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Abstract

Geopolymers (GPs) have emerged as a promising alternative to ordinary cement due
to its attractive physical and thermal properties. The typical compressive strength of
geopolymers and their composites is usually limited to around 80 MPa, therefore they
should be further strengthened for wider applications, such as ultrahigh strength
concrete, and bone replacement. This paper presents a facile method of enhancing the
compressive strength by incorporating silicon carbide particles,)(@i@ silicon
carbide whiskers (Sig into the geopolymer matrix via the geopolymerization of
metakaolin (MK). The effects of the reinforcement of S#hd SiG, on the
microstructure, thermal properties and compressive properties of the composites were
investigated. The SEM images showed that both &@ SiG, were well dispersed in

the geopolymer matrix. Due to the bridging effect among theg B&tticles, SiG/GP
composites possessed higher porosity and lower density, and thus lower thermal
stability and thermal conductivity as compared with ;BBP. The mechanical tests
showed that the compressive strength of ;&€ composites increased with the
increase of Sigconcentration. With an optimum concentration of 10 wt. % of,SiC

the compressive strength of the composite was enhanced to 155 MPa, corresponding

to a 100% increase as compared with the unfilled geopolymer.

Key words: A. Polymer matrix composites; B. Microstructures; B. Mechanical
properties
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1. Introduction

Geopolymers, as inorganic cementitious materials, have received much attraction in
recent years due to their high strength, acid corrosion resistance, high temperature
resistance, fire resistance, eco-friendliness, and good durability [1-3]. The formed
three-dimensional networks of geopolymers exhibit the properties of organic
thermoset polymers via dissolving aluminosilicate oxides to produce silicon
tetrahedral (Si(OH)) and aluminum tetrahedral(Al(Old) monomers, followed by
linking the two tetrahedras alternately with oxygen atoms to form polysialate chains
[4-5]. Geopolymers not only show similar mechanical properties to Ordinary Portland
Cement (OPC), but the G@mission in the manufacture process is also significantly
reduced by at least 80% [6]. Due to the simple preparation procedures, low energy
consumption, low cost of raw materials and high performance, geopolymers are being
considered as replacements of traditional construction materials [7, 8].

A lot of solid mineral waste, including aluminosilicate, is often used as geopolymer
precursors. In particular, coal fly ash, blast furnace slag and metakaolin (MK) are
considered as the major geopolymer precursors [9-15]. MK is an ideal material for
conducting geopolymer research because it has relatively well-defined chemical
composition, structure and properties, as compared to the large variations in chemical
composition and physical properties of the coal fly ash and slag [16, 17]. In recent
year, MK based geopolymers have been investigated for special applications such as
the encapsulation/immobilisation of nuclear waste due to their highly stable
chemical/physical properties [18-21]. From the previous reports, it was stated that the
mechanical properties, such as flexural strength and compressive strength, of the MK
based geopolymers could be improved by adjusting the synthesis parameters such as
pH value, curing time, temperature, and the concentration and type of alkali activators
[22]. Typically, the compressive strength of a MK based geopolymer can attain above
70 MPa, which is comparable to the normal concrete [23-26]. In order to extend the
applications of geopolymers, such as ultrahigh-performance-concrete (over 120 MPa)
[27] and human bone replacement (over 160 MPa) [28], the compressive strength of
geopolymers and their composites are required to be further improved.

Besides the above-mentioned changes in the preparation process of geopolymers [22],
addition of reinforcement fillers is also one of the main means to improve the

compressive strength. When the filled particles have good compatibility with the



geopolymer, the improvement in the compressive strength of the resulting composites
becomes significant. The compressive strength of MK based geopolymers has been
enhanced by the addition @fAl,O3; powder [29]. Silica fume (40 wt.%) was able to
enhance the compressive strength of fly ash based-geopolymer by 51.2 % to ~73MPa
[30]. The use of nano-sized fillers also improves the compressive strength of
geopolymers. A geopolymer with 2.0 wt.% nano-silica achieved 67 MPa of
compressive strength, which corresponded to a ~100% of enhancement [31].
Carbon-based fillers can also enhance the compressive strength. With incorporation of
1 wt.% of graphene nanoplatelets, the compressive strength of fly ash based
geopolymer increased from 32 MPa to 46 MPa [32]. In addition, various types of
fibers, such as polyvinyl alcohol (PVA) fibres [33, 34], steel fibers [35, 36], cotton
fibores [37], and polypropylene (PP) fibres [36, 38], were used to improve the
mechanical properties of geopolymers, especially the compressive properties. For
instance, the compressive strength of a geopolymer reinforced with 2 vol.% of PVA
fibers reached 63.7 MPa with an increase of ~17% [34]. A high compressive strength
of geopolymer concrete (~175 MPa) was obtained with an addition of 13 mm steel
fibers [35]. For cotton fabric reinforced geopolymer composites, an increase of 350%
in compressive strength was accomplished by orienting 8.3 wt.% cotton fabric along
the loading direction [37]. However, one of the major issues of reinforced geopolymer
composites is the weak interfacial bonding between the filler and the geopolymer
matrix, which can subsequently reduce the mechanical strength. For example, when
graphite, polytetrafluoroethylene, or molybdenum disulfide was added into the
geopolymers, the compressive strength of the composites decreased with increasing
volume fraction of the filler due to the weak interfacial bonding [39].

SiG, and SiG are the ideal inorganic fillers for reinforcing and toughening the metal
matrix and ceramics due to their high mechanical performance and good compatibility
with the matrix [40, 41]. In this study, MK was firstly reactivated and ther &mnd

SiC, were utilized to reinforce the MK based geopolymers. The effect of the
concentration and the dimensions of the fillers on the microstructure and compressive
properties of the composites were evaluated. The results showed that the shape of the
SIC filler plays an important role for improving the compressive strength of MK

based geopolymers.



2. Experimental section

2.1 Materialsand reagents

Superfine MK powders with an average diameter 6fuBn were purchased from the
Aladdin Industrial Corporation. The superfine gradehe MK powders was used to
improve their dissolving rate in an alkaline saati Sodium silicate was purchased
from Jiangxi Nanchang Mingrui Chemical Co., Ltd {&f) with the 3.1~3.4 module

of SiG,/N&0O. SiG with the average diameter of ~700 nm and,J€D% purity) with

an average length of ~30n and an average diameter of ~300 nm were purchased
from Qinhuangdao Eno Material Co., Ltd (China). €&tmeagents were purchased

from Shanghai Sinopharm Chemical Reagent Co.,Chin@).

2.2 Preparation of geopolymers

Before preparing the reactive slurry, metakaolirkKiMpowders were reactivated at
750°C for 2 hours to obtain highly reactive MK (iKylas the primary Si and Al
sources. The mole ratio of the Si/Al in the geopwy determines their types of
molecular configuration. When the mole ratio ofAbis 2:1, geopolymers have high
strength theoretically due to the structure of pobtate-siloxo (PSS type) [10, 42-44].
It has been found from other studies [2, 7, 25] tha compressive strength and other
physical properties are optimal when the mole rati8i/Al is in the range of 1.4-2.0.
Therefore, the geopolymers with three different en@ltios of Si/Al, namely 1.3, 1.5
and 1.7, were prepared. To prepare the geopolyntbrtiae Si/Al mole ratio of 1.5,
the reactive slurry was prepared as follows: 1gadium hydroxide (NaOH) was
dissolved in deionized water (1.5 ml) to form a lg®nous solution, and then 7.27 g
of sodium silicate was mixed with the NaOH solutionform alkali activators and
aged for 24 hours. 6.9 g of the r-MK was subsedyeauded to the alkali activators
under grinding for 30 minutes.

The formed precursor slurry was transferred to btewafluoroethylene (PTFE)
mould, and kept at an ambient temperature for 2dshd he slurry was then kept in a
sealed box for curing at 40°C for 1 day, 50°C fatad/s and 60°C for another 2 days.
Finally, the unsealed precursors were autoclav&8®d and 100°C for 2 and 4 hours,

respectively, for further polymerization and haridgn After demoulding, the
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geopolymers were fabricated after 28-day curing under atmospheric conditions at
room temperature. The sizes of the obtained samples were tailored to 20 mm x 20 mm
(diameter,@ x height,h) for compression testing. To adjust the amount of the sodium
silicate and the r-MK, the other two kinds of geopolymers with the Si/Al mole ratios

of 1.3 and 1.7 were separately prepared. The compressive strength of the geopolymers
with the Si/Al mole ratios of 1.3, 1.5 and 1.7 were 45 MPa, 77MPa and 68 MPa
respectively. Therefore, the geopolymer with the Si/Al ratio of 1.5 was chosen for

preparation of its composites.

2.3 Preparation of geopolymer composites

The preparation of geopolymer composites is similar to that of unfilled geopolymer.
During the preparation process, 1wt.%, 5wt.% and 10wt.% SiC fillers were added to
the slurry of alkali activators and r-MK under grinding for 30 minutes, respectively.
The formed precursor slurry was transferred to another PTFE mould, and processed

using the same curing process as the unfilled geopolymer.

2.3 Characterization

X-ray diffraction (XRD) patterns were obtained using a Bruker D8 Advance X-ray
diffraction instrument (Cu K radiation, 0.15841 nm of wavelength) with 0.02%ste
width and 10°~80° scanning range. Thermogravimetric (TG) and differential scanning
calorimetric (DSC) analyses were done via NETZSCH STA-409 PC thermal analyzer
at a heating rate of 10 °C minin a flowing nitrogen atmosphere. The thermal
conductivity was measured with a steady-state thermal conductivity meter (TC-II,
Shanghai Fudan Tianxin Co., Ltd.) [45]. Scanning electron microscopy (SEM) was
conducted using a JEOL JSM-5510LV scanning electron microscope. Tests on the
compressive properties were carried out via a computerized electronic universal
testing machine (WDW-50, Shanghai Yu Chen Instrument Co., Ltd., China) at a
loading velocity of 2 N/s.

3. Results and Discussion

3.1 Influences of constituentsfor preparation of geopolymers
The alkaline activator was used to dissolve the r-MK [22-24]. At the same time, alkali
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cations N4 balanced the negative charge of*Ah IV-fold coordination and existed

in the cavities of the geopolymer network with 2 mole of IV-fold coordinatéd Al
requiring 1 mole of NgD for electrical neutrality theoretically [42]. Therefore, the
alkaline activator has important influence on the polymerization rate and stability of
geopolymers. The size of aggregates also has effect on the polymerization process
[46].

In addition, water has three functions in the geo-polymerization process: transporting
ions, assisting in forming polymer chains, and regulating the flowability of the
reacting precursor. As a relative high water/solids ratio decreased the compressive
strength and elastic modulus of the geopolymers [1], the geopolymer composites in
this work were prepared by using the Si/Al mole ratio of 1.5,/8i0 mole ratio of

4, H,O/NaO mole ratio of 16, and 4 M of NaOH. On the other hand, it should be
noted that geopolymers and their composites would crack and thus have poor
mechanical properties when the reaction temperature is too high during the
preparation process [24, 25].

In order to shorten the preparation period and avoid cracking, a temperature route was
developed by dissolving the solid MK at room temperature for 1 day and 40°C for 1
day with polymerization at 50 °C for 4 days and 60°C for another 2 days, and
subsequent hardening at 80 °C and 100°C for 2 and 4 hours, respectively. Moreover,
all samples were placed into a sealed bag to slow down the evaporation rate of water
and avoid cracking. Fig. 1 shows an as-prepared cylindrical geopolymer sample based

on our chosen preparation process with no obvious cracks found.

If the MK has a low reactivity, the formation of the geopolymer is difficult. Therefore,
the MK as-received needs further heat treatment to obtain high reactivity. Fig. 2
shows the XRD patterns of the MK, r-MK, and r-MK based geopolymers. It can be
seen that MK and r-MK have similar XRD patterns. The diffused halo peaks between
18 and 25 in Fig.2(a) and (b) are attributed to the amorphous structure of MK
framework. The small sharp peaks at 26°, 47° and 67° can be identified as the quartz
crystal structure in the MK and r-MK samples [29]. Therefore, the amorphous
structure of MK was retained after the calcinating process at 750 °C. From curve (c),

the crystalline peaks for quartz are still observed as the major crystalline phase in the
6



samples, indicating that no reaction took placevbenh the quartz and the alkali
activator. When comparing the XRD patterns of g&ppers, MK and r-MK, there
were no new peaks in the curves of geopolymer andtimer crystalline phases were
formed. However, it was found that the weak humpkpat ~22° disappears and a
prominent amorphous hump appears between 25° ahét@@ the XRD pattern of
the geopolymer, implying that the aluminosilicafer-d/K resulted in the formation

of a new amorphous structure in the process of@goper formation [47, 48].

Fig. 3 shows the SEM images of MK, r-MK and thezogolymers. Both the MK and
r-MK show agglomeration or a fused flake-like stures with sizes ranging from 300
nm to 5um (Fig. 3 (a, b)). The SEM images show that thetreation of MK to
r-MK did not induce any changes to the typical lgotal morphology of MK. The
effect of MK and r-MK on the morphology of the gebgmer after the
polymerization can be observed via SEM images.ign3kc) and (d), it can be seen
that there are more grains (large particles) in dhess-section of the MK based
geopolymer, while there are less grains, and a moiferm and continuous thick gel
phase, in the r-MK based geopolymer, suggestingtiiear-MK was fully activated by

the alkali activator to form a polymer gel netwatkucture.

It can be inferred that the calcination can furtteenove the constituted water in the
interlayer structure of MK and further make theidaal six-coordinate aluminum
transform to four-coordinate aluminum [49, 50].RAiy. 4, the DSC curve shows that
there are four changes of enthalpy during the teatpes range from 40°C to 1000°C.
There is a small broad endothermic peak at ~1liA®liating the volatilization of the
adsorbed water on the surface of the MK partickdg.[Another strong endothermic
peak occurs at ~389°C, and can be related to thevia of the interlayer structural
water in MK. The dehydroxylation of the residualdhyxyl in the structure of MK
leads to another strong endothermic peak at ~6752f; and the broad exothermic
peak at ~915°C indicates the transfer of amorphwetakaolin to mullite crystal [52].
Based on the DSC data, the TG curve can be readdypreted. The mass loss is
relatively small for the whole process from 40°C1@00°C, with an only about 14
wt.%. Volatilization of the adsorbed water on theface of the MK particles resulted
in a mass loss of about 2.3 wt.% from 40 °C to 20@bout 5.4 wt.% of the mass



loss was caused by the removal of the interlayerctral water of MK between
200°C and 500°C. ~5 wt.% of the mass loss betw868PC5to 900°C can be mainly
attributed to the dehydroxylation of MK structuasd the crystalline transform led to
~1wt.% of mass loss from 900°C to 1000°C. Therefoi®lK was in a higher
metastable stage after calcination and easier twate by an alkaline activator
compared to MK due to the removal of the interlayeater and further
dehydroxylation of MK. The MK particles without @avation had a low reactive
activity and the alkali activator only functioned their surface so that the residual
particles contacted with each other via the bondifighe gel on their surface.
Contrarily, the r-MK had a higher reactivity anduti be easily modified by the alkali

activator, forming new chain structures [1-3].

3.2 Microstructure of geopolymer composites

The XRD patterns of the SiGnd SiG, based geopolymer composites exhibit little
difference as shown in Fig.5. The XRD patterns athithe SiG and SiG, samples
have three main crystal peaks (35.8°, 60°, and, #&R)ch correspond to the SiC
standard card 650360. Besides the crystal peag8Xfthere were broad hump peaks
between 25°-30° in the XRD patterns of both conessiindicating the presence of
amorphous geopolymer gel. The small crystal pedak268, 47° and 67°, which
correspond to the quartz peaks, are still obsenvédg.5, suggesting that the crystal

structure of quartz was retained during the geopelyzation.

In Table 1, it can be seen that the apparent densities &f 8&L/GP and Si¢/GP
were altered slightly due to the effect of theefif. Moreover, the porosity of SUGP
had a larger difference as compared with the ggopad and Sig/GP. It is noted that
all the geopolymer composite samples had a lowesitiethan the geopolymer. It is
due to the fact that voids were produced from tlagewevaporation process during
the formation of the geopolymer. It is an importanbcess since it is also a way to
prepare a light-weight porous geopolymer. Moreotee, variations of density and
porosity could be related to the degree of packihghe fillers in the matrix [53].
Spherical particles in the matrix easily pack intonpact structures, resulting in the
geopolymer composites with low porosity and higimgiy. In contrast, fibers and

whiskers readily led to formation of voids due kit high aspect ratio and strong



bridge effect among whiskers, resulting in high porosity and low density. Therefore,

the porosity of SiG/GP increased with the increase of gontent.

Fig. 6 shows the SEM images of the SiC fillers and their geopolymer composites.
Most of the SiG is irregularly shaped with a broad distribution of size between 200
nm and 2um (Fig. 6a). SiG has a high aspect ratio (>100), length 10450 and
diameter 100-600 nm (Fig.6(b)). As shown in Fig. 6(c) and (d), thgsSéte
uniformly dispersed into the geopolymer matrix and the as-prepared geopolymers are
in a continuous thick gel phase, similar to the organic polymer matrix. Moreover, the
particles are tightly embedded in the matrix. The grain size in 10 wt.%GHGs
larger than in 1 wt.% SiIGP, which may have resulted from the aggregation of
particles due to the high loading content. The microstructure Qf/ GECin Fig.6(e)

and (f) illustrate that the Sjds also dispersed in the geopolymer matrix. On the one
hand, the good interfacial bonding between the fillers and geopolymer originates from
the good compatibility of SiC and geopolymer. SiC has good hydrophilicity such that
both SiG and SiG, have good compatibilities with the geopolymer matrix. On the
other hand, the strong interfacial bonding could be attributed to the polymerization of
geopolymer precursor that produced the tightly wrapped chain structure of the SiC
and SiG,. As observed from the cross-section of &P and SigGP, there are more
voids formed in SiG/GP than in SigGP (identified by arrows). Moreover, a higher
whisker content led to more void formation compared to a low whisker content, as
shown in Fig. 6(e) and (f). The void variation with the filler content observed in the
SEM images shows good agreement with the porosity data shown in Table 1, and can
be attributed to the bridge effect among the whisker fillers [53].

3.3 Thermal properties

TGA curves in Fig.7 show that there are two stages for mass losses of the geopolymer
and geopolymer composites. The first stage was due to the loss of physically
adsorbing water between 40°C and 300°C. As the composites with high porosity
absorb more water physically, the mass losses gf GRCcomposites are lower than
those of SiG/GP composites in the first stage, which is similar to the previous report

[54]. The second stage was attributed to decomposition of the chemically bonded
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water and dehydroxylation of the geopolymer chains between 300°C and 900°C.
During the whole testing temperature range, the mass losses of the unfilled
geopolymer, 10wt.% SigGP, and 10wt.% SigGP are 5.8%, 6.6%, and 9.5%,
respectively as in Fig.7. Therefore, the unfilled geopolymer has higher thermal
stability due to full polycondensation. Although this is the case, the composite with
high content (e.g. 10wt.%) of Si@lso has good thermal stability comparable to that

of the unfilled geopolymer. Moreover, the thermal stability of £8P is better than

that of SiG/GP because SYIGP had lower porosity, and more chemically bonded
water and hydroxyl groups were present in the pores and the phase interfaces of

SiC,/GP.

Figure 8 shows the thermal conductivities of the unfilled geopolymer and geopolymer
composites. The thermal conductivity of the unfilled geopolymer is 0.7929'Wi/

which is similar to the previous report [55]. It can be found that the thermal
conductivities of geopolymers increase with increasing content of &CSiG,,
because the SiC particles and whiskers are excellent thermal conductive fillers
[56-57]. Therefore, thermal conductivity of 10 wt.% $IGP is 0.7674 W/m- K™,

which is higher than that of 1 wt.% SIGP with by 14.5%. Moreover, the thermal
conductivity of 10wt. % SigIGP increases more significantly by 28.6% to 0.9474
w/mt- Kt from 0.7369 W/rit-K™ for the composite with only 1 wt.% SiQt should

be noted that thermal conductivity of the composites not only depends on the filler
content but also their porosity, and has been reported to decrease with increasing
porosity [58]. Hence, the thermal conductivities of 5 wt.% 8@ and 10 wt.%
SiC,/GP are better than those of unfilled geopolymer and,/SE composites

because of lower porosity in the $IGP composites.

3.4 Compressive properties

The compressive strength of Si@nd SiG reinforced geopolymer composites is
shown in Fig.9. The compressive strength of the as-prepared geopolymer without
fillers is 77 MPa, which is similar to the values in previous reports [26, 59]. The
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compressive strength of 1 wt.% $IGP is 87 MPa. After the addition of 5 wt.% GiC

the compressive strength of the geopolymer composites increased to 115 MPa,
corresponding to a 49% increase as compared to the unfilled geopolymer. When the
content of SiG was further increased to 10 wt.%, the &P had a compressive
strength of 155 MPa (~100% of enhancement).

For SiG/GP, when the filler content was low (1 wt.%), the compressive strength
decreased slightly by 11.7%. Furthermore, when thg, 8abtent was increased to 5
wt.%, the compressive strength decreased sharply by 51 % to 38 MPa as compared to
the geopolymer. The compressive strength further decreased to 22 MPa when the
SiC, content increased to 10 wt.%. It is inferred that the deterioration of the
compressive strength resulted from the bridging effect among the whiskers. When the
SiC, content was low, the bridging effect was weak and few voids were produced in
the bulk of the SiG/GP. Thus, the compressive strength only slightly declined.
However, a high content of whiskers led to a more significant bridging effect and
formation of many voids after the polymerization. The low density and high porosity
of the composites have a negative influence on the compressive strength, similar to

the values in previous reports [60, 61].

Table 2 shows acomparison for the compressive strength of the geopolymers and
their composites between those reported in the open literatures and our specimens.
One can see that in our work, the optimized process and concentration of le(5iC

to a significant improvement of compressive strength (~155 MPa) which is
comparable to that of the steel fiber reinforced geopolymer [35]. This value is close to
the level of human bone [28] and reaches the level of superhigh strength concrete
[27].

4. Conclusions

In this work, SiG/GP and SiG/GP samplesiere successfully prepared. r-MK was
readily activated by alkali activator to form an excellent geopolymer cementitious
material. The hydrophilicity of SiC and the binding of the inorganic polymer network
resulted in a strong interfacial bonding between the SiC filler and geopolymer.
However, the difference in packing mode for particles and whiskers in the

geopolymer matrix resulted in a difference of porosity and density of the geopolymer
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composites. The bridging effect among the whiskers led to low density and high
porosity of SiG/GP, impairing their compressive properties and weakening their
thermal stability and thermal conductivity as compared with the/GK and the
unfilled geopolymer. Therefore, the porosity resulted from the addition of filler must
be carefully optimized in strengthening the compressive properties of geopolymers.
The enhanced compressive strength (>150 MPa) will enable further exploration of the
potential uses of this material for making superhigh strength concrete and bone

replacement devices.
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Table 1 The apparent density and porosity of SiC reinforced geopolymer

Samples geopolymer SiIC,/GP SiC,/GP
Filler content
0 1 10 1 5 10
(wWt.%)
Apparent density
3 240 2.23 2.36 2.25 2.07 2.15 2.16
(g/em?)
Porosity (%) 2.90 3.00 2.50 3.14 414 5.48 7.30
Table 2 Compressive strength of geopolymer composites
) Enhancement of
. Maximum .
Filler ) compressive strength
Geopolymer i i compressive
] Filler type loading compared to that of  Ref.
material strength
the neat geopolymer
(MPa)
(%)
GP/Al,O3 Al;05 powder 50 wt.% ~34 25 29
GP/SIO, silicafume 40 wt.% ~73 51.2 30
) nano-silica
GP/nano-SiO, _ 2.0wt.% ~67 ~100 31
particle
GP/graphene raphene
g grep 1wt.% 46 44 32
nanoplatel et nanoplatel et
GP/PVA fibre PVA fibre 2vol.% 63.7 17 34
cotton fabric
GP/cotton fabric  (load vertical to 8.3 wt.% 90 350 37
fabric layers)
GP/ steel fibre stedl fibres 3wt.% 175 44 35
. . . 10 wt.% 155 ~100 This
GP/SIC SiC particle
5wt.% 115 49 work




Figure 1. The photograph of geopolymer specimen
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Figure 2. The XRD patterns of (a) MK, (b) r-MK, and (c) r-MK based geopolymer
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Figure 4. Thermal analysis of MK from 40 °C to 1@@with the rate 10 °C/min
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Figure 5. The XRD patterns of (a) Si@nd (b) Si¢, based geopolymer composites
with 10 wt. % filler content
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Figure 6. SEM images of (a) Sib) SiG, and (c) geopolymer composites with
1wt.% SiG, (d) 10 wt.% SiG, (e) 1 wt.% SiG, and (f) 10 wt.% Si¢
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Figure 7. TGA curves of geopolymer composites wifferent content of Sigand
SiCy
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Figure 8. Thermal conductivities of geopolymer casipes with different content of
SiG, and SiGy
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Figure 9. The compressive strength of geopolymer composites with different content
of SiG, and SiG,.





