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Abstract

This research mainly focused on studying the influence of various curing media on the properties of
lightweight geopolymer composites. Here, Ground Granulated Blast furnace Slag (GGBS), Paddy
straws, and the combination of sodium silicate and sodium hydroxide at the ratio of 2.5:1 were used
to produce geopolymer composites. For this experiment, two different parameters, i.e., variation of
paddy straw (0%, 5%, 10%, 15%, and 20%) and variation of curing media (Intermittent, Heat, and
Saline water), were chosen. The compressive strength of a 20% addition of paddy straw is

dramatically reduced by 88.6%, while the density is reduced to 40.42%. Maximum flexure and
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tensile strength were noted as 65.11% and 45.5%, respectively, for the 15% addition of paddy
straw. An interesting fact found from the samples cured under Saline water enhanced the overall
compressive strength, tensile and flexural strength by 12.85%, 45.5%, and 21.2%, respectively,

compared to other two curing media.

KEYWORDS Lightweight Geopolymer, Saline Curing, Intermittent Curing, Heat Curing, Alkali

treated Paddy Straw.

INTRODUCTION

The current scenario needs eco-friendly and environmentally sustainable construction materials to
preserve the earth by controlling the emission of greenhouse gases. This goal can be achieved by
converting waste materials from agricultural, thermak, and steel industries into alternative
construction materials. The present work pravidessan overview of efficiently disposing waste
materials from agro and steel industries. Paddy.straw, a byproduct of rice production found all over
the world. Production is increasing rapidly with an increase in population demand. The farmers
choose the open burning method, which is cheap to dispose of paddy straw. This process produces
large amounts of organic, inorganic, toxic, and greenhouse gases in the atmosphere 2. Paddy straw
has been studied extensively for its potential as a natural fibre reinforcement. Renewable paddy
straw fibres possess a high positive impact on the cementitious reinforced material®>®. Previous
research has proven that alkali-treated paddy straw exhibits better binding properties than that
untreated rice straw. Alkali treatment of paddy straw eliminates the organic compounds and low
molecular weight hemicellulose, thereby improving the fibre strength and efficient bonding with
matrixes 5%, The recent trend mainly focuses on developing lightweight building materials and

renewable sources for an eco-friendly and sustainable environment. Currently, lightweight building
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materials are used for different applications, viz., thermal insulation, sound insulation, and
lightweight structural parts. It was already established that wood or any other natural fibres are used
as reinforcing material, which contributes to reducing the weight and, in turn, results from the

composites with lower density and lightweight °.

In the future, using geopolymer as a replacement material for cement will reduce CO, to 80%
around the world %1%, Utilizing alumino-silicate materials wasted from various industries like iron
manufacturing and thermal power plants can be used as the binding media to produce composites
for construction. GGBS, metakaolin, rice husk ash, and fly ash are examples of aluminosilicate
materials that can be activated with alkaline solutions to produce geopolymer composites. The
process of geo-polymerization mainly depends on thespresence of aluminosilicate minerals and
alkali-activating liquids®. Geo-polymerization oceurs, between silica and alumina in an alkaline
solution, producing Si-O-Al-O linkage with three=dimensional cross-linked network structures.
Unlike cement matrix, geopolymer composites tihdergo polycondensation of silicate and alumina in
the presence of an alkaline solution.“Ely ash and metakaolin-based aluminate produces sodium
aluminosilicate hydrate gel, whereas GGBS produces calcium aluminosilicate hydrate gel. Though
the geopolymer with metakaolin attains maximum strength than other aluminosilicate materials,
their applications are limited due to their higher water absorption, which leads to rheological
problems. Among the aluminosilicate materials, fly-ash-based composites possess better durability;

whereas GGBS-based composites attain high early high strength with better acid resistance 3 1°.

At present, there are many precast geopolymeric materials available in the market, however, heat
curing limits its application in construction industries. However, research related to geopolymer is
in progress to study their performance under different curing media to replace port-land cement

products to the extent possible 1"2°, Recent research states that physical, mechanical, and durability
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properties are directly related to alkali activator, fineness, mineral composition, the source of
aluminosilicate material used, alkali binder ratio, and concentration of alkaline liquid and different
curing regimes 2123, Further, the study states that alkali activation activates aluminosilicate binder
and alkaline material to produce the hardened product. It is found from previous research that the
calcium content present in the aluminosilicate is responsible for hardening at an early age. Alkali
activation is activating geopolymeric binders to obtain hardened composite materials. Calcium in
aluminosilicate materials causes composites to harden at ambient temperature, however low
calcium binder composites require heat curing. 242, GGBS and fly ash combination possess more

compressive strength than other aluminosilicate materials 7.

On the other hand, more research is needed on curing geopolymers in saline water. However, from
some research, fly ash mixed with a small amount of salt significantly impacts the strength and
properties 8. It is also evident that saline curingiof’samples was done after they were partially cured
under air and heat. Few literatures providesinformation about geopolymer curing under normal and
saline water. The presence of abundant,Na+ and cation (Ca+) in the surrounding saline solution is
prone to chemical leaching and increases the reaction rate. It leads to early hardening with high

strength. Due to its less porosity, saline-cured geopolymers possess very low sorptivity values 2% 3°,

Even though the curing of geopolymer is an important influencing factor, which governs the
polymerization and is responsible for the hardening of structure, only a few literatures described it.
Hence, this research intensely focuses on studying the influence of different curing media on the

properties of lightweight geopolymer composites.

RESEARCH SIGNIFICANCE
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An Alternative to heat curing is the most searched solution for the geopolymer application. Only
very few literatures established different curing conditions. From the literature survey, an exciting
fact was found that the saline environment had a highly positive impact on geopolymer, whereas it
degraded the performance of cement. Hence this study included saline water curing as one of the
curing media, along with heat and intermittent curing. The investigation's findings are novel and
will be very helpful for a better understanding of how the material behaves under different curing

media during the production stage.

EXPERIMENTAL INVESTIGATION

Materials

The raw paddy straw was gathered from a paddyfield“at Coimbatore, Tamil Nadu, India. The
gathered paddy straw was treated with an alkaline.solution to remove the impurities. The process of
alkali treatment is described in the following" paragraphs. The GGBS supplied by precision
scientific co; Coimbatore was used as the primary binding material as it possesses high
aluminosilicate minerals. The elemental composition and morphology of treated paddy straw and
GGBS were obtained using energy dispersive X-ray (EDX) spectral analysis in conjunction with
scanning electron microscopy (SEM), and the results are shown in Tables 1 and 2. Using an
electron microscope with a 5kV electron beam, the SEM images of GGBS and treated paddy straw
were captured and displayed in Figure. 1a, b. It showed that the treated paddy straw has a rough
surface, which helps bind with surrounding geopolymer composites. The NaOH treatment removes
the excess oily substances, waxes, extractives, and amorphous constituents®!. Previous research

studies substantiated that the same alkali-treated paddy straw fibre has greater roughness than



109  untreated paddy straw 322, SEM images obtained for GGBS indicate the presence of flaky and

110  crystalline shape particles.

111 In this research, the alkaline activator obtained from the combination of sodium silicate (Na2Sios)
112 and sodium hydroxide (NaOH) at 8M with a ratio of 2.5:1 was used. Sodium silicate was bought in
113 liquid form based on the chemical requirement viz., specific gravity as 1.52, Na,O as 14.6%, SiO>
114  as 29.3%, and water as 55.9%, whereas NaOH was bought in the form of pellets with a purity of
115  98%. NaOH pellets were dissolved in distilled water to create the NaOH solutions to create the

116  appropriate molarity.

Signal A= SE1 FARRNY EMT=2000kV
117 H WO = 10.0 mm Mag= 500KX . — WD » 10.0 mm Mags 1.00KX

118 FIGURE 1 a, b. SEM Images of alkali-treated paddy straw and GGBS

119  TABLE 1 Elemental Composition of treated paddy straw

Element Weight % Atomic % Error %
C 8.80 13.96 9.63
N 7.03 9.55 8.46
(e} 32.50 38.70 6.41
Na 30.49 25.26 5.69



Si 8.15 5.52 7.03

Cl 13.04 7.01 9.18

120

121 TABLE 2 Elemental Composition of GGBS

Element Weight % Atomic % Error %
(@) 39.19 57.38 10.06
Mg 3.41 3.29 7.92

Al 8.90 7.72 5.65

Si 15.92 13.27 4.89

Nb 212 0.53 6.9

Ca 30.47 17.81 2.15

122
123 Alkali treatment

124  The raw paddy straws were cut into small pieces By shredding. The shredded paddy straw was
125 soaked in the alkaline solution (5% Na@H) for, 4h. Excess alkalinity was removed by washing
126  alkaline paddy straw with water until the pHreached 7. The treated paddy straw was dried entirely
127  ina hot air oven for 24 h at 45 °C to remove the moisture content. The process of alkali treatment is
128 illustrated in Figure 2. The treated paddy straw with a fibre length of 3 to 5 mm with 0.5mm dia
129  was found suitable for making geopolymer composites and was established in previous research.
130  The lignin, hemicellulose, and pectin in the raw paddy straw were intended to be dissolved by the
131 alkali treatment with the NaOH solution. All the impurities were removed completely with this
132 treatment. Further, this treatment helps break the bundles of fibres into fractions, producing more

133 surface area and hence more contact between fibre and surrounding composites 5% 1516,
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Raw Paddy straw Shredded paddy straw Paddy straw soaked with
NaOH solution

FIGURE 2 The process of alkali treatment
Geopolymer Composite Preparation

The composites have been made using a variation of paddy straw (0%, 5%, 10%, 15%, and 20%),
GGBS, and alkaline activator. The ratio of alkaline activator to GGBS was maintained as 0.73. The
details of the mix are presented in Table 3. This r aﬁed a mortar mixer to make slurry along
with paddy straw fibres. In this process, the ac were reacted with binding material first and
then filled with fibres®® *¢. The blended s@ms poured into the cubic mould of size 50 mm x 50
mm x 50 mm and prism of size 160 40 mm x 40 mm for compression and flexural strength
testing. Two pouring layers were adopted, and each layer was tamped 25 times to ensure proper

compaction. The cast samples were allowed to be set for 24 h at ambient temperature and demolded

for curing.

TABLE 3 Details of geopolymer composite mixes with varying parameters

Mix ID GGBS (%) Paddy straw (%) Liquid binder ratio Curing media
MPO 100 0 0.7 Intermittent
MP5 95 5 0.7 Intermittent
MP10 90 10 0.7 Intermittent
MP15 85 15 0.7 Intermittent
MP20 80 20 0.7 Intermittent
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MPO 100 0 0.7 Heat

MP5 95 5 0.7 Heat
MP10 90 10 0.7 Heat
MP15 85 15 0.7 Heat
MP20 80 20 0.7 Heat
MPO 100 0 0.7 Saline
MP5 95 5 0.7 Saline
MP10 90 10 0.7 Saline
MP15 85 15 0.7 Saline
MP20 80 20 0.7 Saline
Curing

As per the previous research, the curing media influenggs the strength development of geopolymer
composites®’. Considering the curing media’s aspécts{ this experimental work has been done with
three different curing media. For the first media of curing, a set of samples were heat cured at 60 °C
for 6h in a hot air oven. After heat curing, the samples were kept at ambient room temperature till
the date of testing 2%, Intermittent curing was done by soaking the samples in normal water for 7
days and left to air cure for the remaining 21 days at ambient conditions®. The saline solution was
prepared by dissolving 35 grams of NaCl with 1 litre of normal water. Based on the previous

research, the samples were soaked in saline water for 28 days*°.

Fourier Transform Infrared Spectroscopy (FTIR) of Untreated and Treated paddy straw

fibres

The chemical structure of untreated and treated paddy straw was studied with Fourier Transform
Infrared Spectroscopy (FTIR) to identify the modified functional groups by the treatment. An FTIR

spectrometer simultaneously collects high-resolution spectral data over a broad range, such as 400-
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4000 cm™. The microstructural analysis procedure was followed from the previous research work

41

Thermogravimetric Analysis of treated and untreated paddy straw

Thermo gravimetric analysis (TGA) has been employed to investigate the impact due to
temperature and to predict the impact of thermal stability and degradation of untreated paddy straw
fibre and treated paddy straw fibres. The paddy straw was shredded to have a fibre of length 3-5
mm with 0.5mm dia tested by TGA scan at 25°C to 1200°C under a heating rate of 2°C/ min. The
inert atmosphere for this test was Nitrogen. The instrument model used for the study was
NETZSCH STA 449F3. The untreated paddy straw weighed 2.171 mg in an AL-203 Crucible.
During the entire heating operation, the mass loss of the,material was investigated and recorded at

regular time intervals.
Physical Properties of Geopolymer Composites

After mixing, a flow test was conducted/in line with ASTM C230 to evaluate the workability of
geopolymer composites. The flow test was performed by filling the moulds of size 50 mm with two
layers of mortar 25mm thick on each layer. Tamping of geopolymer composites was carried out to
obtain the proper compaction. After the complete compaction, the molds were removed, and the

flow table was allowed to drop 25 times in 15sec, 3t-ad42,

Geopolymer composites' initial and ultimate setting times have been measured in accordance with
ASTM C191. The initial setting time was assessed by measuring the depth of the needle having a
diameter of 1.13 mm allowed to fall under gravity, whereas the final setting time was measured by
the time taken between the pouring of a mixture to solid surface penetration to a depth of 0.5 mm.
The test was conducted at room temperature, and an optimum value was calculated.

10
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The samples’ dry bulk density was determined per ASTM C-642-13. The mass calculated the dry
bulk densities to volume ratio, and density variation helps to identify the degree of
geopolymerisation. A water absorption test was carried out in accordance with ASTM C1403-15,

and the test results were recorded.
Mechanical Properties of Geopolymer Composites

The test setup followed by previous research work*® assessed the specimens direct tensile strength.
The 0.1 mm/min loading rate for the direct tensile test was achieved with a 100 kN Universal
Instron testing instrument. The average direct tensile strengths of three samples were recorded for

each curing condition and paddy straw %.

The direct compression test was conducted ins accordance with ASTM C-109-20a. This
experimental work was carried out with a compression testing machine of capacity 200 kN. The
samples of size 50 mm x 50 mm x 50 mmm were ‘tested at 7 days, 14 days, and 28 days of casting.
The 0.5 mm/min loading rate was applied until the sample reached the peak load. Three identical

specimens from each mix were taken for testing, and the mean values of the samples were recorded.

The flexural test procedure was executed at ambient temperature in accordance with ASTM C 348.
The samples from all the mix of size 160 mm x 40 mm x 40 mm were allowed for three-point
bending. The bending test was performed with Instran 500 testing machine at a 0.5mm/min loading
rate. All the specimens were kept at the orientation of the tensile surface perpendicular direction of

lamination, and the maximum load under failure conditions was recorded.
EXPERIMENTAL RESULTS AND DISCUSSION

FTIR of Untreated and Treated Paddy straw fibres

11
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Figure 3a displays the FTIR spectrum of untreated paddy straw fibres. The biomass sample
contains a simple spectrum (5 or less absorption bands). The strongest bands are found between
1655cm™ and 487cm? in the sample. The peaks were obtained at single bond area (2500-4000 cm’
1). The absence of a broad absorption band indicates that the material contains no hydrogen bonds.
The absence of a sharp bond at approximately 3500 cm™ demonstrates the absence of oxygen-
related bonding. Between 2700 and 2800 cm™, no particular aldehyde peak has been identified. It
was discovered that there was no triple bond region (2000-2500 cm'®), indicating that the material
lacked a C=C bond. A sharp peak was seen in the double bond region (1500-2000 cm™), around
1654 cm™. This provides information about a carbonyl double bond, which can come from amides,
ketones, aldehydes, esters, or carboxyl. Since a distinct peak may be found between 1630 and 1680
cm, the anticipated peak for carbonyl should come,from,amide. The peak in 1280 cm™ indicates
the existence of organic phosphates (1350-1250.cm™) in the sample. Phosphate (1100-1000 cm-1)
and silicate (110-090 cm-1) ion content ¢an be deduced from the 1022 cm-1 peak. The presence of
methylene is indicated by the appeafrance of a peak at 748 cm-1 (750-720 cm-1). The presence of
Aryl disulfides (500-430 cm-1) and Polysulfides (500-470 cm-1) is shown by the peak at 487 cm-1.
The FTIR spectrum of the treated paddy straw fibres is shown in Figure. 3b indicates the altered
chemical composition of the fibres. From the test findings, FTIR reveals that the biomass sample of
treated paddy straw has a simple spectrum (5 or less absorption bands). The strongest bands were
found between 3643.53cm™ and 777.31cm™ in the sample. A single bond region was formed
between 2500 and 4000 cm™. The major alcohol, OH groups, are represented by the peak at 3643
cm-1. The material has no C=C bond, as evidenced by detecting a triple bond area (2000-2500 cm"
1. A sharp peak was found in the double bond region (1500-2000 cm), around 1761 cm™. This

indicates the presence of carbonyl compounds like amide, ketone, acyl halide group, etc. Organic

12
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phosphates (1350-1250 cm-1) are present in the sample, as seen by the 1344 cm-1 peak. The
presence of aromatic phosphates (995-850 cm-1) is shown by the 905 cm-1 peak, while the
presence of the C-CI stretch is indicated by the 777 cm-1 peak. The decline occurs due to the
removal of hemicellulosis from the fibre surface, brought about by alkaline treatment with NaOH
solution. Analysis of the FT-IR spectra reveals that the treated paddy straw fibre surface has
undergone a chemical change. In relation to the lignin component, it has been shown that the

hemicellulose components detached during the alkali treatment process.
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FIGURE 3a FTIR spectrum of Untreated paddy straw fibre

13



238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

[ Multipoint Baseline Correction

g

el
—
=
~

82.5

BO.0 e ey . . ———r——T—T—T—T——T—1 : S TR
4000 3500 3000 2500 2000 1500 1000 500
FTIR Measurement em-1

FIGURE 3b FTIR spectrum of Treated paddy straw fibre

Thermo gravimetric Analysis (TGA) of Untreated and Treated Paddy Straw

Materials made up of cellulose are extremely temperature sensitive. Studying the thermal
characteristics of agricultural paddy straw, filres is crucial to determining how well they will work
in reinforced geopolymer composites ‘because many geopolymer materials require processing
temperatures higher than 100 C. The test results of TGA for untreated and treated paddy straw
fibres have been plotted for Mass Vs. The temperature is shown in Figure 4a, b. The mass of the
sample is represented in ‘%" along the Y axis, and the temperature is represented in '°C' along the X
axis. The graph for the untreated paddy straw illustrates that thermal degradation occurred in three
major stages: Removal of moisture, Loss of volatile matter, and Loss of fixed carbon. From the
results in the 1st Stage, the 3.04% mass loss indicates the loss of moisture content from the
untreated paddy straw. 2nd Stage has a mass loss of 35.97%. In this Stage, a sudden drop in the
TGA curve shows the importance of this Stage. The major volatile matter removed in this 3rd Stage

has a mass loss of 6.17%, indicating the combustion of fixed carbon. A gain in mass occurred after

14
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the 3rd Stage. This indicates the Oxidation process. The cleavage of a bond must have occurred in

the 2nd Stage.

The obtained test values of treated paddy straw, shown in Figure 4b, show that the degradation
temperature rises significantly after treatment. Additionally, as the treatment duration is extended,
the deterioration temperature rises; the same was indicated by previous research work also*. The
treated paddy straw fibre decomposes from 235-255°C. This shows that the treated residues have a
higher degree of thermal stability. The carbonaceous elements in the paddy straw under nitrogen
atmosphere are indicated by the fibre residue that remains after heating of 530°C*°. The residue in
the fibres obtained after treatments were relatively low because calcium oxalate crystals of lignin
and other ash sources were removed during the high-pressure and temperature procedure. These
results suggest that hemicellulose and lignin were partially removed, leading to a decreased residual
mass of paddy straw fibres, which increased the témperature at which they decomposed. All these
points to a noticeable improvement in_thesthermal resistance of treated paddy straw fibres. These

outcomes are remarkably in line with those of the FTIR analysis.
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FIGURE 4a, b Plot of Temperature Vs. Mass for Untreated Paddy straw sample and Treated paddy

straw sample, respectively
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Microstructural properties of geopolymer composites

Typical SEM images in Figure 5 a, b, and c illustrate the microstructural properties of geopolymer
composites cured under different media. For comparison, Figure 5 a, b, and c are selected under
different curing conditions with the same magnification (100um). It was discovered from the SEM
images that the morphology of each curing media varied from one another. Each curing media had
different degrees of polymerization. As a result, the finished product is a composite made of non-
reacted raw materials and non-activated crystalline particles incorporated as fillers in a matrix of
cementitious geopolymer. The sample cured under saline water exhibited color contrast among the
darker inside core and lighter outside layer. Subsequent sections will provide more information on

the microstructural characterization among various curing media.

The morphological natures of synthesized geopolymer under different curing media are presented
in Figure 5. The samples that were cured ip-saling water appear (Figure 5c) to have a more uniform
geopolymer binder than those that Avere cured in the other two media (Figure 5 a, b). High
homogeneity and continuous matrix are closely linked to increased cementitious geopolymer
binder, which raises unconfined compressive strength. Additional characteristics significantly
found in SEM images were the appearance of micro cracks. The potential cause of microcracks
formation is air-drying and curing of geopolymers. Even though their contribution is minor, the

extensive microcracks in the geopolymeric matrix can noticeably impact strength.

In Figure 6, the microstructure of the synthesized geopolymer particle cured under Intermittent,
Heat and saline water like that observed in Figure 5. The images make it clear that the degree of
polymerization occurred on the samples in various curing environments. The fact that the particles

in Figure. 6¢ appears to have fully reacted compared to Figure. 6a and 6b suggests that total

16
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polymerization happened on saline-cured samples rather than the other two media of curing.

Further research should be done to understand better the relationships between density, porosity,

and cracks.

20um EHT = 20.00 kV Signal A= SE1 10pm EHT = 10.00 kV Signal A= SE1
— WD = 10.0 mm Mag= 1.00KX WD = 10.0 mm Mag= 250KX

Micro Shrinkage
W cracks

More
homogeneous

10 ym EHT = 10.00 kV Signal A= SE1
WD = 10.0 mm Mag= 250 KX

FIGURE 5 Morphological structure of synthesized geopolymer at 100um and under a) Intermittent

curing, b) Heat curing, ¢) Saline water curing
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FIGURE 6 Microstructural overview of synthesized geopolymer at 1um scale and under a)

Intermittent curing, b) Heat curing, c¢) Saline water curing

Fresh Properties of Geopolymer Composites

The test result obtained from the flow table test was plotted as scattered points in Figure 7. The
flow diameter for the mix ID MPO, MP5, MP10, MP15, and MP20 was 93 mm, 81 mm, 79 mm, 73
mm, and 70 mm, respectively. The Figure demonstrates the increase in the percentage of paddy
straw content reduces the workability. Due to its very porous fibre structure, paddy straw has the

potential to absorb more water from the geopolymer slurry, resulting in poor workability.
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The initial and final setting time was plotted in Figure. 8 as scattered points. The test results
illustrate a reduction of the initial and final setting time of sample MP20 at 50% and 44.7%,
respectively. A linear relationship was established between the percentage of paddy straw addition
and the setting time of composites. Due to the high-water absorption capacity of paddy straw, it
absorbs more water from the composites and accelerates the setting process, which intern reduces

the setting time.

Dry bulk densities for a varying proportion of paddy straw with varying curing media were plotted
in Figure 9 after 28 days of curing and drying. Adding paddy straw by 0%-20% reduces its density
by 40.42%. This graph reflects that the increase in paddy straw percentage reduces composites’
density. An interesting fact found from the graph is that, while considering curing media saline
cured sample exhibited denser composites (nearly”9.3% high) than the other two cured samples.
The reason behind that there might be less leaching; and more geopolymerisation takes place on
saline curing media. These findings helped develop a lightweight geopolymer under a suitable

curing media supported by the previous,researcher?®.

A water absorption test was performed for the samples cured under intermittent, heat, and saline
environments at 2 h, 24 h, and 48 h, and the test results were plotted in Figure 10. Among all the
curing media, the intermittent curing media attained the maximum water absorption percentage of
nearly 19.3% at 48 h, whereas the saline-cured sample reached only 11%. It was evident that the
high polymerization of the saline-cured sample exhibited a less porous structure. As a result of a
less porous structure, water absorption capacity was significantly reduced, and hence improvement

in strength was achieved.
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Mechanical Properties of Geopolymer Composites

The direct tensile strength of samples subjected to various curing media with varying percentages
of paddy straw is presented in Figure 11. The peak tensile strength (1.6 MPa) was obtained on
saline-cured M15 samples, and the values were gradually reduced to 1.4 MPa for the samples
MP20. The Figure illustrates the increasing percentage of paddy straw content from 0%-15%
improves the tensile strength, and the reduction occurred for the samples at 20% paddy straw

addition. The tensile strength of the sample MPO (without paddy straw) is negligible or less (0.15
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MPa) compared to the sample MP15. Further, the saline curing media contributes to the
enhancement of tensile strength by 45.5% from the other two curing media for MP15 samples.
High polymerization increases the tensile properties of saline-cured samples could be the root cause

of strength improvement.

To differentiate the strength variation with the percentage of paddy straw and various curing media,
the graph is plotted against compressive and tensile strength, as shown in Figure 12. The Figure
depicts the decline of compressive strength with the increase in paddy straw addition. It is evident
from the graph that the saline-cured samples show a greater value. Saline-cured MPO attained the
peak value of 79 MPa, whereas MP20 attained only 9.1 MPa. Nearly 88.6% of compressive
strength getting reduced by adding 20% paddy straw. While discussing the curing media, saline-
cured samples yielded nearly 12.85 % higher valug'than the other two curing media. From the test
results, it was ascertained that paddy straw variationsand curing media played a vital role in strength

development.

A flexural strength test was conducted t0 investigate the resistance against deformation loads, and
the test results are plotted in Figure 12. The peak flexural strength yielded at MP15 samples is 4.25
MPa, and the lowest value obtained for the samples MPO is 3 MPa. After attaining the peak value at
MP15, the value is reduced for the further addition of paddy straw. The declination after the peak
indicates that excess paddy straw reduces the bond strength while testing. These test values provide
knowledge about the variation of paddy straw and flexural strength development. According to a
prior report, the primary factor in developing flexural strength was binding between the fibre and
the surrounding composites.*’*°. The same scenario applies to cellulose-based fibres, as the paddy
straw-reinforced geopolymer composites increase their strength due to the efficient bonding

between fibre and the surrounding matrix. The strength variation within the same mixture was
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364  observed with different curing media. The saline cured sample yielded 21.2% maximum flexural
365  strength than the other two curing media. With the above findings, the addition of paddy straw has

366  a positive impact on flexural strength development.
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369 CONCLUSIONS

370  This experimental study illustrates the“impact of various curing media and paddy straw addition on
371 the properties of lightweight geopolymer composites. From the test findings, adding the curing
372 media and paddy straw might provide a wide range of geopolymer properties and change in density,
373  compressive strength, tensile strength, and flexural strength. The maximum reduction of
374  workability, setting time, and density achieved for 20% addition of paddy straw is 24.7%, 44.7%,
375 and 40.42%, respectively. As the density and compressive strength are directly proportional, it is
376  evident that the reduction of compressive strength to the addition of paddy straw. The results
377  showed that when 20% paddy straw was added, the compressive strength dropped by about 88.6%.
378  While discussing the flexural strength, there was a positive sign in strength, nearly 65.11%

379  improvement for the 15% addition of paddy straw, and the value declined by 15-20%. The tensile
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strength rises its value by 60% for a 15% increment of paddy straw and is reduced after attaining

the peak strength.

While considering the contribution of paddy straw to geopolymer, it is noteworthy to highlight the
role of curing media on the properties. A wide range of property changes was found among the
curing media. The density of geopolymer composites improved its value by 9.3% than the other
two curing media. As the density and water absorption are indirectly proportional, lower water
absorption was found for saline-cured samples. Nearly 12.85% compressive strength improvement
was found for the saline-cured sample than the intermittent and heat-cured samples. The changes in
strength obtained for tensile and flexure were 45.5% and 21.2%, respectively. High polymerized
structure at saline cured sample exhibits the strong link between treated paddy straw and the

geopolymer matrix, which increases overall perforpange.

The FTIR findings reveal that the treatedwpaddy straw fibre surface has changed chemically.
Hemicelluloses and lignin componentS framithe fibre surface detached during the alkali treatment.
TGA report exhibits that paddy straw fibres have excellent thermal stability characteristics and a
rise in thermal degradation temperature, making them promising materials for utilization in
geopolymer composites. SEM images of Synthesized geopolymer indicate that total
geopolymerization happened on saline-cured samples rather than the other two curing media. High
homogeneity and continuous matrix are closely linked to increased cementitious geopolymer

binder, which raises unconfined compressive strength, tensile strength, and flexural strength.

From the above discussion, both the curing media and paddy straw variation influence geopolymer
composites' properties. And hence, the lightweight geopolymer cured under saline media is viable

alternative construction material as it possesses higher mechanical properties than others. The
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optimal mix design developed for ambient curing must be reassessed and altered for in-situ casting
under various curing media. Such adjustments include changing the aluminosilicate source and

varying saline and alkali solutions concentrations.
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