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Uvodni slovo $éfredaktora

Na svét pfichazi druhé c¢islo ¢asopisu WASTE FORUM,
kde v recenzované ¢asti mohou byt pouze prispévky v anglickém
jazyce. Cilem je zvysSit sledovanost ¢asopisu ze strany
zahranic¢nich navstévnikd a usnadnit tak zarazeni ¢asopisu do
nékteré mezindrodni védecké databaze, napf. SCOPUS.

Minulé ¢islo nebylo zrovna ¢islo, kterym bychom se mohli
smérem ke Scopusu chlubit neb obsahovalo pouze jeden
recenzovany c¢lanek. Proto Zadost o zafazeni ¢asopisu jsme
odlozili.

Toto cislo vypada dobre, hlavné diky autoriim ze Stavebni
fakulty VUT v Brné. TakZe s Zadosti o zafazeni do Scopusu jiz
nebudeme vahat. Je to ale béh na dlouhou trat, oni si na
vyjadreni vyhrazuji cely rok. A tak tedy bud’'me/bud’te trpélivi.

Pocet ¢lanku v tomto ¢isle mne, po chmurach, které mne obchazely koncem loriského
roku a letos v Iété, mi zase vraci optimismus. Ale teprve pfisti ¢isla ukazou, zda pravem.
Redakcni uzavérka pristiho Cisla je 8. 1. 2016, dalSiho pak 8. 4. 2016.

Na zavér bych rad vsechny ¢tenare i autory prispévki rad pozval na Tyden vyzkumu a
inovaci pro praxi a Zivotni prostredi 2016 (TVIP 2016, 15. — 18. 3, Hustopece). V jeho ramci se
kond tradiéné symposium ODPADOVE FORUM 2016, které poéinaje timto roénikem rozsifuje sviij
odborny zabér i na odpadni vody a emise do ovzdusi, oboji zaméreno predevsim na primysl.
Nové se pod kfidla TVIP dostala i konference PRUMYSLOVA EKOLOGIE, kterou pordda VSCHT
v Praze.

Termin pro prihlasky prispévkdu je 4. 1. 2016. Vice informaci k TVIP 2016 zde
v samostatném prispévku nebo na www.tvip.cz.

WASTE FORUM je medialnim partnerem TVIP 2016, a proto vSechny prezentované
prispévky, které doporuci redakcni rada, budou moci byt zde uverejnény bezplatné.

Ondrej Prochazka

Editorial

The second issue of the journal WASTE FORUM is here. Its reviewed part contains only
papers in English. The aim is to increase international readership and to facilitate the inclusion of
the journal in international scientific databases, especially in Scopus.

Unfortunately the previous issue was not the one we could be proud of in ,,Scopus sense*
since it consisted only one peer-reviewed article. So a request for inclusion in Scopus database
must have been postponed.

The second issue is much better, mainly thanks to authors from the Faculty of Civil
Engineering of Brno University of Technology. So there is no reason to hesitate now.
Nevertheless it can take a year for Scopus to satisfy the application for inclusion, so let’s be
patient. The editorial deadline for the next issue is January 8" 2016 and April 4" is the deadline
for the further one.

Finally, I would like to invite all readers and authors to visit the Week of Research and
Innovation for practice and Environment 2016 (TVIP 2016, March 15 to 18, Hustopece). One of the
conference’s departments is traditionally Symposium WASTE FORUM 2016. Starting this year, its
thematic range is expanded on waste water and air emissions, both of them are focused on
industry. The new department of the conference is the Industrial ecology conference organized
by University of Chemistry and Technology Prague.

The deadline for application submissions is January 4. 2016. More information on TVIP
2016 is here or here www.tvip.cz. WASTE FORUM is a media partner of TVIP 2016 and therefore
all presented papers recommended by the Editorial Board will be published here for free.

Ondrej Prochazka
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Pro autory

Casopis vychazi pouze v elektronické podobé& a &isla jsou zvefejfiovana na volné pristupnych
internetovych strankach www.WasteForum.cz.

Do redakce se pfispévky zasilaji v kompletné zalomené podobé i se zabudovanymi obrazky
a tabulkami, tak zvané ,,printer-ready“. Pokyny k obsahovému Clenéni a grafické upravé prispévku
spolu s pfimo pouzitelnou Sablonou grafické upravy ve WORDu jsou uvedeny na www-strankach
Casopisu v sekci Pro autory. Ve snaze dale rozSifovat okruh moznych recenzentl zadame autory, aby
soucasné s prispévkem napsali tfi tipy na mozné recenzenty, samoziejmé z jinych pracovist nez je autor
Ci spoluautory. Je vzdy dobré mit rezervu.

Publikacni jazyk byla zatim &estina, slovenstina a angli¢tina. Ve snaze, aby se ¢asopis WASTE
FORUM dostal do mezinarodnich databazi védeckych ¢asopisl, coz je nezbytny pfedpoklad, aby mohl
ziskat ¢asem i impakt-faktor, bude jiz od pfistiho Cisla pouze angli¢tina. V tomto pfipadé vSak bude
nezbytnou soucasti €lanku na konci nazev, kontakty a abstrakt v E¢eském ¢&i slovenském jazyce, pfiemz
rozsah souhrnu neni shora nijak omezen.

Uverejnéni prispévkld v Casopisu WASTE FORUM je v zasadé bezplatné. Nicméné abychom
pfijmové pokryli alespori nezbytné externi naklady spojené s vydavanim c&asopisu (poplatky za
webhosting, softwarova podpora atd.), vybirame symbolicky poplatek za uvefejnéni podékovani
grantové agenture &i konstatovani, ze Clanek vznikl v ramci feseni urcitého projektu. Tento poplatek Cini
200 K¢ za kazdou stranku u prispévkl v anglickém jazyce, u ostatnich je 500 K& za stranku.

Uzavérka dalsiho cisla ¢asopisu WASTE FORUM je 8. ¢ervence 2015, dalsi pak 8. fijna
2015.

FOR AUTHORS

WASTE FORUM is an electronic peer-reviewed journal that primarily publishes original scientific
papers from scientific fields focusing on all forms of solid, liquid and gas waste. Topics include waste
prevention, waste management and utilization and waste disposal. Other topics of interest are the
ecological remediation of old contaminated sites and and topics of industrial and municipal ecology.

WASTE FORUM publishes papers in English. Articles submitted must include a longer
abstract in Czech or Slovak language.

Manuscripts for publication in the journal WASTE FORUM should be sent only in electronic form
to the e-mail address prochazka@cemc.cz or wasteforum@seznam.cz. Manuscripts must be fully
formatted (i.e. printer-ready) in MS WORD. The file should have a name that begins with the surname of
the first author or the surname of the corresponding author. Due to the personal connection of the
editorial staff with the editors of the professional monthly journal ODPADOVE FORUM, authors
need to clearly state that their manuscripts are intended for publication in WASTE FORUM.

All articles submitted for publication in WASTE FORUM undergo assessment by two independent
reviewers. The reviews are dispatched to authors anonymously, i.e. the names of the reviewers are not
disclosed to the authors.

All papers that was not subjected to a peer-review are labeled in a header of each page by the
text Not peer-reviewed and comercial papers. Here are accepted papers also in Czech od Slovak
language.

Publication of the articles is generally free. However, revenue to cover at least the necessary
external costs associated with the issuance of the magazine, we select a symbolic fee for the publication
of gratitude grant agency or a statement that the article was created as part of a project solution.. The
fee is 200 CZK per each new page for articles reviewed part of issue and CZK 500 for every new
page for contributions in the second part of the issue.

The deadline of the next issue is January 8, 2016, more then April 8, 2016.
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Summary

This study is focused on evaluation of efficiency of technologies for runoff waste water treatment from
road infrastructure and carparks — typified rainwater settling tanks (DUN) and constructed wetlands
(CWs) — and its impact on decreasing of negative effect of these buildings on the quality of surface and
subsurface water. A monitoring of existing settling tanks was done within the project supported by
Technology Agency of Czech Republic. A database of surface runoff pollution (mainly petroleum
substances and toxic metals) was created during this monitoring. Other part of the project was focused
on development of new technologies for surface runoff treatment and innovative ways for testing and
validation of the technologies — mathematical modelling including semi-operated model validation of the
model using hydraulic load tests. The research was partially focused on development of three-stage
technology for surface runoff treatment consisting of mechanical pretreatment tank, combined
constructed wetland (with both horizontal and vertical flow) and specially designed infiltration tanks.

The results of the three years monitoring of four selected DUN running in 2013 — 2015 (all located in
Czech Republic) shows significant diversity in the capacity of DUN for retention and elimination of
observed pollutants (e.g. within the range for the individual monitored parameters Cd between 5 and
100 %; Hg between -9 and 80 %; Ni between -100 and 100 %; Zn between -63 and 22 %; PAH between
-174 and 59 %; total nitrogen between -2 and 32 %; total phosphorus between -13 and 27 %; suspended
solids between -34 and 66 %; chlorides between -49 and 22 %).

Testing of newly developed three-stage system shows higher efficiency for elimination of monitored
pollutants compared to other existing systems. Mathematical modelling also seems as a promising
approach for projection of new settling tanks with special emphasis for designing of the systems
regarding to specific outflow limits.

Keywords: Constructed wetland, stormwater tanks, surface runoff, mathematic model, toxic metals

Introduction

High amount of pollutants that can affect many elements of the environment and the human health is
released by car traffic™?. The origin of particular pollutants in surface run-off from roads and parking
areas is summarized in detail by Lee and Touray3 and Béckstréom et al.” A part of the harmful substances
dissolved in water flows away with the rain water and another part of noxious substances is bound to
suspended particles®. Monitoring of the surface run-off at the control network of selected motorways and
expressways was carried out between 2005 and 2009 within two research projects of the Czech Ministry
of Transport®’. Current situation and results of the projects leads to the pressure to provide an
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appropriate treatment of the surface run-off by accurate treatment facilities. Existing solutions - typified
rainwater settling tank (DUN) or open settling tanks — are primarily used to capture the main portion of
stormwater pollution (run-off) and reduce water pollution in rivers or other recipient. However these
solutions don’t represent an active stage of purification, but only mechanical pre-treatment.

Study of Aryal et al.® summarizes the results of a longitudinal twenty-year-long monitoring of the
cleaning effect of retention and infiltration facilities where the cleaning of surface run-off from roads in the
filtration bed of defined filter material was carried out. The use of chemical substances for road and
parking areas maintenance (e. g. salting) has a significant impact on hydraulic characteristic changes of
filtration beds and also on mobility of metals. The detailed information is summarized by Novotny et al.®
and Backstrom et al.®. As a consequence of salting and presence of dust in run-off changes in
granularity, porosity and thus the hydraulic conductivity of the filtration beds are observed hydraulic
conductivity decrease. Changes in hydraulic conductivity are progressively leading to the clogging
processes™. The use of the filtration beds of constructed wetlands in combination with sedimentation
components described by Bulc et al. ** shows positive influence on the run-off treatment efficiency.

Experimental part

The research was divided in to these parts: i) monitoring of existing facilities along selected parts of
highway network; ii) monitoring of stormwater tanks built in commercial zones; iii) mathematical
modelling of newly developed facilities; iv) pilot testing of newly developed facilities and v) study of the
role of macrophytes in CWs treatment processes.

Monitoring of operating DUN and stormwater tanks was carried out in the period 2013 - 2015.
Description of these facilities is provided in the project database published on Dekonta company web
sites. Water samples were collected by standardized methods into pre-set sample containers for
different types of pollutants. Sampling was carried out 3 - 6 times a year in relation to the rainfall periods
that affect the supply of water into retention part and its delay. The physicochemical indicators (water
temperature, pH, electrical conductivity) of water quality were measured in-situ using a portable device
Hach Lange HQ40D. Concentrations of the following water quality parameters: turbidity, suspended
solids and volatile solids, chlorides, nutrients (total nitrogen, total phosphorus), organic compounds (TC,
TOC, DOC, COD), PAHSs, petroleum substances (expressed as C10-C40), heavy metals (Cd, Cu, Hg,
Ni, Pb, Zn) were determined in accredited laboratory. Indicators were selected on the base of literature
review"® and author’s own findings from monitoring of surface run-off at highways and expressways®’.

The process of monitoring and mathematical modelling was divided into several stages. Since the
beginning of the research we have used mainly Comsol Multiphysics software (CFD modules) that
allows for implementation of numerical models for simulation of the mixture of two different liquids in
newly designed stormwater settling tank. The mixture of two liquids was set-up by different combinations
of water + gasoline and water + oil substances. The physical model of simulated pre-treatment tank is
shown in Figure 1 (inflow with gray pipe, outflow in rear part of photo); numerical model of this object
with rendered mesh is shown on Figure 2 (inflow in left part of the figure, outflow in right part). In order to
make the simulations faster all rounded edges of the settling tank were replaced with flat walls (e. g. the
circular inlet pipe is replaced by a square profile). Similarly, the rounded part in the plan view was
replaced by octagon. Modelled water inflow is 0.5 I/s that means 62.5 I/s in real facility. The geometry
has 106026 number of 3D elements. We assume the geometric simplification does not effect on the flow
change. The high number of finite elements is a prerequisite for error elimination of simulation.
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Figure 1: Finite element mesh generated for the model of DUN stormwater settling tank.

To eliminate inaccuracy of the simulations for the purposes of results applicability into practice, the
model calibration and subsequent verification based on real laboratory measurements is required. Size
of the real DUN usually doesn’t enable performance of accurate measurements and simulations of water
flow and pollution transfer. We therefore built a physical model in scale 1:5 (Figure 2a), that was used for
observation of real processes (contamination transport and retention). We expected similar results of
cleaning efficiency of the model analogous to real DUN during emergency situations and during standard
operation conditions, when the pollutants are in trace concentrations. The validation of mathematical
modelling was performed using tracer tests. For these test NaCl was used as a tracer and electrical
conductivity was measured. The electrical conductivity measurement method is often used to monitor the
water quality of streams and effluent from industrial sites'® and wastewater treatment facilities** but also
to determine the salinity, ionic strength®™ and major solute concentrations® of natural waters.

In the experiment physical model was initially filled with fresh water, deliberately adjusted to have an
increased electrical conductivity (EC) by adding salty water. In the first step, the salt was diluted in 50 |
vessels. Then the circulation of original fresh water in the model was proceeded to be mixed with the salt
water. The recirculation of the water was performed until the stabilization of electrical conductivity within
the entire volume of the physical model (to EC 6981.0 + 3.2 mS/cm; n = 10). Accordingly, to verify the
numerical model, we subsequently filled up the physical model with fresh water (EC 547.82 + 0.85
mS/cm, n = 22) and observed changes of conductivity in selected profiles. For purposes of comparison
with numerical model the measured values at mS/cm were expressed at % (EC of initial water 6981
mS/cm = 100 %, EC of the pumped water 547.82 mS/cm = 0% volumetric).

After calibration and adjustment of the mathematical model we performed verification of the model.
Principle of the verification consists of the changes in the filling of the settling tank with different mixtures
of two liquids: instead of mixing of salty water with fresh water we conducted an experiment in which oil
substances were added to the pumped fresh water (Figure 2b). As a consequence, the ratio of water to
oil was 99.98:0.02. Samples were taken at the outlet profile after 0-30-60-90-120-150 minutes.
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’* ) -A“’ ""-: *('
Figure 2a and 2b: Semi-operated model of DUN stormwater tank (left). Accumulation of oil
substances at on the water surface during validation testing (right).

During the study of the use of constructed wetlands to polish stormwater runoff after a settling tank,
the uptake of toxic metals by macrophytic vegetation was also evaluated. Four constructed wetlands
(two with horizontal flow, two with vertical flow) were planted by Phalaris arundinacea (Reed
canarygrass) and Glyceria maxima (Mannagrass).

Hybrid experimental constructed wetland consists of pretreatment (DUN), accumulation tank and two
parallels of constructed wetlands (VF- HF, Table 1, Fig. 3).

1 -« Accumulation Tank 1
2 . VF inlet
3 - Filration Bed Outlet

1 - Accumulation Tank .3
2 . HF Indet
3 - Filtration Bed Outlet

Figure 3. Layout of the experimental constructed wetland

Table 1: Major design parameters of constructed wetlands.

Parameter Unit VF HF
Length m 2.5 2.5
Effective area m? 5 5
Depth m 1 0.6
Filtration material® a,b,c,d a,b,c
Effective volume m’ 5 3

(a) Washed gravel 2—-4 mm (protective material); (b) washed gravel 4—-8 mm, porosity: 0.45, conductivity 16 cm st (c) washed
gravel 8—16 mm, porosity: 0.44, conductivity 94 cm st (d) washed gravel 32—-64 mm, porosity: 0.46, conductivity 350 cm st
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Both plants are common wetland species that tolerate higher level of pollution, and, therefore they are
used for constructed treatment wetlands. Contrary to Phragmites australis (Common reed) which grows
very slowly, both Phalaris and Glyceria grow very fast. For the analysis of pollutant accumulation the
biomass was divided into leaves (including leaf sheaths), stems, roots and rhizomes and dried at 60 °C
to a constant weight and weighed. The biomass was then homogenized using a cutting mill (Pulverisette
15, FRITSCH) and mineralized in nitric acid (Ultrapur, Merck Millipore) in a microwave (Berghof,
Speedwave MWS-2) under high temperature and pressure. The concentrations of toxic metals (Cu, Ni
and Zn) in leaves, stems, roots and rhizomes were determined in triplicate samples using the atomic
absorption spectroscopy (Agilent AAS DUO 55B/240Z). For the evaluation of measurement precision
and accuracy the certified reference material (CRM) METRANAL TM3 (Fragaria vesca, QCMO03,
Analytica Ltd., Czech Republic) was used. The triplicate determinations agreed to within 5 %, and CRM
recoveries were found within 90 — 105% range.

Results and discussions

Concentrations of copper, nickel and zinc in various parts Phalaris and Glyceria are presented. The
highest concentrations of all toxic metals were found in roots, followed by rhizomes. On the other hand,
the lowest concentrations were found in stems with higher concentrations in leaves. The ranges of
values (in mg/kg) for the wetlands are presented Table 2.

Table 2: Concentrations of all toxic metals in roots, rhizomes, leaves and stems of Phalaris and

Glyceria
roots rhizomes leaves stems
[mg/kg] [mg/kg] [mg/kg] [mg/kg]
Phalaris - Cu 13-27 7-13 2-10 1-5
Glyceria- Cu 25-35 4-10 1-4 1-6
Phalaris - Ni 12-27 7-13 2-10 1-5
Glyceria - Ni 4-26 2-7 2-9 2-8
Phalaris - Zn 37-98 25-53 18-41 6-34
Glyceria - Zn 81-98 19-39 18-31 21-80

This finding is in agreement with results reported from constructed as well as natural
wetlands®’ #8190,

The results also revealed that higher copper and nickel concentrations were found in Phalaris while
zinc concentrations were comparable in both plants. During the harvest, only aboveground biomass
could be removed, and, therefore, high concentrations in the aboveground biomass are desirable. Both
plants used in the experiments could be harvested several times during the year. However, the
concentration itself does not provide information about the accumulation of toxic metals in the biomass.
In order to evaluate accumulation, it is necessary to take biomass into consideration.

Both plants are very productive with aboveground biomass in the range of 1000-2000 g dry matter/m?

with 50-70% of the biomass being stems. Concentrations of all monitored heavy metals determined in
the experiment varied within the range commonly found in wetland plants in natural and constructed
wetlands for wastewater treatment (Table 3).

Table 3: Concentration (mg/kg) in biomass of wetland plants growing in natural and constructed
wetlands

Type of metal leaves stems roots rhizomes references
wetland

Natural Cu 21-10.7 0.5-19.2 9.0-184 4.3-12.6 21,22,23,24,25,26,27,28,29
Constructed Cu 6.1-15 5.1-25 5.3-64 6.5-33 21,23,30,31,32,33,34,35,36,37
Natural Ni 0.5-5.8 0.2-10.3 7.7-25.5 1.6-3.8 22,24,25,26,27,28,29,34
Constructed Ni 0.47-2.8 0.54-2.0 4.9-16.7 1.87 23,32,33,34,37,38

Natural Zn 11-1300 10-137 1.3-588 17-66.8 21,22,24,25,26,27,28,29,30
Constructed Zn  29-59 18-70 46-165 12.2-22 21,23,30,31,32,34,36,37
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Tables 4 and 5 show the range of values found in water samples from selected DUN during monitoring in
years 2013 to 2015. The ranges of values are shown for the inlet (IN) and outlet (OUT) sections of the
DUN.

Table 4: Range of values of selected pollutants analysed in samples from stormwater tanks
monitoring

Locality ENT cl_ TSS* vss* cob TOC, ™ TP

[CFUImMIT] [mg!™] [mgl™] [mgl™] [mgl™] [mgl™] [mgl™] [mgl™]
DUNL1 IN Min 0 21 3 <2 149 5.0 3.3 0.04
DUNL IN Max 18 3040 388 336 2230 17.6 12.5 0.60
DUN1 OUT Min 1 11 7 3 67 5.8 2.1 0.05
DUN1 OUT Max 12 1930 232 228 1880 15.8 12.0 0.32
DUN2 IN Min 0 40 <2 <2 83 1.7 2.3 0.00
DUN2 IN Max 13 760 104 90 201 11.7 8.7 0.35
DUN2 OUT Min 0 20 <2 <2 90 2.9 2.8 0.00
DUN2 OUT Max 18 1480 108 92 219 20.1 8.6 0.40
DUN3 IN Min 1 3 3 <2 16 4.7 0.6 0.07
DUN3 IN Max 8 1960 54 35 1660 16.9 3.2 0.14
DUN3 OUT Min 0 3 <2 <2 18 2.9 0.7 0.05
DUN3 OUT Max 5 3420 20 13 189 18.1 2.6 0.12
DUN4 IN Min 0 15 <2 <2 132 6.0 1.0 0.00
DUN4 IN Max 3 535 53 45 253 13.3 16.1 0.27
DUN4 OUT Min 0 16 3 2 126 5.2 1.0 0.03
DUN4 OUT Max 1 765 60 48 232 13.6 10.0 0.27

ENT — Enterococci, Cl — chlorides, TSS — suspended solids, VSS — volatile suspended solids, TN — total nitrogen, TP - total
phosphorus; *(CSN 75 7350 Water quality - Determination of the loss of ignition of suspended solids;, CSN EN 872 Water quality
- Determination of suspended solids - Method by filtration through glass fibre filters).

Determination of the TSS (total suspended solids) is based on the capture of suspended solids from a
homogeneous sample of a certain volume of water to a glass fiber filter and determine their weight after
drying at 105°C (used analytical method is based on the CSN EN 872 Water quality - Determination of
suspended solids - Method by filtration through glass fibre filters).

Determination of the VSS (volatile suspended solids) is based on the capture of suspended solids
from a homogeneous volume of water sample into a combustible filter and determine their weight after
annealing at 550°C (used analytical method is based on the CSN 75 7350 Water quality - Determination
of the loss of ignition of suspended solids).

Table 5: Range of values of selected pollutants analysed in samples from stormwater tanks
monitoring

Locality C10.Csp PAH Cd Cu Hg Ni Pb Zn
mg 1™ g™l  [ugl™ [wal] [ugl™l [wgl™] [ugl™l  [ugl™]

DUN1 IN Min <0.1 <0.002 <0.1 8.5 <0.1 2.0 <0.5 7

DUN1 IN Max 1.4 6.4 0.3 58.7 0.4 34.3 54 210
DUN1 OUT Min <0.1 <0.002 <0.1 11.0 <0.1 2.5 <0,5 33
DUN1 OUT Max 1.6 5.8 0.1 50.5 0.2 32.3 7.0 179
DUNZ2 IN Min <0.1 <0.002 <0.1 <2 <0,1 14.3 <0.5 <5
DUNZ2 IN Max 0.6 1.5 0.1 24.3 0.3 41.8 3.5 93
DUN2 OUT Min <0.1 <0.002 <0.1 <2 <0.1 14.5 <0.5 12
DUN2 OUT Max 1.2 55 0.2 64.3 0.3 45.2 2.3 201
DUNS3 IN Min <0.1 <0.002 <0.1 8.5 <0.1 <2 <0.5 41
DUNS3 IN Max 0.7 1.4 0.2 355 0.2 20.1 3.4 239
DUN3 OUT Min <0.1 <0.002 <0.1 57 <0.1 <2 <0.5 37
DUN3 OUT Max 0.3 0.7 0.4 22.7 0.3 <2 1.5 366
DUN4 IN Min <0.1 <0.002 <0.1 2.4 <0.1 <2 <0.5 <5
DUN4 IN Max 0.2 0.3 0.1 17.0 5.6 <2 2.1 73
DUN4 OUT Min <0.1 <0.002 <0.1 3.0 <0.1 <2 <0.5 6

DUN4 OUT Max 0.3 0.4 <0.1 14.8 1.0 3.6 2.4 51
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Recording of conductivity values during the validation experiments was performed in twelve selected
profiles of the physical model at 10 minute intervals until stabilization of values after 205 minutes.
Subsequent comparison of the mathematical model with physical model, which was filled with salty water
and subsequently filled with fresh water (Q = 0.5 I/s), indicates that model results corresponds to the
conducted experiment (Figure 4). The model was then verified using a precisely defined dose of oil with
precisely defined physical characteristics (viscosity, density).

Statistical evaluation of the real experiment shows, that the portion of oil in the inflow is 0.0002 while
in the outflow it is 0.000079 £ 0.00007 (median 0.000063). The mathematical simulation shows different

results 0.000092 + 0.00007 in the outflow (median 0.00008). That means 11.6% difference between
mathematical simulations and real experiments.
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Figure 4: Correlation of measurements and mathematical modelling — course of liquid amount in
the selected measurement profiles of the DUN physical model (first profile after inflow — left

chart, outflow profile —right chart).
Conclusions

The retention efficiency of existing DUN settling tank was calculated from the databases of selected
pollutants monitoring. It is necessary to take into account that due to a residence time dependent on the
precipitation events the time samples collected from the inlet and outlet sections during each visit of
subscribed objects can not exactly match each other. Efficiencies were therefore calculated for long-term
average values. The results show high differences between the four presented DUN facilities in the
treatment efficiency for selected metals (e.g. Cd: DUN1 46 %, DUN2 32 %, DUN3 5 %, DUN4 100 %;
Hg: DUN1 33 %, DUN2 -9 %, DUN3 9 %, DUN4 80 %; Ni: DUN1 6 %, DUN2 2 %, DUN3 10 0%, DUN4
>-100 %; Zn: DUN1 -9 %, DUN2 -63 %, DUN3 -36 %, DUN4 22 %) PAH: DUN1 10 %, DUN2 -174 %,
DUN3 59 %, DUN4 -11 %, but also for nutrients (TN: DUN1 18 %, DUN2 -2 %, DUN3 32 %,
DUN4 27 %; TP: DUN1 23 %, DUN2 -13 %, DUN3 2 6%, DUN4 -4 %), suspended solids (between -
34 % and 66%) and chlorides (between -49 % and 22 %). That can be caused by low concentrations in
the samples from monitoring period in the case of metals, and by contact and exchange of pollutants
between water and sediments accumulated in the monitored parts of DUN facilities.

The results of mathematical and physical modelling show that this approach can be used for
designing and subsequent operation, reconstruction and maintenance of real DUN. Knowledge obtained
based on the project results can be applied for designing of operation scheme of settling tanks for

emergency situations (e. g. high concentrations of oil products). Mathematical modelling have 11% error
compared to real experiments in this case study.
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Souhrn

Tato studie se zabyva hodnocenim Gcinnosti technologii pro ¢isténi smyvi z komunikaci a parkovist -
destovych usazovacich nadrzi (DUN) a umélych mokrad( - a jejich dopadu na snizeni negativniho vlivu
dopravni infrastruktury na kvalitu povrchovych a podpovrchovych vod. V ramci projektu podpofeného
grantem Technologické Agentury Ceské Republiky byly monitorovény vybrané DUN a vznikla databaze
vysledkt monitoringu vybranych polutanti (zejména ropnych latek a tézkych kovd). Dale se prace
zabyva vyvojem novych technologii pro CiSténi smyvu a inovativnimi zpusoby jejich testovani, jako je
matematické modelovani véetné poloprovozni validace modelu s vyuZitim hydraulickych zatéZovych
testi. Vyzkum se castecné zabyva vyvojem tristupriové technologie cCisténi smyvid skladajici se ze
systému mechanického predcisténi nasledovaného kombinovanym umélym mokfadem (s vertikalnim
a horizontalnim smérem proudéni) a v poslednim kroku se zapojenim specialné navrZenych infiltracnich
komor.

Vysledky tiletého monitoringu &tyF vybranych DUN v CR, probihajiciho v letech 2013-2015, poukazuji
na velmi rozdilnou schopnost existujici infrastruktury odstranit nékteré polutanty (napr. v rozmezi pro
jednotlivé sledované parametry: Cd od 5 do 100 %; Hg od -9 do 80 %; Ni od -100 do 100 %; Zn od -63
do 22 %; PAU od -174 do 59 %; celkovy dusik od -2 do 32 %;, celkovy fosfor od -13 do 27 %, rozpusténé
latky od -34 do 66 %; chloridy od -49 do 22 %).

Vysledky testovani vyvinutého tfistupriového systému poukazuji na navySeni ucinnosti nové
navrhované technologie odstrariovat zminéné polutanty. Také Ize konstatovat, Ze metoda
matematického modelovani pro navrhovani téchto systému se jevi jako vhodné feSeni usnadriujici
projektantam verifikaci projektovanych zarizeni s ohledem na poZadované limity vypousténé precisténé
splachové vody.

Klicova slova: Korenova Cistirna odpadnich vod, déstova usazovaci nadrZ, povrchové smyvy,
matematicky model, toxicke kovy
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Summary

Partial oxidation is one of the key processes for the industrial production of hydrogen from the
heaviest fractions of crude oil. Part of the raw material is transformed to "undesirable" soot, even though
the reaction conditions are optimal. This soot is separated, granulated and transformed by the company
Unipetrol RPA in a special production facility to a successful product — carbon black Chezacarb® which is
used not only as a filler in plastics but also as an adsorbent for the adsorption of gaseous pollutants and
for wastewater treatment. This paper is focused on the usage of adsorbent Chezacarb® to purify water
contaminated with phenols. The adsorption of phenol and 3,4-xylenol was studied for the model samples
of water containing these two substances on a granular adsorbent Chezacarb® under various reaction
conditions. It was found that the adsorption capacity for phenol is between 32 to 195 g.kg™ of adsorbent
and increases with increasing phenol concentration in purified water. The adsorption capacity of
Chezacarb® for 3,4-xylenol was 154 g.kg™ of adsorbent under the given experimental conditions. The
efficacy of removal of pollutants from the waste water was dependent on the water flow through the
adsorber and it was decreasing with the increasing flow.

Key words: adsorption, activated carbon Chezacarb®, water treatment, phenols.

1. Introduction

Phenols are important basic raw material or additives in a range of industrial processes. The products
of burning of organic materials (engine exhaust gases, fire or tobacco smoke, etc.) are a typical source
of phenols. Occurrence of phenols in water is caused by industrial production. Phenols often penetrate
into natural water streams from thermal processing of coal tar and oil industry or from pharmaceutical
factories and also from the production of plastic or coke.

Table 1: Examples of limits for monovalent monocyclic non-halogenated phenols in waters

under the legislation of the Czech Republic'??
Type of water Concentration limit
[mg.L™]
Surface water" 0.005
Groundwater” A =0.0003;B=0.75;C = 1.0
Waste water from the heat treatment of coal® 1.0

Note. =~ "A" corresponds approximately natural levels of controlled substances in nature. "B" is artificially
established value between the value of "A" and "C". Exceeding this value is evaluated as pollution, which can have
a negative impact on human health and environmental components. "C" takes into account the physico-chemical,
toxicological, ecotoxicological or other properties of materials. This value is exceeded pollution which may involve a
significant risk to human health and other environmental elements.
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For removal of phenols from contaminated water there are used methods such as oxidation with
hydrogen peroxide or wet oxidation under high pressure, ozonisation, biological treatment and
adsorption. Adsorption methods are mostly used for the final refining of pre-treated water. Preferably,
materials based on activated carbon are used as adsorbents.

Carbon black Chezacarb® is by-product of processing of heavy oil residues to hydrogen using an
industrial process POX (partial oxidation). Carbon soot/black water is formed during cooling and cleaning
of hydrogen containing gas in the process. Chezacarb® is manufactured from the carbon soot/black
water in form of granules of a size up to 2 mm*>®’. In this form it is supplied and used as filler in plastics
to improve their conductivity.

Chezacarb® has unique adsorption properties that arise from its structure. Its specific surface area
(estimated by N, adsorption at 77 K) is usually more than 800 m®.g™* and its iodine adsorption number
amounts 900-1250 mg.g™.

These properties are significant for its use in adsorption processes. Chezacarb® is used as adsorbent
especially for the purification of exhaust gases from municipal and industrial waste incinerators. Its
application is in the form of powder material which was obtained by the disintegration of the original
product. The powdered material is then separated together with other dust particles in the bag filters*>®".

Adsorption properties of Chezacarb® with average particle size of about 1 mm were successfully
tested in the static adsorber for the wastewater treatment, including water containing phenols as
contaminants®®. However these real wastewaters contained in addition to phenols also various amounts
of other pollutants and their concentration fluctuated. Therefore, investigation of the adsorption process
using such waters seems to be difficult. For these reasons, laboratory tests were carried out with the
water mixtures containing only phenols as the contaminants.

2. Materials and methods

The most common adsorption processes are based on physical adsorption and are not accompanied
by a chemical reaction of the adsorbed substances with the surface of the adsorbent.

State of equilibrium (adsorption isotherm) is characterized by various mathematical equations.
Langmuir, Freundlich or BET (Brunauer, Emmett, Teller) are the most famous equations. Each of the
equations describes a different type of adsorption process; while the Langmuir isotherm describes
monolayer adsorption, Freundlich and BET multilayer adsorption, wherein the BET combines the
capacity of monolayer and multilayer adsorption and is therefore preferable to describe the physical
adsorption from the gas phase at higher pressures. Freundlich isotherm is an empirical equation, which
is usually used to describe the adsorption process in the liquid phase.

The mathematical form of Freundlich isotherm is as follows®:

a=kc'" or a=ky/c,

a — the ratio between the quantity of adsorbed substances (adsorbate) and the amount of
adsorbent,

k, n — empirical constants for each pair of an adsorbate with an adsorbent and at the adsorption
temperature,

Ce —the equilibrium concentration of the adsorbate in the liquid.

Two types of phenols were selected for testing, see Figure 1. The first one was the most common
and simplest phenol which is practically present in all phenols contaminated sites. Phenol is well soluble
in water, 84 g.L™ at 20 °C*°.

The second tested phenol was 3,4-xylenol. Xylenols together with cresols are important class of
phenols of great significance for the chemical industry. They are used for production of pesticides and
antioxidants. 2,6-xylenol is used for preparing of poly(p-phenylene oxide) resins'*. 3,4-xylenol is slightly
soluble in water, 4.76 g.L™ at 25 °C*.
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phenol 3,4-xylenol (3,4-dimethylphenol)
OH OH

CHj

CHj

Figure 1: Tested phenols

Layout of the laboratory apparatus used for the experiments is shown in Figure 2. The main part of
the apparatus is double wall flow adsorber (3) with an inside diameter of 25 mm, in which adsorbent
Chezacarb® (6) is placed (particle diameter of about 1 mm, height of adsorbent layer approx.
170-180 mm). Adsorption layer is placed on layer of glass wool 10 mm high (7) which is positioned on
the perforated glass frit (8). The top of adsorption layer is stabilized by about 20 mm glass wool (7) which
has several functions:

1. to stabilize the flow of liquid through the adsorption layer
2. to hold the layer of sorbent together during manipulation with the column
3. to eliminate clogging of adsorption layer by mechanical impurities from contaminated water.

Contaminated water is dosed by a peristaltic pump (1) from the vessel (5) into a double wall tank (2)
and then into a flow adsorber (3).

The tank (2) and the flow adsorber (3) are heated by the thermostat (4) on the temperature of 30 °C.
Water flows through a tube water cap (9) into a graduated cylinder (10) from the adsorber (3).

1 2
;ETHH% Key to figure 2:
7 Peristaltic pump for contaminated water

Double wall tank for heating of the contaminated water
Double wall flow adsorber
Thermostat
Vessel with contaminated water
Granulated adsorbent Chezacarb®
Glass wool
Grid — perforated frit
Water cap
0 Graduated cylinder

P OO~NOOA~WNEE

Figure 2: Layout of laboratory apparatus used for the tests
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Testing method

Adsorbent Chezacarb® contains air in its pore structure and is very poorly water-wettable. Therefore
the adsorbent floats on the water surface after pouring into water and its correct preparation is
necessary, i.e. water-saturation, before application in the liquid phase.

The adsorbent was saturated with distilled water in the bottle using vacuum pump to remove the air
from the adsorbent pores. The water saturated adsorbent particles dropped from the level of water to the
bottom of the flask. Some of the particles floated back to the level of water after releasing vacuum,
because the granules were not fully water-saturated; so the process was repeated several times.

Water-saturated adsorbent was transferred into the adsorber, which was partially filled with distilled
water to prevent adsorbent dewatering. The adsorbent was covered with water-saturated glass wool and
the apparatus was rinsed with at least one liter of distilled water.

Contaminated water containing phenols was loaded in double-wall container and heated at 30 °C.
The adsorption test was started by switching on the peristaltic pump and opening the valve on the
adsorber exit. Contaminated water was flew through the adsorbent at a constant temperature of 30 °C
and constant flow rate. The flow rate of treated water on the adsorber outlet was measured using
graduated cylinder. The loading rate of the peristaltic pump was corrected according to the determined
water flow rate to achieve the constant water level in the double wall tank (2).

Before each test a fresh batch of water-saturated adsorbent Chezacarb® was always prepared. Used
amount of dry adsorbent for the preparation was always 11 g. Because the sorbent was water-floated
with distilled water, the first 80 mL of water exiting the adsorber was not considered as the part of the
first sample, and therefore not analysed. The samples of treated water were collected at regular time
intervals and subsequently analysed for phenols using spectrophotometer Shimadzu UV-2600.
Adsorption tests were carried out with a model mixtures of phenol (0.1 g.L™* and 1.7 g.L™") and a model
solution of 3,4-xylenol (0.1 g.L™") in distilled water. Each test was stopped after detection of significant
phenol concentration in water at the adsorber outlet.

3. Results and discussion

Four adsorption tests were carried out using phenol and 3,4-xylenol as contaminants. The conditions
of all tests are summarized in Table 2 and the results of the tests are shown in Figures 3 — 6.
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Figure 3: Test 1 — breakthrough curve for phenol Figure 4: Test 2 — breakthrough curve for phenol
measured with water flow rate 0.51 L.h™" and measured with water flow rate 2.76 L.h™ and
input concentration 0.1 g.L™ input concentration 0.1 g.L™
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Figure 5: Test 3 — breakthrough curve for phenol Figure 6: Test 4 — breakthrough curve for 3,4-
measured with water flow rate 0.22 L.h™ and xylenol measured with water flow rate 2.59
input concentration 1.7 g.L™ L.h* and input concentration 0.1 g.L™

Table 2: Summary parameters of all tests

Test | Contaminant | Penetration Inlet Flow |Volume| Adsorber |Residence | Adsorption capacity
time concentration rate of loading time for phenol/xylenol
water
[min] [9.L7] [[mol.L [ [Lh"] | [ | [m°m®h!] [sec] [9.kg"] | [mol.kg™]
1 phenol 897 0.0967| 0.00103| 0.51 7.550 1.03 595 63.71 0.68
2 phenol 82 0.0938| 0.00100| 2.76 3.770 5.62 109 32.05 0.34
3 phenol 340 1.7080 | 0.01815| 0.22 1.260 0.45 1351 195.37 2.08
4 3,4-xylenol 378 0.1058 | 0.00087 | 2.59 | 16.340 5.28 116 154.13 1.26

Note. Mass of sorbent 11 g, volume of sorbent 0.0834 L, molar mass of phenol 94.11, molar mass of 3,4-xylenol
122.17.

The comparison of test parameters and obtained results is given in the Table 3.

Table 3: Comparison of test conditions and obtained results

Number of Contaminant Inlet concentration Flow rate Residence time Adsorpt_|on
compared tests capacity
1/2 p/p 0.001/0.001 0.5/2.8 595/110 0.7/0.3
4/2 x/p 0.0009/0.001 2.6/2.8 115/110 1.3/0,3
4/1 x/p 0.0009/0.001 2.6/0.5 115/595 1.3/0.7
3/1 p/p 0.018/0.001 0.2/0.5 1350/595 2.1/0.7
32 p/p 0.018/0.001 0.2/2.8 1350/110 2.1/0.3
3/4 p/x 0.018/0.0009 0.2/2.6 1350/115 2.1/1.3

Note. Signification in table: p ...phenol, x ...3,4-xylenol

The comparison of the tests shows significant effect of the type of phenol on the adsorption capacity.
The adsorption of 3,4-xylenol compared with phenol leads to a considerable increase of the adsorption
capacity on adsorbent Chezacarb®. The reason of this fact is probably higher molar weight and smaller
polarity and water solubility of 3,4-xylenol.

Also the flow rate and pollutant concentration have impact on adsorption capacity. These effects have
not so significant influence on the adsorption capacity as the effect of the chemical properties of
adsorbed substances. However, the impact of change of input concentration has more significant impact
on the adsorption capacity than the change of flow rate.

The dependence of adsorption capacity of Chezacarb® on phenol concentration in the water indicates
binding of phenol on adsorbent according to the mechanism of physical adsorption.

Change of the water flow rate has no significant effect on the adsorption capacity but influences the
adsorption efficiency.
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Conclusions

Adsorbent Chezacarb® seems to be very good adsorbent for removal of phenols from contaminated
water. The phenol adsorption takes place as physical adsorption, no chemical reaction between
adsorbent and adsorptive occurs. The adsorption capacity for phenols on Chezacarb® grows according
to the molecular weight of the adsorbed phenols and decreases with growing polarity and water-solubility
of the phenols.

The flow rate (residence time) of the purified water has no significant influence on the adsorption
capacity, but influenced the efficiency of phenol removal from water. The kinetics of phenol adsorption at
Chezacarb® is relatively slow.

Using optimal condition the adsorption capacity of phenol on Chezacarb® ranged from 64 to
195 g.kg™ adsorbent depending strongly on its concentration in water. The adsorption capacity of
Chezacarb® for 3,4-xylenol is higher than for phenol under similar conditions.
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Vyuziti sazi Chezacarb® pfi ¢i$téni vod kontaminovanych fenoly

Walter POSLEDNF, Karel CIAHOTNY®, Radka PECENA®

4Vyzkumny ustav anorganické chemie, (UniCRE), areal CHEMPARK 18, Litvinov, 436 70,
Ceska republika,

®Vlysoké $kola chemicko-technologické v Praze, Ustav plynarenstvi, koksochemie a ochrany
ovzdusi, Technicka 5, 16628 Praha 6, Ceska republika.

Souhrn

Jednim z postupl pouzivanych pro pramyslovou vyrobu vodiku je parcialni oxidace nejtézsich
ropnych frakci. | pfi optimalnich reakénich podminkach se ¢ast suroviny zpracovavané v tomto procesu
transformuje na saze. V Unipetrolu RPA se tyto saze ve specialnim vyrobnim zafizeni separuji, granuluji
a transformuji se tak na dal$i vyrobek — Chezacarb®, ktery se vyuZivé nejen jako plnivo do plastu ale i
jako sorbent jak v oblasti adsorpce plynnych skodlivin, tak k ¢isténi odpadnich vod. Clanek je zaméren
na vyuZiti adsorbentu Chezacarb® k &isténi vod kontaminovanych fenoly. V laboratorni aparature
s pratoénym reaktorem byla sledovana adsorpce fenolu a 3,4-xylenolu z modelovych vzork( vody
obsahujici tyto latky na granulovaném adsorbentu Chezacarb® za riznych reakénich podminek. Bylo
zjisténo, Ze adsorpéni kapacity pro fenol se pohybuji v rozmezi od 32 do 195 g.kg* adsorbentu a zvysuji
se s rostouci koncentraci fenolu v ¢isténé vodé. Adsorpéni kapacita Chezacarbu® pro 3,4-xylenol Ginila
za danych experimentélnich podminek 154 g.kg™ adsorbentu. U&innost odstranéni polutantu z odpadni
vody je zavisla na pratoku vody adsorbérem a s rostoucim priatokem klesa.

Kli¢ova slova: adsorpce, Chezacarb®, &isténi vod, fenoly
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Summary

Due to undesirable production of huge amount of hazardous waste - neutralization sludges from
galvanic metal plating it is necessary to find new technology enabling transformation of these wastes
with strongly negative impact on the environment into some usable product. Solidification technology
appears to be the right one for this purpose. On that ground this paper is involved in experimental
research of material application possibilities of solidification products (SPs). The main aim is to find such
a solidification way (solidification formula and technology) using which it would be possible to obtain
such physical and mechanical properties of SPs providing future safe and effective utilization of these
materials in civil engineering for various earthworks and base layers of road construction. On that ground
physical and mechanical properties are examined within this work by determination of compaction
(Proctor test), unconfined compressive strength (UCS) and California bearing ratio (CBR). Considering
the long-term durability the test of frost and water resistance is carried out and within environmental
requirements also leaching test is performed.

Key words: stabilisation and solidification, solidification product, fly ash, neutralisation sludge,
compaction, compressive strength, leachability, durability.

Introduction

The permanent production of galvanic neutralisation sludge (NS) as waste products during galvanic
metal plating and metal surface treatment burdens environment especially with extension of inconvenient
and unsecured dumping grounds. These sludges contain big amounts of heavy metals and it is difficult
to find a technology using which these contaminants would firmly incorporate into a new and further
efficiently usable product’. Stabilisation and solidification (S/S) technology appears as the most
convenient way of heavy metal containing sludge treatment?. If it is possible to find out and verify such a
solidification technology and formula using which it will be possible to produce solidification product (SP)
with required physical and mechanical properties and secure in a way that the contaminants could not
leach into the environment; they might be efficiently applied in civil engineering primarily as substitution
of raw material primary resources at earthworks - backfills and mounds®. Cement, ground-granulated
blast-furnace slag, fly ash from circulating fluidized bed combustion (CFBC fly ash) and fly ash from
pulverized coal combustion (PCC fly ash), lime and in particular their combinations belong among the
most commonly used solidification agents used at S/S process of hazardous inorganic wastes®. From
economic and ecological point of view it is important that suitable solidification formulas contain highest
amount of NS and lowest content of binders and admixtures while meeting all the requirements. The
selection of the most suitable formulas is carried out on the basis of the results of physical and
mechanical and ecological testing performed with solidification products (SPs). For future safe use of
SPs in building industry it is necessary to deal also with their long durability. After a thorough
examination of SPs in laboratory conditions it is possible to verify the technology on pilot solidification
line then to certification and subsequent application of this new material in practice. For the purpose of
SP safe use it is therefore essential to monitor also its durability (long-term stability of all parameters of
SP at given place of use).
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Input hazardous waste

As input hazardous waste (HW) two different neutralisation sludges (NS) were selected from two
different producers with marking NS1 and NS2 (Figure 1, Figure 2). Both of the neutralisation sludges
(NS1, NS2) are generated due to galvanic metal plating in the sulfate electroplating bath. In both cases
they are sulphate electroplating baths consequently neutralized with lime, therefore the essence of
sludge are metal sulphates. They are sludges coming from physical and chemical processing containing
dangerous substances (according to Czech waste catalogue they belong to the group HW 19 02 05).
These sludges were selected as input HW, especially due to their permanently high annual production
and accumulation on the unsecured landfills and also in connection with distance from the technological
solidification lines and producers of solidification agents. Neutralisation sludge (NS) can generally be
characterised as a waste, generated after waste acid neutralisation from various industrial fields which
contain dangerous substances®.

Figure 1. Neutralisation sludge NS1 Figure 2: Neutralisation sludge NS2

Solidification agents

Under the term "solidification agents”, binders and admixtures are within this work understood that
are used for the purpose of solidification of NS and therefore production of materially applicable product
—solidification product (SP). Main principle of heavy metals incorporation into cement matrix is mostly
chemical reaction of heavy metals with cement hydration products to form poorly soluble metal
compounds®. The mixture of fly ashes and cement showed as successful solidification binder even for
solidification of soils contaminated by mostly heavy metals, while contaminant leachability was kept
under set terms for a long time®. Cement (CEM II/B-M (S-LL) 32.5R), fly ash from circulating fluidized
bed combustion (CFBC fly ash), fly ash from pulverized coal combustion (PCC fly ash) and carbide lime
which is a by-product originating during acetylene production were used as solidification agents for the
solidification of the neutralisation sludges.

Experimental part
Characterization of input hazardous waste

As input hazardous waste (HW) two different galvanic neutralisation sludges (NS) were selected and
their identification was carried out mainly for the purpose of clarification of their negative impacts on the
environment. On that ground the leachability test, determination of contaminant concentration in dry
matter and also determination of content of contaminants in the dry matter were carried out’. The
leachability test and the determination of concentration of contaminants in NS dry matter was carried out
in accredited laboratory Labtech in Brno.
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Laboratory preparation of test samples

Solidification formulas. After laboratory examination of basic solidification formulas five suitable
ones with highest solidification effect were selected and were further tested according to effectively
proposed methodology of solidification product (SP) testing. The selected solidification formulas are
shown in the Table 1 while the formulas with designation NS1-D and NS2-E contain even 15 % of
cement. All the formulas contain also CFBC fly ash and PCC fly ash as binders and NS2-C formula
contains 10% amount of carbide lime instead of cement. All the samples were prepared using electric
manual mixer in 10 | vessel while water was added considering required consistency or to obtain
required solidification mixture moisture.

Table 1: Composition of examined solidification formulas in wt.[%]

Component NS1-A NS2-B NS2-C NS1-D NS2-E
NS 50 50 50 40 40
CFBC fly ash 25 25 25 25 25
PCC fly ash 20 20 15 20 20
CEM* 5 5 - 15 15
Carbide lime - - 10 - -

*Cement CEM [I/B-M (S-LL) 32.5R

Examination of physical and mechanical properties of solidification products

The methodology of testing of solidification products (SPs) was prepared on the basis of future
optimal use of SPs. Most possible applications result from technical specifications elaborated primarily
for fly ashes group and fly ashes mixtures while the herewith stated application is closest to suitable
application of SPs°. Within this paper only several tests drawing from advanced testing methodology of
SPs were selected. SPs application possibilities closely relate to the technology of its production. SP is
generally produced on solidification lines in form of granulate from which the possibility of its application
in building industry implies, for various mounds, fills, road base layers and especially as substitution for
materials used at present for landfills recultivation and rehabilitation of old ecological burdens.
Application of SPs as building materials with common earthwork is hardly plausible due to high content
of contaminants in dry matter not allowed by strict standards and national legislation.

Compaction. The Proctor compaction test was carried out according to EN 13286-2. Using this test
optimal moisture is verified with which maximum bulk density of dry compacted mixture (Pgmax) IS
obtained. From each solidification formula, approximately 2 kg of damp mixture was prepared using
determined amount of water. In all the cases it was Standard Proctor compaction test using Proctor
mortar type A, diameter 100 mm and height 120 mm, determined for mixtures with maximum grain size
16 mm. As compaction device Proctor rammer was used (weight 2.5 kg, @ 50 mm, fall impact height 305
mm). The mixture mixed according to NS2-C formula showed high adhesion to metal mortar and
therefore the specimen of SP was loosing its consistency at mortar removal. On that ground only three
assessments were performed with this solidification formula.

Formed specimens of SPs were stored for 28 days in laboratory conditions for subsequent
determination of unconfined compressive strength (UCS) and frost resistance. CSN 736133 (Design and
realisation of earthwork element for roads) determines for material intended for earthwork pgmax < 1500
kg/m®.

In the figures bellow we can see the mixture with optimum moisture (Figure 3), which was
subsequently filled and compacted in three layers in Proctor mortar (Figure 4) and after mould removal
cylindrical specimens were formed for further testing (Figure 5).
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Figure 4. Proctor _ . L _
rammer and mortar Figure 5: Cylindrical specimens

Figure 3: Solidification
mixture with optimal
moisture (NS1-A)

fulfilled with mixture from Proctor compaction test

NS1-A

Unconfined compressive strength (UCS). Mechanical properties of SPs were tested by
unconfined compressive strength (UCS) according to EN 14227-3 with cylindrical specimen with height
120 + 0.5 mm and width 100 + 0.5 mm with optimal moisture which were produced within Proctor
compaction test. The cylinders were stored for 28 days in damp conditions in order the hydration
reaction might better occur and subsequently loaded on hydraulic press for verification of UCS values.
For road bottom/base layers and for objects fillings, backfills and earthwork UCS is required within 1.0 to
1.8 MPa for design and realisation of road construction with application of fly ashes and ashes according
to Technical specifications (TS93). Before the determining of UCS bulk density (BD) of the samples was
also determined.

Frost resistance. When SPs application possibilities are being solved, for instance for various
mounds, backfilling, earthwork or as technological material applicable at landfills, they must also be
checked for frost and water resistance in respect of long-term durability’*. The frost resistance was
tested with specimens - cylinders produced according to formulas NS2-B, NS1-D and NS2-E using
Proctor mortar at 28-day age. Frosting and defrosting of samples and subsequent strength examination
were carried out in accordance with instruction stated in EN 14227-3, while values for bottom base layer
were considered therefore with freezing temperature -15 + 2 °C and number of cycles 10. According to
TC93 UCS values after performed freezing cycles are considered for frost and water resistances as
parameters for bottom/protection road layers and for backfilling and mounds of objects while the required
value here is 1.2 MPa.

California Bearing ratio (CBR). CBR test principle based on mixture compacting to maximum bulk
density with optimal moisture and pressing cylindrical penetration stud with 50 mm diameter into cylinder
sample surface. From the working diagram of the recording force depending on the pressing stud CBR
value expressed in percentage is then calculated according to EN 13286-47. Measuring of CBR was
carried out with SPs with optimum moisture in the laboratory specialised for earth mechanics. The
national standard CSN 73 6133 requires minimum CBR value 10 % for materials with high fly ash
content intended for mounds, backfilling and other earthwork compacted at optimal moisture after four-
day storage.

Assessment the impact of SP on the environment

Leachability. The leaching test was carried out according to the standard EN 12457-4 - Compliance
test for leaching of granular waste materials and sludges - Part 4 which is required by the Czech and
Slovak legislations. Test of this type belongs to static (extraction) leaching tests setting amount of
extraction medium for given time in contact with set waste amount with fluid renewal. Water leachate is
prepared by leaching crushed sample of SP mixed with water in ratio 1: 10.
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Results and discussion

Characterization of input hazardous waste — neutralisation sludges (NS)

Results of concentration of the contaminants in NS1 and NS2 dry matter are stated in the Table 2,
while the limits for waste application on terrain surface were according to the Regulation no. 294/2005
exceeded in lead and chrome with both of the sludges. The results are average values of three
determinations. Multiple exceeding of limits for carbohydrates C;o — C49 Was registered with NS2.

Table 2: Results of concentration of contaminants (Labtech, s.r.o.)

p Neutralisation sludge | Limits for waste application
arameter 10
NS1 NS2 on surface
Dry matter [%)] 42.9 44.1 -
Cadmium (Cd) [mg/ kg dry] 0.38 0.15 1
Lead (Pb) [mg/ kg dry] 1870 247 100
Chromium (Cr) [mg/ kg dry] 159 854 200
Arsenic (As) [mg/ kg dry] 1.49 6.41 10
Nickel (Ni) [mg/ kg dry] 77.8 55.2 80
Carbohydrates Cy9— C40[mg/ kg dry] 23.1 2530 300

Further the leaching test according to EN 12457-4 (water leachate) was carried out with used NS.
Table 3 shows pH of water leachate, amount of dissolved substances (DS), sulphates, chlorides, total
dissolved organic carbon (DOC) and heavy metals in NS water leachate. On the basis of test results
both NS can be classified in the leachability class 11a'®. High DS concentration in the water leachate
means relatively high dissolubility of some organic and inorganic substances contained in both NS. On
the basis of leachate pH value showed in the Table 3 we can assume that both NS have alkaline
character®.

Table 3: Results of leaching test

Neutralisation sludge o N 10
Parameter Limits for leachability class lla
NS1 NS2
pH [-] 11.4 9.2 26
Dissolved
substances (DS) 5250 3480 8000
[mg/l]
Sulphates [mg/l] 15.9 1820 3000
Chlorides [mg/I] 2760 121 1500
DOC [mg/l] 11.9 57 80
Cd [mg/1] <0.005 <0.005 0.5
Pb [mg/l] <0.005 <0.005 5
Cr [mg/1] <0.03 <0.03 7
As [mg/l] <0.001 <0.001 2.5
Ni [mg/1] 0.0328 <0.02 4

Note: If the value of DS (dissolved substances) indicator is set, according to the Regulation no. 294/2005 it is not
necessary to determine values of sulphates and chlorides and conversely => both NS meet lla leachability class
requirementslo.
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Physical and mechanical properties of solidification products (SP)

Compaction. In the Figure 6 we can see dependence of bulk density of the compacted dry
solidification mixture to a total moisture of the mixture. From this graphic chart value of maximum bulk
density (pamax) With optimal moisture w,, were determined. These values, results of Proctor test are
rounded in accordance with EN 13286-2 and stated in Table 4.

Results of Proctor compaction test
o 1400
3
2 1200 X X
X
£ X X ¥ ¥ *o'n *uts
£ 1000 =
=
8 T 800 #NS1-A
2 B NS2-B
E = 600
:_9, = NS2-C
o 400 X NS1-D
Z
2 200 HNS2-E
@
o
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@ 30 32 34 36 38 40
water contentw [%)]

Figure 6: Graph of the dependence of bulk density of the compacted dry solidification
mixture to the total moisture of the mixture

Table 4: Final rounded results of Proctor compaction test

parameter NS1-A NS2-B NS2-C NS1-D NS2-E
Pamax [kg-m™] 1150 1100 1060 1230 1150
Wopt [%0] 36 38 39 32 34

Unconfined compressive strength (UCS). The results of UCS and bulk density (BD) are stated in
Table 5. Values of UCS required according to TS93 were met with all the formulas except NS2-C where
SP did not contain cement, but only carbide lime and fly ash as binder. The highest UCS showed a
sample NS1-D in which the highest bulk density (BD) was also recorded.

Table 5: Bulk density (BD) and unconfined compressive strength (UCS) of SPs after 28 days

of curing
parameter NS1-A NS2-B NS2-C NS1-D NS2-E
UCS [MPa] 1.0 13 0.9 2.0 1.7
BD [kg-m™] 1210 1110 1100 1500 1380

Frost resistance. Only the specimens produced according to formulas NS2-B, NS1-D and NS2-E
containing also cement in the matrix did not crumble after 10 cycles of frosting and defrosting, therefore
they only were subsequent carried out strength examination in accordance with instruction.
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The requirement resulting from TC93 (1.2 MPa) was achieved by solidification product (SP) marked
NS2-E (Figure 8) and NS1-D (Figure 7) which contain up to 15 % cement in its matrix from which also
better resistance to climatic condition results as it was demonstrated. By comparison of UCS results of
cylinders not tested for frost resistance (Table 5) with UCS values of tested ones (Table 6) even small
UCS value growth can be noted.

Table 6: Results of the frost resistance test

UCS after frost

. . . o
Designation of SP | Weight change A m [%] | Number of cycles resistance test [MPa]

NS2-E 3.4 10 2.0
NS1-D 1.9 10 2.2
NS2-B 7.7 10 0.8

Figure 7: Solidification product NS1-D after Figure 8: Crushed solidification product
frost resistance test NS2-E at UCS test (subjected frost
resistance test)

California Bearing Ratio (CBR). The results of CBR test rounded in accordance with EN 13286-
47 are shown in Table 7. NS2-C formula showed the lowest Californian bearing ratio (CBR) value,
therefore the lowest resistance to stud penetration probably due to cement absent in SP matrix. From
the results it is obvious that all tested SPs met the minimum require value of CBR 10 % for materials with
high fly ash content intended for mounds, backfilling and other earthwork compacted at optimal moisture
after four-day storage. Figure 9 and figure 10 shows also the diagram of force depending on penetration
for solidification products NS2-C and NS1-D as the result of the test and related diagrams showed
another tested SPs.
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Figure 9: Graph of the force depending on

Figure 10:Graph of the force depending on
penetration — NS2-C

penetration — NS1-D

Table 7: Results of CBR at the penetration 5 mm

Parameter NS1-A NS2-B NS2-C NS1-D NS2-E
Force [kN] 13.68 10.01 6.78 10.74 12.31
CBR [%] 70 50 35 55 60

Assessment the impact of SP on the environment

Leachabilty. The results of leaching test carried out according to EN 12457-4 are stated in Table 8. By
evaluation of the water leachate analysis of examined SPs it can be assumed that the ecological limits
stated in TS93 were met with all SPs except NS2-C where cadmium (Cd) limit was exceeded. Also all
the tested SPs met the requirements for the classification in leachability class lla according Regulation

no. 294/2005.

Table 8: Analysis of the water leachate of SPs

parameter NS1-A NS2-B NS2-C NS1-D NS2-E "mitisaggofzding
oH [ 11.3 9.8 9.7 11.5 11.6 i
El'fbss‘t’g’necis mgn | 2459 2980 2990 1840 866 :
Ag [mg/l <0.01 0.014 0.026 <0.01 <0.01 0.1
As [/ <0001 | 00041 | 00067 | 00025 | <0.001 0.1
Ba [mgl] 0.152 0.127 0.081 0.122 0.0077 1.0
Be [mg/] <0.005 | <0.005 | <0.005 | <0.005 | <0.005 0.005
Pb [mg/l] <0001 | <0001 | <0001 | <0001 | <0.001 0.1
Cd [mg/l] 0.00017 | 000013 | 00105 | <0001 <0001 0.005
Cr total [mg/l] <0.03 <0.03 <0.03 <0.03 0.1 0.1
Co [mg/l] <0.03 <0.03 <0.03 <0.03 <0.03 0.1
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Cu [mg/l] 0.025 0.111 0.374 0.023 0.14 1.0

Ni [mg/l] <0.02 <0.02 <0.02 <0.02 <0.02 0.1

Hg [mg/l] <0001 0.0002 <0001 0.0001 0.0003 0.005

Se [mg/l] 0.0019 0.0067 0.0069 0.0038 <0.001 0.05

V [mg/l] <0.01 0.015 <0.01 <0.01 0.039 0.2

Zn [mg/l] <0.02 <0.02 <0.02 <0.02 <0.02 3.0
Conclusion

Upon the evaluation of performed test results it can be assumed, that solidification products (SPs)
prepared according to formulas NS1-D and NS2-E in granulated form with optimum moisture can be
used as material for various mounds, backfilling, sub-bases and for such road parts (protection and base
layers) where they meet technical criteria for particular construction element and general requirements
for utilisation. At the same time, other conditions must also be met - provision of safety under condition of
permanently stabile earthwork body and at provision of health and safety at work including protection of
the environment during construction works and permanent operation subject to legislation in force.

Granulated solidification products (SPs) can be applied in backfilling only above the underground
water level. The SPs layer must be protected from capillarity using sealing and or interrupting layer. To
separate the SPs in a mound from watered subsoil a sealing layer or change of subsoil must be done to
prevent excessive subsoil settlement in case of occurrence of unsuitable soil in the subsoil. Nevertheless
this material containing in its structure immobilised and inbuilt heavy metals may be used for above
stated purposes only after determination of pollutant concentrations and comparison of the results with
the limits set in the Regulation n0.294/2005 - Highest admissible concentrations of pollutant in waste dry
matter applied on terrain surface.

Due to the high amount of pollutants in input NS and high amount of NS in SPs it can be assumed
that these limits might be exceeded with the verified formulas. The solidification formulas where the limits
will be exceeded can be then used as recultivation material at solution of old ecological burdens or as
technological and recultivation materials at landfills. SPs can be applied as technological materials on
dumping ground only if they meet the parameters for landfills, they must not be in liquid form and must
be approved in landfill operating rules.

Compacted filling materials made from neutralisation sludges (NS) for mounds and backfilling, the
most suitable alternative of application of laboratory verified SPs can be used for covering and levelling
of waste layers under landfill sealing layer of groups L-OW (landfill for other waste) and L-HW (landfill for
hazardous waste) according to § 6 of the Regulation no. 294/2005 and clause 7.2. of the national
standard CSN 83 8035 at closing of its surface. However, considering environmental and economic point
of view SPs prepared according to formulas NS1-A, NS2-B, NS2-C are the most efficient because they
contain none (NS2-C) or minimum amount — 5 % of cement (NS1-A, NS2-B) in their matrices and at the
same time they meet the required parameters for specified purpose.
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Experimentalni provéreni moznosti vyuziti solidifikatu obsahujiciho
neutralizacni kaly po galvanickém pokovovani ve stavebnictvi
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e-mail: hodul.j@fce.vutbr.cz, dohnalkova.b@fce.vutbr.cz, drochytka.r@fce.vutbr.cz,
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Souhrn

Z duvodu nezadouci produkce velkého mnozstvi nebezpeéného odpadu — neutralizacnich kall po
galvanickém pokovovani je potreba najit takovou technologii, ktera by umoznila transformaci téchto
odpadu s vyrazné negativnim vlivem na Zivotni prostredi na vyuZitelny produkt. Jednou z technologii,
ktera se zda byt pro tento ucel velice vhodna je technologie solidifikace. Tento prispévek se proto
zabyva experimentalnim prozkoumanim moZznosti materialového vyuZiti produkti solidifikace-solidifikatu.
Cilem je nalézt takovou solidifikacni cestu - recepturu a technologii pomoci niz by se dosahlo takovych
fyzikalné-mechanickych vlastnosti solidifikatl, které by zaruCily bezpelné a efektivni vyuZiti tohoto
materialu v oblasti stavebnictvi pro rtizné nasypy, zasypy a pfi stavbé pozemnich komunikaci. Aby se
dal solidifikat efektivné vyuZzit je potfeba nejprve podrobné prozkoumat jeho fyzikalné-mechanické
vlastnosti. V ramci této prace se jedna o stanoveni stlacitelnosti (Proctorova zkou$ka), pevnosti
v prostém tlaku a Kalifornského poméru uGnosnosti. S ohledem na dlouhodobou trvanlivost
posuzovanych solidifikatd je provadéna i zkouSka mrazuvzdornosti a pro posouzeni vlivu na Zivotni
prostredi budou na zavér prace uvedeny i vysledky zkouSky vyluhovatelnosti.

Kli¢ova slova: stabilizace a solidifikace, solidifikat, popilek, neutralizacny kal, stlacitelnost, pevnost v
tlaku, vyluhovatelnost, trvanlivost
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Abstract

Sand and gravel sealing by chemical injection has been known and used for a long time. Chemical
grouting can be expensive. Not even the use of cement sometimes brings the desired effect. Thus, there
is an effort to seek new materials and methodologies of grouting. Clay and cement are added in mixtures
to limit the use of chemicals. Clay-cement grouts are of better quality and tend to better enter incoherent
sediments which require sealing by means of chemical injection. In order to reduce costs, there is an
effort to replace traditional clay. Secondary raw materials are a suitable alternative to clay to an extent.
One such material is especially fly ash. The paper deals with the suitability of using fly ash and its
performance in mixtures. It was found that the use of fly ash brings an improvement of fresh mixture
consistency, reduction of w/c ratio and shrinkage. On the other hand, the use of fly ash brought an
increase of decantation, permeability, etc. The goal was to design an optimal grouting mixture for
additional sealing of embankment dams.

Keywords: embankment dam, grouting, clay, lime, cement, fly ash.

Introduction

According to [1], embankments are among the simplest types of dams. They are the most frequent
type in the Czech Republic. In most cases they are smaller pieces of water infrastructure such as ponds,
reservoirs, etc. They were constructed most often between 1960s and 1990s. For this reason, they often
suffer from leaks and loss of stability. This was well observable in 1997 and 2002 during the severe
floods in the country. Leaking embankment dams can have devastating consequences which may only
become apparent in weeks or months. It is therefore advisable to address their inspection and, if
necessary, rehabilitation. Since they are only small dams, the optimal remedial technology was decided
to be traditional injection grout. The choice of technology was made based on optimisation calculation.
The actual method of rehabilitation must not cause further damage to the embankment.

This paper builds upon the findings about the application technology and choice of material suitable
for rehabilitation [2]. The use of secondary products from the power industry is emphasised when making
the choice of a suitable material composition. The production of these materials increases constantly and
their landfilling is becoming more difficult as time progresses. For this reason there is the effort to apply
them in the design of injection ground mixes. The material in question is primarily fly ash. These
materials can be used as partial replacement of traditional clay. The most important requirement the
materials must meet is their fineness. The reason being the ease of entry into the newly formed
discontinuities (caverns, cracks, voids, etc.) in the embankment. Another requirement is their mineral
composition. The content of binders is also important during the design of a mix. Binders improve
strength and mixture stability [2].

After the choice of raw material, the mixtures must be well designed and tested in a number of ways.
The tests correspond to the requirements for the injection grouting mix. An examination of the test
results will determine the choice of optimal composition of the mixtures for additional sealing of
embankment dams.
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Experimental Unit

As suggested above, the technology of traditional grouting is optimal during embankment dam
rehabilitation. This technology improves the properties of the foundation soils. In Building Foundation [3],
the process of grouting is described as pressure pumping an injection mixture into the dam. This seals
discontinuities which are the cause of leakages. Filling of these spaces improves the physical-
mechanical properties of the soils forming the embankment. Verfel, J. claims in [2] that grouting always
starts with drilling a bore. In case of cohesive rocks, this bore is used for fitting a double obturator. In
case of incoherent soils, filling is applied into the bore which is then fitted with a cuffed pipe. Cuffed pipe
is perforated at the depth of grouting and covered with cuffs.

Mixes such as clay fillings or stabilised cement mixes [2] can be used for the technology of traditional
injections. Clay-cement mixtures are used for sealing purposes which was one of the basic points of the
research. In order to reduce or prevent permeability, the general principle is that the grain size should be
at least 3 times smaller than the pores of the area being grouted. The reason being the ease of entry into
voids, caverns, etc. Larger particles prevent entry and in case of build-up, barriers can form which block
out the mixture. For this reason the correct choice of materials is very important [4].

The main raw material for grouting is therefore clay. This is due to its mineral composition. Mixture
consumption is high during grouting for which reason it is appropriate to use widely available materials.
According to [5], such materials can be divided into three main categories:

- sealants — high swelling pressure, low filtration coefficient,
- binders — high compressive strength,
- fillers — optimal maximum bulk density at a given water content.

Plasticity is important for the resulting mixtures. According to French experts [6], only clay with yield
value at least 60 % can be considered suitable for mixture production. Based on this information, clay
was used together with fly ash and lime as binder.

Clay

The design of a grouting mix must take into account the choice of a suitable kind of clay. In [7], Hobst
et al. state that in terms of granulometry, clay should not exceed 0.02 mm grain diameter in more than 5
% of its particles. The chosen clay is a typical representative of montomillonite-illite-kaolinite clay. Its
yield value is around 85 %. The presence of lillite determines the plastic properties of the clay. According
to CSN 75 2410 [8], the clay can be categorised as one with (extremely) high plasticity. For its good
properties (especially plasticity and swelling), the clay was chosen as the main material during mixture
design. The clay properties are in Tab. 1 and Tab. 2.

Table 1: The main characteristics of clay

Montmorillonite | lllite | Kaolinite | Quartz | Feldspar | Others
29 % 27 % 11 % 20 % 1% 12 %

Table 2: Chemical composition of clay
A|203 Fe,O3 T|02 SlOZ MgO CaO Na,O K,0
[%] [% | [%] | [%] | [%] [ [%] | [%] | [%]
Clay 24.37 | 6.53 0.87 | 54.79 | 0.72 0.68 0.09 1.44

Sample

Fly ash

The financial aspect is very important in mixture design. It is mainly due to the fact that grouting
consumes a great amount of mixture. For this reason, there is an effort to replace the traditional raw
material, i.e. clay, with an alternative one. Alternative raw materials must perform similar functions as
clay and must not reduce the parameters of the mix. Fly ash appears to be the most suitable. It has very
low particle size (0 — 1 mm). Fly ash can be divided into common fly ash and FBC ash. When fly ash is
being utilised, its physical, chemical and mineral composition must be understood. The properties of the
fly ashes are in Tab. 3. The experiment tested common fly ash (CA) and FBC ash (FA).
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Table 3: Chemical composition of fly ash

Ash S|02 A|203 Fe,O3 SO, CaO MgO K>0O Na,O P,05
[%] [%] [%] [%] [%] [%] [%] [%] [%]

FA 48,3 22,8 16,6 0,5 3,7 1,73 | 1,163 | 0,447 | 0,177
FBCA | 27,6 17,5 5,63 7,57 30,4 0,84 0,46 0,33 0,25

Binders

Igles, O. and Metcalf, J. [9] list the five most important properties that the mix must meet. They are
strength, volume stability, permeability, resistance and variability. Suitable mixture stabilisers are those
which can be broadly applied in different types of soils and are inexpensive. Materials meeting these
requirements are lime and cement. During the stabilisation of clay with lime, fast chemical reactions
occur on the surface of clay particles. The stabilisation of clay soils with lime has a tendency towards
changing their strength and water tightness. Soils stabilised with lime exhibit greater strength, erosion
resistance, volume stability and greater permeability. Despite the advantages of using lime it is
necessary to note that the stabilised soils do not reach strength as high as ones stabilised using cement.
The experiment used white, airy, sharply burnt lime.

Testing procedure

A number of laboratory tests need to be performed when designing the correct grout composition.
Based on the obtained results, the amount, interaction and suitability of material use are determined.
The formula needs to be determined for each structure individually as even a small change in water or
clay chemistry can change the composition of the grout. The mixtures are tested for consistency,
viscosity, decantation, unconfined compressive strength, etc.

First, the properties of materials for the grout design are determined. For instance, it is grain size
measurement. Next, tests are performed with the mixture in fresh state. In this case it is yield value,
consistency, viscosity, decantation and bulk density. Finally tests with mixtures in hardened state are
performed. These are the determination of compressive strength, bulk density, contraction, permeability -
i.e. filtration coefficient, ecotoxicity and leachability. The most important tests are the determination of
viscosity and compressive strength; the results of these tests are discussed in the following chapter.

Results and discussion

The grouting process requires the formation of a broad enough grout curtain which prevents leaks.
The formation of such curtain is possible by means of selecting the appropriate materials comprising the
grout mix and the technology of application. The optimal technology appears to be traditional grout. It is
a simple technology which does not cause damage to the embankment. The grout mix is chosen
according to the permeability of the environment. There are many types of mixes which are suitable for
sealing embankment dams. They range from clay-cement suspensions to chemical mixtures. Grout
design is mostly based on grain-size curves [7]. Due to this, the main raw material was clay.

Financial aspects are also important during grout design. For this reason there is an effort to
substitute clay with an alternative material such as fly ash. The fly ash must have suitable granulometry,
mineral and chemical composition. Fly ash is a very fine grained powder suitable for grout design. It is
given by its good properties which improve the properties of the mixture. Thus, the first mixture was
based on traditional clay and fly ash. The amount of fly ash added ranged from 0 % to 50 %. The use of
fly ash brought a reduction in the amount of water necessary for determining consistency using Marsh
cone. The use of common fly ash (CA) reduced the amount of water in the mixture. This way, the mixture
hydrates faster and has lower decantation. However, this only applied up to a certain value. The optimal
amount of common fly ash appears to be 25 % of clay mass. Higher amounts of fly ash increases
decantation and reduces yield value. Overall, the presence of common fly ash improves rheological
properties. Results illustrating the influence of fly ashes on the properties of the mixture are in Fig. 1. The
presence of FBC ash (FA) caused a slight increase in strength and reduction of plasticity of the clay. The
amount of FBC ash above 25 % reduced decantation and contraction of the mixture. The results of the
tests performed with the newly designed mixtures are in Fig. 1 and Fig. 2.
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Figure 1: Dependence of viscosity on water content of a suspension based on clay, ash
and fly ash

Fig. 1 shows that as the amount of fly ash increased, the necessary amount of water decreased. A
higher yield value of the clay caused the high values of necessary water. This had an effect on
consistency. Comparing FBC ash with common fly ash, we can see that the addition of FBC ash
increased the amount of required water. Fly ash improved rheological properties but simultaneously
increased decantation. For this reason, it was suitable to dose the amount of fly ash no higher than 25
%. An amount of FBC ash above 50 % limited the rheological properties of the mixture in raw state. At
the same time, the required amount of water increased. This was caused by an increased content of
CaO in comparison with common fly ash. CaO in a mixture causes an immediate reaction in contact with
water. The addition of fly ash above 50 % was ineffective as the mixture parameters deteriorated.
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Figure 2: Results of compressive strength determination and water content of
specimens based on clay, common fly ash and FBC ash

Fig. 2 shows that as the amount of fly ash increased, strength decreased. Clay forms less strong
bonds with fly ash which led to the decrease. It is apparent that the optimal amount of fly ash was around
25 %. A slight increase in strength in case of use of FBC ash can be caused by a higher amount of CaO.
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According to their rheological behaviour, grouts are divided into stable suspensions, unstable
suspensions, colloidal solutions, clear solutions and gaseous emulsions. In sealing of embankment
dams, mainly stable suspensions are used. One kind of stable suspension are clay-cement mixtures
which is what the experiment was based on. These mixtures must not exhibit particle sedimentation
during injection. The mixture must set in the same form in which it was made [9]. If this is fact is
observed, the strength is higher. Thus, the use of binders brings mixture stabilisation. This was another
determining fact for the experiment. Clay stabilisers operate mainly by means of ion exchange. Clay
loses cations which are replaced by native soluble cations (e.g. sodium). Cement, contrary to lime, does
not chemically attack the clay part of the soil. For this reason lime was used as the main stabilisation
component. Another type of mixtures were ones based on clay, fly ash and lime. The optimal amount of
lime was 2 %. This percentage brought a slight increase in the amount of water needed for the
determination of viscosity. Yield value also increased. However, a disadvantage brought by the use of
lime was a reduction of clay plasticity. The test results for the mixtures containing lime are in Fig. 3 and
Fig. 4.
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Figure 3: Dependence of viscosity on water content of a suspension based on clay, fly ash and
lime

Fig. 3 shows the dependence of viscosity on water content. After the determination of mixture
consistency, there was an observable decrease in workability. There was also a slight decrease of
decantation. This was due to the content of lime which immediately reacted once in contact with water.
Lime thus influenced value of necessary water content which was increased due to its presence.
Conversely, with increasing amount of fly ash, this value decreased slightly.
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Figure 4: Results of compressive strength determination and water content of
specimens based on clay, ash and lime
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Fig. 4 shows the influence of lime on compressive strength (after 28 days of curing). The specimens
exhibited no significant changes compared with previous specimens. The lime chemically attacked the
clay which led to a decrease of its properties. It was especially a slight reduction of its strength after 28
days of curing. The figure shows that an increase of the amount of fly ash and the presence lime did not
affect the compressive strength values very significantly.

Conclusion

The dominant embankment dam rehabilitation grouts are clay suspensions. Clay suspensions are
made of clay, water, suitable alternative raw materials (fly ashes) and binders. After injection into pores,
the mixture has virtually no strength but is able to resist water pressure. In terms of the condition of
embankment dams, there are some requirements that the dam must meet. An important parameter
which is observed in the raw materials is their granulometry and mineral composition. In common
practice, it is clay which meets these requirements. Fly ashes are suitable alternative raw materials.
They can partially replace clay and, more importantly, they reduce the costs of mixture production.

The granulometry of the components may affect their sedimentation that can lead to segregation
which must be prevented. In other words, the mixture must be stabilised. A suitable stabiliser is lime. The
laboratory measurement has revealed that an optimal amount of lime for stabilisation is 2 %.

Currently, a specific embankment dam is being selected for application of these grouts. After further
optimisation, they can be expected to be used in specific structures in the catchment area of the river
Labe.
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Klasifikace vlivu popilki a pojiv pfi navrhu injektazni smési
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Shrnuti

Tésnéni pisk( a Stérkopiski chemickymi injektazemi je znamo a pouZzivano uz dlouhou dobu. Chemické
injektaZe byvaji finanéné nakladné. Také pouZiti cementu nékdy nevede k Zadoucim ucinkdm. Proto je
snahou hledat nové hmoty a metodiky usporadani injekCnich praci. Pro usporu chemickych produkti se
do smési pridava jil a cement. Jilocementové injekéni smési jsou kvalitnéjsi a maji tendenci lépe vnikat
do nesoudrznych naplavi, které je potreba dotésnit chemickou injekci. Pro snizeni ekonomického
hlediska je snahou nahradit klasicky jil. Vhodnou alternativou jilu jsou do urcité miry druhotné suroviny.
Predevsim se jedna o elekirarensky popilek. Prispévek se zabyva vhodnosti pouZiti popilkii a pojiv a
jejich vlastnosti ve smési. Bylo zjisténo, Ze pfi pouZiti popilktl dochazelo ke zlepSeni konzistence Cerstvé
smeési, snizil se vodni soucCinitel a smrsténi smési. Na druhé strané dochazelo pfi pouZziti popilku ke
zvy8eni dekantace, propustnosti atd. Cilem bylo navrhnout optimalni injektazni smés pro dodatecné
tésnéni sypanych hrazi.

Klicova slova: sypana hraz, injektovani, jil, vapno, popilek.
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Summary

Recently, the use of a variety of recycled materials is a live issue. A whole range of different
materials, from recycled materials from the rubble to the materials industrially produced from waste is
available and used. This contribution is dedicated to the development of floor screeds with aggregates of
expanded waste glass. The aggregate is usually spherical in shape and it is therefore very suitable for
use in concrete, materials on silicate basis and other composites. Other important properties of
aggregates of expanded glass are low density, excellent thermal insulation, good sound absorption, high
resistance to pressure, etc. The aggregate of expanded glass was proved to be a suitable substitute for
the classical aggregate in lightweight floor screeds.

Keywords: screed, foam glass, expanded glass aggregate, floor.

Introduction

As it is generally known, nowadays there is a lot of pressure on the production to be ecological and
economic. The construction industry is a great producer but also processor of waste. Besides commonly
and long-term used waste materials such as recycled concrete, brick and rubble and by-products like fly-
ash, slag and others, there is always a need to include into the production new recycled materials such
as various types of wastes on the organic basis (PE, PTFE, PET and rubber granulates etc.) and new
types of recycled materials from other industries such as treatment of municipal waste, paper and glass
production.

A lot of the named materials are not very suitable for the production of silicate-based materials, mainly
due to the high content of organic substances. However, those materials can be included in polymer and
polymercement based materials, where the negative impacts on the properties of cement are not
compromised.

Recently, there is an expansion in the use of various kinds of recycled glass in both silicate and
polymer based building materials. The use of glass in cement based material can be a little delicate,
especially when raw recycled glass is used only in its crushed or grounded form, as the alkali-silica
reaction may occur. This can be prevented with use of more processed recycled glass.

Recycled glass as afiller and aggregate

As mentioned earlier, there are three basic types of recycled glass filler/aggregate. The first type is a
simple glass from various sources, which is only crushed or grounded. This type of glass is not a focus
of this paper and it is mentioned only for the sake of completeness.

Foamed glass

The production of foam glass is an effective method for low-cost recycling of waste glass. The foam
glass is mainly used in the construction industry, where high compressive strength and thermal
insulation are important. Therefore, many studies focus on understanding the relation between structural
properties and mechanical and thermal properties. The compressive strength of foam glass is strongly
dependent on foam density and pore morphology. The thermal conductivity is also strongly related to the
foam glass density; often in a linear fashion. [1]
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On the market in the Czech Republic, there are two types of recycled foamed glass available
Refaglass and Geocell. Those are almost similar materials with only minor differences between them
and are almost interchangeable. Those are available in form of coarse gravel and also crushed into

required fractions for the applications, which may be insulation of foundations, embankments, concrete
aggregate, base layers and so on.

Expanded glass aggregate

On the market are available two basic aggregate from expanded glass of German origin. Those
materials are Poraver and Liaver. There are the differences larger than with the foam glass, but both are

successfully used in the building industry. There are spheres with almost closed porosity on the surface
produced in common grain sizes.

The Poraver is a creamy-white lightweight aggregate with bulk density from 190 kg.m™ and it is
available in grain sizes from 0.04 mm to 4 mm. [2]

The Liaver is a yellowish gray lightweight aggregate with bulk density from 200 kg.m™ and it is
available in grain sizes from 0.1 mm to 8 mm. [3]

The Liaver is more commonly used in the Czech Republic than the Poraver.

The composition of lightweight screed with expanded glass aggregate

The composition of screeds was based on previous research on the university. Next to the expanded
glass aggregate, the sand in the grain size 0 mm — 4 mm, cement CEM | 42 5R, fly ash, crushed and

grounded calcium carbonate, super plasticizer, and a setting retarder were used. The proposed mixtures
are in the table below.

Table 1: The proposed mixtures — composition per 100 g

Materials Mixtures [g]
REF K1 K2 K3 K4 K5 K3+ Vi1 V2 V3
Sand 0-4 mm 40.4 364 324 284 244 204 281 424 349 274
CEMI1425R 286 286 286 286 286 286 286 300 30.0 30.0
Fly ash 9.5 9.5 9.5 9.5 9.5 9.5 9.5 10.0 10.0 10.0

Crushed calcium carbonate 143 143 143 143 143 143 143 5.0 10.0 15.0
Grounded calcium carbonate 4.8 4.8 4.8 4.8 4.8 4.8 4.8 0.0 2.5 5.0

Super plasticizer 05 05 05 05 05 05 08 05 05 05
Setting retarder 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

o 0.25-0.5 mm 0.0 2.0 3.0 4.0 5.0 3.0 6.0 6.0 6.0 7.0
°>’ 0.5-1 mm 0.0 2.0 3.0 4.0 5.0 3.0 6.0 6.0 6.0 7.0
-LE 1-2 mm 0.0 2.0 3.0 4.0 5.0 3.0 0.0 0.0 0.0 2.0
2-4 mm 0.0 2.0 3.0 4.0 5.0 3.0 0.0 0.0 0.0 0.0
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Results
In the table 2, the measured physic-mechanical properties are introduced.

Table 2: Physic-mechanical propeties

Mixture Bulk Flexural Compressive Surface Constructiveness

density strength strength microhardness coefficient
[kg.m™] [N.mm?] [N.mm?] [N.mm?] [-]

REF 1970 5.3 31.3 6.96 1.6

K1 1690 5.2 23.9 2.24 1.4

K2 1440 3.9 18 2.05 1.3

K3 1340 4.3 16.7 2.92 1.2

K4 1160 3.1 12.9 2.49 1.1

K5 1020 2.9 9.2 1.96 0.9

K3+ 1210 2.9 10.7 3.00 0.9

V1 1370 15 12 2.18 0.9

V2 1390 2.9 14.2 2.37 1.0

V3 1420 2.1 14.7 2.36 1.0

As it is visible from figure 1, the bulk density has assumable sunken with increased amount of
expanded aggregate. The reference mixture has bulk density of 1970 kg.m™ and the mixture K5 with the
highest amount of Liaver is almost half the measure, namely 1400 kg.m™.

Bulk density [kg.m3]
2500
. 2000
E
2 1500 -
ko
2 1000 -
S
= 500 -
(=4]
0 -
REF K1 K2 K3 K4 K5 K3+ VI V2 V3
Mixture

Figure 1: The bulk density of mixtures

From the figure 2 it is visible, that the compressive strength precisely corresponds to the bulk density.
With decreased bulk density, the compressive strength is also decreasing. The reference mixture has
compressive strength of 31.3 N.mm™, the mixture K5 is about a third of the value of the reference
mixture, therefore 9.2 N.mm™. With the addition of calcium carbonate, there is a slight increase in the
values of compressive strength.
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Figure 2: The compressive strength of the mixtures

Another indicator of the properties of proposed screeds is a surface micro hardness which is shown in
the figure 3 This is especially important for the flooring screeds, which are there developed. By far the
highest value of surface micro hardness has the reference mixture, almost 7 N.mm™. All other mixtures
fluctuate around 2 — 3 N.mm™ and there is no apparent pattern with those values, so it can be
concluded, that the addition of expanded aggregate has overall effect on the surface micro hardness and
this does not depend entirely on the amount added or other additives and ingredients added.

Surface microhardness [N.mm-2]

o =2 N W ke 0 N @
Il

Surface microhardness [N.mm-2]

REF K1 K2 K3 K4 K5 K3+ V1 V2 V3

Mixture

Figure 3: Surface micro hardness

Patronem tohoto ¢isla je TYDEN VYZKUMU A INOVACI PRO PRAXI A 2IVOTNi PROSTREDI 2016 (15. - 18. 3. 2016, Hustopece)
WASTE FORUM 2015, éislo 4, strana 202



Eva TUMOVA, Rostislav DROCHYTKA, Vit CERNY: Recycled glass as a filler for screeds and other materials

Conclusion

At present, the use of recycled materials in the construction industry is a very alive topic. All kinds of
recycled materials, from construction site rubble to various types of products made from recycled
materials are available and used.

This contribution is dedicated to the development of flooring screeds with expanded glass aggregate
made of recycled glass. As a material for concrete, silicate based materials and composites and there
proposed screed, it is a very suitable for its unique spherical shape, which is the most appropriate as
well as for the other properties such as low bulk density, excellent thermal insulating and sound
absorption properties, high pressure resistance etc.

The expanded glass aggregate was proved to be a suitable addition to the mixture of lightweight
flooring screeds. It has a lowering effect for both compressive strength and bulk density. Because of this,
the more appropriate mixtures for further research are those with smaller amount of this aggregate, such
as mixtures K1 and K2. However, this lightweight screed is not suitable for use as an industrial floor and
should never be let as a top wear layer of floor, as it must be always be protected with e.qg. tiles or similar
top coat or treatment.
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Skelné recyklaty jako plnivo pro potérové a jiné hmoty
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Souhrn

V posledni dobé je pouZzivani recyklati a rdznych recyklovanych materialll ve stavebnictvi velmi Zivé
téma. Cela Skala nejriznéjsich materiall, od recyklatii ze stavebni suti po materialy jiz prumyslové
vyrabéné z odpadu je dostupna a pouZivana.

Tento prispévek je vénovan vyvoji podlahovych potéru s kamenivem z expandovaného odpadniho
Skla. Toto kamenivo ma zpravidla kulovity tvar a je tedy velice vhodné pro pouZiti v betonu, silikatovych
materialech a dalSich kompozitech. Dal§imi viastnostmi kameniva expandovaného skla, které je vhodné
vyzadvihnout, jsou napf. nizka objemova hmotnost, vynikajici tepelné-izolacni viastnosti, dobra absorpce
zvuku, vysoka odolnost proti tlaku atd.

Jako plnivo se kamenivo z expandovaného skla osvédcilo jako vhodna nahrada klasického kameniva
v lehéenych podlahovych potérech.

Kli¢ova slova: potér, pénové sklo, kamenivo z expandovaného skla, podlaha.
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Summary

The consumption of thermal insulation materials worldwide has been increasing every year together
with greater demands on improving the energy performance of buildings — EPB (within Europe in
accordance with directive 2010/31/EU of the European Parliament and the Council on the energy
performance of buildings). This brings a greater need of raw materials for the production of thermal
insulation materials and an increase in the consumption of energy necessary for the manufacturing
process (primary energy intensity — PEI). In connection with this, there may be some reduction in CO,
emissions in terms of EPB, however, the overall amount of CO, produced (GWP) is increasing in the
area of thermal insulation material production, especially in the case of energy-demanding materials
such as mineral wool, etc.

In terms of sustainable development and with regard to global strategies of reducing greenhouse gas
emissions and the consumption of non-renewable raw material resources [1, 2], the use of organic fibres
as secondary raw materials for the manufacture of thermal insulation materials appears to have good
potential.

Keywords: by-products, organic fibres, insulation materials, thermal conductivity

Utilization of organic fibers for the production of advanced thermal
insulation materials

Organic fibres are suitable for manufacturing thermal insulation for civil engineering for the reason of
their low thermal conductivity and relatively simple technology involved enabling the incorporation of the
fibres in a structure or making insulation materials in the shape of a mat or composite. The advantage of
natural fibres is their worldwide availability and in most cases the fact they are an easily renewable raw
material resource [1, 2]. Conversely, a great disadvantage is often the high price of the input fibres as
some types of fibres need to be treated (both mechanically and chemically) prior being used in an
insulation mat. Often, the fibres must also be treated in order to attain the required properties of the
insulation; especially in terms of fireproofing, moisture and biotic resistance and degradation.

Due to these facts, it often happens that insulation made of raw natural fibres is relatively expensive
and does not compete well with other insulation on the market. Its use is therefore more common in
special environmentally friendly wooden buildings; however, it is not abundant throughout Central
Europe.

Research focused on the application of natural fibres in thermal insulation materials has been carried
out at the Faculty of Civil Engineering of Brno University of Technology for more than ten years. The
results of the research indicate that raw natural fibres are expensive in Central Europe and often the
availability of some types of natural fibres can be unpredictable (especially in the Czech Republic). The
most promising fibres appear secondary organic fibres of natural origin produced as waste in agriculture,
textile industry or obtained by recycling fabrics. Their advantages are mainly:
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e low price,

o mostly pure fibres (e.g. sheep wool, cotton, etc.),

¢ |ocal availability,

e low impact in terms of PEI and GWP in connection with fibre recycling (in some cases, waste
fibres can be used with no treatment).

When using waste organic fibres it is always necessary to choose the optimal treatment technology of
the material so as to minimise the extent of the treatment during recycling and maintain minimal increase
in PElI and GWP. All technological treatment also has an influence on the price of the fibres and by
extension the insulation as a whole. Secondary fibres suitable for producing building thermal insulation
are especially:

o bast fibres of agricultural origin — fibres extracted from the stalks of hemp, flax; from plants
grown primarily for seeds. In case of these plants, the stalk is usually not suitable for fibre
extraction (among others due to a higher lignin content) and therefore the use of these stalks
in civil engineering is only limited to a curious option,

o Kkeratin fibres (fibres obtained from livestock), mainly sheep wool. Raw sheep wool must be
washed to rid it of grease and other dirt which greatly increases its price. However, if the fibres
are available as a waste from yarn spinning and weaving, it is no longer necessary to treat the
fibres and the price of the fibres is much more reasonable,

o seed fibres —these include mainly cotton. These fibres can be obtained by recycling old fabric
with high content of cotton. Cotton fabrics typically have more than 95 % of cotton. To recycle
the fabrics, they must be shredded and afterwards defibrated.

The technology of producing thermal insulation mats from organic natural fibres can be different;
however, in the Czech Republic the dominant method is thermal bonding in to insulation mats or
composites (Strutto technology).

Development of thermal insulation materials based on organic fibres

During the research, prototype samples of insulation were made. They contained secondary fibres
from the livestock, plants and waste textile. In all cases, the specimens were made by means of thermal
bonding using polyester fibres making up 15 % of the specimen mass. The properties of the input fibres
are in the table below:

Tab. 1: Overview of the thickness of the secondary fibres

Raw material

Fiber thickness [mm]

Fiber length [mm]

Flax 0.115 39
Sheep wool 0.028 95
Cotton fibers 0.039 42

Lofty mat specimens of varied bulk density were made from the fibres. Their thermal conductivity in
dependence on bulk density was determined as the optimal choice of bulk density in relation to the
properties and the material costs and with regard to the final properties is key for fibre insulations.
Thermal conductivity was determined with the specimens at laboratory humidity (at equilibrium humidity
corresponding to the environment with temperature +23 °C and relative humidity 50 %) according to
CSN EN 12667 [3] using a method according to 1SO 8301 [4] at mean temperature +10 °C and
temperature gradient 10 K. The determination of bulk density was performed in accordance with CSN
EN 1602 [5] and the determination of thickness according to CSN EN 823 [6]. The measurement results
are in the charts below:
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Fig. 3: Determination of the dependency of thermal conductivity for insulation specimens
made of secondary fibres from waste fabrics with high cotton content (over 95 %)

Evaluation of results

The results indicate that for each material there is an interval of optimum bulk density in relation to the
lowest value of thermal conductivity; i.e. 60 — 80 kg.m™ (in the case of sheep wool, the measurement
was performed only up to bulk density of 41 kg.m™, however a similar progression of thermal conductivity
in dependence on bulk density can be expected as in the other specimens).This interval is typical for
each type of fibres and is dependent on the quality of their treatment and purity. In case of bast fibres,
which are treated to a lesser degree and the material contains a greater amount of shives and is not
defibrated enough, higher bulk density is required if good thermal insulation properties are to be attained.
Sheep wool and recycled textile fibres can reach good thermal insulation properties at lower bulk density
as these materials possess overall better thermal insulation properties compared with bast fibre
specimens.

Financial assessment was performed where the approximate manufacturing costs of each insulation
material was determined and calculated per unit of thermal resistance R = 1 m*>.K.W™. The results are in
the chart below.

5.0

1 m2 KWt

Price for thermal resistance R
\

05 T T T T T T T T T T T 1
20 30 40 50 60 70 80 90 100 110 120 130 140

Bulk density [kg.m]
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Fig. 4: Overview of the calculated manufacturing costs for the insulation materials in order to
achieve thermal resistance R =1 m*>.K.wW*
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Fig. 4 indicates that the most cost-efficient insulation materials are those from recycled textile;
conversely, the least cost-efficient ones are the bast fibre ones. However the differences are not too
substantial and they dissipate as bulk density increases and as the thermal insulation properties of the
bast fibre specimens improve.

Conclusion

Based on the experiments performed with the prototype specimens, the thermal insulation mats
based on secondary organic fibres can exhibit very good thermal insulation properties with suitable bulk
density. In all cases the optimum interval of bulk density was proven to be 60 — 80 kg.m™.

In case of bast fibres at a lower degree of treatment (less defibration and greater content of shives) it
is necessary to achieve higher bulk density in order for the material to have good thermal insulation
properties. Generally speaking, insulation materials form sheep wool have better thermal insulation
properties compared with flax insulation. In terms of manufacturing costs, the most efficient is the
secondary fibre insulation from recycled fabrics; conversely, the least cost-efficient one is the flax
insulation.

It can be stated that, generally, the use of secondary organic fibres can bring a reduction in the
energy consumption of manufacturing thermal insulation materials and the resulting insulation can have
properties comparable to other thermal insulation materials on the market.
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Moznosti vyuziti druhotnych organickych viaken pro vyrobu tepelné
izola¢nich materiali s pouzitim ve stavebnictvi
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Souhrn

Spotfeba tepelné izolacnich materiali celosvétové kazdym rokem stoupa, spolu se zvySujicimi se
naroKy v oblasti snizovani energetické naro¢nosti budov - ENB (v ramci Evropy v souladu se smérnici
Evropského parlamentu a vyboru 2010/31/EU). Proto také roste potfeba surovin pro vyrobu tepelné
izolacnich materiali a spotfeba energie nutné k jejich vyrobé (primarni vazané energie — PEI).
V souvislosti s touto skutecnosti dochazi sice k usporam v oblasti emisi CO, v oblasti ENB, ale roste
mnoZstvi produkovanych emisi CO, (GWP) v oblasti vyroby tepelné izolaénich materialti, predevsim
u energeticky naro¢nych materiald, jako je napfiklad mineralni vina apod.

Z pohledu trvale udrzitelného rozvoje a také z pohledu celosvétovych strategii v oblasti snizovani
emisi sklenikovych plynt a snizovani zatéze materialové zakladny v oblasti neobnovitelnych
surovinovych zdroji se jevi jako potencialné velmi zajimavé vyuZiti organickych viaken v podobé
druhotnych surovin pro vyrobu tepelné izolacnich materiald.

Prispévek popisuje vyvoj a studium tepelné technickych viastnosti perspektivnich izolaénich materialdi
na bazi organickych viaken.

Klicova slova: druhotné suroviny, organicka viakna, izolacni materialy, tepelna vodivost
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Summary

This experiment is about options of utilization of the mineral wool waste in cement mortar. Nowadays,
mineral wool waste doesn’t have any wider utilization in building materials. Mineral fibres can improve
some utility properties of the cement mortar. In this experiment were mineral wool boards defibrated on
clump of mineral fibres and it was tested the addition of these fibres in different quantity to cement
mortar. In cement mortar with addition of mineral fibres was detected compressive strength, tensile
strength, thermal conductivity coefficient and density. Results of these experiments are interesting,
because mineral wool fibres can improve some properties of cement mortar.

Keywords: Cement mortar, waste, mineral wool

Introduction

Mineral wool waste is primarily produced during production of mineral wool. Waste from production
can be reused and recycled directly in manufactory. In construction, especially in building insulation,
mineral fibres are widely used for their thermal insulation properties. Mineral wool waste is created when
insulating boards are cut and when the old ETICS are demolished. It is not possible to use this material
during production of new mineral fibres, because it is mixed with other building waste and we do not
know the origin of this material. The material is inert and it is permitted to make landfills, but it remains
unused by the high amount of energy that is necessary for its production. Nowadays, for economic
reasons, the possibilities of industrial recycling of mineral fibres are not developed. One possible re-use
of this material is its defibration, and then adding to suitable matrix, which may improve some of its
certain properties [1].

Experimental part

As one of the variants was used cement mortar, to cement mortar was added various amount of
fibres. Due to the impossibility shredded mineral insulation board mechanically, board was only "torn"
into clumps using a sieve with a mesh size of 8 mm. These clumps were prior to the preparation of
cement mortar mixed with aggregate fraction 0-4 mm and thoroughly mixed by hand mixer. Larger
clumps of mineral wool were torn by aggregate into individual fibers. To this mixture was added water
and cement, after mixing the mixture has been stored into forms of dimensions 40 x 40 x 160 mm and its
subsequent compacting using a vibrating table. Samples were stored in a laboratory environment at
22°C and relative humidity of air 65%. On the hardened samples it was performed to measure the
coefficient of thermal conductivity A by the hot wire method, and then the samples were dried to constant
weight at 105 (+/- 5) °C and it was performed again to measure the coefficient of thermal conductivity A.
Samples were measured in each condition, weighed and calculated the bulk density p. After 28 days
was determined tensile strength R and compressive strength R.. All measured and calculated values
were recorded in tables and graphs.
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Figure 1: Clumps of mineral fibers

Results and discussion

Table 1: Composition of tested mortars
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Table 2: Measured values of the samples at laboratory humidity, symbol ¢ the mean of value.

SEMENE | [ng/)ms] [kg/r%] [Wm)flK'l] [Wr(g'{‘K'l] [ ‘[I;/ovil
1| 2050 1,372 5,08

REF | 2 | 2090 | 2060 | 1,290 1335 | 459 4,91
3 | 2050 1,344 5,06
1| 2060 1,142 432

1 |2 2060 | 2040 | 1,217 1230 | 4,43 |4,54
3 | 1990 1,331 4.87
1| 2010 1,303 4.87

2 |2 1960 | 1990 | 0,907 1107 | 518 |4,96
3 | 1990 1,112 4.83
1| 1980 1,031 541

3 [2] 2020 | 1990 | 1112 1144 | 491 |48s5
3 | 1960 1,290 422
1| 1990 1,194 4,58

4 | 2] 2010 | 1990 | 1252 1177 | 458 |4.62
3 | 1970 1,084 470

Table 3: Measured values of the dried samples

A Ty
SERIE) [T [kg‘/)m3] [kg’/r‘:ﬁ] [WmK?Y] [Wr‘rl:'lK'l]
1| 2000 1,183
REF |2 | 1960 | 1970 0,976 | 1,072
3| 1960 1,057
1| 1980 1,084
1 |2 1950 | 1960 1,057 | 1,047
3| 1960 0,999
1| 1880 0,961
> [2] 1900 | 1900 1,007 | 0,989
3| 1920 0,999
1] 1920 0,835
3 [2] 1940 | 1920 0,881 | 0,870
3| 1910 0,894
1| 1890 0,047
4 |2 19020 | 1900 0,863 | 0885
3 | 1880 0,846
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Table 4: Measured values of compressive R, and tensile strength Ry

Ry ¢ Ry
Sample| n [MPa] | [MPa] R. [MPa] ¢ R. [MPa]
1 (10,70 32,8 36,9
REF 2 (11,18 10,9 33,2 31,4 33,6
3 [ 10,75 31,3 36,2
1] 9,49 34,7 23,3
1 2 (10,85 10,5 24,9 31,5 30,0
3 (11,13 33,4 32,1
1 110,89 23,4 35,1
2 2 | 921 10,0 26,9 26,0 27,6
3 (10,01 29,5 24,5
111,31 28,5 26,2
3 2 (1094] 11,6 33,4 26,2 27,5
3 [12,63 21,8 28,9
11]12,26 35,6 24,9
4 2 112,05]| 12,6 33,3 21,8 29,4
3 |13,38 27,1 33,5
2100
2050 \"\
E 2000 ~
2
£ 1950 = Bulk density (kg/m3)
§ \/\
i; 1900 Bulk density of dried samples
«@ (kg/m3)
1850
1800 T T T ]
0 2,22 3,33 4,44 8,89
Mineralfibres [%]

Figure 2: Influence of the quantity of fibers on bulk density
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Figure 5: Influence of the quantity of fibers on compressive strength

According to the experiments we can prove that the addition of mineral fibres to cement mortar
decreases bulk density p [kg/m® of mortar. This happens during higher doses (15 — 40 g on 2050 g of
mortar) and about maximum value 70 kg/ m?, it’s equivalent to decrease of the bulk density about 3,4 %.
After drying of the testing samples was find out humidity w, which ranged from 4,54 to 4,96 % of the
weight. The bulk density of the dried samples decreased and with every addition of higher amount of the
mineral fibres, the bulk density was still decreasing. At the end the bulk density decreased about 70
kg/m?, so 3,7 % (asi visible in Figure 2).

A thermal conductivity coefficient A of the tested samples of cement mortar decreased with addition of
mineral fibres (as visible in Figure 3). The biggest decrease of the value A of the cement mortar’s tested
samples is 0,23 Wm™K™ which corresponds with decrease of the value about 17 %. The biggest
decrease of the value A was in the tested sample, where was added 15 g of mineral fibres on 2050 g of
mortar. The decreasing of the value A is related to the samples which were placed in the laboratory
environment. The biggest decrease of the thermal conductivity coefficient A of the tested samples after
drying is at the sample where added 20 g of mineral fibres on 2050 g of mortar was. Specifically it's A
decrease about 0,20 Wm™K™, so 18,8 %.

Tensile strength Ry decreased with addition of small amount of fibres (10 and 15 g on 2050 g of
mortar), the biggest decrease is at the sample 2 about 0,9 MPa, so 8,3 %. With bigger amounts of the
mineral fibres tensile strength R; increased, the biggest increase was at the sample 4 about 1,7 MPa, so
15,6 % (asi visible in Figure 4).

Compressive strength R, was decreased at all tested samples with fibres, the biggest decrease was
at the sample 2, so 18,2 %. At the sample 4 was compressive strength slowly increased, so the
decrease was 4,2 MPa, at 12,5 % (as visible in Figure 5).

Conclusion

According to the measured values we can see that the mineral fibres in cement mortar decrease bulk
density p. This decreasing is not significant so it's negligible in practise. The value of the thermal
conductivity coefficient A was with the addition of fibres distinctly decreasing so we can prove that the
mineral fibres in the cement mortar are decreasing the thermal conductivity coefficient A and they are
also improving an insulating capacity of the cement mortar. Tensile strength R¢ increased at the samples
with the bigger amount of fibres. It is caused by steady distraction of the fibres. Compressive strength R,
decreased after addition of mineral fibres, but the decrease is not significant. It can be summarized that
the properties of the cement mortar are improved after addition of mineral fibres so it is appropriate to
deal with this topic in detail.
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Vlastnosti cementové malty s pridavkem odpadu z mineralni viny

Jan CERMAK, Stanislav STASTNIK

Vysoké uceni technické v Brné, Fakulta stavebni, Veveri 331/95, 602 00 Brno.
Souhrn

Odpad na bazi minerélnich vldken nenachazi v dnesni dobé Sirsiho vyuZiti. Cilem tohoto experimentu
bylo zjistit, zda mohou odpadni mineralni viakna zlepSovat nékteré uZitné viastnosti cementové malty.
RohoZe mineralni viny byly nejprve rozdruZzeny na menSi Casti a tyto shluky mineralnich vidken byly
pfidavany do cementové malty. V prvni fazi byly shluky mineralnich viaken zamichany pouze s
kamenivem frakce 0 - 4 mm, aby doslo k jejich rozvlaknéni. V dalSich fazich byly vyrobeny tramce o
velikosti 40 x 40 x 160 mm s rdznou davkou mineralnich viaken. Na téchto vzorcich byly provedeny
zkouSky pevnosti v tlaku a v tahu za ohybu, byl zjistén soucinitel tepelné vodivosti vzorku a jejich
objemova hmotnost.

Kli¢ova slova: Cementova malta, odpad, mineralni vina
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Summary

Autoclaved aerated concrete is one of the few building materials whose production can use up to 70%
of energy by-products. These by-products include fly ash from high-temperature as well as fluidized coal
combustion and energogypsum. In addition to the raw material composition, one of the prerequisites for
the production of aerated concrete with good physical and mechanical properties is the right choice of
autoclaving mode. This mainly refers to the length of the isothermal heating phase and, obviously, to the
appropriate choice of temperature and the related pressure in the autoclave. This article reviews the
microstructure and physical-mechanical properties of aerated concrete autoclaved in three different
modes. Particular attention is paid to tobermorite as the majority mineral of aerated concrete, especially
to the shape and quality of its crystals.

Keywords: Tobermorite, fly ash, autoclaved aerated concrete, calcium hydro silicates,
microstructure.

Introduction

In order to obtain desired physical and mechanical properties, the aerated concrete product
undergoes a process of autoclaving during which the aerated concrete mass is cured. Several theories
apply to this process. One of them is the theory of Rabindér according to which the creation of a solid
spatial macrostructure is influenced by solubility and subsequent recrystallization of the basic
components used.

The first period of recrystallization in aerated concrete mixtures and the related fundamental change
in macrostructure takes place at an early stage of hydrothermal synthesis. The entire autoclaving
process is accompanied by multiple conversions of crystalline phases without achieving the equilibrium
state. The process produces various calcium hydro silicates and other compounds whose CaO:SiO,
molar ratio ranges from about 0.5 up to 3.0. One of the most important calcium hydro silicates is
tobermorite which is considered the main bearer of the strength of aerated concrete.® The structure of
tobermorite (5Ca0-6Si0,-5H,0) is orthosymetrical and consists of the centrally layer of Ca®*
octahedrons which is surrounded by continuous chains composed of silicate tetrahedrons. The layers
are bonded to one another by an intermediate layer containing ions of Calcium and molecules of water.
Small leaf-shaped crystals of this mineral are mutually well intergrown and for a compact skeletal
structure of the autoclaved aerated concrete.?

The calcium hydro silicate components formed during autoclaving are very complex units frequently
blended together and form a complete line of intermediate products from completely amorphous to well
crystalline phases. Considering the fact the hydro silicates form in many cases and mainly in the
beginning jellylike or imperfect crystalline products, their identification is very difficult namely with its
lower contesnt. Schematic representation of the main reaction occurring during autoclaving is shown in
equation 1.

Ca(OH),, SiO,, H,O — CSH — tobermorite Q)
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Hydrothermal reaction first produces calcium hydro silicate CSH Il and a certain amount of C,SH
that occur transiently, especially at the beginning of the autoclaving when there is a relative excess of
CaO due to the limited reactive surface of siliceous material. In subsequent reactions with the remaining
unreacted siliceous raw material, these initial products with a higher content of CaO relatively quickly
turn into CSH | with a lower CaO content. During additional autoclaving, lasting at least 3 to 9 hours,
mineral tobermorite begins to develop. Final product of the autoclaving process, formed at constant
conditions usually after 20 to 72 hours and sufficient amount of CaO, is the mineral xonotlite C,SsH. In
the production of aerated concrete, however, it is an undesirable product. *

Nevertheless, the gradual formation of tobermorite over the CSH gel is not the only process of its
creation. Tobermorite partly arises also from the mineral katoite. Katoite (CazAl2(SiO4)(OH)s) belongs to
a group of hydrogranates that arise at the beginning of the hydrothermal reaction, even before the
formation of tobermorite. Formation of tobermorite from CSH gel is a conversion in the solid phase;
from katoite, however, tobermorite crystallizes in the system of solid phase-liquid phase. Both of these
reactions are not dependent on each other but usually occur simultaneously. Scheme of the formation of
tobermorite from the katoite phase is shown in equation 2.2

Quartz, katoite, hydroxylellestadite, CSH — Ca?*, Si**, AI**,OH — tobermorite (2)

Experimental part

For production of autoclaved aerated concrete specimens lime and cement were applied as a binder
component. Siliceous component was represented by a mix of fly ash from high temperature combustion
(HTC) together with fly ash from fluidized bed combustion (FBC); calcium sulphate is the auxiliary
component. Aluminum powder was used as gas making component. Chemical composition of samples
of fly ash from high temperature and fluidized bed combustion was determined; the results are given in
Table 1.

Table 1: Chemical composition of the fly ash used

Chemical composition [%]
Fly ash CaO CaO 3
SOs | (available) | (total) S197 Al20s Fe;0s
HTC 0.63 0.025 1.91 48.2 275 10.7
FBC 5.68 3.31 20.0 334 22.2 6.71

First, the dry ingredients were blended and then mixed with water at a temperature of about 50°C.
Aluminium powder was dosed as a suspension just before casting the aerated concrete mixture into
moulds 100x100x100 mm. Loosening and subsequent maturation of the mass took place in heat-
insulated moulds. Demoulding of samples was possible only after about 18 hours when the samples had
sufficient handling strength and their surface did not stick to the mould sides. The samples were then
placed into a laboratory autoclave. The formula was maintained in all the samples, the only difference
consists in autoclaving conditions. Table 2 below presents individual autoclaving modes.

Table 2: Autoclaving modes used

Autoclaving Pressure [MPa] Temperature [° C] Isothermal holding
time [hours]

1. 1.0 180 14

2. 1.0 180 6

3. 1.2 188 6

After drying, the autoclaved samples were subject to analyses of physico-mechanical properties,
specifically the density and compressive strength.* Afterwards, the aerated concrete was analyzed
regarding its microstructure. This related to determining its mineralogical composition using X-ray
analyses and observing the samples under a SEM microscope.
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Results and discussion

Physical and mechanical properties
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Figure 3: Density (a) and compressive strength (b) of aerated concrete samples autoclaved
under different conditions

In aerated concrete, a very important factor is the ratio between density and compressive strength. It
is considered that an ideal aerated concrete has the lowest possible density while maintaining the best
possible mechanical properties. Under laboratory conditions, it is almost impossible to achieve such
values as during a high-volume production in the plant. Density values measured by us are therefore
higher than in industrially produced aerated concrete where it is possible to achieve the strength class
of P2-420 (compressive strength of 2.0 MPa at a density of 420 kg.m™).

The highest strength showed aerated concrete autoclaved for the longest period of time in which we
can also expect the best developed crystals of tobermorite. 14 hours of isothermal holding time during
autoclaving, however, would be very uneconomical in practice. Conversely, a 6-hour isothermal holding
time is realistic in practice and normally used. With this length of isothermal holding time, a better
density-compressive strength ratio was achieved in aerated concrete autoclaved at a pressure of
1.0 MPa and the corresponding temperature of 180°C in a saturated water vapour.

Microstructure

The microstructure was characterized by X-ray analyses and images made under the SEM
microscope. The results are shown in the following figures.

Intensity (counts)
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Figure 4: X-ray diffraction pattern of the tested aerated concrete samples. T — Tobermorite, M
— Mullite, K — Katoite, A — Anhydrite, C — Calcite, Q — Quartz.
Mineralogical composition of all the aerated concrete samples is identical. In all autoclaving modes,
the first main product of hydrothermal reaction was tobermorite while the presence of xonotlite was not
observed.
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Figure 6: SEM images of aerated concrete from the 2nd autoclaving mode

Patronem tohoto &isla je TYDEN VYZKUMU A INOVACI PRO PRAXI A ZIVOTNI PROSTREDI 2016 (15. - 18. 3. 2016, Hustopede)
WASTE FORUM 2015, &islo 4, strana 221



Ester HELANOVA, Vit CERNY, Rostislav DROCHYTKA: Effect of autoclaving conditions on the final properties of
aerated concrete

_ Det: SE ; | MIRA3 TESCAN M MAG: 5. _ MIRA3 TESCAN|
SEMHV:150kV | 20 pm

AdMas - FAST VUT Brno [ AdMas - FAST VUT Brno

Figure 7: SEM images of aerated concrete from the 3rd autoclaving mode

SEM images of aerated concrete autoclaved under different conditions mainly show the presence of
tobermorite as already proven by X-ray analyses. In a closer examination, however, it is possible to see
a difference in the shape of its crystals. The first autoclaving mode produced tobermorite with narrow
and long acicular crystals. Nevertheless, these crystals are slightly damaged. With reference to the
compressive strength of this aerated concrete, however, it can be said that it is a very good
microstructure of aerated concrete when the crystals are well intergrown.

The second autoclaving mode with the isothermal phase of 6 hours produced tobermorite crystals
with wider lathy crystals. The sample also contained greater amount of unused residues of spherical
grains of high-temperature fly ash. This may be one of the reasons for lower compressive strength and
density of this aerated concrete. In such a case, the fly ash grains can function as lightweight filler which,
on the other hand, weakens the tobermorite microstructure.

Autoclaved aerated concrete from the third autoclaving mode (6 hours, 1.2 MPa) is characterized by
already considerably degraded tobermorite crystals. These crystals are long and acicular, and their
shape is more similar to those from the first autoclaving mode. At a lower SEM magnification, it can be
concluded that tobermorite crystals are still well intergrown and are certainly the majority mineral in the
microstructure of this aerated concrete.

Conclusions

Choosing the right autoclaving in the production of autoclaved aerated concrete is undoubtedly one of
the basic prerequisites of a high-quality product. Longer autoclaving times and higher temperature or
pressure are not always the guarantee of better microstructure and improved mechanical properties.
Based on the experiment presented in this article, it can be said that it is often the opposite. Longer
autoclaving times as well as higher pressure (temperature) resulted in the formation of long needle-
shaped tobermorite crystals which were often damaged. Larger crystal damage was observed in
samples autoclaved at higher pressure (temperature). It can therefore be concluded that the autoclaving
mode should be preferably modified by extending the time rather than increasing the pressure
(temperature).

Density of the samples with prolonged autoclaving or higher temperature (pressure) was high.
Regarding the compressive strength, the results were not so clear; the highest values of all samples
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tested (2.58 MPa) were achieved in autoclaving mode 1 (14 hours, 1.0 MPa) and, conversely, the lowest
values (1.42 MPa) were found in autoclaving mode 2.

Tobermorite crystals autoclaved for a common time (6 hours, 1.0 MPa) had lathy shapes with no
apparent damage. However, the larger quantities of fly ash grains visible in the sample point to the fact
that not all SiO, was used in the hydrothermal reaction and that an extension of autoclaving by about 2 —
3 hours could have a positive effect on aerated concrete properties. This finding will be a starting point in
our further research.
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Vliv podminek pfi autoklavovani na vysledné viastnosti pérobetonu
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Souhrn

Poérobeton je jednim z mala stavebnich materialt, na jehoZ vyrobu je mozné vyuZit az 70 %
vedlejSich energetickych produkti. Mezi tyto VEP patfi popilky z vysokoteplotniho i fluidniho spalovani
uhli a energosadrovec. Kromé surovinového slozZeni je vSak jednim ze zakladnich predpokladi pro
vyrobu pdrobetonu s dobrymi fyzikalné mechanickymi vlastnostmi i spravna volba autoklavovaciho
reZzimu. Jedna se pfedevsim o délku faze izotermického ohfevu a samoziejmé vhodnou volbu teploty a
s ni souvisejiciho tlaku v autoklavu. Tento ¢&lanek hodnoti mikrostrukturu a fyzikalné mechanické
vlastnosti pérobetonu autoklavovaného pri tfech raznych rezimech. Zvilastni pozornost je vénovana
tobermoritu, jakozto majoritnimu mineralu pérobetonu, predevsim pak tvaru a kvalité jeho krystald.

Kli¢ova slova: Tobermorit, popilek, pérobeton, kalciumhydrosilikaty, mikrostruktura.
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Abstract

The article presents research aimed at studying the effect of blended matrix on the properties and
microstructure of composite materials containing sintered fly ash aggregate and designed for extreme
temperature conditions. To improve the temperature resistance, the binder was partially replaced with
blast-furnace slag and microsilica was added. Specimens were tested and analyzed after 28 days in
combination with a thermal load up to 7000°C. Based on the results achieved, it has been found that the
best variant seems to be a dose of microsilica up to 8% which also very favourably affects the resistance
to extreme thermal loads.

Keywords: Sintering, fly ash, filler, composite material, admixture, temperature resistance.

Introduction

The fact that resistance of common cement composite materials is considerably limited is directly
related to all used components — binders, aggregates, admixtures etc. With growing temperature water
leaks as first — 100°C. The leak of free and physically bound water is terminated at 374°C, when water
presence is not possible under common conditions. At temperatures around 400°C portlandite
disintegrates which with complete disintegration to 800°C. Together with CSH gels portlandite belongs to
dominant components of cement matrix. With respect to silica presence in the matrix and aggregates as
well the temperature of 573°C can be assessed as one of the critical ones. At this temperature silica
moadification conversion occurs which is accompanied by considerable volume changes. For temperature
600°C is characteristic the second phase of CSH gel disintegration during which 3-C,S may originate.
Also calcite contained either in matrix or in the aggregates starts to disintegrate at temperatures around
700°C. At 800°C ceramic bonds may originate which substitute hydraulic bonds. Over 1000°C it is
possible to identify sulphate crystalline phases — silicocarnotite or yeelimite eventually. Further it is
possible to record mayenite, larnite and brownmillerite. Wollastonite than may occur within 1100°C to
1200°C. On disintegration of the all mentioned components mainly the gases — H,O, CO,, and eventually
SO; generally escape. Also residual products from disassociation reactions may mean a problem. For
instance free lime which is able at contact with water (real situation of fire extinction) to react with
formation of Ca(OH),. By this hydrating reaction volume grows and internal stress occurs in already
degraded structure of the cement composite. Generally chemical bonds are broken, porosity grows and
thus composite structure is degraded in the cement matrix, aggregates or their interface.

Considering physical and mechanical properties it is evident that at reaching of temperature 1000°C a
considerable degradation of cement matrix occurs together with breaks of aggregate-matrix consistency.
In terms of construction materials the strength is the decisive parameter. In case of mortars and
concretes only compressive strength is considered. At temperatures 600°C to 1000°C straight reduction
within 60% to 100% occurs with common composition composites (lime, feldspar or silica aggregates,
Portland cement etc.). Therefore fire effects may be fatal - collapse of the construction. This is also
intensified by presence of longitudinal steel reinforcement providing tensile strength at bend. With
growing temperatures a deformation (prolongation) of the reinforcement occurs and then even results in
loss of consistency with cement matrix.

The possibility of mortar and cement resistance growth towards actuation of extreme temperatures
has been studied by many scientists. It was found that attention shall be paid to binders, aggregates and
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scattered reinforcement as well. Polymeric scattered reinforcement play an important role at escaping of
gaseous phases from cement composites and possibly also at expansion of some components. At equal
distribution and optimal batch (approx. to 5%) of polymeric fibres the thermal resistance of cement
composites is considerably increased. According to polymer type the fibres completely disintegrate
within approx. 350°C. According to [7] the best results were obtained at modification of cement matrix
with blast-furnace slag. Ash can be used in amounts of 20% to 30% of the cement weight. However
significant improvement of cement matrix is noticeable only to 600°C. Positive findings in connection to
cement composite parameter degradation due to high temperatures were found at cement substitution
by volcanic ash within 20% [8]. In the publication [5] the authors present their research dealing with
mixing binder. As cement substitution with 25% the ash, microslica and their combinations were tested.

Maximum exposition temperature was 800°C. Upon obtained results micro silica in 10% amount was
selected as optimal substitution component. The research presented in [4] is focused on study of cement
ash substitution influence in combination with silica nanoparticles. In case of formulas with content of
both tested components strengths comparable with specimens not stressed with high temperatures were
obtained with test samples at temperature of 700°C. XRD analysis results refer to formation of new
bonds in the matrix at 700°C. Research of mortars with aluminium oxide nanoparticle content is stated in
[3]. More significant improvement in compressive strength can be seen only within temperatures 400°C
to 600°C. At 1000°C the influence of aluminium oxide nanoparticles is insignificant. Positive influence of
titan nanoparticles at temperatures even to 600°C was shown in [10].

Compressive strength improvement by 14% was verified in comparison with reference specimens.
Influence of aggregate types on cement composite parameters exposed to high temperature actuation
was analyzed for instance in [6]. Here the scientists studied the possibility of lightweight aggregates
application - perlite, vermiculite and pyrofilite. The best stability considering stress by high temperatures
showed mortars with content of expanded perlite. Development and research of fire resistant mortars to
900°C is presented in [9]. Possibility of application of the blast-furnace slag as binder substitution even to
80% was also tested. Pumice-stone was used as aggregate. Mortars with 40% content of blast-furnace
slag were evaluated as the best ones considering the findings. Compressive strength of these mortars
after having been exposed to 900°C reached residual compressive strength 44 % at gradual cooling. At
quick cooling (with water) the mortar showed residual compressive strength 40 %.

Experimental part

On proposing of developed material compositions all findings and knowledge gained from study of
foreign special literature were considered. Blended cement — 65 % of CEM | 42,5 and 35 % blast-furnace
slag was used as a binder. Aggregates to cement volume ratio was 3.7:1. In order to obtain the required
workability, consistency with base and adhesion of the mixture in fresh condition a polymeric admixture
in amount of 3% (related to cement weight) was applied. The water-cement ratio was always modified to
provide a 160 mm diffusion of the mixture. This value characterizes a mortar with good workability for
manual application on repaired construction. At selection of the aggregates the attention was paid to
lightweight aggregates — ash agloporite.

These aggregates formed the only one aggregate component with fraction 0 to 4 mm. For
improvement of parameters at high temperatures polymeric fibres were used. Because it is a material
intended for thicker repairs fibres of larger sizes than usual for this type of material were tested.
Polyolefin fibrillated fibres were added in the mortars in amounts of 5 kg.m™. To provide sufficient
parameters according to [9] a very fine-grained active admixture based on amorphous SiO, was used. It
was dosed in 5 to 10 % (related to cement weight). It was not a binder substitution.

Test specimens with dimensions 40 x 40 x 160 mm were stored 28 days and treated in accordance
with [12]. Subsequently they were loaded with temperatures 200°C, 400°C, 600°C, 800°C and 1000°C.
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Figure 1: Test specimen during the heating in furnace — temperature 1000 °C

Reference specimens were not thermally exposed. Temperature curve course is defined in [13].
Cooling was carried out gradually in the furnace, i.e. speed approx. 1°C.min™. In accordance with
relevant standards — [11], [12] and [14] the basic physical and mechanical parameters were tested and
their changes (density, compressive strength and tensile strength at bend). From the selected
specimens samples were taken for evaluation of microstructure.

Results and disscussion

The following charts (see Figs. 2 to 4) show comparison of results for setting of monitored material
characteristics and their percentage changes at samples exposures to high temperature ambient. All the
formulas contain agloporite and different micro silica doses (for instance CAS7 means formula with 7.5%
micro silica content).

Bulk density courses are with growing temperatures relatively stabile for particular formulas. At
1000°C a density decrease occurs within 19% to 21%. The steepest decrease of values is evident within
22°C to 400°C. Microsilica influence on density is insignificant. Instead bulk density changes the weight
changes were determined (left axe of graph — see Fig. 1). Weight decreases to approx. 20 % after
1000 °C exposure. The sharp decrease in weight within the range up to 400°C is most likely related to
the leakage of moisture contained in the porous structure of the aggregate used. Prior to thermal loads in
furnaces, the samples were not dried up. Furthermore, the drop is negligible in the temperature range of
400°C to 1000°C.

With respect of compressive strength the formula CAS7 of micro silica can be evaluated as the best.
Very interesting strength value course is seen with samples exposed to 400°C and 600°C. Residual
strengths of samples exposed to 1000°C reach approx. 17% in case of reference formula and also
formulas with 5% micro silica admixture. Materials containing 7.5% to 10% of admixture retain
approximately 24% compressive strength. It is therefore obvious that the most significant difference is
between samples containing 5% and 7.5% micro silica. Compressive strength of CAS7 formula after
loading with temperature 1000°C was set to approx. 7.9 N.mm? When comparing a trend of the
decrease in weights and a compressive strengths (see Fig. 2 and 3), it is clear that the courses of curves
are different. It is therefore evident that only a minimal weight loss occurs from the exposure time while
strength characteristics continue to decline. This may result, for example, from a predominant effect of
different expansions of the filler and matrix.
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Figure 2: Comparison of bulk density (BD — bulk density, Am — change of weight)
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Figure 4. Comparison of bending tensile strength (fb — bending tensile strength, Afb — change
of bending tensile strength)

Various courses of the curves of changes in compressive strength and bending tensile strength
indicate a significant effect of microsilica on the temperature resistance exactly in terms of bending
strength. After exposure at 1000°C, residual strengths achieve about 34% up to 38 %. Again the 7.5%
micro silica addition can be assessed as the most effective. For both the obtained strengths and thermal
resistance of mortars as well. The following figures (see Fig 5) show structure of selected formulas with
10 % micro silica content and exposed to 1000°C.
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Figure 5. Microstructure CAS1, exposure temperature 600°C (left) and 1000 °C (right),
magnification 5000x%

Analyses of microstructure confirmed a substantial degradation of the polymer-cement structure when
the bodies were exposed to environments with a temperature of 1000°C. We mainly observed an
increased porosity which is related to the decomposition of hydration products. Using XRD, the
microstructure was assessed in terms of quantity and partly also in terms of quality (according to the
intensity of peaks). The influence of increased temperature caused the reduction of diffraction lines of
portlandite.

Differences in morphology between formulas containing different doses of microsilica were recorded
only to a slight extent and, therefore, they seem to be irrelevant. It was possible to observe only
differences in the background that represents the amorphous phase which can be CSH gels or
unreacted grains of microsilica. Increasing doses of microsilica were associated with increasing
background of diffraction curves. However, these differences between individual formulas decreased
with increasing temperatures. In studying the microstructure, the attention was further paid to the matrix -
filler interface. Here, we observed only sporadic imperfections that were manifested by cracks.

Conclusions

Within the research presented in this article, it was found that the blended silicate matrix (containing
cement, blast furnace slag and microsillica) in combination with aggregate based on sintered fly ash are
suitable components for composite materials intended for extreme thermal loads. The optimal dose of
microsillica is up to 8 %, higher amount is not too effective. In the future follow-up research, it would be
especially appropriate to verify also unfavourable climatic conditions and chemically aggressive
environments, i.e. the resistance to frost, chlorides, sulfates, etc. Examining the impact of higher
temperatures, namely 1200°C to 1400°C, also seems to be interesting. Tested composite materials
based on the polymer-cement matrix could then find applications such as repair materials for structures
affected by shock exposures to extreme temperatures where their reoccurrence can be assumed (a fire
with temperatures up to 1400°C). If the developed materials were considered as repair mortars, it would
be necessary to verify also their adhesive properties in both fresh and hardened state, including the
effect of high temperatures on this parameter.

List of symbols

BD — bulk density [kg.m™]

m — weight [kg]

fc — compressive strength [N.mm]

fb — tensile bending strength [N.mm™]

A — change of parameters

CASO - formula without microsilica

CAS5 — formula containing 5 % of microsilica (related to the content of binder, i.e. cement and slag)
CAS7 — formula containing 7.5 % of microsilica (related to the content of binder, i.e. cement and slag)
CAS1 — formula containing 10 % of microsilica (related to the content of binder, i.e. cement and slag)
XRD - x-ray diffraction analysis
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Lehky kompozit na bazi polymer-cementové matrice pro extrémni teplotni
podminky

Tomas MELICHAR, Jifi BYDZOVSKY, Vit CERNY
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Souhrn

Clanek prezentuje vyzkum zaméfeny na studium vlivu smésné matrice na vlastnosti a mikrostrukturu
kompozitnich materialt obsahujicich kamenivo na bazi spékaného popilku a uréenych do narocnych
teplotnich podminek. Pro zlepSeni teplotni odolnosti byla ¢ast pojiva nahrazena vysokopecni struskou a
déle byla pfidavana mikrosilika. ZkuSebni télesa byla testovana a analyzovana ve stafi 28 dni v
kombinaci s teplotnim zatiZzenim do 1000 °C. Bylo zjisténo, Ze jako nejvyhodnéjsi varianta se na zakladé
dosazZenych vysledkd jevi davka mikrosiliky do 8 %, ktera také velmi pfiznivé ovlivni odolnost pfi
extrémnim teplotnim zatiZeni.

Klicova slova: Spékani, popilek, plnivo, kompozitni material, pfimés, teplotni odolnost.
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MIP-IN: New device for combined detection of pollutants

and injection of reagents
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Summary

The innovative MIP-IN device combines (1) detection of pollutants by membrane interface probe
(MIP) and (2) a simultaneous correlated injection (IN) during direct push of the device using a drilling
machine. The MIP-IN device is the basis for a new detection-injection technology with the main
advantage of the nearly simultaneous coupling of detection of pollutants at a certain depth and injection
of a suitable amount of reactive agent at that precise spot. In this way, the injected reagent is more
targeted towards the real location of the pollution with reduced remediation time and cost.

Key words: remediation, contaminated site, ISCO, direct push, injection, investigation

Introduction

In-situ remediation technologies are considered more sustainable and cost-efficient compared to
many ex-situ technologies like pump and treat (US EPA, 2001). A crucial aspect for the success of in-
situ remediation technologies is the contact between reagents and pollutants. One of the difficulties is
often the lack of knowledge about the exact location of the contaminants in the subsurface. This implies
that reagents may be injected in areas where no pollution is present, while other parts with significant
contaminant concentrations are not treated (Bastiaens et. al., 2013).

The MIP-IN concept was developed within the FP7 UPSOIL project (EU GA 226956). The innovative
MIP-IN device combines (1) detection of pollutants by membrane interface probe (MIP) and (2) a
simultaneous correlated injection (IN) during direct push of the device using a drilling machine (Figure 1).
Thus, the injected reagent is more targeted towards the real location of the pollution. The first tests of
MIP-IN concept were performed within the FP7 UPSOIL project. Results proved that the patented MIP-
IN device (Bastiaens & Stubdrup, 2012) has potential for simultaneous detection of contaminants and
injection of reagents for contaminants removal (Uyttebroek et al., 2012).

Since the end 2013, the MIP-IN device is being further developed and tested within the MIP-IN
EUROSTARS-project (E!8246 MIP-IN) where VITO (Belgium), Ejlskov (Denmark), Dekonta (Czech
Republic) and Ecorem/ABO (Belgium) cooperated. The main goals of the MIP-IN EUROSTARS project
are to (1) improve the MIP-IN device, (2) validate the MIP-IN device in relevant environments and define
boundary conditions, and (3) develop an innovative MIP-IN based remediation strategy closely linked
with site investigation, based on MIP data interpretation.
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Materials and methods

The MIP-IN device consists of several basic parts, schematically represented in Figure 1. It consists
of a MIP probe (2) that is driven into the contaminated geological environment using a drilling machine
(1), a control unit (6), a gas chromatograph with PID, FID, and XSD detectors (7), and a PC (5) for
displaying the measured data in real time (8) (Figure 1). The MIP probe is heated for the whole
penetration time, and the mobilised contaminants enter the system, on the principle of diffusion through
a special semi-permeable membrane located at the lower end of the probe (12). Thanks to this
arrangement, the probe may be used both in saturated and unsaturated zones of the geological
environment. After entering the system, the mobilised contaminants are transported by carrier gas into
the control unit (6) by means of a tube (capillary) system found inside the penetration set of tubes (3).

Outputs of the MIP probe are graphs depicting signal intensities of the individual detectors (PID, FID,
and XSD), in the context of the vertical profile of the geological environment. The following relation is
valid: the higher the signal value, the higher amount of mobilised contaminants entered the carrier
system. The signal intensity is given, usually, in mV or V units. Further, a hose is installed inside the
penetration set of tubes of the drilling machine, into which reagent solution is pumped from a storage
tank (10) by means of a high-pressure pump (9). At the end of the drilling set of tubes, the hose enters
injection jets (11), through which the reagent solution is injected into the geological environment. The
operator of the device monitors the measured signal of the MIP probe (8), and in the case that pollution
is detected, predetermined amount of reagent is injected into the geological environment by means of
the pump (9).

10 1 ]‘
| i3

Mixer tank ‘
with liquid dEnta |

to be injected |

; i dntai |
— »

3
contaminant l_

soil / groundwater s v

Figure 1: Schematic representation of the MIP-In detection-injection device, 1) drilling
machine, 2) MIP-IN probe, 3) tubes with the carrier gas and MIP cables (so-called trunkline),
4) drilling rods holder, 5) PC for MIP data processing, 6) MIP control unit, 7) gas chromatograph
with 3 detectors and gas cylinders (N, H,), 8) measured signals of MIP probe, 9) high pressure
injecting pump, 10) mixer tank with the liquid remediation reagent, 11) reagent injected via jets,
12) contamination entering through the semipermeable membrane

Within the framework of the MIP-IN project (E!8246), pilot tests of the new remediation technology
were carried out in real conditions of contaminated sites. In three sites (Table 1), with different geological
conditions and different pollution types, the following parameters and qualities were verified:
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- Pollution type, namely contamination detectability by means of the MIP probe;

- Technical execution of the injection (injection pressure; diameter, number, and geometry of the
injection jets;

- Properties of the reagents that may be injected,;

- Maximum depth that may be reached;

- Injection reach in different geological environments;

- Possibility of automation of the reagent injection process on the basis of the MIP probe signal,

- On-site 3D visualisation of the measured data as a tool for remediation works control.

Table 1: Characteristic of locations for MIP-IN pilot tests

Country, site Geological conditions | Type of contamination Injected liquid reagent
Czech Republic, .
Velka Hledsebe Compact clays Chlorinated hydrocarbons nzZVi
Denmark, Sandy and clay Oil products Bio activated
Copenhagen sediments P active carbon suspension (BOS)
Belgium, Sandy soil containing .
Antwerp high amount of shells Trichloroethylene (TCE) EHC-L®, mzZVI+guar gum

In order to evaluate the radius of reagent injection by means of the MIP-IN technology, drill cores
were taken at various distances from the place of injection, and, subsequently, the presence of the
injected reagent therein was analysed.

Further, another pilot site was selected in Ghent in Belgium, where a new dynamic approach was
tested for carrying out investigation and remediation of the contaminated sites. It consists in
contamination detection by means of the MIP-IN device, its exact localisation directly on-site (both
concerning area and depth), and control of further procedure of remediation and investigation works,
through computer visualisation of the measured data. Whereas the standard approach to remediation of
a contaminated site includes a number of steps that must follow each other often with certain time delay
(for example, waiting for results of laboratory analyses), the new dynamic approach using the MIP-IN
device leads to more exact localisation of the pollutants in the geological environment, enabling targeting
of remediation works on places that are actually contaminated, and to time optimisation of the
remediation procedure. This results also in economic optimisation of the remediation works.

Results and discussion

In the end of 2014, one of the four pilot tests of the MIP-IN technology was carried out in a
contaminated site in Velka Hledsebe in the Czech Republic. 4 reagent injections were carried out in
connection with detection of volatile organic compounds by means of the MIP probe.

Figure 2 depicts situation of the area of interest in the pilot site in Velkd Hledsebe. It shows
hydrogeological wells that are present in the site and used for pilot test monitoring (CV3, HJ25, SV18).
Further, it shows MIP probes carried out in March 2014 within the framework of pilot site selection and its
pre-investigation (MIP1, MIP3, MIP4, and MIP5). Within the framework of the pilot test in November
2014, in total four nZVI injections by means of the MIP-IN device were carried out (MIP-IN1, MIP-INZ2,
MIP-IN3, and MIP-IN4).
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Figure 2: Pilot site for MIP-IN testing in the Czech Republic
MIP1, MIP3, MIP4 and MIP5 — pre-investigation via MIP probe
MIP-IN1, MIP-IN2, MIP-IN3 and MIP-IN4 injections within the pilot tests
CV3, HJ-25 and SV18 —monitoring hydrogeological wells

According to the results of the previous laboratory tests, nano zero valent iron (nZVIl) NANOFER 25S,
manufactured by NANO IRON, s.r.0., was used as the reagent. nZVI in concentration of 10 g/L, or,
optionally, 20 g/L, was prepared directly on site in mixed storage tanks, using suspension supplied by
the manufacturer, and water.

The reaction zone with chlorinated hydrocarbon contamination presence was found between 3 and 10
m below ground level. In the case of pollution detection, nZVI injection was carried out in the amount of
ca 50 L each 0.5 m in the vertical depth profile. In the places where MIP probe signal indicated higher
concentrations of chlorinated hydrocarbons (response higher than 1 V), double, or, optionally, higher
nZVI amount was injected.

Within the framework of the MIP-IN pilot tests, there were injected in total 650 L of nZVI having the
concentration of 10 g/L, and 1200 L of nZVI having the concentration of 20 g/L. Figure 3 represents
record of the MIP signal of MIP-IN1, showing curves of the individual MIP probe detectors (PID, FID, and
XSD), and places where nZVI was injected and in what amounts.
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Figure 3: MIP-IN1 probe record including records of injected reagent volume

Within the framework of monitoring of pilot operation tests, regular monitoring of underground water
had been planned in wells HJ-25 and SV-18, before pilot test start and after pilot test termination, that
was finished in June 2015. The monitoring focused, in particular, on concentrations of chlorinated
ethenes, and chemical-physical parameters (ORP, pH, temperature, and conductivity). Figure 4 shows
curve of concentrations of chlorinated ethenes, as their sum. The following processes may be seen:

e Decrease of amounts of chlorinated ethenes in the period of one month after nZVI injection by
means of the MIP-IN device, connected, on the one hand, with direct contact of nZVI particles with
the contaminated places, and start of the processes of degradation of chlorinated ethenes, and, on
the other hand, also with the fact that certain amount of nZVI entered directly the monitoring wells.

¢ In the following period, repeated inflow of contamination into places of nZVI injection took place, due
to mobilisation of contamination in low-permeable places where contamination had been fixed in the
long term. This caused repeated increase of chlorinated ethenes.

e 5 months after the injection, processes of degradation of chlorinated ethenes by the present nzVi
particles were started again, and gradual decrease of concentrations of chlorinated ethenes took
place.
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Figure 4: Development of chlorinated hydrocarbons in the period before the MIP-IN pilot test and
in the following monitoring period in monitored wells.

Thanks to the pilot tests of the MIP-IN technology, it was possible to define the scope of usability of
this technology in the real conditions of the contaminated sites.

Usability for various pollution types depends, on the one hand, on the possibility to detect the pollution
by means of the MIP probe, with subsequent processing in the gas chromatograph, and, on the other
hand, on properties of the reagent. The reagent must be able to react efficiently with the pollution in such
a way to cause decrease of its concentration, and, simultaneously, its physical properties (for example,
viscosity, contents and size of solid particles) must enable its pumping, and injection into the geological
environment. The following Tables 3 and 4 summarise findings of all the pilot tests carried out within the
framework of the MIP-IN project. It was verified that the MIP-IN device is very suitable in the case of
chlorinated hydrocarbon contaminations, this being verified in sites in Belgium and in the Czech
Republic. Similarly, the MIP-IN device may be used for detection and remediation in the case of BTEX
and petroleum substances. However, from the point of view of detection, it is difficult to distinguish
BTEX, petroleum substances, and mineral oils. They may be detected within the framework of one sum
parameter by means of the PID and FID detector, forming part of the MIP probe.

From the point of view of geological conditions, it was found that depth that could be actually reached
in compact, low-permeable sediments, that were present in the pilot site in the Czech Republic, was at
most up to 10 m below ground level. In the sites in Belgium and Denmark, depths up to 12.5 m below
ground level were successfully reached. Depth and environment type are factors that depend, in
particular, on the used drilling machine, however, it must respect the fact that the drill point is formed by
the MIP detector. Because of that, use in rocks is impossible.

From the point of view of physical properties of the reagents it could be stated that any pumpable
substance may be injected into the geological environment. At present, high-pressure hydraulic pumps
are used for the injection that are able to inject fluids under the pressure of several dozen bars. In the
case of suspensions there should be ensured that sedimentation of solid particles does not take place in
the storage tanks. Within the framework of the MIP-IN project, addition of guar gum into mZzZVI
suspension was tested. Guar gum is a high-viscosity polysaccharide, enabling mzZVI to stay suspended.

From the point of view of the radius of the reagent injection using the MIP-IN device, it was proved
that the injection reach was 1 - 2 m from the injection place in the real conditions of the geological
environment formed by sedimentary rocks, in the case of use of high-pressure hydraulic pumps
(achieved pressures approximately 10 - 30 bars), in all the pilot sites. This was verified, in particular, by
means of taking samples in the vicinity of the injection place, and detection of the injected reagents
and/or their products in the samples.
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Table 3: Contaminants detectable by MIP probe

Detectable contaminants Undetectable contaminants

chlorinated hydrocarbons free phase (LNAPL, DNAPL)

BTEX metals

petroleum hydrocarbons pesticide

mineral oils MTBE (Methyl tert-butyl ether)
poly-aromatic hydrocarbons (PAH)

Table 4: Geological condition suitable for MIP-IN application

Depth / type of Sandy Loamy Compact Rock | Gravel
sediment sediment sediment clay

0-5m yes yes yes no no
5-10m yes yes yes no no
10-15m yes yes no no no
15-20m no no no no no

Thanks to its advantages described above, the MIP-IN device may be utilised for a new dynamic
approach to investigation and remediation works in contaminated sites. Within the framework of carrying
out the MIP-IN project (E!8246), a new dynamic approach to contaminated site investigation and
remediation was proved. This approach is schematically depicted in Figure 5, and may be divided into
several basic steps:

The first MIP-IN application is carried out in the contamination source zone, or in its close vicinity.

Further MIP-IN applications are carried out in the distance 4-times higher than the injection reach,
in the direction opposite to underground water flow, and also in the direction of underground water
flow, in order to determine boundaries of the contaminated area subject to remediation.

In the case of each MIP-IN application, the injected amount and concentration of the reagent is
determined on the basis of the height of the MIP signal in the particular depth and in the particular
place of the contaminated site, but also on the basis of results of the neighbouring MIP signal in
the direction opposite to underground water flow. In places where pollution is not detected, there
is proceeded to further MIP-IN application without injection.

In the next stage, the network where injections have been carried out already is made denser by
further MIP-IN applications, in the distance of 2-times the radius of injection in the environment in
guestion.
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Figure 5: Dynamic site remediation and investigation approach using the MIP-IN device, from the
start (A) to the end (F)

The dynamic approach to contaminated site investigation and remediation leads, in comparison with the
conventional remediation approach, to lower reagent consumption, thanks to injections in the places of
actual pollution presence only, this resulting, on the one hand, in savings of time and financial costs,

and, on the other hand, also in more efficient reaction of the injected reagent with the contamination
(Figure 6).

Conventional approach MIP-IN approach

GW flow

GW flow

‘ Actual contamination source area

@ |Initial Investigation well (soil / GW analysis)

'/’-7 Interpreted spreading
£___/ (Traditional approach)

Injection well configuration

o (traditional approach)

®  MIPIN well configuration

Figure 6: Conceptual model of the conventional remediation approach and MIP-IN dynamic
approach
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Conclusions

Thanks to the pilot tests within the framework of the Eurostars project (E!8246), there was verified that
the MIP-IN device is suitable for in-situ remediation of contaminated sites showing such conditions of
geological environment that enable use of penetration drilling machine. Injections of nZVI and mzZVI
suspensions, and of active carbon suspension, by means of the MIP-IN device were successfully tested
in the places where contamination presence was detected. The depth reach of the MIP-IN device is up to
10 m in low-permeable compact sediments, and up to 15 m below ground level in other sediments.

Finally new dynamic approach to contaminated site remediation using the MIP-IN device was verified.
This approach allows time and economic optimisation of the overall process of remediation works.

List of symbols

MIP Membrane Interface Probe
nZVl nano zero valent iron
mZVI micro zero valent iron

TCE trichloroethylene

FID flame ionization detector
PID photoionization detector
XSD halogen specific detector

EHC-L® emulsion of a controlled-release food-grade carbon, nutrients, and iron - liquid variant
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MIP-IN: Zafizeni pro kombinovanou detekci znecisténi a injektaz reakénich

¢inidel na kontaminovanych lokalitach
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Souhrn

Cilem projektu MIP-IN je vyvoj inovativniho zafizeni (MIP-IN) a metodiky jeho aplikace v ramci sanaci
podzemni vody a zemin. Zafizeni MIP-IN je in-situ sanacni technologie, ktera kombinuje detekci
znecisténi v podzemni vodé a zeminach a zaroveri umoZzriuje injektaz ucinnych latek pro odstranéni
znecisténi. Hlavnimi cili jsou (1) vyvoj prototypu zafizeni MIP-IN, (2) testovani technologie MIP-IN v
riznych geologickych, hydrogeologickych a kontaminacnich prostfedich a (3) vyvinout novy postup
priuzkumnych a sanacnich praci s pouZitim technologie MIP-IN.

Kli¢ova slova: sanace, kontaminované uzemi, ISCQO, direct push, injektaz, priizkum kontaminace
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Program TRIO podpofi ovérené technologie
v oblasti zivotniho prostredi

Ministerstvo primyslu a obchodu vyhlasilo dne 25. listopadu 2015 jednostupriovou
vefejnou soutéz ve VaVal podle zakona o podpofe vyzkumu, experimentalniho vyvoje a inovaci
z verejnych prostredkt v programu TRIO. Mezi podporované oblasti také patfi environmentalni
technologie a ekoinovace. Navrhy projektti I1ze podavat do 15. 1. 2016.

Program TRIO je ur€en na podporu aplikovaného vyzkumu a experimentalniho vyvoje se
zaméfenim na rozvoj potencialu Ceské republiky v oblasti klic¢ovych technologii, jako jsou fotonika,
mikroelektronika a nanoelektronika, nanotechnologie, primyslové biotechnologie, pokrocilé materialy
a pokrocilé vyrobni technologie.

Uchazeci o podporu mohou byt podniky (pravnické i fyzické osoby), které feSi projekt v u€inné
spolupraci s alespon jednou vyzkumnou organizaci. DalSimi uCastniky projektu mohou byt podniky
a vyzkumné organizace.

UchazeCem feSicim projekt samostatné muze byt pouze subjekt se statutem vyzkumné
organizace, musi oviem v navrhovaném projektu vystupovat z hlediska vefejné podpory jako podnik,
musi prokazat schopnost spolufinancovat feSeni projektu z nevefejnych zdroji a dolozit zajisténi
implementace vysledkl do praxe. V takovém pfipadé projekt nemusi byt feSen v u€inné spolupraci vice
subjektd.

V prioritni oblasti 3 — Prostfedi pro kvalitni Zivot je podporovana také oblast Environmnetalni

technologie a ekoinovace. Tato Cast se sklada z dalSich péti podoblasti, kiteré maiji své specifické cile
VaVal:

o Technologie, techniky a materialy pratelské k Zivotnimu prostfedi
o) Cil: Technologie a vyrobky zvySujici celkovou ucinnost vyuziti primarnich zdroja
o Biotechnologie, materialové, energeticky a emisné efektivni technologie, vyrobky a sluzby
o Cil: Ziskat kvalitativné nové primarni produkty vyuzitim biotechnologickych metod
o) Cil: Pripravit biotechnologické postupy pro komplexni bezodpadové vyuziti biomasy
o Minimalizace tvorby odpadu a jejich znovuvyuziti
o Cil: Nové recyklaéni technologie, jejichz vystupem jsou latky srovnatelné kvalitou
s vychozimi surovinami
o Cil: Nové efektivni postupy energetického vyuziti odpadu s minimalizaci negativnich
dopadl na ZP
o Odstranovani nebezpecnych latek — starych Skod z Zivotniho prostfedi
o Cil: ZvySeni efektivnosti sanaCnich technologii a zavedeni novych metod sanace
o Minimalizace rizik z chemickych latek
o Cil: Technologie pro minimalizaci rizik POPs, toxickych kovd, hormonalnich disruptord,

residui léCiv a pesticidl a dalSich polutantl na zdravi ¢lovéka a zivych organismu

o Cil: Technologie pro nahradu rizikovych latek, které podléhaji legislativé REACH
a nahrada nebezpecnych latek méné Skodlivymi

Kazdy projekt musi pfedpokladat dosazeni alespori jednoho z nasledujicich vysledku, uvedenych
v Metodice hodnoceni vysledkd vyzkumnych organizaci a hodnoceni vysledkd ukonéenych programd.
Mezi vysledky tedy patfi patent, poloprovoz a ovéfena technologie.
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Z pohledu ,Ovérené technologie” se jedna o obdobu poloprovozu s tim rozdilem, Ze novost je
aplikovana u vyrobniho postupu (technologie). Podminkou je testovani (ovéreni) technologie podlozené
protokolem o ovéfeni a bezprostfedné navazujicim uplatnénim ve vyrobé, které je dolozeno uzavienim
smluvniho vztahu. Ovéfenou technologii Ize napf. oznacit vysledek, ktery je pfedmétem smlouvy
o uplatnéni vysledku uzaviené mezi autorem vysledku (pfijemcem nebo dalSim u&astnikem)
a uzivatelem vysledku. Podminkou je i technicka dokumentace vysledku.

V této souvislosti uvadime, ze Ceské ekologické manazerské centrum, z. s. (CEMC) nabizi,
jako jediné v Cesku, nezavislé ovérovani environmentalnich technologii metodou EU ETV. K této
éinnosti je CEMC akreditovan Ceskym institutem pro akreditaci. Podrobnosti je mozné dohledat
na http://www.tretiruka.cz.

Intenzita podpory celkové na projekt mize dosahnout nanejvySe 80 % celkovych uznanych
nakladll, a to v zavislosti na velikosti podniku a kategorie €innosti. Maximalni vySe ucelové podpory
jednoho projektu v Programu je stanovena na 20 mil. K&.

U projektt, které budou podporeny, se predpoklada zahajeni feSeni v obdobi od 1. 1. 2016
do 31. 12. 2016 a ukonc&eni feSeni nejpozdéji do 31. 12. 2020. Doba trvani feSeni projektu je maximalné
48 mésicu.

Navrhy projekti budou hodnoceny z hlediska spinéni podminek vefejné soutéze a dale na
zakladé nasledujicich kritérii:

e naplnéni cild Programu,

e technicko-ekonomicka urover a komplexnost navrhovaného feseni,

e pfiméfenost asového planu a finan¢nich pozadavkad,

e uplatnéni vysledka,

e aktualnost a potfebnost projektu a vhodnost jeho podpory z vefejnych prostiedkd,
e prokazani odborné a ekonomické zpusobilosti uchazece,

e naplnéni ucinné spoluprace mezi podnikem a vyzkumnou organizaci.

Zadost o podporu programového projektu musi byt do vefejné soutéze podana na predepsanych
formulafich, vytisténych jako zavéreéna faze (posledni krok) vyplfiovani interaktivni elektronické
pfihlagky, a to v jednom vyhotoveni. Zadost musi byt doruena do podatelny MPO, do 12 hodin 15. 1.
2016 nebo podana na posté nejpozdéiji 15. 1. 2016 (rozhodujici z hlediska dodrzeni stanovené soutézni
Ih(ty je razitko podatelny MPO nebo razitko posty).

Hodnotici lhdta bude trvat od 16. 1. 2016 do 31. 7. 2016. Vysledky vefejné soutéze budou
zverejnény dne 31. 7. 2016 na webu Ministerstva primyslu a obchodu (MPO).

Veskeré podklady k vyhlasené vyzvé je mozné si stahnout ZDE.

TRIO program will support environmental technology verification

The Ministry of Industry and Trade has prepared a new program to support research and development,
called TRIO. The program will be implemented through public tenders in research, experimental development and
innovation by Law no. 130 / 2002 Coll., on support for research, experimental development and innovation.

TRIO program will run from 2016 — 2021 and the total amount of support in this period amount to 3,700
miles. CZK. The first public tender will be announced in the second half of 2015 and for 2016 is to support the
approved projects allocated a total of 300 mil. CZK.

The program focuses on the development potential of the Czech Republic in the field of key enabling
technologies (Kets) such as photonics, micro- and nanoelectronics, nanotechnology, industrial biotechnology,
advanced materials and advanced manufacturing technologies. The output of each project might be patent, pilot
project or technology verification. Conditions and complete documentation of the first call for projects in TRIO
program, in which applications can be submitted till 15th January 2016.m
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Ceské ekologické manazerské centrum zve na
TYDEN VYZKUMU A INOVACIi PRO PRAXI A ZIVOTNi PROSTREDI 2016
(TVIP 2016)
15. - 18. 3. 2016, Hustopece, hotel Centro a hotel Rustical

TVIP zasttfeSuje tfi tematicky specializovana setkani: konferenci APROCHEM, symposium ODPADOVE
FORUM 2016 a nové i konferenci PRUMYSLOVA EKOLOGIE. Oproti minulym ro¢nikim rozSiruje sviij
oborovy zabér a komplexné pokryva celou oblast zivotniho prostredi.

Nasim cilem je poskytnuti prostoru k prezentaci vysledk( aplikovaného vyzkumu souvisejiciho
s ochranou zivotniho prostfedi a Setfenim pfirodnich zdroju smérem k podnikatelské sféfe a pomoc pfi
navazovani kontaktl mezi vyzkumnou sférou a praxi.

TVIP je ur€en:

e k prezentaci vysledkl (prfedevSim) aplikovaného vyzkumu zcelé oblasti primyslové a
komunalni ekologie,

e pro zastupce podnikatelské sféry a verejné spravy, aby se seznamili s vyzkumnymi tématy
a projekty s cilem eventualniho pfevzeti nebo rozvinuti dosazenych vysledkd v praxi,

e k seznameni predstavitell vyzkumné obce s potiebami realného ,podnikového Zivota“
a pfipadnému navazani spoluprace.

Tematické oblasti:

Nové do programu zafazujeme tematickou oblast Vyuziti
alternativni energie ve vztahu k pramyslu a oblast

APROCHEM Plastikaisky pramysl a jeho vyznam pro obéhové
"Pfipravme se na hospodarstvi. Na konferenci nebudou chybét tradini
budoucnost” tematické oblasti: Fizeni rizik, aplikace inovaci

v primyslové praxi a pfi spravé regiont, mést a obci ku
prospéchu zivotniho prostredi.

Rizika Energie Materialy

1) Prevence zavaznych havarii 1) Efektivni nakladani s energiemi 1) Inovativni postupy a technologie

2) Posuzovani a fizeni rizik 2) Obnovitelné zdroje energie 2) Nanomaterialy

3) Odstrafiovani nasledkd havarii 3) Smart Cities a chytré sité 3) Zdravotni aspekty

4) Rizika pfi nakladani s chemickymi 4) Skladovani energie, nanomaterial( a nanotechnologii
latkami a pfipravky elektromobilita, CNG, LNG, 4) Plastikarsky primysl a obéhové

5) BOZP vodik, palivové ¢lanky hospodafstvi

ODPADOVE FORUM 11. roén[k symposilal ,rozéil"'uje ’ svyj _obqrovy ] vzvé’jem

o i z odpadového hospodarstvi a sanaci ekologickych zatézi na

Vysledky vyzokumu a celou oblast pramyslové a komunalni ekologie zafazenim

vyvojé pro pri umys.{Iovou a8  témat souvisejicich s vodnim hospodaistvim a emisemi

komunalni ekologii kodlivych latek do ovzdusi.

Odpady Voda Ovzdusi

1. Systémoyé otazky o 1. Citéni primyslovych odpadnich 1. Gisténi odpadnich plynd a spalin
odpadového hospodarstvi vod 2 Snisovani a m&feni emisi

2. Materidlové, biologicke 2. Ziskavani cennych latek 3. Doprava a lokalni zdroje
a energeticke vyuzit Z odpadnich vod 4. Kvalita ovzdusi a zdravotni

3. Nebezpecne odpady, 3. Recyklace vody dopady zneciaténi ovzdusi

odstranovani odpadu
4. Sanace ekologickych zatézi
a nasledkl havarii

4. Nakladani s kaly, kapalné odpady
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Konference Priimyslova ekologie jiz popaté otevira prostor pro
. . vyménu zku$enosti a nazort v oblasti problematiky interakci
PRUMYSLOVA lidské spoleénosti a Zivotniho prostiedi. Primyslova ekologie
EKOLOGIE 2016 neni zaméfena na Uzky segment problematiky, ale snaZi se
,,Obéhové hospodarstvi chapat jednotliva opatfeni v  SirSich  souvislostech
a navaznostech. Jednim ze zakladnich principd pramyslové
ekologie je posuzovani zivotnich cyklt produktu, technologii
Ci sluzeb.

Na kazdém ro¢niku konference bylo zvoleno nékolik aktualnich
ustfednich témat. V tomto ro¢niku se jedna o zelené verejné
zakazky, které maji potencial stat se hnaci silou zavadéni

v teorii a praxi*

1) Obéhové hospodarstvi
2) Posuzovani zivotniho cyklu

(LCA) ekoinovaci a environmentalnich postupl do praxe,
3) Zelené vefejné zakazky a o problematiku udrzitelného hospodareni s fosforem. Obé
4) g?gg}oer';‘;hosmdare”' témata jsou nanejvy$ aktualni a bude jim v ramci konference

dan dostate¢ny prostor.

Medialnim partnerem TVIP je WASTE FORUM, elektronicky recenzovany &asopis pro primyslovou a
komunalni ekologii (www.wasteforum.cz), ktery usiluje o zafazeni do védecké databaze SCOPUS a
pfidéleni impakt-faktoru. PFispévky, které budou prezentovany na TVIP a které doporuci redakéni rada
WASTE FORUM, budou v pfipadé souhlasu autora v tomto asopisu uvefejnény.

Klicové terminy:

Prihlasky prispévku 4.1.2016
Zaslani plnych textd do sborniku 15. 2. 2016
Prihlasky ucasti 15. 2. 2016
Termin konani 15.-18. 3. 2016

Pozn.: Prispévek je automaticky pfijat, pokud do 2 tydni neni autorovi sdélen opak. Prihlasuji se a vlioZné plati i autori
prispévki

Prihlasky prispévki a prezentace prednasek. Pfispévky na TVIP mohou mit povahu: plenarni
prednasdky (obvykle zvany prednaSejici, délka prednasky dohodou, optimum 30 min.), pfednasky
v odborné sekci (15 min. pfednaska a 5 min. diskuse) a vyvésky. Vyvésky mohou byt az do formatu AO
na vysku, vétsi rozméry je tfeba konzultovat s poradateli.

Pfihlasky vyhradné cestou pfihlaSovaciho formulafe na www.tvip.cz. Ten obsahuje vedle nazvu
pfispévku, informaci o autorech, anotace pfispévku také prostor pro vzkaz pofadatelim. Tam muze
pfihladujici pfipsat napf. zajem o komeréni prezentaci nebo uvést sekci, kam doporuCuje zaradit svij
pfispévek. Nicméné poradatelé si vyhrazuji pravo kone¢ného rozhodnuti o pfijeti pfispévku, formé jeho
prezentace a zafazeni do konkrétni sekce.

Termin pfihlaSek prispévku je 4. 1. 2016. Pokud do 2 tydn( neni autorovi sdélen opak, znamena to, ze
pfispévek byl pfijat. Po tomto uvedeném datu je mozno pfihlasit pfispévek bud po vyzvé pfipravného
vyboru, nebo do naplnéni kapacity (sestaveni konecného programu). Jednaci jazyk je Cestina a
slovenstina. Zahrani¢ni pfedna$ejici (i posluchaci) jsou vitani, ale tlumoc€eni nezajistujeme. Komercni
prezentace na konferenci je mozna, vice na www.tvip.cz.

Druhy cirkulaf s upozornénim na pfedbézny program a pfipominkou pfihlasky uc€asti bude rozesilan
v prvni poloviné unora.
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PIné texty prednasek: Autory vSech prispévkl, prfednasek i vyvések, zadame o vc€asné predani
koneéného, graficky upraveného piného textu pfispévku v elektronické podobé v MS Word nejpozdéji do
15. 2. 2016. Pozadavky na grafickou Upravu textl do sborniku jsou uvedeny na internetovych strankach
TVIP, kde je rovnéz i vzorova Sablona pro psani textd. Sbornik TVIP je vydavan v elektronické formé na
CD-ROM s oznacenim ISBN.

Prispévky, které budou odprezentovany a které doporuéi redakéni rada WASTE FORUM, budou
v pfipadé souhlasu autora v tomto elektronickém recenzovaném asopisu bezplatné uvefejnény.

Termin pro prihlasky ucasti (formulaf rovnéz na www.tvip.cz) je 15. 2. 2016. Autofi pfispévkl se
rovnéz pfihlasuji k uCasti (a plati vlozné), prednasky nejsou honorované. Za neodpiednasenou
prednasku i za nevystaveny poster fakturujeme poplatek 1000 K¢ za zafazeni pfispévku do programu a
uvefejnéni textu ve sborniku.

Dal$i informace k TVIP, jako ceny vlozného, ubytovani, stravy, dopravni informace, moznosti firemni
prezentace atd., které pribézné aktualizujeme, a pozdéji i pfedbézny program najdete na portalu
www.tretiruka.cz v sekci TVIP (pfimy pFistup pfes www.tvip.cz). Konkrétni dotazy a pfipominky adresujte
bud na niZze uvedené garanty nebo na spole¢nou adresu tvip@cemc.cz.

Dulezité kontakty:

Ing. Vladimir Student Ing. Anna Nemergutova
vykonny feditel CEMC a hlavni garant organiza¢ni a ekonomicky garant
e-mail: studentv@cemc.cz e-mail: nemerqutova@cemc.cz
Ing. Jifi Student Ing. Ondrej Prochazka, CSc.
programovy garant konference programovy garant symposia
APROCHEM ODPADOVE FORUM 2016
e-mail: student@cemc.cz e-mail: prochazka@cemc.cz

Doc. Ing. Vladimir Ko€i, Ph.D.
programovy garant konference
PRUMYSLOVA EKOLOGIE
e-mail: vlad.koci@vscht.cz

The Czech Environment Management Center invites you to attend the
Week of research and innovation for practice and environment 2016 (TVIP 2016)
March 15-18, 2016, Hustopece, near of Brno.

TVIP contains 3 thematic rvents: APROCHEM conference, WASTE FORUM 2016 symposium and the
newly held conference Industrial Ecology. In comparison with the previous years it expands its
thematic range on the whole subject of environmental issues.

Topics for APROCHEM department: Usage of alternative energy in relation to industry, Plastic industry
and it role for circular economy, Risks and applications of innovations in industrial production and
municipal administration.

Topics for Waste Forum: Industrial and municipal ecology, wastes/air/water.

Topics for Industrial Ecology: Circular economy, LCA, Government procurements, Sustainable use of
phosphorus.

The aims of TVIP are to present the results of the applied research relevant to industrial ecology and to
interconnect researchers and industrial practitioners.

WASTE FORUM is a media partner of TVIP 2016 and therefore all presented papers recommended by
the Editorial Board will be published there for free.

Key deadlines:

Paper submission: 4.1.2016
Providing of the full paper: 15.2.2016
Registration conference: 15.2.2016

[ ]
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