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one. Either of these methods can provide a solutiathisoproblem: using the binder with
lower Ca and higher potassium oxide con{€éitteah et al., 2017; Suresh Kumar et al., 2021)

On the other hand, Rice Husk Ash based GPC has less calcium of 0.72fldvcamng et
al., 2015)and high SiQ, which needs more activators to create the i@aaif geopolymer
(Nuaklong et al., 2020)it results in lower strengtgain and a higher residual of unreacted
silica (Liang et al., 2019)Fly ash based GPC produced with,ich havingl.34percent of
CaQ has beennvestigatedJiang et al., 2020)Lesscalcium helps in achving the later age
geopolymeriation reactior(Sivasakthi et al., 2021However the existing alumina andilsca
in fly ash neednore alkaline activators to diffuse aatfain maximum strengttGanesh et al.,
2021b) The POFA based GP@cquires maximum performance when addisigg or fly ash
for better performancéabir et al., 2017) Furthermore, the ratio of silicate to hydroxide
influences the strength gain and properatio of geopolymeric reactiofChithambar
Ganesh and Muttkannan, 2018) The low calcium content requires more amount of
activators for strength gaining in the later agedarge amount of silica and alumimathe
aluminosilicate source material requires high amounts of activators to be applisdolve
it. Therefore, the source material with less calcium will be suitable while it requires a less
alkaline solution.

The hybrid geopolymer concrete using GGEsiresh Kumar et al., 202@ulverized fly
ash and High Calcium Wood Ash (HCWA) was produ@@hdeah et al., 2015More calcium
concentration in the aluminosilicate material interrupts gfeopolymeric reaction, which
causes a decrease in the ability to reach ultimate stréAgtian et al., 2020)As well, this
calciumrich solution used the alkaline solution tesblve from an early age its€Buresh
Kumar et al., 2020)A series of lghly concentrated activators had to be used to dissolve
silica and alumingMehta and Siddique, 2018ptudieshave beerconducted on the self
activating technique of HCWA in geopolymeoncrete, in which no activator was ug8an
et al.,, 2017) According to the studyreplacing50 — 60 percentof HCWA enhanced the
performance of GP@t earlier agegBan andRamli, 2012) Meanwhile, geopolymerization
did not occuratthe later ages because calcium was present and used the activators to dissolve
on earlier ages itse(zhang et al., 2020b)lhe source material with low calcium and high
alkaline properties couloshmprove the longerm strength development of geopolymerization
Geopolymer concrete hasenproduced in limited quantities duo the limited availability of
sources. The implementation of GPC has less th@fi probability globally(Assi et al,
2020) Therefore, the investigatiomaveto be concentrated on finding alternate activators or
analternate solution for the activator usage.

Hence the binder with lower calcium content and high alkaline composition have to be
chosen to solvethe aforementioned problems. THeow Calcium Waste Wood #h
(LCWWA) has beenadopted asa substitutebinder for theenlargementof eccfriendly
geopolymer concrete. The binder material with low calcium and highdéuld be employed
in this research. Acedingly, the optimization of binder ratiosas beenperformed in this
research by replacing the fly ashth LCWWA from 0 to 100 percent. The study examined
the influence of LCWWA on consistency, setting time and mechanical properties that are
relied on lang term investigation. Furthethe study focused odefining the microstructural
changes of selected GPC mixtures by using SEM and EDX.

MATERIALS AND METHODS

Materials:This research employed FlysA(FA) as a primary binder ith a specific gravity of
2.82, a loss of ignition of 1.79 percent, and a surface area of 325 sgei@nsper kilogram
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(Chithambar Ganesh and Muthukannan, 20T8)s research adheres to ASTM CGASTM
C618, 2010)and fly ash is permitted asbander in this study, which will allow it to create
GPC. According to the EDX chemical aysik, the FA halow in calcium(Arunkumar et al.,
2021a) Low Calcium Waste Wood Ash.CWWA) is a residuatlerived from hotels that are

readily accessibl¢Arunkumar et al., 2021b)The LCWWA wasf i | t er e d

t hrough

sieve to remove massive powgarticles andcarbonaceous components. LCWWaskeen

found to have a surface area of 567 m2/kg and a spgaafiity of 2.43(Arunkumar et al.,

2020) The elemental composition of LCWWA and BRaveshown in Table 1An activaor

like hydroxide or silicate rsmrequired to create GPC. In thisidy, sodiumbased activators
havebeenused.NaOH pellets in this study hadspecific gravity of 1.47. ltdsbeendecided

to use NaSiO; (sodium silicate) with a specific gravity of 1.70 as the activator. In order to
dissolve NaOH pellets, the amount of water was calcul@aghmane N. P and Jeyalakshmi

R., 2014) The research employed river samith a specific gravity of 2.62the maximum
particle size of 1.18 mm, and fineness modulus of 2.42 as fine aggregates. By the

fine aggregate, itdsbeendried an a dried surfacéArunachalam et al., 2021)he study used

a coarse aggregate with a size of 10mm and a fineness maahduspecific gravity of 7.59

and 2.89, respectively. In order to obtain soluble sodium hydroxide, it was necessary to add
water. This research computed the water required to obtain solublensegiroxide (NaOH)

using this studyPavithra et al., 2016)

Table 1. Fly ash and.CWWA Chemical Compounds % by MasgArunkumar. et al., 20D

Chemical compound Si Al K Ca Mg C Gd Ti Fe
FA 236 17.4 0.8 0.7 70 3.1 - 1 2.1
LCWWA 7.25 0.4 14.5 2.61 2.95 10.22 0.48 -

Mix proportioningand curing During GPC production, thity ash to wood aslnatio has
beenoptimized from 0 to 100%gvery 10% interval The authors previously discovered the
optimal activator to binder ratio and sodium hydroxide molgAtyinkumar et al., 2020As
a result, the ratios of alkaline solutionstbe binder and sodium silicate to hydroxide were
kept constant at 0.45 andb2respectivelf{Ganesh et al.,21a) Similarly, it asbeenfound
that the optimal molarity of sodium hydroxide is 10Arunkumar. et al., 2021 Modified
Indian standards for geopolymer concretere used to create the design mix ahdn
implemented(Anuradha, 2011)Calculations for water required for mixihgve been made in
relevance (Pavithra et al., 2016)As indicated in Table 2, the geopolymer concrete mixture
proportions for optimizing the fly ash amiod ash ratio has been presented. When it came to

Table 2. Mix proportioningin kg/nT (Arunkumar et al., 2020)

Mix id

GC

GCW10 GCW20 GCWw30 GCw40 GCW50 GCwe0 GCwW70 GCW80 GCw90 GCW100

FA %
WWA %
FA

WWA
Sodium
Hydroxide
Sodium silicate

Fine Aggregate

Coarse
Aggregate

100

550

110

276

667
993

90
10
495

32
110

276

667
993

80
20
440

64
110

276

667
993

70
30
385

96
110

276

667
993

60
40
330

128
110

276

667
993

50
50
275

161
110

276

667
993

40
60
220

193
110

276

667
993

30
70
165

225
110

276

667
993

20
80
110

257
110

276

667
993

10
90
55

289
110

276

667
993

0
100
0

321
110

276

667
993
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creating a homogeneous mix, the standard mixing procedure has also been followed
(Chithambar Ganesh et al., 2018gfore the specimens have to be tested, they were kept at
room temperatureof curing.

Setting andmechanicalcharacterization Consistency, initial and final setting times of
geopolymemixtureshave beemeasured with the standard procedures given in BS EN 196
3:2005(British Standard, 1999Jor conducting each mechanical characterization test, a total
of 165 specimens has been cast for each test on the standard recommended size such as cube,
cylinder and prism. Theube and prism specimen sizes wes@ mm X 150 mm X 150 mm
and 150 mm X 500 mnMechanical characteristics such as compresaineflexural strength
of GPC made with low calcium materials have been identifrecompliance withASTM
C109 (ASTM C109/C109M02., 2002)and ASTMC293 (ASTM-C293, 2015)procedures.

The ompressive and flexural strength of the GPC mixes has been carried out by testing the
cube and prism specimens tre compressive testing machine. The sizethaf cylindrical
specimen was 150 mm X 300 miThe elastic modulusas alsobeenfound n accordance

with ASTM C215(ASTM C215, 1991 procedureby testing the cylindrical specimenhree
samples were tested in aljes and an average was applied to the resaisinghg electron
microscope furnishedith EDX has beenused to examine the microstructure of sie¢ected
mixtures chosen for further investigation. The morphological and elemental composition
changes in tachosemixtureshave beemvaluated using the SEM.

RESULT AND DISCUSSION

ConsistencyThe research focused on the influence of LCWWA on the consistency -of eco
friendly geopolymer pasteand the resulthave beenillustrated in figure 1. The water
required for attaining the standar@nsistency of geopolymer pastashincreased with
increasing the replacement of LCWWA. From figuregitlwas understood that the mix
without LCWWA grasps its standard consisteratya water to binder ratio of 0.38n the
meantime, the water to biad ratioincreased from 0.38 to 0.4#hcreasing the LCWWA
replacement from 0 to 100 percent. The result revealed that increased water to binder ratio
meant to increasof water requirement CWWA addition to the GPC mix hassubstantial
influence on the needfor water for standardconsistency because of its surface area
(558nf/kg). Depending on the surface area of the aluminosilinsterial, the amount of
water required to achieve its consistency has been influ¢@beag et al., 20P). However,

the replacement of LCWWA up to 30 percent required less wakareas the mix with 100
percent LCWWA requireda higher amount of water to attain the standard consistency
(Arunkumar. et al., 2021)rhe lower water requirement was due to the specific surface area
of fly ash (324rfrkkg), which was highly present in the mixes up to 30 percent replacement
(Yousefi Oderji et al., 201910 percent to 70 percent fly ash reduced water requirements by
18%. The shape of particlepresents in the aluminosilicate materials also influenced the
requirement of water for attamg normal consistency, whereas fly ash (spherical shape
particles) has less water demaf#ssi et al., 2020) and LCWWA (angular particles) has
higher water demandCheah and Ramli, 2012)n the meantime, the friction between
moleculeshas also beencreated wih the alkaline activatoysvhich adhere tahe fluidity

effect on the ggaolymer pastéCheah and Ramli, 2011)
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Figure 1. Influence of LCWWA on consistency

Setting times: The influence of LCWWA onthe initial and final siing time of
geopolymer pasteds illustratedn figure 2. Generallyfly ash-based geopolymer has required
extendedime for setting(Malkawi et al., 2016)andit adversely affected the use of fly ash
based geopolymer concrete in civil engineering applications. This research focused on adding
LCWWA in the geopolymer mixturéo reduceboth setting timgto a concernThe mix only
with fly ash required 240 and 450 minutes tleeinitial and final set of the mixturg§&anesh
and Muthukannan, 2021)n contrast,the mix only with LCWWA required 50 and 150
minutes fortheinitial and final setting. The reason behind this small quick setting was due to
the presence of calcium in LCWW{@heah and Ramli, 2011Jhe setting times has been
expanded due to the binder materials have less calcium. Due to the absence of calcium in the
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Figure 2. Influence of LCWWA on setting time
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mixture when 100 percent LCWWA was replaced with fly ash, the setting times have been
lowered between 50 and 150 minut@an et al., 2017)As a result of ambient curing
condtions, longer setting times have been observed. Whereas the mixtures cured at elevated
temperatures, the setting times have been improved further. However, the study aims to
achieve the better performance of the GPC mixtures incorporated with LCWWA arambi
curing conditions alonéChithambar Ganesh and Muthukannan, 20T®)e to the higher
calcium content, the mix with 80% LCWWATtsdaster at room temperature than other mixes
(Ban et al.,, 2017)The incorporation of high calcium wood ash quick the setting time,
mentioned by{Samsudin and Ban025).

Compressive strengtiThe researcihas beeremployed to find the influence of LCWWA
on the compressive strength of gdendly geopolymer concrete mix thatired at3, 7, 28,
56 and 90 dayander ambient curing conditienThe results have been illustraiadigure 3.
As stated in previous studi@d/innefeld et al., 201Qthe presence of high calcium led to left
the unreacted Al and Si. In thresearch, the unreacted alumigad silica dissolute from
binders have been eliminatdgbcause the binder has less calcium content and is easily
reactingwith the alkaline solutionHamidi et al., 2016)Geopolymer structure homogeneity
and early age strength have been enhanced with the help of LCWWA repla@@amreand
Ramli, 2012) As a result of the polysialate precipitation and the massive dissolutithre of
amorphous phase of the binder materials, eairength has been achie&hithambar
Ganesh et al., 20200Vhen LCWWA is replaced by up to 30%, the compression strehgth
been significantly increased at all age of curif@heah and Ramli, 2013 the meantime,
thereplacement of LCWWA more than 30 percent of LCWWA led tiecrease the strength
(Arunkumar. et al., 2021due to the unreacted elements of fly &llang et al., 20200ver
the 28, 56, and 9@8ay curing durations, LCGPC strength attainment has continued. As a
result of the perfect geopolymerisation reaction, the later age strengthadaslfyr achieved
(Sivasakthi et la 2021) At 3, 7, 28, 56, and 90 days, the GCW30 concrete reached
compressive strengths of 21,68MPa, 28,98MPa, 38.9MPa, 41.63MPa, and 44.25MPa
respectively. Because calcium levels were low and alkaline solution was not required for
dissolution, the strength has been increased as a result dftizkur and Ghosh, 2009)
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Figure 3. Influence of LCWWA on compressive strength
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There was a 19 percent increment in the strength of the optimum mix after 90 days of curing
compared to the control mix.

Flexural StrengthThe results othe influence of LCWWA replacement on the flexural
strength of the exfriendly geopolymer concreteaibeenpresented inijure 4 Similarly to
the increment in compression strength, replacing LCWWA up to a percentage replacement of
30% had a substantial effect on the enhancement in flexural strength of alCages and
Ramli, 2013) Moreover, the inclusion of LCWWA of 30% or more reduced strength
accomplishmenfArunkumar. et al., 2021)n all measured curing ages, the mix exhibited the
greatest flexural strength whéncontained 30% of the LCWWAZhang et al., 2020bAn
LCWWA content above 30% offers reduced flexural strength compared to controls at any age
of concretgBan et al., 2017)The lack of CaO molecules csed the formation d€ASH gel
and CA polysialate framg$Vinnefeld ¢ al., 2010) The mix with 30 percent of LCWWA has
enhanced flexural strength of 4.89MPa, after 90 days of curing, Wheeeasntrol mix has
4.59MPa of flexural strength at the same age of curing. Hence, the LCWWA replacement up
to 30 percent adversely helped in enhancing the flexural stréeRgghbondstrength can be
increased by increasing the interfacial zone to résestlexural loadHajimohammadi et al.,
2019) At the same time, the geopolymerization reaction createésdd@el that improved
the pore filling capacity of the geopolymeric gel matrix, thus leading to improved flexural
strength as the nerial cureCheah and Ramli, 2011)

e 30 el 7D e 28D e D60 el 90D

FLEXURAL STRENGTH IN MPA

GC GCWI10 GCW20 GCW30 GCW40 GCW50 GCW6E0 GCW70 GCWSE0 GCWS0 GCWI100
MIX DESIGNATION

Figure 4. Influence of LCWWA on flexural strength

Dynamic modulus of elasticityThe averageresults ofthe modulus of elasticity for all
LCGPC specimens at all age of conciiets beenllustrated in figure 5The result showed
growing trend in the elastic modulus as the amount of LCWikedually increased to 30
percent(Zhang ¢ al., 2020a) In the meantime, 23.6B2.50 percent declined significantly in
the elastic modulus compared with the control mixture in all ages, when the replacement of
LCWWA was over 30 percen{Arunkumar. et al., 2021)The earlier agelastic modulus
washigherthan other curing ages. The 3 days elastic modulus has increaseti6iB 2
percent than the control mixtuf@runkumar. et al., 2021)Whereasthe 7 days elastic
modulus has enhanced by nearly 42 percent than the control mix. This is because the binder
materials dissolve quickly with the alkaline activators at earlier @dakkawi et al., 2016)In
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addition, the dynamic modulus of elasticity increment rate slowed down significantly in later
ages as opposed to earlier aglsiran et al., 2020)The highest modulus of elasticity was
observed with the mix having 30 percent LCWWA. The same mix achieved the elastic
modulus of 22.54, 28.82, 35.98, 37.13 and 38.94 MPa, after 3, 7, 28, 56, and 90 days of
curing. Ca évels were low, resulting in decreased overall pore volume and decreased pore
connections. At the interface, geopolymeric reactions increased pore (Bmednia and
Zhang, 2017) The presence of amorphous monomers baenthought to lead to a rise in
polysial networks being produced at ambiemtng (Chithambar Ganesh et &020)
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Figure 5. Influence of LCWWA ornthe modulusof elasticity

SEM: The SEM image of selected mixtures chro$er microstructural analysisalbeen
presented in fig 6 ¢d). GCW30, a heterogeneous and cracked matrix thighexistence of
inert solvent as a result of curing and ageing, is pictured in the microgragtroAger
connection heabeenformed by combining reacted and unreacted microspt{@iamsg et al.,
2020) However, the particle pore bridging results are just as important. While the GCW10
and GCW30 mixtures show similar properties comparetigamixture withfull fly ash, the
GCW30 mixture has higher homogeneity and volume of gel matrices, especially when
compared to the GCW10 mixture. In addition, the study found thatrédsemce of unreacted
particles hasowered in the mixhaving 30 percent LCWWA and 100 percent LCWWA, than
the control mixture(Sivasakthi et aJ 2021) Thus, the greater FA dissolution rates in mineral
mixtureshave beemlue to the addition of LCWWA.
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XRD: The XRD patterns of selected mixtures observed usireg X-Ray Diffraction
Analysis havidbeenpr esent ed in Fig. 7. This XRD analys
an amplitude of around 280 degreesThis property usually shows the development of a
geopolymer if there has been a geopolymerizat{@fiao et al., 202Q) The system initially
generated a collection of amorphous zormm®yipally created by FA), which then reacted
with the geopolymerizatioprocess to form a new phase of albite with the mix having 100
percent FA(Huseien et al., 2018Albite has a partialkerystallized structure analogotesthe
sodiumpolysialate gel film(Abdulkareem et al., 2019XRD diffractograms from mixtures
with different percentages of wood ash showed a large variety of crystalline striZakis
et al., 2021) As a result of the dilution of LCWWA, the peak of crystal quartz concentration
was obtained, which causes decreases in the intdXsiy et al., 202Q)This is because the
concentration of calcium in the LCWWAah increased. @existence of different phaseash
beenassumed to exist during the advancement of this new phase of AltoberfGbietzh et
al., 2017) The ultimate intensitjhas reached when FA is used 100% in the mixture. In
relation to the formation of Na phases, the rate of Na precipitation increases as the
replacement percentage of LCWWA increases. In the presence of wood ashHgpKase
(Kaewmee et al.,, 202as beenobsened. In contrast, the percentage of LCWWA has
increasedhe percentag of potassium silicate formedle to the presence of potassium in
LCWWA (Kaewmee et al., 2020All the phase formations like potassium silicate, calcite,
mulite, Quartz, Silicate gel, and Albite all reached their peak values in the mixture GCW30
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found an opgmum (Hwang et al., 2015)In order to achieve greater overdtfi@ency, the
improved characteristics of the 30% wood ash blence beemised.

- 30%%6 Wood Ash

10% Wood Ash

Na- Sodium silicate
Hydrate

Q-Quartz

C-Calcite

M-Mulite

- 100% Wood Ash H-Hematite
A-Alhite
T-Al-tobermorite
K-Potassium Silicate
Hydrate

100% Fly Ash S- Silicate Hydrate
Gel

Intensity (U)

B (degrees)

Figure 7. XRD Analysis ofselectedMlixes
CONCLUSION

Efficient and sustainable production of low @am green geopolymer concretastbheen
researched in this study. The setting and mechanical properties of LCGPC were further
studied as a result of low calcium waste wood ash. The substitution of LCWWA for LCGPC
has a significant effect on its propertie€WWA addition to the GPC mix hassubstantial
influence on the needfor water for standard consistency because of its surface area
(558nf/kg). The lower water requirement was due to the specific surface area of fly ash
(324nf/kg), which was highly present in the mixes up to 30 percent replant. The mix

filled with fly ash required more time to initiahd finalsetting because the amount of
calcium in fly ash is less than in wood ash. However, replacing LCWWA with fly ash
improves calcium content and speeds up setting time. An increa#ige icompressive
strength, flexural strength, and dynamic modulus of elasticitg been induced by a 30%
LCWWA replacement level. Increased substitution of LCWWbbdve 30% caused a
reduction in all concrete strength. Thts address the issue of wasteptisal effectively and
address the issues associated with fly-lzeded GPC, replacing LCWWA up to 30 percent
could be used as a suitable binding material in geopolymer concrete. This study showed the
alternative binding material for the GP@l been offeed through the research hypothesis.
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