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geopolymer
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ABSTRACT: One of the most important environmental problems humans face is soil pollution, which
occurs in various factors and affects different soil parameters. One way to tackle this phenomenon is
the stabilization of soils. This study presents the result of using metakaolin geopolymer to stabilize
contaminated clay. In this study, the primary and contaminated soil without stabilizing are subject to
various tests; The results of the first phase of the experiments showed that increasing concentration of
contamination had a negative effect on soil parameters. The results of these experiments also showed
that the most critical concentration of soil contamination was among the concentrations of 10000 ppm.
Then the soil contaminated with the most critical concentration was stabilized by metakaolin geopolymer
at 5, 10, and 15% weight and was re-tested and identified with various resistive in 7 days of curing
time. Finally, the results achieved at this stage showed that by increasing the percentage of metakaolin
geopolymer, the soil strength parameters have significantly increased, and the addition of geopolymer
to contaminated soil of 10000 ppm has resulted in the stabilization of soil and improved soil properties.
The results of the experiments showed that the most optimal state was the addition of 15% metakaolin
geopolymer to the 10000 ppm contaminated soil, in which the liquid limit increased by 39.47%, the
plastic limit increased by 51.06%, the plasticity index increased by 20.68%, the optimal moisture content
increased by 19.84%, Dry Unit Weight decreased by 3.23%, unconfined compression strength increased
2.28 times and CBR increased 2.31 times, compared to the unstabilized 10000 ppm contaminated soil.
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1- Introduction

Due to the low capacity of recycling methods in Iran,
the only way to dispose of waste in this country might be
its burial in the soil. Naturally, soil components can absorb
contaminants. Clay and clay minerals are among the soil
compounds playing a critical role in sanitary engineering
landfills.

In the present study, the soil specimens are collected from
an industrial area around Tehran and tested through basic
tests. The soil is then contaminated and treated with different
concentrations by the contaminant, and basic tests are
performed on the sample similar to the soil sample. Afterward,
the soil contaminated with the most critical concentration is
stabilized by metakaolin geopolymer. Finally, the stabilized
soil specimen is subjected to various laboratory experiments
to investigate the new properties of the soil.

2- Methodology

The experiments carried out in this study consist of two
main stages. The first step includes the index and strength
tests of the base soil. Then, the soil was contaminated with
concentrations of 1000, 5000, and 10,000 ppm with a curing
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time of 7 days. The investigated concentrations were selected
from the research conducted by Li et al. (2015) and the reason
for the above selection was that the contamination of clay
with low plasticity with the above concentrations had not
been studied before [1]. Contamination with heavy metals
was done using lead nitrate and zinc nitrate in a ratio of 1:1.
The soil was prepared with a moisture content of 35% to
reach the liquid state. Afterward, lead nitrate and zinc nitrate
were dissolved in water, followed by adding the solution to
the soil. The above method is based on the method used in
similar research conducted by (Abidoye et al., 2018; Chu et
al., 2017; Li et al., 2015) in the research field under study
[1-3].

In the next stage, soil samples were contaminated with
10,000 ppm of lead and zinc in a ratio of 1:1 and a curing
time of 7 days and then were dried. In this step, metakaolin as
a geopolymer precursor with 5, 10, and 15 wt.% and alkaline
solution (i.e., sodium hydroxide and sodium silicate) were
used to stabilize the soil at o, and curing times of 7 days. The
alkaline solution was prepared by adding sodium hydroxide
at a concentration of 8 M to water. After the curing time,
compaction, UCS, Atterberg, and CBR tests were carried out
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Fig. 1. Changes of Atterberg Limits of contaminated
soil stabilized by metakaolin geopolymer in 7 days cur-
ing time
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Fig. 2. The changes in maximum UCS of contaminated
soil stabilized with metakaolin geopolymer cured in 7
days

on each sample.

3- Results and Discussion
3- 1- Atterberg limits of stabilized soil

With the increase in the percentage of stabilizer, the
thickness of the double layer around the clay particles
increases, and the repulsion between the clay particles
increases, which causes the free movement of the particles in
more water, and as a result, the flow limit and the paste limit
of the soil increase [1].

3- 2- Unconfined Compressive Strength (UCS) of the
Stabilized soil

With the increasing percentage of geopolymer-metakaolin,
soil cohesion increases, leading to an increase in the soil’s
UCS.

3- 3- California Bearing Ratio (CBR) of the stabilized soil
By increasing the stabilizer’s percentage, the CBR of the
soil increased compared to the soil contaminated by 10,000
ppm. Increasing the metakaolin geopolymer percentage
increases soil cohesion, thereby increasing its CBR.
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Fig. 3. Diagram of the CBR variation graph of con-
taminated soil stabilized within 7 days in the different
percentages of metakaolin geopolymer
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Fig. 4. Diagram of changes in the optimum moisture
content of contaminated soil stabilized by metakaolin
geopolymer

3- 4- Stabilized soil’s compaction test results

According to the results from previous research by Li et al.
(2015), increasing the percentage of stabilizers will increase
the double layer thickness around clay particles. As a result,
clay particles are placed under the same compressive energy
at a further distance. Hence the dry weight of the maximum
soil is reduced. As such, the particles are separated, the water
retention capacity increases and the soil moisture percentage
rises [1]

4- Conclusions

» According to the results of compaction tests on stabilized
contaminated soil, with increasing the percentage of
stabilizer, the soil’s O, increased whileitsy, decreased.

* UCS experiments showed that the soil’s UCS increases
significantly with increasing the percentage of metakaolin
geopolymer.

* CBR experiments showed that adding metakaolin
geopolymer to contaminated soil at 10,000 ppm

significantly increases its CBR.

» Based on the results of the Atterberg test on contaminated
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soil stabilized with metakaolin geopolymer, LL, PL, and
PI of the soil increased with increasing the stabilizer
percentage.
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Table 1. Properties of soil contaminators
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Table 2. Chemical properties of metakaolin
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Table 3. Conducted tests and the standard test number
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Table 4. obtained results from conducted tests
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Fig. 1. Changes of Atterberg Limits of base soil & contaminated soil

@.WI&Q&I}J@IQQ@JJB@MZMB\~90L5L5M)a)a
Gl BLbl ) g Y Culbus wliS Couli Joyd Ginli8l L IS b
oS Wb Gl (o) SIS o 4l 5k med 9 Wb oo GIET (o)
Sloy o a5 )3 9 39u oo (¢t o Hlade y3 IS Al e > sl

I¥] s Gl S (508 25 5

039l SK g b S (ST 5-)-Y-F
e S J s St 15 )5S B 555 515 o]
el (ZYYIV o Y+IF QO OY/Y )+ /Y) Giliseo Cagboy duop3 O L oF
pesase ()i 5 At gy Loyd WS15 llejl ol I ey 285
o 3ol gy 0 w515 Ltalaj] kb dmsbons 4l S5 Sl St
S aigy Cagby Aoy osel Cand 4 gl 4 bl b sl osd sl
P25 VWYY Lyl S yiShis (Sis ogasio (g 5 /100 1l 4l
590 ¥ e s SB (gpgldas Gloj e Sl g 22 carSo o Bls
inlejl Yeeor ppm g Beee Neve clacdale 4 o3yl SB oy 5
2ok plol Glojl 5l esal Cass 4y o515 e 285 plosl oS5
190V oley e yd &S Calise slacdale b odgll S5 5 4l S (<o,
Cawd 4 ol e duslie .ol a3l L ¥ S 55 0 (gl Jos
1245 59,V oy de p3 6l (6l Jos 03¢l S g b S5 5 ol

@ @l awlie jl g 4Bl Jials 4l SB & Cous Vee-- ppm g
aline cpl o3¢l SB g w4l SB gy p Sppl Gilejl sdel o
sypm 0391 S5 clilé aw ol o o gyl pe & 45 bl
SSE Jyere sl Shy jl (ool Verer ppm o chle o)y
oSy alEed Y Culbus b gy s clyus o pains bl ¢ o)
|y Loy 5 o sl 0 YT ke talil ol (wy cslaoyd bl
9395 00 (eSOl Jlade j3 @l)d aibll S > el &S aad o JialS

[V Tl oo LialS (gyued do 5 Jloy o o

Nl peubigss b s cants 039l S5 5y 51 dgan—Y—V-F
ppm cdalé 4 g9y Slyi g Oy Olyis 4 SB 0 0dgll 5
b js V04 5 Ve @ dop 4 JelSlio yauigiy b odgll S Vers
95 2 Syl Ghlejl s 0dd St 5o, ¥ gygles ooy e
ol ond )l Y S5 3 inlejl opl gl s plul S cladiges
ol Couds Yoo oo ppm odgll S (gly a5 smd o LS Y Kb @l
SB gy 2 5,V gloj e 3 0dd (x5l es 5 JFE e yerdyeis b
ool @il 138 b 039 S5 a4y Cond 30 5 Ve 90 clados
SBle yosbgi5 230 5 Ve 90 sladoyd 3 S ¢ ped b ddaee

S (g pmod s woles 5>l 4l yiul33l b o3¢l SB a4 s

fYos



FYSA L FVOY doio VF) Jlo VY 0yl OF 095 638 paol o (it &y

35
30
25
q
7,
g 20
= 15

i i 010 RT=RY

e az gl P ek g5 O

NLL mPL =PI

259, ¥ agldos ploj e 15 Weillie soulisis U ouwd Cowld 039l S S 31 dgus ol gt Y JSUS

Fig. 2. Changes of Atterberg Limits of contaminated soil stabilized by metakaolin geopolymer in 7 days curing time
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Fig. 4. Diagram of changes in the optimum moisture content of the contaminated soil and comparison of it to the
base soil
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Fig. S. Diagram of changes in the dry unit weight of the contaminated soil and comparison of it to the base soil
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Fig. 6. Diagram of changes in moisture content against the dry soil unit weight of 10,000 ppm contaminated
soil and stabilized soil with different percentages of metakaolin geopolymer
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Fig. 8. Diagram of the maximum dry unit weight of the contaminated soil stabilized by metakaolin geopolymer
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Fig. 9. The strain-stress curve of the base soil and contaminated soil at different concentrations

45 )
4.15
383
a 4 3.68
=
23s
1 3.18
3
25
4_|__I|_‘| LAY a_‘n_g.'ﬁ LAY sz gl LSl aJ_,.InT AT
1000ppm 3000ppm 10000ppm

St S JT ol

Wl SB b o duulie g 03901 ST fSTan (5, Likd Cuogliio ol sk l905 .Y + JSud

Fig. 10. Diagram of changes in the maximum compressive strength of the contaminated soil and comparison of it
to the contaminated soils
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Fig. 11. The stress-strain curve of 10000 ppm contaminated soil & stabilized soil by metakaolin geopolymer
in different percentages
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Fig. 12. Diagram of the maximum compressive strength of the stabilized contaminated soil stabilized with
metakaolin geopolymer
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Fig. 13. CBR curve of the base soil and contaminated soil with different concentrations
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Fig. 14. Diagram of the CBR variation graph in different concentrations and comparison of it to base soil
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Fig. 15. The CBR curve of 10000 ppm contaminated soil & stabilized soil with different percentages of
metakaolin geopolymer
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Fig. 16. Diagram of the CBR variation graph of contaminated soil stabilized within 7 days in the different percentages
of metakaolin geopolymer
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