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ABSTRACT: Geopolymers as cement-free concrete have attracted the attention of researchers in
recent years. In making this type of concrete, instead of cement, various materials such as micro silica,
metakaolin, zeolite, etc., and chemical solutions are used to complete the geopolymerization process
to form the binding adhesive substance. The present study examines the durability of geopolymeric
mortars based on blast furnace slag (GGBFS) with different replacement percentages of kaolin in several
molar amounts. The GGBFS was used as a substitute for cement, and sodium hydroxide solution with a

concentration of 4 and 8 M and sodium silicate (glass water) were used as chemical solutions. For this  Keywords:
purpose, kaolin ceramic powder was mixed with GGBFS at 50% and 75%, and a total of 12 mixing plans Durability
were made. Compressive strength, rapid chloride migration test (RCMT), electrical resistance, water
. . . . . . geopolymer mortar
absorption percentage, loss of compressive strength, and weight after exposure to sulfuric acid solution
slag

were studied. The results of kaolin powder and slag reduced the compressive strength, and the lowest
value of 33% was observed in BSC50-4; Also, the results of the penetration of chlorine ions in concrete ~ kaolin
and the weight loss of mortar samples in sulfuric acid solution indicate that the use of kaolin powder RCMT
and slag increases the durability of BSC50-8 concrete samples by 38% under the conditions of chloride

attack caused by Permeability decreases.

1- Introduction

Geopolymer concrete is a concrete in which
aluminosilicate materials rich in silicon (57 ) and aluminum
(Al) and alkaline solution are used as adhesives. Blast
furnace slag is one of the materials that has an aluminosilicate
structure. Research results have shown that concrete mixtures
containing slag, if designed and implemented correctly, can
control the destructive alkali-silica reaction and increase
durability against the sulfate environment[1]. investigated
the resistance of geopolymeric mortar against acid and found
that geopolymeric mortar has better resistance than ordinary
Portland cement mortar[2]. investigated the mechanical
properties and permeability of Portland cement concretes
modified with three types of waterproof polymers: styrene-
butadiene rubber, polyacrylic ester, and organic silicone,
and found that these polymers reduce compressive strength
and fly ash has a negative effect. It improves it. Also, these
polymers can reduce the permeability of concrete[3]. The
current study investigates the compressive strength and
durability of geopolymeric mortar with 50% and 75% kaolin
percentages in 4 and 8 molar at the ages of 7, 28, and 90 days
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based on the slag of the blast furnace.

2- Materials and Methods

The materials used for the intended test are sodium
hydroxide, sodium silicate, slag, kaolin, and SBR polymer and
sand. A total of 9 mixing designs were made in Table 1, after
which the samples were cured for 24 hours at a temperature
of 110°C . Then they remained inside it for 24 hours to cool
completely. Then, the samples were removed from the molds
and kept in the laboratory environment before the tests. To
check mortar samples against sulfuric acid attack, after 28
days of curing, samples were placed in sulfuric acid solution
with a pH equal to 1 up to 90 days. Then, the test programs
were performed after curing on the intended days.

3- Experimental Results and Discussion

The following tests and the subsequent results were
performed on samples at different ages as follows: compressive
strength at 7, 28, and 90 days; rapid chloride ion migration test
(RCMT) in 28 days; Weight loss of samples in sulfuric acid
solution in 90 days and water absorption test on 28 days.
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Table 1. Geopolymer mortar mixing plan.

NaSio, NaOH SS+SH/BS SS/SH

Slag CP M SBR Sand
Name
3 3 3 3 3 3
%BS kg/m %BS kg/m MOl/L kg/m kg/m %SB kg/m kg/m
S4 100 700 0 0 4 250 100 0.5 2.5 0 0 1195
SC50-4 50 350 50 350 4 250 100 0.5 2.5 0 0 1195
SC75-4 25 175 75 525 4 250 100 0.5 2.5 0 0 1195
S8 100 700 0 0 8 250 100 0.5 2.5 0 0 1195
SC50-8 50 350 50 350 8 250 100 0.5 2.5 0 0 1195
SC75-8 25 175 75 525 8 250 100 0.5 2.5 0 0 1195
BS4 100 700 0 0 4 250 100 0.5 2.5 1 7 1195
BSC50-4 50 350 50 350 4 250 100 0.5 2.5 1 7 1195
BSC75-4 25 175 75 525 4 250 100 0.5 2.5 1 7 1195
BS8 100 700 0 0 8 250 100 0.5 2.5 1 7 1195
BSC50-8 50 350 50 350 8 250 100 0.5 2.5 1 7 1195
BSC75-8 25 175 75 525 8 250 100 0.5 2.5 1 7 1195
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Fig. 1. 7, 28 & 90 days compressive strength diagram of geopolymer mortar and control samples.

3- 1- Compressive Strength

Comparison of the design sample of SC75-8 with that
of SC75-4 with the combination of 75% kaolin powder and
25% slag at the age of 7, 28, and 90 days in molarity of 4
showed better resistance than molarity of 8 (Figure 1). A
comparison of the control sample with a molarity of 8 showed
a better resistance than a molarity of 4 because the selected
combination of sodium hydroxide with soluble sodium
silicate resulted in the best activator.

3- 2- Rapid chloride ion migration test (RCMT)

The accelerated migration of chloride ions (RCMT)
test was performed at the age of 28 days. Figure 2 shows
the diffusion coefficient of chloride ions. By reducing
the percentage of ceramic powder from 75% to 50%, the
diffusion coefficient of chloride ions is reduced in all designs.
This research shows the progress of the hydration process
with time and the reduction of permeability in the samples.
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3- 3- Weight loss

To check the effect of acid, 50 mm cubic mortar samples
were placed in sulfuric acid solution environment with a
pH of 1 for 28 days. The weight loss was measured at 90
days after being placed in sulfuric acid. Finally, the results
were reported as the ratio of the weight loss of the sample
to its initial weight (before placing in the acid) in Figure 3.
By examining the results, we find that the effect of cement
substitutes on reducing the weight of the samples in sulfuric
acid environment was positive, which can be attributed to the
decrease in permeability.

4- Conclusions

The results of the samples exposed to sulfuric acid attack,
in general, show the use of kaolin powder and slag has a
negative effect on compressive strength. Meanwhile, the
design sample with 50% kaolin powder and 50% slag with
molarities 4 and 8 has shown better performance than other
mixing design samples in an acidic environment. Although, in
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Fig. 2. The results of the accelerated diffusion coefficient of chloride ions.
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Fig. 3. Percentage of the weight loss of mortar samples in sulfuric acid solution.

general, the performance of the control samples was far better
than the rest of the geopolymeric mortar samples. However,
in total, the weight loss of geopolymeric mortar samples
exposed to sulfuric acid attack is evaluated positively, except
for the BSC75-8 sample.
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Table 1. Characteristics of sodium hydroxide
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Table 2. Specifications of sodium silicate.
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Table 3. Physical characteristics of slag powder.
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Table 4. Chemical analysis of slag.
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Table 5. Physical characteristics of kaolin powder.

ooyl el L Pl 0ye8 gloo S PLAl S aujemy  owdls Gl
PV R S St oy 085 oy o olégs & B!
ol clégs Gl
308 ARIARA < IFY fof \\aa°c a8 #0 #10 AIY \§ i \4d
s
P bows 30T .5 Jgas
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Table 7. Physical characteristics of sand.
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Fig. 1. Grading curve of used sand based on ASTM C33 [29].
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Table 8. Physical and chemical characteristics of the used polymer.
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Table 9. Geopolymeric mortar mixing plan.

Name Slag cp M NaSio, ~ NaOH  SS+SH/BS SSISH SBR Sand
%BS kg/m3 %BS kg/m3 MOl/L kg/mS kg/m3 %BS kg/mS kg/mS
S4 Voo Yoo . . f Yo Voo <10 Y0 . . 1140
SC4-50 o Yo- o Y. f Yo- \ <15 Y0 . . 1140
SC4-75 Yo \Vo Vo NN f Yo- \ <10 YI0 . . 1140
S8 Voo Yoo A Yo \ <10 YI0 . . 1140
SC8-50 o Y- o Y. A Yo \ <10 YIb . . 1140
SC8-75 Yo VYo Yo NI A Yo- \ <10 Y0 . . 1140
BS4 Voo 2D £ Yo- Voo <10 Yi0 \ v 1140
BSC4-50 o Y- o Y. f Yo \ <10 YI0 \ v 1140
BSC4-75 Yo W\ Vo aYo f Yo \ <10 Yib \ v 1140
BS8 Voo Yoo A Yo ) -0 Yio \ Y 1140
BSC8-50 o Y. o Y- A Yo- \ <10 YI0 \ v 1140
BSC8-75 Yo \Yo Vo ININ A Yo \ <10 Yi0 \ v 1140

AB Y B Y b Lol S 4 adnd O g dgw gl bglste 1
a ol Coles 0 Wigd eSS o 4,050 LMo b s odls cus b
Mo el Cawnd 4 316 bglste aidy Y-Vl sm 3,5 adlsl )]
2 g 4By, 0l ()5 gy B gy dls e dus 3 1) sel Cawy
ol G dB g5 4 drg b plxl agS ogatce (iS2 L L
33,5 saaldie (o3b5 S5l o M 3 adgl (sllas 5 gl iz b o
Y Gode 4 ladiges g LB 3ylg0d 0 Mo (VL (Saiws ol e o
S 53 geses lpp Slacls 5 €85 )15 0yng olKiws (59 add>
Lalys 3 B Ll jo 45 03,8 2l e don b 5 bl

A5 0313 )15 wlsee S 5 Sy (6l Jes

Soygdlg bl Joloo 53 badiges (65l Ll =Y ¥
Sl o2l ply 53 oad ale sladiges 3Sles pwyp lp
Sl Jolxo 53 syglos 9y YA ) Ly 3o (sladiges (o 9ilgu

yyea

Ui s Bl A Yse )3 F 8l Digad 5 F Ys0 )3 ) Blad Diged
eils (St 25 Joloe 4 odiges plas o j) bS] gyl ol ol
e —F Mo adol S 5| e o il Y Jlss —)

WMo bS] )b plo b awolie ) (5,5 loj ¥ (Shier
iy b (uguone pob &) ladiges J555 & 5 ¥ g )b aiges )3 Jlo sl
roskoi3 (5 53 (IS ygb 4l (ol gl o)l LS 7 b
ol e g 3ls e B ob b LS )b dulie 5 ey bas
J3 4 Cgpme LS 23l )3 (gl yerhi g5 (Sladigy (s JeSuis

el caslisl (559055,

Goabgss Mo MR 2 )b (gl sl 5gy =) =Y
09 awlo A (g5l les bS] 5k gl plas L)
4 o)lp 4BB ) Cde 4y puSie (S 2 l dn g AD W) uSie
bobro (o554 0)lyw 5 aliiw 45 didd ¥ 5l an 05 8lo) yuSio



YYEY U YVYY dorto OF-Y Jlo V) o)lod O 053 S puol ()l yos (qwdino 4 i

Byl 5 FIS 1 oad aid L youls 55 Mo Wiged (5L Cuaglile ¥ JSUS

Fig. 2. Compressive strength of geopolymer mortar samples made of kaolin and slag.
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Fig. 3.7, 28 & 90 days compressive strength diagram of geopolymeric mortar and control samples.
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Fig. 4. Geopolymeric mortar sample made of kaolin and slag after spraying silver nitrate solution for
RCMT test.
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Fig. 5. The results of the accelerated diffusion coefficient of chloride ions.
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Table 10. Effect of electrical resistance of concrete on corrosion rate of reinforcement (ACI 222) [39].
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Fig. 6. Comparison chart of electrical resistance test of samples treated at the age of 28 days of geopolymeric
mortar made of kaolin and slag of the blasting furnace.
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Fig. 7. Weight before and after saturation with acid for 90 days (cube 50x50x50 mm).

35 (I35 (el Jgle 5

Seppilge sl Jols 1> Mo sladigas ()9 bl =¥ ¥
039 503Nl g el w2les (22 53 adiged (6513 )
039 G s &y90 4 g, So3luil cl gl cojg) A+ s 5 1l
@ pp bl oad o3yl A gV IS5 0 ol Ayl g 4 wiges
Oig Gl g (52,98 ©ad p Olens (Rl Slse Sl &S el 00y
Slao oyl 3l eolaiwl cCunl 635 Cuto G sal gl Lo (3 ladiges
Alonl Misu e dgme Soygdlguinnl w2l plp 3 1) M 3 Sles
Iy o Gl Cle 4 pipded (il 5l GI6 plgice 1) cue
OiSly > Sal (s Bpae 55 g i oy (Stwg 5%) o
lows (3R 3 0)bpw 5 (b (Vg0 1 duslie sy (Vo5
w25 e 3 o2 Cunglio 330 53 | 03l 53 (ol ey L5 5 Slos
S5 g (s poshs) M 3 djlo e Ghled S ygdl il
S5 Sladiges & Coms 5yt )Mo )by 200 L IS 13 70
88 caily Sopgilgntia w25 Pl 50 oy YD b SIS 30 LV
rosh 3 o le oS S g wndS ko 508 (g pdydeds o] i
o)y a0+ g ISy 100 Lo asl sbatiges a8 e slslo g
5 IF 3 YD (5l (Sladiges 4 Cand (5508 (5 ddohs &S
5 I 35 03,5 Lol & cal 5 S gl 5yl o)y ATD

& G (65308 (S59 C8l cage )3 (5)9abos oy A0 85l sl oy

o Sl eglin p(OH ) (slopyg pre (i 4 255 L 29800
il cel WG o Sloww JoSo dlge (gyls (slayn > bl Lials
29 (S Sl Canglin

SrSadz jhb & @by g JPE g & dmde U gl
S slagn &S gy 4 o el ) ladiges (SS Sl Canglie
Wged & Cumd plp VOl i B (> 93)l50 )3 o)k 9 G 09
Clld o pa cpimen amd e L5 1) (S0l Cueglie ialS ald
Dy en oS (S pSUl Cunglio jlade 13k 108 o)y 9 JPE (Y oje
sl (5 05 S e g didge i LB Le ol pl (Lol e

sl (So Sl bl e 4y (oo (S8l Coglio ilof]
sbgn @l 2 golae dlie cpl 13 & (D) lel 2y
Sl Cunglio dlally @ dagi b 9o dnogi Slo)lpw (6 yoshoS
wgei g (10 Joir) ACT 2220kaiy ol 2 (52053 Sl b 52
Of onl «Seelpw 392 5 o)k sol> yesbi) o BIST lag )b
3ylliwl x> yo 090 > 405 18 S0y 0Ll ylad s Mels
wilo Mo gladiges (gl p Soysl dl 1 g pSolul sl
@ oo Eo sladiged {¥V]az yo ool 3)00 g b illas o
ool Jolome 315 (6y0l Lo 595 YA 51 Guo yio o B+ X O+ x B+ 3lul
Ve o 5> adigal (59 e 5 03l J1E Y Lyl PH L S8l
Caleg)> Wb (63505l S pgilgun el Jgloxo 53 (85,118 5 s o)

S5 308 31 ) ol sl 0yjp & diges s iRl Cund g0 4 gl

YYof



S4 SC4-50 SC4-75

-12.39
1431 1477 1298

b o

N
W

-12.88

samples(%)
=

Weight loss of 90-day
Y
[}

Y
W

SC8-50 SC8-75

-16.67

BS4 BSC4-50 BSC4-75 BS8 BSCS8-50 BSCS8-75

-12.87
1434 4558 1500

-23.41

S 98 g daw! Jglome 53 GV (sadiged (59 (B waoyd (piulel gl A UKW

Fig. 8. Results of the weight loss test of mortar samples in sulfuric acid solution.
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Fig. 9. Reduction of 90-day compressive strength in an environment containing 5% sulfuric acid solution (MPa).
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Fig. 10. Comparison chart of water absorption test of treated samples at the age of 28 days of geopolymer-
ic mortar made of kaolin and slag of blasting furnace.
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Fig. 11. Correlation coefficient between electrical resistance (28 days) & compressive strength (7 days).
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Fig. 12. Correlation coefficient between electrical resistance (28 days) & compressive strength (28 days).
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