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ABSTRACT

Geo-polymer concrete (GPC) and industrial byproducts have developed expeditiously as
eco-benevolent substitutes for OPC. Whereas elevated curing temperature is essential.
This research studies the applicability of producing byproduct-based GPC cured under
ambient temperature. The effect of the incorporation of ceramic squander powder (CSP)
and rice husk ash (RHA) is assessed. All the investigated mixtures contain 40% Slag, 10%
fly ash (FA), and a 50% combination of CSP and RHA. Four different combinations of
CSP/RHA; 10/40, 20/30, 30/20, and 40/10 are utilized. w/b ratios; 0.3, 0.4, and 0.45 are
tested. Compressive, splitting tensile, and flexural strengths are examined as indicators of
mechanical properties. Acid resistance, water absorption, sorptivity, and chloride
permeability are evaluated as indicators of durability aspects. The results revealed that the
30/20 combination is optimum in terms of mechanical properties, while all combinations
attained applicable durable properties compared to the control mix with 90% slag and 10%
FA.

Keywords: Geopolymer concrete, Alkali-activated binder, Activation solution, Ceramic

powder, Rice husk ash, Eco-friendly concrete

1 INTRODUCTION

Landfills for solid squander will resume increasing
due to the constantly developing global population and
the desire to satisfy consumer wants. The fabrication of
ceramic tiles creates ceramic squander powder (CSP)
amid the polishing phase[1]. The worldwide era of CSP
surpasses twenty-two Billion tons. Getting rid of CSP is
considered a challenge, especially for its environmental
effect [2]. Waste management is therefore more essential
for the development of ecological sustainability. Large-
scale solid waste conversion into an alternative resource
will assist in addressing environmental and landfill
overflow issues while minimizing the need for
nonrenewable resources of materials and energy [3].
Researchers [4-6] are looking into novel solid waste
materials and their potential for recycling into new
goods.

Concrete, the most used man-made element, has
generated substantial interest as a potential means of
recycling solid waste, particularly those that can replace
cement, a key source of greenhouse gas emissions [7,8].
The fabrication of OPC results in a high quantity of CO,
[9]. About 5-8% of the yearly greenhouse gas emitted

into the environment worldwide comes from the cement
sector [10]. During the last decades, researchers [11-14]
investigated the substitution of cement by either
byproducts or natural pozzolanic materials. Results
reveal the ability of substitutional cement materials
(SCMs) in to enhance durability and lowering the heat of
hydration [15-18]. In addition, the incorporation of
pozzolanic materials produces mixtures with low
calcium hydroxide, thus improving resistance to
chemical attacks [19-21].

Geopolymer concrete (GPC) is a member of a broad
class of Alkali Activated Binders as shown in Figure
1[22]. It is a prospective alternative to OPC concrete to
diminish carbon discharged during cement production
[23-24]. It depends on the reaction of aluminosilicate
with an alkaline solution producing a hardened product
[25-27]. The synthesis of GPC involved the addition of
byproducts [28, 29]. The properties of the manufactured
concrete depend on several factors including the form of
alkaline activators, the curing temp., and the source of
precursor [25,30]. Tailor-made GPC mixtures could
have superior properties depending on their constituents
[31]. Khater [32] postulated that GPC cured at high
temperatures has exceptional strength and thermal
constancy properties. Bernal et al [33] proved the lower
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rates of chloride permeability for GPC. This agrees with
Adam [34] who stated that both chloride permeability
and sorptivity are improved. This is certified to the
increase in the concentration of the alkaline-activated
binder. El-Feky et al. [35] suggested that mixtures with
FA decrease the drying shrinkage. On the contrary,
Rashad [36] stated that the GPC mixtures with blended
slag and FA raise the drying-shrinkage with an increase
in the percentage of slag added. Kim et al. [37]
postulated that the usage of Rice Husk Ash (RHA) plus
Na,SiO; and NaOH improves both the acid and sulfate
resistance.

the utilization of CSP as a fractional substitution of
cement was studied by some analysts [38-40]. The
supreme result was that CSP exhibited pozzolanic action
after 28 days. Although the prompt compressive strength
was diminished via the incorporation of CSP [40], the
durability of mixtures was improved by the addition of
CSP [38]. Huseien et al. [41] used CSP in self-
compacting concrete, they debated that CSP decreases
the probability of segregation and increases the
flowability. Aly et al. [42], Azevedo et al. [43], and
Saxena and Gupta [44] considered the consequence of
excessive temperature curing, 60 °C, on the strength of
CSP/Slag blended mixtures. The mixtures achieved less
than 40 MPa in strength. They suggested 5% of CSP as
an optimum %. Rashad and Essa [45] and Zhang et al.
[46] examined samples of CSP/Slag cured under 45°C,
they suggested the worthy effect of CSP. Shoaei et al.
[47] achieved a strength of 27.5 MPa for samples cured
at 105 °C.

All previous studies applied heat curing for CSP/slag
mixtures which restricted the utilization of GPC. So far,
the inclusion of CSP as a FA substitution in GPC cured
at ambient temperatures has not been reported. A
comprehensive analysis to deliberate the utilization of
CSP within the manufacture of GPC is required. This
paper provides an assessment of the durability and
mechanical properties of blended mixtures with diverse
ratios of CSP and RHA, in addition to slag, and FA.

Portland-
based
cements Calcium sulfo-
aluminate
cements

Alkali activated materials

Increasing Ca content

Inorganic

Increasing Al content

Figure 1: Alkali-activated materials classification [22].

2 SIGNIFICANCE

The concrete industry is currently dedicated to the
production of sustainable concrete by using industrial
by-products as a fractional replacement for cement. The
use of industrial wastes in geopolymer concrete helps
waste disposal and endorses the production of eco-
friendly concrete. Fly ash-based geopolymer and slag-
based geopolymer had been used previously and
considered substitutes for Portland cement due to their
availability and low CO, emissions. However, the
elevated curing temperature required for this concrete
hinders their wide applications. The research aims to
assess the potential of recycling ceramic waste powder
and Rice husk ash as a geopolymer binder. Thus
provides an ecological method for the disposal of both
CSP and RHA. Moreover, the paper evaluates the
applicability of producing geopolymer concrete under
ambient temperature. Consequently, overcomes the
limitations of the broad usage of geopolymer concrete.

3 METHODOLOGY

This research is designed to generate superior-strength
GPC as a sustainable material integrating byproducts;
CSP and RHA in diverse percentages to lessen CO,
emission amid the cement industry. The investigation
includes microstructure investigation, durability aspects,
mechanical properties, and the effect of the curing
regime on GPC. Four water-binder ratios; 0.25, 0.3, 0.4,
and 0.45 were experimented to represent a broad range
of frequently applied mixtures.

4 EXPERIMENTAL WORK
4.1 Materials

4.1.1 Characteristics of CSP

Because the water was used throughout the polishing
process, the ceramic waste produced was moist. 36% of
the bulk of the material was moisture. The air-
permeability was tested using a Blaine air permeability
device. The average specific surface area (SSA) was 570
m2/kg. In addition, around 45% of the CSP particles,
measured by volume, were between 5-10 pum in size.
According to the SEM image in Figure 2, the CSP was
composed of angular and irregular particles that
resembled cement particles in shape. The majority of
CSP is made up of SiO2 and Al203. This was confirmed
by the chemical analysis determined by XRF as
presented in Table 1. About 85% of the bulk of the
substance is made up of both oxides which meet the
ASTM C618 standard [48] of >70% for natural
pozzolana. Additionally, the SO3 and loss on ignition
(L.O.1.) met ASTM C618 [48] specifications.
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4.1.2RHA

RHA was achieved from neighboring companies. It
was produced under controlled combustion (burning
temperatures in the range of 500°C-700°C for a period
of about 1 hour. Ninety-seven % passed the 90u sieve.
RHA comprises primarily SiO2, circa eighty-two % of
the whole structure. This satisfies the constriction of the
ASTM C618[48], see Table 1.

Table 1. Chemical composition.

Material | FA(F) | Slag RHA | CSP
SiO, 4999 | 37.50 | 89.34 | 70.10
Fe,O3 9.00 0.73 0.40 | 0.56
Al,O3 29.00 | 7.27 045 | 122
MgO 1.49 10.86 | 0.49 | 0.99
CaO 2.38 38.48 | 0.76 | 0.02
Na,O, 0.83 0.64 - 13.46
SO, 0.29 0.39 090 | -
P05 - - 258 | -
K,0 241 0.26 498 | 0.03
L.O.I 4.00 2.13 - 0.13

Figure 2: SEM for CSP.

4.1.3 Fly Ash
A combination of sodium hydroxide (SH) (14M) and
sodium silicate (SS) (Na,O = 17%, SiO, = 36%, and
water = 47% by mass) with SS/SH of 0.75 was adopted.

4.1.4 Aggregates
Commercially available crushed stone with a N.M.S.
of 19 mm was utilized. Local natural sand was utilized
as fine aggregate, see Table 2.

Table 2. Physical properties.

Property Fine Coarse CSP RHA FA Slag
Sp. Gr. 2.64 2.72 2.3 2.08 2.62 2.09
Fineness M. 2.53 2.76 122 0695 296 3.27
W. Absorption  1.8% 2.1%  mmeem s e e
Crushing V. — 20.6%  ----m e e eeee

4.2 Mixture proportions

Twenty mixtures blended with different percentages
of CSP and RHA were prepared. A mixture with a
precursor blend of GGBS/FA equals 90/10 is used as the
control mix. In all other mixtures, the precursor was a
blend of (GGBA+ FA)/ (CSP + RHA) fixed at 50/50.
The percentage of GGBS and FA were kept constant at
40% and 10 %, respectively. Whereas the percentage of
CWP and RHA differs as follows; 10CWP+ 40 RHA, 20
CWP + 30 RHA, 30 CWP + 20 RHA, and 40 CWP + 10
RHA. A detailed description of the mixes is given in
Table 3.

4.3 Curing regime

Specimens required for different tests are cast and
then de-molded after 24 hours. To assess the
applicability of producing efficient GPC cured under
ambient temperature, three curing regimes were applied.
The two regimes differ in the temperature applied for the
first 24 hours of curing namely, ambient temperature,
and 100°C. For achieving 100 °C curing, the specimens
were kept in the oven for lhr. All specimens are then
cured in air for more 27 days.

4.4 Test Procedures

4.4.1 Setting time
Detecting initial and final settings is a crucial
property. The test is conducted to fulfill ASTM
C125[49].

4.4.2 Workability
It is a vital factor for evaluating the easiness and
consistency of the fresh mixture. The test was measured
by slump fulfilling ASTM C143[50].

4.4.3 Mechanical properties of GPC

A. Compressive strength

GPC eternally demonstrates quite higher early
strength. It can achieve up to 60 MPa on 1st day and
more than 100 MPa on 365 days [51]. Twelve 150 mm
cubes were cast per mix. The uncertainty = + 0.04 mm.
Specimens were cured in the three different regimes
mentioned in section 3.3 and were tested at 3, 28, and 56
days. Outcomes are approximated to the closest
0.1N/mm.

B. Tensile Strength

Sixty cylindered specimens 150 x 300 mm undergo
tensile strength test. The average of 3 specimens from
each mixture examined per ASTM C496/C496M [52]
was noted. Flexural Strength Specimens assessed
conferring to ASTM C78/C78M [53] by 3-points
loading. The average of 3-beams was calculated.
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Table 3. Mixture Proportions

Mix F. agg. C. agg. CSspP RHA Slag FA NaOH Sodium  Water  Slump Water
(kg/m®) (kg/m®)  (kg/m®)  (kg/m®) Silicate added  (mm) absorption %
Mass  Molarity Tap Boiled
ACOR0 561 1309 0 0 513 57 35 14 88 16.5 80 35 4.05
AC10R40 561 1309 57 228 228 57 35 14 88 16.5 82 3.52 411
AC20R30 561 1308 114 171 228 57 35 14 88 16.5 84 3.6 4.25
AC30R20 561 1309 171 114 228 57 35 14 88 16.5 856  3.64 4.30
AC40R10 561 1309 228 57 228 57 35 14 88 16.5 88 3.8 4.32
BCORO 670 1201 0 0 228 57 41 14 103 10.3 80 3.8 4.25
BCIOR40 670 1201 57 228 228 57 41 14 103 10.3 82 3.83 4.30
BC20R30 670 1201 114 171 228 57 41 14 103 10.3 84 3.89 4.38
BC30R20 670 1201 171 114 228 57 41 14 103 10.3 85.6 4 4.45
BC40R10 670 1201 228 57 228 57 41 14 103 10.3 88 4.2 4.49
CCORO 554 1294 0 0 228 57 51 14 103 20.7 160 4 437
CC10R40 554 1294 57 228 228 57 51 14 103 20.7 165 4,09 4.40
CC20R30 554 1294 114 171 228 57 51 14 103 20.7 168 4.15 4.45
CC30R20 554 1294 171 114 228 57 51 14 103 20.7 171 4,25 4.56
CC40R10 554 1294 228 57 228 57 51 14 103 207 1745 43 4.8

4.4.4 Durability Properties of GPC

A. Sorptivity
The test is conducted to fulfill ASTM C1585[54]. The
samples were kept at a (50 + 2) °C temperature and 80 +
3% RH for 3-days then for 15-days in sealable
containers. Sorptivity is calculated from the slope of a
linear relation of absorption (1) and the vtime, Equation
D).
1= Am/(AxQ) Q)
Where m is the change in specimen mass in grams,
A is the exposed area of the specimen in mm?,
g is the density of water in grams/mm®

B. Water absorption (W.A.)
W.A. was examined using the ASTM C642-13 [55]. The

specimens were immersed in water for 2 days at 23 °C
after being oven-dried for 24h at 110 °C. Equation (2)
was utilized to calculate the W.A. Samples were then
kept in boiling water for five hours and then left to cool
for 15 h to reach 23 °C. The water absorption was
calculated using Equation (3).

Water absorption= [(w;-wg)/wo] * 100 2
Water absorption= [(w,-wg)/w,] * 100 3)
Where wy isthe dry weight,

w1 s the saturated weight,

W, is saturated weight of the boiled specimen.

C. Chloride permeability
The test is conducted in accordance to ASTM 1202-

97[56].

D. Carbonation
The test detects the depth of carbonation using a

phenolphthalein solution. Specimens were tested 365
days after casting. Each specimen is sprayed with a 0.2%
solution of phenolphthalein to distinguish the loss of
alkalinity.

E. Drying shrinkage
It is correlated to the loss of moisture from the concrete.
It was proceeded in line with ASTM C596-09[57]. The
% of shrinkage was considered using Equation (4).
% of shrinkage = (Lo—L)/ Lo x 100 4)
where, Lo is starting-length and L is new-Length (mm)

F. Acid resistance
100 mm cubes were set to assess the sulfuric and

hydrochloric acid resistance. After curing, these cubes
were submerged in 5% concentrated sulphuric acid and
hydrochloric acid solutions at room temperature. The %
of weight-loss and CS loss was computed after 28 and
100 days.

5 RESULTS AND DISCUSSION

5.1 Workability

Table 3 presents the slump for all mixtures. The
workability of GPC is slightly influenced by the % of
CSP added, exhibiting a rising tendency as the% of CSP
increased. This is accredited to the excessive angular
shape of the slag compared to CSP. The slump was
increased by the range of 3%, 5%, 7%, and 9% for mixes
with 10, 20, 30, and 40% CSP respectively. These results
are slightly lower than what Huseien et al. [58] revealed,
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they found that the addition of CSP to GPC by 50%
increases the average diameter in the flow test by 25%
compared to the mix with 0% CSP. The variance in
results may be attributed to the presence of RHA which
is acknowledged by its influence on reducing the
workability. On the contrary, the results were opposed by
Rashad, A. M. and Essa, G. M. F. and Saxena, R. and
Gupta, T. [45, 44] who declared that CSP has a negative

effect on workability.
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Figure 3: Compressive strength at 3-days

5.2 Compressive Strength (CS)

Figure 3 illustrates the compressive strength for all
mixtures at 3 days. It is perceived that the peak
compressive strength is 40 MPa. The lesser CaO content
in CSP delayed the formation of C-A-S-H gel which in
turn lessened the early compressive strength. On the
contrary, outcomes at 28 and 56 days showed that the
compressive strength improves with time, see Figure 4.
The increase rates in strength were nearly 125, 150, 195,
and 170 % for mixes with 10, 20, 30, and 40% CSP at 28
days. Mixtures with 30% CSP+20 % RHA accomplished
the peak compressive strength. Both CSP and RHA are
rich in silica, increasing the active silica enhances the
creation of C-A-S-H gels. The active silica improves the
GPC progression and provides extra silicon in the
polymer-chain, hence developing the later strength. This
is coherent with the previous results [59-62]. Hwang et
al. [63] postulate that the existence of Ca+, Si4+, and
Al3+ ions in CSP-based GPC produces microstructures
rich in C-S-H and C-A-S-H gel. However, Rashad, A.M.,
and Essa. G.M.F. [45] declared that increasing CSP from
50% to 70 % decreases the compressive strength by 50%
due to the diminution in CaO content and the increase in
silica. Thus, it could be concluded that using CSP+RHA
with a percentage up to 50% will produce high-strength
GPC. Higher ratios of CSP+RHA should be studied but
Figure 5 presents the impact of curing-temp. on the
compressive strength of chosen mixtures. It could be
noted that subjecting the specimens to a higher
temperature, 100 °C increased the compressive strength

compared to specimens cured at ambient-temperature,
however specimens cured at ambient temperature
achieved high-strength. This implies that using
CSP+RHA-based GPC with SH/SS alkaline activator
produces high-strength concrete without special curing
conditions according to this research the optimum mix is
30% CSP and 20% RHA.

5.3 Tensile Strength

Tensile splitting strength was evaluated at 28 days as
shown in Figure 6. It is observed that mixtures BC20R30
and BC30R20 achieved the highest splitting tensile
strength, 6.33 MPa. For all groups, mixtures with 10 and
40 % attained the least strength. It is observed that a
higher % of CSP than 30% lowers the strength. This is a
covenant with Bouaissi et. al[64], and P.S. Deb et. al
[65] who declared that a rising quantity of CSP than 50
% directed to the attenuation of calcium and lessened the
C-S-H gel. Huseien et al. [58] postulated that using 70%
CSP reduces the strength by 60 % compared to mixtures
with 50% CSP. Achak et al. [66] exaggerate the effect of
CSP on the strength, they postulate that the enhancement
at 7 days was boosted by 17% higher than the controlled
specimens.

5.4 Flexural Strength

The results are demonstrated in Figure 7. Mixtures
with 20%CSP/30% RHA attained higher flexural
strength for all w/b ratios. Increasing the CSP beyond
30% decreases the results compared to control mixtures.
The  minimum  value was 10 MPa for
40%CSP/10%RHA. The percentage of reduction is
slightly lower than that attained by Huseien et al. [58]
who stated that flexural strength decreased by 70% on
the usage of 70% CSP instead of 50%.

5.5 Chloride permeability

A rapid chloride permeability test was applied on all
mixtures at 7 and 28-days. At 7-days, the chloride
permeability rises as the % of CSP increases, see Figure
8. This is ascribed to the higher porosity of the
microstructure. However, at 28 days all mixtures with
the same w/b attained nearly the same chloride
permeability compared to control mixes with 90% slag.
Bernal et al. [35] suggested that the charge passed
decreased with a rising % of substitution. This
contradicts the results of Visairo et al. [67] who declared
that the chloride permeability increases with the increase
in % of CSP. The difference in results could be related to
the porosity of mixtures. The presence of RHA decreases
the porosity of all mixtures compared to mixtures with
only CSP.
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5.6 Water Absorption

This study indicated that water absorption increased
with increasing CSP compared to the reference mix, see
Table 3. However, all mixtures attained water absorption
of less than 4.5% and 5% after being immersed in water
at standard temperature and boiling water respectively.
These results are in covenant with Huseien et. al [58]and
Saxena, R. and Gupta, T [44]

5.7 Sorptivity

Figure 9 shows the sorptivity for all mixtures. It is
clear that the increase in CSP percentage decreases the
sorptivity of the mixture. This is accredited to the effect
of the reactivity CSP on the pore-structure. The results
confirmed the previous studies of Aly et al. [42] who
reported lower sorptivity at 100% CSP compared to
mortars with 60% CSP and 40% GGBS. Results also
comply with Chen, X. et. al [39] who assumed that CSP
improves the impermeability of the concrete. The values
for all mixtures < 1, this indicates that all mixtures have
excellent to good sorptivity according to the index
proposed by Aziz et al. [68].

5.8 Carbonation

Figure 10 presents the carbonation depth for all tested
mixtures. It is noticed that the carbonation depth for all
mixtures is in the range of 3.0 to 5.5 mm. Thus the blind
CSP + RHA has no deteriorative effect on GPC
compared to slag-based GPC. The results are lower than
observed by Zhang et al. [72] who postulate that a
carbonation depth of 10mm was observed for GPC with
FA. Also, Huseien et al. [71] state that GPC with 10%
FA reached a carbonation depth of 7.1 mm. The low
penetration depth in this study can be ascribed to the
Pozzolanic activity of CSP and RHA which prohibits the
diffusion of carbon dioxide in the specimens. These
results emphasize results obtained by Bernal et al. [33]
who observed highly polymerized alumino-silicate gels
in the GPC samples, thus the production of low-emission
concrete.

5.9 Setting time

Figure 11 shows the initial and final setting time for all
mixtures. It is noted that the greater the CSP content, the
longer the time required for setting. However, all
specimens show higher times compared to control mixes
(slag 90%+10 FA). This may be credited to the presence
of slag and FA. The incorporation of slag reduces the
setting time due to the rise in the Ca content in the
mixtures. Whereas the FA reduces the setting times
because of its superior surface area compared to cement.
The maximum initial and final setting times were 30, and
120 minutes respectively. These results emphasize the
previous results [69,70]. Huseien et al. [71] stated that
CSP has a determinantal effect on Setting time, 92 min

was recorded by mortars with 70% CSP compared to 15
min for mortars with 0% CSP.

012 ‘ ‘ ‘ ‘
N = Mix A

Sorptivity(mm/min.o's)

0.06 i i i i

CORO C10R40 C20R30 C30R20 C40R10
CSP/RHA
Figure 9: Sorptivity of mixtures
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Figure 10: Carbonation depth (mm)

5.10 Drying Shrinkage

Results proved that blinded GPC mixtures attained
lower drying shrinkage than those mixed with slag-based
GPC. As shown in Figure 12, the increase in the CSP/
Slag ratio reduced the drying shrinkage. This agrees with
Chen et al. [38] and Rashad [36].
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Figure 12: Drying shrinkage of GPC with different CSP/RHA percentages, (a) at 28 days, (b) at 180 days

5.11Acid Resistance

Specimens are tested after 28 and 180 days of
immersion in H2S04 solutions. Results showed that all
mixtures attained an increase in mass at 28 days and then
a decrease in mass at 180 days. This is ascribed to the
dissolution that occurred due to hydrogen ions and at the
same time the formation of gypsum due to the reaction of
sulfate and Ca ions. The net effect eventually was the
mass loss at 180 days. This complies with Shagnay et al.
[73] who indicated that slag improves the resistance of
acid.

Malviya and Goliya [74] suggested that FA-based
activated concrete has a 1.15% loss in mass when soaked
in 5% H2SO4 solutions. Results revealed that the
incorporation of RHA and CSP increases the acid
resistance compared to specimens with 90% slag.

However, RHA has a better effect than CSP. This may
be accredited to the existence of Ca(OH),. Mixtures with
40 % RHA possessed a weight loss of less than 1.5% at
180 days of exposure, see Figure 14. This conforms with
Kim et al. [37] who specified that alkali-activated
concrete blinded with RHA had exceptional acid
resistance. It should be noted that most samples
demonstrate insignificant changes in color in the H2SO4
solution. As for the residual compressive strength, results
revealed all mixtures suffer a reduction in CS, this is in
agreement with previous researchers [75]. This is
attributed to the breakdown of C-A-S-H and the
expansion occurred due to the formation of gypsum
forming extra cracks allowing for more deterioration.
However, results reveal that increasing the CSP
decreases the loss of compressive strength, see Figure
15.
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5

CONCLUSIONS

The following conclusions are yielded:

1.

The workability increases as the CSP content
increases competed to slag-based GPC.

The strength analysis revealed that CSP decreases
strength in the early stage due to the lower CaO
content. However, improvement in strength was
observed in the later stage due to the participation
of active silica in the reaction.

The combination of CSP/RHA improves the
mechanical properties competed to slag-based
GPC.

The CSP/RHA addition to slag/FA GPC produced
high strength concrete without elevated curing
temperature.

The use of a combination of CSP/RHA up to 50%
improves the durability of GPC exposed to sulfuric
acid attack, carbonation, and chloride attack. This
is accredited to reduced gypsum formation and low
porosity.

RECOMMENDATIONS FOR
FUTURE WORK

Attempts should be exerted to have geopolymers that

can be simply mixed in the field of construction. More
additives should be originated to help attain higher early
strength at ambient temperature curing. Thorough
analyses are necessary to allow geopolymer to be an
alternative to Portland.
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