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The application of geopolymerization method to modify the yellow marl soil of Tabriz
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ABSTRACT: Geopolymers produced by the reaction between solid aluminosilicate and an alkaline  Review History:

metal solution have been classified as the third-generation binders after lime and Portland cement. In the  Received: Oct. 31, 2022
present study, the application of the above method to modify the behavior of the yellow marl soil of Tabriz ~ Revised: Aug. 23, 2023

has been evaluated by unconfined compression tests. For this purpose, zeolite and metaclay have been  Accepted: Apr. 20, 2024

used as sources of silica-alumina, and sodium hydroxide solution have been used as an alkaline activator. ~ Available Online: Apr. 27, 2024

The most important variables studied in this research include the weight percentages of main materials

containing alumina silicate (zeolite and metaclay), the molarity of alkaline solution (NaOH), and the  Keywords:
curing time. The results of the tests have shown the very appropriate effect of the geopolymerization g (...
mechanism in the treatment of the resistance structure of carbonated clay soil. Meanwhile, the zeolite Yellow Marl

clow ar

geopolymer samples have higher resistance than the metaclay ones in all combinations and curing times.
The effect of alkaline solution concentration on the strength of zeolite and metaclay geopolymer samples
was not the same so that in the metaclay samples, increasing the molarity of alkali had a negative effect ~ Zeolite
on the results. Also, the results show that the rate of change of resistance with respect to time depends
on the concentration of alkaline solution so that the treatment effect reduces with the inhancement of
alkali content. In the optimal sample of zeolite geopolymer (15% zeolite, 12 M alkaline), the uniaxial
resistance is about 90.2 kg/cm?2, which is about 26 times yellow marl one whereas the optimal metaclay
geopolymeric matrix (15% metaclay, 4 M alkaline solution) has obtained an unconfined compression
strength of about 17.86 kg/cm?2. Also in the geopolymer samples, the failure strain has declined by 50%
compared to the pure soil.

Geopolymerization

Metaclay

1- Introduction

For many years, soil stabilization has been used
as a common technique in engineering to modify the
characteristics of problematic soils. In clay soils, the addition
of natural stabilizing substances is especially advantageous
[1]. It is very common to use lime or cement to modify the
weaknesses of clays for many years [2,3]. Currently, besides
lime or Portland cement, various industrial byproducts and
waste products containing the oxides involved in pozzolanic
reactions are being used as soil stabilizers.

In addition to the above methods, the use of alkali-activated
cement is a new type of binder that can be classified as the
third generation of cement after lime and Portland cement. In
recent years, alkali-activated binders have been considered
as a suitable alternative to OPC (ordinary Portland cement)
due to their quality, high durability, and also compatibility
with the environment [4]. Indeed, from the reaction between
solid aluminosilicate powder (usually metakaolin, fly ash,
furnace slag, or natural pozzolans) with an alkali metal
source (including hydroxide or silicate solutions), a synthetic
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aluminosilicate product is obtained which Davidovits called
geopolymer [5].

The purpose of this research is to use the geopolymerization
technique to stabilize Tabriz yellow marl. Therefore, multiple
uniaxial compressive strength tests have been done to evaluate
the strength of stabilized soil. The effective parameters
studied in the current paper can be referred to as the weight
percentages of materials containing alumina silicate (zeolite
and metaclay), curing time, and molarity of the alkaline
activator (NaOH).

2- Methodology

The yellow marl studied in this paper was taken from a
depth of 1-2 meters in Nasr region, located in the northeast
of Tabriz city. According to the unified classification, this soil
is named clay with low plasticity (CL). The natural zeolite
and metaclay used were obtained from the zeolite mine of
Amirabad and the process of calcination of carbonate clay
(yellow marl), respectively. Also, sodium hydroxide has been
chosen as an alkali activator because of its cheapness and
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Table 1. Summary of the test program

. Unit First series Second

Equation .
series

Zeolit (Z) % 5,10,15,20 0
Metaclay(M) % 0 5,10,15,20
Alkali M 48,12,16 4.8,12,16
activator (L)
Curing time day 3,7,14,28 3,7,14,28

higher efficiency in dissolution silica and alumina monomers
[6]. The initial form of NaOH is prepared in the form of flakes
and by dissolving in distilled water with different weight
percentages based on the required molarity (M), it becomes a
base activator solution.

In this study, two series of tests for determining uniaxial
compressive strength have been carried out to investigate the
effect of factors such as additive types, percentage of additive,
molarity of alkali activator, and curing time according to
Table 1.

To make geopolymer samples, the yellow marl passed
through sieve No. 40 and with an additive containing
silica-alumina (zeolite or metaclay) in the specific weight
percentage is completely mixed for 5 minutes and then
alkaline activator (L) in optimal moisture content added to
the ingredients and this mixture is blended by a mixer for
5 minutes until a homogeneous texture is obtained. The
composition is compacted inside a cylindrical mold in three
layers until reaching the maximum dry density. The samples
are removed from the molds and placed inside the plastic
covers and finally cured at the laboratory temperature (25 +
2°C) until the curing time.

3- Results and discussion
3- 1- Uniaxial strength of zeolite geopolymer samples

The results of tests show that in all the geopolymeric
samples, for all concentrations of alkaline solution, with the
increase in the weight percentage of zeolite up to 15%, the
strength of the samples enhanced, and the amount of 15% can
be introduced as the optimal percentage of zeolite. However,
in the molarity of 4 M and 8 M, with an increment in the
amount of zeolite from 15% to 20%, a growth of less than 5%
in resistance is also observed. It can be said that the amount
of alumina silicate in the additive (zeolite) has a major impact
on obtaining the strength of geopolymeric-stabilized soil. On
the other hand, it can be seen that in high concentrations of
alkaline solution, the resistance reduces with the increase of
zeolite percentage from 15% to 20%. In other words, to obtain
higher resistance at a low molarity of alkali activator, a high
weight percentage of zeolite is suitable and as the molarity
increases, an appropriate resistance is obtained at a lesser
weight percentage. Fig. 1 shows the changes in compressive
strength of zeolite geopolymeric samples for different
molarities of alkali activator for a 28-day curing time.
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Fig. 1. Variations of compressive strength of zeolite geo-
polymeric samples against alkaline solution concentra-
tion for different percentages of zeolite
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Fig. 2. Variations of compressive strength of geopoly-
mer samples against alkali solution concentration for
different percentages of metaclay

3- 2- Uniaxial strength of metaclay geopolymer samples

Based on the obtained results, the weight value of 15%
metaclay can be introduced as the optimal amount, but the
rate of change of resistance against the percentage is not as
high as the role of zeolite.

Also, the resistance obtained in all conditions in
metaclayey geopolymers is much lower than in zeolite
geopolymers. It means that the type of aluminosilicate
material used in geopolymer plays an important role in the
strength of geopolymer modified, which is due to the different
chemical compositions of zeolite and metaclay. This problem
can be attributed to the high amount of silica and alumina in
zeolite compared to metaclay, which leads to the generation
of more cement products.

In Fig.2, the effect of alkali activator molarity on the
compressive strength of geopolymeric metaclayey samples
during 28 days of curing time is presented as a graph. As
it can be seen, for all metaclay magnitudes in yellow marl
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geopolymeric samples, the concentration value of 4 M is
considered as the optimal amount.

4- Conclusions

In zeolite geopolymer samples for all concentrations of
alkaline solution, the strength of the samples increased by
growing the magnitude of zeolite up to 15%, and the amount
of zeolite 15% can be introduced as the optimal percentage.
In geopolymeric samples of metaclay the weight value of
15% was obtained as the optimal amount.

In zeolite geopolymeric samples, the concentration value
of 12 M has been obtained as the optimal concentration of
the alkali activator for all percentages of zeolite. This is the
case that in the geopolymeric samples with all percentages
of metaclay, the activator concentration value of 4 M is
considered as the optimal concentration in the composition.

In yellow marl soil, in all magnitudes of zeolite or
metaclay and for all alkaline solution concentrations, the
uniaxial strength of zeolite geopolymer samples is higher
than that of metaclay geopolymer samples.
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Fig. 2. Grain size distribution of yellow marl, zeolite and meta clay
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Table 1. Physical characteristics of yellow marl
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Table 2. Chemical compositions of yellow marl and zeolite

P20s MnO%  TiO2%  K2:0% Nax0%

MgO0%

Ca0% Fex03% ALO3%  Si02%

al,.;.c

YD e 0% VEE AAY AAY A YYD USY  FA sy ke

YRR “[+YY ARRE VIVY YIAY VA V/O¥ \IVE ARTARA ZO/YA \./.J}J)
(L) ;b oS Jud =¥ -y (Z)cdg; -y -y

gl 2 youds 55 40153 )3 o0linl 390 (6 5k (sl oS Jlad oy )5 Jgoro

((340) 2 ) R RRWI SIW PPURWICATH WY | \:(0) ; ) PURWRWIK SSXWY
il Cla e 2uSg) ol ddlae 3 [T Jewl oad 515
Usogll 5 Wb (slapogise (giloliz 13 5YL LS uin o2 9 o082
a5 NaOH aJol JSi [V Jew] sass Gbsesl (5L sas” Jled lgim
Sis s doy b jlads J P oS debgodg (So &g ol
2 ik osiS Jlb Jglome @ ygeas (M) 5l 3590 il poll  cilisee

Slislejl 5 Hges ags —0 =Y

Sy S5 (6)lid Cnglie e Slivlos] (g pw 93 Gui>s ol )
(2978 o3lo hoy> (93938l 03le g9 (yozmen (lelge Sl (o) sl
5 i 2elin ¥ Jgix Gilao syl Jas oloj g sl oaS Jlub cale
ol 0l plool

8 b i3 4 PVC LB 5l o (3l cslo diges il el

£1¢€

Sl ool cdgsy ame 3l sl img ) ooliiel 3y90 aub Culg;
a oole pl (slend SluS 5 5 (g0 Al 158 sl ol ags wile

ol 0as S Y Jodo o ¥V S 0 s

(M) o ke =¥ =¥
093 255 3 AdS Snlp ) ) adllles 3 ) IS ke
S (Caleination) jgulnds .ol sxal sty (5,5 op)le ) 45ls,8
2 sl dlge pl b IS 0 dle o )3 &l ()l i sl
ol Ned e 03 Syls 0l JpuS L g lgn shnad] Cod igd dlads 4
el 5 Js 5 gLl slols chis « pleS 32 b (sl 220
5 e 5 3090 S8 tn il o il i ol 59 Y] 3500
Gl ¥ e 4 0L, Sl as pd Av e (glod 13 Fe oylaus I 010 jaue
s )5 53l 508 0 00> Clorussh 4y do g b a8 ol 0dly &l >
Vbbb g (5l 03D b S8 (0 5B L osle S g 0 s o3lo

ol oad S Y S5 50 35 (el (i aib Szvie ol i Jols



Olislojl ol 31 gl AoV .Y Jou>

Table 3. Program of tests
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Fig. 3. Standard compaction test results (ASTMD698) of marl soil

bolore Mols addn & e 4y S Oy Y5 3550 (Sjg sl duopd
Cagb) 2o b pasutie au)Vge b (L) (53b 0aitS Jld g g 005
03 b 4 (2l U (jen hawg bl cpl 5 oad 8Ll slge 4 aine
@ Oty Sl 3l 3pse Glaj 335 Jols (San cdl S o 358 (0
B 31 3 sl Cands oS 5l 4dBy B 390 5> i 590 by
oS Ak SIS ogatie (g 4 (e U Y dw > ol il
Uiy 51 5 00zl b LB g0 1o aid b (gl diges 23,5 0
550 o} b (YORY'C) alKtslofl slod )3 5 a8 S 1,5  Setaodly (sla
lod ialyly Cormtl &) 465 b Cand 48T 43 p5Y 2235 (0 (g9l Joo 5k
ol gl Jas sl p Jsb 15 & Cusl sl o @l g9y 2 Casb)
2ol adle sla diges | Lisuy el Dgd alsl a5 ol Jole g

) 00 03)9] [ Jﬁu

£70

dy50 (b dges Cuwl ol odliiul VS MMy YA MMdyus glas)l o
SB dige Cugby 203 53 9 ¥ Jgto 53 00 ) bl b Bollas il
ok 4t Coul 0ad ol 3)l5lial 1515 Siabesl 5l a8 (4VF ) Lo
IS5 5335 oole 595 2 0 sl o515 el 4 bgrye Jloges .l
ol 01 &) ¥

5 A Cagby 3 3)5 Gle 0ad (gLl Wged ¢ gl duglie Cu
Cuoglio Jtloj] o g 00 aad (599381 dlse (194 Ay (oo (g
2 otlefl ol ) ol lages o cosl 4S8 gy S5 (g Lt
Cuoglio Al (oo oaline JB jloges jl a8 jelailen .l oads 31| ¥ JSS
2 ol SuaS G5 g VI Kglem? sgus 55 ole wge ()lid
ol 03al Cawty 7 0/ 3935

SIS g 205 ool SB csreekishy b digel il gl
P (ot by clgs ) el Lagll (ggls (529381 ol L Fro)let



FVE 1 ¥V dsmio AF-T Lo F 0)lod OF 0,95 eyusS pool (o (suoigee gl

=

[ e
[ Ve R
PR

UCS (kg/cm?)
— : k2

=
Lh

Yellow Marl

0 T T T T

0 05 1 15 2 25 3 35 4 45 5 55 6
Strain (%)

o (553l 3,5 ¢y)lo diged (5550%0 ST i lojl P UL
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Fig. 5. Some samples prepare for uniaxial tests and samples under test
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Fig. 6. Changes in compressive strength of geopolymeric samples for zeolite percentages, curing times
and different molarity of alkaline solution
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Fig. 7. Effect of curing time on uniaxial compressive strength of optimal zeolite geopolymeric
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Fig. 8. Variations of compressive strength of zeolite geopolymeric samples against alkaline solution
concentration for different percentages of zeolite
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Fig. 9. (a) Changes in failure strain and (b) Secant modulus at 50 % strength (E 50) of 28-day samples with
different amount of zeolite at a concentration of 12 M
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Fig. 10. Changes in compressive strength of geopolymeric samples for different percentages of meta-
clay, curing times and concentrations of alkali solution
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Fig. 11. The effect of curing time on the uniaxial compressive strength of the optimal sample of metaclayey
geopolymer 15%meta)
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Fig. 12. Variations of compressive strength of geopolymeric samples against alkali solution concentration for
different percentages of metaclay
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Fig. 13. (a) Changes in uniaxial compressive strength and (b) Secant modulus at 50 % strength (E 50) of 28-
day samples with different percentages of metaclays in optimal concentrations
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Fig. 14. Changes in uniaxial strength ratio of 28-day geopolymeric samples against the weight ratio of alumino-
silicate solids to alkaline solution(S/L)
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Fig. 15. Changes in uniaxial strength ratio of 3,28-day geopolymeric samples with different percentages of
zeolite or metaclay

Wged 0j9) VA (5y5500 S5 Cunglie 53k Jolore sleale polos 4l
Al oo o plie (§yerkis] (sl digad Sl Jid S5 ey o

KX obs Sy b (ugy (958Ul ()l uSe poglias VPS5 >

— At 55 ople —l 059, YA sla iged & gy s 2 VO

e S yeakisss (le g g(ainke oS5 ) (P ek ol
duwlio jl &S jalailen sl odd &Il dunlie Caa (dupe Sy 40 )

vy

Cuoglio ¢ Jlio lgims bl o plp AEF B OIVS (o wylie & de5)
V9o VY il 5 g5 VD L oS (u55) (s yeuhists ged oy, YA
059y YA dilie diges pl AIEF 35dn 3 Gl ol did b (5L 008 Jlad
oS Jlb (6,¥50 VY clale g oylio 4 N0 (gl wybio (g yarhisl)
G Ve Ao ¥ il cdale byl o cuoglie MBS pl il 0 5L

5 omle by Sl (Gig e Loy (el 3 Iy cal oty Bl



FYF B YOV dorao AF+Y Jlo oF o)led OF 093 (oS yuel ()] yos (cwdines 4 i

oz

b- o a- il

oyl S yoia oyl —E 5 Sreiad ol — A 3,5 o)le N (pdg (F9 BSUN (510 S gl NP U

Fig. 16. SEM images of (a)Pure yellow marl (b) geopolymeric marl with zeolite (c) geopolymeric marl with
metaclay
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