je tepelna
elektraren EVO Vojany o.z., ktory ziskava energiu z neobnovitelnych zdrojov — spalovanim fosilnych
paliv. Problémom tohto spdsobu ziskavania energie je produkcia znaéného mnozstva odpadu, t.j. tuhych

zvySkov po spalovani uhlia. Kazdy rok rastie mnozstvo tohto vyprodukovaného energetického
odpadu, ¢o ma nepriaznivy vplyv na Zivotné prostredie. Vysledkom jeho skladkovania su vyluhy do
podzemnych vod, prasnost, zaber pddy pre uUlozisko. Budovanie skladok pre trvalé uskladnenie tychto
odpadov je investitne narocné. Vysledky viacerych vyskumnych prac ukazuju, ze skladkovanim
popolcekov v dosledku pbsobenia exogénnych a biogénnych faktorov in situ meni sa ich chemické
a fazové zlozenie a tak sa znizuju moznosti ich dalSieho vyuzitia v buducnosti. Skladkovanie je najmenej
vhodny postup nakladania s popolom, nakolko platna legislativa zatazuje producenta odpadu finanénymi
nakladmi — poplatkami za uloZenie odpadu, aj samotné skladkovanie je finanéne naro¢né. Z hladiska
materialového a ekonomického je vyhodnejSie jeho zhodnocovanie — zuzitkovanie. PopolCeky s
obsahom Uzitkovych zloziek sa stavaju cennou druhotnou surovinou. Problematikou a vyskumom
vyuzivania popola ako druhotnej — zuzitkovatelnej suroviny sa zaoberaju viaceri odbornici a vyskumni
pracovnici vo svete i u nas’.

Uhlie patri k strategickym nerastnym surovinam pri vyrobe energie. V su€asnosti sa podiela 42,7% na
svetovej produkcii energie. Pre tepelnu elektrareri EVO Vojany o0.z. je dovazané poloantracitové Cierne
uhlie prostrednictvom Sirokorozchodnej trate z Donbasko-Kuzbeckej taZzobnej oblasti Ukrajiny.

Cierne uhlie, spalované vo vytavnych kotloch, ma teplotu spalovania od 1400°C do 1600°C. Pri tejto
teplote je popol¢ek nataveny az roztaveny. VSeobecne proces spalovania vo vytavnych kotloch patri
medzi spalovacie procesy prebiehajuce v praskovych kureniskach. Nevyhodou praskovych karenisk je
tvorba vaésieho mnozstva jemnozrnnych tuhych odpadov (popoléeka)?.

V sucasnej dobe svetova produkcia popolCekov dosahuje asi 100 mil. ton ro¢ne, takze ich
deponovanie sa stava globalnym problémom. Popol¢eky je potrebné ukladat do vyhradenych priestorov
(hald, ulozisk, odkalisk), ¢ ma za nasledok zaber pbédy atym jej vyradenie z pOvodnej
polnohospodarskej produkénej funkcie.

Popolceky mézu byt vSak aj zasobarfiou druhotnych surovin. Dnes su zname a priemyselne aj
vyuzivané mnohé technoldgie na ich zuzitkovanie, ktoré prina$aju nielen Usporu primarnych surovin
a energii na ich tazbu a spracovanie, ale aj Usporu nakladov na ich skladkovanie, ako aj znizenie ich
negativnych vplyvov na zivotné prostredie.

Aby bolo mozné na urovni rozhodnut o spésoboch Upravy a spracovania popolceka, je potrebné
poznat jeho fyzikalne, chemické a mineralogické vlastnosti, na zéklade tychto informécii skumat
moznosti ziskavania UZitkovych zloZiek z nich a ich nasledného vyuzivania®.
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Experimentalna cast’

Zrnitostny rozbor

Jednym z fyzikalnych postupov na separaciu zvyskov nespaleného uhlia je aj proces triedenia®.

Preto pripravena vzorka bola podrobena sitovym analyzam, t.j. suchej a mokrej sitovej analyze.
Sucha sitova analyza bola vykonana na suchom sitovom analyzatore na sitdch s okatostami 0,180 mm,
0,125 mm, 0,090 mm, 0,071 mm, 0,050 mm a 0,040 mm. Mokra sitova analyza bola vykonana na
mokrom vibraénom sitovom analyzatore s okatostami sit 0,180 mm, 0,125 mm, 0,090 mm, 0,071 mm
a 0,050 mm. Vysledky zrnitostného rozboru pre jednotlivé vzorky su uvedené v nasledujicich tabulkach
(Tab. 1,2) v podobe hmotnostnych vynosov a strat zihanim'.

Tabulka 1. Hmotnostné vynosy zrnitostnych tried zo suchého triedenia a prisltuchajuci obsah

spalitelnych latok (s.2.)’

Zrnitostna trieda Hmotnostny | Hmotnostny | Strata zihanim

[mm] vynos [g] vynos [%] (s.2.) [%]
+0,18 94,12 48,33 53,12
0,125-0,18 72,28 37,11 50,42
0,09 - 0,125 11,74 6,03 29,81
0,071 - 0,09 5,15 2,64 40,21
0,05 - 0,071 6,09 3,13 54,01
0,04 - 0,05 3,52 1,81 46,01
-0,04 1,85 0,95 37,38
Podanie 194,75 100,00 50,12

spalitelnych latok (s.2.)’

Tabulka 2. Hmotnostné vynosy zrnitostnych tried z mokrého triedenia a prislichajuci obsah

Zrnitostna trieda | Hmotnostny | Hmotnostny | Strata zihanim
[mm] vynos [g] vynos [%] (s.2.) [%]
+0,18 2,81 3,17 83,65

0,125-0,18 10,38 11,71 86,09
0,09 - 0,125 10,53 11,88 80,47
0,071 - 0,09 9,71 10,96 82,97
0,05 - 0,071 9,20 10,38 79,76
-0,05 46,00 51,90 22,87
Podanie 88,63 100,00 51,54

Hmotnostné vynosy jednotlivych zrnitostnych tried potvrdzuju znamu skutoénost, Ze pri suchom
triedeni sa prejavuje vyrazna adhézia prachovych Castic, o skresluje udaje o hmotnostnych podieloch
v jednotlivych zrnitostnych triedach. Mokra sitova analyza poskytuje objektivnejsie idaje’.

Mokré nizkointenzitné magnetické rozdruzovanie

Pri magnetickom rozdruzovani sa vyuzivaju rozlicné magnetické vlastnosti rozli€nych tuhych latok
v magnetickom poli°.

Na rozdruZzovanie popol¢ekov sa pouzivaju nizkointenzitné magnetické rozdruzovace (s
permapentnymi magnetmi alebo s elekiromagnetmi), nakolko ciefom je ¢o najvysSie skoncentrovanie Fe
zlozky".

Vzorka popoléeka bola rozdruzovana na Zliabkovom laboratérnom mokrom nizkointenzitnom
magnetickom rozdruzovaci s permanentnymi magnetmi. Princip &innosti spocival vtom, ze rmut je
privadzany na naklonenu plochu zZliabku a stekal po hiom do nadobky pre zachytavanie nemagnetickych
Castic. Magnetické Castice sa zachytavali nad permanentnymi magnetmi umiestnenymi pod Zliabkom
a boli zmyvané do nadobky pre magneticky produkt. Proces bol diskontinualny. Zmena magnetickej
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indukcie sa dosahovala umiestnenim prepazok medzi zliabok a plochu platni€¢iek permanentnych
magnetov.

Zo ziskanych magnetickych a nemagnetickych produktov boli stanovené obsahy spalitelnych latok
vyjadrené stratou zihanim a percentuélnym obsahom Zeleza (Tab. 3).

Tabulka 3. Vysledky mokrého nizkointenzitného magnetického rozdruZovania’

Produkt HV HV S.Z. B Fe v popole | Ag. VO vzorke £ €Fe
[g] [%] [%] [mT] [%] [%] [%] [%]
N1k 46,54 | 93,98 | 53,29 | 120,30 2,93 1,37 96,08 | 66,67
M, + M | 2,98 6,02 33,91 - 13,77 10,68 3,92 | 33,33
M, 1,1 2,22 16,49 | 88,60 29,33 24,49 0,70 | 28,20
Nip 1,88 3,80 44 11 88,60 4,66 2,60 3,21 5,13
Podanie | 49,52 | 100,00 | 52,13 | 120,30 3,58 1,93 100,00 | 100,00

Vysvetlivky: Q, — vsadzka pre zakladné magnetické rozdruZovanie, M,, N, — magneticky a nemagneticky produkt
20 zdkladného rozdruZovania, My, Ny — magneticky a nemagneticky produkt z prvého kontrolného rozdruZovania,
M., N, — magneticky a nemagneticky produkt z prvého precistného rozdruZovania, M, + My — magneticky produkt
zo zakladného a prvého kontrolného rozdruZovania.

Popolcek obsahoval 1,93% Fe a ziskany magneticky produkt (spojenim magnetického produktu zo
zakladného a prvého kontrolného magnetického rozdruzovania — pri magnetickej indukcii B = 120,3 mT)
obsahoval 10,68% Fe s hmotnostnym vynosom 6,02%. Magneticky produkt ziskany po prvom
prec€istnom magnetickom rozdruzovani — pri magnetickej indukcii B = 88,6 mT, obsahoval 24,49% Fe
s hmotnostnym vynosom 2,22% a nemagneticky produkt obsahoval 2,60% Fe s hmotnostnym vynosom
3,80%.

Ziskany nemagneticky produkt po prvom kontrolnom magnetickom rozdruzovani — pri magnetickej
indukcii B = 120,3 mT, obsahoval 1,37 % Fe s hmotnostnym vynosom 93,98%.

Z priebehu rozdruzovania na zliabkovom rozdruzovaci s permanentnymi magnetmi vyplyva, ze zvySky
nespéaleného uhlia sa kumuluji v nemagnetickom produkte’.

Penova flotacia

Flotacia, ako proces Upravy nerastnych surovin, je zalozena na rozdielnych fyzikalno-chemickych
vlastnostiach povrchu rozdruzovanych mineralnych zfn, ktoré pre jednotlivé mineraly podmienuje
rozdielna Specificka povrchova energia. Penovu flotaciu charakterizuji deje uskutoCnujuce sa na
rozhrani troch faz, ktoré su sucastou flotaéného procesu, su to: tuha faza (mineralne zrna), kvapalna
faza (voda, resp. vodny roztok) a plynna faza (vzduch)®.

Pre laboratérny flotaény test bol pouzity flotacny pristroj vyrobeny Rudnymi doly v Pfibrame. Flotaény
pristroj mal priemer mie$adla 65 mm s vykonom 1960 ot. min~', poget otagok stieraca peny 22 ot.min™
a objem laboratoérnej flotaénej cely 980 ml.

Proces flotacie prebiehal cca 6 minat a 30 sekund. Flotaény koncentrat zo zakladnej flotacie
postupoval na precistna flotaciu, ktora trvala cca 8 minut. Flotaény koncentrat z precistnej flotacie
a flota¢né odpady boli po skonéeni flotacie analyzované na obsah nespaleného uhlia vyjadreny stratou
ihanim (s.2.) a obsah Fe (Tab. 4)'.

Tabulka 4. Vysledky procesu penovej flotacie’

Produkty | HV[g] | HV [%] | s.2.[%] pop':fle"[% ] vz(';:;(;";% | e %] | ere %]
K, 128,76 | 66,79 | 73,34 3,23 0,94 99,54 | 28,68
0, 64,02 | 33,21 0,68 4,71 4,68 0,46 | 71,32
Kip 112,66 | 58,44 | 83,43 3,13 0,52 99,08 | 13,92
O 16,10 | 8,35 2,72 3,96 3,85 0,46 | 14,77
Podanie | 192,78 | 100,00 | 49,21 3,72 2,18 100,00 | 100,00

Vysvellivky: Q, — vsadzka pre zakladnu flotaciu, K,, O, — koncentrat a odpad zo zakladnej flotacie, Kip,O1p —
koncentrat a odpad z prvej precistnej flotacie.
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Popol€ek obsahoval 49,21% s.z. Ziskany koncentrat zo zakladnej flotacie s obsahom 73,34% s.Z. pri
hmotnostnom vynose 66,79% bol precistovany v jednostupriovej precistnej flotacii. Koncentrat po
precistne] flotacii obsahoval 83,43% s.z. s hmotnostnym vynosom 58,44% a odpad obsahoval 2,72%
s.z. s hmotnostnym vynosom 8,35%.

Ziskany komorovy produkt (odpad) po zakladnej flotacii obsahoval 0,68% s.z. s hmotnostnym
vynosom 33,21%".

Kombinovany sp6sob rozdruzovania

Kombinovany spésob rozdruzovania popoléeka spocival v tom, Ze najprv boli z popoléeka flotaciou
odstranene zvysky spalitelnych latok, priom flotaény koncentrat po precistnej flotacii tvoril jednu
z uzitkovych zloziek. Z odpadu po flotacii, t.j. z popoléeka s obsahom 0,63% s.z. a hmotnostnym
vynosom 34,24% bolo mokrym nizkointenzitnym magnetickym rozdruzovanim oddelené Fe. Na (Obr. 1)
je znazornena schéma kombinovaného spdsobu rozdruzovania a vysledky ziskané pri jej pouziti s na
(Obr. 2)'.

PODANIE

Q.
Zakladna flotacia

| |

K, 0
1 Preéistna flotacia Zakladné mokré mag. rozdr. (1068 mT)

| | |

I'{1|:n 01p Mz Nz
1 Precistné mokié mag.roz. (24,9 mT)

| |

qu N‘1p
2 Precistné mokré mag.roz. {9,5 mT)

|

M Nz

Obréazok 1. Ideova schéma kombinovaného spésobu rozdruZovania’

Popol€ek obsahoval 51,23% s.z. Ziskany koncentrat zo zakladnej flotacie s obsahom 77,57% s.z. pri
hmotnostnom vynose 65,76% bol precistovany v jednostupriovej precistnej flotacii. Koncentrat po
precistnej flotacii obsahoval 88,22% s.z. s hmotnostnym vynosom 57,64 % a odpad obsahoval 1,96 %
s.Z. s hmotnostnym vynosom 8,12%. Ziskany komorovy produkt (odpad) po zakladnej flotacii obsahoval
0,63% s.Z2. s hmotnostnym vynosom 34,24 %.

Magneticky produkt po zakladnom magnetickom rozdruzovani bol v dalSich stuprioch precistovany.
Zo schémy Upravy je mozné zistit, Zze finalny magneticky produkt po dvoch precistnych operaciach
obsahuje 38,73% Fe s hmotnostnym vynosom 1,23% a 0,73% s.z. Nemagneticky produkt po dvoch
predistnych operaciach obsahuje 5,52% Fe s hmotnostnym vynosom 0,16% a 1,39% s.2".
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PODANIE Legenda: @ | A | A

19788 | 5123 | 206

10000 4 100,00 | 100,00
Q:

Zakladna flotacia

13013 | 7757 | 094 6775 063 | 422
B576 ¢ 9958 | 2992 3424 ¢ 042 | 7008
K- 0.
1 Precistna flotacia Zakladné mokré mag. rozdr. (106,8 mT)
11406 | 8822 | 048 16,07 1,96 423 461 0g1 | 2245 53,14 g | 289
6754 § 9927 | 1329 512 + 031 16 53 233 ¢ 004 | 2538 318 ¢ 038 | 4473
Kip 01p M, N,

1 Precistné mokré mag.roz. (24,9 mT)

274 og0 | 3497 1,87 107 | 412
138 ¢ 002 | 2347 095 ¢ 002 | 188
Mg Nip
2 Precistné mokré mag.roz. (9,5 mT) Q - hmotnostny wwnos [g]

vy - hrmotnostny v¥nos [%]
A; - obsah spalitelnych latok [%]

243 0,73 | 38,73 031 1,39 | 552 £, - wytaZnost spalitelnych latok [%]
123 4 002 | 23,058 016 § 000 | 042 Are - nbsah Zeleza vo vzorke [%]
Mz Nap £re - witaZnost Zeleza vo vzorke [%]

Obrézok 2. Upravnicka schéma kombinovaného spésobu rozdruZovania’

Vysledky a diskusia

V tomto experimentalnom vyskume bola overovana moznost separacie zvySkov nespaleného uhlia
a Fe zloZzky - Zeleza z Ciernouholného popolceka, odobraného z vytavného kotla EVO Vojany, o.z. I8lo
o testovanie, resp. overenie moznosti pouzitia tohto odpadu ako moznej druhotnej suroviny V sucasnosti
je tento odpad - ako kone¢ny a nevyuzitelny - skladkovany na odkalisku, alebo solidifikovany a pouzity
ako stabilizat.

Popolcek z vytavného kotla obsahoval zvysky nespaleného uhlia. Pripravena vzorka bola podrobena
sitovym analyzam, t.j. suchej a mokrej sitovej analyze. Obsah straty zihanim v jednotlivych zrnitostnych
triedach popoléeka pre suchd sitovu analyzu sa pohyboval v rozsahu 29,75-58,17%, pre vzorky z
mokrej sitovej analyzy sa pohyboval v rozsahu 22,47-86,10%.

Rozdruzovanie popoléeka na laboratornom mokrom nizkointenzithom magnetickom rozdruzovadi
s permanentnymi magnetmi: Popol¢ek obsahoval 1,93% Fe a ziskany magneticky produkt (spojenim
magnetického produktu zo zakladného a prvého kontrolného magnetického obsahoval 10,68% Fe
s hmotnostnym vynosom 6,02%. Magneticky produkt ziskany po prvom precisthom magnetickom
rozdruzovani obsahoval 24,49% Fe s hmotnostnym vynosom 2,22% a nemagneticky produkt obsahoval
2,60% Fe shmotnostnym vynosom 3,80%. Ziskany nemagneticky produkt po prvom kontrolnom
magnetickom obsahoval 1,37% Fe s hmotnostnym vynosom 93,98 %.

Rozdruzovanie popolceka flotaciou: Popoléek obsahoval 49,21% s.z. Ziskany koncentrat zo zakladne;j
flotacie sobsahom 73,34% s.2. s hmotnostnym vynosom 66,79%, dalej bol precistovany
v jednostupnovej precistnej flotacii. Koncentrat po precistnej flotacii obsahoval 83,43% s.z.
s hmotnostnym vynosom 58,44% a odpad obsahoval 2,72% s.z. s hmotnostnym vynosom 8,35%.
Ziskany komorovy produkt (odpad) po zakladnej flotacii obsahoval 0,68% s.z. s hmotnostnym vynosom
33,21%.

Kombinovany spdsob rozdruzovania: Popoléek obsahoval 51,23% s.z. Ziskany flotacny koncentrat
zakladnej flotacie s obsahom 77,57% s.z. pri hmotnostnom vynose 65,76% bol precistovany
v jednostupnovej precistnej flotacii. Koncentrat precistnej flotacie obsahoval 88,22% s.z. s hmotnostnym
vynosom 57,64% a odpad obsahoval 1,96% s.z. s hmotnostnym vynosom 8,12%. Komorovy produkt
(odpad) zo zakladnej flotacie obsahoval 0,63% s.Z. s hmotnostnym vynosom 34,24%. Magneticky
produkt zo zakladného magnetického rozdruzovania bol v dalSich stupnioch precistovany. Finalny
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magneticky produkt po dvoch predcistnych operaciach obsahoval 38,73% Fe s hmotnostnym vynosom
1,23% a 0,73% s.zZ. Nemagneticky produkt po dvoch predistnych operaciach obsahoval 5,52% Fe
s hmotnostnym vynosom 0,16% a 1,39% s.2.".

Zavery

Vysledky, uvedené v tomto experimentalnom vyskume, poskytuju informacie o ziskavani Gzitkovych
zloziek z tuhého odpadu zo spalovania €ierneho uhlia vo vytavnych kotloch elektrarne EVO Vojany o.z.
Vykonané experimenty preukazali, Ze je mozné rozdruzovat popolek na jednotlivé Uzitkové zlozky, teda
na produkty, ktoré mézu slizit ako surovina pre dalSie pouzitie. Prezentované vysledky moézu byt
podkladom pre hladanie spésobov komplexného vyuzitia popoléeka bez potreby jeho skladkovania'.

Zoznam symbolov

s.z strata Zihanim

B magneticka indukcia [mT]

Q hmotnostny vynos [g]

Y hmotnostny vynos [%)]

Y. obsah zvySkov nespaleného uhlia vyjadreny stratou zihanim [%)]
€. vytaznost zvySkov nespaleného uhlia [%]

Yre Obsah Zeleza vo vzorke [%]

€re Vytaznost zeleza [%]

Q; vstupnéa vsadzka

M, magneticky produkt zo zakladnej operacie rozdruzovania
N, nemagneticky produkt zo zakladnej operacie rozdruzovania
My magneticky produkt z kontrolnej operacie rozdruzovania

Nx nemagneticky produkt z kontrolnej operacie rozdruzovania
M, magneticky produkt z precistnej operacie rozdruzovania

N nemagneticky produkt z predistnej operacie rozdruzovania
K, koncentrat zo zakladnej flotacie

O, odpad zo zakladnej operacie

Ko koncentrat z precistnej flotacie

O, odpad z predistnej flotacie
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The manners of energetic waste assessing from the melting kettle-drum
located in the EVO Vojany electric power plant

Andrej Olijar®, Miroslav Zelko®, Dusan Doréak?, Julius Lisuch?, Imrich KostiaF

2BERG Faculty of Technical University of KoSice, The Research and Development Workplace of
Raw Material Extracting and Treatment, KoSice, Slovak Republic.

Summary

The target of this article has been finding possibilities of energetic waste (flue ash) utilization form the
melting kettle-drum from EVO Vojany o.z. electric power plant and the experimental verification
possibilities of an individual utility elements acquisition with the aid of the finishing processes within the
laboratory conditions. The monitored benefit components were the content of iron in ash and the content
of remained unburned charcoal formulated by striped lack. The executing experiments demonstrated
that there is possible to assort flue ash on the individual utility components, thus on products, that can
serve as a raw material for an additional usage. The presented results can be the basis of the complex
utilization flue ash means finding without the need of its stacking.

Keywords: flue ash, separation, sieve analysis, flotation.
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The use of ground rubber as aggregate in bituminous

pavements
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Summary

The presented article gives a brief overview on the possible use of ground rubber from waste tires in
asphalt mixture. The use of ground tire rubber as a partial replacement for aggregate in asphalt mixtures
is discussed. Advantages, disadvantages and difficulties of its use in road construction are also
discussed. The results of sieve analysis and thermal analysis obtained on the samples prepared from
waste rubber are presented and discussed. The use of recycled tire rubber in road construction can
contribute significantly to the reduction of environmental load.

Keywords: granulate, asphalt mix, aggregate, road pavement.

Background

The laws and regulations concerning the use of tires are very strict and this results in a large number
of tires for disposal’. There are economic and environmental reasons not to accumulate waste tires in
waste sites but to use them after recycling as secondary raw material. Rubber mixtures are complicated
systems of organic chains. Tire rubber consists of natural and synthetic rubber, and different oil based
ingredients. Ingredients affect quality and performance of waste materials. In recent years a lot of effort
in research has been devoted to the development of new effective methods for the recovery of waste
tires or their disposal.

Recycling of waste tires consists of several processes. First of all tires are cut and shred into pieces
from which steel cords and textile materials have to be removed. Then the tire rubber is mostly used for:

e production of granulated rubber which can be then used as aggregate or asphalt modifier in hot
mix asphalt (HMA).

e devulcanization,
e combustion.

From the point of view of the temperature at which the tire rubber is processed there are 2 methods
for granulating tire rubber which result in® :

e ambient ground tire rubber,
e cryogenic ground tire rubber.

Increasing traffic load requires applying new types of HMA which should reduce crack occurrence and
improve structure durability. Ground tire rubber (GTR) can be used as an additive in HMA for improving
mixture performance. The GTR can be incorporated into HMA for road surfaces using dry or wet
processes. The dry process uses GTR as aggregate while the wet process uses GTR as binder modifier.
The wet process requires more energy and it is advantageous for a wide market of customers.

The dry process frequently used in the United States was originally developed in Sweden in 1960
under the trade name of PlusRide® from EnviroTire. The dry method is used for preparing dense grade
(DG) hot mix asphalt. Fig. 1* shows the structure of dense asphalt mix and aggregate grading curve
typical for this type of mixture.
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Figure 1. Dense grade HMA and typical gradation curve for DG HMA

Experimental part

Sieve analysis, thermogravimetric analysis and surface observations were performed on the GTR
samples. For asphalt mixtures, the bulk density was measured. All tests were carried out in accordance
with applicable standards and regulations > ®7"%.

1. Sieve analysis
V.0.D.S.Ltd. produces GTR with particle size from 0 to 1 mm. Sieve analysis was performed to verify
gradation. The test confirmed the fraction in the range of 0.063 to 1 mm. The test was performed with
three types of mixtures: A, B, C. (see Fig. 2)
A — GTR sample tested without additional processing.
B — GTR sample frozen to -18°C and ground for 2 minutes.
C — GTR sample ground for 2 minutes at +22°C.
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Figure 2. Grading curve for the samples A, B, C

Grading curves of samples show minimal differences.

2. Thermogravimetric analysis
The temperature at which the melting and burning of the sample takes place is an important
parameter in material research. Therefore thermal behavior of GTR samples was examined up to

Patronem tohoto éisla je Ustav geotechniky SAV Kosice, www.saske.sk/UGT/,
poradatel konference RECYKLACIA ODPADOV / WASTE RECYCLING XIV. WASTE FORUM 2010, éislo 4 strana 291



Mariya Holubka, Marian Hudak, Brigita Salaiova: The use of ground rubber as aggregate in bituminous pavements

relatively high temperatures. The character of the reactions actually in progress in a studied sample can
be qualitatively assessed by measuring the temperature difference between the sample under study and
the reference sample, under the same thermal conditions. The negative/positive temperature difference
indicates endo/exothermic reactions. A simultaneous recording of the weight of a sample while the
temperature is raised at a constant heating rate (thermogravimetric (TG) curve) and the temperature
difference between the sample and the reference sample (differential thermal analysis (DTA) ) are the
key experiments which together with the derivation of the TG curve (DTG) provide useful information®.
Thermal analysis is widely used in the research of rubber and in the rubber industry '*'".

The sulfur content in GTR was determined before the test. If the percentage of sulfur is high (> 20%)
the test can have adverse effects on the TG/DTA analyzer. The sulfur content in the studied GTR
samples was 1.54%. The experiment was performed in air at heating rate of 10°C.min" with upper limit
450°C. The first exothermic peak indicates that the oxidation decomposition of rubber is below 177°C.
The TG and DTA curves show no change up to approx. 177°C which can be an indication that the
thermal treatment of the rubber below this temperature should not influence the properties of rubber
granulates in a drastic way (see Fig. 3).
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Figure 3. TG and DTA curves of GTR

3. Surface observations

GTR samples were observed under the microscope. Digital photography of the surface under the
microscope is shown in Fig. 4. Surface of particles proved that GTR is a classical ambient ground rubber
product. Visual inspection under the microscope showed sponge surface which indicates a high specific
surface area.
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Figure 4. Sponge surface of a rubber particle

4. Measurements of the bulk density of asphalt mixtures with GTR
The reference sample was prepared using the mixture for road surface 11-1l, CA 70/100. The mixture
consists of the following components:
e aggregate fractions 0-2, 2-4, 4-8 and 8-11 mm from the quarry Maglovec (andesite)
e rock flour (very finely ground limestone) fraction 0 -1 mm
e asphalt binder CA 70/100
The studied asphalt mixtures contained 1, 1.5, 2, 3, 4 and 5% of GTR, percentage was calculated
with respect to the weight of the aggregate. The labeling and composition of mixtures used in laboratory
tests are listed in Tab. 1. A series of four samples with a particular GTR content was prepared and
tested.

Tab.1. Samples labeling

Mixture label Composition
A Reference sample, asphalt mixture AC, 11-I
B1 AC, 11-ll with GTR 1 %/w aggregate
B1,5 AC, 11-ll with GTR 1,5 %/w aggregate
B2 AC, 11-ll with GTR 2 %/w aggregate
B3 AC, 11-ll with GTR 3 %/w aggregate
B4 AC, 11-ll with GTR 4 %/w aggregate
B5 AC, 11-ll with GTR 5 %/w aggregate

Results and discussion

The results of sieve analysis show that GTR can be used as replacement for a part of natural
aggregate in HMA. Thermogravimetric analysis determined the limit temperature for incorporation of
GTR into HMA using dry method, which was approx. 177°C. Surface observation of GTR revealed that
rubber particles have a high specific surface area which means a higher consumption of the binder when
used in asphalt mixtures. The values of measured average maximum bulk density for a reference
sample and for the 4 samples of each series of asphalt mixtures containing GTR are plotted in Fig. 5.
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Bulk density-percent of GTR graph
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Figure 5. Maximum bulk density

As can be seen in Fig. 5 the maximum bulk density decreases with the increasing amount of GTR in the
asphalt mix. The most relevant decrease can be seen between the samples containing 2 and 3 percents

of GTR. GTR component influences not only bulk density but also gap gradation of HMA. Average gap
gradations are shown in Fig. 6.

Gap gradation - percent of GTR graph
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Figure 6. Gap gradation
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In general, the value of gap gradation increases proportionally with the amount of added GTR.
Mixtures with 1 and 1.5% of GTR have the gap gradation as a reference sample, but in mixtures with
higher GTR content the increased value of gaps is observed. This phenomenon can be eliminated for
example by adding more binder, which in turn is more costly.

Another measured characteristic, assessed by the methods reported in relevant technical standards,
is the percentage of voids filled with bitumen — VFB.

VFB-percent GTR graph

85 y = - 0.1497x°- 2.7683x + 81.132
3 2

8.4 ‘ ’ R°=0.7299

78,6

80
757
707
657
60
557
507
45
40 « w w w w w w !

0 1 2 3 4 5 6 7 8
Percent of the GTR %/w

VFB %

Figure 7. VFB versus GTR percentage

This parameter is obtained by calculating the volume characteristics of the mixture. The values of
VFB for four series of laboratory tests are plotted in Fig. 7 together with the trend line which shows the
tendency of the impact of GTR content on VFB values.

As can be seen in Fig. 7 the percentage of voids filled with bitumen decreases with increasing
percentage of GTR in the HMA.

Conclusions

Grading curves show minimal differences in gradation for samples with/without additional grinding.
GTR supplied by V.0.D.S. Ltd. is suitable without further processing for incorporation into asphalt
mixtures. GTR can be used as replacement of fine aggregate fractions 0-2. The aggregate is heated
before adding to the modern asphalt mixing plant. In the TG/DTA test the limit temperature was
determined to prevent the destruction of the rubber components in the aggregates before adding them to
the asphalt mixing plant. Surface observations revealed the possible reasons for failures of dry asphalt
mixtures. Added GTR consumes more asphalt binder and as a result increasing values of gap gradation
of asphalt mix are observed. The research has to be focused on the relationship between the
composition of asphalt mixtures and their properties. The use of GTR with particles of lower surface area
has not been studied yet (cryogenic ground tire rubber). The use of GTR from reclaimed tires in asphalt
mixtures produced by dry method requires a long-term testing and monitoring their properties. Different
types of asphalt mixtures differ in their behavior and therefore we cannot expect that it is possible to find
one universal method for incorporating GTR into asphalt mixtures. Due to this the research is focused on
the determination of the parameters of particular asphalt mixture and the optimization of procedure for
GTR incorporation and examination of rubber modified asphalt mixture.
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Vyuzitie gumového granulatu ako nahrady prirodného kameniva

v asfaltovych vrstvach vozoviek
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Sumar
VyuZitie recyklovanych pneumatik v konstrukcii vozoviek sa v suc¢asnosti javi ako vyznamny prispevok
k zniZeniu environmentalneho zataZenia. V prispevku bude diskutovana problematika vyuZitia granulatu
vyrobeného z opotrebovanych pneumatik ako nahrady prirodného kameniva v asfaltovych zmesiach. Na
zaklade vysledkov laboratérnych merani, ich analyzy a naslednej syntézy budu definované podmienky
jeho pouZitia do konstrukénych vrstiev vozoviek.

Krucove slova: granulat, asfaltova zmes, kamenivo, vozovka.
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R-material ako zlozka kolajového 16zka
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Suhrn

V ¢lanku je pozornost’” venovana pouZitiu asfaltovych zmesi v kolajovom 16Zku. Celosvetové
Skusenosti totiz ukazuju, Ze pouZitie asfaltu méze ponuknut dobru alternativu v modernom Zelezni¢nom
stavitel'stve. U asfaltovych zmesi bolo preukazané, Ze poskytuju dobré technické parametre pre niekolko
prvkov tradicénych Zeleznicnych stavieb. Z ekologického hladiska je velmi zaujimavé tieto asfaltové
zmesi vyrabat’ z recyklovanych materialov teda R-materialov.

Krucova slova: kolajové l6Zko, asfaltova zmes, R-material, pevnost v tahu

Uvod

Zakomponovanie asfaltovej zmesi do kolaje je na Slovensku malo pouzivané. Vynimkou su
Zelezni¢né priecestia a elektrickové trate, kde je ale asfaltova zmes pouzita ako vyplfi medzi kolajnicami.
Vo svete su ale systémy vystavby zeleznic, ktoré pouzivaju asfaltové zmesi priamo v konstrukcii
podvalového podlozia. St to systémy ako GETRAC, SATO, ATD " a iné.

Podobne sa pouziva asfaltova zmes v konstrukcii podvalového podlozia aj na Slovensku. A to takym
spbsobom, Ze kolajové 16zko je ulozené na vrstve z hutnenej asfaltovej zmesi, ktora je ale ulozena na
unosnom skalnom podklade. V TNZ 73 6312 2 je tato konstrukcia oznacend ako typ 5.

V tomto ¢lanku sa vSak budeme zaoberat pouzitim asfaltovej zmesi s R-materialom v konstrukénej
vrstve priamo pod podvalom (obr. 1a), to znamena, Ze sa priklaname k zahraniénym systémom
a porovname deformaénu odolnost takejto konstrukcie s klasickou konstrukciou podvalového podlozia
typu 2 (obr. 1b).

R-material vznika frézovanim vrstvy krytu asfaltovej vozovky a naslednym predrvenim odfrézovaného
materialu. Ciara kusovej zrnitosti R-materidlu a &iara zrnitosti kameniva nachadzajuceho sa v R-
materiali, ktoré sa ziska po extrakcii, su zobrazené na obr. 2.

Za asfaltovi zmes budeme uvazovat zmes R-materidlu, kameniva, cementu asfaltovej emulzie.
Takato zmes bola predmetom laboratérneho overenia® a zistilo sa, e spifia vlastnosti pozadované
normou STN EN 13108-1, podla ktorej sa jedna o zmes ACp 16 - asfaltovy betdn s najhrubSim zrnom
16 mm, kvalitativneho oznacenia RM (s R-materiadlom).

a) b)
N ‘_L ‘_L [ ‘-L ‘_L J
74 Aﬁ = ch Ta A | o~
v 5% || 5% <) 5% &0 | 5% =i
ACg6-RMh =15cm 8D hy=35cm
8D hy=20cm SP hp=20 cm
SP hp=20 cm

Obrazok 1. Porovnavané konstrukcie podvalového podlozZia

Asfaltova zmes navrhnuta do aktivnej zény kolajového 16zka je zlozena z 80% R-materialu a 20%
nového kameniva. Zmes bola vyrabana za studena. Spojivom bola asfaltova emulzia a cement.
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Percentualne podiely prirodného kameniva pridavaného k R-materidlu boli stanovené tak, aby
vysledna Ciara zrnitosti lezala v obore zrnitosti OKS uréenom v STN 73 6121 — obr. 2.
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Obrazok 2. Ciara zrnitosti R-materialu °

Experimentalna cast’

Aby sme dokazali vhodnost nami zvolenej konStrukcie podlozia (tab. 1a), musime ju porovnat
s konStrukciou, ktora je pouzivana v zelezni€nom stavitelstve (tab. 1b). Porovnanie bude z hladiska
deformacnej odolnosti konstrukcie podvalového podlozia.

Tabulka 1. Navrhové hodnoty konstrukénych vrstiev porovnavanych konstrukcii

a) konstrukcia s asfaltovou vrstvou - obr. 1a b) klasicka konstrukcia - obr. 1b

vrstva E (MPa) u h (m) |vrstva E(MPa) u h (m)
0°C |[11C|27°C| 0C | 11°C | 27C

ACp 16-RM [ 4500 | 3050|1250 0,21 | 0,33 | 0,44 | 0,15 |¢

SD 350 0,30 0,20 ?D 350 030 | 035
Sp 120 0,35 0,20 |SP 120 0,35 | 0,20
podloZie 20 0,35 0 podloZie 20 0,35 o0

Numerické modelovanie konstrukcie podvalového podlozia

RieSenie napatosti a stavu deformacie konstrukcie podvalového podlozia je Uloha trojrozmerna
matematicky aj geometricky. Pri rieSeni stavu napéatosti a deformacie za predpokladu kruhovej
zatazovacej oblasti je konstrukcia podvalového podlozia namahana rotacne symetrickym zatazenim. Pri
rotaéne symetrickom stave suU zloZzky vektora posunuti a tenzorov napati aj deformacie funkciami len
dvoch suradnic a to r a z; nezavisia teda na ¢ (obr. 3).
Konstrukciu podvalového podlozia povazujeme za pruzné teleso, ktoré pozostava z homogénnych
n vrstiev konstantnej hrabky “h, ktoré leZia na n+1. vrstve homogénneho polpriestoru. Jednotlivé
homogénne vrstvy sl tvorené z pruznych a izotropnych materialov charakterizovanych “E a ®v #38,
Geometrické a fyzikalne charakteristiky sustavy su zrejmé z obr. 4. Povrch vrstevnatého podvalového
podloZia je zatazeny normalovym zatazenim g, rovhomerne rozlozenym po ploche kruhu s polomerom
lo.
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Obrazok 4. Schéma vrstevnatej konstrukcie podvalového podlozia

Vysledky numerického modelovania konstrukcie podvalového podlozia

Pri vypocte napati a premiestneni v konstrukcii podvalového podlozia bol pouzity program LAYRAIL.
Spojité zatazenie bolo modelované o intenzite 0,4 MPa na kruhovej ploche s priemerom 15 cm. Vypocet
napati a premiestneni v konstrukcii podvalového podlozia s konstrukénou asfaltovou vrstvou bolo
potrebné vykonat z dévodu meniacich sa vlastnosti tejto vrstvy v priebehu roka pre podmienky zimné,
jarné-jesenné a letné. Teplotné stavy su charakterizované ekvivalentnymi teplotami vrstvy z asfaltovej
zmesi: 0°C, + 11°C a + 27°C. Priebehy napéati a premiestneni su uvedené na obr. 5 pre pripad
spolupdsobenia vrstiev a na obr. 6, ak styky vrstiev neprenasaju Smyk.

Vystupy prezentovanych veli¢in na klasickej konstrukcii podvalového podlozia su uvedené na obr. 7
pre pripad spolup6sobenia vrstiev a na obr. 8, ak styky vrstiev neprenasaju Smyk.
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Obrazok 5. Konstrukcia s asfaltovou vrstvou Obrazok 6. Konstrukcia s asfaltovou vrstvou
- dokonaly kontakt vrstiev - vol'né prekizavanie vrstiev
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Obrazok 8. Klasicka konstrukcia
- vol'né prekizavanie vrstiev

Obrazok 7. Klasicka konstrukcia
- dokonaly kontakt vrstiev

Vysledky a diskusia

V navrhoch porovnavanych konstrukcii podvalového podlozia bola deformacéna odolnost (Unosnost)
zemnej plane volena tak, aby vyhovela. Nie je teda potrebné ju posudzovat. Z posudenia konstrukcii na
arovni zelezniénej plane podla ekvivalentného modulu® kons$tatujeme, Ze deformaéna odolnost tychto
konstrukcii je rovnaka. Rozdiely je mozné oCakavat na urovni loznej plochy podvalu, kde ale pouzivana
metodika ekvivalentnej vrstvy nedefinuje pripustni hodnotu, €o neumoziuje skiumané konstrukcie
posudit.

Fakt, Zze mame v jednej z porovnavanych konstrukcii vrstvu z asfaltovej zmesi znamend, Ze tato
vrstvu musime posudit aj z hladiska odolnosti v tahu za ohybu®. Pevnost stmelenych materidlov v
netuhej konstrukcii podvalového podloZia sa posudzuje s uvazenim ich Unavy. Redukovana pevnost
materialu v tahu pri ohybe sa porovnava s radialnym napatim na spodku vrstvy.

V pripade, kedy je dopravné zatazenie vyjadrené poctom opakovani zatazenia pomerne malé, treba
pevnost stmelenych materidlov posudit porovnanim napéati v tahu za ohybu vyvolanych jednorazovym
zatazenim 2P = 225 kN v nepriaznivych podmienkach v lete, charakterizovanych teplotou asfaltovych
zmesi +27 °C. Navrh konstrukcie vyhovie, ked bude spinena podmienka:

ri,j

SVZR

l)
0,95 > 0,76 vyhovuje, ak styky vrstiev neprenasaju Smyk (D)
0,95 > 0,22 vyhovuje pre dokonaly kontakt vrstiev
kde,
orij je najvacsie radidlne napatie materialu i-tej vrstvy v tahu za ohybu od zataZenia napravou s
hmotnostou 22,5 tony (MPa),
Ri,j - vypoctova pevnost materialu vrstvy i v tahu za ohybu pre letné podmienky (R;,; = 1,2 MPa),
Sy - sucinitel vyuzitia, ktorého hodnota pre vSetky stmelené materidly sa uvazuje pri netuhej
konstrukcii podvalového podlozia 0,95.

Na zaklade vysledkov konstatujeme, Ze obe konstrukcie podvalového podlozia vyhovuju z hladiska
deformacnej odolnosti. Asfaltova vrstva v jednej z porovnavanych konstrukcii taktiez vyhovuje z hladiska
pevnosti a odolnosti vo¢i Unave.
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Zaver

Z analyzy napati vyplyva, ze pod zatazenim a pri volnom prekizavani vrstiev nastava v kolajovom
I6Zzku lokalny ohyb. Tento sa prejavuje pomerne vysokym narastom radialnych tahovych napéti na
spodnom povrchu tejto vrstvy. Taktiez priehyb tohto typu konstrukcie podvalového podloZia (posun w v
smere 0si z) vyznamne narasta.

Ukazuje sa, Ze predlozend metdéda vypoltu napati a premiestneni vo vrstevnatej konstrukcii
podvalového podlozia by mohla byt vhodnou nadhradou doteraz pouzivanej metédy ekvivalentnej vrstvy s
efektivnejSim vyuzivanim materidlovych vlastnosti konstrukénych vrstiev podvalového podloZia.
Umoznuje zohladnit mieru spolupdsobenia jednotlivych vrstiev, ¢o, ako sa ukazuje, mbéze mat zasadny
vyznam na ich ohybové namahanie a velkost deformacie. Pred jej zavedenim vSak bude potrebné
definovat kritéria posudenia Unosnosti konstrukcie podvalového podlozia.

Vtomto ¢lanku sme poukazali na to, Ze aj recyklovany material sa da pouzit v zelezni€nom
stavitelstve. Odhliadnuc od ekologickych vyhod takychto konstrukcii je délezité poukazat na zvySenu
unosnost podvalového podlozia spbsobenu prave zakomponovanim asfaltovej vrstvy. Medzi dalSie
vyhody patri timenie vibracii spésobenych viakovou dopravou. Obrovskou vyhodou asfaltovych vrstiev je
ich nizka tepelna vodivost, ktora je priblizne iba poloviéna oproti Strkopiesku a Strkodrve.

Je preto délezité skumat tieto materidly a snazit sa v ¢o najvacSej miere ich vyuzivat ato nielen
v Zelezni€nom ale aj v inych odvetviach stavitelstva.

Pod'akovanie
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zuZitkovania vybranych odpadov v cestnom stavitelstve podporovaného zo Sstrukturalnych fondov
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R - material as a component of railway trackbed
Jan Mandula, Peter Orolin
Faculty of civil engineering, Technical University of Kosice, VysokoSkolska 4, 04200 KoSice

Summary

Asphalt mixtures have been shown to provide good technical alternatives for several elements of
traditional railway construction. Worldwide experience has shown that use of asphalt can offer a good
alternative in modern railway construction. From an ecological aspect it is very important the asphalt
mixture produce from recycled materials, therefore, R-materials.

Keywords: R-material, tension resistance, trackbed
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Abstract

In this paper authors presents possibilities of Heavy Media Hydrocyclone (Krebs Hydrocyclone)
utilization in waste treatment. Some examples are presented: industrial and municipal wastewater
treatment, pulp and paper industry, power plants, metal slurry pumps, hydrocyclone technology to
separate glaze components for reuse in an industrial process, example of use of hydrocyclone to treat
mechanical shrimp peeler effluent and plastic sorting challenges for hydrocyclones

Key words: waste utilisation, heavy media hydrocyclone, Heavy Media Hydrocyclone; Krebs
Hydrocyclone, glaze waste, recycling.

Introduction
Hydrocyclone History

The idea of using centrifugal acceleration for separation purposes was first applied to the problem of
removing dust from air streams. In 1885, patents were granted for such a device in the United States
and Germany to the Knickerbocker Company, USA. Bretney patented the application of the air cyclone
to liquid streams in 1891. The first use of a hydrocyclone was recorded in an American phosphate
company in 1914, but the hydrocyclone did not see widespread industrial application until decades later.
In 1939, M.G. Driessen described an application of the hydrocyclone in the dewatering of a water/sand
slurry in a coal industry.

In the 1940s, the hydrocyclone began to use as a density separation device in coal and pulp/paper
industries. The device worked well in both of these applications, primarily because of the large difference
in density of the two materials that were being separated. In the coal industry, there was desired to
separate rock (s.g. = 2.7) from coal (s.g. = 1.3) there, and in the pulp and paper industry the
hydrocyclone was used to separate sand (s.g. = 2.2-2.6) from paper pulp (s.g. = 1.1). In these
applications, it was easy for the hydrocyclone to perform well as a density separation device. Because of
success in these fields, the use of hydrocyclones quickly grew. The 350+ articles that were published in
the years of 1949 and 1957 evidence the high level of interest in hydrocyclone separation. The basic
design of the hydrocyclone has not significantly changed since the early acceptance of the hydrocyclone
as a standard industrial process.

Heavy Media Hydrocyclones

Hydrocyclone represents the hydraulic separation system. Cyclone is conducting the sharp
separation for the range of 5~500 micron granularity, in addition getting the wide applications to various
kinds of industries.

The advantages of hydrocyclone are:
« Simple Operation,
. Simple Maintenance,
« Simple Construction.

Heavy media hydrocyclones look like classifying hydrocyclones but they are instead used to clean
minerals. A gravimetric separation takes place due to the buoyancy effect of the media forcing the lighter
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mineral solids to the center of the hydrocyclone where they are transported upward and through the
vortex finder. The dense mineral matter spirals toward the apex and exits through the orifice.

e The heavy media hydrocyclone used in the mineral industry is an extremely efficient cleaning device
using finely ground (-0,05 mm) magnetite and water as the "media".

e The media density primarily determines separating gravity. A relatively wide range of coal sizes can
be cleaned in a wide range of hydrocyclone sizes.

e Ceramic lining is critical since high ash "refuse" is very abrasive.
o Pressure should be kept low to mitigate classification of magnetite particles.

o Heavy Media Cyclones are usually operated in a near-horizontal orientation allowing for large apex
sizes to be used for refuse removal.

e The only disadvantages, when compared to water-only hydrocyclones, are the associated capital and
operating costs of a media recovery circuit (drain and rinse screens, magnetic separators, etc.)

Krebs Engineers is the world’s leader in hydrocyclone separation solutions. Serving the process
industries since 1952, Krebs Engineers is recognized around the world for its knowledge and expertise in
the use of hydrocyclones for the recovery and classification of solids, removal of oil from water and
severe-duty slurry pumping. Krebs Engineers works with an unrelenting focus on customer satisfaction
and technical excellence. The result is a reputation for innovative engineering, quality products and
unmatched service.

Krebs Engineering has long been involved in separation technology through the engineering and
sales of their hydrocyclones. With the increased interest in preserving natural resources, these units
have become popular in the process industries. The following will provide some insight into applications
that Krebs has been involved with over the years. We're quite sure that you will be able to find use for
these units in one or more areas around your plant for solids separation or liquid—liquid separation.
Here are some real life applications in their respective fields:

Figure 1. Krebs' Hydrocyclones for recycling and reuse of water,
wastewater and particle separation from liquids

Industrial/municipal wastewater treatment

Krebs’ hydrocyclones are a valuable tool in both municipal and industrial waste treatment facilities for
several reasons. The primary functions for use of a hydrocyclone in wastewater treatment are to
increase efficiency by cutting down on wear of more expensive downstream equipment, to remove
oversized particles to cut down on plugging issues, to remove solids from process streams to minimize
scaling, to remove abrasive materials to reduce costly equipment maintenance, to increase capacity on
downstream equipment, and to concentrate slurries to increase a plant’s efficiency in solids separation.
Listed in the following are other more specific uses for this technology: To remove sand loading to cut
down on pump and valve erosion problems and also to decrease the size and output of settling ponds To
clean industrial plant effluent for reuse in plant operations to comply with government regulations on the
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amount of solids allowed to be discharged into wastewater facilities. For use in cooling tower
applications to remove airborne dust and grit that collects in the cooling tower, as well as solids that
accumulate in piping and heat exchangers in steel mills, hydrocyclones can remove mill scale solids
from the plant cooling water, virtually eliminating the need to clean solids out of the cooling water pits.
The underflow discharge reports to a separate pit where the water overflows and is recycled back to the
feed. To provide a simple, economical, yet highly efficient means of continuously removing dirt, grit, and
other abrasive solids from injection liquid for mechanical pump seals To both remove particulate in
scrubbing systems in order to recycle effluent but also to prevent spray nozzles from clogging In
converting salt water to fresh water, hydrocyclones remove sand from seawater or brackish well water
ahead of expensive membranes used in the reverse osmosis units Used in printed circuit board
production, hydrocyclones recover photoresist, copper particulates and fine pumice from rinse water in
glass or metal polishing operations With higher drag forces on the particulates, solids can be removed
from fiberous materials such as in the fiberglass industry where glass shot is removed from the process
stream before filtration.

Pulp and paper

There are two basic functions of a hydrocyclone in pulp plants: to continuously remove fine sands
from paper pulp, typically in multiple stages, or to intermittently clean the larger reject material and
discharge it intermittently to minimize fiber loss. In both kraft pulping facilities and recycled fiber mills,
contaminants can easily be separated from the usable pulp prior to other screening equipment, greatly
increasing the wear life of the screen baskets and other equipment. FOOD In the food industry, many
applications have surfaced over the years and we’ll touch on the more popular of these applications
here. If you have a specific food application that you would like us to examine, please call us as Krebs
may very well be the answer. In the food industry, hydrocyclones are widely used to : Remove sand from
vegetable wash water Remove grit, tramp metal, and other debris from wine, juices, and purees -- ahead
of equipment such as homogenizers, food mills and centrifuges Remove grit from wastewater taking the
loading off wastewater treatment facilities Remove starch from wastewater to reduce the BOD demand
at waste water treatment facilities Removing sand and shells from cooked seaweed Removing crumbs
from cooking oil More specifically, in cheese processing, Krebs has used their hygenic de-sanders in
place of other costly, high maintenance equipment to recover cheese fines from whey in dairy process
water and also in recovering fat from the processing of both mozzarella and ricotta fines.

Power plants

In using calcium carbonate in wet flue gas desulfurization systems, cyclones can be effective in many
process steps. First, a cyclone can be used to classify and redirect oversized particles of calcium
carbonate back to the ball mill for further grinding. Second, during the formation of gypsum, cyclones
dewater and thicken the slurry prior to sending to a dewatering belt. In applications where chlorides
might come into play, hydrocyclones can be manufactured of FRP with replaceable gum rubber liners for
abrasion resistance. Hydrocyclone apexes can be manually adjustable gum rubber liners or fixed silicon
carbide ceramic inserts. Radial manifold assemblies for the hydrocyclones are fabricated from carbon
steel and have spark tested, vulcanized gum rubber and/or chlorobutyl lining. Exposed carbon steel
surfaces are epoxy painted for corrosion resistance.

Metal slurry pumps

The primary applications for the Krebs Metal Slurry Pumps are mill discharge, crusher slurry, sand
and aggregate or any coarse solids or other severe, abrasive slurries, especially useful in copper, gold,
lead-zinc, coal or phosphate plants. The most dramatic savings will be in these applications although
savings will also be substantial on fine solids such as iron ore or kaolin. With the advantages of 10-30%
lower power consumption than other slurry pumps, long even wear life and less pump downtime, the
savings is clear.
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Complete systems

Although the hydrocyclone can work well alone, Krebs specializes in complete systems approaches to
water and wastewater applications as well as oil and water separation problems. With many
configurations such as manifold systems and spider manifolds, we are confident that we can assist you
in finding a stand alone unit or entire systems approach to your wastewater issues.

Evaluate the applicability of hydrocyclone technology to separate glaze components
for reuse in an industrial process

Hydrocyclones were used to separate particles which have different sedimentation velocities,
calculated based on Stokes Law, but could not separate systems with particles that had different sizes
and densities but similar sedimentation velocities. The patrticle size distributions of the separated glaze
waste shifted towards the target values of <5, 5-20, and > 20 um, but were broad and overlapped
slightly. A more efficient system would be required for the waste to be completely reusable. Selective
agglomeration of glaze constituents was proposed to increase efficiency of separation by creating
narrower, more distinct particle size distributions. Hypothetical calculations demonstrated that selective
agglomeration could be used to significantly increase the sedimentation velocity of particles.

The recycling of fridges produces a mixed plastic product of limited value. In order to maximise its
value, the separation of the individual polymers that include high impact polystyrene (HIPS), acrylonitrile
butadiene styrene (ABS), polyvinyl chloride (PVC) and polyethylene (PE) must take place. The
effectiveness of a hydrocyclone system for the separation of these plastics, using both water and
calcium chloride solutions, has been investigated. In addition a qualitative procedure for the
determination of the HIPS content of a mixed ABS/HIPS product, by selective dissolution in R-limonene,
has been developed. It was found that the effective density of separation depended on the particle size
and aspect ratio. As the particle size and aspect ratio decreased, the separation became more efficient
and the offset between separation density and hydrocyclone medium density decreased. This suggests
that, for efficient density separation, closely sized, fine plastic fractions are required. Using these criteria,
it was found that the removal of high density plastic such as PVC was readily achieved using a
hydrocyclone. A partial separation of HIPS from ABS was found to be possible, taking advantage of a
small density difference, using a hydrocyclone medium density of 1035kg.m™.

A practical example of use of hydrocyclone to treat mechanical shrimp peeler effluent

Disposal of seafood processing effluents is a major problem of Gulf of Mexico shrimp processors.
Most large shrimp processing plants use Laitram Model mechanical peelers capable of peeling up to 500
kg of head-on shrimp per hour. The peelers require an average of 70 dm® of water to peel each kg of
head-on shrimp. Shrimp processing plants are located thorough the Gulf of Mexico region.

Water containing dissolved and suspended fragments of shrimp meat, shrimp shell and shrimp
protein was collected in the stainless steel tank following its separation from the primary product (peeled
shrimp tail meat). The recovery system was installed in-line following the peeled shrimp/peeler effluent
separation step. Peeler effluent was piped from the collection tank to the recovery system with 3-inch
diameter PVC pipe, and peeler effluent flow controlled by 3-inch gate valve. The 3-inch PVC pipe was
connected to the inlet of a food pump. The outlet of the pump was connected to the inlet of the first
hydrocyclone with 2-inch PVC pipe. The first hydrocyclone was a 6-inch Dorr-Oliver Model 6-NZ-C
Dorrclone Hydrocyclone, fitted with 1-inch vortex finder and 3/8-inch apex valve. The overflow from the
6-inch hydrocyclone was connected to the inlet of the second hydrocyclone with 1 'z - inch PVC pipe.
The second hydrocyclone was a 3-inch Dorr-Oliver Model 3-NZ-C Dorrclone Hydrocyclone, fitted with a
5/8-inch vortex finder and a 1/4 —inch apex valve. The overflow from the 3-inch hydrocyclone was piped
to a floor drain with 1-inch PVC pipe.

Hydrochloric acid was injected into the system to assist with coagulation of dissolved and suspended
solids. Analysis of system input and output flows is conducted to calculate material balances. A third 1
Y2-inch hydrocyclone is installed for the better plant configuration. Shrimp peeler effluent treatement
efficiency will be increased, yielding more complete dewatering of solids and final effluent clarification.
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Plastic Sorting Challenges for Hydrocyclones

Much of the conventional wisdom developed from the use of hydrocyclones in other industries can be
applied to plastic separation. There are two additional complications, however, in the sorting of plastics:

1) the tendency for recycled plastic particles from granulated parts to have a plate-like shape, and

2) the density difference between dissimilar plastics is often very small (usually much closer than the
examples mentioned earlier).

Particles are actually sorted in a cyclone based on settling velocity in a turbulent fluid. When
approximately spherical particles of like-density are sorted (classified) in water, as in mineral
benefaction, the coarse particles settle more rapidly and are concentrated in the underflow.

Fine particles are also slightly concentrated in the underflow but the cyclone is configured to have a
very small apex so very little of the water and fines exit through the apex. Since nearly all of the water is
designed to exit through the overflow, most of the fines report here. The coarse particles, which are
significantly concentrated in the underflow, are thus sorted from the fines and the majority of the water.

In the case of plastics, very coarsely ground particles are usually plate-like and may report to the
overflow regardless of density. They may even be completely eliminated from the underflow if they are
sufficiently large. The water exiting the apex has an extremely high rotational velocity component and
can throw flaky pieces to the center toward the rising column that exits through the vortex. In summary,
the smooth flow of flaky dense particles is disrupted and they are “bounced” into the overflow.

The plate-like character of recovered plastic materials diminishes as they are ground more finely and
the particle size approaches the wall thickness of the original part. This plate-like character may be
described as the length to thickness ratio or L/T. A high L/T represents a flaky particle; and an L/T equal
to one represents a cube (or sphere).

Conclusions

Hydrocyclones are an economical and effective tool for separating mixed durable plastics, and for
removing many contaminants from a target plastic. The motive force for effecting hydrocyclone
separations is density differential. The greater the difference in density, the higher probability of
separating two dissimilar components. The shape of the particles to be separated in a hydrocyclone is
also an important consideration. Since one hydrocyclone cannot guarantee close tolerance separations,
it is good practice to install hydrocyclones in series.

The most widely used and accepted techniques to separate mixed plastics are based on density
because many plastics differ sufficiently in this material property. It can be used to separate polymers
within the same family containing different additives in many cases. As these techniques are based on
differences in a bulk material property, they are more predictable and reliable than separation techniques
exploiting only surface-sensitive properties that can more easily vary with surface contamination such as
dirt, oils, coatings, etc. and with environmental exposure such as UV degradation or oxidation. It should
be pointed out, however, that density is not completely adequate to separate all plastics from one
another (and indeed not all other types of materials from plastics) because different materials in a
mixture may have densities that are too similar. Therefore, other separation techniques such as froth
flotation and electrostatics may be beneficial even though they are sensitive to surface variations.

Hydrocyclones have been used for many years in dewatering and particle sizing applications in
mining, waste management, and other industries. They cannot compete with more efficient separators
like sedimenting centrifuges or filters for very fine particles, but with coarser solids the cost advantage of
hydrocyclones makes them very attractive.

Hydrocyclones have been used in simple plastic separation processes primarily using water as the
medium, but their operation has not been well understood for this application. These devices were
originally designed simply to remove solids from liquid streams in wastewater treatment, mining, and
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agricultural applications. Major manufacturers of these devices, admit that they do not understand all of
the issues associated with their use in plastics separation processes, which may partially explain their
limited use in this application.

Hydrocyclones are inherently complicated pieces of equipment to operate. Hydrocyclones can clearly
be used to separate plastics or other materials having different densities using a free flowing media like
water.
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Suhrn

Pri vyrobe ocele v kyslikovom konvertore vznika priblizne 7-15 kg uletu na tonu vyprodukovanej
ocele. Hrubé ulety obsahuju priblizne 0.01-0.4% Zn a 30-85% Fe zatial ¢o jemné ulety obsahuju 1.4-
3.2% Zn a54-70% Fe. Vzhladom na obsah zinku su tieto ulety znacne problematické a preto sa
neustale venuje pozornost hladaniu vhodnych technologickych postupov spracovania uletov, prachov
a kalov z hutnickej vyroby. Dalsim dévodom pre spracovanie tychto jemnozrnnych odpadov je moznost
ziskania zinku, ktory sa v sucasnosti stava nedostatkovym kovom.

V tejto praci sa studuje moznost’ hydrometalurgického spracovania konvertorového kalu v roztokoch
kyseliny sirovej pri atmosférickom tlaku a teplotach do 100 °C v laboratdrnych podmienkach. Skimal sa
vplyv koncentracie kyseliny sirovej, teploty, ¢asu a pomeru K:P na samotny proces luhovania. Hlavnym
cielom prace bolo urcenie optimalnych podmienok, pri ktorych prechadza maximalne mnoZstvo zinku do
roztoku s minimalnym prechodom Zeleza.

Krucovée slova: Konvertorovy ulet a kal, hydrometalurgia, Iihovanie, zinok, Zelezo, kyselina sirova

Uvod

Neoddelitefnou sucéastou tavenia v oceliarenskych agregatoch je vznik oceliarenskych uletov.
Oceliarenské ulety su odpadovymi oxidickymi materialmi, ktorych hlavnou zlozkou su oxidy zeleza.
Z hladiska formy sa ulety ziskavaju v podobe prachu zo suchého odlu€ovania alebo v podobe kalu
z mokrého odlucovania.

Hruby prach po Uprave sa obvykle vracia do procesu vyroby ocele alebo sa recykluje
v aglomerac¢nom zavode. Jemny prach obsahuje v porovnani s hrubym prachom znaéne vy$Si obsah
zinku. Jeho hlavnym zdrojom je Srot, ktory sa zavaza do konvertora. Kvéli obsahu zinku sa nemézu
jemné prachy a kaly recyklovat a preto sa ukladaju na skladku.

Ulety vykazuji znaénl heterogenitu zrnitostného, chemického aj mineralogického zlozenia. Tab. 1
uvadza percentualne zastupenie zinku a zeleza v prachoch a kaloch z kyslikového konvertora podla
r6znych autorov.

Tab. 1 Obsah zinku a Zeleza v konvertorovom prachu a kale podla réznych autorov '*®

Zn (%) 1-10 14.10 7.8 1.10 5.10 6.00 1.50 1.7
Fe (%) | 55-65 | 57.1 57.9 64.8 57.1 55.7 56.7 55.4
Ref. 2 3 3 4 4 4 4 5
Zn (%) | 0.6-5 2.86 0.48 05-35 | 0.1-1 0.01-09 | 1.4-3.2 0.05-4
Fe (%) | 56-64 | 67.86 87.2 53-63 | 59-67 52 -72 54 - 62 45 - 62
Ref. 6 7 7 1 1 1 1 1
Zn (%) 0.02 1.2 0.2 0.9-2.5 1-2 0.208 1.396 7.55
Fe (%) 62.3 59.8 64.8 60 - 64 74.8 73.75 44.2
Ref. 1 1 1 8 9 10 10 10
Zn (%) 0.07 0.38 3.99 2.54 Priemerna hodnota

Fe (%) 82.1 63 59.70 53.6 Mnozstvo Zn (hmot. %) 2.57
Ref. 11 11 12 13 Mnozstvo Fe (hmot. %) 61.41
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Konvertorové Ulety, prachy a kaly sa radia medzi nebezpeéné odpady'®. Na prepracovanie
oceliarenskych uletov sa navrhlo niekolko technoldgii, avSak informacii o recyklacii konvertorovych
Uletov je velmi malo. Dévodom je pravdepodobne relativne nizky obsah zinku v porovnani s uletmi
z elektrickej oblukovej pece, v ktorych sa pretavuje ocelovy Srot. Na spracovanie oceliarenskych uletov
mozno principialne pouzit tri hlavné skupiny metéd: pyrometalurgické, hydrometalurgické alebo
kombinované metddy'®. Kazda z tychto metéd ma svoje vyhody a rovnako aj nevyhody. Prednostou
hydrometalurgickych procesov spracovania oceliarenskych uletov su flexibilnejSie prevadzky. Zarover
hydrometalurgicky spdsob by mal byt ekonomickejSi z pohladu nizSich investiénych a prevadzkovych
nakladov. Hydrometalurgia navySe ponuka moznost ziskania kovov =z Uletov resp. kalov. Nie
zanedbatelnymi suU aj environmentalne vyhody v porovnani s pyrometalurgiou, pretoZze v pripade
hydrometalurgického spracovania nevznikaju problémy s odplynmi, prasnostou ¢i hlukom.

Téato praca je zamerana na Studium vplyvu teploty a koncentracie kyseliny sirovej na extrakciu zinku
do roztoku a zaroven ur€enie optimalnych podmienok, pri ktorych prechadza maximalne mnozstvo zinku
a minimalne mnozstvo zeleza do roztoku.

Experimentalna cast’

Material

Studovany konvertorovy kal sa pred samotnymi lihovacimi experimentmi vysusil, zhomogenizoval
a podrobil chemickej analyze atdmovou absorpénou spektroskopiou (AAS). Chemické zlozenie hrubého
a jemného prachu z Upravy konvertorového plynu je uvedené v tab. 2.

Tabulka 2. ZloZenie hrubého a jemného prachu z upravy konvertoroveho plynu

Parameter | Hruby prach [%] Jemny prach [%]
celkové Fe 30-85 54 -70
kovové Fe 72 20
CaOo 8- 21 3-11
Zn 0.01-0.4 1.4-32
Pb 0.01 —0.04 0.2-1.0
S 0.02 - 0.06 0.07-0.12
C 1.4 0.7
LOI 12.49

Mineralogické zlozenie sa ur€ilo RTG fazovou analyzou. Vo vzorke konvertorového kalu sa s vysokou
pravdepodobnostou nachadzaju fazy: magnetit Fe;O4, wustit FeO, kalcit CaCOs, grafit C, kovové Fe.
S nizSou pravdepodobnostou sa vo vzorke nachadzaju fazy ako maghemit Fe,Os, a tiez fazy feritického
typu a SiO,. Ostatné fazy, pokial su pritomné na zaklade chemického zlozenia, sU v minorithnom
mnozstve a stracaju sa v pozadi difraktogramu.

Vo vzorke konvertorového kalu sa neidentifikovala ziadna faza, obsahujuca zinok. To méze byt
spOsobené nizkym obsahom zinku vo vzorke. Malé mnozstvo Zn vo vzorke, 0.1 — 3 % ma za nasledok,
Ze difrakcie faz zinku sa mézu stracat v pozadi difrakéného zaznamu.

Na Obr. 1 je fotografia vstupnej vzorky konvertorového kalu z optickej mikroskopie. Vidno, Zze vstupna
vzorka je z hladiska zrnitosti heterogénny materiél, priCom su vacsie €astice husto obalované drobnymi.

Obrazok 1. Pohlad na vstupnu vzorku z optickej mikroskopie
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Vstupna vzorka kalu bola podrobena dalej analyze na distriblciu €astic sedimentograficky na pristroji
Scanning photo sedimentograph Fritsch Analysette 20. Vzorka konvertorového kalu bola pred analyzou
rozdispergovana posobenim ultrazvuku poc¢as 2 minut.

Distribu¢na a kumulativna krivka rozsevu pre vzorku konvertorového kalu su zobrazené na Obr. 2.
Z distribu¢nej krivky kalu je najviac zastupena frakcia cca +14-22 um, nezanedbatelna je aj frakcia
+1-2.5 um. Z kumulativnej krivky prepadov vyplyva, ze 93% kalu ma velkost zrna pod 30 um.
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Obrazok 2. Krivka rozsevu konvertorového kalu

Podmienky experimentu
Experimenty IGhovania sa realizovali v aparature, ktorej schéma je zobrazena na obr. 3 .
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Obrazok 3. Schématicky pohl'ad na luhovaciu aparaturu
1 — pohon miesadla; 2 — sklenené miesadlo; 3 — luhovaci roztok; 4 — odber vzorky; 5 — teplomer;
6 — davkovanie vzorky; 7 — termostat; 8 — vzorka

Na luhovanie sa pouzil skleneny reaktor o objeme 800 ml, ktory bol umiestneny do vodného
termostatu, ¢o umoznilo udrziavat nastavenu teplotu lUhovania. Na experimenty sa pouzilo 400 ml
vodného roztoku kyseliny sirovej o koncentraciach 0.1, 0.2, 0.4, 1.0 M pri teplotach 20, 40, 60 a 80 °C. V
kazdom experimente sa pouzili otaéky miesadla rovné 300 min™. Do kaZzdého pokusu sa navazilo 40 g
vzorky, €o davalo pomer kvapalnej ku tuhej faze K:P = 10. Kvapalné vzorky pre chemickl analyzu sa
odoberali v stanovenych ¢asovych intervaloch po 2, 15, 30, 45 a 60 minut.

Chemickou analyzou sa stanovili obsahy Zn a Fe metédou AAS Varian Spectrometer AA 20+.
V kazdej vzorke sa merala hodnota pH. VSetky vysledky sa korigovali na zmenu objemu vzorky odberom
a odparenim.
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Vysledky a diskusia

Na obr. 4 sU znazornené kinetické zavislosti vylihovania zinku z konvertorového kalu v zavislosti od
doby luhovania pri rdznych koncentraciach kyseliny sirovej, pomere K:P = 10 a teplotach 20-80 °C.
Vysledky luhovania kalu ukazali, ze pri pouziti 0.1 M kyseliny sirovej nema teplota velky vplyv na
vytaznost’ zinku, naopak zinok prechadza do roztoku s priblizne rovnakou Gc€innostou uz v 2 minute
odberu vzorky. S dobou luhovania klesd mnozstvo vyluhovaného zinku. Viditefnd zmena z hladiska
vplyvu teploty na vytaznost zinku nastava pri pouziti 1 M kyseliny sirovej. So zvySovanim teploty sa
zvySuje mnozstvo vylihovaného zinku, pri€om najvySSia vytaznost sa dosahuje v priebehu prvych 15
minat odberu vzorky.
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Obrazok 4. Kinetické zavislosti mnoZstva vyluhovaného zinku od doby Iuhovania
pri réznych koncentraciach kyseliny, pomere K:P = 10 a teplotach 20-80 °C

Z Obr. 4 je mozné vypozorovat, Ze tvar kinetickej krivky pri 1M H.SO4 je v prvych 10 minatach iny ako
tvar kinetickej krivky prinizSich koncentraciach kyseliny (0.1, 0.2 a 0.4M). Tento rozdiel m6ze byt
spbsobeny tym, ze v pripade nizSich koncentracii kyseliny sa vSetka kyselina spotrebovala hned na
zacCiatku experimetu, ¢o spésobilo, ze sa vytaznost Zn uz dalej v Case vyznamne nemenila. Pri 1M
H.SO, bolo dostatok kyseliny na to aby sa vytaznost Zn v priebehu prvych 10 minat dalej zvySovala.

Obr. 5 znazornuje kinetické zavislosti mnozstva vylihovaného zinku od teploty pri koncentraciach
kyseliny sirovej 0.1-1M a pomere K:P = 10 v 15 minate IGhovania. V oblasti nizkych koncentracii
doch&dza k luhovaniu v malej miere a zaroven dochadza s rastom teploty k malému poklesu mnozstva
vylihovaného zinku, av$ak zvySenim koncentracie nad 0.4M H,SO, sa proces radikalne urychli.
NajvysSia vytaznost zinku 70% sa dosiahla pri teplote 80 °C po 15 mindtach lGhovania.
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Obr. 5 Kinetické zavislosti mnoZstva vylihovaného zinku od teploty pri koncentracii kyseliny sirovej
0.1 - 1M a pomere K:P = 10 v 15 minute luhovania

Obr. 6 znazoriuje kinetické zavislosti mnozstva vylihovaného zinku od koncentracie kyseliny sirovej
pri 20-80°C a pomere K:P = 10 v 15 mindte luhovania. Z kinetickych kriviek luhovania vyplyva, ze

s rastucou koncentraciou H,SO, vytaznost zinku do roztoku prudko stupa, pri€om vplyv teploty je z tohto
hladiska minimalny.
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Obrazok 6. Kinetické zavislosti mnoZstva vyluhovaného zinku od koncentracie kyseliny sirovej
pri 20-80 C a pomere K:P = 10 v 15 minute luhovania

Na obr. 7 su znazornené kinetické zavislosti mnozstva vyluhovaného Zeleza od doby Iuhovania pri
r6znych koncentraciach kyseliny sirovej, pomere K:P = 10 a teplotach 20-80 °C. Luhovanim v 0.1M
H.SO, v celom teplotnom rozsahu neprechadza do roztoku prakticky Ziadne Zzelezo. ZvySovanim
koncentracie kyseliny zacina do roztoku prechadzat aj zelezo atoto mnozstvo vyznamne zavisi od
teploty. Pri kazdej Studovanej koncentracii kyseliny je pri nizSich teplotach relativne mnozstvo
vylihovaného zeleza nizke, ale so zvySujlucou sa teplotou toto mnozstvo vzrasta. Vyraznl zmenu

mozno pozorovat pri pouziti 1M H>SO,, kedy pri teplote 80°C bola dosiahnuta priblizne 70% vytaznost
Zeleza podobne ako pri vytaznosti zinku.
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Obrazok 7. Kinetické zavislosti mnoZstva vyluhovaného Zeleza od doby Iuhovania pri réznych
koncentraciach kyseliny, pomere K:P = 10 a teplotach 20-80 °C

Obr. 8 znazornuje kinetické zavislosti mnozstva vylihovaného Zeleza od teploty pri koncentracii
kyseliny sirovej 0.1 — 1M a pomere K:P =10 v 15 minate lGhovania. Pri nizkych koncentraciach H,SO, sa
Zzelezo lohuje do roztoku so slabou U&innostou. Vytaznost Zeleza sa so zvySujucou koncentraciou
kyseliny v roztoku a teploty zvySuje.
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Obrazok 8. Kinetickeé zavislosti mnoZstva vyluhovaného Zeleza od teploty pri koncentracii
kyseliny sirovej 0.1-1M a pomere K:P =10 v 15 minute Iihovania
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Obr. 9 zobrazuje kinetické zavislosti mnozstva vylihovaného Zeleza od koncentracie kyseliny sirovej
pri 20-80°C a pomere K:P = 10 v 15 minute lGhovania. Z tejto zavislosti vyplyva, ze pri danej teplote
s rastom koncentracie kyseliny prudko rastie mnozstvo vyluhovaného Zeleza do roztoku, rovnako ako
v procese luhovania zinku.
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Obrazok 9. Kinetické zavislosti mnoZstva vyluhovaného Zeleza od koncentracie kyseliny sirovej
pri 20-80°C a pomere K:P = 10 v 15 minute Iuhovania

Zaver

Cielom experimentalnej prace bolo overit lUhovatelnost zinku z jemnozrnného konvertorového kalu v
kyslom médiu. Konvertorovy kal je velmi heterogénny material a je komplikované zvolit vhodnu
koncentraciu luhovacieho média. Ako luhovacie médium pre konvertorovy kal sa zvolil roztok kyseliny
sirovej vrozmedzi koncentracii do 1M. Z experimentalnych vysledkov vyplyva, Ze mnoZstvo
vylihovaného zinku bolo najvyssie, 70%, pri pouziti 1M koncentracie kyseliny sirovej s dobou luhovania
do 15 mindt a pri teplote 80 °C. NajvacSim prinosom tejto prace je skutocnost, ze zvolenim vhodnych
podmienok lUhovania je mozné vylihovat zinok do roztoku, pri€om nevyhodou ostava skuto¢nost, ze do
roztoku prechadza rovnako aj zelezo. Na druhej strane vhodnou Upravou pH je mozné odstranit’ zelezo
z roztoku. Optimalne podmienky pre jednoduché ziskanie zinku z konvertorového kalu za danych
podmienok je pouzitie 1 M kyseliny sirovej pre Iuhovanie pri teplote 80 °C a dobe Iuhovania minimalne
15 mindt. Samozrejme tieto podmienky platia len pre dany konvertorovy kal, nakolko chemické
a mineralogické zlozenie kazdého oceliarenského uletu je individualne a preto je potrebné pred moznym
spracovanim vykonat kontrolné testy lUhovania.
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Hydrometallurgical processing of BOF sludge
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Summary

During steel production in the basic oxygen furnace (BOF) approximately 7 to 15 kg of dust per ton
of produced steel is generated. Coarse dust contains approximately 0.01 - 0.4 % Zn and 30 — 85 % Fe.
Fine dust contains 1.4 - 3.2 % Zn and 54 — 70 % Fe. Regarding the zinc content, the BOF dust is
considered to be highly problematic, and therefore new technological processes for dusts and sludge
from metallurgical production are still searched for. Next reason for processing this kind of waste is to
recover zinc that nowadays becomes scarce metal.
In this study the hydrometallurgical processing of BOF sludge in the sulphuric acid solutions under
atmospheric pressure and temperatures up to 100 <C is investigated on a laboratory scale. The influence
of sulphuric acid concentration, temperature, time and liquid to solid ratio (L:S) on the leaching process
was studied. The main aim of this study was to determine optimal conditions when the maximum amount
of zinc passes into the solution whilst iron remains in a solid residue.

Keywords: basic oxygen furnace dust and sludge, hydrometallurgy, leaching, zinc, iron, sulphuric acid
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Suhrn

Clénok je zamerany na studium vplyvu siru-oxidujicich baktérii na vybrané beténové kompozity s
obsahom energetickych odpadov. Cielom experimentalnych prac bolo porovnanie biokordzie beténovych
kompozitov bez pridavku a s pridavkom popolceka. V praci boli pouZité siru-oxidujucie baktérie
Acidithiobacillus thiooxidans. Betonove kompozity obsahovali 5% a 10% popolceka z teplarmi TEKO, a.s.
Kosice. Studium bolo zamerané na pozorovanie povrchovych zmien kompozitov, zhodnotenie zmien pH
a obsahu vapnika vo vyluhoch.

Krucoveé slova: biokordzia, siru-oxidujuce baktérie, cementové kompozity, popolcek

Uvod

Beton je najviac pouzivanym nekovovym stavebnym materidlom sucasného stavebnictva. Toto
postavenie ziskal vdaka celému radu lepSich vlastnosti pri porovnavani s inymi klasickymi stavebnymi
materialmi, a taktiez moznostiam vyroby na mieste pouzitia. Betén je kompozitny material, ktorého
zakladnymi zlozkami su cement, kamenivo (piesok, Strk, drvina) a voda. Pre zlepSenie jeho niektorych
vlastnosti, ako su lepSia spracovatelnost, plastickost, zrychlenie/spomalenie tuhnutia, prevzdusnenie,
rychly narast pevnosti, vodopriepustnost a pod., méze obsahovat aj r6bzne prisady a primesi,
stabilizatorory, plastifikatory a superplastifikatory'.

Jednou z primesi pri vyrobe betdnu, ktora sa pouziva s ciefom ovplyvnit niektoré vlastnosti cerstvého
i zatvrdnutého beténu alebo ziskat betdn so $pecialnymi viastnostami méze byt aj popol&ek®. Polietavy
popolcek je produktom spalovania uhlia. V podobe velmi jemne zrnitého prasku (priemer zfn priblizne
0,09 mm) sa zachytava v odlu¢ovacoch tuhych znedistujucich latok. Ide o gulovité sklovité Castice
pozostavajuce prevazne z SiO, a Al,O3; a obsahujuce najmenej 25% aktivneho SiO,, ktory zabezpecuje
puzolanovu aktivitu. Vdaka tejto schopnosti sa zaraduje medzi takzvané primesi druhu I, ktoré vykazuju
hydraulickd aktivitu podobni cementu®. Popoléek mozno pouzivat ako &iastoénl nahradu cementu, ale
nevylu€uje sa ani jeho pouzitie ako inertného plniva bez vplyvu na davkovanie cementu.

Betén ako jeden zo zakladnych stavebnych materialov, je zvy€ajne projektovany radovo na desiatky
rokov, preto sa vyzaduje jeho pomerne velka odolnost voci agresivnym vplyvom. Aj napriek tomu
dochadza ku korézii, ktora je vysledkom pdsobenia predovsetkym vonkajsich vplyvov. Degradacia
betonu v8ak mb6ze byt iniciovana aj ur€itymi reakciami medzi zakladnymi zlozkami pouzivanymi na
vyrobu betonu. Degradacia beténu zavisi aj od technoldgie spracovania, oSetrovania a spésobu uzivania
prvku a konstrukcie®'°.

Kordzne pbsobenie €initelov ovplyviujucich porusenie zelezobeténového prvku je mozné rozdelit na
fyzikalne, chemické a biologické. Biologické Cinitele predstavuju vplyv vegetacie a mikroorganizmov
(napr. baktérii, pliesni a pod.). Ak dochadza k neziaducim zmenam vlastnosti betonovej konstrukcie pod
ich pésobenim, hovorime potom o biokorézii resp. o biodegradacii beténovych konstrukcii. Organizmy
spdsobujlice tieto zmeny oznadujeme ako biodeteriogény®*°.

Medzi najvyznamnejSie biodeteriogény spbsobujlce biokoréziu beténovych konstrukcii patria siru-
oxidujuce baktérie Acidithiobacillus thiooxidans a siran-redukujuce baktérie (napr. rod Desulfovibrio). Ich
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vzajomné pbsobenie vytvara mikrobialne spoloéenstvo, ktoré nazyvame sulfuretum. Tento biologicky
kolobeh siry v prirode, najma jeho disimilaéna Cast spbsobuje markantné problémy v priemysle a
stavebnej praxi a je ¢asto pozorovany aj v pripade kanalizaénych potrubi. Korézny proces je iniciovany
konverziou siranov nachadzajucich sa v prepravovanej vode na sulfan pomocou siran-redukujicich
baktérii. Bakterialna siran-redukcia prebieha za anaerébnych podmienok, ktoré sa nachadzaju v spodnej
vrstve prepravovanej vody a vznikaju napriklad v désledku dihého ¢€asu zdrzania vody alebo jej
pomalého toku. Sulfan difunduje a postupne sa uvolfiuje z vodného do vzdusného prostredia kanalizacie
a m6ze byt vzdusnym kyslikom oxidovany za vzniku elementarnej siry, ktora je nasledne deponovana
na stenach potrubia a stava sa vhodnym substratom pre siru-oxidujuce baktérie. Tieto konvertuju siru na
kyselinu sirovl, ktora zapricinuje koréziu beténu. Okrem toho aj samotny vzniknuty sulfan je tiez
vhodnym substratom pre siru-oxidujuce baktérie a taktiez je nimi na hornej ¢asti potrubia oxidovany na
kyselinu sirov(®.

Predkladana praca bola zamerana na S$tudium vplyvu aerébnych siru-oxidujucich baktérii
Acidithiobacillus thiooxidans na biodegradaciu betonovych vzoriek bez a s obsahom popoléeka.
Experimenty prebiehali za modelovych podmienok po dobu 80 dni a boli zamerané na sledovanie zmien
povrchovej Struktary vzoriek beténovych kompozitov, zmeny pH a obsahu vapnika vo vyluhoch.

Experimentalna cast’
Material a metody

Vzorky betonu

Skusobné vzorky betonu vo forme valcov boli vyhotovené z beténovych blokov pomocou vitacieho
zariadenia STAM s jadrovym vrtdkom. Takto vyvitané betdénové valce boli nasledne narezané kotu¢ovou
pilou na mensie vzorky o priemere 32 mm a vyske 15 mm, ktoré boli eSte pred vlastnym pouzitim v
experimente obrusované a vysterilizované®. Studované boli 3 druhy beténu: bez obsahu popoléeka,
s 5% obsahom popolceka a s 10% obsahom popoléeka. Pouzity popoléek potrebny na vyhotovenie
beténovych vzoriek pochadzal z teplarni TEKO, a.s. KoSice. Oznacenia jednotlivych vzoriek vzhfadom
na obsah popol¢eka a aplikaciu bakterialnej kultiry su uvedené v tabulke 1.

Tabulka 1: Oznacenia betonovych vzoriek

Oznacenie Obsah popolceka . . -
beténovej vzorky 2,/0 ;) Aplikované baktérie
Z-At Zakladna (0%) Acidithiobacillus thiooxidans
Z-At-K Zakladna (0%) abioticka kontrola k vzorke Z-At
5%-At TEKO (5%) Acidithiobacillus thiooxidans
5%-At-K TEKO (5%) abioticka kontrola k vzorke 5%-At
10%-At TEKO (10%) Acidithiobacillus thiooxidans
10%-At-K TEKO (10%) abioticka kontrola k vzorke 10%-At

Bakterie

V préaci boli aplikované siru oxidujuce baktérie Acidithiobacillus thiooxidans (A.t.), vyizolované z kyslej
banskej vody, vytekajucej z loziska Smolnik. Pre pripravu aktivnej bakterialnej kultary A.t. ako aj pre jej
kuItivélciu7 za pritomnosti vzoriek betdnu, bola pouzita selektivna zivna péda podla Waksmana
a Joffeho'.

Biokorozia vzoriek betonu

Podstatou experimentov bola kultivacia baktérii Acidithiobacillus thiooxidans v pritomnosti vzoriek
beténu za aerébnych a statickych podmienok pri teplote 30°C. Betdnové vzorky boli do kvapalnej fazy
ponorené do polovice svojej velkosti. Kvapalna faza pozostavala so selektivnej Zivnej pddy podla
Waksmana a Joffeho o objeme 150 ml, ktora obsahovala 10% inokulum aktivnej bakterialnej kultdry. Na
zacCiatku a v priebehu experimentov v 7-dihovych intervaloch boli sledované zmeny hodnét pH kvapalnej
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fazy. Mnozstvo vapnika v jednotlivych vyluhoch na zaciatku a po ukonéeni experimentov bolo stanovené
atbmovou absorpénou spektrofotometriou.

Abiotické kontroly prebiehali za rovnakych podmienok av§ak bez pritomnosti baktérii. Po uplynuti 80
dni boli beténové vzorky odobraté, vysuSené a hodnotené na zéklade zmien Struktary povrchu.

Struktira povrchu beténovych vzoriek

Povrch betonovych vzoriek bol sledovany pred zaciatkom a po ukoncéeni experimentov pomocou
mineralogického stereo-mikroskopu. Fotodokumentacia bola uskuto€nena pomocou digitalneho
fotoaparatu OLYMPUS — Camedia C-770.

Vysledky a diskusia

Zmeny povrchovej struktury vzoriek betonovych kompozitov

V tabulke 2 su zobrazené povrchy hornej podstavy, dolnej podstavy a boc¢nej steny beténovej vzorky
bez pridavku popolCeka a jej prisluSnej abiotickej kontroly, ato na zaciatku experimentov t.j. pred
aplikaciou baktérii A.t. a po ukon€eni experimentov.

Taburka 2:Zmeny Struktury povrchu beténovej vzorky bez pridavku popol€eka pod vplyvom baktérii
Acidithiobacillus thiooxidans (vzorka Z-At) a prislusnej abiotickej kontroly (Z-At-K)

Z-At
Horna podstava Dolna podstava Bo¢na stena
Zaciatok
Koniec
Zaciatok
Koniec

Snimky v tabulke 2 dokumentuju, ze pod vplyvom baktérii A.t. dochadzalo k vzniku bezfarebnych a
bielych precipitatov najma na dolnej podstave a ponorenej Casti bocnej steny vzorky. Precipitaty sa
nachadzali prednostne na cemente a nie na kamenive. Na hornej podstave boli pozorované tiez biele
precipitaty, ktoré sa nachadzali na cementovej vyplni medzi okrajovym kamenivom a vnutornou plochou
hornej podstavy, o poukazuje na vzlinanie kvapalnej fazy cez cementovu vyplih do neponorenej Casti
vzorky. Za abiotickych podmienok (vzorka Z-At-K) nedochadzalo k vzniku bielych precipitatov ani na
ponorenych Castiach vzorky ani na neponorenych. Boli vSak pozorované bezfarebné precipitaty na
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rozhrani kamenivo/cement a to len na plochach, ktoré boli ponorené do kvapalnej fazy. Kvalitativha
a kvantitativna analyza vzniknutych bielych a bezfarebnych precipitatov nebola z €asovych dévodov
uskutoénena a je predmetom dalSieho Studia. Detailné zdbery vytvorenych precipitatov u vzoriek Z-At
a Z-At-K zobrazuje obrdzok 1. Podobné zmeny povrchovej Struktury boli pozorované aj v pripade vzoriek
5%-At, 10%-At a ich abiotickych kontrol. Najva¢Sie mnoZstvo bielych precipitatov bolo vytvorené
v pripade vzorky Z-At, teda u vzorky bez pridavku popolceka. NajmenSie mnozstvo bielych precipitatov
bolo vytvorené u vzorky s 10% pridavkom popol&eka®.

%

Obrazok 1: Precipitaty vytvorené na beténovych vzorkach bez p
bakteérii Acidithiobacillus thiooxidans a zodpovedajucej abiotickej kontrole (mineralogicky mikroskop)
A —doln& podstava, vzorka Z-At, zvacSenie 20x4,5
B — horna podstava, vzorka Z-At zvé&Senie 20x4,5
C — dolna podstava, vzorka Z-At-K, zvacsenie 20x4,5
D — horné podstava, vzorka Z-At-K zvacSenie 20x4,5

-

r/d vKku popol¢eka pod Vplyvom

MnozZstvo vapnika vo vyluhoch

Zo zmien koncentracie vapnika v kvapalnej faze, t.j. vo vyluhoch beténovych vzoriek s pouzitim A.t
zaznamenanych na obrazku 2 vyplyva, Ze najvacSie mnozstvo vapnika sa vyluhovalo u vzorky beténu
s 10% obsahom popol¢eka. Z grafu je mozné vidiet, Zze so zvySovanim obsahu popolCeka v betdnovej
vzorke koncentracia vapnika pod vplyvom baktérii vo vyluhu na konci experimentu vzrasta (70 mg/l
u vzorky 5%-At, 100 mg/l uvzorky 10%-At). Opacna situacia bola u vzorky Z-At, kde konec¢na
koncentracia vapnika vo vyluhu bola o0 12 mg/l nizSia ako na zaciatku. Pravdepodobne dochadzalo
prednostne k jeho precipitacii na povrchu beténovej vzorky ako to dokumentuju snimky v tabulke 2.

120
100

100
80 | 70 -
60 |
40

20

0

Koncentracia Ca (mg/l)

Z-At 5%-At 10%-At

zaciatok Okoniec

Obrazok 2: Koncentracia Ca vo vyluhu beténovych vzoriek
s aplikaciou Acidithiobacillus thiooxidans

Zmeny pH vyluhov

Zmeny hodn6t pH v kvapalnej faze pri tudiu biokor6zie pod vplyvom baktérii A.t. uvadzaju obrazky
3-5. Na obrazkoch 3 a 4 je mozné vidiet u abiotickych kontrol (vzorky Z-At-K a 5%-At-K) postupny narast
pH smerom do alkalickej oblasti. Neskér po uplynuti dvoch tyzdrov boli hodnoty pH>6 a dalej sa az do
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ukonc€enia experimentov vyrazne nemenili. Tento fakt je mozné vysvetlit tym, Ze betdn je alkalicky
material® s hodnotou pH v intervale od 11 do 13 a jeho ponorenie do kvapalnej fazy s kyslym pH spésobi
jej alkalizaciu.

2 S
2 4 - ______

11 ——2Z-At —0—Z-AtK 1 1

—0— 5% At —0— 5%-At-K 1+ —0—10%At —O0— 10%-At-K|
0 ‘ ‘ ‘ ‘

0 ‘ ‘ ‘ ‘
4 0
0 20 0 60 80 0 20 40 60 80 0 50 100
Doba biokoroézie (dei) Doba biokorézie (deii) Doba biokoroézie (dei)

Obrazok 3: Zmena hodnét pH Obrazok 4: Zmena hodnét pH  Obrazok 5: Zmena hodnét pH
kvapalnej fazy betonovych kvapalnej fazy betonovych kvapalnej fazy betonovych
vzoriek Z-At a Z-At-K vzoriek 5%-At a 5%-At-K vzoriek 10%-At a 10%-At-K

U vzorky 10%-At-K (Obr. 5) dochadzalo sice najskér k znizeniu hodnét pH, ale neskér sa aj v tomto
pripade prejavila jej alkalizacia pod vplyvom beténu. U vzoriek, kde boli pritomné baktérie
Acidithiobacillus thiooxidans boli pozorované malé zmeny hodnét pH v porovnani s pociatoénym pH
(okrem vzorky Z-At), ato uvzorky 5%-At vintervale od hodnét pH 2,1 do 3,1. Uvzorky 10%-At
vintervale od hodnét pH 2,8 do 3,5. Pravdepodobne to slvisi stym, Ze baktérie Acidithiobacillus
thiooxidans produkovali kyselinu sirovu, ktord nasledne acidifikovala kvapalnu fazu a alkalicka povaha
beténu sa tak nemohla prejavit. Vplyv biogénnej kyseliny sirovej bol u vzoriek 5%-At a 10%-At
pozorovany od zaciatku a v priebehu celého experimentu. U vzorky Z-At sa jej vplyv prejavoval az po 28
drioch (Obr. 3).

Zaver

Kvalita stavebnych materialov je pocas ich Zivotnosti ovplyviiovana mnohymi Cinitefmi, ktoré
zapri€inuju ich degradaciu a zniZzovanie trvanlivosti. Ak dochadza k neziaducim zmenam vlastnosti
stavebnych materialov vplyvom pdsobenia mikroorganizmov a vegetacie hovorime o biokorézii resp.
biodegradacii stavebnych materialov. Beton ako kompozitny material pouzivany v stavebnictve sa ¢asto
stretava s pdsobenim v prirode bezne pritomnych mikroorganizmov. Pokial sU pre mikroorganizmy
vytvorené vhodné podmienky tak m6zu na zaklade svojho metabolizmu alebo produktov metabolizmu
negativne vplyvat na beténové kompozity.

Vysledky predkladanej prace, zameranej na Studium vplyvu aerébnych siru-oxidujucich baktérii
Acidithiobacillus thiooxidans na biodegradaciu beténovych vzoriek vyplyva, ze vybrané betonové
kompozity bez pridavku ale aj s pridavkom popol¢eka ako Ciastoénej nahrady cementu, vykazuju odlisné
vlastnosti. Baktérie Acidithiobacillus thiooxidans svojou metabolickou ¢&innostou po dobu trvania
experimentov (80 dni) produkovali kyselinu sirovu, ktora acidifikovala kvapalni fazu, a td nasledne
nartSala Struktlru povrchu beténovych kompozitov a pravdepodobne spbésobovala aj vyluhovanie Ca
z matrice vSetkych Studovanych vzoriek. NajvacSie mnozstvo vapnika sa vyluhovalo u vzorky betonu
s 10% obsahom popolceka.
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Influence of biogenic sulphuric acid on concrete composites contained of

energetic wastes
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Summary

The paper was aimed on study of sulphur-oxidizing bacteria effect on selected concrete composites
samples contained fly ashes. The aim of experiments was to assess the biodeterioration degree of
concrete composites with and without coal fly ash replacement. The observation and evaluation of
influence of selected microorganisms caused biodeterioration of concrete specimens with and without
coal fly ash replacement. For the biocorrosion simulation effect of sulphur-oxidizing bacteria
Acidithiobacillus thiooxidans were used. Concrete composites contained 5% and 10% fly ash from the
heating plant TEKO, a.s. Kosice. Samples were exposed to the bacterial cultures during 80 days at
statically and aerobically conditions under temperature 30 °C. The disruption and damages of the
concrete surface, the pH changes of the liquid phase and the calcium release was observed.
Experimental studies confirmed visible changes of concrete samples surface structure and calcium
release from the concrete matrices into the solution due to attack of the bacterially produced sulphuric
acid.

Keywords: biocorrosion, sulphur-oxidising bacteria, concrete composites, fly ash
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Vyuzivanie odpadov pri banskej c¢innosti avplyv tejto
¢innosti na kvalitu podzemnych vod

Stefan Zelenak®

@ Hornonitrianske bane Prievidza, a.s., Matice slovenskej 10, 971 01 Prievidza, e-
mail: szelenak@hbp.sk

Suhrn

Pri banskej ¢innosti, tazbe uhlia su v podmienkach HBP vyuZivané aj odpady. Obidve ¢innosti
ovplyviiuju kvalitu banskych véd. Prispevok pojednava o tazbe uhlia , vyuZivani odpadov a vplyve
obidvoch ¢innosti na kvalitu banskych véd.

Krucové slova: dobyvanie uhlia, odpady v podzemi, druhotna suroviny, banské vody

Uvod

Hlavnou ¢&innostou na Novackom loZisku je tazba uhlia. TaZba sa vykonava v konkrétnom
horninovom prostredi v konkrétnych geologickych a hydrogeologickych podmienkach. Hlavnou
dobyvacou metédou je dobyvanie stenovanim s pribierkou uhlia v nadstrope. Dobyvany sloj dosahuje
velké hrabky. Pri likvidacii vyrubaného priestoru na zaval dochadza k pretvaraniu a vyraznému
ovplyviovaniu horninového prostredia . Dochadza k zmene chemizmu banskych vod.

Pri hlbinnom dobyvani lozisk sa v podzemi vytvarajua volné priestory, ktoré sa zurcitych,
predovdetkym bezpeénostnych dévodov, zapifaji samovolne, alebo zakladanim inym materialom.
Pouzitie zakladky vo va¢Som meritku si predovSetkym v si¢asnosti vynucuju bezpecnostné a ekologické
doévody. Podobne ako pri skladkovani ipri vyuzivani odpadov je nutné garantovat pripustné limity
kontaminantov v zlozkach Zivotného prostredia ako je voda, pdda, ovzdusie atd.

Geologické podmienky na novackom uhofnom lozisku

Novacke uholné loZisko je =z geomorfologického hladiska lokalizované v strednej Casti
Hornonitrianskej kotliny, ktora je zo severozapadnej strany lemovana krystalickym pohorim Strazovskych
vrchov, reprezentovanym Malou Magurou a Nitrickymi vrchmi a z juhovychodnej strany neovulkanickym
pohorim Vtaénik. Hydrogeologicky predmetné Gzemie spada do povodia rieky Nitry, ktora preteka priamo
Uzemim novackeho uholného loziska. Jej najva¢sim pritokom je rieka Handlovka.

Vypln kotliny v oblasti novackeho uholného lozZiska tvoria suvrstvia:

Kamenské, ktoré sa vycleniuje ako suvrstvie epiklastickych vulkanickych zlepencov a pieskovcov
s neovulkanickym materidlom v podlozi uholnych slojov, v bezne zauZzivanej terminolégii oznacované
ako komplex podloznych tufitov. Hrdbka suvrstvia je znaéne variabilnd, dosahuje maximalne okolo 350
m.

Novacke je tvorené v spodnej Casti piescito ilovitymi a tufitickymi sedimentami, ktoré postupne
prechadzaju do hnedych, tmavosivych az Ciernych uholnych ilovcov s uhofnymi slojmi. Hribka celého
produktivneho suvrstvia dosahuje az 50 m. NajdélezitejSim uholnym slojom, je tzv. hlavny sloj
novackeho uholného loziska, ktory je vyvinuty prakticky na celom lozisku. V prevaznej €asti dosahuje
hrabku 8-10 m. Sedimentacia rastlinného materialu bola ob&as prerusovana sedimentaciou anorganicke;j
hmoty, ¢oho odrazom su preplastky hlusiny v uholnom sloji tvorené svetlosivymi az bielymi tufitmi.

Kosianske nachadza sa v nadloZi novackeho suvrstvia a je tvorené ilmi a slienitymi ilmi. Slienitost
suvrstvia je premenliva. Hrlabka suvrstvia sa pohybuje od 0-300 m.

Lehotské lezi nad koSianskym atvoria ho Strky, piesky, piescité ily aily s mezozoickym
a karbonatovym materidlom. V bezne zauzivanej terminolégii je oznaCované ako detriticko-vulkanicka
formacia.

Kvarter je tvoreny aluvialnymi naplavmi rieky Nitry. V naplavoch su zastUpené ovaliaky andezitu,
mezozoické horniny, horniny kry$talinika a v mensej miere paleogénne pieskovce. Hrubka suavrstvia
dosahuje do cca 20 m.
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Hydrogeoldgia novackeho uholného loziska

V Hornonitrianskej kotline je mozné vy¢lenit 6 hydrogeologickych celkov:

. Hydrogeologicky celok (nadlozny zvodneny systém, je na Uzemi loziska budovany aluvialnymi
naplavmi rieky Nitry a defriticko vulkanickou formaciou, ktorl oznacujeme ako lehotské suvrstvie. Ide
o jednotny zvodneny systém s volnou hladinou dosahujucou hrubku do 300 m, ktory je saturovany
hlavne atmosferickymi zrazkami a infiltraciou riek Nitry, Handlovky aich lavostrannych pritokov.
Koeficient filtracie dosahuje hodnotu ki = 1,5.10°-4,0.107 m.s™" | priéom tato hodnota s hibkou klesa.

Il. Hydrogeologicky celok (nadlozné ily) je vyvinuty len na Gzemi uholného loZiska. Tvoria ho tzv.
nadlozné ily, ktoré plnia funkciu dominantného izolatora medzi zvodnenymi klastikami lehotského
suvrstvia a produktivnymi novackymi vrstvami. V centralnej €asti loZziska dosahuje hrabka nadloznych
ilov 150-300 m v okrajovych Castiach sa vyklifuja.

lll. Hydrogeologicky celok (uholny sloj) je reprezentovany vlastnym uhofnym slojom. Jeho
priemerna hrubka je 8-13 m. Predmetné slvrstvie je ako celok nepriepustné, zvodnené su len zlomy
a tufitické preplastky.

IV. Hydrogeologicky celok (podloZzny zvodneny systém) je tvoreny tzv. podloznymi tufitmi
(kamenské suvrstvie). Je vyznamnym kolektorom podzemnych véd a jeho hrdbka v centralnej Casti
loziska dosahuje 200-350 m. Podlozny zvodneny systém mozno charakterizovat ako polootvorenu
artézsku Struktaru, ktora ma vyvinuté len zostupné kridlo. Infiliracna oblast podloznych tufitov sa
nachadza severovychodne a juhovychodne za okrajom loZiska v tzv. neproduktivnom pasme medzi
novackym a handlovskym loZziskom. Na zaklade prieskumnych prac je mozné vramci podlozného
zvodneného systému vyclenit dve Casti:

" vrchna &ast s hydrofyzikalnou charakteristikou, ktor( reprezentuji hodnoty ki=2,66-9,14.10" m.s™,

" vspodnej Casti suvrstvia je viac zastupena tufiticko-ilovita facia, ¢omu zodpovedaju aj prislusné

hydrofyzikalne parametre, k; = 5,67.10°-8,91.10° m.s™.

K systematickému odvodrovaniu kolektorov v nadlozi, resp. v podlozi uholného loziska sa pristupilo
vroku 1963, ale najintenzivnejSie odvodnovanie prebiehalo v druhej polovici 80-tych rokov, ¢oho
doésledkom bolo vytvorenie rozsiahlej tlakovej depresnej kotliny. Zmahanie relativne velkého objemu
banskych vod (cca 6-7 mil. m®.rok™) si vyzadovalo vybudovanie velkého poétu lokalnych a dogasnych
Cerpacich stanic, z ktorych sa voda preCerpavala do systému hlavnych cCerpacich stanic. Tymto
spbsobom sa voda premieSava a dochadza ku kontaminacii celého objemu banskej vody, ktora sa
Cerpa z celého priestoru novackeho uholného loziska na povrch.

V. Hydrogeologicky celok (Slirové ily, flyS, ilovcova a okrajova litofacia) tvoria sedimenty
egenburgu a paleogénu. Vyvinuty je v podstatnej Casti teritéria Hornonitrianskej kotliny. Paleogén tvori
flySova, ilovcova a okrajova litofacia. Tento komplex je ako celok nepriepustny (ki = 2,75.109-3,24.10°°
m.s”) a predstavuje v pravom zmysle slova izolator medzi horninami podloZnych tufitov a dolomiticko-
vapencovym komplexom choc&ského prikrovu.

VI. Hydrogeologicky celok (triasovy zvodneny systém) tvori bazalna transgesivna litofacia
paleogénu a dolomiticko vapencovy komplex stredného triasu. Suvrstvia zaradujeme do jedného celku,
pretoze tvoria jednotny hydraulicky systém. Hribka bazalneho paleogénu sa pohybuje od niekolkych
metrov do 400 m a je zdrojom pramerfiov, s vydatnostou az 3 I.s”. Celok tvori na zaujmovom UGzemi
vyznamny kolektor termalnej vody.

Experimentalna cast’

Cinnost dobyvanie uhlia a jej vplyv na kvalitu podzemnych véod

Dobyvanie na novackom lozisku je dobyvanie pod malo pevnym nadlozim. Prevazujucou dobyvacou
metddou je stenovanie na riadeny zaval s pribierkou uhlia v strope (tzv. nadstrop). Pri dobyvani
s nadstropom proces zavalovanie prebieha uz vo faze vyuhlovania nadstropovej Casti piliera, po
odrubani urcitého poctu pokosov na ¢elnom pilieri. Pri dobyvacej metéde stenovania s nadstropom sa
technologicka vyrubnost pohybuje priblizne od 75% do 87%, pricom vyrubnost je ovplyvnena:
- technickymi faktormi - konstrukciou vystuze,
- technologicko-geologickymi faktormi.

Zaval je teda zlozeny z uholnych strat z nadstropu a nadloznych hornin. Na zaklade vysledkov
vrtného prieskumu je mozné konStatovat, Ze zlozenie, resp. rozvrstvenie zavalu je také, Ze v jeho
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spodnej Casti sa nachadza suvisla vrstva kusovitej uholnej hmoty dosahujuca hribku od 2 do 6 m na
tejto vrstve potom lezia nadlozné horniny, tzv. nadlozné ily. V uholnej substancii su obsiahnuté okrem
inych mineralov pyrit - FeS,, realgar - As,S4, arzenopyrit - FeAsS, aurypigment - As,S; .

Hydrochemicka charakteristika podzemnych véd

Vychadzajuc z miesta pritokov rozliSujeme na novackom uhofnom lozisku, v sulade v banskej praxi
zauzivanou terminolégiou, tri zakladné druhy podzemnych véd®® nadlozné, podlozné a starinové.

Nadlozné vody - su podzemné vody zo zvodneného systému detriticko-vulkanickej formacie (DVF -
lehotské suvrstvie). Zo zakladnej matematicko - Statistickej analyzy (n=76) vzoriek vody nadlozného
zvodneného systému (nadlozné vody) mozno konsStatovat, Ze predmetné vody sa vyznaduju
mineralizaciou (RL) do 600 mg.I"" s vyraznym Ca-Mg-HCO; chemizmom.

Podlozné vody - si podzemné vody zo zvodneného systému, tzv. podloznych tufitov (kamenské
suvrstvie). Celkova mineralizacia tychto vod je mierne "zvy$ena" (500-800 mg.I""), pri¢om chemizmus je
viac-menej Na-HCOj,;, resp. Na-Ca- HCO;typu.

Starinové vody - predstavuju najheterogénnejsiu skupinu podzemnych vod, kolektorsky viazand na
vyribané priestory. Vyznaduiju sa zvyenou mineralizaciou (0,6-4,2 mg.I'") s posunom chemizmu k Ca-
SO, typu. Vysoké obsahy siranov su vysledkom oxida¢nej degradacie rozptylenej sulfidickej fazy (pyrit -
FeS., realgar - As,S4, arzenopyrit - FeAsS, aurypigment - As,S3) v uholnej substancii, ktora vo velkej
miere zavisi od pritomnosti biochemicky aktivnych mikroorganizmov (baktérii). Z genetického hladiska
sa radia k podzemnym vodam sulfidogénnym.

Bilancia banskych vod v centralnej ¢asti loziska

V centralnej €asti novackeho uholného loziska kde sa realizuje dobyvanie je Cerpanie banskych véd z
podzemia zabezpe&ené dvoma hlavnymi &erpacimi stanicami (HCS).

Hlavna cerpacia stanica - Jama A, rieSi odvodiiovanie banskych poli 8. a 5. tazobného Useku.
Priemernd hodnota od&erpdvanych banskych véd z HCS za rok 2008 je Q=22,7 I.s'. Z pohladu
prognézy vyvoja kvality banskych véd za vyznamny Statisticky poznatok sa povazuje narast pritoku
starinovych véd, ¢im stlupol podiel na tvorbe banskych voéd z hodnoty 6,76% (rok 1997) na hodnotu
60,7% (09/2008). Predpoklada sa, ze tento trend bude pokraCovat aj v buducich obdobiach, pri¢om v
rokoch 2005-2007 sa tento podiel ustali na hodnote 60-70% z celkového mnozstva pritokov do bane. Z
uvedeného je zrejmé, ze starinové vody budl podstatnejSim spésobom ovplyviiovat chemizmus
celkovych banskych véd v tejto ¢asti bane.

Hlavna cerpacia stanica - Jama G, plni funkciu nosného odvodriovacieho objektu 7. tazobného
Useku, v ktorom sa sustreduju podzemné pritoky prakticky z celej loziskovej Casti Novaky -
severevychodny okraj. Priemernd hodnota odéerpavanych banskych véd z HCS za hodnotené obdobie
je Q=45,43 I.s". Nezanedbatelny je z hladiska prognézneho vyvoja kvality banskych véd fakt, ze v ich
zlozeni plynule narasta podiel starinovej vody.

Tento fakt je neklamnym prejavom postupu tazby a zvacSovanim sa pléch vyrdbanych priestorov.
Prognoézne bude tato zlozka narastat.

Hydrochemické hodnotenie banskych vod

Chemické zloZenie banskych vod exploatovanych z podzemia HBP, a.s., Bane Novaky, o0.z., Novaky
na povrch je produktom procesu mieSania véd z nadloznych, podloznych a starinovych, ku ktorym sa
pocas distriblcie v podzemi pri€lenuju technologické vody z tazobného procesu.

Zakladné matematicko-Statistické hodnotenie chemického zloZenia neupravovanych banskych vod
(n=107) vytekajucich na povrch jamy A a G je spracované v tab. 1.
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Tabulka 1: Hodnotenie chemického zloZenia neupravenych banskych véd ***

HCS povrch HCS baria
(povodie Vahu, 1995-1999) (VUP, a.s.)
Ukazovatel max. min. priemer | 27. 3.2008 | 29. 3. 2008
1 2 3 4 5 6
Jama A
CHSKc, 74,6 21,01 38,51 20 12,1
pH 8,056 7,26 7,699 7,6 7,3
SO, 174,96 | 37,152 | 101,456 50 62,8
As - - - 0,066 0,06
Jama G
CHSKc; 96,05 35 55,4 18 13,3
pH 8,11 6,358 7,408 7,4 7,3
SO, 79,026 | 17,076 | 42,985 77,2 69
As - 0,04 0,06

Vysvetlivky: CHSKc, — je Statisticky spracovany od r. 1995 z dostupnych arch. udajov, hodnoty okrem pH su
uvedené v mg.I’, HCS povrch — vzorky odobrané na povrchu z vytlatného potrubia, HCS baria — vzorky odobrané
v Zumpovych chodbach HCS v bani.

Banska voda vtekajuca do CBV jamy A vykazuje vo vaésine dlhodobo sledovanych ukazovatelov
vcelku priaznivé vysledky. Pozitivne je mozné hodnotit najméa podlimitné koncentracie As a SO,, ktoré
v analyzach parcialnych pritokov vykazovali urcity stuperi prekrocenia.

Banska voda z odtoku HCS jamy G, ma podobne, ako v predchadzajicom pripade veelku vyhovujdci
dlhodoby priebeh obsahov vaésiny sledovanych parametrov.

Cinnost zakladanie odpadov a jej vplyv na kvalitu podzemnych véd

Technologické aplikacie druhotnych surovin pri banskej ¢innosti sa realizuju najma pri likvidacii (§2
odst. b, ¢, Zak. ¢. 51/1988 Z.z. — zakon o banskej €innosti, vybusdninach a Statnej banskej sprave) a
uzatvarani banskych diel, podzemnych a vyrdbanych priestorov spojenych s protipoziarnou prevenciou
(§187 odst. 2, 6, 7, Vyhl. SBU ¢&. 21/1989 Zb. — predpis o bezpecnosti prace a prevadzky pri banske;j
¢innosti a ¢innosti vykonavanej banskym spdsobom v podzemi).

Okresny urad Zivotného prostredia v Prievidzi dha 31. 8. 1999 dal suhlas so zmenou vyrobného
procesu - technolégia plavenych hradzi a vypliovania vyrdabanych priestorov a opustenych banskych
diel v HBP, a.s. Zmena spocivala v pouziti popola a karbidového kalu na vyrobu stabilizatu/solidifikatu.

Kvalitativne charakteristiky vstupnych materialov a vysledného produktu

V procese prevadzky zariadenia na zhodnocovanie odpadov su vstupujdcimi surovinami nasledujuce
druhy ostatnych odpadov:

- popol, skvara a prach z kotlov (okrem prachu z kotlov uvedeného v 10 01 04) — katalégové ¢islo
10 01 01, kateg6ria ostatny odpad,
- popoléek z uhlia - katalégové &islo 10 01 02, kategéria ostatny odpad.

Chemické zlozenie popolov a popol¢ekov je velmi premenlivé, zavisi od druhu a kvality uhlia a od
podmienok spalovania. Rozdelenie chemickych zloZiek sa nachadza v rozmedzi hodnét SiO, 35-55%,
A|203 20'300/0, F9203 3'300/0, CaO 1'70/0, MgO 1'40/0, SO3 0,2'30/0, K2O + NagO 1-8%. Toxické prvky,
ktoré obsahuju popoléeky vo vyznamnejSom mnozstve su najma: As, B, Be, V a Cd. Popoléek moéze
byt svojou podstatou kremicito-hlinity alebo kremicito-vapenaty. Obidva typy sa od seba liSia obsahom
aktivneho CaO, aktivneho SiO, a Al,O;. Prvy ma pucolanové vlastnosti, druhy méze mat naviac
hydraulické vlastnosti* .

Prach z dymovych plynov je iny ako uvedeny v 10 08 15 - kataldgové Cislo 10 08 16, kategdria
ostatny odpad.

Je to prach vznikajuci v technologickom procese vyroby karbidu vapnika v NCHZ, a.s. Novaky ako
podiel zachyteny filtraénym zariadenim z rota¢nej vypalovacej pece (vapenny alebo karbidovy prach).
Karbidovy prach obsahuje CaO (26-34%), MgO (14-28%), R.O3; (13-20%), kde R je najma Al, dalej
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Fe,Os; NaO, KO v premenlivom mnozstve. Karbidovy kal (suchy vypaleny CO prach), ako vedlajsi
produkt vyroby karbidu vapnika, obsahuje zbytkovy acetylén, ktory sa uvolfiuje pésobenim vody.

Banska voda, ktora je sic¢asne reakénou zlozkou (pri reakcii karbidového kalu s vodou sa uvolfiuje
hydroxid vapenaty, ktory dalej reaguje s popolCekom v pucolanovych reakciach) ako aj dopravnym
médiom.

Z uvedenych tuhych odpadov sa pomocou banskej vody vyrabaju suspenzie, ktoré sa v pomere 3:1
az 1:1 (popola : prachu z dymovych plynov) zmieSaju a vytvorena suspenzia sa gravitacne dopravi na
miesto aplikacie v podzemi — do filtraénych hradzi, resp. vyrdbanych opustenych priestorov. Po
sedimentacii v priestore vzniku izolaéného telesa sa prebytocna voda odfiltruje cez filiracné Cela hradze
do zbernej zumpy, z ktorej sa od&erpava do hlavnej, resp. pomocnej ¢erpacej stanice v podzemi, z ktorej
sa od¢erpava na povrch.

Vysledny vyplfiovy sediment ma zloZenie 50-70% popola a 30-50% karbidového kalu a po cca 28
drioch ,zretia“ predstavuje stabilizat/solidifikat.

V technolégii rozplavovania a nasledného zmieSania dochadza k aplikécii chemickej stabilizacie —
znizovaniu chemickej toxicity odpadov na zaklade chemickej reakcie medzi pojivom a toxickou latkou,
medzi ktoré patri predovSetkym zrazanie vo forme malo rozpustnych zlG€enin, zabudovanie do
krystalickej mriezky, adsorpcia, ibnova vymena a pod. (fixacia Skodlivin As, B, V, Fe, prip. inych tazkych
kovov, fluéru)®.

Sucasne dochadza k solidifikacii. Vysledny material je stabilizat/solidifikat a metéda, ktorou sa ziska
je vSeobecne oznacovana ako ,stabilizacia/solidifikacia“.

Na zéklade vysledkov hodnotenia’ boli karbidové kaly a elektrarenské popoléeky zaradené medzi
odpady lll. triedy vyluhovatelnosti (tab. 2).

Tabulka 2: Triedy vyluhovatelnosti odpadov’

Mat.| Uk. | Vod. |Obs. soli| As B Ca Mg \' Sn F Cl SO, | NH, | EOX

KK Hod. | 2858 | 330000 | 0,002 | 0,19 | 62,12 | 68,09 | 0,058 | 0,838 | 11 | 857,89 | 213,3 | 5,4 | 0,003

Tr.v. 1l - | | Il Il Il Il Il Il Il Il |

Hod. | 125 - 0,31 12 306 | 353 | 0,19 | <0,05|945| 889 |864,1|1,36 -

Pop. VT TR I T I | I ] T T

Vysvetlivky: KK - karb/dove kaly, Pop.- elektrarensky popoléek, Vod. - vodivost mS m’, Obs. soli - mg.Kg™" sus.,
Tr.v. trieda vylihovatelnosti (NR &. 606/92 Zb.), ostatné hodnoty st uvedené v mg.l".

Nasledne, v stulade so schvalenou recepturou, boli pripravené solidifikacné zmesi (stabilizaty), ktorych
vodné vyluhy su spracované v tab. 3.

Tabulka 3: Solidifikaéné zmesi a ich vodné vyluhy'

Mat.| Uk. | Vod. |Obs. soli| As B Ca Mg \' Sn F Cl SO, | NH, | EOX

Hod. | 87,5 | 18800 | 0,015 | <1,0| 75 0,05 | 0,034 | 0,01 0,19 | 94,4 | 270,9 - <0,02

KK Tr.v. | | Il | | | | | | Il | |

Vysvetlivky: Sol. 2 KK + Pop. (ENO), KK - karbidové kaly, Pop.- elektrarensky popol¢ek, Vod. - vodivost m S m’
Obs. soli - mg.Kg' sus., Tr.v. - trieda vylihovatelnosti (NR &. 606/92 Zb.), Ostatné hodnoty st uvedené v mg.I".

Z dokumentovanych vysledkov je zrejmé, Ze pouzitim karbidového kalu doSlo k solidifikacii
elektrarenského popolCeka, s vytvorenim stabilizatu, ktorého vodny vyluh méa znizeny obsah As, B, V,
Sn, Fe a nizSiu vodivost v porovnani s vyluhom popolCeka, resp. kalu, t. j. tych Skodlivin, ktorych
pritomnost je rozhodujlucim faktorom pre zaradenie do triedy vyluhovatelnosti.

Situacie prestupu skodlivin do transportu

a) Pre zakladanie do podzemia sa pouziva hydrodoprava. Preto prva situacia, pri ktorej dojde
k uvolneniu kontaminantov, je uvolfiovanie do zamesovej vody.

b) Dalsia situacia nastava po odsadeni zamesovej vody, kedy ddjde k stabilizacii zakladkovej zmesi.
Koncentracie Skodlivin vstupujuce do transportu (vzdy je potrebné pocitat so zavodnenim aj suchych
diel) su blizke vyluhovym charakteristikam stabilizovanej zakladkovej zmesi. Tak, ako v prvom pripade
existuju Cerpacie stanice, teda migrujuca voda s obsahom kontaminantov bude pradit do tychto
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Serpacich stanic anasledne na povrch. Skodliviny uvolnené pri roznych uvedenych situaciach
predstavuju riziko pre kontaminaciu banskych véd a nasledne povrchovych recipientov, do ktorych su
banské vody vypustané.

Rozsah kontaminacia banskych vdéd od zamesovej vody je mozné posudit pomocou modelového
vypoétu ,produkcie® As a siranov (SO,*) vroéne odd&erpanych vodach zHCS jam A a G a ich
porovnanim s mnozstvami potencialne obsiahnutymi v zamesovych vodach (tab. 4).

Tabulka 4: Modelové rieSenie ,,produkcie” As a siranov (S04%) (priemernych hodnét)
odcéerpanych vodach zHCS jam Aa G

Q koncentracie celkové mnozstva (rok 2008)
¢ As ¢ SO, As SO,
[MT__ [ [mg.I"T | [mg.I"] [a] [%] [a] [%]
1 2 3 4 5 6 7 8
Banské Jama A 715 872 0,063 56,400 45 099,94 ) 40 375 180,80 )
vody Jama G | 1432615 0,050 73,100 | 71630,75 104 724 156,50
Zamesové | Jama A 2573 0015 570.900 38,60 | 0,086 697 025,70 | 1,726
vody Sol2 | Jama G 8 308 ’ ’ 124,61 | 0,174 2 250528,84 | 2,149

Vypoéty celkovych mnozstiev As a SO,* vyprodukovanych formou roztokov za rok 2008, reprezentujd
,modelové" rieenie za predpokladu, Zze hodnota vodného vyluhu As a SO,” stabilizatu je ekvivalentné
koncentracii v zamesovej vode. Vysledky prezentované stipcoch 5 a 6 resp. 7 a 8 Tab. 4 st z pohladu
celkovej produkcie oboch parametrov menej nez nevyznamné.

Vysledky a diskusia

Na zaklade horeuvedeného je mozné vykonat nasledovnl sumarizaciu poznatkov:
e Zaval stenového porubu (starinové priestory) je zlozeny z uholnych strat z nadstropu a nadloznych
hornin v jeho spodnej Casti sa nachadza suavisla vrstva kusovitej uholnej hmoty dosahujica hrubku od
cca 2 do cca 6m na tejto vrstve potom lezia nadlozné horniny, tzv. nadlozné ily. V uholnej substancii su
obsiahnuté okrem inych mineralov pyrit - FeS,, realgar - As;S4, arzenopyrit - FeAsS, aurypigment -
ASQS3.
e Starinové vody predstavuju najheterogénnejSiu skupinu podzemnych véd, korektorsky viazani na
vyrubané priestory. Vyznacuju sa zvySenou mineralizaciou s posunom chemizmu k Ca-SO, typu. Vysoké
obsahy siranov su vysledkom oxidacnej degradacie rozptylenej sulfidickej fazy (pyrit - FeS,, realgar -
As;S,, arzenopyrit - FeAsS, aurypigment - As,S3) v uholnej substancii.
e Z pohladu prognézy vyvoja kvality banskych véd za vyznamny Statisticky poznatok sa povazuje
narast pritoku starinovych véd, tento fakt je neklamnym prejavom postupu tazby a zvacSovanim sa
pléch vyribanych priestorov. Progndézne bude tato zlozka narastat.
e Zvysledkov analyz vyluhov je zrejmé, Ze pouzitim karbidového kalu do$lo k solidifikacii
elektrarenského popolCeka, s vytvorenim stabilizatu, ktorého vodny vyluh méa znizeny obsah As, B, V,
Sn, Fe a nizSiu vodivost v porovnani s vyluhom popolceka, resp. kalu, t. j. tych Skodlivin, ktorych
pritomnost je rozhodujucim faktorom pre zaradenie do triedy vyluhovatelnosti.
¢ Rozsah kontaminacia banskych vdéd od zamesovej vody posudeny pomocou modelového vypoctu
Jprodukcie® As a siranov (SO,*) v roéne od&erpanych vodach z HCS jam A a G a ich porovnanim
s mnozstvami potencialne obsiahnutymi v zdmesovych vodach (tab. 4). prezentované stipce 5 a 6 resp.
7 a 8 su z pohladu celkovej produkcie oboch parametrov menej nez nevyznamné.

Zaver

Uvedené technologické aplikacie vyuzitia druhotnych surovin sa v podmienkach HBP a.s realizuju od
roku 1999. V zasade nie je mozné zhorSovat kvalitu banskych vod. Za referenéné, v podmienkach
podzemia centralnej casti loZiska, mozno povazZovat’' podzemné vody z vyrubanych priestorov.
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ReSpektujuc uvedené pravidla s vyuzitim vysokého stupna poznania banského prostredia je mozné
konstatovat, ze technologické aplikacie vyuzitia druhotnych surovin nezhorsuju kvalitu podzemnych véd.
Vyznamny vplyv na kvalitu vod ma vS8ak narast podielu starinovych vod.

Pod’akovanie
Dakujeme Ceskému ekologickému manaZerskému centru za umoZnenie vydavat tento novy
recenzovany ¢asopis.

Literatura

11. Hlava¢ V.: Odborny posudok pre aplikaciu karbidového kalu do plavenych hradzi v Bani
Handlova (dopl. €. 1, 2), 1996, (Slovenska republika).

12. Laboratérium Povodie Vahu, o.z. PieStany a laboratériom HBP, a.s., BN, 0.z.: Chemické rozbory
banskych véd , 1995-2000.

13. Laboratérium HBP, a.s., BN, 0.z: Chemickeé rozbory banskych vod jamy A a G, 2008.

14. VUP, a.s., Prievidza: Chemické rozbory banskych vod jamy A a G,, 2008.

15. Vrana K., Rapant S., Halmo J., Hatar J;,Iflinéekové F., Verbich F.: Geochemicko-ekologicky
vyskum novackeho uholného loziska , GDUS Bratislava, 1991.

16. Vrana K., Bodi§ P.: Hydrochémia zvodnenych systémov novackeho loziska a bojnickej vysokej
kryhy, HB, $.p., Bana Novaky, 0.z. Novaky, 1992.

17. Michalikova F., Jacko V., Sisol M., Kozakova L.: MoZnosti ziZitkovania teplarenskej trosky. In:
Uprava nerostnych surovin a odpadd, Ostrava, VSB-TU, 2006.

18. Zelenak S., Skvarekova E.: Geochemické kritéria pre pouzitie zakladkovych zmesi v banskom
prostredi, Acta Montanistica Slovaca, Special Issue 1/2005.

Utilization of wastes at mining operations and impact of these operations on
quality of underground water
Stefan Zelenak °
@ Hornonitrianske bane Prievidza, a.s., Matice slovenskej 10, 971 01 Prievidza,e-mail:
szelenak@hbp.sk

Summary

Wastes are exploiting at mining operations and coal- mining setting at HBP, a. s., too. Both of these
operations influence of the mining water quality. A paper dealt with coal- mining, utilization of wastes and
influences both operations of the mining water quality.

Keywords: coal-mining, underground wastes, secondary raw material, mining water
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Suhrn

Pre zistenie mozZnosti aplikacie kalov do p6dy bol v Bulharsku zaloZeny vegetaény pokus, v ktorom
boli pouZité Cistiarenské kaly z mestskej Cistiarne odpadovych véd v Sofii. ZaloZeny pokus mal 8
variantov s réznym mnoZstvom aplikovaného kalu do pédy (1-11 % susiny kalu z celkovej hmotnosti
pbdy v nadobe) a dva kontrolné varianty - nehnojeny a hnojeny len mineralnymi hnojivami bez kalu.
Pokusnymi plodinami boli kapusta a kukurica. Vysledky prvého roku pokusu pddy na urodu plodin
potvrdili, Ze ich urody sa zvysuju aZ do davky kalu zodpovedajucej 5-7 % hmotnosti pédy v nadobe,
potom nastupuje pokles urod. V druhom roku nadobového pokusu boli do polovice variantov aplikované
aj mineralne hnojiva a v druhej polovici variantov bol sledovany iba nasledny ucinok cistiarenského kalu.
Vysledky ukazali, Ze urody oboch plodin sa aj v druhom roku vo variantoch bez mineralneho hnojenia
zvysovala s narastajucim obsahom kalu v péde a najvyssia troda bola dosiahnuta pri davke kalu 11 %
kalu hmotnosti pédy. Vo variantoch prihnojenymi mineralnymi hnojivami bol tento trend presne opacny,
tzn. Ze najvyssia uroda bola dosiahnuta na variante s davkou kalu 1 % hmotnosti pédy.

Napriek tomu, Ze Cistiarenské kaly obsahuju urcité mnoZstva taZzkych kovov, tieto sa ani v rastlinnom
materiali kapusty ani kukurice nekumulovali v takych koncentracidach, ktoré by prevysovali maximalne
pripustné hodnoty z hladiska hygienického stavu produkcie.

Krucovée slova: c¢istiarensky kal, pédna trodnost, hygiena produkcie.

Uvod

V suc¢asnosti je v prevadzke mnozstvo Cistiarni odpadovych véd, ktoré boli postavené v minulych
rokoch. Podla Spravy o stave zivotného prostredia SR ich bolo v roku 2008 celkovo 612 a vyprodukovali
takmer 58 tisic ton susiny kalu. Prevladajucimi spdsobmi ich spracovania su v suc¢asnosti mechanické
odvodnenie a anaerdébna stabilizacia. Pre priame vyuzitie k aplikacii do pbédy prichadzaju do uvahy
vyluéne tekuté stabilizované Cdistiarenské kaly a odvodnené Ccistiarenské kaly, ale vzdy len po
predchadzajucej stabilizacii.

Kaly z Cistiarni odpadovych véd maju r6zne zloZenie a okrem vysokého obsahu organickej hmoty s
priaznivym pomerom C:N v priemere 18:1 obsahuju v susSine v priemere 1-7% dusika, 1-4% fosforu a 2-
3% draslika. Zlozenie kalov zavisi v prevaznej miere od kvality odpadovych véd aod pouzitej
technolégie ich Cistenia. Kaly su bohaté na makroprvky a tieto Ziviny sU v nich viazané v menej
pristupnych formach, ako v hospodarskych hnojivach, ¢o z urcitej stranky mozno povazovat aj za
pozitivny fakt vzhfadom na mensie nebezpecenstvo ich vyplavovania do podzemnych véd.

Aby sa &istiarenské kaly dali aplikovat priamo do polnohospodarskej pédy, musia spifiat urgité
indikatory kvality: chemické zlozenie, obsah organickych latok, teplotu, obsah tazkych kovov a pod.
Tieto indikatory zavisia aj od Struktary pbédy, pripadného existujiceho drenazneho systému,
charakteristiky zrazok vdanom regi6ne, pozadovych hodn6t obsahov tazkych kovov v pode,
meteorologickych a hydrogeologickych pomerov, ako aj prijatych agrotechnickych opatreni. Vhodnost
pouzitia kalov mbze byt ur€ena na zaklade vysledkov chemickych analyz, vegetaénych a pofnych
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pokusov. Praca Panoras et al. ' bola brana ako zaklad pre tento vyskum. Hlavnym ciefom prace bolo
rozpracovanie systému vyuzitia Cistiarenskych kalov z €istiarni odpadovych véd v polnohospodarstve. Aj
ked vysledky prezentované vtejto praci vychadzaju z pokusov prevadzkovanych v spolupraci
s bulharskymi spolupracovnikmi, myslienku a systém hodnotenia moznosti vyuzitia kalov pre ucely
aplikacie do polnohospodarskych péd mozno s uspechom vyuzit v lubovolnych agro-ekologickych
podmienkach.

Experimentalna cast’

Pre hodnotenie moznosti aplikacie Cistiarenskych kalov sme zvolili nadobovy pokus, realizovany
s pouzitim Gistiarenskych kalov z mestskej Cistiarne odpadovych véd v Sofii (Bulharsko). Pokusnou
pddou v nadobach bol pseudoglej modalny s obsahom humusu 1,8%, obsahom pristupnych foriem
fosforu 130 mg.kg™' pody, draslika 230 mg.kg” pddy, obsah celkového dusika bol 0,147%. Zrnitostne to
bola hlinito-pieso¢nata péda s obsahom ilovej frakcie 25,7% v ornici a 63,9% v podornici. Varianty boli
zalozené v 3 kg nadobach v 4 opakovaniach. Varianty zohladhovali stipajuce mnozstvo aplikovanych
kalov do p6dy a boli nasledovné:

. kontrolny variant bez kalov a hnojiv

. 1% susiny kalu z hmotnosti pddy v nadobe, ¢o zodpoveda davke 30 ton kalu na hektar

. 3% susiny kalu z hmotnosti pddy v nadobe, ¢o zodpoveda davke 90 ton kalu na hektar

. 5% susiny kalu z hmotnosti pddy v nadobe, ¢o zodpoveda davke 150 ton kalu na hektar

. 7% susiny kalu z hmotnosti pddy v nadobe, ¢o zodpoveda davke 120 ton kalu na hektar

. 9% susiny kalu z hmotnosti pddy v nadobe, ¢o zodpoveda davke 270 ton kalu na hektar

. 11% susSiny kalu z hmotnosti pddy v nadobe, ¢o zodpoveda davke 330 ton kalu na hektar

. p6da hnojena mineralnymi hnojivami — N90 — P60 — K60 (v kg Cistych zivin na hektar pody).

oONO O~ WN =

Na prvy pohlad je vidiet, Zze davky kalu si vysoké a je pouzity aj prili§ Siroky interval, no v ramci
pokusu to bolo robené zamerne, aby sa dosiahla mozna toxicka koncentracia latok obsiahnutych
v kaloch, ktora by mohla vyrazne ovplyvnit kvalitu dopestovanych plodin. Pokusnymi plodinami boli
kapusta a kukurica. Sucasne je treba poznamenat, ze podmienky pokusu boli stanovené tak, aby
zohladnili bulharské zakonné normy, pretoze podla nasich zakonnych predpisov ? je zakazané aplikovat
kal na pofnohospodarsku pddu, na ktorej sa prave pestuje ovocie a zelenina, okrem ovocnych stromov,
resp. na poédu uréenl na pestovanie ovocia a zeleniny, ktorych zberané €asti su v priamom kontakte s
pddou a konzumuju sa surové, a to desat mesiacov pred zberom Urody a po€as samotného zberu. Teda
aplikovat kal na pddu, na ktorej sa pestuje kapusta je pri zohlfadneni nasich podmienok nepripustné.

Charakteristika kalu, pouzitého v nadobovych pokusoch je uvedena v tabulke 1.

Tabulka 1. Chemicka a agrochemicka charakteristika ¢istiarenského kalu

Max. pripustna koncentracia v kaloch

Parametre Obsah (poata Zakona 188/2003 7.2
PHH20 6,90 —

Susina (%) 68,00 —

Spélitelny podiel (% k susine) 63,61 —

Celkovy N (%) 1,90 —

CelkOV}l/ P205 (o/o) 1 ,30 —_—

Celkovy K;O (%) 0,38 —

As (%) 4 20

Cd (mg.kg™) 4 10

Co (mg.kg™) 2 1000

Cr (mg.kg™) 85 1000

Cu (mg.kg™) 247 1000

Ni (mg.kg™) 23 300

Pb (mg.kg") 48 750

Zn (mg.kg™) 905 2500
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Vsetky analyzy boli robené na Ustave pddoznalectva v Sofii podra bulharskych noriem a metodik.
Celkovy dusik sa stanovoval podfla Kjeldala s koncentrovanou H,SO,, celkovy fosfor a draslik so 70%
perchlérovou kyselinou s naslednym merani na plamenovom fotometri, tazké kovy pomocou AAS,
suSina — susenim vzorky kalu pri 105°C, spalitelny podiel (C, O, N, H) v muflovej peci pri teplote 900 °C.

Obsah ani jedného tazkého kovu, ktorého maximalnu pripustnd koncentraciu definuje zakon, nebol
v pouzitom kale vy$si, ako povoluje norma. Taktiez aj vSetky mikrobiologické parametre kalu, ako aj
parametre organickych znecistovatefov boli v stlade so zakonnymi normami, teda z hfadiska hygieny
nebol ziaden predpoklad znedistenia pédy, resp. pestovanych rastlin.

V druhom roku vegetaéného pokusu boli do polovice variantov aplikované mineralne hnojiva
v davkach 27,3 mg N, 14,0 mg P a 12,5 mg K na nadobu, v ktorej boli 3 kg pddy, tzn. 41 kg N, 21 kg P
a 19 kg K v prepocte na hektar pody. Sledoval sa nasledny ucinok Cistiarenskych kalov na vySku Urody
pokusnych plodin.

Vysledky a diskusia

Vysledky pokusu s kapustou prezentuje tabulka 2. Z nej je vidiet, ze Uroda kapusty sa zvySovala az
do davky 7, resp. 9% kalu z hmotnosti pédy v nadobe, potom pri najvys$sej sledovanej davke nastala
mierna depresia urody. Najvyssi prirastok Urody v porovnani s variantom s nizSou davkou kalu bol vSak
zaznamenany v pripade davky 3 a 5% kalu z hmotnosti pédy.

Tabulka 2. Uroda kapusty v zdvislosti od davky aplikovaného éistiarenského kalu

Vari Vyska rastliny Hmotnost Urody (g) Relativna Groda
ariant - -
(cm) derstva hmota | sucha hmota (kontrola = 100%)
Kontrola 16,4 42,48 8,82 100,0
1 % kalu 19,3 70,56 15,88 180,0
3 % kalu 23,1 140,96 25,75 291,6
5 % kalu 25,6 216,20 31,73 359,7
7 % kalu 27,5 233,78 34,32 389,1
9 % kalu 26,0 264,75 36,81 417.,3
11 % kalu 26,2 246,46 30,64 347.,4
NPK 29,1 347,29 47,20 535,1

Podobné vysledky boli dosiahnuté v pokuse s kukuricou (tabulka 3). Aj vtomto pripade sa ako sa
Uroda pokusnej plodiny zvySovala az do davky 7, resp. 9% kalu z hmotnosti pédy. Podobne, ako
v pripade kapusty, aj pri pestovani kukurice bol najvyssi prirastok Grody v porovnani s nizSou davkou
dosiahnuty pri aplikacii 3% kalu z hmotnosti pody.

Je viditelné, Ze droda pestovanych plodin bola na variantoch hnojenych mineralnymi hnojivami
vyrazne vysSia (5, 3 v pripade kapusty, resp. 6-nasobne v pripade kukurice) v porovnani s nehnojenym
variantom. Cistiarensky kal totiz neobsahuje potrebné mnozstvo Zivin (dusika, fosforu a draslika) na
zabezpecenie dostatoCne vysokej Urody.

Tabulka 3. Uroda kukurice v zévislosti od davky aplikovaného éistiarenského kalu

Variant Vyska rastliny Hmotnost Urody (g) Relativna Groda
(cm) gerstva hmota | sucha hmota | (kontrola = 100%)

Kontrola 70,7 64,73 12,16 100,0

1 % kalu 73,6 85,98 17,83 146.,6

3 % kalu 92,2 162,82 34,45 283,3

5 % kalu 95,6 169,50 32,66 268,6

7 % kalu 97,4 185,13 37,86 311,3

9 % kalu 87,2 181,73 35,51 292,0

11 % kalu 90,3 145,00 28,95 238,1

NPK 107,1 417,47 73,18 601,8
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Z analyz rastlinného materidlu bolo zistené, Ze z hygienického hladiska ani v jednom pripade
nenastalo zvySenie obsahu tazkych kovov v pestovanych plodinach nad Uroveri maximalnej pripustne;j
hodnoty pre potraviny stanoveni Potravinovym kédexom SR 3. Podobne aj analyzy na stanovenie
patogénnych organizmov a organickych znedcistovatefov nepreukazali ich zvySeny obsah. Vysledky
vegetaéného pokusu ukazali, Ze sledovany Cistiarensky kal z danej Cistiarne odpadovych véd méze byt
pouzity minimalne ako zdroj organickej hmoty do pédy, nemébze vSak nahradit pravidelné hnojenie. Na
druhej strane pre pouzitie kalov na ucely aplikacie do pédy je treba vykonavat pravidelné ich analyzy
a taktiez aj analyzy p6d, na ktorych budl pestované zavlazované plodiny, aby neboli prekrocené
maximalne pripustné obsahy tazkych kovov *. Stgasne vsak treba zdéraznit, Ze v tomto pokuse i$lo
o kal iba zjednej konkrétnej Cistiarne odpadovych vod. Je prirodzené, ze kaly zinych Cdistiarni
odpadovych vdéd maju s urcitostou iné vlastnosti, ktoré je treba pred aplikaciou do pbédy podrobne
poznat a az na tomto zaklade rozhodnut o0 moznosti, resp. zakaze aplikacie kalov do polnohospodarske;
pody.

V druhom roku vegetaéného pokusu boli do polovice variantov aplikované mineralne hnojiva
v davkach 27,3 mg N, 14,0 mg P a 12,5 mg K na nadobu, v ktorej boli 3 kg pddy, tzn. 41 kg N, 21 kg P
a 19 kg K vprepocte na hektar pody. Vysledky ukazali, Ze ucinok Cistiarenského aj v druhom roku
pdsobenia v pdde je dostatocne vysoky. Urody kapusty sa zvySovali so stipajucim objemom kalu v pode
a najvysSia Uroda bola dosiahnuta pri davke kalu 11 % z objemu pddy v nadobe. Naopak, pri sucasnej
aplikacii kalov a mineralnych hnojiv bol zisteny negativny vplyv hnojiv na arodu pokusnej plodiny
kapusty. V tomto pripade bola najvys$Sia Groda kapusty pri davke kalu len 1% objemu pbédy a so
zvySujucim sa obsahom kalu v pdde Uroda postupne klesala (obr. 1).

1200
%
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L I S

800 +

600 ~
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200 ~

kontrola 1% 3% 5% 7% 9% 11% NPK

davka Cistiarenského kalu

Obrézok 1. Uroda kapusty pri aplikécii kalu, resp. kalu a mineralnych hnojiv
(relativna uroda — kontrola = 100%)

V pripade druhej pokusnej plodiny — kukurice — je situacia trochu odliSna, najma pri su¢asnej aplikacii
kalu a mineralnych hnojiv. Aj tu je dosiahnutd najvySSia Uroda na variante s davkou kalu len 1%
z objemu pb6dy v nadobe, ale pokles Urod so zvySujucim sa objemom kalu nie je taky vyrazny, ako
v pripade kapusty. Relativna Uroda vo variantoch s vy88§im obsahom kalu sa pohybuje medzi 860
a 940% v porovnani s kontrolnym variantom. Samotny nasledny ucinok kalu (bez dodato¢nej aplikacie
hnojiv) vykazuje podobny trend, ako v pripade kapusty, tzn. Ze so zvySujucim sa obsahom kalu v pdde,
stipa aj uroda kukurice. Vynimku tvori variant s maximalnym sledovanym mnozstvom kalu (11%
z objemu pbdy), ked Uroda kukurice mierne poklesla v porovnani s variantom s 9% kalu (obr. 2).
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Obrézok 2. Uroda kukurice pri aplikdcii kalu, resp. kalu a mineralnych hnojiv
(relativna uroda — kontrola = 100%)

Celkovo v8ak mozno povedat, ze efekt dodatoCne aplikovanych mineralnych hnojiv je potlacovany
kalom, nachadzajucim sa v pbdde. Podla oCakavania, najvy$Sia Uroda kukurice bola dosiahnuta pri
hnojeni len mineralnymi hnojivami, o pri kapuste nebolo pozorované. V tomto pripade zohravaju svoju
ulohu aj biologické vlastnosti jednotlivych plodin, najma dizka vegetaénej doby.

V ramci pokusu bola zistena aj ta skutocnost, Zze pri dlhSom ¢asovom obdobi uskladnenia kalu
nastava progresivny pokles obsahu patogénnych organizmov, predovSetkym koliformnych baktérii,
vratane E. coli, enterokokov a sulfidredukujucich klostridii. Pokusy ukazali, Ze optimalny ¢as skladovania
Cistiarenskych kalov je priblizne 15 mesiacov. Po tomto ¢ase uz kaly nepredstavuju nebezpecenstvo
z epidemiologického hladiska. Proces samoocistenia kalov od patogénnych organizmov je ale spaty
s poklesom obsahu organickej hmoty, pretoze oba tieto procesy prebiehaju za pritomnosti réznych
mikroorganizmov.

VSeobecne moé6zu Cistiarenské kaly pri aplikacii do pédy vyvolat kratkodobé alebo aj dlhodobé
neziaduce UCinky. Ku kratkodobym efektom mozno zaradit znecistenie povrchovych a podzemnych vod
dusikom a fosforom (tzv. eutrofizacia) alebo zvySeny obsah patogénnych organizmov pode. Tieto Gc€inky
miznu relativne rychlo po preruseni aplikacie kalov. K dlhodobym uc€inkom sa zaraduje kumulacia
tazkych kovov v péde a pomaly sa rozkladajlce organické toxické latky. NajproblematickejSimi sa javia
tazké kovy. Prave vysoka toxicita tazkych kovov silno obmedzuje vyuzitie kalov v polnohospodarstve. Aj
ked priamy Gc€inok na Cloveka je zriedkavy, ich sustavny prisun v malych koncentraciach a dlhodoby
ucinok na organizmus zivoc&ichov (vratane ¢loveka) je nebezpecny.

Pri dlhodobejSom vnasani kalov do pédy méze v nej nastat kumulacia tazkych kovov. Tieto toxické
prvky po aplikacii do pédy vo vaésine pripadov ostavaju vo vrchnych vrstvach pédneho profilu a najviac
sa kumuluji v hibke do 0,6 m, &o je v pripade takmer vSetkych pestovanych polnych plodin prakticky
cela korenova zéna. Aj ked p6da je Ciastocne schopna adsorbovat a transformovat toxické latky, nijako
nezanikd nebezpedenstvo akumuldcie tazkych kovov rastlinami. Tazké kovy patria v st&asnosti k
zavaznym problémom v kalovom hospodarstve, su nedegradabilné, a preto predstavuju priame
ohrozenie zivotného prostredia a zdravia ¢loveka cez retazec péda — rastlina.

Toxicita tazkych kovov v kaloch zavisi od mnohych faktorov, ako napr. spésob aplikacie kalov do
pbdy, fyzikalno-chemické vlastnosti pédy, klimatické faktory a pod. Spomedzi fyzikdlno-chemickych
vlastnosti pédy najvyraznejSie vplyva na toxicitu tazkych kovov pédna reakcia (pH). Pri aplikacii do
silno kyslych p6d su tazké kovy mimoriadne mobilné, €o ulahéuje ich prijem rastlinami. Aplikovat
Cistiarenské kaly sa odporuc¢a do pédd s hodnotou pH medzi 6,5 a 7,0 v zavislosti od obsahu tazkych
kovov v kaloch. Negativny vplyv tazkych kovov sa vyraznejSie prejavuje na zrnitostne lahSich pédach
a na pddach s nizkym obsahom organickej hmoty.
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Vysledky tohto kratkodobého pokusu nam nedovoluju vyslovit zasadné odporucania pre
polnohospodarsku prax, ato najma ztoho dévodu, Ze bol pouzity Gistiarensky kal zjednej COV
a plodiny boli pestované len na jednom type pody. ZovSeobecnenie vysledkov nie je v ziadnom pripade
mozné. Kaly z réznych Cistiarni odpadovych vod maju Specifické vlastnosti, ktoré je treba zohladnit pred
aplikaciou do pody. Taktiez rézne pbdy maju rézne vlastnosti, ktoré zosilfujd, resp. obmedzuju Gcinok
nepriaznivych vplyvov jednotlivych zloziek obsiahnutych v kaloch. A v neposlednej miere je treba
zohladnit’ aj druh pestovanej plodiny na poédach, na ktoré boli aplikované Cistiarenské kaly. Prave preto
bude potrebné pokracovat v podobnych pokusoch na réznych typoch p6d, ale aj v réznych klimatickych
a pédno-ekologickych podmienkach.

Zavery

Charakteristika Cistiarenskych kalov z mestskej Cistiarne odpadovych véd v Sofii ukazuje, ze tieto su
vhodné na priamu aplikaciu do polnohospodarskych plodin vzhfadom na obsah zivinovych prvkov
a tazkych kovov v nich.

Vysledky vegeta¢ného pokusu ukazali, Ze sledované kaly z danej Cistiarne odpadovych vod majd
pozitivny G¢€inok na drody pokusnych plodin (kapusta, kukurica). Urody sa zvySovali so stupajucou
davkou Ccistiarenského kalu. V pripade sucasnej aplikacie mineralnych hnojiv sa ich vplyv na drodu
znizuje priamo Uumerne rastlcej davke kalov.

Pre pouzitie &istiarenskych kalov z COV na Ggely aplikacie do pddy je treba vykonavat analyzy kalov
na obsah tazkych kovov a taktiez aj analyzy p6d, na ktorych budi pestované hnojené plodiny, aby
neboli prekro¢ené maximalne pripustné obsahy tazkych kovov ani v kaloch, ani v péde.

V pokusoch s kalmi uréenou na aplikaciu do pody treba pokracovat v dlh§om ¢asovom intervale, aby
sa zistil efekt akumulacie tazkych kovov v pode a rastlinach v polnych podmienkach, pretoze vegetacné
pokusy vytvaraju Specifické podmienky.
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Summary

To determine the possibility of applying the sludge into the soil was in Bulgaria based a vegetation
experiment, in which was used cleaning sludge from municipal wastewater treatment in Sofia. The trial
had eight variants with different amount of sludge (1-11% of sludge dry mass of the total mass of soil in
the pot) and two control variants — without fertilization and fertilized only with mineral fertilizers without
sludge. Experimental crops were cabbage and maize. The results of the first year of the experiment
confirmed that the yields are rising up to the dose of sludge equivalent to 5-7% by weight of the soil in
the pot, and then a decline in yields was observed. In the second year in a pot experiment were applied
the mineral fertilizers into the half of variants and in the second half of the variants was observed only
follow-up effect of sludge. The results showed that yields of both crops in the second year increased in
the variants without mineral fertilization with increasing sludge content in the soil and the highest yield
was reached at a dose of sludge 11% by weight of the soil. In the variants with the addition of mineral
fertilizers was exactly the opposite trend, i.e. the highest yield was achieved at a dose of sludge variant
1% of the soil mass in the pot. In spite of certain amount of heavy metals in sludge, they did not
accumulate in the plant material in such concentrations, which exceeded the maximum value in terms of
hygiene state production.

Keywords: sludge, soil fertility, production hygiene
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Summary

The article deals with the modification of waste biomass - kraft liquor, resulting in the production
of cellulose pulp and paper industry. The proposed modification treatment of waste products
(methylolation, acidification) as applicable methods of recycling their effective use, allows to evaluate
efficiently generated biomass wastes (dendromass) and prepare a new adhesive mixed with reciprocal
replacement of toxic compounds (e.g. phenol) compared to traditional polycondensation
phenolformaldehyde resins (PF). Prepared adhesives were applied in an experimental preparation
of composite wood materials (particle board) with comparable quality characteristics and attributes
of environmentally acceptable products, in particular presenting the effective use of waste products
from processing of biomass (dendromass) in significant economic savings in material inputs.

Key words: Recycling, Wastes, Biomass, Wood composites

Introduction

Wood research currently looking for further ways to increase the utility of the wood raw material and
processing complex, focusing on the most efficient processing of all waste generated in the industrial
processing of wood raw material — dendromass’. Increasing the efficiency of biomass waste must be
conducted in real ecological situation in terms of reducing the quality of biomass waste, improving
the quality characteristics of recycled products and meeting the current requirements for hygiene,
in particular the ecological quality of the proposed application of waste products (e. g. wood composite
materials), particularly dendromass?®.

In the preparation of kraft pulp, which is the main intermediate product in the pulp and paper industry,
is due to the ongoing process to create delignification reactions quantities of waste products, f. e. kraft
black kraft liquor. Currently, organic ingredients kraft liquor into play in the recovery process (burning)
and provide thermal energy and carbon needed to reduce sodium sulfate to sulfide, as one
of the components boiling solution to be regenerated before the next cycle®. Such use of the waste is not
Lenvironmentally acceptable“ recovery of waste products as the regeneration of the starting chemicals
are released to gaseous pollutants (especially inorganic and organic sulfur compounds)®®.

New kraft recovery of waste liquor is aimed only for the use of certain components to produce liquors
of high prices, e. g. derivatives such as kraft lignins or modification reactions modified kraft black liquor
that can be applied in the preparation of composite wood materials (plywood panels, agglomerated
material)®* as adhesive hygienically acceptable and economically than currently used polycondensation
(phenolformaldehyde - PF) resin . Recovery of toxic constituents (as phenol) in polycondensation
adhesives just natural polyphenols (of kraft waste liquor) obtained from chemical processing of biomass
is more efficient to use in the preparation of materials with high added value *"?.

Although the kraft black liquor is an important part of energy and material balances of pulp can be
approximately 10% of them pay for further processing (e. g. for the preparation of mixtures of glue
applied to the composite wood materials) without disrupting the balance of the technological process
of production .

Sulphate liquors and their isolated kraft lignin can be a valuable raw material phenolic nature, which
may in practice be used for preparation of adhesives mixtures applied in the preparation of composite
wood materials used in unmodified form (such as fillers glue mixture) or as mixed adhesive using
treatment - modified with increased liquors reactivity to formaldehyde in the PF adhesive mixtures *'*'".
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The chemical structure of sulphate lignins (in kraft liquor), especially aromatic character fenylpropane
units allows a number of modification reactions'?. The reactivity of lignins to formaldehyde is one
of the indicators of their suitability for use in the PF adhesive'®.

The condition for the creation of strong cross-linked macromolecular network of adhesive, resulting
copolymerization reaction with lignin and rezol prepolymers is sufficient functionality lignin. If lignin
macromolecule contains less than one reactive position, kraft lignin filler has the function of which only
a portion is chemically bound in mixed polycondensate structure'®'2. Modified kraft black liquor can be
used as fillers, while reciprocally replace an expensive part and hygienically problematic PF resin.
To increase the reactivity of formaldehyde in the adhesive compound PF need to be modified kraft black
liquor modification reactions (methylolation, acidification) *'*>'* and contain at least the three reactive
position for creation strong network of mixed adhesives'.

The paper deals with the efficient use of waste products prepared from the industrial processing
of biomass (production of chemical pulp — sulphate black liquors) for the preparation of composite wood
materials the environmental attributes of acceptability while preserving the quality characteristics
designed and laboratory prepared materials.

Experimental part

In the experimental part of the attention modifier treatment kraft liquor, which were subsequently
applied to the reciprocal laboratory prepared glue mixtures. The comparison was designed and prepared
various variant adhesive mixtures which are used unmodified kraft black liquor. Prepared mixtures
of glue (with reciprocal compensation commercial PF resin 10-60% wt.) was used in the laboratory
preparation of composite wood materials — three layers particle board (PB). They were subsequently
evaluated selected physical, mechanical and hygienic properties of laboratory PB which were compared
with a standard manufactured wood composite.

Waste sulphate liquor

Sulphate waste (kraft black) liquor is characterized by relatively low reactivity of formaldehyde which
does not required to be incorporated into a polymeric matrix of mixed lignin-phenolformaldehyde
polycondensate created initial reaction of kraft waste liquor and PF adhesive *'°. It is therefore
necessary to modify the reactivity of the original kraft effluents modification reactions - methylolation and
following acidification kraft black liquors ®*.

Methylolation

Methylolation treatment of kraft black liquor has been carried out experimentally’. The basis
of methylolated treatment was the reaction of formaldehyde with waste sulphate liquor at room
temperature for 72 hours. The way was prepared methylolated kraft liquor, which was further applied
to the adhesive mixture with gradual proportional refund PF adhesives from 10 to 60% wt.°.

Acidification

The second variant of the modification adjustment was in the previous post-treatment procedure
prepared methylolated kraft liquor acidification followed by a strong mineral acid with intensive stirring
to value pH =5 *'".

Adhesive mixtures

Glue mixture to be applied in the preparation of composite wood materials (PB) were prepared with
the gradual replacement of the original proportional PF adhesive native and modified liquors gradually
from 10 to 60% by weight. Similarly, the reference test were used units - only with PF adhesive glue
mixture consisting only of origin kraft black liquor (100% wt)*®'".

Particle board

Experimental prepared three variants of three-ply PB mixed with the application of mixtures
adhesives:

- Avariant: PB with the application of the original, untreated kraft liquor,

- B variant: application of modified PB - methylolated liquor,

- Cvariant: application of the modified PB - acidified liquor,
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Conditions for the preparation of PB:

- moisture content of particles: surface 5,01%, middle 3,64%,

- a mixture of glue deposits at the surface 10%, in the midstream 7%,

- prepared PB dimensions: 280 x 360 x 16 mm (three-layers beech PB),

- conditions pressing: 195°C, specific pressure of 4,8 MPa, the total pressing time 480 seconds

- PB prepared air-conditioned 14 days after preparation, temperature: (20 + 2°C), moisture
(65 £5%).

Evaluation of selected physical and mechanical properties of laboratory prepared PB:
- tensile strength perpendicular to the plane of the plate according to STN EN 319,
- the swelling diameter in water (20 *2°C) for 2 hours and 24 hours according to STN EN 317.

Perforator’'s method

Perforator’'s method (FESYP) is based on the extraction of small samples of formaldehyde from PB
with hot toluene, formaldehyde and then down spectrophotometrically in mg per 100 g absolutely dry PB.
Formaldehyde content is expressed as the perforator’s number by (1) and shall be according to STN EN
120:

_ (A -A,).f.000+H)V

m,

PN

(1)

PN - perforator’s number (mg formaldehyde /100 g absolutely dry PB),
As - extinction of analysed extractive solution ,

Ay - extinction of demineralized water,

f - factor of directive calibration function (mg/mL),

H - moisture of wooden material (%),

V - graduated cylinder volume (200 mL),

m, - mass of test pieces (g).

Results and discussion

Waste kraft black liquor has been applied in the preparation of the three variants of glue mixtures
were prepared in total seven sets of test pieces with a progressive reciprocal compensation PF adhesive
original (variant A) or modified sulphate extracts (variants B, C). To compare the experimentally
prepared reference samples - PB with 100% wt. presence of sulphate liquor and samples with 100% wt.
representation of commercially produced PF.

Adhesive mixtures

Appropriateness applications designed and prepared glue mixtures in the laboratory preparation
of composite wood materials (three-layers particle boards) was assessed by selected characteristics
of the application components making up the glue mixture, listed in Tab. 1.

How important application characteristics were evaluated: solid content, pH value, dynamic viscosity
and density. Original kraft black liquor, which were used in the preparation of glue mixtures were taken
for residue in the form of concentrated sulphate black liquor. From Tab. 1 is also an obvious change
in pH modification prepared products. Changing the pH changes indicates the degradation products and
the right delignificated acidified liquor achieve excellent incorporation into the matrix lignin-
phenolformaldehyde polycondensate mixture of pH = 5 8,

Dynamic viscosity is an important evaluation criterion in the preparation of mixtures of glue as
the primary influence on the pot life of prepared glue mixtures, and thus the overall technological pot life
of prepared adhesives. Density prepared products is also important in handling and application
of prepared glue mixtures of components (in praxis) liquor and influence for adhesives (as assessed by
the Ford Cup flow).
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Table 1. Evaluated characteristics of waste black liquor and PF adhesive for laboratory

preparation adhesive mixtures applied to particle board
Evaluated Origin kraft Methylolated Acidified PF adhesive
characteristics black liquor liquor liquor Fenokol 43
(A) (B) (C) (0)
Solid content (%)* 54.06 54.08 55.42 44.5
pH value ° 13.65 13.42 5.01 11.24
Dynamic viscosity
(mPa.s)® 1245 519 200 780
Density (g.cm™)° 1.319 1.291 1.292 1.207

Legend: ? - solid content was determined gravimetrically according to STN EN 10082
b - pH value was determined on a digital pH meter, type OP-208 /1
¢ - dynamic viscosity was determined on a rotational viscometers Rheotest 2, type RV 2 according
to EN 2555
? _ the density was determined pycnometrically at 20 C.

Reactivity prepared modification of products - kraft black liquor was evaluated by chemical methods
analysis - elemental analysis, thermal analysis, IR spectroscopy and gel permeation chromatography.
Results of analysis are listed in the work %",

Particle boards

Laboratory PB were prepared to gradually replace (from 10 to 60% wt.) the original reciprocal PF
adhesive by waste sulphate liquor — origin and modified liquors as variants A, B, C. The mechanical
properties were assessed as representative of the characteristics - tensile strength perpendicular to the
plane of the plate (three layers PB). Evaluation of mechanical properties was carried out in the program
Statistics.
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Figure 1. Confidence intervals for means of tensile strength perpendicular to board plain for
laboratory prepared PB (A-PB + origin black liquor, B-PB + methylolated liquor, C-PB + acidified liquor)
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Figure 2. Mutual comparison of confidence intervals for mean values of tensile strength
perpendicular the plain laboratory PB
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Figure 3. Confidence intervals the average swelling laboratory prepared PB for exposure
2 and 24 hours (A - origin black liquors, B - methylolated liquors, C - acidified liquors)

In Fig. 1, 2 are evaluated confidence intervals for tensile strength perpendicular to the plane
of the plate (prepared PB) for different variants of the test pieces. The results presented in Fig. 1 are
showed that laboratory prepared PB have comparable strength characteristics: A variant in 20% wt.,
variant B to 30% wt., variant C to 40% wt. compared to the reference sample (designated as 0% wt. - PF
resin bonding only).
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From Fig. 2 is evident the different variants of comparing laboratory prepared PB that
the variant C (and the application of acidified sulphate liquor) is the most favorable variant of tensile
strength perpendicular to the plane of the plate, with a view to confirming the findings of the evaluation
of the mechanical characteristics of the representative to as shown in Fig. 1.

The first overall evaluation of the other mechanical properties of experimentally prepared PB
(modulus of elasticity and bending strength) was confirmed once again that the C variant (with reciprocal
replacement of the original PF resins up to 40% wt.) demonstrated improved performance
in comparison with commercially produced PB bonding alone PF resin.

Significantly the results were recorded for variant A - the application of the original, unmodified kraft
liquor, where a simple reciprocal replacement PF resin waste these liquor were made followed
by mechanical characteristics of PB prepared comparable qualitative features such as commercially
produced in the reimbursement of the PB 20% wt., thereby causing interesting economic savings
in an expensive and problematic hygiene characteristics of PF resins.

Even the experimental PB prepared with 100% wt. replacement PF resin (variant C) has such
mechanical properties that meet the quality PB general use (type N) for thickness 22 mm: 0,25 MPa.

The physical characteristics as representative of swelling parameter was evaluated after 2 hours and
24 hours of exposure in water (20 + 2°C). The assessment is clear that PB prepared with the application
of modified kraft effluents (variant B, C) demonstrated reduction of swelling after 2 and after 24 hours
compared with variant A (the presence of untreated sulphate liquor). Variant A in the evaluation
of swelling showed similar swelling values than the reference sample (0% by weight). There was
a significant reduction in swelling after 2 hours was just a variant B and variant C up to 30% by weight
reciprocal compensation PF resin modified extracts. Even reciprocal compensation in the range 40 -
60% wt. the observed physical property decreased only slightly. The assessment of the diameter of the
swelling after 24 hours has been shown to reduce the swelling experimentally prepared PB significantly
to 30% by weight, moderate in 40-60% wt. comparable in both models, but better results once again
demonstrate variant C.

In Fig. 3 we can see that the application of modified kraft liquor specifically reduced swelling
parameter laboratory prepared PB after 2 and after 24 hours compared with commercially produced
particle boards assembling only with the use of PF resin. Even compared to the reference sample
(0% wt.) was recorded experimental reduction of swelling diameter for prepared PB in all three variants
for two after 24 hours with the most favorable results for variant C.

Perforator’'s method

The assessment of representative hygienic characteristics were assessed levels of free formaldehyde
in experimental PB prepared as perforator’s number (chapter 2.4, equation 1). From evaluated results
are showed that the application of waste liquor reduces the content formaldehyde released from the
experimental prepared PB.

The evaluation release formaldehyde from PB by perforator’s method are showed in Tab. 2.
Decrease were evident in the C variant, the milder variant A and variant B in the least (given the
presence of formaldehyde methylolation modification necessary for adaptation). The unity of
formaldehyde has been evaluated for all three variants (A, B, C) prepared test pieces with 30% wt.
reciprocal replacement PF resin native and modified extracts of sulphate.

The reference sample - variant 0 (R) was commercially produced PB application PF resins included in
the EO class issue - with perforator’s numbers in the range 4-6 mg formaldehyde / 100 g absolutely dry
PB.
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Table 2. Evaluation the content formaldehyde (as perforator’'s number) release from

laboratory prepared PB
Applied adhesive Moisture Perforator’s
Option mixtures in PB content number
(%) (mg CH,0*/100 g ab. dr.**)
0 (R) PF adhesive - commercial 7.76 5.3
PF adhesive + origin black liquor
A (30% w.) 7.84 4.1
PF adhesive + methylolated
B liquors (30% w.) 8.12 4.5
PF adhesive + acidified liquor
C (30% w.) 8.05 2.9

Notes: CH,O* - formaldehyde, ab. dr.™ - absolutely dry PB

The evaluation of the hygienic characteristics of a representative, it is evident that the application
of waste sulphate liquor reduces emissions of free formaldehyde in all shades ready PB. The most
significant reduction achieved variant C — with reciprocal replacement of PF resin with acidified sulphate
liquor.

Conclusions

In the experimental part of this work was prepared one variant adhesive mixture to the original,
untreatment kraft black liquor (variant A) and two variants with modified sulphate liquor (variant B -
methylolated, variant C - acidified liquor) and reciprocal compensation PF resin (10-60% wt.).

Consequently, applications were evaluated characteristic properties of prepared glue mixtures were
used in the laboratory preparation of composite wood materials three-layers PB. The assessment of the
representative of the mechanical (tensile strength perpendicular to board plain PB), physical (swelling
after 2 and 24 hours after exposure in water), hygienic (the determination of free formaldehyde in particle
boards prepared — as perforator’s number) characteristics of the experimental PB prepared with the
application of sulphate waste liquor.

The most prepared variant of PB is C variant - the application of an acidified liquor up to 30% wt.
refund of the original resin, which demonstrated the achievement of improved quality characteristics
compared with the standard produced by PB.
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Sumar

Prispevok popisuje problematikou modifikacie odpadov z biomasy (dendromasy) - sulfatovych
vyluhov, vznikajucich pri vyrobe buniCiny v celulézovo-papierenskom priemysle. Navrhnuté modifikacné
Upravy odpadovych produktov, akymi st metylolacia a acidifikacia, patria medzi aplikovatelné recyklacné
spbsoby ich efektivneho vyuZitia. Tieto procesy umoZriuju efektivne zhodnotit' vzniknuté odpady
z dendromasy a pripravit, v porovnani s tradi¢nymi polykondenzaénymi Zivicami (PF), nové zmesové
adheziva s recipro¢nou nahradou toxickych zloZiek (napr. fenol). Pripravené adheziva boli aplikované
pri experimentalnej priprave kompozitnych drevnych materidlov (drevotrieskovych dosak), ktorych
kvalitativne charakteristiky boli porovnatelné s kvalitou drevnych materialov pripravenych z bezZne
vyuzivanych materialov. Vyrazna ekonomicka uspora materialovych vstupov a predovsetkym ekologicky
akceptovatelné vyrobKy su hlavnymi atributmi efektivnosti vyuZitia spominanych odpadovych produktov.

Krucové slova: recyklacia, odpady, biomasa, drevné kompozity
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Abstract

This paper presents essential aspects of hydrolysis applied in the production of protein hydrolysates
using chemical and enzymatic methods. It also presents the essential production methods of protein
hydrolysates (chemical and enzymatic), along with the production method, properties and application of
enzymes. In addition, drying methods used in the production of protein hydrolysates and the properties
of products obtained with spray-dried methods are presented.

The objective of this study is to develop a production method of protein hydrolysates using fresh pork
meat-and-bone tissue originating from the portioning of half carcasses. The studied technology should
allow producers to obtain universal, commercial-grade protein powders. The proposed raw material has
So far been disposed of because of declining demand and the absence of alternative applications.

Key words: dried proteins, enzymes, protein hydrolysates

Introduction

Proteins and protein preparations are valuable substances with functional properties that make them
widely applicable, especially in the food production industry. Protein hydrolysates are one of the key
protein preparations. Proteins are a basic component of all animals, and are therefore applied in animal
breeding (feed) and as preparations intended for consumption by humans (treatment-supporting
preparations). The synergetic effect of these compounds is also taken advantage of in the production of
body cosmetics. Other specific properties of proteins, such as foam forming capacities, are utilized in
various industrial sectors.

Proteins and protein derivatives are applied in the food production industry as functional additives that
improve the parameters of the final products. These extensive application options are associated with
the following properties of proteins:

¢ solubility attributed to changeable isoelectric point,

e water binding capacities,

e emulsifying capacities,

¢ gelling capacities,

e binding capacity of fat and aromatic compounds,

o foam-stabilization and forming capacities.

Proteins and protein preparations have been applied on an industrial scale’ 2 at various stages of the

production of meat and meat preparations:

e proteins soluble in salt solutions, which effectively bind various ingredients of the food stuffing,
make product texture flexible and soft, and reduce thermal losses during thermal processing,

¢ soluble myofibril proteins increase the elimination of juice and fat by muscle fibre contraction,
which provides a compact product texture,

e connective tissue proteins responsible for the formation of gels and the binding of water during
thermal processing and interaction with other soluble proteins, which provides a compact and
dense product structure.

Whey protein is another protein generally applied in the food production industry. Lactoglobulin, the
major whey protein, is a valuable nutrient as it contains lysine and leucine. The content of protein in
modified protein preparations produced from whey using membrane methods or chromatographic
methods can vary between 25 and 91%. These preparations are applied in the production of baby foods
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intended for infants, bakery and confectionery products, farm cheeses, cottage cheeses, cold milk
desserts and ice-cream, and fruit beverages3.

Proteins are also specifically used in the production of high-protein nutritional additives taken by
sportsmen to make up for deficiencies of amino acids after strenuous training sessions. In addition,
these products also stimulate fast muscle growth.

Proteins contained in foodstuffs may have specific therapeutic action. Special protein preparations
can support specific biological functions. In addition to antibacterial properties, proteins are metabolized
to peptides and amino acids, which stimulate the regeneration of epithelial cells in the digestive system.
Finally, proteins and protein complexes show an anti-inflammatory action, which consists in specific
secretior]1 of immunoglobulin, and in non-specific production of lysozymes, lactoferrin and epithelial
peptides”.

The objective of our studies was to develop a production method of protein hydrolysates based on
fresh meat-and-bone pork tissue originating from half carcass portioning. This raw material has so far
been utilized to a very limited extent. Due to very low demand and lack of alternative applications, it has
been virtually disposed of. The new method allows producers to utilize raw materials contained in meat-
and-bone tissue in an effective and profitable fashion and, in the longer perspective, to close the
production chain and eliminate waste in the production of meat of half carcasses (after the calcination
process of non-organic fraction is completed)®.

This paper presents essential aspects of hydrolysis applied in the production of protein hydrolysates
using chemical and enzymatic methods. It also presents the essential production methods of protein
hydrolysates (chemical and enzymatic), along with the production method, properties and application of
enzymes. In addition, drying methods used in the production of protein hydrolysates and the properties
of products obtained with spray-dried methods are presented.

Essential aspects of protein hydrolysis

Protein hydrolysates are mixtures of proteins produced in chemical (acidic or alkaline) or enzymatic
hydrolytic catalysis of proteins of natural origin.

Proteins are classified in a variety of ways, in particular, in terms of protein origin (plant, animal, viral,
bacterial protein), presence in various organs (plasma, muscle, hepatic protein, etc.) or cellular
organelles (cytoplasmic, ribosomal, nuclear, membrane protein, etc). Proteins can also be classified in
terms of their biochemical functions: enzymatic, protective, structural, storage, transport proteins, etc.

The most common classification is based on differences in solubility and shape of particles. Globular
proteins are soluble in water and diluted salt solutions, and have spherical particles. Fibrillary proteins
are insoluble in aqueous and salt solutions, with fibre-like structures at macroscopic level. These
proteins are resistant to acids and alkali.

In terms of chemical composition, proteins are divided into two groups:

e simple proteins — total hydrolysis of simple proteins yields amino acids,

e conjugated proteins — total hydrolysis of conjugated proteins yields amino acids and non-protein

compounds,

In terms of their origin, proteins can be classified into:

e proteins of animal origin, including post-slaughter raw materials (skin, hair, blood, bones) and

milk, meat, etc.

e proteins of plant origin, produced from oils (soya, sunflowers), food grains, rice, potatoes, etc.

Proteins are natural polymers composed of units of amino acids linked by peptide bonds. Proteins are
essential for the structure, functions and proliferation of living matter®. Proteins are also critical for the
nutrient values and functional parameters of foodstuffs. In raw materials used in the production of food,
proteins are contained in a variety of cellular structures and tissues. Proteins are soluble in water and
salt solutions, produce dispersal systems, bind and retain water, and show gel- (when heated) and foam-
forming, lipid-emulsifying and emulsion-stabilising capacities, which are essential functional properties of
proteins in food. The properties of proteins can be modified using chemical and enzymatic methods'°.

Specific methods can be developed to produce protein hydrolysates of special properties based on
amino acid sequences of various proteins, and the composition of peptides by selecting specific
endopeptidases.

Patronem tohoto éisla je Ustav geotechniky SAV Kosice, www.saske.sk/UGT/,
poradatel konference RECYKLACIA ODPADOV / WASTE RECYCLING XIV. WASTE FORUM 2010, éislo 4 strana 347



Marcin Banach, Agnieszka Makara: Production of protein hydrolysates from meat-and-bone tissue

Numerous products of protein hydrolysis have powerful, specific tastes. Short peptidases that contain
at least one hydrophobic amino acid residue inside the chain produce a bitter taste. Peptides containing
hydrophobic residues in —N or —C final positions tend to be less bitter. The taste of hydrolysate depends
on the content of hydrophobic amino acid residues in the final protein, the characteristics of proteases
used in hydrolysis, and the conformity of peptides, which is decisive for the interaction between
hydrophobic residues and taste receptors. Bitterness can be reduced by the elimination of hydrophobic
amino acids and bitter peptides after the composition of hydrolysate is modified by means of plastein
reallc;[.ionz% 1’[1he addition of taste-masking substances, such as polyphosphates, dextrins, starch, and
gelatine= ™ "',

The applicability and optimum utilization of proteins contained in raw materials originating from the
aforementioned sources have been studied throughout the world. Full-scale utilization of various protein
parameters originating from unconventional sources depends primarily on the following:
nutritional value and price comparable to proteins from traditional sources,
use of proteins with desired or at least neutral sensory characteristics,
development of proteins with functional parameters that are useful in food processing,
elimination of substances contained in proteins that reduce the therapeutic, nutritional or sensory
properties of proteins.

The primary modification objective of proteins intended to be used in food production, and especially
of proteins originating from unconventional sources, is to develop a preparation with a high content of
full-value protein with beneficial functional properties, and a reduced level of anti-nutritional and harmful
substances, with the nutritional value maintained or improved.

Soya protein is a particularly attractive raw material which is commonly enzymatically modified as it
contains a high level of proteins as compared to food grain proteins, as well as high nutritional value
resulting from its well-balanced content of amino acids, including lysine and tryptophan. In addition, soya
protein is easily accessible and is cheap to acquire. If the inhibitors of trypsin in soya are deactivated by
means of proteinases, and in particular, papain, the nutritional value of soya protein can be increased,
which means that the application of high temperatures and the resulting protein denaturation could be
limited.

There is a chance that specific unfavourable properties of protein concentrates originating from fish,
seeds, leaves or unicellulars could be modified, so that such products could become applicable in the
food industry. Fish proteins of high nutritional value (with 80-100% protein content) could perhaps be
used as a valuable ingredient of artificial milk replacers. Not until recently had these products been used
only in the production of animal feed. Fish protein concentrates extracted with the use of solvents
contain strongly denaturated protein with an unpleasant fishy odour which is weakly soluble and
dispersible, and shows only limited wettability and bulking properties, which makes it worthless in the
production of foodstuffs. With the application of papain, fish meals and isolates can be produced that are
odourless and tasteless, and can be used in the production of food®.

Production methods of protein hydrolysates

Protein hydrolysates are produced by means of hydrolysis introduced to chemical (acidic or alkali
catalysis) and enzymatic processes.

The chemical production method of protein hydrolysates consists in high-temperature chemical
hydrolysis in a strongly acidic (pH<1) or alkali environment (pH>12). In the first case, hydrochloric or
sulphuric acid is used as the catalytic substance, and calcium hydroxide or magnesium hydroxide is
used in alkaline hydrolysis. This process should be carried out at 80-100°C, for app. 6-18 h to produce
non-gelling protein hydrolysates that are applicable mainly as flavourings in the food production industry.
The process output is as high as 80%> '#'*.

The low-temperature enzymatic process consists in the use of proteases that separate the internal
bonds of polymer chains (endopeptidases). Endopeptidases that separate single amino acids and
double proteins (originating from the decomposition of carbonyl or amine groups) are also used. This
reaction is carried out under milder conditions — at max. 65°C, pH=2-11. Hydrolysis lasts 0.25 to 12 h.
The colour and taste of products produced in this reaction are frequently better, compared to chemical
methods. It also prevails in terms of the development of specific stereochemical properties, which allow
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for more effective process control and a reduced number of side reactions. The amount of chlorides and
salts in hydrolysates is lower, compared to chemical hydrolysis. The enzymatic process output is app.
75%> 131,

Enzymes — production, properties, application

Enzymes are catalytic agents produced by living organisms (biocatalysts). In the presence of
enzymes, under mild conditions (at temperatures below 100°C), atmospheric pressure and neutral pH, a
variety of metabolic reactions take place. The most important feature of enzymes that differentiates
enzymes from other catalytic agents is high specificity, which means that enzymes catalyse a specific
type of reaction of a specific substrate only.

In terms of chemical composition, enzymes are categorised into three groups:

e category 1 — simple proteins composed of amino acids (proteolytic enzymes and a-amylase) — the
active group is composed of specific amino acid groups that cannot be separated without modifying
the protein’s structure and damaging the enzyme in its capacity as a catalytic agent,

e category 2 & 3 — conjugated proteins containing non-amino acid groups, referred to as coenzymes,
bound to the protein molecule, the so-called apoenzyme; its decomposition into two groups is
associated with differences in the bonding method of the two aforementioned components.

In the second group of enzymes, bonds are durable, and the coenzyme is referred to as the prosthetic
group. Separation and reconstitution of apoenzyme and this specific group does not always lead to the
reconstitution of a catalytically active enzyme.

Enzymes from the third group contain a weakly bonded coenzyme, which can be considered an
integral part of the enzyme, similar to the prosthetic group. In this case, both parts of the enzyme can
easily be separated, with each group being inactive, and when combined they again form an active
enzyme.

Enzymes are biologically active only when arranged in a specific spatial conformation. The most
important element of the enzymatic structure, which is vital for its catalytic properties, is an active centre
where the substrate is bonded when the reaction is catalyzed. This is a small part of the enzyme
molecule that forms a specific three-dimensional space created by functional groups of amino acids>'".
Due to the specific role of the enzyme’s active centre, it is essential that this particular structure remains
unaltered.

Enzymes are protein substances whose structure is modified under the influence of environmental
conditions: pH, temperature, concentration of salt. This may result in the loss of catalytic properties.
Elevated temperature and pH are the main denaturating agents that are responsible for the loss of
enzyme activity. Temperature also significantly affects the speed of enzymatic reactions. The higher the
temperature, the faster the reaction, although only up to the limit value, beyond which protein
denaturation begins. The speed of the thermal denaturation of enzymatic proteins is also directly
proportional to temperature. The optimal temperature is when enzymatic reaction is the fastest, with no
simultaneous enzymatic protein denaturation'.

The value of optimum temperature depends on the origin of the enzymes. For enzymes of animal
origin, this value oscillates around body temperature. The optimum temperature for enzymes of plant
and microbiological origin may vary by as much as 90°C.

Enzymes are also specific in terms of the optimum pH of enzymatic action at which the catalyzed
reaction is the fastest. Even the slightest deviations reduce the speed of the enzyme-catalyzed reaction.
Protein denaturation can be caused by higher pH deviations from the optimum value resulting from
interferences of numerous weak non-covalent interactions that maintain the three-dimensional molecular
structure. The optimum pH for the majority of enzymes is close to neutral value. However, some major
differences may arise that are attributed to differences in the environment where the enzymes act.

The high specificity of enzyme activity allows the control of the production processes by means of
modifications introduced to specific raw materials. The enzymatic process can also be easily controlled
and interrupted. The majority of enzymes are active under mild conditions, which allows the preservation
of components contained in raw materials that are sensitive to elevated temperatures (such as vitamins)
and to produce products of high nutritional value. Enzymes are non-toxic, which is another argument
supporting their applicability in the food industry. Moreover, enzymes act at low concentrations and exert
no negative effect on organoleptic characteristics of the product.

The food industry is where enzymes are applied in the majority of technological processes (Table 1).
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Table 1. Essential industrial enzymes applied in the food production industry

Enzyme

Application in food production

glucose oxidase

elimination of oxygen from foodstuffs and
beverages

production of flavourings, modification of cheese

lipase and fat, synthesis of emulsifiers

a-amylase production of glucose syrups, brewing industry,
B-amylase fruit & vegetable processing, bakery and
glucoamylase concentrated foodstuffs

cellulase fruit processing, production of flavourings, bakery
glucanase brewing industry, food grain processing

polygalacturonase

fruit processing

B-galactosidase

milk processing

1,3-xylanase

bakery, food grain processing

serine proteases
chymotrypsin
trypsin

bacterial proteases
SH-proteases

papain bakery, brewing industr)_/, production .of
ficin concentrated fpodstpffs, milk, meat and f|sh
bromelain processing, wine industry, frwtl processing,
acid proteinases production of beverages and flavourings

pepsin

rennin

fungal proteinases
malt proteinases
glucose isomerase
phosphoglucose
isomerase

production of high-fructose syrups of starch
hydrolysates

In the years to come, the number and amount of enzymes applied in food processing is expected to
increase and to positively influence the shelf-life and quality of foodstuffs, the functionality parameters of
food ingredients, the modification of solid and liquid fats, cholesterol conversion, selective tenderization,
the development of the taste & flavour of meat products, the development of new functional food
ingredients and flavourings, the transformation of food industry waste products into usable products, and
the biodegradation of polymers applied in new-generation packages.

The production of enzyme preparations intended for special purposes in food production is also
expected to develop (such as compositions of glucose oxidase and catalase applied in the production of
low-alcohol wines, or enzyme preparations applied in the production of cold cuts). Proteins originating
from non-standard raw materials can be applied only if special processes are introduced that are aimed
at protein enrichment and modification using hydrolytic enzymes capable of both hydrolysis and re-
synthesis, depending on the relevant conditions. The main assumption of enzymatic modification is to
improve the nutritional value and functional properties of proteins in order to be able to substitute much
more expensive conventional proteins. For example, powdered milk could be substituted with a 100%
fish meal produced in the process of enzymatic hydrolysis, provided that the fish protein is effectively
processed so as to be white and odourless'® .

The application of enzymes in the food industry can be classified into two groups. First, enzymes are
applied to control the activity of enzymes contained in the processed raw materials or in eliminating the
adverse effects of specific enzymes. To be able to achieve this, specific parameters (temperature or pH)
are selected in the processing or storage of raw materials and finished products. In the second type of
process, enzymes are extracted from natural products or microorganisms that contain high
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concentrations of enzymes. The enzymes are then purified and introduced to the technological
processes of food production. Currently, multienzyme systems are starting to be applied, which are
composed of carefully selected and, optionally, genetically modified strains of microorganisms
introduced in the bioprocesses applied in food production. This type of application seems incomparably
more effective and promising when compared to the first one'®.

Drying methods of protein hydrolysates

Among numerous methods applied in the food industry in order to preserve the properties of
foodstuffs, drying and chemical methods are the only methods that are essentially applied for proteins
and protein derivatives. The first method is based on maximum reduction of the content of water, which
is evaporated in order to limit the activity of microorganisms contained in the product, and to reduce
enzymatic transformations. The decrease of water content by approximately 15% is assumed to protect
the product against the development of microorganisms and moulds, and in order to inhibit enzymatic
transformations, the content of water must be reduced to below 5%. The second method consists in the
introduction of specific substances to the product in order to reduce or eliminate microorganisms.

Drying is the oldest method for preserving food'® '°. Protein hydrolysates can be dried using a variety
of methods. Spray drying is the most common method for liquid food drying. The aim of the process is to
produce a dry finished product (powdered) from a liquid material in a single continuous operation. This
operation consists in the spraying of a liquid (10-200 um diameter of drops) within a confined space
(drying chamber) filled with dry unsaturated air. Water evaporates within a very short time as the liquid
surface is very extensive. “The cooling effect of evaporation” is another important phenomenon of the
drying process. In the course of the drying process, virtually all the heat delivered to the drying chamber
with the drying gas stream is consumed to evaporate water. The phase transition heat of evaporating
water is collected from the dried particles. As a result, despite the high temperature of air introduced into
the drying chamber, the temperature of the dried material is relatively low®.

Properties and application of dried proteins

Protein hydrolysates are a mixture of proteins produced in the chemical or enzymatic hydrolysis of
proteins of natural origin. Protein hydrolysates are mainly applied in the food and cosmetic industries.
Dried proteins have the following properties> " ' '*:

e colour: light-beige for dried hydrolysates,

¢ flavour: delicate, specific,

¢ solubility (2 g of protein): soluble in cold water to form a heterogeneous mixture (similar to the
mixture of water and fine semolina), of cream colour; better soluble in warm water, after a while
protein sedimentation takes place to form a sediment at the bottom,
density: 0.9993 g/cm®,
bulk density: 0.4840 g/cm®,
chemical composition: 93.97% of proteins, 0.39% of fat and 5.64% of water,
texture: 275 g,

e pH of the solution (2%): 7.30.

Protein preparations are transported and stored under suitable conditions to preserve freshness and
fitness for further processing for as long as possible. All protein products need to be suitably transported
before being stored. Protein products need to be stored in clean, dry rooms at carefully selected
temperatures. The following natural factors continuously reduce the quality of proteins (leading ultimately
to protein decay): air, light, temperature, humidity, time and microorganisms. Table 5 presents the basic
requirements for protein preparations.

Table 2. Basic requirements for protein preparations

Parameters Values
Humidity Max. 9%
Protein Min. 92%
Ash Max. 5%
Salmonella Absent /25 g
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Gel hydrolysates are uncommon in commercial applications because of high transportation costs (low
content of protein), low stability and inconvenient handling. If the product needs to be stored in the form
of a gel, it is recommended to store it in containers, in thin layers, in a cold store (temperature below -
3°C). Shelf-life depends on the added preservatives, no longer than 21 days from the date of
manufacture.

Dried powdered proteins are made of dried protein hydrolysate. Dried powdered proteins are packed
in tightly closed film bags. The product is recommended to be stored in a dry, cold room. Shelf-life is
approximately 12 months. The same conditions should be provided during transportation.

Conclusion

Protein hydrolysates are added to foodstuffs to produce specific tastes and flavours, exhibit specific
stabilizing and foam-forming properties, and reduce water activity. Specific protein hydrolysates show
emulsification and gelling properties. Protein hydrolysates are therefore widely applied in the food
production industry.

Protein hydrolysates are produced from hydrolysed protein materials using chemical catalytic agents
(acids or alkali) or enzymes.

Spray drying is one of the most common production methods for dried proteins. Under convenient
conditions of heat and mass exchange, a loose material can be produced which has a longer shelf-life
and smaller volume and is easier to proportion, compared to liquid products, which is important in terms
of transportation and storage requirements.

The new production methods of protein hydrolysates allow producers to utilize raw materials
contained in meat-and-bone tissue in an effective and profitable fashion and, in the longer perspective,
to close the production chain and eliminate waste in the production of meat of pork half carcasses.
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Abstract

The meat industry belongs to these branches of industry, which are generated particularty large
amounts of waste. 1.0 tone of finished product generates 0.5 tone of different kind of waste. The storage
of bone waste from environmental reasons is forbidden. The aim of this work was investigation of
physical and chemical properties of pork bone sludge, which is by-product in the production process of
protein hydrolysate.

Key words: bone sludge, physicochemical properties, meat industry

Introduction

Polish meat industry is diversified in respect of volume of output. There is ~2000 small plants, which
producted 40% of domestic production. The rest of goods are producted by 100 large meat works .
Nowdays ~37% of animal waste is utilized, 30% is carried off with manufacturing waters and 33% is
storaged. The aim is utilization of 90% waste, 9% wastewater and 1% storage. The weight ratio of
utilized to producted waste is amounted from 0.42 to 0.92, whereas weight ratio of storaged to produced
waste in meat industry amounted to 0.12-0.30
The edible and technical bones, bone sludge and bone pulp belong to group of bone by-products from
meat industry 3. The group of technical bones consists of following types of bone: pork, beef, calf,
mutton, horse obtained from partition of carcasses, after mechanical muscles removing. Technical bones
are destined for production feed meal, bone glue and etc. *

Bone sludge, i.e. deproteinized and defatted bones, skins, hooves, horns, bristles, feathers and blood.
Typical bone sludge varied in size from several to tens of mm and it included 30.0% H.O, 17% organic
substances; mainly protein nad fat which results from incompleted defatting and deproteining of bones °.
The meat industry belongs to these branches of industry, which are generated particularty large amounts
of waste. 1.0 tone of finished product generates 0.5 tone of different kind of waste. The storage of bone
waste from environmental reasons is forbidden °°.

One method of bone by-products waste menagement is transformation into hydroxyapatite.
Hydroxyapatite form animal bones could be obtained by chemical means with usinig concentrated
sodium, potassium and lithium hydroxyides 0.4-7.0 mol/dm® at the range of temperatures 20-300°C.
Next, obtained semi-product is washed and calcined at the range of temperature od 200°C do 1000°C °.
Hydroxyapatite could be obtained via calcining of bone waste from meat industry. The calcining process
could realized in air, nitrogen and oxygen atmosphere ’.

Materials and Method

Bone sludge, i.e. deproteinized and defatted bones, skins, hooves, horns, bristles, feathers and blood
from animals other than ruminants, elements of slaughtered animals considered suitable for
consumption and also those which were rejected as not suitable for human consumption and having no
symptoms of diseases transmitted onto people, belonged to the Il category of waste. This waste should
be eliminated through combustion at the temperature of 1123 K. They can also be processed into feed,
biogas or compost ®. The next method of bone-waste utilization was based on the possibility of
transforming bones or bone-waste into hydroxyapatite by means of chemical methods. In our research
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we applied pork bone sludge from Duda-Bis meat plant. 7 samples of bone sludge was draw at regular
intervals — one per month.

The defatting degree of bone sludge after the hydrolysis process was estimated on the basis of free
fat content. The analyses were performed according to standard ® with SOXTEC apparatus. The basis of
this method consist in fat extraction by petroleum benzine from dried sample, solvent removal and
gravimetric analysis.

The deproteinization degree of bone sludge after the hydrolysis process was estimated on the basis
of protein content. The animal protein consist of nitrogen, which level is constant and characteristic. The
method consist in determination of quantity of ammonia nitrogen and calculation on protein. Anasyses
were performed according to standard °.

Phosphorus content was determined by the spectrophotometric method according to "' with Marcel

Media UV-VIS spectrophotometer after former mineralization in mixture of concentrated hydrochloric and
nitric acids. Calcium was determined with titration method according to ' in the presence of indicator -
calcein and thymolophthalein.

Phase composition was analysed using X-Ray method with Philips X’Pert diffractometer with graphite
monochromator.

Contents of microelements: Cu, Co, Ni, Cr and Cd were determined by the AAS method after former
mineralization in concentrated nitric acid with Analyst 300 Perkin Elmer Spectrometer. Contents of heavy
metals such as Pb, Hg and As were measured by the ICP (inductively coupled plasma).

The microstructure of bone sludge was examined using scanning electron microscope S-4700
Hitachi. Chemical analysis was carried out using energy dispersive X-ray spectroscope (EDS) at 20.0 kV
and 15.0 mA.

Specific surface of bone sludge was evaluated by BET method using apparatus ASAP 2405
Micromeritics Inc. USA. Surface and volume of pores were tested too.

Result and disccusion

The bone sludge is formed as by-product in the deproteinization of bone process, in which protein
hydrolysate is the main product.

The bones after partition of carcasses were the raw material in protein hydrolyate obtaining process.
After disinteration mixture of bone pulp with water and lactic acid was boiled at temperature 125-135°C
under pressure 0.26-0.30 MPa. The boiling-out bones (bone sludge) were separated on screen, solution
(hydrolysate) was transported into the decanter, where slurry was separated. Next, hydrolysate is hot-
centrifuged and then fat was removed from the solution. The large amount protein in hydrolysate coud
be obtained by part-recycling of product .

Appearance of all bone sludge samples was similar, size of patricular fragments was in range from
several to tens mm. Content of moisure was invastigated with weight-drier at 105°C. Time of drying was
amounted average 1 hour (weighed amount 50g), results showed in table 1. Content of moisture in bone
sludge from pork bones was in range from 33.15% to 50.43%.

Table 1. Content of moisture in bone sludge

Number of bone Moisture content [%] M Standard
sludge 1 2 3 4 ean deviation

I 3229 | 32.70 | 33.20 | 3443 | 33.15 0.80

Il 47.04 | 48.83 | 47.24 | 48.01 47.78 0.71

Il 35.01 34.66 | 33.27 | 3560 | 34.63 0.86

v 47.40 | 49.27 | 4890 | 48.34 | 48.48 0.70

Vv 39.49 | 40.10 | 41.15 | 4210 | 40.71 0.10

VI 39.13 | 3748 | 3852 | 37.76 | 38.22 0.65

VI 4994 | 50.15 | 51.03 | 50.60 | 50.43 0.42
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Figure 1. Content of protein and fat in bone sludge
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Analysis of protein and fat in bone sludge (fig. 1.) showed that the process of removal protein and fat

was incompleted. Content of protein and fat in particular bone sludges vary in wide range, 14.53-33.15%

and 0.97-10.27%, respecevely.

Content of phosphorus was in range 9-14%, however content of calcium amounted 22-23%. Two
methods of extraction were applied to determination of phosphorus content: mixture of concentrated
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nitric and hydrochloric acid and concentrated nitric acid. Higher results were obtained for extraction with
mixture of acids than in case of concentrated nitric acid. For all samples the molar ratio calcium to
phosphorus was higher than stoichiometric hydroxyapatite (1.67) and was in the range 1.72-1.91 and it
confirmed that biological hydroxyapatite showed departure from stoichiometry (fig. 2.). It could be
resulted of elemets substitution in structure.

Heavy metals such as Pb, As, Hg were determined with ICP method, however Cu, Co, Ni, Cr and Cd
with AAS method. Results were set up in table 2.

All samples of bone by-product were characterized by similar content of particular heavy metals. In all
casses low quantity of all elements allow to application bone sludge as a raw material in obtaining
calcium phosphates.

Table 2. Content of heavy metals and micreoelements in bone sludge

Content [ppm]

Metal | T 1l 1 v Vi Vil
Pb 0.109 | 0086 | 0.053 | 0.059 | 0.082 | 0090 | 0.033
As 0.106 | 0.096 | 0086 | 0.056 | 0.052 | 0.067 | 0.035
Hg | 0.0017 | 0.0023 | 0.0013 | 0.00099 | 0.00098 | 0.0013 | 0.0019
Cu 4.83 5.74 4.48 4.80 5.15 4.79 4.25
Co 6.90 6.93 6.33 6.67 7.03 6.71 5.42
Ni 9.52 9.52 9.56 10.97 9.24 9.92 8.82
Cr 1027 | 10.34 8.93 8.28 10.04 8.80 6.70
Cd 2.54 2.00 2.47 1.66 2.64 2.64 2.08
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Figure 3. XBRD

patterns of bone sludge (I-VII)

X-ray analyses showed that hydroxyapatite was the only crystalline phase observed in bone sludge
(fig. 3.). The shape and relative intensity of diffraction peaks indicated that hydroxyapatite in bone sludge
is poor-crystalline.

The morphology of pork bone sludge surface was investigated with scaning electron microscope
SEM-EDS. Fig. 4. shows image of sample number | of bone sludge. Surface of investigated sample was
inhomogeneity. The grains with diameter approximately ~5 um were observed, however the
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agglomerates about 20-30 um were also noticed. The shape of particular grains was irregular, however
there is an absence of sharp edges.
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Figure 4. SEM photograph of bone sludge (I): A — magnification 2000,
B — manification 1000

Full scale counts: 8617 szlam kostny surowy

KeV

Figure 5. EDS spectrum of bone sludge (I)

Typical EDS spectrum showing the various elements that are present in bone sludge was showed in
Fig. 5. Analysis indicated that inorganic phases of bone composed mainly of calcium and phosphorus as
the major constituents with some minor components comprising that of C, O, Na, Mg and Si. Peak
corresponded to carbon could be resulted of large amount of organic compounds bone sludge.

Table 3. The surface parameters of bone sludge (1)

Parameter Unit Value
BET surface area [m?/g] 45 .41
Cumulative adsorption surface area of [m?/g] 59.74
mesopores
Cumulative adsorption surface area of [m?/g] 15.87
microspores
Cumulative adsorption surface volume of [cm®/g] 0.1979
mesopores
Cumulative adsorption surface volume of [cm®/g] 0.00781
microspores
Average pore diameter [nm] 16.72

BET research showed that the specific surface of bone sludge was rather developed and amounted
approximately 45 m?/g. The other parameters were put together in table 3.
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Conclusion

1.

In the protein hydrolysate production proces from pork bones, bone sludge is formed as by-
product. One method of bone by-products waste menagement is transformation into
hydroxyapatite. Hydroxyapatite form bone sludge could be obtained by calcining at range of
temperature 600°C do 1000°C.

. The high content of protein and fat in bone sludge confirmed that the hydrolysis process with lactic

acid not removed all organic compounds such as fats and proteins.
The only cristalline phase in bone sludge was poor-crystalline hydroxyapatite.
Content of heavy metals and other investigated chemical elements was kept at the same low level.

. The investigations of moisture, calcium, phosphorus and microscope images confirmed that pork

bone sludge from meat industry was inhomogeneous.
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Abstract

Protein hydrolysates and dried proteins produced from protein hydrolysates are highly functional
substances that have gelling, bulking, water-binding and emulsifying properties. They are therefore
widely applied in the food production industry to improve specific functional properties of foodstuffs. Raw
materials used in the production of foodstuffs and food products must comply with specific
microbiological criteria, which can also be used in approving and verifying procedures based on the
Hazard Analysis and Critical Control Points (HACCP) system.

Key words: dried proteins, protein hydrolysates, quality requirements

Introduction

The operations of meat-processing companies mainly consist in animal slaughtering, processing by-
products, cutting half-carcasses into specific elements, and fine meat cutting, as well as the production
of meat preparations, meat offal, meat preserves, fats, ready-to-cook meat products and ready-to-serve
meat products, including meat portioning, slicing, and packaging. Meat processing is a major sector of
the food production industry, accounts for 20% of its total value and employs over 80,000 people'?.

The products offered by the meat processing industry are mainly intended for:

¢ household consumption and mass caterers (meat, cold cuts, back fat, and meat preparations),

¢ meat intended for meat processing facilities,

e 3" category raw materials (by-products), also used outside the food industry (skin, bones used in
the production of meat-and-bone meals and gelatine, technical fats, horns, bristles, pharmaceutical
raw materials, etc.).

The Polish meat processing industry uses mainly home-grown raw materials; imported raw materials
cover only 10% of the total demand. Based on study results®®, there have been methods for the
production of protein hydrolysates developed based on fresh meat-and-bone pork tissue originating from
the process of half carcass division. This raw material has so far been utilized to a very limited extent
due to limited demand and no alternative application options, and has been nearly entirely disposed of.
This paper presents the results of market analysis in terms of possible commercial applications of protein
hydrolysates, as well as properties of proteins and qualitative requirements for raw materials and
finished products.

Raw materials originating from domestic and foreign sources

In analysing the commercial applications of raw materials used in the production of protein
hydrolysate, the following factors need to be taken into consideration:
¢ high fluctuations in production, supply and prices,
¢ large fragmentation of supplies (app. 60% of livestock population is bred on farms with no more
than 50 animals),
e low quality and instability of the qualitative properties of the slaughter animals (small and variable
meat yield, diversified carcass sizes).

The meat processing industry is focused on the domestic market (90% of the total sales volume).
Fluctuations in production, supply and prices result from, in particular, diversified demand for these types
of products accompanying growing expansion into foreign markets. Slaughterhouses and meat
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processing plants can be roughly divided into two groups: the first group of app. 500 companies
employing over 6 staff members, and 225 companies employing over 50 people, and the second group
of over 1000 local slaughterhouses and meat processing plants. In general, the meat processing industry
has been evolving in the direction of market concentration, and the market now favours the development
of large companies®’. With the scattered market as of today, it is very difficult, yet possible, to procure
large quantities of raw materials to be used in production.

Protein hydrolysates and dried powdery proteins can be produced from meat-and-bone tissue
originating from pork and beef half carcasses. To be eligible for production, this tissue needs to be
stored in a cooler and minced before being used in the production of hydrolysates. At PPHU Duda-Bis
meat processing plant, the maximum daily production of meat and meat preparations is 350 tons. After
half carcasses eligible for the production of protein hydrolysates are portioned, there are 6-9 tons® of
bones available daily. Protein hydrolysates can be produced from pork and beef bones, the possible
applications of which are very limited because of bone’s hardness. Table 1° presents the volume of
bones produced at PPHU Duda-Bis in the years 2005-2007.

Table 1. Volume of meat-and-bone tissue [t] produced at PPHU Duda-Bis

Year
. 2007
No. | Rawmaterial | 5505 | 5906 (2|03|'; estimated
value
17 Pork bones 217.16 32.78 85.79 171.59
117 Beef bones 37.16 207.94 115.49 230.99
369 Poultry bones 10.41 141.35 32.50 65.00
1801 |Pork legs 5.78 258.85 171.76 343.52
11187 | Technical bones 55.24 1293.39 | 719.19 1 438.39
11190 | Technical bones | 9.02 475.93 337.14 674.28
(t/per annum) 334.77 | 2410.24 | 1461.88 | 2 923.75
Total t/ per month 27.90 200.85 243.65 243.65
t/d (365 days/year) 0.92 6.60 8.01 8.01
t/d(8760 days/year) | 0.04 0.28 0.33 0.33

In theory, a suitable amount of raw materials could be procured at other meat processing companies.
If bones are classified as waste material by a specific meat processing company, they cannot be used as
a material in the production of protein. If the bones are classified as by-products to be further processed,
the meat-and-bone tissue can be used as a high-grade raw material. Technical bones are fully-fledged
commercial products, but can be classified differently in terms of legal status. According to
Communication from the Commission to the Council and the European Parliament®, the problem
consists in differentiation between materials potentially classified as by-products other than basic
production materials, and those to be considered as waste. This difference is at times difficult to identify
in practice.

Manufacturers of protein hydrolysates and dried proteins; market size

The majority of foodstuffs contain preservatives, flavourings, and various types of processing aids.
Flavourings, sweeteners, sweetening additives, dyes and, to a smaller extent, food additives extend the
shelf-life of foodstuffs. Dried collagen proteins are in high demand as substances that improve specific
properties of the functional products.

Throughout the world several dozen companies operate that produce protein from animal tissues. In
Poland, there is no single company that produces protein hydrolysates of animal origin that would be
eligible as food additives. Table 2 presents data on the international market for proteins.
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Table 2. International market for proteins’

Raw material Product -
No. Company of animal origin | Hydrolysates | Derivatives Application:
Europe
1 |Croda + + + C
2 | Dt Gelatine + + + C,F
3 | Diamalt + + C,F
4 | Grinau/Henkel + + + C,F, T
5 |Sicit + + T
6 |Seppic + + C
7 |Sonac + + + F, T
8 | Prioliant + + + C,TF
9 |Veos + + + F
USA
10 |Hormes + + C
11 |Maybrook + + + C
12 | Brooks + + + C
13 | Sheffield + + F
14 |APC + + + F
Asia
15 |Seiva Kasei | + ] + ] ] C
Poland
16 |none ] ] ] ]

Legend: C- cosmetics, F- food industry, T- technology

Powdery proteins offered by internationally renowned companies are usually produced using a
physical method (mechanical and thermal processing). These preparations are exclusively made from
fresh pork materials: hides, connective tissues, subcutaneous tissues or cuttings. Powdery proteins are
highly functional substances with gelling, bulking, water binding and emulsifying properties (depending
on the intended use).They are therefore widely applied in the food production industry.

Qualitative requirements for raw materials and products

General qualitative requirements for raw materials and products are based on Commission
Regulation (EC)'™. Manufacturers are required to ensure that the raw materials and foodstuffs that they
use and produce comply with the relevant microbiological criteria. The safety of foodstuffs is guaranteed
mainly by means of preventive measures, such as the implementation of good hygiene practice and
compliance with procedures based on the Hazard Analysis and Critical Control Points (HACCP) system.
Microbiological criteria can be used in approving and reviewing the respective procedures. Finished and
semi-finished products made of meat are a perfect nutrient medium for microorganisms, and this is why
special qualitative requirements have been adopted for raw materials and meat products. Any materials
that fail to meet the specific requirements are required to be excluded from processing and production.
This also applies to meat-and-bone tissue and proteins made of meat-and-bone tissues.

According to the relevant standards'!, meat-and-bone tissues and minced pork bones can be
classified as “collagen”, which is defined as protein products originating from the hides, skin and muscle
fibres of animals, including swine, poultry and fish bones. Meat collected during carcass division is to be
stored in a cold store at max -7°C, for no longer than 24 h. Within this period of time, the raw material
has to be processed, otherwise it has to be neutralized.

Protein hydrolysate originating entirely or partly from ruminant hides and skins is processed at
processing plants where 3 category raw materials are prepared in a process that involves brine baths,
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liming and intensive washing'’. Protein hydrolysate can be manufactured in a manufacturing process
that involves suitable means to minimize the risk of infection of 3" category raw materials. The molecular
weight of protein hydrolysate must be lower than 10,000 Dalton units. Table 3 presents qualitative
requirements for powdery proteins. Tables 4-6 feature maximum concentrations of other contaminations
in foodstuffs.

Table 3. Qualitative requirements for powdery proteins

No. Parameter/feature Value/essential feature
1 Protein content min. 91%
2 |Water content max. 6%
3 |Fat content max. 4%
4 | Ash content max. 4%
5 | Colour white to creamy (powder)
6 |Taste neutral, specific
7 Flavour neutral, specific
8 |Total count of microorganisms /1 g max. 10 000
9 |Salmonella /25 g absent
10 |Moulds and yeasts 1/g max. 100

Table 4. Maximum concentrations of microbiological contaminations'

Type of Limit per1g
Foodstuffs microyoprganism n c m M
Mesophilic aerobic microorganisms 5 2 10° 10*
Coli bacteria 5 2 0 0 (0.1g)
E.coli 5 1 0 (109) 0
Gelatine Salmonella 5 | 0 0 (259) -
Staphylococcus aureus 5 2 10 100
Anaer.obic sporg—forming sulphate- 5 0 0 (0.1g) i
reducing bacteria
Mesophilic aerobic microorganisms | 5 2 2x10* 10°
Protein Coli bacteria 5 2 0 (0.1g) 0 (0.019g)
of animal and Salmonella 5 0 0 (259) -
protein origin Staphylococcus aureus 5 2 10 100
Moulds and yeasts 5 2 10? 10°

Legend: M — accepted limit value; the product is disqualified if this value is exceeded, m — results equal to or below
this value are acceptable, n — number of samples tested per batch, ¢ — number of samples per batch
classified between m and M values.

Table 5. Content of heavy metals in products of animal origin’

HEAVY METAL [MG/KG]
No. | FOODSTUFF | Lead | Cadmium | Mercury | Arsenic Notes
(Pb) (Cd) (Hg) (As)
1 | Gelatine 1.00 0.10 0.01 1.00 Fe-50.0
Powdered
proteins of
2 |animal origin 0.30 0.05 0.02 0.20
(apart from milk
protein)
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Table 6. List of properties and applications of proteins offered by specific companies

Functio_nal Application Typical pr(_)duct Micro_biological Other
properties analysis requirements
CAP PORK 90/F/LIBRA POLSKA
- Water binding | Production of dried and - Form: white to - Total count of - Packages:
capacity: 1:6, fermented salami and chorizo creamy (powder), microorganisms 25 kg white
- Fat binding sausages, finely minced cold - Taste, flavour: /1g - max.10 000, | double bags,
capacity: cuts, meat roulades, frankfurter | negligible of - Salmonella 750-1000 kg
1:6 1o 1:8, sausages, semi-minced cold roasted pork, /25g - absent, pallet,
- Cold, warm and | cuts, luncheon meat, pates, - Particle size [% by |- Mould and - Storage: in dry
hot emulsions: | hamburgers, reconstituted 100 micr.] < 300, yeast /19 - rooms
1:6:6 to 1:8:8. hams, stuffing for ready-to- - Protein (Nx6.25)[%] | max. 100. (warehouse)
cook meals . Curing brines for 85-90, at ambient
injection and soaking (due to - Fat [%] 11-12, temperature
high dispergation properties). |- Water [%] 3-4, - Stability: 12
Applied in dry form during meat | - Ash [%] 1-2, months
cutting or mixing. Dosage: 1- - pH (1% solution) in a closed
2% for finely and medium 6.8-7.0 container.
minced cold cuts, 0.5% for - does not contain
injected curing brines. GMO.
CAP PROCURE 95/LIBRA POLSKA
- Retention and | For injected curing brines, - Form: white powder, | - Total count of - Container:
binding of brine | production of hams, smoked - Taste, flavour: microorganisms 25 kg white
in meat muscles | meat, formed and restructured neutral, /1g - max.10 000, | double bags,
during thermal | products made of previously - Particle size [% by |- Salmonella 750-1000 kg
processing, injected pieces of meat. 100 micr.] 100, /259 - absent, pallet,
reduction of Preparation of emulsion at - Protein (Nx6.25)[%] |- Moulds and - Storage: in dry
leaks, increased | 1:25:25 proportions with fat and | 95-97, yeasts /19 - rooms
yield, improved | /or oil. - Fat [%] 3-4, max. 100. (warehouse)
slicing, - Water [%] 1-5, at ambient
- Easy - Ash [%] 1-2, temperature,
dispergation, no - pH (1% solution) - Stability: 12
sedimentation. 6.5-7.0, months
- does not contain in a closed
GMO. container.
CAP PREMIUM 90/LIBRA POLSKA
- Water binding | Injected curing brines (added in | - Taste, flavour: - Salmonella - Container:
capacity: the following order: water, salt, neutral, /259 - absent, 25 kg white
cold gel, below | phosphates, CAP Premium 90) |- Particle size [% by |- Mould and double bags,
0°C: 1:20, in the production of hams, 100 micr.] 100, yeast 1/g - 750-1000 kg
gel at smoked meat, high-yield - Protein (Nx6.25)[%] | max. 100. pallet,
74°C:1:25, products made of previously 90-92, - Storage: in dry

- Cold, warm and
hot fat-water
emulsions:
1:20:20.

injected muscles and fine meat.
Intended for finely and medium
minced cold cuts, sausages,
luncheon meat, pates
reconstituted from meat
muscles, fresh cold cuts
(unstable), meat preserves and
emulsions. Added in a dry form
at the beginning of the meat

cutting process.

- Fat [%] 6-7,

- Water [%] 3-4,

- Ash [%] 1-2,

- pH (1% solution)
6.5-7.0,

- does not contain
GMO.

rooms
(warehouse)
at ambient
temperature,
Stability: 12
months

in a closed
container.
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Dydona Prowico Il
- Highly Production of curing brines for |- Appearance: white |- Total count of - Container:
functional, injection and soaking. powder, microorganisms 25 kg white
highly soluble - Taste, flavour: /1g max. 10 000, | double bags,
protein made neutral, - Salmonella 750-1000 kg
from pork hides, - Particle size [% by /259 - absent, pallet,
- Gelling 100 micr.] 100, - Mould and - Storage: in dry
properties - Protein (Nx6.25)[%] | yeast/1g - rooms
after being 90-95, max. 100. (warehouse)
heated and - Fat [%] 5-10, at ambient
cooled, - Water [%] 1-6, temperature,
- Rehydration - Ash [%] 1, - Stability:12
1:20. - pH (1% solution) months
6.5-7.5, in a closed
- does not contain container.
GMO.

Current standards and directives for raw materials and finished products

EU standards'®'® applies to raw materials and finished products. These standards establish general
conditions for food industry companies in terms of foodstuff hygiene, in particular:

e responsibility of the manufacturer for food safety,

e obligation of the manufacturer to notify food control authorities on the establishment of each
manufacturing facility operating in the food industry (registration) and to update information on any
significant change in the manufacturing facility’s activity or its closure,

e in exceptional cases, apart from its registration, the manufacturing facility must be approved after

an inspection of its compliance with the relevant hygiene and sanitary requirements,

obligatory maintenance of the cold chain for foodstuffs which are to be kept at low temperatures,
obligatory implementation of procedures based on HACCP and good hygiene practice (GHP),
rules for food import and export,

general hygiene regulations for basic production and related activities (transport, storage,
processing of raw materials at the site of manufacture).

Only products of animal origin manufactured at manufacturing facilities that meet the requirements set
out in the Regulation' and other food laws, as well as products manufactured at facilities registered and
approved, if required, by the proper authorities, are allowed to be marketed. Annexes to Regulation of
the European Parliament and of the Council'® define requirements for specific products of animal origin
and for manufacturing facilities of foodstuffs of animal origin. Moreover, Regulation of the European
Parliament and of the Council® establishes import rules for products of animal origin. Inspections by
competent authorities for products of animal origin apply exclusively to the activities and persons to
which the Regulation™ applies. It establishes rules for the approval of manufacturing facilities and
assignment, and establishes procedures in case of non-compliance, and the import of products of animal
origin.

Competent authorities are authorised to inspect:

in-company control systems,

facility infrastructure,

raw materials, ingredients and other products used in the production process,
materials and devices intended for contact with food, cleaning and disinfection agents and methods,
labelling of pesticides, presentation and advertising,

hygiene conditions,

GMP/GHP, HACCP procedures,

documents and records,

interviews with entities and staff,

values indicated by measuring devices.

15-21

In addition, the applicable Polish regulations apply.

Patronem tohoto éisla je Ustav geotechniky SAV Kosice, www.saske.sk/UGT/,

poiadatel konference RECYKLACIA ODPADOV / WASTE RECYCLING XIV. WASTE FORUM 2010, éislo 4 strana 365



Agnieszka Makara, Marcin Banach: Properies and application of protein hydrolysates and dried protein

Conclusion

Protein hydrolysates and dried proteins exhibit specific valuable properties and are therefore widely
applied in food production to improve specific functional properties of foodstuffs. Protein hydrolysates
and dried powdery proteins can be produced from meat-and-bone tissue originating from pork and beef
half carcasses. This raw material has so far been utilized to a very limited extent only, due to limited
demand and absence of alternative applications, and has been virtually entirely disposed of.

Finished and semi-finished products made from meat are a perfect nutrient medium for
microorganisms, and this is why special qualitative requirements have been adopted for raw materials
and finished products. The relevant EU standards'®'® apply to specific raw materials and finished
products. These standards establish general conditions for food industry companies in terms of foodstuff
hygiene.
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Suhrn

V sucasnosti sa mikrovinny ohrev pri spracovani biomasy a odpadov najcastejSie vyuZiva pri
extrakcii a pyrolyze. Mikrovinna extrakcia v réznych rozpustadlach sa realizuje za uc¢elom ziskavania
organickych latok. Pyrolyza spociva v zohrievani biomasy bez pristupu oxidacnych cinidiel aZz na
teplotu, pri ktorej dbjde k uniku prchavych latok. V tomto prispevku st uvedené vysledky klasickej
a mikrovinnej extrakcie organickych latok z biomasy (irsti obecnej, slamy, vyliskov repky olejnej
a kukuri¢ného odpadu).

Je uvedena termicka analyza z vybranych druhov biomasy uréenych na klasicku a mikrovinnu
pyrolyzu.

Krucové slova: biomasa, mikrovinny ohrev, extrakcia, pyrolyza.

Uvod

Podstatou vyuzitia energetickych surovin si predovSetkym environmentalne a ekonomické
poziadavky. Z pohladu Slovenska ma vyuzitie biomasy vyrazny ekonomicky prinos. VAcSinu fosilnych
paliv v sucasnosti dovazame, ¢o zvySuje naSu energeticku zavislost. Na druhej strane mame dostatok
biomasy, ktoru zatial energeticky dostatone nevyuzivame. Premena biomasy na tepelnd energiu
prebieha dvoma zakladnymi cestami: termochemickou a biochemickou. Medzi termochemické spbsoby
zaradujeme priame spalovanie, pyrolyzu a splyriovanie. Pyrolyza spo€iva v zohrievani biomasy bez
pristupu oxidaénych ¢inidiel az na teplotu, pri ktorej déjde k Uniku prchavych latok. V praxi byva proces
pyrolyzy deleny do troch kateg6rii - nizkoteplotny (<500°C), strednoteplotny (500-800°C) a
vysokoteplotny (> 800°C). Pri pyrolyznom procese vznikaju spravidla 4 hlavné produkty: pyrolyzny plyn
(Hz, CO, CO,), organicky kvapalny produkt (oleje), tuhy zvySok a pyrolyzna voda.

KedZze ide o termicky proces, nuka sa moznost aplikacie mikrovinného ohrevu, pri ktorom dochadza k
priamemu ohrievaniu materialu v désledku interakcie molekul alebo atémov s mikrovinnym Ziarenim.
Transformacia elektromagnetickej energie na teplo je zavisla predovSetkym na velkosti dielektrickych
strat v ozarovanom materidle. Z technologického hladiska je nevyhnutna dostatoéna hibka prieniku
mikrovin do materialu vyjadrena vztahom:

p

c 1
2r.fal2e [m B 1]%

kde ¢’- redlna zlozka permitivity, tand - stratovy uhol, ¢ — rychlost svetla [m.s™],
f - frekvencia [Hz].

Narast teploty mézeme urcit pomocou vztahu:

pC, .% = A(KAT)+ P 2)

p - hustota [kg.m™], Cp - tepelna kapacita [J.K ~".kg™"], k - tepelna vodivost [W.m™".K™].
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V pripade mikrovinnej extrakcie Uc¢inok mikrovinnej energie je silne zavisly na povahe rozpustadla
a tuhej zlozky. Naj¢astejSie aplikované polarne rozpustadla dobre absorbuju mikrovinnl energiu a teda
dochadza k ich intenzivnemu ohrevu.

Mikrovinnou extrakciou organickych latok z réznych materidlov v réznych rozpustadlach za ucelom
ziskavania organickych latok sa zaoberali mnohi autori. Zubrik sa zaoberal extrakciou tetracyklického
diterpénu - 16a(H)-phyllokladanu z hnedého uhlia za pouzitia réznych extrakénych metod. Zistil, ze
mikrovinna extrakcia v porovnani s ostatnymi technikami ma jednu velkd vyhodu ato, Ze je ¢asovo
ovela menej naroéna’.

Pri mikrovinej pyrolyze biomasy je situacia zlozitejSia.Vo vacésine pripadov ohrevu r6znych druhov
biomasy nedochadza k ich vyraznému ohrevu v mikrovinnom poli, preto je potrebné pridat vhodny
susceptor, material dobre absorbujuci mikrovinni energiu. Pre ohrev biomasy je vhodny napr. uhlik,
umoznujuci dosiahnutie teploty v mikrovinnej peci az do 1000 °C za kratky ¢as. Proces pyrolyzy
prebieha v dvoch krokoch: v prvom kroku dochadza k absorpcii mikrovinnej energie uhlikom a
naslednému ohrevu biomasy. V druhom kroku dochadza ku karbonizacii biomasy, ktora prispieva k
efektivnejSiemu mikrovinného ohrevu.

V su€asnosti sa mikrovinny ohrev pri spracovani biomasy najcastejSie vyuziva pri extrakcii a pyrolyze.
Miura et al.? sa zaoberali pyrolyzou dreva. Ukazali, ze distriblcia teploty, prenos tepla a hmoty su
celkom odliné v porovnani s konvenénym ohrevom. Tsai et al.®> sa zaoberali problematikou pyrolyzy
biosurovin z polnohospodarskych odpadov (plevy z ryze, cukrova trstina) aplikaciou indukéného ohrevu.
Potvrdila sa pritomnost 21 polycyklickych aromatickych uhlovodikov (PAU) pouzitim GC-MS. Z
vysledkov vyplyva, Ze indukény ohrev je vhodny pre pyrolyzu biomasy. Huang et al.* sa zaoberali
problematikou mikrovinne indukovanej pyrolyzy ryZzovej slamy. Vysoky podiel vodika po pyrolyze je
potencialny zdroj pre paliva obsahujuce vodik. Termickym rozkladom uhlia a biomasy s pouzitim
termogravimetrickej analyzy sa zaoberali Li et al.”.

Experimentalna cast’
Material a metody

Klasicka a mikrovinna extrakcia organickych latok bola realizovana zo vzoriek trste obecnej, pSenicne;j
slamy, kukuriéného odpadu a vyliskov repky olejnej. Vzorky boli podrvené, mleté a presitované.

Vzorky uréené aj pre pyrolyzu boli analyzované pomocou termickej analyzy (DTA, DSC) bol pouzity
pristroj STA 449 C Jupiter (Netzsch). Podmienky merania boli: rychlost ohrevu 5 °C/min, argonova
atmosféra. Extrakcia organickych latok bola realizovana pouzitim metanolu a dichlormetanu ako
extrakénych Cinidiel. Pre klasicku extrakciu bol pozity vodny kapel, pre mikrovinni extrakciu bola pouzita
Specialne upravena laboratérna mikrovinna pec Whirlpool AVM 434 s max. vykonom 1000 W
a frekvenciou 2,45 GHz. Pokusy boli realizované v 500 ml varnej banke napojenej na spatny chladiaci
systém. Objem rozpustadla bol 200 ml, hmotnost' vzoriek bola 10 g, extrakény ¢as bol 20, 40, 60 min,
vykon mikrovinnej pece bol 500 W. Na mieSanie vzoriek poCas extrakcie bola pouzita magneticka
mieSacka MM1. Klasicka aj mikrovinna extrakcia prebiehala v bode varu luhovacieho €inidla. V pripade
klasickej extrakcie bol roztok vyhriaty do bodu varu a nasledne bola pridana vzorka.

Chromatograficka analyza bola realizovana na zariadeni HPLC-FLD Hewlett—Packard 1100
vybavenom s Hypersil Green PAH ( 250 x 2,9 mm, 5um ID). Simulacia mikrovinného ohrevu
rozpustadiel bola realizovana pomocou programu COMSOL Multiphysics.

Vysledky a diskusia
Mikrovinny ohrev rozpustadiel

Polarne rozpustadla absorbuju mikrovinné ziarenie, pricom dochadza k premene mikrovinnej energie
na tepelnu. Mikrovinné Ziarenie spOsobuje nielen rychly ohrev, ale méze dojst’ az k prehriatiu kvapaliny
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rozpustadiel v pripade klasického

("superheating”). Porovnanie teplét bodu pouzitych

a mikrovinného ohrevu je uvedené v tabulke 1.

varu

Tabulka 1. Teplota bodu varu extrakénych ¢inidiel ohrievanych konvenénou metodou
a mikrovinnou energiou

. Konvenény ohrev Mikrovinny ohrev )
Kvapalina T, [°C] T. [°C] T - Tk

Metanol 65 84 19

Dichlormetan 40 55 15

Teplota bodu varu pri mikrovinnom ohreve je podstatne vysSia ako pri klasickom ohreve. V tabulke 2
su uvedené hodnoty veli¢in, ktoré rozhodujucou mierou ovplyviujua mikrovinny ohrev rozpustadiel.

Tabulka 2. Fyzikalne vlastnosti chemickych rozpustadiel

. . Tepelna
Kvapalina Husto_t3a : Tan s Tepelna_1kap20|ta vodivost
[kg.m™] [J.K™.kg™] [W.m.K-]
Metanol 791 32,66 0,659 2547 0,21
Dichlormetan 1370 8,93 0,042 1190 0,122

Hibka prieniku mikrovin, vypoéitana podla vztahu (1) je v pripade metanolu 0,005 m v pripade
dichlormetanu 0,16 m.

Distribucia teploty (K) pri mikrovinom ohreve dichlormetanu uréena pomocou programu Comsol
Multiphysics je uvedena na obrazku 1 .

”

-

L]

: |
290

305 310 315

295 300

280 285

Obrazok 1. Distribucia teploty (K) pri mikrovinom ohreve dichlormetanu po 3 s ohrevu (polomer
sferického kontajneru 0,10 m)

Z obrazku je evidentné, ze teplota rozpustadla v strede sférického kontajnera je vyS$Sia ako na
povrchu.
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Extrakcia organickych latok

Trst’ obecna

Mikrovinna extrakcia vzorky o zrnitosti — 100 ym bola realizovana v metanole v bode varu.
Chromatografickou analyzou boli identifikované polyaromatické uhlfovodiky (PAU). Vysledky su uvedené
v tabulke 3.

Tabulka 3. Koncentracia PAU po mikrovinnej extrakcii

Cas Nap Acp PA FL Pyr CHR

[min] (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
10 0,020 0,041 0,032 0,013 0,017 0,006
30 0,017 0,016 0, 021 0,008 0,008 0,011
60 0,031 0,032 0,021 0,005 0,006 0

Legenda: naftalén (Nap), acenaftén (Acp), fenantrén (PA), antracén (Ant), florantén (FL), pyrén (Pyr),
chryzén (CHR)

V hodnotenej vzorke biomasy sa vyskytovalo 6 polycyklickych aromatickych uhlovodikov. V zavislosti
od Casu extrakcie sa koncentracia PAU menila. Pri porovnani prvych troch PAU (Nap — naftalén, Acp —
acenaftén, PA — fenantrén) sa znizila ich koncentracia s ¢asom extrakcie 30 min a potom sa zvysila
s predizenim &asu na 60 min. Dalsie tri PAU (FL — florantén, Pyr — pyrén, CHR — chryzén) mali mene;
vyznamné zmeny koncentracie v zavislosti od ¢asu extrakcie. Iba chryzén ukazuje zvySenie s ¢asom
extrakcie 30 min a potom extrémne znizenie s predizenim &asu extrakcie na 60 min. Bolo zistené, ze
s predizenim &asu extrakcie dochadza k degradécii PAU.

PsSenicna slama, kukuri¢ny odpad a vylisky repky olejnej

Vynosy po klasickej a mikrovinnej extrakcii slamy a kukurice zrnitostnnej triedy - 0,5 mm a repky
0 zrnitosti - 1 mm s uvedéné v tabulke 4.

Tabulka 4. Extrakcia organickych latok

Vzorka Zrnitost' | Cas ohrevu | Luhovacie Vynos [%]
/mm/ /min/ ¢inidlo Klasicky ohrev MW ohrev
kukuri¢ny odpad -0,5 20 metanol 4,308 4,059
pSeni¢na slama -0,5 20 metanol 3,98 4,349
pSeni¢na slama -0,5 40 metanol 4,876 4,443
pSeni¢na slama -0,5 60 metanol 4,49 4,181
vylisky repky olejnej -1 20 metanol 18,499 19,618
pSeni¢na slama -0,5 20 dichlormetan 4,969 4,686
vylisky repky olejnej -1 20 dichlormetan 7,325 8,74

Vynosy organickych latok v pripade klasickej a mikrovinnej extrakcie su porovnatelné. V pripade
vyliskov z repky olejnej bola podstatne vysSia vytaznost v pripade pouzitia metanolu ako rozpustadia.

Termicka analyza
Predpokladom spravnej volby parametrov pyrolyzy biomasy su poznatky ziskané zich termickej

analyzy. Krivky TG a DSC pre pSeni¢nu slamu, kukuriény odpad a vylisky z repky olejnej s uvedené na
obrazkoch 2-4.

Patronem tohoto éisla je Ustav geotechniky SAV Kosice, www.saske.sk/UGT/,
poradatel konference RECYKLACIA ODPADOV / WASTE RECYCLING XIV. WASTE FORUM 2010, éislo 4 strana 371



Marek Matik, Michal Lovas, Ingrid Znamenaékova, Silvia Cuvanova, Stefan Jakabsky, Anton Zubrik: Aplikacia
mikrovinej energie pri spracovani biomasy

Temp. /°C
TG I% DSC /(mW/mg)
Te
100 0 1000
90
800
80
70 600
60
400
50
40 200
0 50 100 150 200 250 300
Time /min
Obrazok 2. Termicka analyza psenicnej slamy
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Obrazok 3. Termicka analyza kukuriéného odpadu
Temp. /°C
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Obrazok 4. Termicka analyza vyliskov repky olejnej

Na obrazkoch 2-4 krivky TG zobrazuju pokles hmotnosti vzoriek v zavislosti na ¢ase resp. teplote. Pri
teplote 100°C zacina odparovanie vody, o sa prejavuje miernym poklesom hmotnosti vzoriek.
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Termogravimetricka analyza vzoriek ukazala, Zze k termickému rozkladu dochadza pri teplote
okolo 200°C, kedy dochadza k odpareniu viazanej vody a k postupnému Uniku pyrolitickych plynov.
Intenzita rozkladu sa postupne od teploty asi 400°C vyrazne znizuje. Priebeh DCS kriviek pre skimané
vzorky je priblizne zhodny. Z DSC kriviek mbézeme vidiet, Ze tepelny prud nie je konstantny a od teploty
asi 400°C sa vyrazne meni.

Zaver

Efektivnou mikrovinnou extrakciou boli ziskané PAU z mechanicky aktivovanej vzorky trste obecne;j.
Bola realizovana klasicka a mikrovinna extrakcia organickych latok z pSeni¢nej slamy, kukuriéného
odpadu a vyliskov repky olejnej. Pre Ucely pyrolyzy bola realizovana termicka analyza uvedenych
vzoriek. K najvyraznejSiemu termickému rozkladu dochadza v intervale tepl6t 200 — 400 °C. Uvedené
poznatky budl vyuzité pri klasickej a mikrovinnej pyrolyze vzoriek odpadovej biomasy.
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Application of microwave energy for processing biomass

Marek Matik?, Michal Lovds?, Ingrid Znamendékova®, Silvia Cuvanova®, Stefan Jakabsky?,
Anton Zubrik®

@ Institute of Geotechnics of SAS, Watsonova 45, 043 53 KoSice, Slovak Republic
Summary

Microwave-induced heating is mostly used for extraction and pyrolysis in biomass and waste
treatment. Microwave extraction of organic compounds is achieved using different solutions. In pyrolysis
process, the biomass is heating without oxidant to temperature, when volatile matter is escaped. The
results of conventional and microwave-induced extraction of organic compounds from biomass (straw
and corn wastes) are presented in this paper.

The thermal analysis of selected sort of biomass suitable for conventional and microwave-induced
pyrolysis is also mentioned.
Keywords: biomass, microwave heating, extraction, pyrolysis.
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Abstract

The hides and skins are a very valuable raw material for leather industry. Unfortunately, tanning uses
only about 50% of the material. The remainder becomes a waste, which must be disposal. The
physicochemical as well as thermal stability characteristics of leather waste, non-tanned hide waste,
leather waste and sludge from tannery wastewater treatment plant for the thermal processing have been
made. Possibility of energy recovery and harmfulness of generated ashes for environment were
estimated. It was stated that the process enables the energy recovery from the waste. It may be used for
technological heat production, for example to combusted material pre-heating, water heating or steam
production. The ash containing mainly Cr-Os; and calcium and iron compounds can be used as a
substitute of chromic ore in sodium chromate(VI) production.

Keywords: leather industry waste, thermal treatment, waste utilization, heat recovery

Introduction

Raw hides and skins processing to leather causes the generation of wastes. One tonne of wet salted
hides yields 200 kg of leather, ca. 250 kg of tanned solid waste, ca. 350 kg of non-tanned waste; and
100 kg sludge from wastewater treatment plant'. Their characteristics depend on kind and quality of
hides and the requirements of the final product.

So far leather industry waste management involves partial utilization of the waste and mainly their
storage. Non-tanned waste has been used as a raw material for glue, gelatine, technical fats, protein
sheaths, feed and fertilizers. Nowadays, because of BSE-related restrictions such waste became
unusable. Other wastes for various, mostly economic reasons are not treated. Applying the tanned
leather waste to secondary leather production as a result of Western companies competition are
unprofitable in Poland®. In such a situation the disposal of the waste from tanneries becomes significant
problem and development of new optimal guidelines of this waste utilization is a current issue.

The waste products contain high concentrated organic compounds, which posses the high values of
combustion heat. On the other hand, tanneries consume more than 30 kW energy to produce a single
completed hide®. The considerable amounts of energy accumulated in tannery wastes are not yet
recovered being mainly on landfill. The implementation of their thermal treatment offers significant cost
benefits in terms of energy generation and waste disposal and increase sustainability within the industry.

The thermal processing can be one of the effective methods of waste utilization. Although, it requires
the physicochemical and thermal characteristics of materials. This process generates solid residues
(ashes) and besides exhaust gases. It can cause formation more concentrated toxic components or new
substances far more harm for the ecosystem and threaten human health.

The main aim of our investigation is characterization of the tannery wastes, estimation energetic
effects of waste combustion and finding of solid residues/ashes utilization method . In particular, we
focused our attention on the practical aspects of waste application.

Patronem tohoto éisla je Ustav geotechniky SAV Kosice, www.saske.sk/UGT/,
poradatel konference RECYKLACIA ODPADOV / WASTE RECYCLING XIV. WASTE FORUM 2010, éislo 4 strana 374



Katarzyna Fela, Krystyna Wieczorek-Ciurowa, Michal Konopka, Zenon Wozny, Adam Tabor: Leather industrial
waste charakteristics for the thermal processing

Experimental

Materials

Different types of real tannery wastes i.e. flashing, skin and leather trimmings, shavings, buffing dust
and wastewater sludge were investigated. They derived from one of the biggest tannery in Poland.

Combustion tests
The attempts of mentioned above waste combustion were provided in a laboratory muffle furnace in
air, at 850°C. The ash samples were used for chemical analyses.

Apparatus and procedure of analysis

Thermal analyses were carried out on a thermoanalyzer Universal V2.3C TA Instruments. Records
were obtained with samples heated in air up to 1000°C at a rate of 20°C min™' in an open platinum
crucible.

The combustion heat value measurements were made using calorimeter KL-12Mn, according to the
applicable standard PN-86/C-04062.

X-ray powder diffraction patterns were obtained with a Philips X'Pert diffractometer using CuK,
radiation in the range of 26 = 10-60°.

XRF-spectra were obtained with a PW4030 (MiniPal 4) spectrometer.

Results and discussion

Non-tanned hide waste

The basic tanning process is preceded by many chemical processes and mechanical operations in
following sequence: soaking, liming, fleshing, splitting, deliming, defatting and pickling. This procedure
aims at skin, hair, fat and needless tissue removal and giving proper shape of the hide. Water with Na,S
or NaOH addition, lime, lactic acid and ammonium salts and NaCl solution are applied to chemical
treatment, respectively.

The mentioned processes generate currently useless wastes - fleshings and hide trimmings, which
compositions are similar to raw hides. Main components are as follows: water, proteins, fat and minerals,
compounds of Ca (mainly) and P, K, Cl, S and Fe (in trace amounts).

Thermal analysis of the waste samples was provided to estimate the changes of these materials
during their thermal treatment. Thermoanalytical curves are shown in Fig. 1.
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Fig. 1. The TG/DTG-DTA curves of waste: A — fleshings, B — hide trimmings

The thermal treatment of non-tanned wastes gives ca. 95% weight loss. It is water removal,
evaporation of volatile organic compounds and combustion of gases and solids. Loss of capillary and
micellary (intracellulary) water occurs to 150°C with strong endothermic effect in 72% wt. for hide
trimmings and 39% wt. for fleshings. After it, evaporation and incineration of the volatile organic
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compounds take place. The ignition effect occurs at about 300°C in both causes. The combustion of
solids is at about 500°C.

Tanned leather waste

Tanning is the main process of leather dressing. Many inorganic chemicals, such as chromium(lil),
zirconium(1V), aluminum(lll), iron(lll), titanium(IV) compounds and organic, for example formaldehyde,
glutharaldehyde have tanning ability. However, in most of the tannery chrome worts are applied.
Chromium(lll) ions with aminoacids form internal complexes causing the collagen fibers stabilization and
leather persistence.

The tanned hide wastes are as follows: shavings, leather trimmings and buffing dust. They consist of
the hide components and elements introduced during the tanning process.

Fig. 2 illustrates mass changes and the thermal effects during heating to 1000°C for three types of
waste.
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Fig. 2. The TG/DTG-DTA curves of waste: A — leather trimmings, B — buffing dust,
C — chrome shavings

For leather trimmings and buffing dust two decomposition stages to 415°C can be clearly
distinguished. They can be interpreted as moisture removal in 10-14% wt. to 130°C and organic
substances combustion with mass loss above 80% wt.

Thermal transformations of chrome shavings i.e. by-products of hide tanning process are somewhat
different than in the case of leather trimmings and buffing dust. They are similar to changes observed for
non-tanned wastes. The process is multi-stage; moisture removes in 42% wt. to 130°C, above 200°C
subsequent mass changes appear: removal of micellar water and volatile compounds and solid
combustion.

Sludge from wastewater treatment

Most of raw hides pretreatment and tanning processes are carried out in water solutions. Therefore
the wastewaters of diverse composition are generated. This wastewater treatment is source of large
amount of sludge which is formed in the precipitation processes with using i.g. lime, whitewash, sodium
hydroxide, sodium carbonate, portland cement. It contains precipitated pollutants, such as heavy metals
(Cr, Fe) hydroxides and organic compounds.
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Fig. 3. The TG/DTG-DTA curves of sludge from wastewater treatment plant
TG/DTG-DTA curves shows that during thermal treatment the sludge is decomposed due to moisture

evaporation, organic substances oxidations and chemically bounded water removal.

Heat combustion values of tannery waste
Amounts of wastes generated during 1 tonne cow hide processing, values of combustion heat of
these wastes and energy demanded for their drying (moisture removal) are in Table 1.

Table 1. Characteristics of some tannery wastes

Waste amount, Heat of water Heat of combustion
No Kind of waste kg/1 tonne of removal, MJ/kg ’
hide MJ/kg
1.  Hide trimmings 260 6.62 24.2
2. Fleshings 300 1.69 27.0
3. Shavings 150 1.91 19.4
4. Leather trimmings 9 0.29 23.6
5. Buffing dust 0.1-0.2 0.42 21.4
6. Sludge from wastewater i 390 58

treatment plants

All leather industry wastes have high combustion heat comparable to high-quality steam coal. They
are the highest for non-tanned hide waste and exceed 24 MJ/kg of dry matter. Tanned hide wastes have
slightly lower values of combustion heat (from 19.4 to 23.6 MJ/kg). Sludge from wastewater treatment
plant has the lowest values of combustion heat. The differences in these values are because of different
contents of organic compounds in the material.

Because of high moisture in the waste, for the energetic assessment of the thermal treatment of these
materials it should be taken into account the amount of heat of water heating and subsequently its
evaporation. The balance is advantageous. In the case of sludge, heats of combustion and water
removal are comparable. In another cases the heats of combustion far exceed the energy demanded for
these materials drying.

Ashes from the tannery wastes thermal treatment

Combustion of all kinds of tannery waste results in their mass reduction. It is caused by water removal
and organic compounds conversion to gaseous products (mainly CO, and H,O). The exhausted gases
after purification are emitted to atmosphere. The ashes should be, if possible, utilized.

The results of elemental and phase analyses of ashes from combustion processes of individual
leather industry wastes are presented in Fig. 4 | and Il.
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Fig. 4. XRF-spectra (I) and X-ray diffraction patterns (ll) of ashes from combustion processes of
individual leather industry wastes: A — hide trimmings, B — fleshings,
C - shavings, D — leather trimmings, E — buffing dust, F — sludge

It can be seen that the spectra of ashes from fleshings and hide trimmings combustion process show
lines of Ca, Fe, S, P and Si. Calcium compounds are the main component of the samples. Other
elements exist as traces. Moreover, in hide trimmings samples, the presence of Cl was stated.

The solid residue from chromic tannery waste combustion is green-coloured what suggests the Cr(lll)
presence in the sample. It was confirmed by XRF analysis results. In the samples of tanned hide wastes
ashes small amounts of Fe, Ca, S, K, Si, Al and Ti are also identified.

The ash of sludge from wastewater treatment plant differs from the other ashes. It contains large
amounts of calcium and relatively high concentrations of Fe and Cr. Moreover, presence of S and Si was
stated.

The recorded diffractograms exhibit the presence of chromium(lll) oxide, which exists in the materials
after combustion of tanned leather waste (leather trimmings and buffing dust). The main crystalline
component of non-tanned tannery waste ashes is lime. Phosphorus and iron compounds are present. In
ash after combustion of fleshing Fe;(PO,). phase is identified and for hide trimmings ash — Ca;o(PO4)sS.
The ash sample of sludge from tannery wastewater treatment plant was identified as a mixture of CaO,
CaS0O, and CayFe,0Os. In solid residue from non-tanned waste and sludge combustion presence of
chromium compounds is not revealed. In tested materials SiO, as a natural impurity of the waste — sand
was also present.

The study on modification of sodium chromate(VI) production technology indicates on the possibility
of chromic ore substitution of chromic waste. The waste, in order to be used in this process, must fulfil
several conditions according to factory standards. There are as follows: chromium content >3%; SO,*
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<25%, CI" <3.5%, colouring metals such as Cu, Ni, Fe <1% (in relation to Cr), Cd and Pb below 0.01%.
The chromic waste should be also characterized by ignition losses at 1000°C not exceeding 40%.

All these requirements are met by ashes from combustion process of leather industry waste.
Therefore they can be recycled to the mentioned process.

Conclusions

Thermal treatment of the leather industry waste due to their physicochemical properties seems to be
preferred method of their disposal.

The tannery waste combustion offers the possibility of tanneries environmental problem solution by
diminishing of the waste amounts as well as the heat recovery. The energy can be used for technological
heat production and ashes containing chromium(lll) and calcium compounds can be used in sodium
chromate (V1) production technology”.
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Abstract

Meat waste can be considered as one of the alternate sources of phosphorus compounds. Physico-
chemical investigations of bone waste, generated by meat industry, revealed that phosphorus content
(14%) was on the level of that of typical rock phosphates, while Ca was on the level of 23%. A method of
thermal utilization of bone by-products in a rotary kiln has been developed. Incineration of bone yields
pure hydroxyapatite. That can be utilized as a source for the phosphoric acid production. It is
characterized by quite a high level of phosphorus (~ 16% P) and minimal impurity content. In the present
paper some results on thermal treatment of bone wastes, derived from meat industry, and utilization of
ashes, obtained through bone wastes incineration

Key words: meat waste, phosphorus recovery, thermal utilisation

Introduction

About 18min t/year of meat wastes, containing phosphorus compound, are generated by the meat
industry in the European Union countries. That sort of waste can be an alternative source of phosphorus,
while the amount of natural phosphate rock is in continuous depletion'. According to the “cleaner
technology” rules, more considerations has been given to the substitution of natural raw materials for
wastes and for preventing the waste release in the environment'?.

Practical processing of meat industry wastes is regulated by European Union law>®. According to the
law, the wastes are divided into categories depending on the risk of infectious disease. Wastes such as
meat-bone crushes and all kind of animal parts that may generate potential risk of CJD disease belong
to the 1% category of high risk>®.

The only possible method, enabling neutralisation of these wastes, is thermal treatment at
temperatures higher than 850°C. Wastes of the 2" category are side products derived from animals
(droppings, enteron content), sludge from slaughterhouse sewage utilisation, and animal products
containing veterinarian medicines. Wastes of this category have to be utilised in incinerating plants, too.
Bone sludge (protein-free and fat-free bones) - skin, hoofs, horns, pigs bristle, feathers, blood recovered
from other than ruminant animals, parts of the animals suitable for consumption, and those, though
discarded by the people, estimated as no causing danger of a disease transfer from animal to human
being belong to the 3™ category of wastes. They can be utilised thermally or processed into biogas or
compost.

Sewage treatment — a source of sewage sludges

Bone tissue, beside the meat tissue, is the main constituent of the wastes, generated by
slaughterhouse”®. The bones, after removing metallic pieces and partition into smaller parts, are
subjected to hydrolysis®. The hydrolysis results in “protein hydrolysate” and bone sludge. Chemical
composition of sludge, obtained from different sorts of bone, does not differ much (Table 1). Phosphorus
content (~ 14 %) is at the level of that in phosphate rocks. The investigated in our laboratory bone sludge
(a mixture 1:1:1 by weight), composed of pig legs, pig bones and ox bones contained pieces from a few
to dozens cm in large. Composition (wt.%) of the sludge was: H,O ~ 7.0; organic matter ~ 16.1 (in wet
mass), ~ 17.3 (in dry); fat = 2.98; protein = 14.29; phosphorus P ~ 13.1 (in wet mass), ~ 14.1 (in dry);
CaO ~ 35.7 (in wet mass), 38.4 (in dry)®. Combustion energy determined using calorimeter KL-12Mn
(Precyzja-Bit Company) = 7.90 MJ/kg® .
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Table 1. Chemical composition of bone sludge

Content [%]
Sludge of H.O P Ca Fat Proteins
Ox bones 7.07 1412 25.8 2.37 20.38
Pig bones 6.53 14.09 22.8 3.13 24.04
Pig legs 7.06 13.98 20.6 2.89 18.69

X-ray diffraction analysis, (XRD), using Philips X'Pert diffractometer, equipped with graphite
monochromator PW 1752/00, revealed that hydroxyapatite, (HA), is the only crystalline phase in bone
sludge (Figure 1).
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Figure 1. X-ray diffraction pattern (XRD) of bone sludge

Result of thermogravimetric analysis, (TGA), using simultaneously recorded DTA-DTG system SDT
2960 TA Instruments, is showed that, there are three steps of bone sludge decomposition in the air while
temperature has been increasing. Combustion of the organic matter is performing up to ~ 600°C. The
endothermic effect around 800°C is likely to be associated with CaCO3; decomposition.

Physico-chemical properties of the ashes obtained in stationary chamber

oven

The temperature for bone sludge incineration (600-950°C) was selected on the basis of our former
investigations on incineration of municipal sludge and effects of temperature on properties of the ashes
obtained. First, the sludge of the individual bone (pig bone, pig legs or ox bone) was dried at 105°C. To
prepare the mixture of the weight ratio of 1:1:1 the three sorts of dried sludge were mixed. About 150
grams of the mixture was placed in a quartz crucible and incinerated in the oven in the air atmosphere
for 3 hours. The X-ray diffraction picture of the ash obtained is presented in Figures 2.
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Figure 2. XRD of the ash obtained by the sludge incinerated in the air at 600°C

Results of grain size analysis are presented in table 2, chemical composition in table 3, while the amount
of phosphates soluble in different medium in Table 4.
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Table 2. Grain size analysis of the ashes obtained by incineration of bone sludge

T —
Fraction [mm] Coné%gtgc[;b] in the aggolgcnlted at terggggca;ture
below 0.1 58.9 53.0 57.8
0.1-0.16 9.5 6.0 5.2
0.16-0.25 24 .4 29.2 20.1
above 0.25 71 11.8 16.9

Table 3. Chemical composition of the ashes derived from bone sludge
after incineration at 600-900°C in stationary chamber oven

Incineration : Phosphorus content : o

temperature IX\’sesI%t}t] %] Calcium content [%]
[5C] 1 by [ie] by [14] by [16] by [14]
600 33.6 17.8 17.8 38.4 39.1
650 33.6 18.0 17.8 38.3 39.0
700 33.8 18.1 17.9 38.2 38.4
750 33.8 18.2 18.0 38.6 38.7
800 33.8 18.4 18.0 39.0 39.1
850 34.0 18.5 18.2 39.4 39.3
900 34.0 18.5 18.3 39.5 39.2
950 34.2 18.5 18.6 39.5 39.4

Table 4. Chemical analysis of phosphorus in ashes obtained from bone sludge
after incineration at 600-950°C in stationary chamber oven

. . Total Phosphorus
Incineration Phosphorus p
temperature phospthortus solublg in 0.4% sol;:b_le '".g%

[°C] cczn en HCI [% P,05] cnornc aci
[% P] [% P,05]
600 17.80 15.30 15.20
650 17.90 15.60 15.40
700 18.00 15.50 15.50
750 18.10 15.70 15.30
800 18.20 15.90 15.20
850 18.35 15.90 15.30
900 18.40 16.10 15.90
950 18.55 16.40 16.00

The data presented in table 3 indicate that calcium and phosphorus content (~ 18.5% and 38.5%
respectively) in the ashes is on the similar to that of typical phosphate rock level, and an increase in P
and Ca content with incineration temperature is not very significant. The results presented in Table 4
prove that phosphorus in analyzed ashes is easily available for plants.

Incineration of bone wastes in enlarged laboratory scale rotary kiln

Experimental rotary kiln was constructed in PPUH Duda-Bis Plant in Sosnowiec (Poland) according to
the principles developed in our laboratory. The length of chamber is 1120 mm, the diameter is 150 mm.
The oven is equipped with gas heater. The temperature was measured at the outlet wall of the kiln. The
kiln was rotating 1.25 rpm. Mean feeding rate of material was 42 g/min. Gas flow velocity was 2.97 m%h
for 600°C, 3.36 m*/h for 800°C and 3.48 m*/h for 950°C.

Material for incineration used was bone sludge = S, bone pulp = P and their mixtures having ratio by
weight: 1P/2S, 1P/1S and 2P/1S. The bone sludge, containing pieces below 1cm large and organic
matters ~ 17 % in dry substance, was a mixture (1:1 by weight) of pig legs and ox bones. Typical bone
pulp contains pieces from a few to dozens of cm large and ~ 37 % of organic matters in dry substance.
Chemical composition of sludge and pulp is presented in table 5°.
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Table 5. Chemical composition of the bone sludge and pulp

Content [%] Bone sludge Bone pulp
Water 7.07 55.0
Phosphorus 14.10 10.73
Calcium 25.79 29.25
Fat 3.0 2.98
Protein 20.0 14.29

The ashes obtained after incineration were subjected to phase analysis. Phosphorus content and
rate of decomposition was also determined.

The ash obtained at 800°C, contains white large pieces. Uniformity in the whiteness of ash suggests
the absence of unburned organic substances. On the other hand, the ash obtained at 600°C is
composed of gray, small grains (Figure 14-right). That suggests that the incineration temperature is likely
to be low. Content of heavy metals (Cd, Hg, As, Cr, Pb, Cu) determined by AAS method, using Perkin
Elmer AAnalyst 300, was below 0.1 ppm °.

Total phosphorus content, phosphates soluble in 0.4% HCI and soluble in 2% citric acid as well as
calcium content in bone and bone-pulp ashes incinerated in rotary kiln at temperature of 600°C, 800°C
and 950°C are shown in Tables 6-8. The total content of P,Os is on the level of 40%. It is interesting that
almost total phosphate is soluble in 0.4% HCI. That was not observed in the ashes obtained in stationary
chamber oven®. Ca content in the ashes analyzed is on the level of 39.5%, and that corresponds to
stoichiometric hydroxyapatite Cas(PO,4);OH.

Table 6. Phosphorus content in ashes, incinerated in rotary kiln at 600°C

Incinerated P,05[%]
material Total Soluble in 0.4% HCI | Soluble in 2% citric acid
Bone pulp 41.0 39.4 17.3
1 pulp : 2 sludge 41.4 37.5 19.0
1 pulp : 1 sludge 40.0 38.0 18.0
Pulp : 1 sludge 39.6 38.6 18.3
Bone sludge 39.0 35.5 19.6
Table 7. Phosphorus content in ashes incinerated in rotary kiln at 800°C
Incinerated P,0s5 [%]
material Total Soluble in 0.4% HCI | Soluble in 2% citric acid
Bone pulp 41.6 40.5 15.4
1 pulp : 2 sludge 41.3 39.7 14.7
1 pulp : 1 sludge 41.0 40.2 14.8
Pulp : 1 sludge 41.2 39.6 14.9
Bone sludge 40.6 40.2 14.3
Bone pulp 950°C 41.7 39.9 15.0
Table 8. Calcium content in ashes obtained in rotary kiln
Incinerated material Temperature Content of Ca [%]
Bone pulp
1 pulp : 2 sludge 39.5
1 pulp : 1 sludge 600°C 395
Pulp : 1 sludge 39.6
Bone sludge 39.5
Bone pulp 39.7
1 pulp : 2 sludge 39.5
1 pulp : 1 sludge 800°C 39.5
Pulp : 1 sludge 39.5
Bone sludge 39.6
Bone pulp 950°C 950°C 40.0
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Conclusions

Studies of physicochemical properties of bone-wastes from meat industry have shown that
phosphorus content was ~14% and it is on the level of phosphorus in typical phosphorite used in the
production of phosphoric acid; calcium contents were to 23%. Research of bone-wastes calcined in a
stationary laboratory furnace at temperatures 600-950°C made it possible to determine parameters of
thermal utilization of deproteinated bone sludge. The obtained ash contained mainly crystal phase of
hydroxyapatite with traces of sodium, aluminium and silicon. Average content of phosphorus was ~16%
and calcium 39%. Bone ash is a homogeneous raw material in terms of chemical composition and
physical properties. This product could be a good raw material for the production of phosphorus
compounds.
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Abstract

In this paper authors presented possibilities of sewage sludge from waste water treatment plant
in Bochnia, Poland, utilization as a fuel. Yearly about 350 tones (dry mass) of sewage sludge
are produced. Alternative fuel produced on basis of sewage sludge consists also of saw dust
and wooden chips. Net calorific value of this fuel is 12 MJ/kg, gross calorific value is 15 MJ/kg.

Key words: sewage sludge, fuel from waste, energetic utilization of waste, City of Bochnia,

Introduction

Great progress in technology and big investments in the area of preserving potable water causes that
larger and larger amounts of sewage sludge from wastewater treatment plant are produced. These
sewage sludges are currently mainly landfilled. This causes that one of the main issue is to management
of sewage sludges.

Waste-to-energy (WTE) is the process of creating energy in the form of electricity or heat from the
waste incineration; it is the form of energy recovery.

Many countries, whether members of EU or not, have in general adopted and implemented EC policy
on waste. The general emphasis for waste management is to increase diversion from landfill and
maximize all forms of recycling and recovery including recovery of energy. Waste to Energy has an
important role to play in dealing with the municipal waste stream.

In 1994 and 1999 two directives aiming the increase the recycling and recovery of packaging waste
(Packaging and Packaging Waste Directive) and to divert biodegradable municipal waste away from
landfill (Landfill Directive) were introduced. Structural Indicator published by Eurostat shows the landfill
rate of wastes in 2006 41% for the EU27. Incinerating of waste with energy recovery is assumed to
reach 23% in 2020.

The aim of this paper is to show the technology of Solid Recovery Fuel (SRF) production on
the base of sewage sludge and several additives (as saw dust and wooden chips) Sewage sludge
can be disposed of in its raw form, but it is generally treated prior to disposal or recycling. The disposal
of sewage sludge presents a major problem and generally accounts for half the overall costs of sewage
treatment. Sludge treatment is generally carried out using one of the following methods:

- Dewatering - the water content of the sludge is reduced through centrifugal treatment or filter
pressing.

- Thickening - the solidity of the sludge can be increased by drying it in the sun or using gravity and
mechanical dehydration techniques. Other less commonly used methods include ultrasound and
freeze-drying.

- Digestion - organic matter is broken down by bacteria and micro-organisms to produce methane gas
for energy production.

- Thermal drying - reduces the sludge content to approximately 80% solids.

- Lime treatment - the addition of lime to lower the acidity for a specified length of time, which
produces a material for use as an agricultural liming agent.

- Composting - the biological treatment of sludge using composting techniques to produce a stabilized
material with high dry solids content.
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Over 60,000 toxic substances and chemical compounds can be found in sewage sludge and each
year 700-1,000 new chemicals are being developed. The heavy metal content in sewage sludge (copper,
nickel, zinc, cadmium, mercury, lead and chromium) present major restrictions to the use of sewage
sludge in agriculture. Some towns associated with a particular industry have high levels of metals linked
with that industry in their sewage.

Sludge dewatering

Sewage consists of waste water from domestic, trade and industrial sources as well as rainfall and
surface water. It contains faeces and urine as well as other solid material. A sewage treatment works
initially separates solids from the liquid through a process of primary treatment, involving both
screening and passing the sewage through large settlement tanks where approximately 70% of material
sinks to the bottom

Many sludges are treated using a variety of digestion techniques, the purpose of which is to reduce
the amount of organic matter and the number of disease-causing microorganisms present in the solids.
The most common treatment options include anaerobic digestion, aerobic digestion, and composting.

Preliminary treatment process

Mechanical dewatering

The first stage in the solid recovery fuel process is the requirement to dewater the sludge i.e. to
reduce the water content. This allows for easier processing of the sludge and less energy requirements
for the incinerator to deal with this excess water. Incoming sludge usually contains around 6% dry solids
content (d.s.) and 94% water content. For incineration purposes you have to dewater the sludge to
produce a cake of around 28% d.s. Since sewage sludge plant performs best in continuous mode of
operation, whatever dewatering plant is ought to have the features of continuous operation and control.
In principle this will favour the selection of centrifuges or filter belt presses.

The composting process

The aim of composting process is to stabilize the sludge and deodorize them; the sludge is dewatered
to approximately 35% d.s. This allows the sludge to be self-supporting in a pile or stack and so facilitate
composting. It is then mixed with a bulking agent to dry out the blended mix. Bulking agents can be
sawdust, leaves, paper and solid waste however wood chips are the most common. It is mixed in a ratio
of three parts wood chips to one part sludge to achieve 55% d.s. There are three main composting
systems: traditional wind-row, aerated static pile, in-vessel

Thermal drying

Thermal drying with incineration of the refuse-derived fuel (RDF) works by dewatering the sludge to a
solids content of 25-32% d.s. using centrifuges or filter presses. The sludge cakes are then thermally
dried to 90-95% d.s. This fuel can be used in a coal fired power station where it is mixed with coal to a
mixture of 99% coal and 1% RDF. Depending on the type of sludge, the calorific value of this RDF can
be similar to brown coal. The main problem in this process is odors from the thermal drying.

Experimental Part

One of the alternative waste-to-energy concepts is the production of SRFs, derived from mixed- or
mono-waste streams, and their cofiring with fossil fuels in existing facilities, such as cement kilns or coal-
fired power plants. The substitution of fossil fuels by SRFs brings significant environmental benefits,
such as savings of valuable resources and reduction of carbon dioxide emissions. The biomass content
of SRF is also of high importance for the characterization of the specific fuel because of its correlation
with the estimated CO, reduction potential.

Solid Recovered Fuel was processing from treated sewage sludge from Bochnia wastewater
Processing Yearly in Bochnia about 350 tones (dry mass) of sewage sludge are produced
Plant mixed with sawdust and wooden chips. Tables 1 and 2 show analysis of sewage sludge.
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Table 1. Analysis of sewage sludge originating in Bochnia

. Sample
L. Parameter Unit After drying | On lagoon Limit
1 pH - 10.5 6.8 -
2 Dry mass % d.s. 35.5 35.5 -
3 Organic substance % d.s. 43.7 46.6 -
4 Nitrogen (N) % d.s. 2.9 1.6 -
5 Phosphorus (F) % d.s. 3.3 3.3 -
6 Calcium (Ca) % d.s. 2.4 2.7 -
7 Magnesium (Mg) % d.s. 0.33 0.36 -
8 Lead (Pb) mg/kg d.s. 75.6 87.6 500
9 Cadmium (Cd) mg/kg s.m. 3.6 3.4 10
10 Mercury (Hg) mg/kg s.m. 0.6 2.6 5
11 Nickel (Ni) mg/kg s.m. 22.8 30.6 100
12 Zinc (Zn) mg/kg s.m. 1183 1257 2500
13 Copper (Cu) mg/kg s.m. 103 206 800
14 Chrome (Cr) mg/kg s.m. 36.1 118.3 500
Table 2. Net calorific value of sewage sludge
L | Material Flammable substance content |Net calorific value
p- [%] [kJ/kd]
1. | Fat and surface scum 88 38 750
2. | Screenings 74 24 000
3. | Dirtied sand 33 4 000
4. | Preliminary settling
- raw 25 560
- after digestion 60 —80 11 620
- chemical 16 270
5. | Activated sludge 70 —-80 20 920
6. | Final sludge 65 —80 19 00

Alternative fuel on the basis of sewage sludge.
Fuel was produced from sewage sludge after digestion with addition of sawdust, wooden chips.
Energetistic properties of samples of state fuel were examined.
Fuel was produced from the following components:
1. Saw dust — 50%,
2. Wooden chips — 20% - 25% ,
3. Stabilized sewage sludge - 25% - 30%.
Energetic properties of obtained fuel are presented in Table 3.

Table 3. Energetic properties of SRF

Parameter unit Solid Recovered Fuel | Solid Recovered Fuel
Grain composition Grain composition
2- 8 mm 5-50 mm

W - moisture % 14.3 11.2

A — ash content % 171 11.0

Q — net calorific value | kd/kg | 12 227 14 052

S — sulphur content % 0.03 0.03

Table 4 shows characterizes of alternative fuel produced on the basis of sewage sludge.
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Table 4. Characteristic of Solid Recovered Fuel

Parameter Unit Solid Recovered Fuel Solid Recovered Fuel
Grain composition Grain composition
2-8 mm 5-50 mm

Grain composition mm 2-8 5-50

Bulk density d.s. Kg/m® 200 - 300 200 - 400

Moisture % 30.0—-47.0 25.0—4041

Ash % 10.6 7.4

Net calorific value kd/kg 13 471 15 461

Sulphur % 0.03 0.03

Carbon % 50.0 49.0

Hydrogen % 7.30 5.60

Nitrogen % 2.0 1.8

Results and discussion

Thermal utilization of sewage sludge is perspective method. One should choose this method because
of economical facts and formal requirements (among others: there should be less than 5% of organic
substances in waste stockyard).

Thermal utilization requires decrease of moisture content in sewage sludge (lower than 25%) or
addition of such substances, which increase the calorific value of mixture (ex. plastics, wood). However
products obtained in this process are characterized by increased amount of heavy metals.

Strategy of developing renewable energy in Poland is showing that energetic use of solid bio-fuels
should be developing at most. Solid Recovered Fuel is a kind of renewable energy source.

Fresh sewage sludge calorific value is 16-20 MJ/kg d.s., after digestion, sewage sludge calorific value
is lower, i.e. 10-15 MJ/kg d.s detailed data is presented in Table 3.

Summary

Production of alternative fuel from sewage sludge with addition of saw dust and wooden chips can be
treated as a good way of utilization. It is characterized by easy regulation of energetic properties.
Obtained fuel can be easily transported. It is not burdersome for the environment, as it is odorless
because of stabilization process.
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Summary

Presented investigations enabled us to determine the grain size composition for coal-mining waste
collected in fixed points of the hard coal upgrading flowsheet in the mine. After crushing the waste
collected from different processing devices it assumed that grain size composition of jaw crushers’
product is not influenced by the feed graining.

It appears that comminuting of coal-mining waste in jaw crushers is beneficial as the content of
regular grains in aggregates increases. Additionally, the application of multistage comminution process
causes that rocks with unfavorable endurance parameters are being crushed at the beginning and then
they are discharged during screening operations on vibratory screens.

Application of jaw crusher is most common in smaller concentrators as well in simple and inexpensive
flowsheets for waste and rock material beneficiation. Flowsheet for production of aggregates from coal-
mining waste, which is suitably designed together with properly selected technological parameters of
crushing devices, makes possible obtaining the final product (aggregate) with more favorable
parameters, comparing with the process of just selection of aggregates from the gangue.

Keywords: coal-mining waste, aggregates, jaw crushers, comminution

Introduction

In Polish mining industry considerable amount of mineral wastes is produced and they come into
being during the coal extraction as well as at its preparation process. Amount of waste production is
determined by quality of coal deposits, exploitation techniques as well as by processing technology. High
efficiency of beneficiation processes results in better quality of final products, but also causes increase in
waste weight production. On the other hand low-upgraded coal also contributes to higher waste
production that is generated in heat and power plants in the form of ashes, slag and air pollutants.

Approximately 100 million tones of hard coal is annually extracted in Poland in recent years (the
eighth place in the world’s list) and it is estimated that about 300 kilos of rock waste is generated per 1
tone of mined coal. As a result, roughly 30 million tones of coal-mining waste is produced each year and
new technologies heading towards more efficient utilization of these wastes are under investigations.
Such handling with the waste is also a result of the EU directive number 89/106/EWG dated on 21°' of
December 1988 concerning the possibility of waste application for building material production as well as
increasing demand on building aggregates.
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Generation and utilization of coal-mining waste

In recent years hard coal mine plants run investigations over possibility of utilization the coal-mining
waste together with building-up of technological circuits devoted to production different aggregates that
may be utilized in road-building engineering, hydraulic engineering (dams, river embankments etc.),
concrete components production as well as different types of pavement production (component of
bituminous mix, surface enforcements, special fillers and others).

Properties of aggregates produced mainly depend on the lithologic types of deposits which are
diverse in different mines. However, through accurate selection of technology for waste preparation and
through selective comminution and screening it is possible to obtain good quality aggregates, which
meet demands determined in respective standards.

In the gangue following lithologic form with different usefulness from the viewpoint of aggregates
production can be distinguished:

- Sandstones — sedimentary rocks with rather good physical-mechanical properties,
determined mostly by the type of binding agent,

- Slates — relatively low mechanical resistance, determined by the coal content,

- Mudstone — sedimentary rocks with low mechanical resistance, as well,

- Ironstone (siderite) — mineral with good mechanical resistance but rarely occurring.

Percentage content ratios of these minerals in the mine run can vary. Apart from the coal content in
the mine runs also a form of its occurrence in it plays role, as that determines the possibility of
separation during preparation process.

Some coal-mining waste generated on the stage of preparatory, opening out or exploitation works
are not necessary extracted on the surface, especially when some primary rock separation is run
underground. Aggregates can be produced from all other wastes obtained during coal preparation
process except for the flotation waste. Various ranges of waste grain sizes can be therefore generated
depending of the enrichment process:

- from 20 to 200 mm (or 300 mm) in coarse coal washer,
- from 0.1 to 20 mm in fine coal washer,
- below 0.1 mm in flotation machines.

General flowsheet of coal preparation operating in mines belonging to the Mining Company

association is presented in Fig. 1.
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Figure 1. The idea diagram of hard coal beneficiation for every mine in KW S.A. in 2003
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In the coal-mining waste recovery process, the rocks are separated from the run-of-mine coal by
means of feed comminution and classification, which is proceeded in various machines.

In order to meet demands on coal-mining aggregates, stable characteristics of the product should be
maintained, like for example: specific grain size ranges (0 to 31.5 mm, 31.5 to 63 mm or 0 to 63 mm),
proper particle size distributions, moisture, absorbability, combustible matter content, loss on ignition
(LQOI), freeze resistance and Los Angeles comminution resistence (in Tables 1 and 2) ratio.

Production of aggregates from the gangue should head towards the separation of rocks with
unfavorable physical-mechanical properties as well as the coal from the feed. The most efficient way of
the separation is repeated several times the operation of comminution connected with screening. During
the screening operation the finest fractions with the lowest resistance to comminution are eliminated
from the feed stream. Apart from the feed comminuting, obtaining of grains with favorable shape (round
or symmetric) is essential, and multistage crushing helps in it.

Aggregates produced from coal-mining waste without deeper upgrading have lower mechanical
durability as well as freeze resistance, what considerably limits their industrial application.
Characteristics of the aggregate separated from the gangue before and after mechanical upgrading are
presented in Tables 1 and 2.

Table 1. Parameters of the aggregate separated from the gangue before mechanical upgrading *

Number of the Comminution resistance Densita/ Soaking Freeze resistance, Coal content
sample LA index [%] [Mg/m~] [%] weight loss [%] [%]
1 26 2.71 2.0 29.0 12
2 26 2.66 1.5 12.2 11
3 38 2.52 1.9 22.1 14
4 32 2.67 3.8 63.5 12

Table 2. Parameters of the aggregate separated from the gangue after mechanical upgrading *

Number of the Resistance to comminution Densita/ Soaking Freeze resistance, Coal
sample LA index [%] [Mg/m~] [%] weight loss [%] content [%)]
1 23 2.56 1.5 9.1 7
2 23 2.56 1.4 7.4 8
3 24 2.66 1.4 14.0 8
4 25 2.63 2.0 29.1 7

Presented results point out on the significant improvement in qualitative parameters of aggregates
obtained from coal-mining waste as a result of beneficiation including additional operations of crushing
and screening out of fines. As a result of crushing, an increase in fine fractions with lower endurance
parameters and higher coal content, was observed. Further investigations, concerning the roasting of
coal-mining waste with higher content of coal and obtaining the artificial semi-product for cement
industry, are currently in progress.

Grain shape importance in products of comminution

Demands directed to the rock processing plants by the industry applying aggregates obtained from
rock materials, are on the high level if about the final products quality. The wide application of
aggregates and specialized target market expect considerable amount of supply with narrow range of
grain size composition and with specific shapes (i.e. cubic), together with as low as possible accepted
content of elongated or flat grains. The shape of grain as well as irregular grains content is correlated
with their durability, and this principle applies to all grains no matter the type °.

Irregular grains amount in the aggregate influences on the value of comminution resistance index (LA
index) as well as resistance to squashing and it depends on the manner of the feed crushing *°.

In comminuting product, the most desirable are grains with shapes congenial to the sphere, because
other grains have greater total surface and compose themselves in anisotropic way. The shape of grains
plays significant role in durability and the quality of the concrete, as well. Among the undesirable grains,
especially unfavorable are elongated and flat ones. Flat grains have tendency towards placing
themselves along certain direction in one plain, what might cause forming the air containing spaces.
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Increase in amount of flat grains influences on increase of inter spaces what results in higher
consumption of mortar in concrete and higher cement consumption as well, additionally irregular grains
have lower durability in comparison with regular ones °.

Mineral aggregates have an application in many industrial lines, apart from the concrete production
they are component in road and rail building industries where they are the base extender of carrying
layer as well as superstructure. The aggregate for concrete production makes approximately 70% of its
volume, that is why a careful selection of the material is important if about the concrete quality and
maintaining its structure. Especially important are grains with high relation surface/volume, because they
cause increase in water demand for the mixture °.

Coal-mining waste obtained in coal upgrading process have specific grain size composition. Their
analytical investigation include determination of grain composition of products collected from chosen
points of hard coal beneficiation flowsheet, namely from Disa coarse coal washer, from the fine coal
washer (jig) and finally, from the waste deposit. Particle size distributions are presented in Figure 2 7.
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Figure 2. Cumulative passing curves for coal-mining waste '

On the basis of analyses proceeded, one can state that waste from Disa washer have coarse graining
within the range 30-120 mm, but they also contain finer fraction 0-30 mm (approx. 15%), which (as we
assume) arose by self-comminution of some less concise waste rocks. Wastes from jig are generally
within the range 0-30 mm, while within the range 0-20 mm about 78%. Waste from the tile deposit have
graining 0-100 mm and have greater content of 0-30mm fraction (60%) - Fig. 2. When analyzing waste
from respective devices it can be stated that considerable fraction of waste is self-comminuting during
the transport, as well as during thickening in the waste deposit — especially grains coarser than 100 mm.
In investigations wastes from Bradford crusher were not taken into consideration (only few samples of
rock 100-120 mm were collected).

Jaw crushers application — irregular grain content analysis

Further investigations concern the analysis of irregular grain content before comminuting as well as
after comminuting in semi-industrial jaw crusher with complex jaw’s movement type L44.41 produced by
Makrum, Poland (Fig. 3) and the laboratory crusher Eko-Lab. The L44.41 crusher was equipped with jaw
linings allowing obtaining the highest content of regular grains, according to previous investigations
(Naziemiec and others, 2006). It means that one jaw is plain, while the second one has trapezoidal type
of grooving. After determination of particle size distributions, the content of irregular grains with using the
slotted screen (flatness index) and with using the Shultz slide caliper (shape index). Results are
presented in Table 3.
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Figure 3. Semi-industrial L44.41 jaw crusher with complex jaw’s movement produced by
Makrum, Poland

Table 3. Percentage content of irregular grains in coal-mining waste before crushing in crushers’

_ Slotted Irregular grain contents [%)]
_Gram screen Bradford Disa washer Jig Waste deposit
size [mm] [mm] Schultz’s | Slotted | Schultz’s slide | Slotted | Slotted | Schultz’s
slide caliper | screen caliper screen | screen | slide caliper
3.15 - - - - - - -
5 2.5 - 0.5 - 4.3 8.4 -
6.3 3.15 - 0.4 - 1.4 5.0 -
8 4 - 0.4 - 1.5 3.6 -
10 5 - 0.6 0.1 1.9 4.2 -
16 8 - 2.7 0.7 10.4 12.6 -
20 10 - 2.4 1.1 2.6 6.3 -
25 12.5 - 5.5 2.4 5.4 3.7 -
31.5 16 - 11.0 5.1 4.0 7.0 -
45 - - - 11.9 - - 1.4
60 - - - 15.8 - - 22.7
80 - - - 5.5 - - 24.8
100 - 71 - 15.8 - - 0.0
120 - - 0.0 - - -
Flatness or shape 58.4, 62.4 for
index K. % P 71 23.6 (31.5-100) 31.4 50.9 48.9

It is noticeable that the lowest value of flatness index has the waste separated from the Disa washer
(23.6%) while the highest — waste from the deposit (50.9%). Samples under investigation had graining
within the range 5-31.5 mm. In fraction 31.5-100 mm the shape index for waste after Disa washer equals
62.4% and is greater than for waste from the waste deposit (48.9%). The index is highest for waste from
Bradford crusher (over 71%). Complete results are presented in Figure 4.
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Figure 4. Percentage content of irregular grains in dependence on mesh of slotted screens before
comminuting '

In the next stage of investigations waste from the Bradford crusher as well from Disa washer were
crushed in jaw crusher L44.41 with the gap e=12mm, while waste from the jig were comminuting in Eko-
Lab jaw crusher (e=4.4mm). Both products from L44.41 crusher have graining 0-31.5mm and have
similar content in respective size fractions (see Fig. 5) despite the fact samples had different graining
and were collected from different points in the flowsheet. It is easy to conclude that graining of feed have
no influence on the particle size distribution of products, but the key parameter is the gap width of
crusher. Contents of irregular grains for respective products are presented in Table 4.
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Figure 5. Cumulative passing curves obtained after crushing in jaw crushers '
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Table 4. Percentage content of irregular grains after comminuting in crushers’

Grain | Slotted Irregular grains content [%]
size screen Bradford crusher Disa washer Jig
[mm] [mMm] | Schultz’s sidle caliper | Slotted screen [mm] | Slotted screen [mm] | Slotted screen [mm]
0 - - - - -
3.15 - - - - -
5 2.5 - 4.1 3.6 8.3
6.3 3.15 - 2.1 1.3 3.0
8 4 - 1.8 0.9 2.0
10 5 - 1.6 1.6 3.9
16 8 5.0 10.3 6.8 11.8
20 10 6.8 3.1 2.4 0.0
25 12.5 5.3 2.8 1.5 0.8
31.5 16 6.1 5.9 2.5 -
Flatness and
shape index K [%] 23.2 31.7 20.7 29.7

According to Table 4 the lowest contents of irregular grains (flatness index) was obtained for waste
from Disa washer (20.7%), while the highest for waste from Bradford crusher (31.7%). Comparing tables
3 and 4 it appears that flatness indices are better for waste from the jig (decrease in flatness index from
31.4% to 29.7%) as well as for waste from Disa washer (respective decrease from 23.6% to 20.7%). For
waste from Bradford crusher the shape index decreased itself considerably (from 71% to 23.3%).

On the basis of above results one may say that crushing of waste in jaw crushers gives profitable
effects, as it causes increase in content of regular grains and, as a result of that, improves other
endurance parameters like for example comminution resistence (LA index).

Figure 6 shows percentage contents of irregular grains obtained after crushing, measured in
respective size grades depending on cut-points of slotted screens. Comparing Figs. 4 and 6 (material
before and after comminuting) we can see that the content of irregular grains after comminuting in the
grain size class 4-16mm slightly increased (less than 2%) for wastes from jig and Disa washer. Next, in
coarser class 16-31.5mm irregular grains content after crushing decreased considerably, in example for
Disa washer product — for about 8%.
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Figure 6. Percentage contents of irreqular grains obtained after crushing in dependence on
the mesh of slotted screens '

Such grains passing from the coarser to finer grades causes decrease in irregular grains content
in coarser size grades, but at the same time an increase in content of these grains in finer grades. It is
usual phenomenon, because grains passing to finer size grades increase their quantitative content
according to the principle that the finer the grain, the more difficult to obtain its regular shape. An

Patronem tohoto éisla je Ustav geotechniky SAV Kosice, www.saske.sk/UGT/,
poradatel konference RECYKLACIA ODPADOV / WASTE RECYCLING XIV. WASTE FORUM 2010, islo 4 strana 395



Tomasz Gawenda, Zdzistaw Naziemiec, daniel Saramak: Qualitative characteristics of aggregates obtained from
coal-mining waste by means of jaw crusher

application of other circuits for aggregates production allows reducing the irregular grain content in fine
size grades.

Summary

Presented investigations enabled us to determine the grain size composition for coal-mining waste
collected in fixed points of the hard coal upgrading flowsheet in the mine. After crushing the waste
collected from different processing devices it assumed that grain size composition of jaw crushers’
product is not influenced by the feed graining.

It appears that comminuting of coal-mining waste in jaw crushers is beneficial as the content of
regular grains in aggregates increases. Additionally, the application of multistage comminution process
causes that rocks with unfavorable endurance parameters are being crushed at the beginning and then
they are discharged during screening operations on vibratory screens.

Application of jaw crusher is most common in smaller concentrators as well in simple and inexpensive
flowsheets for waste and rock material beneficiation. Flowsheet for production of aggregates from coal-
mining waste, which is suitably designed together with properly selected technological parameters of
crushing devices, makes possible obtaining the final product (aggregate) with more favorable
parameters, comparing with the process of just selection of aggregates from the gangue.
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Summary

The use of industrial aggregates for waste disposal with co-incineration provides the series of legal
requlations, which prescribe the operating conditions under which waste can be disposed of and what
are the responsibilities of the waste disposer.

Rotary kilns for firing magnesite raw materials are thanks to its technical and operational parameters,
an ideal device for energy recovery of waste with co-incineration. Its distinguished is the firing at high
temperature (temperature of fresh gases, about 2000 C) and long holding time (about 30 seconds) of the
flue gas over temperature 850 C. Certain limitations are connected with the need to ensure the product
unpolluted by the rest of waste incineration. Appropriate waste has sufficient heat value and after
combustion produces the least amount of residue. These conditions perfectly go with the plastic waste
(technological, respectively. separated municipal) and pre-processing wooden, or cellulose respectively.
pulp waste.

Keywords: co-incineration, energy recovery, rotary kiln, production process, production line, plastic
waste

Introduction

The use of industrial aggregates for waste disposal with co-incineration provides the series of legal
regulations, which prescribe the operating conditions under which waste can be disposed of and what
are the responsibilities of the waste disposer.

Slovmag Lubenik, a.s. is the largest producer of refractory - magnesite bricks in Slovakia and its
production capacity ranks it among the biggest in the world. It was created after the privatization of the
former company Slovenské magnezitové zavody §. p. KoSice in April 1994.

Rotary kiln of Slovmag Lubenik is due to its technical and operational parameters an ideal device for
energy recovery of wastes with co-incineration them. lts distinguished is the firing at high temperature
(temperature of fresh gases, about 2000°C) and long holding time (about 30 seconds), flue gas
temperature above 850°C. Certain limitations are connected with the need to ensure the product
unpolluted by the rest of waste incineration and which does not burn any waste in any quantity.
Appropriate waste has sufficient heat value and after combustion produces the least amount of residue.
These conditions perfectly go with the plastic waste (technological, respectively. separated municipal)
and pre-processing wooden, or cellulose respectively pulp waste.
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Experimental part
Technical and technological parameters of the rotary kiln and the process of firing
magnesite clicker

a) Basic technical and technological parameters of rotary kiln

Table 1. Parameters of rotary kiln

Length of kiln 72 000 mm
Internal diameter of shell 2200/2600 mm
Internal diameter of lining 1840/2160 mm
Useful content of kiln 218 m°
Average kiln power 35-4th’
Nominal kiln power 4th’
Speed of kiln 0,2 - 1,1 rev/min.
Slope of kiln 4% i.e. 2°17'26"
Firing temperature 1420 — 1560 °C
Burner Unitherm
Nozzle 2,8 mm
Fuel Natural gas
Average gas consumption 1200 Nm°h’’
Blow ratio 3
Amount of heat to burn 1 t of clinker 10,5 GJ
Temperature of combustion in dust chamber Max. 400°C
Average temperature of material leaving kiln 1200°C
Period of transition of material trough kiln 4-5 hour
Full dial the kiln 7 hour
Speed kiln 0,2 - 1,1 ot.min-1
Temperature in burning box 1420 - 1560 °C
Quantity of primary combustion air 2100 — 3360 m°.h’
Vacuum Kiln -40—-70 kPa
Temperature of outlet clinker Max. 1200°C

b) Other theoretical parameters of firing

Table 2. Parameters of firing in rotary kiln

Loss incineration 51.5%
Minimum weight 2,06 t/t clinker
Oxy crushing burden 350 kg / t clinker
Energy consumption for 1t clinker 9,021 GJ
Combustion volume for 1m3 gas 14,07 m°
Decomposition heat MgCO; 1381 kd/kg

Heat value 1m® gas 8 000 kcal = 33 500 kJ
Cp combustion 0,3 kcal’kg K

Cp material 0,25 kcal/kg K
Density of charge 3,06-3,15t/m°
Bulk density of charge 1,7-1,8t/m°
Ratio of components in MgCO3 47,81% - MgO, 52,19% - CO,
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c) Emission limits for rotary kiln

Table 3. Emission limits for rotary kiln

Pollutant Total emission limits in mg/m®
Total solid pollutant 30
Gas compounds chlorine HCI 10
Gas compounds crape HF 1
NOx as a NO, 500
Cd+ Tl 0,05
Hg 0,05
Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V 0,5
Dioxins and furans 0,1 ng.m*®
SO, 50
Total organic carbon TOC 10

Technological site of co-incineration plastic waste in rotary kiln

Co-incineration plastic waste in the rotary kiln will change its operation and the technology of firing

magnesite clinker:

1.

Burning 1000 kg /hr of plastic waste of calorific value of 20 671,8 KJ /kg is replaced by the 620 m*/hr
natural gas calorific value of 34,350 KJ/ m>.
1000 kg /hr x 20 671,8 KJ /kg = 20 671 800 KJ = 34 350 KJ KJ/m® x 620 m® /hr
To burn 1000 kg of waste is need 4 833 m? of air, to burn 620 m® natural gas needs to 5 902,4 cubic
meters of air. l.e. to supply the same amount of heat the burning of waste, there should be delivered
to the burning area and also heated for 1 069,4 N m%hr air less. In the burning process of 1000 kg
/hr waste is created by the 948,4 m® /hr flue gas less than 620 m® /hr the burning of natural gas,
which also significantly contribute to improving the operating conditions of the firing process,
particularly to reduce the speed of exhaust gases in a rotary kiln, causing a decrease its ability to
carry the dust share away and reducing the burden on the exhaust fan. At the same time reducing of
the volume outgoing combustion means reducing the heat loss from the process in the flue gas
leaving by the quantity supplied to the process of burning 12,14 m® /hr natural gas:
((948,4 m® /hr x 0,3 x 350 C) x 4,187) / 34,350 KJ/ m® = 12,14 m® /hr natural gas
The calculation of appropriate air was due to comparable conditions for waste incineration and gas
calculated at stoichiometric combustion conditions, i.e. without a surplus of air.
The calculation of air consumption for stoichiometric combustion of natural gas:
Regarding to the chemical combustion of natural gas is the exothermic reaction of its components
(only counted for methane CH,) with oxygen as reaction CH; + 2 O, = CO, + 2 H,0.
The need 2 m® of oxygen to burn 1 cubic meter of natural gas in the presence of 21 vol.% O, and
79% vol. N, in the air to be delivered:  2m® O, + 7,52 m® N»= 9,52 Nm® air
Necessary amount of air to burn 620 m®/ h natural gas:
620 m°/hr x 9,52 Nm® = 5 902,4 Nm°/hr
Flue gases generated by burning 1 cubic meter of gas:
1m° CO,+2m° H,O + 7,52 m° Ny, = 10,52 m°
The amount of exhaust gases from the combustion of 620 m*/hr:
620 m°/hr x10,52 Nm® = 6 522,4 Nm®/hr
The calculation of air consumption in the stoichiometric combustion of plastic waste:
The oxygen in the stoichiometric combustion of waste (without excess air) is 1,015 m%kg
i.e. 4,833 N m¥kg air.
Necessary amount of air to burn 1000 kg / hr of waste:
Nm®/hr
Flue gases generated by burning 1 kg of waste:

1000 kg / hr x 4,833 = 4 833

5,574 Nm°/kg
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The amount of exhaust gases from the combustion of waste 1t:
1000 kg/hr x 5,574 Nm®/kg=5 574Nm°/hr

Table 4. Comparison of air consumption and exhaust gas amounts of exhaust gas

Fuel Delivered heat Air consumption The amount of exhaust gas
1000 kg/hr waste | 20 671 800 KJ 4 833,0 Nm*/hr 5 574,0 Nm*/hr
620 m°/hr gas 20 671 800 KJ 5902,4 Nm*/hr 6 522,4 Nm%/hr
Difference 0 KJ -1 069,4 Nm®hr - 948,4 Nm°/hr

3. Burning of waste at the same technological and operating conditions (present status) is at a higher

theoretical (adiabatic) combustion temperature of 2812 °C above 2608 °C for natural gas. This
means that the heat supplied by combustion of waste is of higher quality in terms of the needs of
the technological process.
Depending on the amount preheated air and the degree of preheating changes ratio between the
combustion of waste to the gas combustion and thus changes the theoretical temperature of
combustion. Maximum of theoretical temperature waste incineration is in the burning of clean waste
and maximum preheat air.

4. Higher theoretical combustion temperature allows to extend the length of the clinker zone  with

change of the flame shape (flame extension, i.e. change its shape and temperature profile) in
compliance with the required clinker temperature (or its reduction) in clinker zone, which makes it
possible to increase measurement of rotary kiln.
The extension of clinker zone and reducing the temperature in the zone will be also in the
mechanical extension of the period of material stay in the clinker zone. By fitting in the end of the
rotary kiln will extend the period of material stay in clinker zone and also increase the load clinker
zone with material. Enlarging of kiln load increases the effective heat exchange area and reduces
the area of the reveal lining, which helps to reduce overheating of walls, which produces
undesirable adhesions and increasing losses with shell of kiln. Extension of material stay in the
clinker zone and increase heat exchanging surface contributes to improving measurement of rotary
kiln.

5. Burning of plastic waste leads automatically in an extension of the flame length as burning period of
waste is longer than burning natural gas.

6. To seal the contact of rotary kiln and piston replacement of an existing lamella seals on cooler
spring radial seal and sealing the hole under rotary kiln perfectly allow to control pressure
conditions in the rotary Kiln, shaft storm, especially in the cooler. The aim of these measures is to sift
about 1000 m? /hr air through the cooler and to use part of useful clinker heat for heating the air,
required for combustion of fuel and waste.

7. For the optimization of work as well rotary kiln and as co-incineration of waste is essential to
exchange existing SRTP. Modification SRTP consists primarily in fulfilling the existing regulatory
circuits of the elements that are necessary for managing the process of firing clinker co-incineration
of waste. SRTP is then used for managing of analysis process the chemical composition of gases
(CO, O,). Selection of refill analyzer combustion for control system is recommended to consult with
relevant government authorities of the air, because of its use in the form of continuous monitoring
stations outgoing flue gas composition.

Results and discussions

Description of the technical and technological solutions to waste co-incineration in

a rotary kiln

The proposed technical-technological solution to plastic waste co-incineration in a rotary kiln for firing
magnesite clinker is the result of the research project, addressing the staff of the promoter, in
collaboration with staff of the Faculty of BERG TU KosSice and ATIM Company KoSice. The result of the
joint resolution is draft the co-incineration of plastic waste, which reached synergy between co-
incineration and the firing of magnesite clinker. The concept minimizes the negative impacts of co-
incineration for technological process and maximizes all the benefits.
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In the present approach are addressed the following issues:
a) Input method of waste into the combustion chamber,
b) Place of entry into the piston
c) The modification of pressure conditions in the system,
d) Modification of the combustion, flame shape,
e) Modification of managing process
f) The sealing system
g) The pretreatment of waste plastic.

a) Input method of waste into the combustion system

As an appropriate input method of waste into the combustion chamber due to the nature of the waste
and temperature conditions in the rotary kiln was selected pneumatic input of chopped waste. Pneumatic
input eliminates the problems with high temperature, but the disadvantage is a certain unsteadiness of
input, which must be corrected by changing power of natural gas. Location of waste entering in the kiln
was also consulted and agreed with the manufacturer of the burner, company Unitherm.

b) Place of entry into the piston

Placing the power lines in front of the piston reaches the guidance of air transport flow and scattered
waste along the burner through the primary flame direction to charge. This is achieved by providing
appropriate combustion conditions, and desirable thermal power to charge. By modification the shape of
the primary flame is achieved the locally increasing excess air to be perfect to burned waste.
¢) The modification of pressure conditions in the system

Waste supply into the combustion chamber with transport air will change the current combustion
conditions, that to be modified by changing of pressure conditions and inputs of the media in the system.
Supply of cold transport air into the system means a loss of heat (heat required for its heat, the
temperature of combustion) which can be eliminated only by intensive preheating the combustion air to
the kiln shell, because the structure of cooler does not allow pre-heat more than about 1000 m® /hr of
secondary air.

Supply of air transport in the piston the rotary kiln will change the pressure conditions in the piston
towards the pressure and thus an unwanted outflow of the exhaust gases from waste incineration and
fuel, and clinker dust by leakages to the kiln surroundings. To eliminate this negative fact is necessary to
move the pressure zero level on the ceiling of piston, which can be achieved by sealing the contact of
piston and rotary kiln, but especially contact of piston and rotary cooler.

d) The modification of the combustion, flame-shaped

Co-incineration fuel and plastic waste will change the combustion mode, the shape and intensity of
flame and intensity of burning. Plastic waste has a much longer burning time, and requires more mixing
fuel and combustion air and prolongs the flame, which results in its cooling. For the above reasons ,for
the effective co-incineration of waste is necessary to make changes in the set of proportions
combustion gas - air in the distribution of primary air to the radial - axial. It is also necessary to make a
change in shape and structure torch heads to simulate the shape of the flame so as to ensure a perfect
burned of waste and technological fuel.

e) The modification process control system

No modifications in the current management system of co-incineration of waste is not possible
technological, economically effective and in view of minimizing the negative impacts on the ecology to
guarantee.

In the project therefore is a proposal for a new hardware and software solution of management system.
f) The sealing system

The sealing contact of the rotating kiln and the static head (cold, respectively. hot), there are different
technical solutions. The common denominator of all solutions is fact, that does not provide a perfect seal,
but mostly they are broken at higher pressure.

It is therefore necessary the existing system of lamella sealing, which is installed on the kiln
dismantled and replaced for this purpose by newly developed solution of radial seal with axial
displacement.

g) The pretreatment of plastic waste

As the pretreatment of plastic waste in this case means the modification of its shorthess dismantling

pressed and subsequent input of small parts in a transport ventilator. In the first stage of co-incineration
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envisages the burning only crushed waste from producers of waste (or waste possessing appropriate
shortness).

Description of the operating mode of co-incineration of plastic waste
Operating mode of line of co-incineration of plastic waste consists of the following technological
operations:
1. Import of waste
2. Short storage
3. Launching co-incineration line
4. Input waste into the production line
5. Pneumatic transport waste into the combustion chamber
6. Co-incineration waste in a rotary kiln
7. Management system of technological process and process of co-incineration
8. Monitoring and recording of the composition of waste gases and combustion conditions
9. Ending co-incineration of waste
10. Faulty mode

1. Import of waste

Imports of combustible plastic waste will be provided with its own truck. In order to prevent pollution of
the environment and the handling of waste, the waste is packed in polythene ticket packages tied to a
steel wire, about 200 to 250 kg, respectively. the big bulk bags.

2. Short storage

After the arrival of a truck, after weighing and registration of the cargo, this is unloaded by hand store,
where the it will be set until its processing. This prevents the possibility of contamination of waste,
sucking the waste by water and pollution around the line.

In the case of a downtime of rotary kiln and filling capacity the cabin storage is secured by suitable
alternative storage sites in the area of company for temporary storage of waste a few days of delivery.

3. Launching co-incineration lines

Starting co-incineration line in operation includes the launch of exhaust fan and blowing air through
the transport tube into the combustion chamber until the air transport tube cooled itself down below 40
°C. At the end of tube fitted a sensor of the temperature if reach the mentioned temperature unlocks a
power feed and shredder, which will lead to the initiation input of waste into line.

4. Input of waste into the production line

From cabin storage, the waste will be input by a forklift conveyor on the belt feeder, which also serves
as the tank waste. On the belt service of line removes steel wires from the packaging waste. Power of
line (the amount of waste submitted) will be regulated by the speed of movement of belt feeder.
Belt feeder transports waste to a shredder to ensure its shortness (waste is due to reduction the
transport volume during transport by producers pressed) and submission to the suction pipe fan.

5. Pneumatic transport of waste into the combustion chamber

Intake air entrains pieces of waste to a special fan, whose leaves have cutting surfaces which
crumble waste |. Small particles of waste are transported by pipeline into the combustion chamber. The
design necessity of air to transport 1 kg of waste is one cubic meter. The output of the transport pipeline
will penetrate into the piston and provided with closing flap, protecting the pipe and fan to prevent
overheating during line stoppages. At the end of the pipe is fitted a sensor of temperature, that will block
the submission of waste into the line during start up until transport air cooled itself down below a
temperature of 40 °C.

6. Co-incineration of waste in a rotary kiln

Co-incineration of waste in the rotary kiln will be work only during normal operation. Rotary kiln during
start-up, downtime and failures of rotary kiln, SRTP will be blocked running of waste line. This measure
will ensure that all necessary conditions for co-incineration of waste in a rotary kiln. Co will then take
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place at temperatures around 1700 °C, a sufficiently large combustion chamber and over a long period
of time. By co-incineration there always will be operate natural gas burner, which will regulate, if
necessary, heat input into the process.
7. Management system of technological process and process of co-incineration

SRTP rotary kiln role is primarily to ensure optimal operating conditions of the process of firing
magnesite clinker. For the co-incineration of waste is necessary to install a new powerful control system
that includes all the necessary regulatory loop.
In terms of co-incineration of waste will aim of SRTP to launch the process of co only a pre-defined
conditions and to ensure the co:

e conditions for perfect incineration of waste, i.e. minimum content of CO in the exhaust gas,

e conditions to maximize using the energy potential of waste, i.e. ensure adequate excess O, in

the exhaust gas,

e compliance with waste co-incineration and technological mode of magnesite firing.
Providing the thermal conditions for waste dosage (maximum temperature piping. 40 °C) is secured by
autonomous blocking.
The managing process of co-incineration, it is important to operate subsequent control loop from control
system of rotary kiln:
Management of CO and O, content in flue gas

Requirements for co-incineration of waste primarily relate to the content of O, and CO in the flue gas.
The device of rotary kiln must be equipped by analyzer of flue gas (CO and O, sensor), which will
constantly scan the content of CO, O, and C O, in flue gas and to provide information to managing
system. O, content in flue gas will be regulated automatically by changing the intake secondary air
suction.
Management of the combustion temperature

The temperature of gas in the dust chamber is a reference value that determines the temperature
conditions in the kiln. Operator specifies it by required firing temperatures for the performance of the kiln.
As the dosage of waste is not regulated (varies quantity and quality) management system maintains the
desired temperature of gases at the exit of kiln. Controlled value is the input of fuel to the burner. This
loop exists and co-incineration of waste for the purpose of co-incineration of waste will be used
unchanged.
The management of temperature conditions for the dispensing of waste

The decommissioning of device for waste incineration causes overheated tail supply pipe by radiant
heat in the piston. Since the waste treated at a temperature of 55 °C begin to soft and stick to the pipe,
the pipe temperature will be detected by temperature sensor, positioned outside the pipe. After starting
up line for the incineration of waste, the fan of air transport is turn on. Dosing device is switched on after
cooling pipes to the desired temperature.

Tpot
]
—
Burner L]
Rotary kiln Motor
() Conveyor
@ Blower

Figure 1. Scheme blocking loop

8. Monitoring and recording of the composition of waste gases and combustion conditions

The proposed control system of the combustion process is based on the use of information from the
analysis of the composition of the outgoing gases. Because of this, considering the purchase of a
continuous monitoring device (analyzer) flue gas composition, which would provide for the management
of information about composition of gases in several seconds intervals. In addition to this analyzer
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project involves purchase of an automated monitoring system installed before getting flue into the
chimney for permanent monitoring of the composition of the national authorities of the atmosphere.

9. Ending of co-incineration of waste

If feeder finishes feeding of waste feeder and shredder are switched off, following suction of all waste
from the hopper and transporting into the combustion chamber will be switched off the fan and will be
closured the combustion pipe prior piston, thus preventing heat transfer from the piston to the transport

pipe.

10. Faulty mode

For each disorder, respectively rotary kiln burner outage, will automatically shutdown the feed waste,
then the fan shut-down and closure of the pipeline. Re-run line on co-incineration of waste is possible
after start up a rotary kiln to normal operating mode. Starting line will be in sequence as the normal start
line.

Conclusion

Energy assessment of plastic waste co-incineration in technological aggregate for firing magnesite
clinker is achieved not only the eco-efficient destruction, but optimally will be used energy potential
contained there in.

It should be noted that the co-incineration of waste in technological aggregate, it has to pay the
technological fuel (natural gas) to other fuels. To achieve the target essential power of equipment is
needed to keep required heat input into the process.

The chapter no. 2.2 defines the contribution of burning a 1 ton of mixed plastic waste as a substitute
m® gas 632 m® gas. Taking into account the technical efficiency of co-incineration waste pollution and
humidity and so on can be expected with contribution about 60% of the calorific value of plastic waste
therefore yield co plastic waste in the rotary kiln is expressed as a direct saving of gas corresponding to
the quantity of heat supplied in a plastic waste by reduced the effectiveness of the co. Conversion of the
benefits of co impacts to enhance performance, reducing the total level of dusting and to reducing of
exhaust gases, improving heat transfer, reducing total heat loss in the process can be very difficult to
express. Actual benefits will be known after the starting up the process of co-incineration of waste in
other technical and operational measures in the long-term verification.

The benefits of converting waste co-incineration in the rotary kiln were used the following background
information:

- The price of natural gas 0,234 Eur/m®

- The initial amount of 4000 t of waste per year with an annual increase of 250 t

- Time fund rotary kiln work 8162 hours / year

- Performance of a rotary kiln 3,7 tons / hour magnesite clinker

- The current technology of fuel consumption m®gas 269 / t clinker.
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Suhrn

VyuZitie priemyselnych agregatov pre zneskodriovanie odpadu spoluspalovanim upravuje rad
zakonnych nariadeni, ktoré predpisuju, za akych prevadzkovych podmienok je mozZné odpad
zneskodriovat’ a aké povinnosti ma zneskodriovatel odpadu.

Rotacné pece, pre vypal magnezitovej suroviny, su vdaka svojim technicko-prevadzkovym
parametrom, idealnym zariadenim pre energetické zhodnocovanie odpadov, spoluspalovanim. Ich
Specifikom je vypal na vysoku teplotu (teplota ¢erstvych spalin cca 2000 C) a dlha doba vydrzZe (cca 30
sekund) spalin nad teplotou 850 <C. Urcité obmedzenia su spojené s potrebou zabezpecenia
neznecistenia produktu zbytkom po spalovani odpadu. Vhodnym odpadom je odpad majuci dostato¢nu
vyhrevnost” a ktory po spaleni produkuje minimalne mnoZstvo zvyskov. Tymto podmienkam dokonale
vyhovuje odpad plastovy (technologicky, resp. triedeny komundlny) a predspracovany drevny,
buni¢inovy resp. celulézovy odpad.

Kracéové slova: plastovy odpad, enegetické zhodnotenie, rotacna pec
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Abstract

This paper presents the analysis of the methods of sewage sludges processing and utilization as a
potential source of phosphorus. The recovered phosphorus, as a raw material or half-product with
parameters close to or identical with those of natural materials, can be utilized both as fertilizers and
fodder additives, as well as in the production of detergents or antipirenes.

Key words: sewage sludges, phosphorus recovery

Introduction

According to the current trends in the waste management, as far as possible, wastes should be
treated not as a leftover after some life or economic processes, which is difficult to manage, but as a
source of half-products or raw materials for the production of new and fully valuable products. Sewage
sludges are an example of such a waste. Besides the wastes originating from animal husbandry and
slaughtering industry, these contain significant amounts of phosphorus, which is relatively easy to
recover. The civilization development will, on the one hand, result in an increase in sewage production,
and as a result in sewage sludges, and on the other hand, will lead to an increase in demand for food,
which means an increasing demand for phosphorous fertilizers and fodder additives.

In the developed countries, phosphorous fertilizers are responsible for the largest share in the
structure of phosphorus compounds usage, and together with fodder and food additives they cover more
than 85% of their total usage. Other groups of products include detergents (12%), preparations for
phosphatizing and protection against corrosion, antipirenes and ceramics'. According to other
estimations, the production of phosphorous fertilizers is already responsible for 90% of the total usage of
phosphorus compounds?®.

Sewage treatment — a source of sewage sludges

Modern methods of sewage treatment rely on the application of closely connected physical, biological
and chemical processes. In order to completely remove phosphorus, very frequently the precipitation
methods with the addition of iron or aluminium salts (FeCl; FeSO,, Fex(SO,); Alo(SO4)3) or calcium in the
form of whitewash are implemented®.

Biological removal of phosphorus from sewage is always conducted simultaneously with the reduction
of nitrogen content. The condition for the increased fixation of phosphorus by bacteria (e.g.
Acinetobacter-Moraxella-Mima, Aeromona, Pseudomonas Spp.)* is their exposure to specific conditions,
by the application of a completely oxygen-free environment and an excess of easily assimilated food —
volatile fatty acids (VFA).

Sewage purification leads to the production of large amounts of hydrated wastes. Wastes produced at
particular stages of waste treatment exhibit different properties. At the initial stages of treatment the
mechanical pollutions are separated of varying, predominantly large size, the so-called rakings, sand
and fat. From the point of view of sewage sludge usage, the importance should be attached to the
sludge from sedimentation tanks in which the following are separated:

e initial sludge — the leftover after the process of suspension sedimentation from sewage in initial
sedimentation tanks. The sludge contains approximately 80% of pollutants contained in sewage. This
is easily putrescible sludge with an arduous odour;

e excess sludge —is produced in the process of biological sewage treatment. This is active sludge from
biological chambers, excessive in relation to the needs of the biological treatment plant. The content
of mineral substances in this sludge is relatively low (approximately 30%), the rest contains organic
matter.
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The management of wastes left after waste treatment, as well as the reduction of their mass, is
currently one of the most important issues in the field of sewage management. As late as in the mid 90s
of the 20™ century, almost half of the produced sewage sludges were stored®. At present the binding
European Union regulations aim at eliminating the storage of biodegradable wastes, including sewage
sludges. The preferred methods of managing this type of wastes are: composting, use in agriculture and
in reclamation of industrially degraded areas. One of the waste management methods, in accordance
with the current hierarchy of waste utilization, is also combustion. It is profitable when connected with
energy recovery.

Agricultural use of sewage sludges poses a threat related to the release into the ground of
considerable amounts of heavy metals, pathogenic organisms as well as toxic organic compounds, such
as: polychlorinated biphenyls (PCBs), polychlorinated dibenzodioxins (PCDDs) or polychlorinated
dibenzofurans (PCDFs). Research indicates that in comparison with “traditional” mineral fertilizers, the
portion of heavy metals introduced into the soil with sewage sludges may be significantly higher®.

Sewage sludges can also be used for the production of compost. Usually they are composted
together with segregated municipal wastes, plant biomass and food industry waste. However, they may
also be composted separately. The obtained compost is most frequently used as an insulation layer in
municipal waste landfills, or to fertilize soils and reclaim grounds. The suitability of compost for further
usage is determined on the basis of heavy metals content.

The biogas obtained in the commonly applied process of methane fermentation is used for the needs
of waste treatment plant (for the heating of fermentation chambers as well as buildings of technological
and sanitary infrastructure). Its excess (in relation to the treatment plant requirements) is transferred for
the production of electrical energy in generators. As a result of fermentation, the waste mass is reduced
by approximately 40% (calculated per dry mass), and the sludge itself is stabilized’.

Methane fermentation, however, also has its disadvantages. A high content of organic substances
(approximately 40%) in the sludge resulting from the process excludes the possibility of its storage, and
hence it should be further processed by either composting or combustion’. Moreover, the production of
biogas leads to a decrease in the sludge calorific value from 16-18 MJ/kg DM to approximately 11-13
MJ/kg DM. This has a negative impact on the potential for the sewage sludges neutralization with
thermal methods. High investment costs and installation operating costs together with small economic
benefits lead to the possibility that this method may be given up in the nearest future.

Drying of sewage sludges allows to significantly decrease their mass and stabilize them at the same
time. However, the evaporation of water (approximately 75% of sludge mass) requires a considerable
energy use. Therefore, the operating costs of the installation used to dry sewage sludge are very high.
What is more, investment costs are also considerable due to the necessity of expanding the installation
of gas purification. This results from the fact that the process of drying sludge is burdensome because of
emitted odours. Dried sewage sludge is used as a material for land reclamation and as an additional fuel
in heat and power plants and cement works®.

The application of thermal methods to neutralize sewage sludges ensures a particularly high degree
of their mass and volume reduction as well as their complete hygienization and thermal destruction of
harmful substances. Pyrolysis and combustion are the most commonly applied methods of thermal
processing of sewage sludge.

In the process of pyrolysis, which consists in oxygen-free baking of substances rich in organic carbon
at a temperature of 200-800 °C, the following are created:

e gas fraction with a solid residue including, among others, breeze — may be used for the production of
energy,

e liquid frr;lction may in turn be used as a secondary raw material in the chemical or petrochemical
industry’.

Wastes combustion is the most preferred method of waste neutralization in spite of the fact that it is
currently considered the most expensive method. In this method, the operating costs are related to the
necessity of evaporating significant amounts of water and purifying combustion gases’. Moreover, the
construction of a waste incineration plant is frequently connected with the necessity of consulting and
strong objections from local communities. The combustion of sewage sludge on an industrial scale can
be conducted separately or as co-incineration of communal or industrial wastes. In the case of separate
combustion of sewage sludges, for the reason of their consistency, the process should not be carried out
in stoker furnaces, but rather in rotating kilns or fluidized bed furnaces.
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In order to recover raw materials and energy from sewage sludges, these undergo various types of
processing aiming at changing their structure through the application of pasteurization and thermal
hydrolysis, biological hydrolysis, chemical treatment, mechanical and ultrasound disintegration,
microwave processing, wet oxidation (Wet Air Oxidation, Supercritical Water Oxidation)’.

One of the most common technologies of sewage sludge treatment is the process of thermal
hydrolysis Cambi, whose scheme is presented in Figure 1°.
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Figure 1. Scheme of the Cambi process’

The advantages of the thermal hydrolysis process are: a high degree of organic matter conversion
into biogas (55-65%), a high degree of dehydration of the fermented sludges (30-40% DM), stabilization
of sludges and elimination of pathogenic organisms.

The methods of the recovery of phosphorus compounds from sewage sludges and of phosphorus
reintroduction as a raw material or half-product into the agriculture and food market are well-known.

The most popular technology of recovery of phosphorus compounds from sewage sludges was
developed by Kemira company’™. The KREPRO process (Kemwater REcycling PROcess) is based on
the thermal hydrolysis of sewage sludges in the sulphuric acid environment. The scheme of the process
is presented in Figure 2.
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Figure 2. Scheme of the KREPRO process’’
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There already exist combinations of the above methods — processes Cambi/KREPRO or Kemicond'".

The German Seaborne Environmental Research Laboratory Gmbh developed a method of complex
processing of sewage sludges together with the purification of biogas and recycling of phosphorus and
nitrogen'®. The scheme of the Seaborne process is presented in Figure 3.
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Figure 3. Scheme of the Seaborne process"

Additionally, the following processes are popular and applied:

e Auqga Reci — oxidation to gaseous products in the presence of pure oxygen, under supercritical
conditions, in accordance with the Supercritical Water Oxidation method, and the following
phosphorus recovery with the application of NaOH and CaO'?,

e BioCon — combustion of sewage sludges, and the following leaching with phosphoric acid',

e SEPHOS (SEquential precipitation PHOSphorus) - combustion of sludges, and the following leaching
with phosphoric acid and the addition of CaO™.

Not only ashes resulting from the combustion of sewage sludges but also sludges treated with
pyrolysis at a temperature of 400-700°C™ may be used for the production of phosphorus. The condition
is low contents of iron, zinc and copper, which lower the energetic efficiency of the arc-resistance
furnace, the efficiency of phosphorus production, and the quality of the final product.

As a result of the research conducted at the Institute of Inorganic Chemistry and Technology of the
Cracow University of Technology, the (TGOS-PK) technology of sewage sludge utilization was
developed. The suggested process encompasses the incineration of sewage sludges and leaching of the
obtained ashes with mineral acids .

When selecting the leaching factor, the crucial importance was attached to:

o the possibility of use of leaching products,

¢ the possibility of producing burdensome waste which is difficult to manage.
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The costs of mineral acids increase in-line: H.SO,4, HCI, HNO3, H3PO,. Therefore, it appeared natural
to apply sulphuric acid or hydrochloric acid for leaching ashes. However, the application of these acids
would lead to the production of large amounts of wastes which are difficult to manage.

The TGOS-PK method is based on the application of nitric acid or phosphoric acid. Then the high
costs of the applied acid are compensated by the use value of the final product. The product may be
successfully applied in the production of fertilizers. The scheme of the process is presented in Figure 4.
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Figure 4. Scheme of communal sewage sludge treatment

The temperature of sludge incineration, which is 950°C, guarantees the maximum degree of
phosphorus recovery, i.e. above 90%. What is more, such a high temperature results in binding most of
iron ions in the form of hematite, which is insoluble in acids.

Handling the acidic extracts is dependent on local conditions. In the case when the incineration plant
is located near chemical plants, they may be directly used for the production of phosphorous or nitrogen
and phosphorous fertilizers. Also, calcium hydrophosphate(V) may be precipitated from the extracts by
alcalizing them with calcium oxide or whitewash. When a pH is above 4, 90% of PO, ions are
precipitated, whereas a part of trace metals ions remains in the solution. Raising pH to the level 7
guarantees almost 100% of phosphorus recovery from the leaches. However, the degree of metal
pollutants precipitation increases then. The obtained precipitate may be applied directly for fertilization
purposes or, with the maintained control of heavy metals contents, for fodder purposes.
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Suhrn

Tato praca hovori o vyskumnych aktivitach Centra spracovania odpadov (CENSQO) na Katedre
neZeleznych kovov a spracovania odpadov Hutnickej fakulty Technickej univerzity v KoSiciach (TUKE
HF). Blizsie su predstavené vizie, smerovanie c’innosti snahy a pdésobenie Centra v oblasti tuhych
Blizsie su popisané dve oddelenia s uvedenim zariadeni, ktoré do nich spadaju. V zavere su spomenute
aj ocenenia, ktoré Centrum ziskalo a tak isto aj ¢innosti v oblasti organizovania vedeckych podujati.

Krucové slova: priemyselny odpad, komunalny odpad, spracovanie odpadov, recyklacia

Uvod

Centrum spracovania odpadov (CENSO) vzniklo na péde Technickej univerzity v KoSiciach, Hutnickej
fakulty, Katedry neZeleznych kovov a spracovania odpadov v roku 2003 ako vysledok dlhoro¢nej
vyskumnej prace v oblasti vyroby a spracovania kovov a odpadov, skisenosti a Usilia'.

CENSO (Obr. 1) predstavuje vyskumné laboratérium, ktoré je ur€ené na skimanie moznosti Gpravy,
spracovania alebo vyuzitia odpadov ako potencialnych druhotnych surovin sofistikovanymi metédami a
vyvijanie 1 a overovanie novych postupov. Pritom sa aplikuju najmodernejSie spdsoby vedeckého
poznania'.

Co P\\
4, Mg
Ag oy

CENSO

www.censo.sk

Obrazok 1: Centrum spracovania odpadov a jeho pracovna skupina

Snahou Centra je na poziadanie odberatela navrhnut a zarover preskimat chovanie sa odpadu
v procese jeho spracovania a stanovit know—how optimalneho postupu spracovania. Zaroven sa
Centrum neustéle venuje zakladnému vyskumu v oblasti spracovania a vyuzitia odpadov a ponuka
sluzby v oblasti poradenstva, $tidii a reSersnych sluZieb v oblasti problematiky nakladania s odpadmi®.
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CENSO sa vo svojej praktickej c&innosti zameriava predovSetkym na prepracovanie

priemyselnych a komunalnych odpadov kovovych a kovonosnych s ciefom vyuzit ich hodnotu a ziskat
nové vyuzitelné materidly. V oblasti priemyselnych odpadov sa CENSO v doterajSej €innosti venovalo
vyskumu spracovania:

pouzitych zlievarenskych pieskov,
oceliarenskych uletov a kalov,

kalov z povrchovej Upravy kovov,
odpadov z vyroby hlinika,
hlinikarskych sterov z tavenia hlinika.

V oblasti komunalneho odpadu je to problematika spracovania:

odpadu z elektrickych a elektronickych zariadeni (dosky plosnych spojov a mobilné telefony),
pouzitych prenosnych batérii a akumulatorov.

Laboratérium CENSO realizuje experimentalne prace v ramci dvoch oddeleni. Oddelenie fyzikalnej
resp. mechanickej Upravy a spracovania (Obr. 2) pouziva:

Celustové drvice,
kladivovy drvic,
nozovy drvic,
vibracné mlyny,

treci mlyn,

gulovy mlyn,

sitovacie zariadenie,
magneticky separator.

Unikatnymi zariadeniami su separator nezeleznych kovov (Obr. 3) a velkokapacitny deli€¢ vzorky
(Obr. 4).

Obrazok 2: Zariadenia na mechanicku predupravu materialu
a) dvojrotorovy drvi¢, b)celustovy drvic, c) drvi¢ plastov, d) kladivovy drvi¢
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Obrazok 3: Separator nezeleznych kovov Obrazok 4: Automaticky deli¢ vzorky

V oddeleni fyzikalno—chemického spracovania sa realizuje finalizacia cestou pyrometalurgického,
hydrometalurgického a elektrometalurgického spracovania druhotnych surovin vyuzitim laboratérnych a
poloprevadzkovych luhovacich zariadeni a elektrolyzérov (Obr. 5). Na vysokoteplotné procesy sa
pouzivaju laboratérne a poloprevadzkové pece s moznostou ohrevu do 1400°C.

Obr. 5: Zariadenia na fyzikalno — chemické spracovanie
a) poloprevadzkova luhovacia aparatura, b) aparatura na lihovanie pomocou ozonu,
c) elektrolyzér

Centrum spracovania odpadov prevadzkuje aj vlastnu internetovu stranku www.censo.sk, kde sa
nachadzaju vSetky potrebné informacie. Okrem z&kladnych informacii a fotogalérii jednotlivych oddeleni,
sa na stranke nachadzaju aj iné zaujimavé sekcie.

V sekcii ,Nase produkty” sa nachadzaju demo verzie databdz BaterDATA a LiteraDATA. Databaza
BaterDATA obsahuje zaznamy o prenosnych typoch batérii a akumulatorov vyskytujucich sa na trhu
a taktiez aj materialové listy jednotlivych batérii a akumulatorov. Databaza vedeckych publik&cii
LiteraDATA je pokracovanim UspeSnej databazy LITERA vyvijanej na nasom pracovisku v 90-tych
rokoch minulého storoCia. Databaza LiteraDATA slUzi na vkladanie, uchovavanie a vyhladavanie
¢lankov, reportov, zakonov, patentov atd. z oblasti odpadového hospodarstva ako aj z oblasti
metalurgie. Sucastou databazy su aj ¢lanky vo formate PDF., ktoré je mozné otvorit priamo z databazy.

Zaujimaveé a potrebné su tiez sekcie K stiahnutiu® a ,Legislativa®. V sekcii ,K stiahnutiu® sa su
dostupné vedecké ¢lanky v PDF formate, ktoré su volne pristupné a v sekcii ,Legislativa“ sa nachadzaju
zakony a vyhlasky Slovenskej republiky, tykajuce sa odpadov.
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Aktivity a vysledky Centra spracovania odpadov neostali bez povSimnutia odbornej verejnosti, Coho
doékazom je udelenie ceny Odpadového hospodarstva Zlaty mravec v kategérii ,Inovativne rieSenia“ za
rok 2007. Na zaklade dosiahnutych vysledkov udelil podpredseda vlady a minister Skolstva doc. Ing.
Andrei MiSkufovej, Ph.D. ocenenie Vedec roka 2008 v kategérii ,Osobnost vedy a techniky do 35 rokov*
a zaroven v ramci tyzdfia vedy a techniky bol oceneny aj Ing. DuSan Orac za najlepSiu doktorandsku
pracu na Technickej univerzite v KoSiciach z pohladu dizajnu.

Centrum spracovania odpadov nevykonava len experimentalnu c&innost, ale podiela sa aj na
zveladovani teoretickych poznatkov v oblasti spracovania a recyklacie odpadov. Okrem aktivnej
publikacnej Cinnosti sa CENSO podiela aj na organizacii vedeckych podujati, napr. medzinarodnej
konferencie Waste — Secondary Raw Materials, ktora je zamerana na najnovsie pokroky v spracovani a
nakladani s odpadmi (WASTE) a Recyklacia pouzitych prenosnych batérii a akumulatorov (RPPBA).

Zaver

Od roku 2003 je neoddelitelnou sucastou Katedry neZeleznych kovov a spracovania odpadov
Centrum spracovania odpadov. Toto centrum vzniklo na z&klade dlhodobej a ciefavedomej prace na
katedre a nadviazalo na jej histériu a tradiciu, ktora sa zacala pisat v roku 1952 zalozenim Vysokej Skoly
technickej v KosSiciach, sucasnej Technickej univerzity v KosSiciach. CENSO ponuka Siroku paletu
¢innosti v oblasti spracovania a recyklacie tuhych priemyselnych odpadov, ako aj zloziek separovaného
zberu. O spravnosti rozhodnutia zalozit laboratérium CENSO a o jeho zivotaschopnosti svedcia rieSené
a vyrieSené projekty recyklacie viacerych druhov odpadu, ziskané ocenenia a organizacia vedeckych
podujati slovenskej aj medzinarodnej Urovne.
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Summary

This paper inform about research activities of Centre of Waste Processing (CENSO) on Department
of Non-ferrous Metals and Waste Treatment, Faculty of Metallurgy, Technical University of Kosice
(TUKE HF). Visions, direction, activities, efforts and acting of CENSO in the area of waste processing
are closer introduced. There are also mentioned solved project which CENSO was dealing with in the
past as well as on the present. Two divisions with their equipments are closer described. Some awards
acquired by CENSO and its activities in the area organizing of scientific conferences are also mentioned
in the end.
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Abstract

A lot of municipal waste, which are currently produced, may threaten environment. Solution of
problems concerning waste management needs not only high level of technological knowledge and huge
cost, but it also needs high level of ecological awareness of citizens, local governments and national
authorities. Unfortunately, society knowledge and involvement in waste management and social
acceptance of waste management infrastructure are not sufficient. So that, the permanent increase in
ecological awareness in waste management is the necessity. There are a lot of nationwide and local
educational actions addressed to different age and social groups organized in Poland. A few of them
addressed to adults are described in this paper.

Keywords: ecological education of adults, waste management

Introduction

Protection of air, water, land and nature are very important issues. These issues include waste
management. A lot of municipal waste, which are currently produced, may threaten environment. The
correct waste management requires different actions, such as minimization of waste production,
utilization and disposal. Waste landfilling should be treated as the least preferred method in the waste
management 2. Solution of problems concerning waste management needs not only high level of
technological knowledge and huge cost, but it also needs high level of ecological awareness of citizens,
local governments and national authorities.

Currently, society knowledge and involvement in waste management are not sufficient. Social
acceptance of waste management infrastructure is still scant. The most of polish citizens know that
selective collection of waste is necessary in correct waste management, but not all of them segregate
waste at source. A lot of people do not know which waste may be composted. People understand that
landfills, composting plants and incinerator plants are necessary, but on the question: “Do you want
these plants in your region?” - they answer “not in my back yard”. Therefore, the permanent increase in
ecological awareness in waste management is necessary °.

The objectives of education in waste management are to show problems related to waste produced,
to show available practices, society involvement in waste management (e.g. selective collection of
waste, including hazardous waste) as well as achievement of high level of social acceptance of waste
management infrastructure. Promotion of products made of secondary materials is essential too.
Passing on knowledge in waste management should be associated with sensitivity to the beauty of
nature and threats connected with incorrect behaviour with waste **.

Ecological education should embrace all citizens. Education of children and youth people is carried
out in schools and outside of schools in different forms. Ecological education of adults is carried out by
professional trainings, workshops, studies and postgraduate studies (the formal system) and by local
and nationwide educational actions (the informal system) °. These actions should be addressed to
different social and professional groups. The forms and methods of education must be adjusted to
knowledge and intellectual abilities of citizens. Ecological education should be carried out regularly and
individual campaigns and events should be a part of long-term educational programs.

The education forms should be not monotonous. They should arouse interest, surprise and inspire.
Sometimes, educational actions are initially interesting, but with time they stop being attractive and their
effectiveness decreases.
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Preparing of effective educational programs is difficult and needs co-operation of specialists in waste
management, psychology, sociology, pedagogy ®’. Local governments and national authorities, non-
governmental environmental organizations, Regional Centres for Environmental Education, National
Parks and Landscape Parks also should share in this process. This co-operation helps to realize
education in an interesting and completed way and enables all participants to exchange of experiences.
The international co-operation in waste management is also important.

Nationwide educational actions addressed to adults

Ecological education promoting minimization of waste production and correct behaviour with waste is
one of the main trends in waste management, specified in The 2010 National Waste Management Plan®.
This Plan assumes also promotion of products created from wastes. The Plan obliges Environment
Minister to carry out of nationwide promotion campaigns and information programs in public media (TV,
radio, daily and weekKly press).

The media (TV, radio, daily and weekly press, trade and specialized press, Internet) are the main
channel of passing on information. They have a large impact on society awareness with regard to
environmental protection and waste management. Currently, Internet plays a huge role in passing on
information. There is basic information in correct waste management on World Wide Web. A handbook
in waste management for each households published on website of Ministry of the Environment is a
good example of using Internet to education of adults. Information which waste should be segregate and
why, how segregate waste, what should be done with different type of waste (biowaste, electric waste,
old medicines, mercury thermometers, end-of-life vehicles, used up tyres, bulky waste and others) are in
this handbook °. There are also more professional and branch information such as information about
recycling firms, conferences, professional trainings, legislative acts and many others on WWW [9-12].
Internet allows exchanging of information and experiences between people engaged in waste
management and others.

There are a lot of nationwide promotion campaigns that are carried out in media. Campaign called
“Minimization of waste production and correct waste processing” is one of them. This campaign is
realized by Environment Ministry. It is mainly addressed to women 20-54 years old, living in small towns
and villages. The objectives of this action are: increasing knowledge in minimization of waste production
and correct waste processing, increasing awareness in threats connected with waste burning in house
stoves and change of people behaviour (e.g. involvement in selective collection of waste, not waste
burning in stoves) °. The short educational films called “Do not clutter your conscience”, which are
televised in nationwide TV, are part of this campaign. In these films, the agreeable priest talks to his
parishioners that incorrect waste processing is ecological sin. Interview with experts, short specialized
films and programs in morning time are also televised. There are also short educational programs
transmitted by radio, which are connected with TV films and information in daily and feminine press. All
information about campaign and correct waste processing are also available on WWW. There are also
planed happenings and educational actions during mass events as family festivities, church fetes,
harvest homes. Competition for journalists is also interesting idea. The condition of participations in
competition is to publish determined number of articles, TV or radio programs, which promote correct
waste management °.

Public Ecological Education Program is another nationwide educational action. The Program is
carried out by Ecological Education Coalition, associating a number of waste recovery organizations and
ecological non-governmental organizations (i.a. organizations which co-ordinate famous action “Clean
Up The World”). The main aim of Coalition is to achieve waste recovery and recycling levels, which are
required by European Union. The detailed aims are: increasing society knowledge in correct waste
management, initiation of actions leading to put into practice rational waste management, support for
local authorities in carry out of integrated waste management '°. Portal containing a number of different
information about waste management (i.a. the rules of selective collection, legislative acts, recycling
technology, events connected with waste management and education in waste management, etc.) was
done within the confines of this program. The informative and educational actions on radio, TV, Internet
and outdoor campaigns are also carried out.
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Local educational actions addressed to adults

Issues connected with ecological education in waste management are mentioned in each communal,
poviat or voivodship waste management plan. According these plans local and regional authorities
should be engaged in actions, which will cause the increase of ecological awareness of citizens. A lot of
such educational actions have been carried out in Poland.

The Festival of Recycling is a local event, which is organized in Krakéw each year. The first Festival
was organized in 2003. It is the best example of outdoor event promoting collection of recyclable
materials. This action is addressed not only to adults but also to youth people and children. Everybody
may give back waste paper, glass, PET bottles, cells and electric waste during Festival. Participants
bringing this waste receive a seedling of tree or flower (Fig. 1, 2).
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Figure 1. The Festival of Recycling — queue for seedlings

The main attraction and symbol of this festival is a model of famous object made of waste. The
models of the Barbakan Tower, Christopher Columbus’ sail boat ,Santa Maria”, the Sukiennice Cloth
Passage, the Florianska Gate with fragments of battlements, the Wawel Dragon sculpture and a lot of
miniature model of famous building were made as yet. Plain-air concerts, laser and fireworks shows are
also organized during the Festival. Passing on knowledge as fun form allows absorbing it in causal way
and gives chances of changing behaviour. The Festival as annual event regularly moulds and
consolidates pro-ecological behaviour of Krakéw citizens. It was the first such event in Poland.
Nowadays similar festivals are organized in other towns ''.
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Figure 2. The Festival of Recycling — participant receives tree seedling

The Clean Action, currently on-going in Krakéw, is an example of huge and long-term society
campaign promoting waste segregation '2. This action is addressed to all citizens of Krakéw. The aim of
this action is to increase consciousness and knowledge of Krakéw’s citizens about the huge quantities of
waste produced by them. Passing on this information should appeal to imagination, e.g. by comparison.
Therefore, the waste capacity produced by Krakéw’s citizens was compared with famous Kosciuszko
Mound. Billboards, presented Koséciuszko Mound made of waste, were the first part of this action. A
number of different information about waste management in Krakéw can be obtained within the confines
of the Action. An Internet portal entirely devoted to waste management was made. Information about
waste selective collection rules (which waste should be segregate, how to prepare waste before throw
them to the bins, how organized selective collection in household) is available the Clean Action website.
There is also information about location of bins for selective waste collection in Krakow. The important
element of this program is a didactic path about communal waste management in waste landfill of
Barycz. In the first part, promotion was also carried out in Krakow cinemas where educational short
subjects with known citizens of Krakdéw were projected before feature films.

Educational actions carried out by employers play a huge role in increasing of ecological awareness
of citizens. The Action called “Starting from ourselves” is executed in Ministry of the Environment. It is a
good example of internal environmental campaign. The aim of this action is promoting of good practices
in work, such as economical using of materials, waste segregation and others. The action is based on
non-standard methods of education, using the element of surprise. The campaign has long-term
character but individual actions go on one or two months. The location of educational contents in
copyright note of internal documents and letters was very surprising action °.
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Summary

Increase of ecological awareness of citizens is a base of correct municipal waste management. It is
necessary to involve society in waste management through selective collection and aware limitation of
created waste. Educational actions have led to increase knowledge in waste management, but society
involvement and social acceptance of waste management infrastructure are still not sufficient [13].
Education of children and youth people is carried out in schools and there are also a lot of outside forms
of education addressed to these age groups. It is very important to expand ecological education forms
addressed to adults, as group of people that have an influence on waste management now. This
education should be more intensive. Ecological education should be permanent, carried out with all the
available methods and means, and addressed to all social and professional groups. In this paper, only a
few on-going educational actions were described. There are a lot of similar local and nationwide
programs in Poland carried out by local and national authorities, non-governmental environmental
organizations, National Parks and Landscape Parks, industrial plants, offices, etc.
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Suhrn

Znecistenie pbdy je v sucasnosti velmi vazny problém, ktory zasahuje vsetky priemyselne vyspelé
krajiny, vratane Slovenska. Vzhladom na to, Ze technoldgie Cistenia pbdy pouZivané v sucasnosti st
limitované, je nevyhnutné venovat sa hladaniu novych technoldgii, ktoré budu aj z pohladu ekonomiky
procesu aj z pohladu zataZovania Zivotného prostredia vyhovujuce. Medzi takéto technologie patri
fytoremedidcia, ktora vyuZiva schopnosti rastlin akumulovat tazké kovy. Tato technoldgia bola
v prezentovanej studii aplikovana na cistenie pédy znecistenej medou, zinkom, chromom a kadmiom vo
vybranej lokalite Ge¢a a v laboratdérnych podmienkach pomocou lanu (Linum ussitatissimum) a astry
(Calistephus chinensis). Aplikaciou tychto rastlin sa podarilo vycistit kontaminovanu pédu od medi a
chromu pod limitnd hodnotu udavanud zakonom ¢&. 220/2004 Z. z. o ochrane a vyuZivani
polnohospodarskej pédy uz po tridsiatich drioch od vysevu. Okrem studia moZnosti vycistenia p6dy bolo
cielom prace sledovat’ aj toxické ucinky kovov na metabolizmus pouZitych rastlin. Studované parametre
(klicivost’ a produkcia biomasy) sa pouZili k vyhodnoteniu tolerancie rastlin na stres vyvolany tazkymi
kovmi. Velmi vyrazne sa prejavil toxicky vplyv tychto kovov uz na klicenie pouZitych rastlin. Pri silnom
znecisteni pbdy bola klicivost podstatne zredukovana, hlavne u rastliny Calistephus chinensis.
Tolerancia lanu a astry na stres indukovany kovmi bola vyjadrena malou zmenou v produkcii biomasy.

Krucovée slova: fytoremediacia, tazké kovy, Linum ussitatissimum, Calistephus chinensis

Uvod

V rokoch 2003-2007 bola Regionalnym Uradom verejného zdravotnictva (RUVZ) v Kosiciach
vykonavana monitorovacia Studia v Styroch lokalitach v blizkosti koSickej spalovne tuhého komunalneho
odpadu s cielom vyhodnotit vplyv spalovne na Zivotné prostredie a zdravie obyvatelov Zijacich v jej
okoli. Vyskum bol zamerany na stanovenie obsahu vybranych tazkych kovov vo vzduchu, v péde a vo
vode, takisto aj v ludskom tele — v mod&i, krvi a vo vlasoch'. Koncentracia niektorych tazkych kovov v
pdde presiahla limitné hodnoty udavané zakonom ¢&. 220/2004 Z. z. o ochrane a vyuzivani
polnohospodarskej pody?.

Vzhladom na to, ze limity stanovené zakonom boli prekro¢ené len mierne a ze sa jedna o rozsiahle
Uzemie, na ktorom sa nachadzaju zahrady alebo polia, boli na sanaciu pédy navrhnuté fytoremediacné
metdédy. Fytoremediacia oznacuje skupinu metdd, ktoré vyuzivaju zelené rastliny aich rizosférické
mikroorganizmy na fixaciu, akumulaciu a degradaciu znecistujicich latok nachadzajucich sa v péde,
sedimentoch, spodnej alebo povrchovej vode alebo dokonca aj v atmosfére®. Ich vyhodou je, Zze podu
netreba premiestriovat, po ukonéeni je okamzite vhodna na dalSie pouzitie, st finanéne velmi nenaro¢né
a pre velké plochy je mozné vyuzivat klasické polnohospodarske technoldgie pri realizacii sanacie.
Vyhodou tychto metdd je aj to, Ze pbsobia esteticky a celkovo sa stretavaju s pozitivnymi ohlasmi aj zo
strany laickej verejnosti®. ]

Na zaklade odporucani z RUVZ bola na experimentalne Stadium vybrana zahrada v Geci. V rokoch
2008-2009 bol v tychto podmienkach realizovany fytoremediany vyskum na odstranenie vybranych
tazkych kovov Cd, Cr, Zn, Cu z pddy pomocou zvolenych rastlin Linum usitatissimum a Callistephus
chinensis na taku hodnotu, aby sa opatovne dala pouzivat na polnohospodarske ucely. Pre porovnanie
bol experiment uskuto¢neny aj v laboratérnych podmienkach.
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Okrem moznosti vycistit kontaminovanu pédu v lokalite Ge¢a od vybranych tazkych kovov Cd, Cr,
Zn, Cu z p6dy pod zakonom stanovené hodnoty aplikaciou Linum usitatissimum a Callistephus chinensis
bolo ciefom tejto prace Studovat vztah medzi fytotoxicitou kovov a stresom vyvolanym tazkymi kovmi
v tychto v rastlinach. Toxické U€inky vyvolané tazkymi kovmi (Cu, Cd, Zn) v rastlinach lanu a astry boli
vyhodnotené fyziologickymi parametrami ako je kli€ivost rastlin a produkcia biomasy.

Experimentalna cast’

Charakteristika studovanej oblasti

Spalovnia tuhého komunalneho odpadu spolo¢nosti Kosit a.s. sa nachadza priblizne 5 km vzdu$nou
Ciarou juhovychodne od okraja mesta KoSice. Do prevadzky bola spustena v roku 1990, jej ucelom je
spalovanie tuhych domovych a priemyselnych odpadov z mesta KoSice a okolia. Na zaklade vysledkov
merania emisii je podfa platnych pravnych predpisov spaloviia zaradena ako velky zdroj znecistenia
ovzdusSia. V spolupraci s RUVZ sa na fytoremediacny vyskum podarilo ziskat poli¢ko v obci Ge€a, a to z
juznej strany od spalovne, kde povolené hodnoty koncentracie tazkych kovov v péde presahovalo az
sedem prvkov z deviatich: As, Cd, Cr, Cu, Hg, Zn, Se'. Dédvodom je prevladajice pridenie vetrov v tejto
oblasti, smer sever - juh, ktoré unasa zo spalovne tuhého komunalneho odpadu spolo¢nosti Kosit a.s.
nebezpecné splodiny s obsahom tazkych kovov na Uzemie obce Geca.

Material a metody

Rastlinny material

Linum usitatissimum — lan siaty je lieCiva rastlina z ¢elade lanovité (Linaceae). Lan je jednorocna
rastlina, ktora sa pestuje prevazne v miernom podnebnom pasme a rastie v priemyselne znecistenych
oblastiach. Lan sa pouziva hlavne na vyrobu priemyselného oleja, ale aj ako potrava pre zvierata, ¢i na
ludsku konzumaciu. Lan sa povaZzuje za rastlinu, ktora toleruje kovy bez evidentného znizenia produkcie
biomasy, Ci zniZzenia kvality zozbieranych produktov. Medzi plodinami je fan znamy ako akumulator
tazkych kovov, napr. Linum usitatissimum akumuluje Cd, éasto obsahuje viac ako 0,1 mg Cd. kg
suchej biomasy a tiez akumuluje Pb, Cu a Zn°.

Callistephus chinensis — astra €inska je rastlina z Celade astrovité (Asteraceae). Astra je nielen
oblibena celoro¢na okrasna rastlina, ale aj vyznamny komerény kvet, ktory je prispdsobivy nielen
r6znym péddnym typom, ale aj klimatickym podmienkam. Velmi dblezita je tendencia astry akumulovat
mikroZiviny a tazké kovy ako napr. Na, Mn, Pb, Cd a Ni®.

Experiment uskuto¢neny na policku Gec¢a

Experiment prebiehal od polovice maja do zaliatku septembra 2008, ¢o predstavuje 120 dni.
VonkajsSiu Cast experimentu predstavovalo poli¢ko v obci Ge€a vysiate zmieSanou kultdrou rastlin Linum
usitatissimum a Callistephus chinensis. Poli¢ko malo rozmery 1,5 mx 1,5 m.

Odber vzoriek péd

V aprili 2008 sa uskutocnil odber pédnej vzorky z policka v obci Gec€a podla vyhlasky Ministerstva
pddohospodarstva SR c&islo 338/2005 Z. z., ktorou sa ustanovuju podrobnosti o postupe pre odber
pddnych vzoriek, spésobe a rozsahu vykonavania agrochemického sku$ania pdd, zistovania pédnych
vlastnosti lesnych pozemkov a o vedeni evidencie hnojenia pbédy a stavu vyzivy rastlin na
polnohospodarskej pdde a na lesnych pozemkoch’. Odber vzoriek bol vykonany v predpisanom termine
stanovenou metodikou 30 vpichmi sondaznou tyéou do maximalnej hibky 30 cm. Po odobrati pédnej
vzorky nasledovala Uprava poli¢ka k vysevu semien rastlin.

Stanovenie obsahu tazkych kovov

Obsah tazkych kovov Cu, Cd, Cr aZn v pdde na policku v Geci bol pre vSetky pdbdne vzorky
stanoveny spektrograficky pomocou optického emisného spektrografu PGS-2 vo vstupnej vzorke pédy
odobratej pred vysevom, v pddnej vzorke odobratej po 30 drioch od vysevu semien rastlin a vo vzorke
pddy odobratej po ukonéeni experimentu.
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Laboratorny experiment

Laboratornu Cast experimentu tvorila zmieSana kultara rastlin Linum usitatissimum a Callistephus
chinensis vysiata do troch pdéd s r6znou koncentraciou tazkych kovov. Semena rastlin klicili a rastli
v umelohmotnych kvetina€och naplnenych organickym substratom (Florcom, zahradny substrat), ktory
bol suSeny pri 80°C po dobu 24 hodin. Hmotnost' substratu v kazdom kvetina¢i predstavovala 1130g.
Prvi skupinu tvorilo pat rastlin v nekontaminovanej pdde (kontroly) a desat rastlin v kontaminovanych
pddach s koncentraciou kovov Cu, Cd a Zn ako je uvedené v tabulke 1. Med, kadmium a zinok vo forme
vodnych roztokov CuSQ,, Cd(NOj3), a Zn(NOj). boli pridané do kazdého kvetinata na zaciatku
experimentu. Rastliny boli zalievané dvakrat v tyzdni priblizne 200 ml vody, tak aby jej objem nepretiekol
z kvetinacov.

Taburlka 1: Koncentracia kovov v laboratérnej péde

Koncentracia kovu v pode

Poda [mg.kg™]
Cu Cd Zn
Kontrola (nekontaminovand) - - -
Nizka koncentracia kovov 144,3 0,9 220
Vysoka koncentracia kovov 721,5 4,3 1100

Pre lepSiu orientaciu a prehladnost boli v tabulke 2 jednotlivé pddy oznacené pismenami A, B, C a D.

Tabulka 2: Oznaéenie pody
Poda Oznacenie pody
Kontrola (nekontaminovand)
Nizka koncentracia kovov
Vysoka koncentracia kovov
Policko Geca

Laboratérny
experiment

o0 o>

Klicenie

Kli¢ivost urCuje pocet kli¢iacich semien schopnych dalSieho vyvoja a je vyjadrena v %. Po vyseve
semien rastlin Linum usitatissimum a Callistephus chinensis na policku v Geéi sa sledovala kli¢ivost
semien rastlin. Laboratérna kli¢ivost semien Linum usitatissimum a Callistephus chinensis bola
stanovena Standardnou metédou ako priemerna hodnota zo 4 x 100 semien. Za klicivé sa povazovalo
semeno s dizkou korienka aspori 5 mm. Kligivost semien sa sledovala v Petriho miskach na filtrasnom
papieri s vyznacenou sietou 10x10 Stvorcov umiestnenom na vrstve vaty pri laboratérnej teplote.
Filtracné papiere boli navihéené destilovanou vodou a nasledne pripravenymi roztokmi s koncentraciami
uvedenymi v tabulke 1. V prikrytych Petriho miskach, kde bol obsah udrziavany vo vlhkom stave, sa
pozorovala klicivost.

Produkcia biomasy

Zaciatkom septembra 2008 boli rastliny Linum usitatissimum a Callistephus chinensis pozbierané
z policka v Gec€i aj z kvetinacov v laboratériu. Jednotlivé rastliny boli oddelené na nadzemnu ¢€ast
a korene, dokladne premyté obyc€ajnou a destilovanou vodou, nasledne susené pri 80°C do konstantnej
hmotnosti a stanovené ich hmotnosti.

Vysledky a diskusia

Koncentracia tazkych kovov v péde

Pb&sobenim rastlin Linum usitatissimum a Callistephus chinensis doSlo k zniZzeniu koncentracie Cu a
Cr v péde na policku v Gec€i (D) uz po 30 drioch od vysevu pod limitnd hodnotu udavanu zakonom ¢&.
220/2004 Z. z. o ochrane a vyuZzivani polnohospodarskej pddy® (Obr. 1 a, b). Po 120 drioch sice
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koncentracia Cu v pdde vystupila tesne nad tento limit (Obr. 1 b), ale to bolo spésobené opadavanim
spodnych listov rastlin, v ktorych boli kovy ulozené. Jedna sa o prirodzenu reakciu rastlin, ktoré sa tymto
spbsobom zbavuju Skodlivin. Opatovnému prieniku kovov do pédy sa da zabranit skor§im zberom
rastlin. Neznizila sa koncentracia zinku, ¢o je vSak pozitivhe, pretoZze zinok, okrem inych délezitych
funkcii v organizme, pésobi ako ochranny kov pred uc€inkom inych tazkych kovov. U kadmia je
nevyhnutné esSte ukoncit merania, az potom bude moZzné jednoznaéne povedat, ¢i naozaj doslo
k poklesu jeho koncentracie v kontaminovanej pode.

a b_
T 100 T 120
2 Y : 100
o il
2 & f £
P 70 8 80+
<g- 60 + ‘g_
> 50 | > 60
5 401 3
© 4
S 30+ :§ 40
= 20| =
c c 20+
8 101 8
c c
S O ‘ | g 0
0 30 120 0 30 120
doba [den] doba [den]
Obrazok 1 a, b: Koncentracia chromu a medi v péde na policku v Geci (D)
Klicenie

Kligenie je zakladny postup, ktorym sa uréuju toxické uginky tazkych kovov na rastliny®. Pritomnost
tazkych kovov negativne ovplyvniuje kliCenie. Priebeh kli¢enia a nasledne rast semien je citlivejSi na
stres vyvolany tazkymi kovmi z dévodu, Ze niektoré obranné mechanizmy v kliiacich semenach este
nie st vyvinuté®. Semena lanu a astry zadali Kkligit 5. defi od vysevu vo vSetkych pédach. Kligivost
semien fanu a astry bola najvyssia v nekontaminovanej péde (A). Kli¢ivost semien lanu v pédach A, B,
D sa pohybovala na urovni 90%, pricom v pode s vysokou koncentraciou kovov (C) kliivost klesla
0 33,5% (Obr. 2).

100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 4

kligivost [%]

poda
B Linum usitatissimum @ Callistephus chinensis

Obrazok 2: Klicivost’ Linum usitatissimum a Callistephus chinensis v jednotlivych pédach
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So zvySujucou sa koncentraciou tazkych kovov v péde kliivost semien astry vyrazne klesla o 86,5%
v péde s najvy$Sou koncentraciou kovov (C). To znamena, ze az vysoké koncentracie kovov v pode
maju nepriaznivy vplyv na kliCivost semien lanu a astry. Z vysledkov vyplyva, Zze semena Callistephus
chinensis su pri kli€eni citlivejSie na obsah tazkych kovov v péde ako semena Linum usitatissimum (Obr. 2).

Produkcia biomasy

Jednou z délezitych vlastnosti idealnej rastliny pre fytoremediaciu je rychly rast a produkcia
dostatoéne velkého mnozZstva lahko pozbieratelnej nadzemnej &asti rastliny. Tazké kovy maju zvy&ajne
vplyv na redukciu rastu rastliny. Redukcia rastu m6ze byt vyjadrena ako znizena rychlost rastu alebo
znizena produkcia biomasy, ¢ mbéze byt spdsobené Specifickou toxicitou kovu na rastlinu,
antagonizmom s dal§imi Zivinami v rastline alebo inhibiciou korefiovej penetracie v pode’. Najviac
biomasy vyprodukovali rastliny lanu a astry rasttce na policku v Geci (D). Za znizenu produkciu biomasy
v nekontaminovanej pdde (A) su zodpovedné nepriaznivé svetelné podmienky v laboratériu. V pédach
s nizkou a vysokou koncentraciou kovov (B a C) je znizena produkcia biomasy spdsobena kombinaciou
nepriaznivych svetelnych podmienok a koncentraciou tazkych kovov v péde (Obr. 3 a, b).

a Linum usitatissimum b Callistephus chinensis

12 6 -
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8,

4
o
0 - 0 -

sucha hmotnost’
biomasy [g]
(o]
sucha hmotnost’
biomasy [g]
w

poda poda
O nadzemna ¢ast W korene O nadzemna ¢ast M korene

Obrazok 3 a, b: Sucha hmotnost biomasy v nadzemnej ¢asti a v korerioch rastlin

Zavery

Pri vybere rastliny vhodnej na fytoremediaciu pdd znedistenych tazkymi kovmi je hlavnym
predpokladom rastliny jej schopnost kumulovat tazké kovy bez zavaznejSieho poSkodenia metabolizmu.
Vybrané rastliny lan a astra preukazali, ze su schopné klicit' a rast’ v kontaminovanych pédach, aj ked pri
velmi vysokych koncentraciach tazkych kovov v pdéde doSlo k vyraznému znizeniu kli¢ivosti, hlavne
u astry. Sa tiez schopné produkovat dostatocné mnoZstvo biomasy, ktora sa moéoze energeticky
zhodnotit.

Vysadenie zmieSanej kultiry astier a lanu, s prevahou lanu, prispelo uz pocas jednej sezdny
k vyraznému znizeniu koncentracie sledovanych kovov - medi a chromu a pravdepodobne aj kadmia aj
napriek tomu, ze podla nameranych vysledkov nepatria az k takym vyraznym akumulatorom tazkych
kovov. Koncentracia zinku sa neznizila.

Na zaklade spominanych vysledkov by sme odporucili pre sanaciu pédy na Uzemi v blizkosti
spalovne, pripadne inom Uzemi s podobnym znedistenim a typom poOdy, pouzitie lanu, pripadne
zmieSanej kultury astier a lanu. Na zaciatku je nevyhnutné urobit analyzu kovov v péde. Pokial sa
stanovena koncentracia pohybuje okolo dvojnasobku povolenych limitov v péde, je mozné predpokladat,
Zze uz po jednej vegetaCnej sezoéne dbjde k vyraznému zniZzeniu koncentracii znecistujucich kovov
v pédach.

Vysledky nasho experimentu indikuju, ze fytoremediacia je perspektivna metéda aplikovana na
Cistenie pbéd s plytkou kontaminaciou aje vhodna na Ccistenie miest s velkou rozlohou a nizkou
koncentraciou kovov.
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Summary

The soil pollution is very serious problem today, which concerns all developed and industrialised
countries, including Slovakia. Given the fact that technologies currently used for soil cleaning up are
insufficient, it is necessary to seek new technologies, which would not only have limited impact on
environment, but would be economically viable as well. The phytoremediation, which is based on the
ability of the plants to accumulate heavy metals, is one of the promising technologies. In the presented
research this technology was applied to clean up the soil polluted by Cu, Zn, Cd in the selected location
of Geca and in the laboratory conditions with help of flax (Linum ussitatissimum) and aster (Calistephus
chinensis). When were used these plants, already after 30 days from the sowing we were able to clean
up the polluted soil from Cu and Cr below the limit given in the Low NR SR No 220/2004 Statutes at
Large: About preservation and using of agricultural land. Besides studying the possibilities of soil
cleaning up, the objective of the research was to study toxic effects of metal on the metabolisms of
plants used. The studied parameters (seed germination and dry biomass production) served to assess
the tolerance of plants against stress caused by heavy metals. The toxic effects of these metals were
significantly manifested already during the seed germination of plants. In the strongly polluted soil seed
germination was substantially reduced, in particular when was used aster. The flax and aster tolerance
to metal stress was reflected in the slight change in dry biomass production.

Keywords: phytoremediation, heavy metals, Linum ussitatissimum, Calistephus chinensis
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Abstract

The goal of the research was to eliminate impurities contained in industrial magnesium sulfate
solutions in aspect of their application for example to winning of flame retardant additives into polymers.

In the work two basic methods of solution cleaning were used: classical chemical way — this is
precipitation of insoluble compounds containing impurities and physicochemical method-ion-exchanging.
To precipitation of deposits the following agent was used: magnesium, sodium and calcium hydroxides.
Especially by two stages cleaning of solution obtained results was interested from the point of its further
application. The mass balance of cleaning process was represented.

Key words: magnesium sulfate, cleaning process, waste.

Introduction

Raw materials to winning of magnesium and its compounds are rock-forming minerals and soluble
compounds such as chlorides and sulfates, which occur in waters of sea and oceans or salt lakes.
Moreover in the industrial practice is used waste containing magnesium for example chromium mud [1].
The base of modern magnesium industry there are carbonate ores containing magnesite and dolomite
as well as raw materials in which occurs magnesium chloride, for example carnallite.
These all materials are used to production of refractories, fertilizers. binders or application in polymer
compositions as flame retardants.
Especially the chemical industry requires raw materials containing limited content of impurities. Increase
of impurities enforces application of solution purifying what is time-consuming. For example, content of
impurities in solutions of magnesium sulfate is limited. However presence of some impurities such
copper as zinc in solutions can be favorable in case their processing of fertilizers. These impurities fill
role of microelements.

Upon the whole the impurities from solutions of magnesium sulfate are removed by means of their
precipitation. Forming compounds are characterized by weak solubility. From these solutions iron is
removed as trivalent iron hydroxide, particularly as hematite, goethite many or jarosite [2]. Often
precipitation of impurities from magnesium salts solutions is complicated and difficult.

According to [3] jarosite method possesses advantages as high efficiency of iron removal, regulation of
sulfates amount in solution, ease of filtration of formed deposit and the like. The process of the jarosite
formation describes following equation:
In dependence of used salt Me(l) adequate form of jarosite is obtained.

In practice to undesirable metals removal from solution ion exchanger method are used. These
methods have some limitation on account of requirement of dilute solution application.

Generally precipitation methods are used to purifying of industrial solutions turn in hydrometallurgical
processes more and more believers gains jarosite method. Choice of precipitation conditions is
connected with kind of solution, concentration, ionic valence and the like.

The aim of this work was to determine conditions of Fe(lll) ions precipitation and efficiency of
industrial solution of magnesium sulfate purifying by means of iron hydroxide precipitation.
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Experimental

The objective of research was the industrial solution of magnesium sulfate obtained from secondary
materials. In the Table 1. properties of this solution are presented. The presence of magnesium phase in
initial materials is shown in Fig.1. X-ray diffraction data showed that the sample is composed of two
phases: MgSO,4H,0 and MgSO,6H,0.

Table. 1. The composition and properties of industrial magnesium sulfate

: 3 o Composition
Density [g/cm~] Wetness [%] MgSOs [g/dm’] Fe [mo/dm’]
2.222 +0.193 18.236 £ 0.052 276.54 +0.08 13.18 £0.10
%
000 \ \ \ \ {

2 Theta

Fig. 1. Diffraction pattern of industrial magnesium sulfate: A - MgS0O,-4H-0; B - MgSO,-6H.,0

Magnesium sulfate was dissolved in distilled water in round bottom flask placed in a thermostat.
Ferrous ions were oxidized by means of 33% solution of hydrogen peroxide.
Removal of trivalent iron ions from solution by means of precipitation method was carried out. The tests
were carried out in glass reactor of 110 cm® capacity in which solution of required concentration was
present. Sodium hydroxide solution was used as a neutralization agent.
Purifying of tested solution was conducted at room temperature. Neutralization agent was introduced
until the requested pH was achieved. The tests were carried out for various levels of pH ranging from 7
to 9.5. After having attained the last value of pH the pulp was then filtered. From such solution
magnesium sulfate in the solid phase was obtained. The chemical composition of tested solutions was
determined by spectrophotometer using colorimeter type SPEKOL 11 Carl Zeiss Jena.
First the hydroxylamine solution was used for iron reduction from Fe(lll) to Fe(ll). Then this solution was
analyzed in order to determine the concentration of iron in ferrous form [4].

Results

The initial and final pH of solution needed for removal of trivalent iron from solution was calculated
from approximate formulas. The initial calculated pH reached the value 2.8 whereas the final pH was
estimated at 7.16.

The obtained results were recapitulated in Table 2.
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Table 2. Results of cleaning process

Concentration of MgSO, or Fe Degree of iron
pH of solution Solution Precypitate elimination from solution
MgSO.[g] | Fe[mg] | MgSO4([g] | Fe[mg] [%]
After cleaning 276.954 13.18 - - 0.000
7.00 276.954 13.18 - - 0.000
7.50 276.954 13.18 - - 0.000
8.00 272.739 6.60 4117 6.57 49.85
8.50 269.463 1.63 7.489 11.52 87.74
9.00 267.487 0.31 14.419 12.86 97.57
9.50 259.786 <0.01 17.008 12.98 98.84

In this Table the degree of iron elimination from solution was also given. This degree was calculated
from formula:
V. .c, =V, -c
aq=-L P k "~k

100
Vp C)

Where:

a - degree of iron elimination [%],

V,, - volume of initial solution [dm®],

Cp - iron concentration in initial solution [g/dm™],
V- final volume of solution [dm?],

Cx - iron concentration in final solution [g/dm™].

The data indicates that iron precipitation took place at pH of 8 which was considerably higher than the
calculated value. The degree of iron elimination depends on solution pH - with increase of pH of tested
solution the above degree reached higher value. For pH 9.5 it reached maximum value — practically
100%, however during removal of iron losses of magnesium sulfate were observed. The change of
concentration of iron as well as magnesium was presented in Figure 2 and 3. In the range of pH from 7.5
to 9.0 the decrease of iron ions in tested solution was observed.

278 14

v—o/\\

276

274

262

260

258

5,5

6,5

7,5

pH

8,5

9,5

10,5

8 272 S

3 =
> 270 - 8
= \\ 5

° c

c 268 2

[ ©

s \ £ 8
£ 266 3

8 5

s O 4
3 264

\

8

8,5

9,5

10

pH
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Fig. 3. The change of concentration of iron
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It should be stressed (underlined) that the obtained magnesium solution is very pure and can be used
in pharmaceutical industry or as base to obtain magnesium hydroxide — flame retardant.

Remarks

The presented method of purifying magnesium solution from trivalent iron ions was effective. The
obtained results indicate that iron removal from magnesium sulfate by its neutralization occurs in higher
pH range than in the case of other water solutions of sulfate [4]. For example for zinc sulfate solution
removal of trivalent iron with the same concentration the process runs in the pH range from 4 to 7.2.
High cleanness of obtained magnesium sulfate enables the application in various industry branches.

References

1. Jarosinski A., Nowak A. K.: Doskonalenie technologii przerobu przemystowych odpadéw
magnezowych na przyktadzie biota pochromowego, 4" International Scientific Conference,
Theoretical and practical problems of management of matallurgical wastes, 27-29 may 2004,
Krakéw

2. tetowski F. Podstawy hydrometalurgii, WNT Warszawa 1975

3. Dutrizac J.E., The behaviour of impurities during jarosite precipitation, 1984 Ed. Bautista R.G.
“Hydrometallurgical process fundamentals” Part |, Plenum Press,New York and London, s.125-169

4. Marczenko Z.: Spektrofotometryczne oznaczanie pierwiastkow, WNT Warszawa 1979

5. Jarosinski A.: Badanie nad usuwaniem magnezu z koncentratow cynku i utylizacja produktow
ubocznych, Krakow 2009

Cistenie priemyselnych roztokov s obsahom siranov horéika vzhladom k
ich vyuzitelnosti v niektorych procesoch
Andrzej Jarosinski®, Sylwester Zelazny?, Piotr Radomsk?
@Faculty of Engineering and Chemical Technology, Cracow University of Technology, ul.
Warszawska 24, 31-155 Krakdéw, Poland
e-mail: ajar@chemia.pk.edu.pl

Patronem tohoto éisla je Ustav geotechniky SAV Kosice, www.saske.sk/UGT/,
poradatel konference RECYKLACIA ODPADOV / WASTE RECYCLING XIV. WASTE FORUM 2010, éislo 4 strana 431



Erika Fedorovd, Jarmila Remidsovd, Jozef Hanéuldk, Olfga Sestinovd, Tomislav Spaldon: Hodnotenie prasného
spadu v oblasti Kosic
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Suhrn

V oblasti KoSic bola spadova prasnost s urCitymi prestavkami sledovana a analyzovana od roku
1980. Clénok sa venuje problematike atmosférickej depozicie v okoli Kosic a nésledne sledovaniu
a monitoringu tazkych kovov. Oblast KoSic predstavuje typické mestské prostredie s vyznamnym
podielom emisii z dopravy a stavebnej ¢innosti. Medzi najvacsie zdroje TZL (tuhé znecistujuce latky)
patri prave U.S.Steel Kosice. V oblasti previddaju vetry severnych a juZznych smerov'.

Krucove slova: prasny spad, tuhé znecistujuce latky, atmosféricka depozicia

Uvod

Znecistujuce latky, ktoré sa nachadzaju v ovzdus$i sa po ur€itom ¢ase dostavaju atmosférickou
depoziciou do ostatnych zloziek zivotného prostredia. Podla svojho charakteru mézu ovplyviovat
urcity okruh prirodnej aj kultarnej sféry, ktora vyuziva ¢lovek ku svojej existencii. Kvalitativne aj
kvantitativne zloZenie atmosférickej depozicie je ovplyvnené zvlast v oblastiach s pritomnostou
velkych zdrojov.

Material a metody

Na odbery vzoriek praSného spadu boli pouzité plastové nadoby tvaru valca, s priemerom 12,5 cm,
vySkou 16 cm, umiestnené po Styroch na stojanoch vybavenych drziakmi nadob, s celkovou
sedimentaénou plochou 490 cm? . Stojany boli umiestnené na strechach budov vo vyske okolitej
zastavby, na sidliskach s panelovymi domami ato na strechach vytahovych $acht. Vzorky prasného
spadu z okolia KoSic sme odoberali mesacne z ésmich odberovych miest. Ich lokalizacia je znazornena
na obrazku ¢.1. Nadoby boli naplnené deionizovanou vodou do vySky 2 cm zddévodu moznej
resuspenzie Castic. Tuha faza bola po odbere vzoriek, po vymyti nadob v laboratériu za pomoci
ultrazvuku, oddelena podtlakovou filtraciou s pouzitim membranovych filtrov Synpor, s priemerom pérov
0,85 um. V pripade suchych vzoriek bola na vymytie nadob pouzita deionizovana voda. Tuha faza
zachytend filtraciou bola z jednotlivych stanovist za sledované obdobie kumulovana do jednej vzorky
a mineralizovana v mikrovinom rozkladnom zariadeni MWS-3. Takto pripravena vzorka bola
analyzovana na obsah jednotlivych sledovanych prvkov metédou AAS, na zariadeni SpectrAA
240FS/240Z VARIAN, s pouzitim GTA pre prislusné prvky. Taktiez bol stanoveny aj obsah sledovanych
prvkov v rozpustnej faze a odparok po filtracii vzoriek. Z tychto chemickych analyz a gravimetrie bola
vypoditana priemerna depozicia sledovanych tazkych kovov, vyjadrend v jednotkach ug.m?.den™ pre
kazdé odberné miesto.
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Obrazok 1: Lokalizacia miest odberu vzoriek Obrazok 2: Pohl'ad na Watsonovu ulicu
(1-Sever, Watsonova; 2-Zapad, Humenska; zo strechy SAV (odberné miesto 1 —

3-Tahanovce, Americka; 4-Dargovskych hrdinov, Lidické ~ Sever, Watsonova)
namestie; 5-Staré mesto, Palarikova; 6-Nad Jazerom,
Cingovska; 7-SPS Barca; 8-MS Peres)

Tabulka 1: Priemerna denna depozicia taZzkych kovov na jednotlivych stanovistiach z merani za
rok 2009 ako aj priemerné vysledky monitoringu v KoSiciach v rokoch 1998-1999.

Celk.dep.|] Fe | Mn | Zn [ Pb [ Cu| Cr [ Cd | As | Co | Ni

Stanoviste [ug.m?.deii]
1| Watsonova | 92383,00 [4392,00] 82,85 | 87,22 | 3,77 [10,19] 13,21 [0,37 [ 1,71 [ 0,61 [ 11,90
2 Terasa 72368,00 |4106,16 | 77,66 | 62,92 | 3,09 [10,15[ 11,06 [ 0,77 | 3,26 [ 0,66 | 15,35
3| Tahanovce | 88085,00 [3619,95| 72,36 | 60,43 | 3,01 | 9,61 | 9,27 | 0,23 [ 1,68 | 0,41 [ 5,92
5 Palarikova | 162581,00 | 4718,86 | 112,08 | 131,02 [ 10,52 [ 13,85 15,08 | 0,98 [ 1,99 | 0,58 | 9,67
6 Jazero 68496,00 |2937,33| 58,34 | 53,43 | 2,97 [ 8,38 | 562 [ 0,26 | 1,63 0,35 | 8,60
7 Barca 93836,00 |4513,62| 91,71 | 78,46 | 586 | 8,55 [17,10 0,21 | 1,37 [ 0,42 | 7,32
8 Peres 65709,00 |3511,41| 67,25 | 63,42 | 6,75 | 7,95 [ 18,19 (0,23 | 1,86 | 0,24 | 6,91
Priemer 91922,57 |3971,33 | 80,32 | 76,70 | 5,14 [ 9,81 [12,79 0,44 | 1,93 | 0,47 | 9,38
B Min. 59 556 1839 | 50,1 53,7 | 8,56 [10,22] 12,77 [ 1,04 | 0,34 [ 1,80 | 4,08
1aontao| _ Priem. 107467 | 3879 | 92,4 [ 159,5 [13,16[19,03]|30,52 | 3,20 [ 1,01 | 2,61 | 5,91
Max. 173556 | 5849 | 140,0 | 302,8 | 20,78 |32,11]45,37 [ 5,18 | 2,54 [ 4,31 | 8,86

Vysledky a diskusia

V tabulke 1 je zobrazena priemerna denna depozicia sledovanych tazkych kovov na jednotlivych
stanovistiach z merani v KoSiciach za rok 2009 a priemerné vysledky z monitoringu takisto v KoSiciach,
ale v rokoch 1998 — 1999. Pre porovnanie sme v tabulke uviedli aj minimalne, priemerné a maximalne
hodnoty z 5 stanovist a to z monitoringu v rokoch 1998 a 1999 a za rok 2009. Ak porovnavame hodnoty
depozicie v KoSiciach s predchadzajucim obdobim, podiel TZL oproti rokom 1998 a 1999 podstatne
klesol. Z priemernych hodnét depozicie kovov zo sledovanych obdobi bol zisteny pokles depozicie
skoro u vSetkych kovov az na mierny vzostup depozicie Fe v roku 2009. Najviac oproti rokom 1998 —
1999 poklesli hodnoty depozicie v pripade zinku, kadmia, kobaltu aolova. Na Slovensku nie su
stanovené limitné hodnoty pre depoziciu tazkych kovov z atmosférickej depozicie, resp. prasného
spadu. Pri hodnoteni Urovne imisnej zataze je preto mozné vychadzat len z relativneho porovnania
depozicie sledovanych tazkych kovov z réznych oblasti.
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Obrazok 3: Porovnanie atmosférickej depozicie vybranych tazkych kovov

Na obrazku €. 3 su graficky porovnané hodnoty atmosférickej depozicie z KoSic za cely rok 2009 s
vysledkami depozicie za rok 1998 a 1999 ako aj s meraniami z Ceskej republiky na subsystémoch
zakladnych (CR 1) a kontaminovanych pléch (CR Il), z roku 20057, z Rakuska v rokoch 1999 — 20013, z
Anglicka s Walesom z rokov 1995 — 1998 a urbannej a suburbannej krajiny z delty Perlovej rieky v Cine,
z rokov 2001 — 2002*. Merania a monitoring jednotlivych stanovist v Kosiciach za rok 2009 bol z
hladiska depozicie porovnatelny s ostatnymi lokalitami v CR a Cine. Z grafického porovnania depozicie
vSetkych sledovanych tazkych kovov v KoSiciach je zrejmé, Ze hodnota depozicie zeleza a manganu je
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na priblizne rovnakej Grovni, naopak v Ceskej republike a Cine su tieto hodnoty omnoho nizsie ako

v Kosiciach ale to sa tyka len Zeleza, u manganu bolo maximum namerané prave v Ceskej republike (1)
a najnizsie hodnoty boli namerané v Cine. Co sa tyka zinku, hodnoty tohto prvku boli vo véetkych
krajinach porovnatelné s Kogicami. Hodnoty olova su oproti Kogiciam podstatne vy$sie v CR (ll). Zinok
a med mbdzeme pozorovat takisto priblizne rovnako vo v§etkych monitorovanych oblastiach v§etkych

sledovanych krajin.

Zaver

Z uvedenych vysledkov monitorovania v sledovanych oblastiach bol na niektorych stanovistiach
zaznamenany vyrazny pokles hodnét. Naopak najvacsie hodnoty atmosférickej depozicie boli namerané
v KoSiciach, a to hlavne na stanovisti Palarikova — v centre mesta, kde sme zaznamenali najvac¢si podiel
u tazkych kovov, a to Zeleza a manganu, pric¢om tieto hodnoty boli zvy§ené aj na inych odbernych
miestach a st porovnatelné aj s tdajmi z Ceskej republiky a Ciny. Hodnoty depozicie ostatnych tazkych
kovov boli takisto porovnatelné s hodnotami nameranymi na inych lokalitach a ani u jedného prvku
nedos$lo k vyraznému vzostupu ¢i poklesu. Na zvySenu depoziciu niektorych tazkych kovov ma v okoli
Kosic vplyv aj U.S.Steel.
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Evaluation of dust fallout in the area of KoSice )
Erika Fedorova®, Jarmila Remidsova®, Jozef Hanéul'ak®, Olga Sestinova®, Tomislav
Spaldon?®
@ Institute of Geotechnics of SAS, Watsonova 45, 043 53 Kosice, Slovak Republic

Summary

The dust deposition were measured and analyzed with some pauses from 1980 year in the area of
Kosice. The article devoted atmospheric deposition problems and monitoring of heavy metals in the area
of KoSice. Kosice region have a typical urban environment with important emission part mainly from
traffic. U.S. Steel KoSice is the one of biggest sources of solid pollutants.

Key words: dust fallout, solid pollutants, atmospheric deposition, heavy metals
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Suhrn

Prispevok sa zaobera hodnotenim monitoringu atmosférickej depozicie modifikovanou metodikou
Lbulk deposition” (sucha a mokra depozicia) so zameranim na vybrané tazké kovy (Fe, Mn, Zn, Pb, Cu,
Cr, Cd, As) z dvoch oblasti. Dlhoroény monitoring (2001-2009) bol realizovany v oblasti Zelezorudného
zavodu v Niznej Slanej. Z oblasti Krompach, s medenymi kovohutami su prezentované vysledky
z prvych deviatich mesiacov monitoringu (jul 2009-marec 2010). V oblasti NiZnej Slanej boli v rokoch
2001-2008 (median) v porovnani s inymi oblastami namerané vysoké hodnoty depozicie arzénu (1,32-
33,62 mg.m*?.rok”), mangénu (50-674 mg.m*.rok’) a Zeleza (1033-10062 mg.m*.rok’’). Bola zistena
Statisticka zavislost medzi mnoZstvom emisii a depoziciou tychto kovov. V roku 2009 po zastaveni
vyroby v zavode bol zaznamenany na najviac kontaminovanych stanovistiach pokles depozicie arzénu,
manganu a Zeleza o viac ako 90 %. V oblasti Krompach, boli v porovnani s depoziciou z inych oblasti
namerané vysoké hodnoty depozicie kadmia (0,8-10,5 ug.m*.deri’), olova (11-130 ug.m?.deri”’), medi
(11-225 ug.m*.deri’’) a zinku (100-831 ug.m*.deri’).

Krucoveé slova: atmosféricka depozicia, tazké kovy, banictvo, hutnictvo

Uvod

Znecistujuce latky, ktoré sa do ovzduSia dostavaju z prirodnych aj antropogénnych zdrojov, sa po
uréitom Case dostavaju atmosférickou depoziciou do pody a ostatnych zloziek zivotného prostredia, pre
ktoré mézu predstavovat’ hlavny zdroj kontaminacie. Z tohto dévodu sa vyskumu zloziek atmosférickej
depozicie venuje primerana pozornost™®. Specifické emisie z tepelnych technolégii spracovania rud
a vyroby kovov ovplyvriuju kvalitativne aj kvantitativne zloZzenie atmosférickej depozicie predovSetkym
v blizkosti svojich prevadzok. Prispevok sa zaobera hodnotenim vysledkov monitoringu atmosféricke;
depozicie modifikovanou metddou ,bulk deposition (vertikalna zlozka mokrej depozicie a nedefinovana
Cast suchej depozicie) so zameranim na vybrané tazké kovy Fe, Mn, Zn, Pb, Cu, Cr, Cd a As.
Prezentované su vysledky z monitoringu v dvoch r6znych oblastiach. Z dlhodobého, prebiehajiceho od
roku 2001, v oblasti pbésobenia zelezorudného bansko-Upravnickeho zavodu v Niznej Slanej,
s odstavenou vyrobou od augusta 2008. Zacinajuceho, z prvych deviatich mesiacov monitoringu
v oblasti Krompach, s emisiami z vyroby medi na baze medeného Srotu a odpadov.

Charakteristika sledovanych oblasti

Nizna Slana

Zelezorudny zavod je lokalizovany v Gdoli rieky Slana, orientacie sever — juh, severozépadne od
Roznavy, v katastri obce Nizna Slana. Veterné pomery su uréené orografiou tohto Udolia.
Z meteorologickych pozorovani v nedalekej Roznave vyplyva, ze prevahu v oblasti maju vetry severnych
— 46 % a juznych smerov — 27%, vyskyt bezvetria je okolo 10%, smery vetra kolmé na orientaciu udolia
sU menej Gasté’.

Zavod tazil a upravoval siderit, ktory je vysoko zeleznaty, so zvySenym obsahom manganu. Mangan
je viazany izomorfne v mriezke sideritu. Ruda obsahuje taktiez primes viacerych tazkych kovov, ktoré
vystupuju vo forme, sirnikov, siranov, sulfosoli a oxidov. NajvyznamnejSou neziadlcou primesou
z kovov je arzén, svariabilnym obsahom vrude od 0,01 do 0,1%, ktory je viazany hlavne
v arzenopyrite®. Cely postup Upravy rudy pozostaval z drvenia, magnetizaéného praZenia, mokrého
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mletia, magnetickej separacie a peletizacie, ¢im sa vyprodukovala priama vsadzka do vysokych peci.
Okrem plynnych emisii, zavod produkoval urcité mnozstvo tuhych emisii, hlavne oxidov Zeleza
s obsahom dalSich tazkych kovov. Zdrojmi Uletov tuhych znecistujucich latok (TZL) boli drviaren,
rotacné pece, chladiCe prazenca a peletizacia. Na uletoch TZL mali rozhodujuci podiel tepelné
technolégie rotacnych peci a peletizacie. Po jednotlivych stupfioch odprasenia boli emisie odvadzané
120 m vysokym kominom do ovzduS$ia. V tabulke 1. sU uvedené ro¢né emisie TZL v rokoch 1998 az
2009. Pri plnej prevadzke zavod spracoval vySe 600 000 ton rudy a emitoval vySe 150 ton TZL rocne.

Tabulka 1: Emisie TZL zo Zelezorudného zavodu v NizZnej Slanej [t.rok’]

1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009

156,4 | 116,3 | 116,9 | 86,7 32,9 63,3 63,8 | 121,5 | 155,8 | 148,4 | 89,4 0

Krompachy

Hlavny emisny zdroj v oblasti, Kovohuty, a.s., Krompachy, je situovany v uadoli rieky Hornad
s generalnou orientaciou Udolia zapad — vychod, na severovychodnom okraji Krompach, v oblasti
stredného SpiSa. Veterné pomery su podmienené orografiou Udolia, ktoré je relativne malo veterné,
s Castymi inverznymi stavmi. Z meteorologickych pozorovani v 7 km zdpadne vzdialenych SpiSskych
Vlachoch boli zaznamenané vetry malych rychlosti, najastejSie zo zapadnych a vychodnych smerov,
a vysoky, 58% vyskyt bezvetria®. V kovohutach sa pyrometalurgicky spracovavaju rézne druhy odpadu
s obsahom medi na baze kovového medeného, mosadzného, bronzového a bimetalového Srotu.
Vyuzivaju sa taktiez technologické odpady, ako suU medena troska, stery, filtrané kaly, kolace a rézne
iné druhy odpadov s obsahom medi nad 5%. Hlavnymi technolégiami pyrometalurgie su: Sachtova pec,
ktora je hlavnym zdrojom emisii, konvertory a anddova pec. Finalnym produktom je anédova med a
medené drbty. VedlajSie produkty pyrometalurgie a zachytené ulety su hydrometalurgicky spracované
na heptahydrat siranu zino€natého. Celkové emisie TZL boli v roku 2007 34,94 ton, v roku 2008
33,31 ton a v roku 2009 poklesli na 28,76 ton. MenSimi zdrojmi TZL v oblasti si s emisiami v roku 2008:
Zlievaren SEZ, a.s. — 0,7 tony, dve miestne kotolne na vyrobu tepla 1,49 a 0,14 ton. Cela oblast
stredného Spisa je znama dihodobou zatazou z historickej banskej a nadvaznej metalurgickej €innosti.

Experimentalna ¢ast’

Metodika ,bulk deposition“ spociva v zachyte zrazok a tuhych €astic pasivnou sedimentaciou (mokra
a nedefinovana c&ast suchej depozicie) na presne definovani plochu za ur€ity €as. Z gravimetrie
a chemickych analyz po laboratérnom spracovani vzoriek su vypocitané depozi¢né toky sledovanych
latok. V oblasti Niznej Slanej na odbery vzoriek boli pouzité plastové sedimentacné nadoby tvaru valca,
s vnatornym priemerom 12,5 cm a celkovou sedimentaénou plochou 245 cm?, umiestnené po dvoch na
stojanoch, vo vySke 2,5 az 3 m nad terénom, plnené 250 ml deionizovanou vodou s pridavkom
izopropanolu. Vzorky boli odoberané v mesaénych intervaloch zo sedemnéstich, v roku 2009 zo
Strnastich stanovist. Rozmiestnenie stanovist je znazornené na obrazku 1. Po odbere vzoriek bol
v laboratériu obsah nadob kvantitativne preneseny na odparovacie misky a po odpareni gravimetricky
vyhodnoteny v hmotnostnych jednotkach prepocitanych na plochu a prislusné c¢asové obdobie.
Vyhodnotené vzorky spadov z jednotlivych stanovist boli kumulované do jednej ro¢nej vzorky a po
mineralizacii v mikrovinom rozkladnom zariadeni Merck MWS-3 analyzované metédou AAS, pristrojom
SpectrAA-30 a SpectrAA 240FS/240Z VARIAN, s pouzitim GTA pre prislusné prvky.

V oblasti Krompach boli pouzité drziaky pre $tyri nadoby so sedimentaénou plochou 490 cm?,
umiestnené na stojanoch vo vySke 2 m nad terénom, na okrajoch, mimo intravilan obci — 4 stanovistia,
v dvoch pripadoch boli stanovistia v intravilane obci na strechach budov. Chemicka analyza bola
stanovena osobitne pre rozpustnu a nerozpustnu fazu. Tuha faza bola po vymyti nadob v laboratériu za
pomoci ultrazvuku, oddelenda podtlakovou filtraciou s pouzitim membranovych filtrov Synpor,
s priemerom pérov 0,85 pum. Rozpustna faza bola po nakoncentrovani priamo analyzovana metédou
AAS, v pripade vzoriek tuhej fazy bol postup ako v pripade vzoriek z oblasti Niznej Slanej za vyuZitia
popisanej pristrojovej techniky.
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Obrazok 1: Lokalizacia stanovist odberov atmosférickej depozicie v oblasti NizZnej Slanej

Vysledky a diskusia

V tabulke 2 su porovnavané hodnoty depozi¢nych tokov sledovanych tazkych kovov pre jednotlivé
miesta odberov z oblasti Niznej Slanej, za obdobie rokov 2001 az 2009. Stanovistia su Cislované
vzostupne, v smere orientacie doliny a najCastejSieho prudenia vetrov sever — juh, ktorych poloha je
vyznadenda na obrazku 1. V favom stlpci je uvedeny median pre prislugny prvok z rokov 2001 az 2008,
v ¢ase prevadzky hlavného zdroja emisii, zavodu Siderit, s.r.o, Nizn4 Slana. Vpravo je uvedena ro¢na
depozicia z roku 2009, kedy zavod zo svojich prevadzok neprodukoval Ziadne primarne emisie. Zo
sledovanych kovov su v atmosférickej depozicii z kvantitativneho hladiska sledované kovy zastupené
v poradi: Fe >>Mn >>Zn > As > Cu > Cr > Pb. Zastupenie Zeleza, manganu a arzénu odraza zlozenie
vsadzky a pouzité technolégie jeho Upravy. Hlavnou zloZkou uletov su oxidy Zeleza. V praci Baluchovej
bolo Studované mineralogické zloZenie vzoriek tuhej fazy depozicie'®. Boli identifikované mineraly,
ktorych povod je jednoznacéne v tepelnych technolégiach spracovania sideritovej rudy. Takéto si hematit
+ maghemit, magnetit a wstit. Dalej boli v depozite identifikované kremen, chlorit, siderit, ankerit, ¢o su
mineraly, ktoré sa do ovzdusSia mézu dostavat pri manipulacii s vytazenou surovinou, ale aj vyvievanim
z okolitého prostredia. Do oboch kategérii spada vyrazne zastupeny siderit.

Vybrané vzorky tuhej fazy z roku 2008 boli Studované aj z hfadiska granulometrického zloZenia
Castic. Podiel jemnych €astic pod 5 um, tzv. respirabilny podiel sa v jednotlivych vzorkach pohyboval
Vv rozpéti 6,76 az 13,20% .

Hodnoty depozicie prvkov Zn, Pb, Cu, Cd ciasto¢ne Cr (median 2001-2008) na jednotlivych
odbernych miestach su relativne vyrovnané, bez vyrazného vplyvu ich lokalizacie vzhfadom na hlavny
zdroj emisii. Velké rozdiely v depozicii na réznych odbernych miestach boli zistené v pripade zeleza,
manganu a arzénu. Medzi emisiami TZL v jednotlivych rokoch a depoziciou tychto troch prvkov bola
preukdzana Statisticka zavislost'®. Najvy$sie hodnoty ich depozicie boli namerané na stanovistiach
lokalizovanych juzne od zavodu, v centralnej Casti Udolia v jeho blizkosti, na stanovistiach €. 5 a €.7.
zdroja a €. 8, vzdialenom len cca. 1400 m od hlavného komina. Odberné miesto €. 8 je vSak
lokalizované na zapadnom okraji doliny a kominovou vle¢kou je pravdepodobne zasiahnuté len
sporadicky.
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Tabulka 2. Porovnanie ro¢nej atmosférickej depozicie sledovanych tazkych kovov zo stanovist
z oblasti Niznej Slanej v rokoch 2001-2008 (medizn) a v roku 2009 [mg.m?.rok]

Oznacenie Fe Mn Zn Pb
stanovista 2001-2008 | 2009 | 2001-2008 | 2009 | 2001-2008 | 2009 | 2001-2008 | 2009
1 2306 1700 69,9 21,0 23,4 18,1 0,20 0,37
2 3501 581 206,3 13,3 11,3 10,2 0,26 0,43
3 4915 - 276,9 - 16,2 - 0,58 -
4 5904 675 317,0 23,5 14,4 11,7 0,74 0,36
5 10062 - 673.,9 - 15,9 - 0,92 -
6 6650 756 423,4 24,3 17,4 11,4 0,91 0,29
7 9634 512 639,4 18,7 411 52,4 1,03 0,49
8 1223 577 49,3 19,6 10,7 14,0 0,16 0,66
9 4540 - 289.,6 - 54,0 - 0,31 -
10 2892 471 227,2 7.5 9,8 10,6 0,22 0,45
11 4353 579 314,9 12,1 13,2 12,4 0,32 0,32
12 2774 462 143,0 10,5 8,7 37,8 0,14 0,53
13 4417 459 287.,4 12,9 13,6 14,9 0,26 0,40
14 5814 1238 355,9 18,4 24,7 350,4 0,96 2,41
15 3308 1042 176,8 225 12,8 11,6 0,35 0,43
16 4650 905 266,2 26,2 242 32,5 1,66 1,61
17 1033 950 48,9 38,9 8,9 10,6 0,29 3,83
Minimum 1033 459 48,9 7.5 8,7 10,2 0,14 0,29
Maximum 10062 1700 673.,9 38,9 54,0 350,4 1,66 3,83
Median 3927 628 246,7 19,1 13,4 13,2 0,31 0,44
Oznacenie cu Cr Cd As
stanovista
2001-2008 | 2009 | 2001-2008 | 2009 | 2001-2008 | 2009 | 2001-2008 | 2009
1 2,62 3,36 2,79 2,06 0,050 0,018 3,42 2,16
2 2,85 1,93 3,562 0,97 0,024 0,019 10,65 0,77
3 3,68 - 2,92 - 0,051 - 11,27 -
4 3,55 2,62 3,08 0,76 0,035 0,023 15,76 0,82
5 5,89 - 2,82 - 0,030 - 33,26 -
6 3,57 1,71 2,21 0,98 0,019 0,024 19,44 1,03
7 5,27 2,16 2,78 1,60 0,068 0,039 20,81 1,00
8 1,93 2,51 1,39 1,73 0,047 0,028 1,32 0,45
9 3,13 - 2,22 - 0,064 - 6,60 -
10 2,96 2,79 1,56 1,09 0,037 0,018 4,41 0,36
11 2,80 1,96 1,91 1,13 0,034 0,019 9,19 0,47
12 1,90 1,62 1,11 1,06 0,030 0,026 2,46 0,58
13 3,38 2,02 2,13 0,86 0,025 0,034 13,42 0,43
14 3,88 2,91 2,37 1,07 0,036 0,027 17,14 1,56
15 3,28 4,04 1,86 1,73 0,033 0,021 8,51 1,05
16 4,43 5,69 2,77 1,97 0,043 0,066 14,56 0,61
17 1,37 3,79 0,98 0,62 0,027 0,030 2,11 3,12
Minimum 1,37 1,62 0,98 0,62 0,019 0,018 1,32 0,36
Maximum 5,89 5,69 3,562 2,06 0,068 0,066 33,26 3,12
Median 3,12 2,56 2,17 1,08 0,034 0,025 9,92 0,80

V roku 2009 bol zaznamenany vysoky pokles depozicie manganu, Zzeleza a arzénu oproti depozicii
z rokov 2001-2008. Depozicia Zeleza poklesla na vSetkych stanovistiach v rozmedzi 26,3-94,7%,
depozicia manganu od 20,4 do 97,1%. Hodnota depozicie arzénu vzrastla len v jednom pripade, na
najvzdialenejSom stanovisti €. 17, na ostatnych stanovistiach bol zaznamenany pokles od 36,8% do
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96,8%. Najmenej vyrazné poklesy boli zaznamenané na miestach, ktoré v predchadzajucom obdobi
zataze vplyvom jeho emisii. Pokles bol zaznamenany aj v pripade chromu, okrem jedného stanovista
a v pripade kadmia na vaésine stanovist. Cast chromu mala zrejme pdvod v abrazii vymuroviek
rotaénych peci, ktoré obsahuju chromit. Pokles pre median zo vSetkych stanovist dosiahol pre chrom
50,2%, pre kadmium 26,4%. Hodnoty depozicie zinku a medi su porovnatelné s predchadzajucim
obdobim, az na jednu extrémne vysoku, pravdepodobne nahodnu hodnotu depozicie zinku zo
stanovista €. 14, ktora bola vylu¢end z nasledného porovnavania. V pripade olova bol zaznamenany
mierny narast hodnét depozicie.
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Obrazok 2: Lokalizacia stanovist odberov atmosférickej depozicie v oblasti Krompach

Tabulka 3: Priemerné denné hodnoty atmosférickej depozicie sledovanych tazkych kovov
z oblasti Krompach za obdobie jul 2009 az marec 2010

Stanoviste Fe | Mn | Zn | Pb | Cu | Cr | Cd | As
[ug.m™2.den™]
1. Margecany 263 11,9 100,5 11,23 10,96 1,50 0,79 0,031
2. Stef. Huta 281 6,2 168,1 19,74 18,87 1,32 1,71 0,021
3. Kluknava 327 6,2 300,2 20,27 35,69 2,13 2,65 0,039
4. Krompachy 333 8,5 830,7 129,98 | 225,28 3,53 10,46 0,212
5. Kalava 106 3,5 144.,4 9,91 13,75 1,25 1,65 0,011
6. Kolinovce 443 9,3 405,0 75,95 136,00 3,94 5,29 0,128
Minimum 106 3,5 100,5 9,91 10,96 1,25 0,79 0,011
Maximum 443 11,9 830,7 129,98 | 225,28 3,94 10,46 0,212
Median 304 7,4 2341 20,00 27,28 1,81 2,18 0,035

V tabulke 3 su spracované priemerné hodnoty dennej depozicie zo Siestich stanovist, z prvych
9 mesiacov zacinajuceho monitoringu v oblasti Krompach. Z tohto dévodu sU uvadzané denné, nie
roéné hodnoty depozicie. Stanovistia su od hlavného zdroja emisii vo vzdialenosti od 1,2 km (stanoviSte
€. 4 Krompachy) do 10 km (Margecany). Ich lokalizacia je znazornena na obrazku 2. Z kvantitativneho
hladiska na najviac zatazenych stanovistiach v blizkosti hlavného zdroja s absolitne hodnoty depozicie
najvzdialenejSom stanovisti €. 1 Margecany. Podobne nizke hodnoty boli zaznamenané aj v pripade
stanovista €. 5, Kalava, vo vzdialenosti 1,4 km, od hlavného komina kovohut, ktoré je v§ak mimo
hlavnych smerov vetra. V smere hlavného prudenia je pokles absolutnych hodnbt depozicie vyrazne
pomalsi. V pripade Krompéach bola celkova depozicia stanovena osobitne pre rozpustnl a odfiltrovanu
nerozpustnu fazu. Podiel zinku z rozpustnej fazy sa na jeho celkovej depozicii bol na jednotlivych
stanovistiach 91-97%, podiel kadmia 85-95%, medi 35-67%, olova 22-63%, manganu 33-66%.
Rozpustna faza zeleza sa na svojej celkovej depozicii podielala maximalne do 11%, chrém a arzén boli
viazané na tuhu fazu.
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Obrazok 3: Porovnanie atmosférickej depozicie sledovanych tazkych kovov z ré6znych oblasti

Na Slovensku nie su stanovené limitné hodnoty pre depoziciu tazkych kovov z atmosférickej
depozicie. Pri hodnoteni Urovne imisnej zataze je preto mozné vychadzat len z relativneho porovnania
depozicie sledovanych kovov zrbéznych oblasti. Na obrazku 3 su graficky porovnané hodnoty
atmosférickej depozicie z Niznej Slanej z rokov po€as prevadzky zelezorudného zavodu (2001 — 2008)
po jej ukonceni (2009) a z oblasti Krompach s vysledkami z inych lokalit. S meraniami prevedenymi na
polnohospodarskych pédach v Ceskej republike (CZ), na subsystémoch zakladnych (30 miest)
a kontaminovanych (18 miest) pléch, z roku 2005°, z vidieckych oblasti v Rakusku (AUT), v rokoch 1999-
2001, na desiatich miestach® a Anglicka s Walesom (GB) z rokov 1995-1998 na 34 miestach. Z urbanne;j
a suburbannej krajiny z delty Perlovej rieky v Cine (CHN)?, z rokov 2001-2002 na 14 miestach.

Ako je zrejmé z grafického porovnania na obrazku 3, oblast NiZznej Slanej v rokoch 2001-2008 bola
nadpriemerne zatazena zelezom, manganom a arzénom. Z hladiska toxicity najzavaznejsi problém
predstavovala vysokd depozicia arzénu. V roku 2009, po odstaveni zZelezorudného zavodu doslo
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k vyraznému poklesu depozicie vSetkych troch kovov. Hodnoty depozicie ostatnych sledovanych kovov
boli porovnatelné s hodnotami nameranymi na inych lokalitach.

V oblasti Krompach bolo zhodnotené relativne kratke casové obdobie deviatich mesiacov.
Porovnanim boli zistené vysoké hodnoty depozicie kadmia, olova, medi a zinku na stanovistiach
v blizkosti hlavného zdroja, medenych kovohut. Hlavne depozicia toxického kadmia niekolkonasobne
prevySuje depoziciu nameranu na inych lokalitach a jeho viazanost prevazne na rozpustnu fazu zvySuje
mozné ekologickeé riziko.

Zaver

Analyza atmosférickej depozicie v oblasti pdsobenia banského a hutnickeho priemyslu poukazala na
mozné rizika a mieru zataze blizkeho okolia sledovanymi tazkymi kovmi. Aj v ramci relativne ploSne
malého sledovaného Uzemia sa v miere zataze nachadzaju velmi vyznamné rozdiely. Je to dané
mnozstvom faktorov, meteorologickych, orografickych, emisnych a inych, ktoré maju vplyv na dynamiku
transportu a sedimentécie €astic a na nich naviazanych skodlivin. Zataz velmi rychlo vyznieva s rastom
vzdialenosti od zavodu aj v smeroch prevladajucich vetrov.

Oblast Niznej Slanej bola v porovnani s inymi oblastami z tazkych kovov najviac zatazena, arzénom,
manganom a zelezom, ¢o odrazalo zlozenie vsadzky a pouzité technol6gie Upravy sideritovej rudy
v zavode. Pre tieto tri kovy bola zistend Statisticka zavislost medzi mnozstvom emisii a ich depoziciou.
V roku 2009 po zastaveni vyroby v zavode poklesla depozicia Zeleza, manganu a arzénu na najviac
zavodom exponovanych stanovistiach aj viac ako 0 90%. Vyznamny bol aj pokles depozicie chromu
a kadmia, ktorych absolutne hodnoty depozicie aj v predchadzajucom obdobi boli porovnatelné s inymi
oblastami. V oblasti Krompach, s hlavnym zdrojom emisii z vyroby medi, boli v porovnani s depoziciou
z inych oblasti namerané vysoké hodnoty depozicie kadmia, olova, medi a zinku.
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Atmospheric deposition of heavy metals in selected areas with mining
and metallurgical industry in eastern Slovakia
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Tomislav Spaldon?
2 Institute of Geotechnics of SAS, Watsonova 45, 043 53 Kosice, Slovak Republic

Summary

The contribution deals with the evaluation of atmospheric deposition monitoring by the modified bulk
deposition methodology (wet and dry), which was focused on selected heavy metals (Fe, Mn, Zn, Pb,
Cu, Cr, Cd, As) from two areas. Firstly, a long-time monitoring (2001-2009) was realised in the vicinity
of siderite mining and processing plant in NiZzna Slana. Secondly, the results from the first nine months
(July 2009 — March 2010) of monitoring in the area of Krompachy with cooper smeltery are presented.

High values of the deposition of arsenic (1.32-33.62 mg.m*.year’), manganese (50-674 mg.m*. year
') and iron (1033-10062 mg.m*. year™') were measured in the area of NiZna Slana in the years 2001-
2008 compared with other areas. The statistical dependence between emissions of solid pollutants and
deposition of these metals was evaluated.

In 2009 after shutdown in the plant, the decrease of values at the most contaminated sites of
deposition of arsenic, manganese and iron by more than 90% was recorded.

In the area of Krompachy high values of deposition of cadmium (0.8-10.5 ug.m?.day’), lead (11-130
ug.m<.day’), copper (11-225 ug.m?.day’) and zinc (100-831 ug.m?.day’) in comparison with other
areas of deposition were measured.

Keywords: atmospheric deposition, heavy metals, mining, metallurgy
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Miriam Ledererova’®, Libor Taliga®

2 STU Stavebna fakulta, Bratislava,

e-mail: miriam.ledererova@stuba.sk

Suhrn

Problematika vyuZitia odpadového tepla je sucastou, ktora suvisi s oblastou energetiky, kde sa
vyuZivaju netradicné zdroje energie. Hlavnym ciefom je usetrit’ primarne zdroje energie. Tak ako sa
vyuziva odpadové teplo z réznych energetickych zariadeni, vyuZiva sa odpadové teplo aj napr.
Z kompresorovych stanic tranzitného plynovodu a geotermalna energia. Jednou z moznosti je aj vyuZitie
rekuperacie (spdtného ziskavania tepla). Su to aktudlne ulohy vyspelej spolo¢nosti, a to nielen z
hladiska energeticko-ekonomického, ale ¢oraz viac aj z hfadiska socialno-ekologického.

Krucoveé slova: Odpadové teplo, kompresorové stanice, vykurovacie sustavy, rekuperacia

Uvod

Pri stale vySSej intenzifikacii vyrobnych procesov v priemysle sa zvySuje produkcia Skodlivin
a odpadového tepla v budovach, priCom vysledna kontaminacia internej klimy zle odvetranych alebo
nevetranych priestorov €asto hrani€i s inosnostou koncentracie skodlivin z hladiska hygieny.

Medzi zavazné Skodliviny internej klimy budovy sa v medzinarodnom meradle zahffiaju napr.
Skodliviny pri (fajéeni), nedokonalom spalovacom procese, t.j. NO, a CO, dalej emisiach formaldehydov
a toxickych substanciach, emitovanie v hmotach a zariadeniach budov. Zvlast kritické a s dalekosiahlymi
doésledkami je znecistovanie ovzdusia z globalneho pohladu spésobené spalovanim fosilnych paliv,
podielajucich sa cca 80% na celkovych emisiach oxidov uhlika, dusika a siry. Priemerna koncentracia
CO, predstavujuca absolutne najvyssie znecistenie atmosféry stlpla za poslednych 20 rokov o 30%, t.j.
na hodnotu 345 ppm’.

Vysledkom vSetkych energetickych premien, teda i vysledna produkcia vSetkej antropogénnej ¢innosti
v konec¢nej forme je teplo. ZvySenou urbanizaciou regiénov sa zvysSuju priemerné ro¢né teploty vzduchu
dnes cca o 3°C, v budlcnosti sa o¢akava na Uzemiach tychto vyrastajucich celkov zvySenie tepl6t o 5°C.
Negativne vplyvy na cely ekosystém v tychto oblastiach st varujice’.

Pri sthrnom hodnoteni je jasné, Ze terajSie prevazne extenzivne pristupy k energetickym
surovinovym narokom su problematické. Pri realnej perspektive tieto poziadavky v budicnosti budu
narokované vyuzivanim fosilnych menej hodnotnych paliv, Ze sa terajSie technoldgie (i ked nastava
pokrok) spalovania z ekologického hladiska vyrazne nezmenia, méze nasat strata adaptability zemskej
biosféry z vazne nepredvidatelnymi désledkami.

Racionalizacia spotreby uspor a vyuzitia vSetkych druhov paliv a energie
l. Vyuzivanie druhotnych paliv — energetickych zdrojov

V dne$nom §tadiu rozpracovania tohto programu nie je znama navaznost cielovych programov, ktoré
sa podla svojho zamerania zaoberaju touto problematikou v SR.

Je zname, Ze sa upriamujeme na nové uUspornejSie technoldgie pri spalovani fosilnych paliv, ale
druhotné palivo — energetické zdroje, ich rozvoj a rieSenie technoldgii vyuzivania zostavaju takmer
nepovsimnuté.

Napatie v palivo energetickej bilancii vyzaduje energetickejSie a dbslednejSie realizovat Usporné
opatrenia v celej Skale tepelne — energetickych zdrojov a priniest poriadok do hospodarneho vyuzitia
vSetkych zdrojov energie a sucasne prepracovat moznosti vyuzitia netradi¢nych zdrojov energie.
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Il. Zdroje netradiénych foriem energie a moznosti jej vyuzitia

a) Zakladné udaje o vyuziti odpadového tepla a kompresorové stanice tranzitného plynovodu
V kompresorovych staniciach tranzitného plynovodu su instalované pre plynovy pohon turbo miesadla
- spomalovacie turbiny sregeneraciou vzduchu. Odpadové teplo sa rozumie teplo ziskavané
z odchadzajucich spalin plynovych turbin odovzdavané do cirkulujucej vody v horico vodnych
vymennikoch spaliny — voda. Do vyfukového trakiu kazdej spalovacej turbiny sa osadia vymenniky
umoznujuce plynuld regulaciu.
Cely systém rieSenia bude ako uzatvoreny regulovatelny primarny okruh. Prevadzkovy rezim pre cely
systém musi byt vypracovany a dohodnuty s dodavatelom a odberatelom tepla.
Zdroje odpadového tepla v SR su vybudované v nasledovnych lokalitach:
KSO01 — Velké KapuS§any, okres TrebiSov
KS02 — Jablonov nad Turnou, okres Rozrava
KS03 — Velké Zlievce, okres Velky Krtis
KS04 — Ivanka pri Nitre, okres Nitra

b) MozZnosti vyuzitia OT — KS — TP

e Stavebnictvo: zvySenie drevnej hmoty, suSenie keramickych hm6ot, vykurovanie bytov, priemyselnych
podnikov, komunalnej sféry, rodinné domy.

e Energetika: vyroba elektrickej energie doplnenim spalovacich turbin rekuperaénymi kotlami, pricom
para bude vedena do parnej turbiny. Vyroba elektrickej energie pri urcitych technickych Upravach je
realna.

e Potravinarstvo: suSiarenstvo ovocia, zeleniny, lieCivych rastlin, atd.

e Polnohospodarstvo: vykurovanie zakrytych pléch, sklenikov, féliovych krytov, suSiarenstvo, ohrev
pddy, vyroba bioplynu z odpadov zivoc€iSnej vyroby, pestovanie velkych hab, kompostarne, atd.
Dodavky odpadového tepla z jednotlivych kompresorovych stanic TP su uréené pracovnym rezimom
sustavy, t. z. mnozstvom kompresorovej prace potrebnej k doprave dodavanych objemov zemného
plynu, t. z., Ze mnoZstvo odpadového tepla zavisi od poctu turbosustrojov v prevadzke a na ich
vykone.

c) Vyuzitie odpadového tepla z kondenzacnych zariadeni na vyrobu elektrickej energie —

elektrarne.

Medzi ne zaradujme:

e vyroba elektrickej energie z fosilnych paliv (uhlie..),

e vyroba elektrickej energie z jadrovych paliv.

DoterajSie zahrani¢né idoméace Uvahy o vyuziti odpadového tepla zvyroby elektrickej energie
vychadzaju z viacerych alternativ.

e vybudovanie kurenarskych systémov pre moznosti vyuzitia v SirSom spektre najma potravinarskej,
polnohospodarskej i dalSej priemyselnej vyroby, ktora by zabezpecovala pocas celého roka plynuly
odber tepla. Podla niektorych zahrani¢nych Uvah naklady na toto zariadenie by sa mohli vyrovnat
nakladom na chladiace veze, nehovoriac na priaznivy dopad na ekolégiu prostredia.

e odpadové teplo sa da wvyuzit pri réznych prevadzkach potravinarskeho priemyslu,
pofnohospodarstva, vyrobe bioplynu i v stavebnej vyrobe.

Uplne Specialna otazka je cena odpadového tepla pozadovana vyrobcom. Ked je potrebné toto teplo
nakladne likvidovat chladenim , jeho hodnota pre vyrobcu je zaporna. Ako nahle sa javi moznost jeho
dalSieho vyuzitia stadva sa predmetom ekonomickych Gvah.

Podotykam, ze v SR boli vybudované a su Uspesné prevadzkované sustavy CZT (Centralizované
zasobovanie teplom) na zdroje vyroby elektrickej energie. Najma v pripade jadrovej elektrarne Jaslovské
Bohunice, jadrovej elekirarne Mochovce, ale idalsie elektrarenské vyrobne. Sustavy CZT vykuruju
najma bytovu sféru mestskych aglomerécii ale i priemyselné objekty.

Vyuzitie odpadového tepla zatial zostalo len pri Gvahach jeho vyuzitia najma v polnohospodarstve.
Vykurovacie sustavy CZT odoberaju teplo na Ukor znizenia elektrickej energie, tendencie zniZzovania
energetickej narocnosti bytovych domov objektov zdravotnictva, Skolstva, administrativy ako i dalSich.

NR SR prijala poénuc rokom 2005 zakony, ktoré ustanovuju postupy a opatrenia zlepSenia
energetickej hospodarnosti budov, znizit potrebu energie ako i emisii oxidu uhli¢itého.
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Tieto opatrenia najma v bytovej sfére maju dosiahnut vyznamné zniZenie spotreby energie. Ak
budeme chciet dosiahnut vyznamnejSich Uspechov zavedenim opatreni vyplyvajucich z prislusnych
zakonov bude potrebny systémovy pristup k navrhom arealizacii opatreni obsahujucej aplikaciu
realizacie udrzby pravidelné vyhodnocovanie vysledkov ekonomického programu.

Stavebné predpisy, nariadenia anormy vratane ISO zabezpecuju a ponukaji moznosti ako
dosiahnut Uspory energie. Urcitd Uroven energetickych Uspor dosiahnuta technickymi Upravami
v stavebnej vyrobe, vykurovacich systémoch jej regulacie je nemenna — teda trvala.

Opatrenia dosahujuce Uuspory energie jestvujucich budovach su zlucitelné s modernizaciou
a prestavbou bytového fondu a su zivotne dblezité pre udrzbu bytového fondu.

Poznanie, Ze sa objavuju staznosti na zdravotné tazkosti modernizovanych bytov, Uspory energii
zvadzaju k poruSovaniu vnutorného prostredia. Je &asto zname, Ze vymena vzduchu vo vysoko
energetickych uc¢innych budovach je nedostato¢na. Hospodarenie s energiou by sa malo realizovat
s vedomim potreby zabezpedit dobrd vnatorna klimu a nemalo by viest k syndromu nemocnej budovy.

Potrebné informécie pre odberatelov a buducich uzivatefov zostavaju klu€ovym prvkom energeticky
uspornych politik, lebo chovanie arozhodnutia odberatelov orientuja energetické chovanie Sirokej
verejnosti.

Efektivnost’ rekuperacie odpadového tepla

Problematika zniZzovania energii a paliv pri racionalnom uplatfovani spiatoéného ziskavania tepla
z odvadzaného vzduchu pri vetrani budov atechnologickom odsavani z vyrobnych procesov je
v suc¢asnej dobe vysoko aktualna uloha.

Pri stale vyS$Sej intenzifikacii vyrobnych technolégii v priemysle sa zvySuje produkcia Skodlivin
a odpadového tepla v budovach, pricom vysledna kontaminacia internej klimy nedostato¢ne odvetranych
alebo nevetranych priestorov hraniéi ¢asto s inosnou hranicou koncentraciou Skodlivin.

Rekuperacia alebo spatné ziskavanie tepla je dej, v priebehu ktorého sa do budovy privadzany
vzduch predhrieva teplom odpadového vzduchu. Teply vzduch teda nie je bez uzitku vypusteny
otvorenym oknom von, ale v rekuperaénom vymenniku odovzda vacésinu svojho tepla privadzanému
vzduchu.

Rekuperac¢né vymenniky tepla sa najCastejSie osadzuju priamo do vetracich jednotiek. Rekuperaciu
tak mozno vyuzit prakticky vo vSetkych typoch objektov po€as hygienicky nevyhnutného vetrania ¢i uz
bytov a rodinnych domov, obc&ianskych stavieb, ale aj bazénov a priemyselnych objektov. V poslednych
rokoch sa v suvislosti s rastucimi cenami energii stale CastejSie rekuperacia vyuziva aj v rodinnych a
bytovych domoch.

Zaver

Vysledkom sucasného nakladanie s odpadmi a skladkovanim odpadov je, ze problém sa nerieSi, ale
iba odklada. Coraz viac odpadu nechavame buducim generaciam na skladkach. Recyklagny biznis je z
hladiska ekonomickej navratnosti odkazany na dotacie. Napr. vyrobcovia cementu, ktori pouzivaju paliva
na baze odpadov namiesto tradi¢nych fosilnych paliv, sG ndteni tieto alternativne paliva dovazat.
Elektricka energia a teplo sa vyrabaju s pouzitim prirodnych paliv, ako je napriklad zemny plyn, od
dovozu ktorého je Slovensko zavislé.

Mnohé eurdpske krajiny zaviedli dan zo skladkovania odpadov, aby podporili konkurencieschopnost
inych, environmentalne priaznivejSich spésobov nakladania s odpadmi. Zaroven si tak vytvaraju fondy
na odstrafiovanie takzvanych environmentalnych zatazi. ZvySenie nakladov a tym obmedzenie
skladkovania odpadov moéze vytvorit viaceré celospolo¢enské prinosy. Pre Zivotné prostredie to
znamena menej odpadu na skladkach a znizenie tazby prirodnych surovin. Pre nasu ekonomiku to
mbéze priniest znizenie zavislosti od dovozu prirodnych surovin vratane strategického, no drahého
zemného plynu na vyrobu tepla pre domacnosti, vyuzitie existujucich kapacit.
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Waste heat and non heat source

Miriam Ledererova?®, Libor Taliga®
@ Civil Engineering STU, Bratislava, miriam.ledererova@stuba.sk

Summary

The issue of waste heat utilization is part of that is related to energy, where the use of unconventional
energy sources. The main objective is to save primary energy resources. Just as it uses waste heat from
various power equipment, using the waste heat from the transit pipeline compressor stations, geothermal
energy, as well as the use of heat recovery in technology spending different manufacturing process.
These are the current tasks advanced society, not only in terms of energy-economic, but increasingly
also in terms of socio-ecological.

Keywords: Waste heat, compressor stations, heating systems, heat recovery
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Histoéria a vyvoj

Zaciatok zakladného vyskumu v banskych vedach v ramci Slovenskej akadémie vied mozno datovat
do obdobia jej vzniku v roku 1953. Ako prva organiza¢nd jednotka v SAV pre bansky vyskum bola v roku
1954 zriadena Komisia pre banictvo, z ktorej rozhodnutim Predsednictva SAV bol v roku 1955 zalozeny
Kabinet banictva SAV. V tomto obdobi mal kabinet 1 vedeckého pracovnika a 1 inziniera I. stupna.

Od 1. januara 1957 bol Kabinet banictva SAV premenovany na Laboratérium banictva SAV, ktorého
pracovisko bolo dfia 11. aprila 1957 prestahované do KoSic atakto zaCala sa pisat koSicka histéria
ustavu. Miestnosti pre pracovnikov laboratéria poskytla Banicka fakulta Vysokej Skoly technickej
v pavilébnoch v Parku Komenského. Laboratérium malo ku koncu roka 5 pracovnikov, Styroch
s vysokoSkolskych a jedného so stredoSkolskym vzdelanim.

V rokoch 1959-1961 bola na Solovjevovej (teraz Watsonovej) ulici realizovana vystavba budovy pre
Laboratérium banictva SAV a Laboratérium hutnickej technolégie SAV. Ked bola budova v roku 1961
odovzdana do uzivania malo Laboratorium banictva SAV 25 zamestnancov. Dia 1. januara 1962 bolo
pracovisko premenované na Ustav banictva SAV, ktory sa stal samostatnou rozpoctovou jednotkou.

Pocas svojej existencie presSiel ustav dalSimi reorganizaciami a koncep&nymi zmenami, ktoré opat
vyvolali aj zmeny jeho nazvu, ako aj zmeny v pocte pracovnikov. Napriklad v roku 1986 mal Banicky
ustav SAV uz 64 kmerovych pracovnikov, Z toho bolo 21 vedeckych (6 DrSc., 15 CSc.), 7 vedecko-
technickych, 8 odbornych s vysokoSkolskym vzdelanim, 23 odbornych so stredoSkolskym vzdelanim a 5
ostatnych pracovnikov.

V su€asnosti ma ustav ma celkovo 66 kmenovych zamestnancov, z toho 41 vedeckych pracovnikov
(3 DrSc., 38 CSc./PhD., dalej v ramci tohto poctu 3 prof., 2 doc., 3 veduci vedecki pracovnici, 21
samostatni vedecki pracovnici — kat. 2a, 17 vedecki pracovnici — kat. 2b), 3 odbornych pracovnikov VS,
18 odbornych pracovnikov US, 4 ostatnych pracovnikov a 8 doktorandov v dennej forme
doktorandského Studia. Smerné Cislo dané zriadovatefom je 54. Siesti pracovnici maju uvazky na
rieSenych projektoch, traja si na dlhodobych stazach v zahranici. Priemerny vek pracovnikov Ustavu je
45,05 roka (muzi 36,40, zeny 45,93).

Riaditelia
22. 11. 1954 Komisia pre banictvo SAV Ing. Eugen Stacha 1955 - 1958
15. 10. 1955 Kabinet banictva SAV JUDr. Ing. Karol Ugor, CSc. 1958 — 1965
01. 01. 1957 Laboratérium banictva SAV RNDr. Jozef Kupka, DrSc. 1965 — 1967
05. 11. 1962 Ustav banictva SAV akademik Tibor Kolbenheyer 1967 — 1969
31. 12. 1966 Ustav vlastnosti hornin SAV Ing. Vincent Mihalik, CSc. 1969 — 1974
01. 01. 1976 Banicky Ustav SAV Prof. Ing. Ludovit Kovani¢, DrSc. 1975 — 1987
01. 05. 1993 Ustav geotechniky SAV Prof. Ing. Félix Sekula, DrSc. 1987 — 1998

Host. prof. Ing. Vitazoslav Krupa, PhD. odr. 1998
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Zameranie

Ustav geotechniky Slovenskej akadémie vied je_vedeckou organizaciou s prispevkovou formou
hospodarenia. V ramci organizacnej schémy SAV je Ustav geotechniky SAV zaradeny do |. Oddelenia
vied o nezivej prirode, do skupiny Technické vedy.

V ramci akreditacii Ustavov SAV v roku 2007, Ustav geotechniky SAV obhajil kategériu ,A“. V zmysle
platnych predpisov vydalo Ministerstvo Skolstva SR pre ustav ,Osved€enie o spdsobilosti vykonavat
vyskum a vyvoj.

Ustav geotechniky SAV je organizaéne rozdeleny do 5 vyskumnych oddeleni, dalej do 2 servisnych
timov a organiza¢no-technického utvaru, ktoré svojou €innostou podporuju vyskum realizovany vo
vedeckych oddeleniach.

Zakladny ucel a predmet Cinnosti je definovany v ¢lanku I. Zriadovacej listiny €. 468/G/12/2008 zo
dna 28. 07. 2008:

1. Ustav svojim zameranim pdsobi v oblasti: Vedy o Zemi a environmentélne vedy, Environmentalne
inzinierstvo, Environmentalna biotechnolégia a Nanotechnolégie. Vykonava zakladny vyskum
geologickych a geotechnickych aspektov kontinualneho poruSovania horninového masivu a
skimania stability podzemnych diel a objektov, transportu energie a hmoty v procese dezintegracie
horniny; zakladny vyskum zakonitosti tvorby tuhych disperzii v mikro- a nanorozmeroch, a
modifikacie ich vlastnosti fyzikalnymi, mechanickymi, chemickymi, biotechnologickymi postupmi a
postupmi nanotechnoldgii; zakladny vyskum interakcii faz v disperznych sustavach a pri ich Sireni v
pracovnom a zivotnom prostredi.

2. Ustav sa cielovo orientuje na vyuzitie teoretickych poznatkov z uvedenych oblasti na rozpracovanie
principov $Spi¢kovych technolégii v oblastiach: rozpojovania hornin, komplexného spracovania
nerastnych surovin, odpadov a materialov mineralurgickymi a hutnickymi postupmi, monitorovania
vybranych zloZiek Zivotného a pracovného prostredia a environmentalnych, chemickych a
geologickych zmien na skladkach odpadov s ciefom ekologickej revitalizacie.

3. Ustav poskytuje poradenskeé a expertizne sluzby, ktoré suvisia s hlavnou Cinnostou ustavu.

4. Ustav uskuto€nuje doktorandské studium v zmysle véeobecne platnych pravnych predpisov.

5. Ustav zabezpeduje publikaciu vysledkov vedeckovyskumnej &innosti prostrednictvom periodickej a
neperiodickej tlace. Vydavanie periodickej a neperiodickej tlace sa riadi uzneseniami Predsednictva
SAV.

Aktivity Ustavu geotechniky SAV za poslednych 10 rokov na narodnej a medzmarodneJ arovni
zahfiaju rie$enie 12 projektov APVV/APVT, 1 Glohy Statneho programu vyskumu a vyvoja, 2 Statnych
objednavok, 52 projektov VEGA, 2 projektov ramcovych programov EU, 2 projektov NATO, 1 projektu
COST, 20 projektov bilateralnej/MVTS spoluprace, 1 projekt Centra excelentnosti SAV a 7 projektov
zmluvného vyskumu pre prax a verejnu spravu - spolu 100 projektov.

NajdblezitejSou aktivitou v sucasnosti je zapojenie sa Ustavu ako partnera do rieSenia projektov
Agentury Ministerstva Skolstva, vedy, vyskumu s Sportu SR pre Strukturalne fondy EU:

- Centrum excelentného vyskumu ziskavania a spracovania zemskych zdrojov,

- Centrum excelentného vyskumu ziskavania a spracovania zemskych zdrojov — 2 etapa,

- Centrum excelentnosti progresivnych materialov s nano a submikrénovou Struktirou —nanoCEXmat,

- Budovanie infrastruktiry Centra excelentnosti progresivnych materialov s nano a submikrénovou
Struktlrou - nanoCEXmat |l,

- Slovenska vyskumno-inovaéna platforma pre trvalo udrzatelné surovinové zdroje,

- Centrum excelentnosti pre integrovany vyskum geosféry Zeme,

- Ustavy SAV v KoSiciach — modernizacia infrastruktiry a vnutorného vybavenia ucebni pre lepsie
podmienky vzdelavania.

Sucasné vedenie ustavu

riaditel” host. prof. Ing. Vitazoslav Krupa, DrSc.
Statutarny zastupca riaditela: Ing. Slavomir Hredzak, PhD.

vedecky tajomnik: Prof. RNDr. Peter Balaz, DrSc.
predseda Vedeckej rady: Mgr. Marcela Achimovicova, PhD.
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Vedecké oddelenia Ustavu Geotechniky SAV

Oddelenie mineralnych biotechnologii

Vzniku oddelenia predchadzal proces schvalenia nového vyskumného smeru (biologicko-chemické
metddy Upravy surovin), ktory bol zavigeny v roku 1985 Dr.h.c., Prof., Dr. Ing. Franti§kom Spaldonom,
DrSc., ¢lenom koreSpondentom SAV. Do doku 1992 vyskum v tomto smere bol realizovany v oddeleni
fyzikalno-chemickych metéd Upravy. Samotné oddelenie vzniklo organizacnymi zmenami v roku 1992
pod vedenim doc. Ing. Marie KuSnierovej, PhD. V suCasnosti sa pracovnici oddelenia zaoberaju
Studiom v oblastiach:

objasnenia procesov biologicko-chemickej oxidacie a transformacie sulfidov pre vyvoj
environmentalnych technolégii ich spracovania s vyuzitim autochtonnych a fyziologicky
adaptovanych baktérii Acidithiobacillus ferrooxidans a Acidithiobacillus thiooxidans. Objasnené boli
deje biologicko-chemickej oxidacie a transformacie arzenopyritu, pyritu, antimonitu, tetraedritu,
galenitu, sfaleritu a chalkopyritu. Vyvinuta bola napriklad technoldgia biologicko-chemickej Upravy a
ziskavania Au z refraktornych Au-As-Sb-Fe rid z Pezinka a neextrakénej aplikacie mikroorganizmov
v procesoch selektivnej bioflotacie,

zistovania faktorov ovplyvnujucich metabolické funkcie a interakcie baktérii s mineralnym
povrchom, ktoré umoznuju korigovat rychlost a ucinnost biolihovacich procesov v extrakcii Fe ako
hlavného neziaduceho prvku nerudnych surovin (kaolinov, kremennych pieskov, zivcov, zeolitov a
popol&ekov),

studia stadii biochemického zvetravania horninotvornych mineralov v oblasti rudnych a
nerudnych lozisk, identifikacie jednotlivych bakteridlnych druhov metédami molekularnej techniky
izolacie DNA,

studium paragenézy sekundarnych Zzelezitych mineralov (oxihydroxidov a hydroxysiranov)
v kyslych banskych vodach v procese zvetravania sulfidov,

studium sorpcie a ko-precipitacie kationov a oxyaniénov z banskych véd vo forme
biogénnych Zelezitych mineralov,

studia metabolizmu a aplikacie siran redukujucich baktérii v procesoch eliminacie tazkych kovov
a siranov z kyslych banskych véd, Upravy a spracovania nerastnych surovin a ich odpadov a
biologicko-chemickej pripravy nanosorbentov na baze sulfidov,

studia biodiverzity autochtonnych acidofilnych baktérii Acicdithiobacillus ferrooxidans,
Acidithiobacillus thiooxidans a Leptospirillum ferrooxians v podmienkach opustenych a v désledku
Otimu zatapanych banskych diel ako aj starych banskych zatazi po tazbe sulfidickych rdd na
Slovensku, z ktorych sa postupne vytvaraju prirodné geobioreaktory produkujuce, pre zivotné
prostredie, vysoko rizikové, kyslé banské drenazne vody s pH okolo 2 s vysokou mineralizaciou a
obsahom tazkych a toxickych prvkov,

studiom biokorézie stavebnych materialov v spolupraci so Stavebnou fakultou TU KosSice,

studia biodegradacie organickych polutantov, predovSetkym ropnych uhlovodikov
a polyaromatickych uhfovodikov (PAH) v pdédach a vodach. V spolupraci s firmou Environcentrum
s.r.0. bola vyvinuta metéda monitorovania kinetiky biodegradaénych procesov ako v laboratériu, tak
aj v podmienkach "in situ" v prostredi ekologickej havarie, alebo v podmienkach ,ex-situ“ na
dekontaminacnej stanici,

studia vplyvu autochtonnej mikroflory na priebeh exogénnych dejov v deponiach energetickych
odpadov - popoléekov a na premeny uholnej hmoty z pohladu zmien jej sorpénych vlastnosti,

studia biologicko-chemickej oxidacie hutnickych odpadov s obsahom Fe s ciefom pripravy Fe
nanodisperzii priemyselne vyuzitelnych ako sorbentov a pigmentov,

pedagogickej €innosti v oblasti 2. a 3. stupnia vysokoskolského studia na Fakulte BERG, Hutnickej
fakulte a Stavebnej fakulte TU Kosice a VSB v Ostrave (CR),

Oddelenie je sucast'ou (partnerom) Centra excelentnosti pre integrovany vyskum geosféry
Zeme, ITMS koéd 26220120064. V ramci Centra sa podiela na rieSeni aktivity 3.3 Stldium
biogeochemickych procesov a environmentalnych aspektov ochrany banickej krajiny. Buduje sa
laboratérium geomikrobioldgie s planovanym pristrojovym vybavenim: HPLC-MS, GC-MS, ICP-MS,
TOC/TN, IC, fluorescenény mikroskop, analyzatory Hg, analyzatory velkosti Castic a povrchu,
laboratérium molekulovej biologie s RT-PCR, bioanalyzatorom pre gélovu elektroforézu na Cipoch
a dalSie.
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Specifické vybavenie oddelenia

e Bioreaktor pre aer6bnu a anaerébnu kultivaciu baktérii s analyzou plynov (O,, CO,)
Becton-Dickinson, Cockeysville, USA - mikrobiologicky identifikaény systém pre druhovl identifikaciu
bakterialnych kultdr izolovanych z environmentalnych matric

o PCR termocyklér, Techne, pre polymerazovu retazovu reakciu (PCR)

e Opticky mikroskop Nikon Eclipse 400 pre pozorovanie, morfologickl identifikaciu a fotodokumentaciu
skimanych mikroorganizmov

o Vysokoteplotna laboratérna pec VP 02/16 pre teplotné spracovanie materialu do teploty 1600°C

e  Fluidny-tryskovy mlyn 100AGF s triedicom 50 ATP, Alpine, pre pripravu ultrajemnych disperzii

e Laboratorne suSiarne, sterilizaéné autoklavy a biologické termostaty

e Spektrofotometer Spektromom 195

e Membranovy filtrator Fritsch

e Vakuova rotacna odparovacka

e Odstredivka Hettich Zentrifugen Universal 320

o Velkokapacitna trepacka

e 50 | temperovany reaktor pre biologicko-chemické lihovanie suspenzii

e Automaticky titrator TitraLab 850 v spojeni s PC-programom TitraMaster 85 pre Stidium neutralizaénych kriviek
AMD, precipitacnych reakcii, zmien pH a Eh v priebehu experimentov

e Internd zbierka acidofilnych mikroorganizmov izolovanych z kyslych banskych véd

e Internd zbierka baktérii druhov Bacillus

e Internd zbierka sulfat-redukujucich baktérii

Veduci oddelenia:
MVDr. Daniel Kupka, PhD.
E-mail: dankup@saske.sk
Tel. +421 55 7922624

Oddelenie fyzikalnych a fyzikalno-chemickych metéd upravy nerastnych surovin

Vyvija nové principy fyzikdlnych metdd Upravy nerastnych surovin na baze magnetickych,
magnetogravitacnych, gravitaénych, elektrickych a termickych postupov. Skima zakladné fyzikalne,
fyzikalno-chemické a chemické vlastnosti rud, nerudnych materidlov a kovonosnych odpadov
metalurgického priemyslu.

Technické vybavenie oddelenia

Celustové a valcové drvice

Nizkointenzitny magneticky rozdruzova¢ LAURILA

Valcové (keramické, kovové, resp. gulové a tyéové) mlyny, vibracny mlyn VM-1
Vysokointenzitné magnetické rozdruzovace: JONES, VMR-1, MSB-300, MECHANOBR, WEDAG
Trepacky TE Il a laborat6rne sitd s okatostou v rozsahu 5um -60mm
Izodynamicky magneticky rozdruzova¢ FRANTZ-COOK

Poloprevadzkova hydrocyklénova stanica

Magnetohydrostaticky rozdruzova¢ FGS-1

Elektrostaticky rozdruzova¢ STURTEVANT, typ O.H.

Specialne upravené mikroviné pece

Pristroj na meranie magnetickej susceptibility Kappabridge KLY-2

Veduci oddelenia:

Ing. Slavomir Hredzak, PhD.
E-mail: hredzak@saske.sk
Tel. +421 55 7922602

Oddelenie destrukénej a konstrukénej geotechniky
RieSi problémy monitorovania, optimalizacie a rozpojitefnosti hornin pri rotaénom vitani, rezani a
plnoprofilovom razeni v kontexte s fyzikalno-mechanickymi a pevnostnymi charakteristikami hornin,
stabilitnymi problémami a nakladovostou rozpojovacich procesov.
Technické vybavenie oddelenia
. Experimentalny stand pre rotaéné vftanie s nastrojmi priemeru do 70 mm
o Lis do 2000 kN
« SOMET zariadenie pre meranie opotrebovania diskov a valivych dlat
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« Lisdo 50 kN
. Automatizované systémy monitorovania pre laboratérne experimentalne prace a pre podmienky in
situ
Veduci oddelenia:
Ing. Milan Labas, PhD.
E-mail: labas@saske.sk
Tel. +421 55 7922648

Oddelenie zivotného prostredia a hygieny v banictve

V oblasti zakladného vyskumu sa zaobera Studiom banského aerosélu. Poznava vlastnosti tuhej
mineralnej fazy a na zaklade kvalitativnej a kvantitativnej mineralogickej analyzy hodnoti riziko vplyvu
banského aerosélu z aspektu fibrogenity. Navrhuje vhodné sp6soby technickej prevencie pri banskych
pracach. Sleduje imisnu zataz prirodného prostredia, odhaluje a hodnoti hlavnych znecistovatelov
antropogénneho pévodu pomocou sedimentacnej a aspiracnej metody.

Technické vybavenie oddelenia

Dozimeter (Drager AG Lubeck Germany)

TET MM6 2000

Pristroj TESTO 452

Analyzator TMA (Trace Mercury Analyzer)

Odberova aparatura s ¢erpadlom a rotametrom
Prachometer s prisluSenstvom

Odberové aparatury a spektrofotometre Spekol s vybavou

Veduci oddelenia:

Ing. Jozef Hancéul'dk, PhD.
E-mail: hanculak@saske.sk
Tel. +421 55 7922609

Oddelenie mechanochémie

Cinnost oddelenia je zamerana na mechanochemickd modifikaciu Struktary a vlastnosti tuhych latok
(jednoduchych oxidov, nerozpustnych soli, zlozitych oxidov spinelového typu, zliatin na baze Fe),
poznavanie zakonitosti mechanochemickej syntézy a na definiciu odliSnosti medzi mechanicky
predaktivovanymi a mechanicky syntetizovanymi tuhymi latkami. Zaobera sa S$tudiom fyzikalno-
chemickych principov odsirovania na baze odsirovacich aditiv s vyuzitim vlastnych surovin Slovenska a
zu$lachtovania uhlia s cieflom jeho komplexnejSieho vyuzivania. Zaobera sa extrakciou Gzitkovych kovov
z rud, koncentratov a odpadov réznej proveniencie. Vyvijaju sa nové postupy zhodnocovania nerastnych
surovin s vyuzitim principov mechanochemického luhovania, mechanoredukcie a mechanosyntézy.

Technické vybavenie oddelenia

Vibrac¢né sitovacie zariadenie Analysette 3

Vibraény mlyn

Laserovy granulometer HELOS s mokrou a suchou dispergaénou jednotkou (0,9 — 170 um)
Laserovy granulometer Nanophox (Sympatec) (10 nm — 10 ym)
Dezintegrator UDA

Zariadenie COULTER COUNTER TA Il

Planetarny mlyn Pulverisette 4 FRITSCH s vybavou

Zariadenie GEMINI 2360 pre meranie povrchu (BET) a objemu pérov
Planetarny mlyn AGO-2 a AGO-5

RTG Difraktometer D8 Advance BRUKER — AXS

HPLC - chromatograf

Derivatografu C/PC MOM

Attritor LME 0,75 (Netzsch, Nemecko)

Attritor LME 4 (Netzsch, Nemecko)

Skleneny autoklav
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Veduci oddelenia:

Prof. RNDr. Peter Balaz, DrSc.
E-mail: balaz@saske.sk

Tel. +421 55 7922603

Servisné oddelenia Ustavu geotechniky SAV

Centralne laboratorium

Centralne laboratérium analytickej chémie a fyzikalnych metdd analyzy je zamerané na chemicku
analyzu vzoriek dodanych grantovymi kolektivmi, rieSitefmi vedecko-technickych projektov a obchodnych
zmluv metdédami klasickej chemickej analyzy a atbmovou absorp&nou spektroskopiou (AAS). podiela sa
na rieSeni odbornych uloh a publikacnej ¢innosti spojenej s vyuzitim metdd analytickej chémie
Technické vybavenie oddelenia

pristroj VARIAN AA240FS s prislusenstvom: Zeeman AAS240Z s programovatefnym davkovacom
vzorky PSD120 (Programmable Sample Dispenser), grafitova pec GTA120 (Graphite Tube Atomizer) a
zariadenie pre vyvijanie par VGA-77 (Vapor Generation Accessory).

Veduca oddelenia:

RNDr. Dana GeSperova

E-mail: gesper@saske.sk

Tel. +421 55 7922617

Dielna
Pracovnici dielne vykonavaju odborné prace na kovoobrabacich strojoch (sustruh, braska), podielaju
sa na vyvoji a konstrukcii technickych zariadeni a pristrojov, a na ich obnove. Podla potrieb vykonavaju
beznu dadrzbu laboratérnych a inych zariadeni na Ustave. Podla vykresovej dokumentacie, popisu
postupu prac a na zaklade konzultacie s rieSitelmi projektov realizuju individualnu remeselnu kusovu
vyrobu a Upravy zariadeni pre vyskum podla poziadaviek rieSitelov.
Technické vybavenie oddelenia
sustruhy - SU | 50, SU 32, MN 80
frézy - FA 2U, HM 45
stojanové vrtacky - stipova velka - ¢ 50 mm, stipova mala - ¢ 13 mm
brusky - univerzalna nastrojova N1, stojanova TM 26R
mechanické pakové noznice
ohybacka plechu
zakruzovacka
elektricka zvaracka RTB-3
suprava pre zvaranie plynom
strojova pila — dizka pilového listu 300 mm
ruéné naradie
Veduci oddelenia:
Ing. Stefan Jakabsky, PhD.
E-mail: jakabsky@saske.sk
Tel. +421 55 7922630

Organizaéno-technicky utvar

Zabezpecuje pre vSetky vyskumno-rieSitelské kolektivy a vedenie Ustavu ekonomicku a legislativnu
agendu, koreSpondenciu, materialne zabezpecenie vyskumu a prevadzky ustavu. Podlieha Statutarnemu
zastupcovi riaditela.

Sekretariat:

Viktéria Juhasova

E-mail: ugtsekr@saske.sk, www.saske.sk/UGT/
Tel. +421 55 7922601, Fax: +421 55 7922604
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Symposium ODPADOVE FORUM 2011 — 1. cirkular

S y m p O S |u m 6. ro¢nik cesko-slovenského symposia

Vysledky vyzkumu a vyvoje

O ,D P A D O v E pro odgad:)svc: Il;osg;::léi'stvi
FO RU M 20 1 1 Kouty nat.:I_Des.noL:l .e rIl-lotel Dlouhé

strané

CEMC - Ceské ekologické manazerské centrum, Jevanska 12, 100 31 Praha 10
Tel.: 274 784 448, 723 950 237, fax: 274 775 869, e-mail: symposium@cemc.cz, www.odpadoveforum.cz

1. CIRKULAR — NABOR PRISPEVKU A POZVANI K UCASTI

Zari 2010
Vazené kolegyné a kolegové,

Ceske ekologlcke manaZzerské centrum (CEMC) redakce odborného mési¢niku ODPADOVE

FORUM vis srde¢né zvou na 6. roénik symposia Vysledky vyzkumu a vyvoje pro odpadové
hospodaistvi ODPADOVE FORUM 2011.

O co nam pii organizaci symposia zvlasté jde a pro co je ur¢eno?

Jde ndm o rozSiteni kontaktd mezi vyzkumnou sférou a praxi a o zprostfedkovdni informaci
o vysledcich vyzkumu pro podnikatelskou sféru a sou€asné o informovani vyzkumnych pracovniki
o prakticky potfebnych vyzkumnych tématech.

Symposium je urceno
o Kk prezentaci vysledki vyzkumi v oblasti nakladani s odpady, prevence vzniku odpadﬁ sanaci

Vv,

ekologickych zatézi a dalSich souvisejicich oborech formou srozumitelnou a pfinosnou Siroké
odborné vetejnosti,

o pro zastupce podnikatelské sféry a Verejne spravy, aby se seznamili s vyzkumnymi tématy
a projekty, na kterych se v CR a SR pracuje s cilem eventudlniho pfevzeti nebo rozvinuti
dosazenych vysledk v praxi, pfipadné navdzani spoluprdce s vyzkumnymi pracovisti,

o kseznameni predstaviteli vyzkumné obce s potiebami realného ,,odpadaiského Zivota*
a pripadnému navazani spoluprace.

Jiz od prvniho ro¢niku symposia tzce spolupracujeme s organizatory chemicko-technologické
konference APROCHEM, kterd se kond na stejném mist¢ a na kterou naSe symposium
bezprostifedné ve stiedu 13. 4. 2011 navazuje, a zdjemci o problematiku obou akci maji moZnost se
jich obou zucastnit za zvyhodnénych podminek. Od roku 2010 k této dvojici ptibyla akce tieti —
konference Vysledky vyzkumu, vyvoje a inovaci pro obnovitelné zdroje energie OZE 2011,
kterd prob¢hne soubéZzné se symposiem a rovnéZ ji porddd CEMC. Ucastnici symposia se rovnéz
budou moci zicastnit konference OZE 2011 bez placeni dalsiho vloZného a plati to i naopak.
Symposium je poradano v uzké spolupraci s elektronickym recenzovanym ¢asopisem
WASTE FORUM (www.wasteforum.cz) a autori vSech prispévki prezentovanych na symposiu
maji moznost je nabidnout po piislusné tpravé k uverejnéni v tomto periodiku, které je na
Seznamu neimpaktovanych recenzovanych periodik vydavanych v CR.

TéSime se na dalsi spolupraci s Vami

Ing. Ondrej Prochdzka, CSc. Ing. Anna Nemergutovd
Programovy garant symposia Organizacni garant symposia
CEMC CEMC

Prof. Ing. Mecislay Kura&’, CSc. Ing. Tomds Reznicek
Odborny garant symposia CEMC, §éfredaktor casopisu
VSCHT Praha ODPADOVE FORUM

symposium@cemec.cz ®* www.odpadoveforum.cz/symposium2011
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PODROBNE INFORMACE

Tématika symposia: Predchdzeni vzniku odpadi e Systémové otazky odpadového hospodaistvi e
Nebezpec¢né odpady e Stavebni a minerdlni odpady e Biodegradabilni odpady e Sanace
ekologickych zatézi e Materidlové vyuZiti odpadli @ Energetické vyuzZiti odpadi e Kapalné odpady
a primyslové odpadni vody @ Odpadni plyny a ¢isténi spalin

Prihlasky prispévku a prezentace prednasek: Nabidky piispévkl zaslete prosim pokud mozno
do 15.1.2011. Pouzijte  prosim  piihlaSovaci  formular, ktery najdete na
www.odpadoveforum.cz/symposium2011. PiednaSejici budou mit pro prezentaci piedndsky
k dispozici 15 minut plus 5 minut je vyhrazeno diskusi. Na dodrZovani vyhrazeného ¢asu a tim
i rozepsaného c¢asového harmonogramu prednasek budeme piisné trvat. Budou moZné
i prezentace formou vyvések. Autofi v pfihlaSce oznac¢i formu prezentace a sekci(e), kam doporucuji
zatadit svij piispévek. Organizaéni vybor si vyhrazuje pravo konecného rozhodnuti o pfijeti
piispévku, formé prezentace i zafazeni piispévku do konkrétni sekce.

Prednaskové mistnosti budou vybaveny dataprojektory, véetné¢ notebookii. Pouziti vlastniho
notebooku je mozné. Autori vyvések musi pfivézt poster jiz pfedem pfipraveny, fesSeny na vysku,
Sife max. 80 cm, vySka max. 110 cm, zhotoveny jako jeden celek a pfipraveny k zavéSeni na jediny hacek.

Plné texty pirednasek: Autory vSech piispévki — predndsek i vyvések — Zadame o v¢asné predani
kone¢ného a graficky upraveného plného textu piispévku v elektronické podobé v MS Word
nejpozdéji do 15. 3. 2011. Rozsah optimaln¢ 4 — 6 stran, max. 8 stran véetné tabulek a grafi.
PoZadavky na grafickou dpravu texti do sborniku budou vcas upfesnény na internetovych strankach
Odpadového fora www.odpadoveforum.cz/symposium2011. Sbornik plnych textl bude vydan na
CD-ROMu a bude oznacen ISBN.

Jednacim jazykem je ceStina a slovenStina. Zahrani¢ni hosté jsou srdecné zvani k dcasti.
Ptredneseni a uvetejnéni piispévkl je mozné alternativné v anglictiné. Tlumoceni nezajistujeme.
Autoii prispévki se rovnéz prihlasuji k acasti (a plati vlozné), pirednasky nejsou honorované.
Blizsi podrobnosti k ubytovani, stravovéni, programu a formuldf ptfihlaSky k dcasti budou soucasti
2. cirkulare, ktery bude rozesilan v inoru 2011. Termin pro piihlasky k acasti bude 15. 3. 2011.
Za neodprezentovanou predndsSku nebo nevystaveny poster budeme podobné jako v predchozich
ro¢nicich fakturovat poplatek 1000 K¢ za zatazeni ptispévku do programu a uvefejnéni textu ve
sborniku.

Firemni prezentace — Komercni prezentace firem na symposiu za tplatu je moznd. MiiZze mit tuto formu:
e Inzerat (nebo propagacni clanek) v barevném nebo Cernobilém provedeni v seSitu nazvaném
Kone¢ny program, ktery obdrzi vSichni ucastnici a ktery pozdé&ji slouzi k propagaci dalSiho ro¢niku
symposia.

e Vystavni stolek pro prezentaci firmy, jednani nebo vystaveni malych exponatii. Vystavovatelé jej
mohou doplnit vlastnim mélkym rozklddacim panelem. Zdroj elektfiny 220 V moZny.

e Partner symposia — rozsiteny balicek vySe uvedenych sluzeb.

DalS§imi moZnymi formami firemni prezentace muize byt reklamni stojan, rozsev propagacnich
materidld, ustni prezentace €i prodej publikaci. Podrobny rozpis jednotlivych moZnosti komeréni
prezentace i s cenami je uveden na www.odpadoveforum.cz/symposium2011. Zijem o firemni
prezentaci vyznacte prosim v Pfihl4sce piispévku.

Ubytovani zajistuje organizacni vybor v misté konani konference v hotelu Dlouhé strané.

Doprava je individudlni. Hotel se nachdzi prlmo v obci Kouty nad Desnou, vlevo kousek nad silnici
Sumperk Cervenohorské sedlo (silnice €. 44) naproti nddraz{ CD (koneén4 trati ze Sumperka).
Pifjezd je mozny jak pfes Sumperk a Velké Losiny, tak pres HanuSovice a Jindfichov, piipadné
i pfes Jesenik a Cervenohorské sedlo. Spojeni vefejnymi dopravnimi prostfedky je rovnéZ mozné,
a to vlakem pfes Sumperk nebo autobusem linkami Brno — Olomouc — Sumperk — Jesenik nebo
Sumperk — Jesenik.

Exkurze — Pro zdjemce bude organizovdna navstéva blizké piecerpdvaci elektrarny Dlouhé strané.
Druhy cirkular bude rozesilan zhruba v poloving tnora.

symposium@cemec.cz ®* www.odpadoveforum.cz/symposium2011
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V tydnu 11. - 15. dubna 2011 v Koutech nad Desnou, Jeseniky
se budou v hotelu Dlouhé strané konat nasledujici tri akce:

11. - 13. 4. 2011
JUBILEJINI

20. chemicko-technologicka APROCHEM 2011
konference s mezinarodni Gucasti —

PCHE, Na Drackach 13, 162 00, Praha 6
tel.:220 518 698, 607 671 866

pche@csvts.cz
www.aprochem.cz

* technologie e polymery
® ropa e bezpecnost
e petrochemie e prostredi

13. - 15. 4. 2011

6. rocnik symposia o DPAD o \V} E

Vysledky vyzkumu a vyvoje

pro odpadové hospodarstvi Fé RUM 201 1

e predchazeni vzniku odpadi e sanace ekologickych zatézi
e systémové otazky odpadového hospodarstvi e materialové vyuziti odpad(
e odpadni plyny a cisténi spalin e energetické vyuziti odpadd
e stavebni a mineralni odpady e biodegradabilni odpady

e kapalné odpady a primyslové odpadni vody e nebezpecné odpady
CEMC symposium@cemc.cz ¢ www.odpadoveforum.cz

13.-15.4. 2011
2. rocnik odborné konference

) i A ] , &7
Vysledky vyzkumu, vyvoje a inovaci (¥ ) zox 1
pro obnovitelné zdroje energie =

e v&da, vyzkum a inovace CEMC, Jevanska 12, 100 31, Prahal0
e reflexe na aktualni témata Tel.: 274 784 417
 komunalini energetika info@oze2011.cz
« aktualini legislativa www.oze2011.cz

Na vSech trech akcich bude moznost doprovodné technické vystavky, firemnich prezentaci na CD ROM
a v tisténych materialech, pripadné prezentace logo v prostorach akce. UCastnik s plnou registraci
na jedné z konferenci se miiZze podle zajmu zUcastnit ostatnich akci volné. Sledujte informace na webu.
Informujte své spolupracovniky a kolegy. Zveme Vas k Ucasti a téSime se na opétné setkani.

APROCHEM o WASTE FORUM ¢ OZE CONFERENCES BRIEF INFORMATION

The tradition of annually held conferences APROCHEM - Chemical Process Progress, Environment and Safety was created 1991.
Odpadové Férum - Waste Forum joined 2006 and OZE Conference - Renewable Energy Sources in 2010. The three conferences
are traditionally held mutually within one April week - the coming one 11. - 15. 4. 2011. Venue Kouty nad Desnou,
Moravian Mountains Jeseniky, Hotel Dlouhé Strané. Foreign participants are invited and welcomed. Paper presentation in Czech, Slovak or English.

Paper Applications are requested before 15. 1. 2011. Paper Full Texts before 15. 3. 2011. 2nd Circular - Invitation for Participation,
Registration and Program will be available in February on web. Applications for participation will be expected before 25. 3. 2011.
Paper full texts will be edited on CD ROM. Printed if ordered in advance.Exhibition booths and advertizing opportunities on request
available. Registration in one of the conferences authorize the Participant to join other events free. Usual attendance of events
210 - 150 - 60 participants and 120 - 60 - 30 papers. Standard Registration Fee 160 EUR. Other information and contacts see above.
We are looking forward to welcome you in Jeseniky.
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6. roénik ¢esko-slovenskeho symposia
SY M PO S UM srekern
ODPADOVE P GAAIOS DO DGARFTUS
Fo RU M 2 0 1 1 Kouty nadjgés-nﬁi ful-?c?tglzg:c?uhé strané

Poradatelem symposia je

Y(CEMC)
Q'l CEMC Ceské ekologické manazerské centrum

Jevanska 12, 100 31 Praha 10, tel.: +420 274 771 353, e-mail: cemc@cemec.cz, Www.cemc.cz

CEMC je nevladni neziskové sdruZzeni organizaci a osob majici cil podporit dobrovolné aktivity
prumyslu ve vztahu k Zivotnimu prostiedi. Mimo jiné provozuje databazi environmentalnich
sluzeb a vyrobkll www.envisluzby.cz ainternetovy portal na pomoc podnikatelim
www. tretiruka.cz.

CEMC vydava tato odborna periodika:
ODPADOVE FﬂHUM— odborny mésicnik pro odpadové hospodarstvi
ALTERNATIVNI ENERGIE — popularné-odborny dvoumésicnik o obnovitelnych zdrojich energie

a energeticky Uspornych opatrenich — www.alen.cz,
WASTE FORUM - recenzovany elektronicky ¢asopis pro vysledky VaV v oblasti odpadtl

Medialnimi partnery symposia jsou

ODPADOVE ODBORNY MESIENIK O ODPADECH

A DRUHOTNYCH SUROVINACH
FORUM

Nepostradatelny informaéni zdroj pro podnikatelskou sféru i vefejnou spravu

Roéni plné predplatné 880 Ké/11 Cisel

Pro podnikatelské subjekty (Skoly, urady apod.) a studenty
rezijni predplatné 290 Ké/11 cisel

Redakce: e-mail: forum@cemec.cz, www.odpadoveforum.cz

Distribuce: CR: DUPRESS, e-mail: dupress@seznam.cz
SR: Mediaprint-Kapa-Pressegrosso, a. s., e-mail: predplatne@abompkapa.sk

ELEKTRONICKY
w A s T E RECENZOVANY
FORUM CASOPIS

= Internetovy recenzovany é&asopis pro vysledky vyzkumu
~ avyvoje v oblasti odpadového hospodarstvi a sanaci
ekologickych zatézi volné pfistupny na

www.wasteforum.cz

Casopis je na Seznamu neimpaktovanych recenzovanych periodik vydavanych v CR
Redakce: prochazka@cemc.cz  Instrukce pro autory:www.wasteforum.cz
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