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Abstract: The quantity of polymer waste in our communities is increasing significantly. It is therefore
necessary to consider reuse or recycling waste to avoid an increase in the risk to public health. This
project is aimed at using pulverized low-density polyethylene (LDPE) waste as a source to reinforce
and improve compressive strength, and to reduce the water absorption of geopolymer ceramics
(GCQ). Clay:LDPE composition consisting of 5%, 10%, and 15% LDPE was geopolymerized with an
NaOH/Na;5iO3 solution and cured at 30 °C and 50 °C. Characterization of the geopolymer samples
was carried out using XRF and XRD. The microstructure was analyzed by SEM and chemical bonding
by FTIR. The SEM micrographs showed LDPE particle pull-out on the geopolymer ceramics’ fracture
surface. The result showed that the compressive strength increases with the addition of pulverized
polymer waste compared to the controlled without LDPE addition. Water absorption decreased with
an increase in LDPE addition in the geopolymer ceramics composite.

Keywords: polymer waste; geopolymer ceramics; water absorption; compressive strength

1. Introduction

Improper disposal of polymeric materials causes the generation and release of unde-
sirable pollutants into the environment. Polymers in the form of plastics are generally non-
biodegradable and their waste causes environmental hazards [1]. The non-biodegradable
plastics continually fill water and soil space by landfill [2]. The increasing problem can be
alleviated if another means of disposal other than landfills can be found. After degrading,
the plastics release oxides of carbon, nitrogen, and Sulphur, which are harmful to both
humans and the environment when burnt [3,4]. The increase in demand and the environ-
mental footprint of plastics for households during the COVID-19 pandemic response is
on the increase [5]. At least a sachet of pure water per day is consumed by 70 percent of
Nigerian adults, resulting in about 50 to 60 million used water-sachets being disposed of
daily in Nigeria [6]. To solve this problem Azeko et al. (2015) added low-density polyethy-
lene (LDPE) to laterite soil to form bricks and observed high compressive strength [7].
Agglutinated low-density polyethylene (LDPE), crushed polyethylene terephthalate (PET),
and rubber from useless tires were used for hydraulic dam repairs in concrete. Gains in
mechanical properties with LDPE addition were better than PET and rubber [8].

Geopolymers are a new class of inorganic polymer materials used for fiber-reinforced
composites, replacement of Ordinary Portland Cement (OPC) and waste encapsulation [9,10]
and can have ceramic properties [11]. Geopolymers are generally composed of aluminosili-
cates from materials such as clay [12], metaclay [13], kaolin, metakaolin [14] and fly ash [15],
usually in the presence of an alkaline solution [16], and cured at low temperatures lower than
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100 °C [17-20]. Geopolymers cured at temperatures greater than 80 °C are more porous than
those cured at lower temperatures [21,22].

Geopolymer alkali-activation of metakaolin studies has increased in recent decades.
This is partly due to the lower CO; emission during geopolymerization processes com-
pared to the use of Portland Cement [23,24]. Sodium hydroxide (NaOH) and potassium
hydroxide (KOH) are alkali-activation solutions commonly used for geopolymerization
processes at low temperatures [25-28]. Sodium hydroxide has been observed to improve
the geopolymerization process more than potassium hydroxide due to its smaller sodium
ions [29]. The addition of sodium hydroxide to sodium silicate increases the reaction rate
in the geopolymer process [30,31]. Shriram et al. (2014) observed that the use of metakaolin
rather than kaolinite significantly increases the geopolymer strength [32]. Calcined source
material, such as metakaolin or metaclay, showed higher compressive strength compared
to the non-calcined sources, such as kaolin or clay, due to increased geopolymerization
reaction rates [33]. Geopolymer ceramics generally have a compressive strength of about
45 MPa [34]. The compressive strength of geopolymer ceramics can be improved by using
particulates, fibres, granulates, organic polymers or powder for reinforcement [20,35-37].
Compressive strength also depends on the geopolymerization reaction between silicates
and aluminates (Si/ Al), and the metal oxides such as CaO and Fe,O3 present in the alumi-
nosilicate source material. The increase in CaO percentage increases settling time, while
SiO, percent higher than 45%, Al,O3 percentage higher than 22%, and increase in Fe;O3
percentage increases the compressive strength [17,38,39].

Most studies have been done on polymer waste as a reinforcement for concrete [40,41].
Few studies on the effect of LDPE geopolymer ceramics have been reported. In this
work, low-density polyethylene waste was pulverized and mixed with metaclay (MC) and
metakaolin (MK) to produce geopolymer ceramics. The compressive strength and water
absorption were evaluated. Geopolymers are waste encapsulation for building materials
and use lower curing temperatures for high strength materials. Therefore, the aim of the
present study is to elucidate the effects of polymer waste addition on the compressive
strength and water absorption at a low curing temperature of geopolymer ceramics.

2. Materials and Methods

Kaolinite clay (RC and RK) was sourced from two different locations in Ushafa-Abuja,
Nigeria. RC reddish was brown and RK was yellowish white in colour (Figure 1a,b).
Metaclay or metakaolin, represented by MC and MK (Figure 1a,b), respectively, was
formed by heat treatment of kaolinite clay at 750 °C for 3 h. Used polyethylene sachets
were collected and processed by dissolving in kerosene and re-precipitated into particles
(Figure 1c). Sodium silicate (water glass) was formed by adding 200 g of sodium hydroxide
and 300 g of silica gel in 500 mL distilled water (Figure 1d). Kerosene was obtained from
the Niger Delta Development Commission (NDDC) Abuja. Muslin cloth and sodium
hydroxide (98% analytical grade) were obtained from Finlab Nigeria Limited, Nigeria. The
geopolymer ceramics was cured at temperatures of 30 °C and 50 °C for both MC and MK.

3

Figure 1. (a) Metaclay (MC) (b) Metakaolin (MK) (c) LDPE powder (d) Beaker with water glass.

2.1. Geopolymer Ceramics Composite

LDPE: aluminosilicate powder (MC or MK) ratio with LDPE volume fraction 5%, 10%
and 15% was measured and dry mixed for 7 to 10 min for homogeneity before the addition
of geopolymer activator. A total of 8 M sodium hydroxide (NaOH) was also prepared
using a 98% pure Sodium pellet and distilled water. The geopolymer activator was then
obtained by measuring 2.5 molar ratio of Na;SiO3/NaOH. The geopolymer activator was
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then added and further mixed mechanically for 20-25 min. The mixtures were poured in a
mold with dimension shape of 50 mm x 50 mm x 10 mm. A vibrator was used to ensure
proper molding and to reduce pores formed by air bubbles. The geopolymer ceramics were
then cured at temperatures 30 °C and 50 °C in an oven for 24 h (Figure 2). The compressive
strength and water absorption were measured. The geopolymer ceramics from MC was
named MCGC and the geopolymer ceramics from MK was named MKGC.

Figure 2. Geopolymer ceramics cured in oven.

2.2. Compressive Strength

The compressive strengths of geopolymer ceramics were measured with a Universal
Mechanical Testing Machine series model 2810 (Figure 3) after 7 days of casting. Low
curing temperatures of 30 °C and 50 °C for 24 h were chosen to reduce energy cost and to
prevent initial cracks during water evaporation in the curing process [42].

Figure 3. Compressive strength test.

For each ceramic sample, replicates of five tests were done to obtain the average com-
pressive strength and standard deviation. The compressive strength (o) was determined
by using the formula

o= M

where
o is the compressive strength (MPa),
F is the force (N) applied and A (mm?) is the area of sample.

2.3. Water Absorption (WA)

The average percent water absorption was calculated for each geopolymer sample,
using the formula in Equation (2), according to the EN ISO 10545 standard

My — M

WA
M

x 100 ()
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where

M is mass of the dry sample, in (g)
M, is mass of the wet sample, in (g)

The ceramic samples were classified according to their water absorption capacity
using EN ISO 10545 standard [43]. For example, if the water absorption (WA) capacity was
0% < WA < 0.5%, then the ceramic sample was classified as “Low water absorption”, and
if the water absorption was 0.5% < WA < 10.0% then the ceramic sample was classified as

“Medium water absorption”. The ceramic sample was classified as “High water absorption”
if WA> 10%.

2.4. Characterization

Kaolinite clay, metakaolin, LDPE and geopolymer ceramic samples were characterized
using a Carl Zeiss EVO/LS10 Scanning Electron Microscope (SEM) equipped with energy-
dispersive X-ray spectroscopy (EDX). The chemical composition of both sources metaclay
(MC) and metakaolin (MK) were characterized using a thermo scientific X-ray (XRF) epsilon
spectrometer. The functional groups of geopolymer ceramics were characterized using
a FT-IR Nicolet IS5 269-263200. X-ray diffraction was obtained using a thermo scientific
model: ARL’XTRA X-ray diffractometer. The measurements were done using Cu K«
radiation at 40 mA and 45 kV.

3. Result and Discussion
3.1. Chemical Analysis: X-Ray Fluorescence Spectroscopy

Thermo Scientific X-ray (XRF) Epsilon Spectrometer with a reference material of Mon-
tana soil SRM 2710 was used to determine the chemical composition of both metaclay
(MC) and metakaolin (MK). Clay samples were ground into fine powder with mortar and
pestle and 2 g of each of the samples transferred to the sample holder. Samples were held
for 10 min in order to get rid of oxygen and moisture. The method was calibrated using
geological calibration of oxides. Sample measurements were ran in the XRF spectrometer
for 10 min for each result (Table 1). The metaoxides composition predicts the compressive
strength of geopolymers [39]. The percentage of SiO;/ Al,O3 determines the compressive
strength of geopolymer ceramics. MK has a lower SiO, /Al O3 ratio than MC, hence a
lower compressive strength was expected in MKGC compared to MCGC (Table 1). The CaO
and Fe,O3 percentage in the XRF composition of Mk is less than that of MC chemical com-
position. In a study by Reddy et al. (2016), metal oxides having composition, SiO; = 50.5%,
AlO3 = 26.57%, CaO + Fe;O3 = 15.9% showed higher compressive strength compared to
metal oxides with composition, SiO, = 65.77%, Al,O3 = 26.72%, CaO + Fe,O3 = 1.38% of
source material [39].

Table 1. XRF composition of MC and MK.

Chemical Composition Weight Percentage of MK (%) Weight Percentage of MC (%)

Al,O3 43.24 20.67
SiO, 52.06 54.44

F6203 1.15 9.44
MgO 2.04 4.94
K,O - 2.76
TiO, - 1.06
CaO - 0.66
LOI 0.3 1.7

LOI = Loss On Ignition.

3.2. Effect of LDPE on Microstructure of Geopolymer Ceramics

Figure 4a,b is the SEM micrograph of geopolymer ceramics samples. The Aluminum
sample holders were coated with G303 colloidal graphite and the samples were coated
with gold to prevent sample charge. Aluminum and silicate were the main morphologi-
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cal features on the SEM-EDX of geopolymer ceramics (Figure 5a,b) and agrees with the
chemical composition result in XRF. SEM micrograph analysis of surface of the geopolymer
ceramics samples showed evidence of microcracks, due to the pull-out of undissolved
LDPE particles from composite samples (Figure 4a,b). The pull-out and undissolved LDPE
particles (Figure 4b) supported the fact that particles did not take part in the geopolymer-
ization reaction.

X5 ﬂ:'\k : g
5 EDPE pull-Blit:
T

SgnetA»

(b)

Figure 4. (a) SEM micrographs of 100MCGC, 95MCGC, 90MCGC and 85MCGC. (b) SEM micrographs
of 100MKGC, 95SMKGC, 90MKGC and 85MKGC.

Figure 5a,b showed EDS micrographs of geopolymer ceramics representing the pres-
ence of alumina, silica, sodium oxide and calcium oxide. The percentage of iron oxide in
the MCGC geopolymer (Figure 5a) compared to the MKGC geopolymer (Figure 5b), caused
the red coloration (Figure 1a). The microcracks were arrested at the LDPE/geopolymer
interface, suggesting improved toughness, with high compressive strength. The SiO; and
Aly03 composition in Figure 5a,b is in agreement with the XRF results. The absence of
CaO and Fe,03 in MK EDS (Figure 5b) depicts a lower compressive strength of MKGC
compared to MCGC.

3.3. FTIR Spectra

FT-IR spectra were obtained for RC and RK before, and after calcination for MC
and MK. Further, FT-IR spectra was obtained for the geopolymer ceramics (MCGC and
MKGC). The measurements were obtained between 500 cm~! and 4000 cm ! (Figure 6).
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The spectrum of the raw clay (RC) and raw kaolin (RK) had bands mostly between 550 cm !
and 1200 cm~?!, and between 3600 cm~! and 3750 cm !, corresponding to the stretching
of O-H bonds and H-O-H bonds’ vibrations [44]. The small bands between 700 cm ™!
and 900 cm ! correspond to octahedral Al-O bonds present in raw clay and calcined clay.
This is associated to the increase in the aluminum quantity during curing [45]. Slight
changes in IR spectra bands were found in the calcined clay (MC) and calcined kaolin
(MK), corresponding to bands at 560 cm~! and 1050 cm ™! attributed to plane and bending
vibrations of Al-O/Si-O, respectively [46]. Asymmetric stretching of Si-O or Al-O between
900 cm ! and 1100 cm ™! shows the amorphous nature of geopolymer ceramic (MCGC and
MKGC) and absorbed water molecules during geopolymerization. The variation assigned
to (Si, Al)-O-Si structures can be attributed to the addition of alkali solution and earth
metals [44], which enhances reactivity during geopolymerization and increases the strength
of the composite [38,47,48].
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Figure 5. (a) EDX micrographs of 100MCGC and 95MCGC. (b) EDX micrographs of 100MKGC
and 95MKGC.
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Figure 6. FTIR spectra analysis of geopolymer ceramics.
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3.4. X-Ray Diffraction

Figure 7a,b

show x-ray diffraction patterns of raw kaolinite clay (RC and RK), metaclay
(MC) and metakaolin (MK) and metakaolin geopolymer ceramics (MCGC and MKGC).
The X-ray pattern of the raw kaolin shows kaolinitic and quartz amorphous phases [49].
Characteristic kaolin peaks at 20 values of 12.5°, 24.9°, and 27.1° had high intensities
but decreased after calcination and geopolymerization (Figure 7a). Similarly, character-
istic high-intensity kaolin peaks at 20 = 27.1° were decreased after geopolymerization
(Figure 7b), which suggests that the amorphous kaolinitic phase is the main constituent

after geopolymerization [50-52].
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Figure 7. (a) X-ray

26 degrees

(b)

diffraction patterns of raw kaolin (RK), Metakaolin (MK) and Metakaolin geopoly-
mer ceramics (MKGC). (b) X-ray diffraction patterns of raw clay (RC), Metaclay (MC) and Metaclay

geopolymer ceramics (MCGC).
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3.5. Effect of LDPE particles on Compressive Strength

The effect of the fraction of LDPE particles on compressive strength is presented
in Tables 2 and 3. MC and MK formed with no LDPE addition was used as a control.
Geopolymer ceramic samples were cured at 30 °C and 50 °C. Clay and LDPE powder
mixture was derived from the control sample, as calculated in Equation (1)

Ao =0°— 0% 3)

where

Ac is a measure of the effect of LDPE addition to compressive strength
o° is Compressive strength of geopolymer/LDPE composite
0% is Compressive strength of geopolymer or control sample

Table 2. Effect of LDPE/MC geopolymer composite on compressive strength for composites formed
using 0.6 mm and 1.18 mm LDPE particle size.

S ) Variation in CS (MPa) at 0.6 mm Variation CS (MPa) at 1.18 mm
ample

P Ao at30°C Ao at 50 °C Ao at30°C Ao at50 °C
100MCGC 0.00 0.00 0.00 0.00
95MCGC 5.65 5.81 2.68 1.86
90MCGC 3.29 3.12 2.08 0.76
85MCGC 2.97 1.82 0.90 0.54

Table 3. Effect of LDPE/MK geopolymer matrix ratio on compressive strength.

S ) Variation in CS (MPa) at 0.6 mm Variation CS (MPa) at 1.18 mm
ample

P Ao at 30 °C Ao at 50 °C Ao at 30 °C Ao at 50 °C
100MKGC 0.00 0.00 0.00 0.00
95MKGC 4.26 2.47 4,51 1.81
90MKGC 3.33 1.17 3.21 0.85
85MKGC 2.27 0.99 1.37 0.11

From Table 2, the compressive strengths were generally higher with the addition of
LDPE particles to metaclay (MC). For composites formed with 0.6 mm-sized LDPE particles
(95MCGC) and cured at 30 °C, the variation in compressive strength was 5.65 MPa higher
than the control. Similarly, strength improvement was observed for geopolymers cured at
50 °C. This was the highest strength increase observed as compared to the strength increase
observed for the 10% and 15% LDPE addition cured at 30 °C. Composites formed with
5% of 0.6 mm-sized LDPE addition and cured at 50 °C. Five percentage LDPE addition
increased the compressive strength of the ceramics to 5.81 MPa. In both composites formed
at 30 °C and 50 °C, the highest gains in LDPE/geopolymer composite strength were
observed for the 5% LDPE addition.

The addition of 1.18 mm-sized LDPE also increased the compressive strength of the
ceramics. Similar high gains in compressive strength made for the 5% 0.6 mm LDPE particles
were observed for the 5% LDPE/geopolymer composites formed with the 1.18-mm-sized
LDPE particles.

The trend in the gains in the variation in compressive strength observed for the
metakaclay (Table 2) was similar to that of metakaolin (Table 3). The addition of LDPE
particles to metakaolin slightly increased the compressive strength. Powder with 0.6 mm
particle size and 5% LDPE contents had gains in compressive strength variation of 4.26 MPa
and 2.47 MPa for geopolymer/LDPE composites cured at temperatures 30 °C and 50 °C,
respectively. Analogous results were observed for composites formed with 5% LDPE
fraction and 1.18 mm LDPE powder particle size. In summary, the data presented so
far showed that the inclusion of LDPE particles in the geopolymer composites slightly
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improved the compressive strength of the geopolymer ceramics. A graph of compressive
strength versus percent metaclay (MC) or percent metakaolin (MK) is shown in Figure 8a,b.
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Figure 8. (a) A plot of compressive strength versus % MC. (b) A plot of compressive strength versus
% MK.

Compressive strength was found to depend on the geopolymer material, the particle
size of the reinforcement material and the composition of the geopolymer [42]. The
compressive strength of the geopolymer/LDPE composite formed with 0.6 mm particle
size was higher than that of 1.18 mm particle size. This was true for geopolymer/LDPE
composites cured at 30 °C and 50 °C (Figure 8a,b). The higher compressive strength of
0.6 mm LDPE addition is the result of smaller LDPE particles, which fill the interstitial
site and absorb the stress for a longer time before crack propagation occurs. The 5% LDPE
showed the highest strength for both 0.6 mm and 1.18 mm particle size; this could be due
to the fact that the 5% LDPE addition spread through the geopolymer ceramics matrix
while higher LDPE percentage addition (10% and 15%) may cause clusters in the matrix,
and hence lower compressive strength. The compressive strength of geopolymer ceramics
from metaclay (MCGC) was higher than that of geopolymer ceramics from metakaolin
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(MKGC). The higher percentage of CaO and Fe;O3 in MC (10.1% CaO/Fe;O3) resulted
in higher compressive strength (Figure 8a). This result is in agreement with the study by
Reddy al. (2016) who evaluated the role of CaO and Fe,O3 on the compressive strength
of geopolymer concrete [39]. S5iO;,/Al,Os ratio contributed to the increase in compressive
strength. The presence of more Si-O-Si and Al-O bonds, as seen from FTIR, caused an
increase in the geopolymerization reaction. A higher Si0,/Al,Oj ratio in MC suggests
higher Si-O-Si stronger bonds than Si-O-Al bonds in MK (Figure 8b), and hence higher
compressive strength [49,53]. A higher curing temperature also affects the compressive
strength of geopolymer ceramics. The curing temperature at 50 °C for both 0.6 mm and
1.18 mm LDPE was higher than curing temperature of 30 °C for both 0.6 mm and 1.18 mm
LDPE addition. The increase in compressive strength at a higher curing temperature is due
to the increase in geopolymerization reaction at a higher curing temperature [44].

Figure 8b is a plot of compressive strength of geopolymer ceramics formed with
metakaolin. Similar to the observation made for MC samples, the addition of LDPE
particles increased the compressive strength of the geopolymer ceramic. The largest
increase was observed for 5% LDPE powder; an LDPE percentage greater than 5 weight
percent decreased the compressive strength. Similar to the observation made for the MC
samples, MK compressive strength corresponding to LDPE particle size 0.6 mm was higher
compared to that of 1.18 mm. These results are in agreement with previous work [54].
Research carried out on the El-Hiswa kaolinite deposits showed a compressive strength
of 44.4 MPa with 16% NaOH at 80 °C for 14 h [55]. The measured compressive strength
(56.8 MPa) for geopolymer ceramics formed with NaOH, sodium silicate/NaOH after
being cured at 60 °C for 24 h in this work was higher than that of Rahier et al. (2011).
The higher compressive strength in his study was due to of LDPE particles added to the
geopolymer.

The compressive strength of LDPE in the geopolymer ceramics can be estimated by
the rule of mixture from Equation (4)

0 — Vo
— 5
V op )

where

¢ is the composite strength;

V,u is the matrix volume fraction;
oy is the matrix strength;

V), is particle volume fraction;

0y is the particle strength.

An example of the rule of mixture from the 95MC and 100MC of 0.6 mm at 50 °C to
calculate the compressive strength of LLDPE from Equation (5) is given as follows

0. = 56.41MPa, 0y, = 50.60MPa, V), = 0.05, V), =0.95

56.41MPa — (0.95)(50.60MPa)
0.05
The compressive strength of LDPE in the composite is higher than compressive
strength of the control sample 100MC. Hence, LDPE is a suitable material to reinforce
geopolymer ceramics.

= 166.8MPa

3.6. Water Absorption Calculation

Table 4 summarizes the water absorption study of geopolymer ceramics. Water
absorption was highest for the control samples 100MCGC and 100MKGC, and water
absorption decreased as LDPE content was increased. C85 and K85 had the lowest water
absorption. This could be due to the hydrophobic nature of the LDPE polymer, which
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absorbs very little water for both particle sizes, 0.6 mm and 1.18 mm LDPE. The water
absorption was higher at 30 °C compared to 50 °C as a result of lower curing temperatures
in the geopolymer ceramics at 30 °C.

Table 4. Water absorption (WA) of geopolymer ceramics.

At 0.6 mm LLDPE 1.18 mm LLDPE
30°C 50 °C 30°C 50 °C
M, M, WA M, M, WA M, M, WA M, M, WA
(g) @ (%) (g @ (%) (g g (%) (g g (%)

100MCGC 53.11 5399 1.7 5261 5330 1.6 5363 5444 15 5276 5355 1.5
95MCGC 5278 5352 14 5347 5427 15 5339 5408 13 5253 5321 12
90MCGC 5251 5319 13 5411 5481 13 5328 5392 12 5214 5266 1.0
85MCGC 5212 5259 1.0 5326 5379 09 5221 5273 10 5212 5253 0.8
100MKGC 54.84 56.70 3.4 5487 5652 3.0 5411 5546 25 5193 5312 23
95MKGC 5649 5785 24 5239 5365 24 5400 5524 23 5373 5486 21
90MKGC 5733 5847 20 5222 5321 19 5340 5447 20 53.00 5401 19
85MKGC 5759 5874 2.0 5237 5331 18 5335 5436 19 5243 5327 1.6

Sample

The results of WA in this study were compared to that of Tabassum and Khadwal,
(2015) that formed geopolymer using a low-calcium fly ash and alkaline solution of 8 M
NaOH and Na;5iO3 [26]. The NaOH/NaySiO3 molar ratio was 2.5 and water absorption
was 3.0% and consistent with the studies reported in this work. In summary, all the
geopolymer ceramics had water absorption capacity in the range 0.5% < WA < 10.0%,
which falls under medium water absorption of ceramics.

4. Conclusions

Alkaline-based geopolymers were formed with metaclay and metakaolin alumina-
silicates. Metakaclay derived geopolymers were found to have a higher compressive
strength. XRF, EDS and FTIR results suggest the higher SiO, / Al O3 ratio and the presence
of CaO and Fe; O3, in the metaclay geopolymer ceramics improved its compressive strength
compared to the metakaolin derived geopolymer. The effect of addition of low-density
polyethylene (LDPE) on the compressive strength and water absorption of a metaclay
and metakaolin geopolymer matrix composites were investigated. The addition of LDPE
particles slightly increased the compressive strength of the geopolymer ceramics. SEM
fractography showed microcracks in the LDPE geopolymer composite. The microcracks
were arrested at the LDPE/geopolymer interface, resulting in improved toughness, and
high compressive strength. The smaller particle size of LDPE 0.6 mm increased the com-
pressive strength of the ceramic to a higher extent compared to the larger particle size 1.18
mm. The highest compressive strength was observed for 9SMCGC at a curing temperature
of 50 °C due to good LDPE particle dispersion in the geopolymer matrix. Higher LDPE
percentages caused LDPE to cluster in the composite, with consequent strength reduction.
The contribution by LDPE to the compressive strength of geopolymer ceramics is attributed
to the proper distribution of LDPE in the geopolymer matrix, particle size and curing
temperature. A five percent LDPE addition was found to be the optimum for geopolymer
compressive strength improvement. The water adsorption decreased with LDPE addition.
The decrease in water absorption was directly related to the increase in LDPE percentage
addition. According to the EN ISO 10545 classification, and the water absorption results,
the LDPE reinforced clay geopolymer ceramics is classified as medium water absorption.
The results were consistent with the averaged water absorption of 3.0%.
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