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Abstract

In this study, fly ash (FA) is used to create geopolymer concrete (GPC), and FA is substituted
with rice husk ash (RHA) in varying ratios of 20, 40, 60, 80, and 100%. The alkaline activator
(AAC) utilised is a 10M solution of sodium hydroxide and sodium silicate (SS/SH). 400 kg/m3
of fly ash is present. The ratio of SS to SH is 2, while the ratio of AAC to binder (BI) is 0.4. The
findings showed that the RHA-based GPC achieved less workability than the FA-based GPC,
and that the slump value gradually declined as the RHA concentration in the mixes rose. The
RHA-based GPC mixes have a marginally higher 7, 28, and 90 days compressive, split tensile,
and flexural strength than FA-based GPC mixes, which is less than 10%. The strength of two
separate source material-based GPC blends does not significantly differ from one another.

Key words: Fly ash; rice husk ash; Geopolymer concrete.

Introduction

One of the most frequently utilised produced goods worldwide is concrete. As the binding agent
for concrete, Portland cement is an essential component. Carbon dioxide emissions rise as a
result of cement production’s increased usage of energy and raw materials. 5 to 8% of the world's
carbon footprint is attributable to the manufacture of cement [1, 2]. In addition, making cement
uses a lot of energy and raw materials, and a lot of liquid and solid waste is created [2]. This

procedure has negative effects on the environment in addition to raising cement prices. Under
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these conditions, the carbon footprint and resource costs connected with cement production must

be safely and sustainably decreased. There is a serious problem with how these wastes are
disposed of because the bulk of them are placed in landfills, which occupy less space and harm
the environment. Only a few of the wastes that have been successfully used into cement
replacement materials to improve their quality are fly ash, ground-granulated blast furnace slag,
and silica fume [3-7]. The ability to produce biomass fuel from agricultural waste has recently
been demonstrated. But the resulting bottom ash attracted a lot of attention worldwide. Corn cob
ash, rice husk ash (RHA), elephant grass ash, bamboo ash, paper mill ash, wood ash, bovine
manure ash and sugarcane bagasse ash are a few examples of biomass ash that can be used as
pozzolanic materials [8-19]. Several studies have shown [20-22] that adding biomass ash to
cement can increase the strength and longevity of concrete. It can help lower building costs by

correctly utilising agricultural wastes and minimising environmental damage.

This study intends to substitute rice husk ash (RHA) for fly ash (FA), two by-products of coal-
burning thermal power plants and agriculture. Although much work has been done on both FA-
based and RHA-based GPC, it is still unclear how the two differ fundamentally or whether one is
superior. The purpose of this study is to clarify this issue and determine the best of two.

2. Materials used

Burning rice husk in a muffle furnace at a rate of 10 degrees per minute produced rice husk ash
(RHA), which was created in a laboratory setting. For two hours, RHA was subjected to
temperatures in the 900 range. To avoid burning on both sides, a section that was 1-inches thick
was kept in the pan. After two hours of control heating, the sample was taken out of the furnace
and allowed to cool outside. It is also important to remember that each RHA sample was
processed in a ceramic ball mill at 66 rpm for the requisite 35 minutes with a grinding medium to
RHA ratio of 5 by weight before being used. The range for cement fineness was reached once
the (RHA) sample’s fineness was 2750 cm2/gm. Thermal power plants produce fly ash, which
was obtained from Rajpura Power Plant in Punjab and employed in this experiment. At Raicon
Labs Sonepat, RHA and FA's chemical makeup was examined. Table 1 lists the chemical make-
up of RHA and FA.
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The alkaline activator used was a solution of sodium silicate and sodium hydroxide. The sodium

hydroxide concentrations of 12 to 16M have been shown to give GPC better strength and
workability [23-28], hence 12M NaOH was used in this study. One percent of the original

material was employed as a superplasticizer.

The IS 383: 2016 [29] fine aggregates free of dirt, muck, and debris were used. In this
investigation, coarse aggregates with a size larger than 12.5 mm and less than 19 mm in
accordance with IS 2386 (part 1) [30] were used. The physical and chemical characteristics of the
materials are displayed in Tables 1 and 2.

Table 1 Physical properties of materials

Material Colour Specific Gravity (kg/ Fineness (passing 45
cm®) pm)
FA Grey 2.2 3
RHA Black 2.13 2.7
Table 2: Chemical composition of materials.
Material A|203 SiO, [CaO Na,O MgO SO; | KO | SrO TiO, P,O5 |Mn,03 Total |Others
(%) | (%) | (%) [Fe.05(%) (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) |Alkali
FA |32.10 [51.20 |3.50 | 9.40 0.30| 1.10| 0.10{ 0.50| <o0.1| 1.80| 0.45| 0.15 0.60
RHA | 0.15 | 915 |0.48 | 0.06 0.27 1.29 6.25

3. Mix preparation and testing
The mix design and procedure of Mahapara and Gyanendra [31] were used for sample

preparation. The cast samples underwent ambient curing. Since each test result is the average of
three sample tests, a set of 15 samples was drawn for each test. Because there are no special
codes for GPC testing, the testing was conducted in accordance with ASTM. Table 3 provides
the mix proportions. Hardened GPC was subjected to compression, split tensile, and flexural
strength tests in accordance with ASTM C39 [33], C496 [34], and C293 [35], respectively. The
workability test was conducted in accordance with ASTM C143 [32]. As shown in Table 2 the
Fa-based GPC mix (control mix) with 0 % RHA is designated as ROF where ‘R’ stands for RHA
and ‘F’ denotes Fa. Likewise, the no 0, 20, 40, 60, and 80, in blends denote the percentage of
RHA in the mixes. In Table 3, AAC denotes alkaline activator and Bl denotes binder which is
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FA and RHA, SP denotes superplasticizer, SS denotes Na,SiO3 SH denotes NaOH, CAG

denotes coarse aggregates, FAG denotes fine aggregates.

Table 3: Mix proportions of mixes

Mixes ROF | 20RF80 | 40RF60 | 60RF40 | 80RF20 | RFO
SS/SH 2 2 2 2 2 2
SH (kg/m?) 66.67 66.67 66.67 66.67 66.67 66.67
AAC/BI 0.4 0.4 0.4 0.4 0.4 0.4

SS (kg/m’) 133.33 | 13333 | 13333 | 133.33 | 13333 | 133.33
SP (kg/m®) 4 4 4 4 4 4
Extra water (kg/m?) 60 60 60 60 60 60
NaOH (M) 10 10 10 10 10 10
FA (kg/m®) 400 320 240 160 80 0.00
RHA (kg/m®) 0.00 80 160 240 320 400
CAG (kg/m®) 906 906 906 906 906 906
FAG (kg/m®) 475 475 475 475 475 475

4. Results and discussion
Fly ash based geopolymer concretes are having practical applications and nova days RHA based
GPC are gaining importance day by day. This study aims which GPC is best in terms of
workability and strength. FA is replaced by RHA in GPC in various percentages of 20, 40, 0, 80,
and 100 %. The various test results are discussed in this section along with figures.

4.1.Workability
The workability of various mixes is expressed in terms of slump at different times. The slump

values of the blends are given in figure 1. The figure 1 reveals that the workability of the mixes
decreases as the RHA content increases. The mix with 0 % RHA and 100 % FA has shown high
workability and the workability decreases linearly with the increase in RHA content from 0 to
100 %. This is due to the fineness of RHA as RHA is finer than FA. The fineness of the source
material is the prime factor for the workability of GC mixes, the higher the fineness higher the
workability [23-25, 31, 36-38].
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Figure 1. Slump values of GPC blends.

4.2. Compressive strength (CS)
The 7,28-, and 90-days CS of the mixes varied between 20 to 24 MPa, 28 to 31 MPa, and 32

to 38 MPa, respectively. The CS of the blends are given in figure 2. The figure 2 reveals that
there is not any higher variation in CS of the mixes as the RHA content increases. The mix
with 0 % RHA and 100 % FA has shown good strength but the CS of the mix with 100 %
RHA and 0 % FA has been slightly increased. This is due to the fineness and higher silica
content of RHA as RHA is finer than FA. The fineness of the source material and higher
silica content is the prime factor for the strength of GPC mixes, the higher the fineness and
silica content higher the strength [23-25, 31, 36-38].
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Figure 2. Compressive strength of GPC blends.

4.3.Split tensile strength (STS)
The 7,28-, and 90-days STS of the mixes varied between 2.3 to 2.8 MPa, 3 to 3.3 MPa, and

3.7 to 4.2 MPa, respectively. The STS of the blends are given in figure 3. The figure 3
reveals that there is not any higher variation in STS of the mixes as the RHA content
increases. The mix with 0 % RHA and 100 % FA has shown good STS but the STS of the
mix with 100 % RHA and 0 % FA has been slightly increased. This is due to the fineness and
higher silica content of RHA as RHA is finer than FA. The fineness of the source material
and higher silica content is the prime factor for the strength of GPC mixes, the higher the
fineness and silica content higher the strength [23-25, 31, 36-38].
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Figure 3. Split tensile strength of GPC blends.

4.4. Flexural strength (FS)
The 7,28-, and 90-days FS of the mixes varied between 2.3 to 2.9 MPa, 3 to 3.3 MPa, and 3.7

to 4.1 MPa, respectively. The FS of the blends are given in figure 3. The figure 3 reveals that
there is not any higher variation in FS of the mixes as the RHA content increases. The mix
with 0 % RHA and 100 % FA has shown good FS but the STS of the mix with 100 % RHA
and 0 % FA has been slightly increased. This is due to the fineness and higher silica content
of RHA as RHA is finer than FA. The fineness of the source material and higher silica
content is the prime factor for the strength of GPC mixes, the higher the fineness and silica
content higher the strength [23-25, 31, 36-38].
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Figure 4. Flexural strength of GPC blends.
5. Conclusion
The following conclusions are made from the study
1. Both GPCs are eco-friendly and made from the utilization of byproducts.
2. The flowability of RHA based GPC is lower than FA based GPC.
3. The compressive strength of RHA based GPC is slightly higher than FA based GPC.
4. The flexural and split tensile strength of RHA based GPC is slightly higher than FA
based GPC not more than 10 %
5. By products used resulted in good strength GPC.
6. Cement replacement in GPC reduces carbon dioxide emission.
20438

Eur. Chem. Bull. 2023,12(Special Issue 4), 20431-20442



Comparison between Fly ash and Rice husk ash based Geopolymer concrete

Section A-Research paper
ISSN 2063-5346

References

1.

10.

11.

R.M. Andrew, Global CO2 emissions from cement production, Earth Syst. Sci. Data.
53710 (2018) 195.

Z. He, X. Zhu, J. Wang, M. Mu, Y. Wang, Comparison of CO 2 emissions from OPC
And recycled cement production, Constr.Build. Mater. (2019). doi:
10.1016/j.conbuildmat.2019.03.289.

M. Khan, M. Ali, Improvement in concrete behaviour with fly ash, silica-fume and
coconut fibres, Constr. Build. Mater. (2019). doi: 10.1016/j.conbuildmat.2019.01.103.
H. Sasanipour, F. Aslani, J. Taherinezhad, Effect of silica fume on the durability of
self-compacting concrete made with waste recycled concrete aggregates, Constr.
Build.545 Mater. 227 (2019) 116598.

H. Chol, J. Lee, B. Lee, J. Nam, Shrinkage properties of concretes using blast furnace
slag and frost-resistant accelerator, Constr. Build. Mater. 220 (2019) 1-9.

X. Li, J. Liu, J. Qin, Y. Liu, Y. Qu, R. Zhang, Dissolution behaviour of a novel
composite fibre made from blast furnace slag, Constr. Build. Mater. 206 (2019) 442—
550 448.

J. Rissanen, C. Giosué, K. Ohenoja, P. Kinnunen, M. Marcellini, M.L. Ruello, F.
Tittarelli, M. lllikainen, The effect of peat and wood fly ash on the porosity of mortar,
553 Constr. Build. Mater. 223 (2019) 421-430.

E.Y. Nakanishi, M. Frias, S.F. Santos, M.S. Rodrigues, R.V. de la Villa, O. Rodriguez,
H.S. Junior, Investigating the possible usage of elephant grass ash to manufacture the
eco-friendly binary cement, J. Clean. Prod. 116 (2016) 236-243.

D.A. Adesanya, A.A. Raheem, Development of corn cob ash blended cement, Constr.
558 Build. Mater. 23 (2009) 347-352.

Arora, S. et al. (2022) ‘Environmental Science and Pollution Research Strength,
durability, and microstructure of self-compacting geopolymer concrete produced with
copper slag aggregates’, (July). doi: 10.1007/s11356-022-22170-1.

B. Ambedkar, J. Alex, J. Dhanalakshmi, Enhancement of mechanical properties and
durability of the cement concrete by RHA as cement replacement: Experiments and
modelling, Constr. Build. Mater. 148 (2017) 167-175.

20439

Eur. Chem. Bull. 2023,12(Special Issue 4), 20431-20442



Comparison between Fly ash and Rice husk ash based Geopolymer concrete

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Eur.C

Section A-Research paper
ISSN 2063-5346
. L. Rodier, K. Bilba, C. Onésippe, M.-A. Arsene, Study of pozzolanic activity of

bamboo stem ashes for use as partial replacement of cement, Mater. Struct. 50 (2017)
567 87.

C.B. Cheah, M. Ramli, The implementation of wood waste ash as a partial cement
replacement material in the production of structural grade concrete and mortar: An
overview, Resour. Conserv. Recycle. 55 (2011) 669-685.

S. Zhou, X. Chen, Pozzolanic activity of feedlot biomass (cattle manure) ash, Constr.
Build. Mater. 28 (2012) 493-498.

G. Fava, M.L. Ruello, V. Corinaldesi, Paper mill sludge ash as supplementary
cementitious material, J. Mater. Civ. Eng. 23 (2010) 772-776.

G.C. Cordeiro, K.E. Kurtis, Effect of mechanical processing on sugar cane bagasse ash
pozzolanicity, Cem. Concr. Res. 97 (2017) 41-49.

A. Sales, S.A. Lima, Use of Brazilian sugarcane bagasse ash in concrete as a sand
replacement, Waste Manag. 30 (2010) 1114-1122.

S. Deepika, G. Anand, A. Bahurudeen, M. Santhanam, Construction products with
sugarcane bagasse ash binder, J. Mater. Civ. Eng. 29 (2017) 4017189.

G.P. Lyra, V. dos Santos, B.C. De Santis, R.R. Rivaben, C. Fischer, E.M. de J.A.
Pallone, J.A. Rossignolo, Reuse of sugarcane bagasse ash to produce a lightweight

aggregate using microwave oven sintering, Constr. Build. Mater. 222 (2019) 222—-228.

A. Rajasekar, K. Arunachalam, M. Kottaisamy, V. Saraswathy, Durability characteristics

of Ultra High Strength Concrete with treated sugarcane bagasse ash,586 Constr. Build.

Mater. 171 (2018) 350-356.

P. Jamsawang, H. Poorahong, N. Yoobanpot, S. Songpiriyakij, P. Jongpradist,

Improvement of soft clay with cement and bagasse ash waste, Constr. Build. Mater.

589 154 (2017) 61-71.

A. Rerkpiboon, W. Tangchirapat, C. Jaturapitakkul, Strength, chloride resistance, and

expansion of concretes containing ground bagasse ash, Constr. Build. Mater. 101592
(2015) 983-989.

20440
hem. Bull. 2023,12(Special Issue 4), 20431-20442



Comparison between Fly ash and Rice husk ash based Geopolymer concrete

Section A-Research paper
ISSN 2063-5346
23. M. Abbass, G. Singh, Rice husk ash and basalt fibre-based sustainable geopolymer

concrete in rigid pavements under ambient curing conditions, in S. Kumar Shukla,
S.N. Raman, B. Bhattacharjee, J. Bhattacharjee (Eds.), Advances in Geotechnics and
Structural Engineering. Lecture Notes in Civil Engineering, vol. 143, Springer,
Singapore, 2021, doi: 10.1007/978-981-33- 6969-6_34

24. Abbass, M. and Singh, G. (2021) ‘Impact strength of rice husk ash and basalt fibre
based sustainable geopolymer concrete in rigid pavements’, Materials Today:
Proceedings. Elsevier Ltd, (XXXX), pp. 1-8. doi: 10.1016/j.matpr.2021.09.053.

25. Abbass, M. and Singh, G. (2022) ‘Durability of rice husk ash and basalt fibre based
sustainable geopolymer concrete in rigid pavements’, Materials Today:
Proceedings. Elsevier Ltd, (xxxx). doi: 10.1016/j.matpr.2022.02.196.

26. Iftigar Ahmed A, Siddiraju S (2016) Strength properties on fly ash based
geopolymer concrete with admixtures. Int J Civil EngTechnol (IJCIET) 7(3)

27. Rashidah Mohamed Hamidi, Zakaria Man and KhairunAz- izi, ”’Concentration of
NaOH and the Effect on the Properties of Fly Ash Based Geopolymer”, Procedia
Engineering, 148 (2016 ), Else- vier, pp 189 — 193

28. Dhirendra Singhal, P., & Garg, A. (2017). The behaviour of Fly Ash based
Geopolymer Concrete in Fresh State. Indian Journal of Science and Technology,
10(31), 1-4. https://doi.org/10.17485/ijst/2017/v10i31/113890

29. 1S:383-2016, Indian Standard Coarse and Fine aggregate for Concrete Specification.
Bureau of Indian Standards, New Delhi, India, January 1-21, 2016.

30. Indian Standards (1963) (Reaffirmed 2002) M. Kisan, S. Sangathan, J. Nehru, and
S. G. Pitroda, Method of test for aggregate for concrete. Part | - Particle size and
shape. B1S:2386- Part I, 2002.

31. Abbass, M., Singh, G. (2022). Optimum Mix Design of Rice Husk Ash-Based
Geopolymer Concrete Based on Workability, Setting Time, and Compressive
Strength Cured in Ambient Temperature Conditions. In: Das, B.B., Gomez, C.P.,
Mohapatra, B.G. (eds) Recent Developments in Sustainable Infrastructure (ICRDSI-
2020)—Structure and Construction Management. Lecture Notes in Civil
Engineering, vol 221. Springer, Singapore. https://doi.org/10.1007/978-981-16-
8433-3 7

20441
Eur. Chem. Bull. 2023,12(Special Issue 4), 20431-20442


https://doi.org/10.1007/978-981-16-8433-3_7
https://doi.org/10.1007/978-981-16-8433-3_7

Comparison between Fly ash and Rice husk ash based Geopolymer concrete

32.

33.

34.

35.

36.

37.

38.

Section A-Research paper
ISSN 2063-5346
ASTM C143/C143M, Standard Test Method for Slump of Hydraulic-Cement

Concrete, Astm C143. (2015). https://doi.org/10.1520/C0143.

ASTM, C39-05 Standard Test Method for Compressive Strength of Cylindrical
Concrete Specimens, ASTM Int. (2008).

ASTM C496, Standard Test Method for Splitting Tensile Strength of Cylindrical
Concrete Specimens, ASTM Int. i (2011) 5. https://doi.org/10.1520/C0496.
American Society of Testing and Materials, C293 - 15 Flexural Strength of Concrete
(Using Simple Beam With Center-Point Loading), ASTM Int. (2015) 1-3.
https://doi.org/10.1520/C0293.

Hadi MNS, Zhang H, Parkinson S (2019) Optimum mix design of geopolymer

pastes and concretes cured in ambient condition based on compressive strength,
setting time and workability. J Build Eng 23:301-313.
https://doi.org/10.1016/j.jobe.2019.02.006

Abbass, M., & Singh, G. (2023a). Experimental investigation of engineered alkali-
activated fibrous geopolymer concrete. Journal of Building Pathology and
Rehabilitation, 8(1), 1-16. https://doi.org/10.1007/s41024-022-00259-x

Abbass, M., & Singh, G. (2023b). Experimental investigation of alkali-activated
hybrid geopolymer concrete. Multiscale and Multidisciplinary Modeling,
Experiments and Design. https://doi.org/10.1007/s41939-023-00144-1

20442

Eur. Chem. Bull. 2023,12(Special Issue 4), 20431-20442


https://doi.org/10.1520/C0496
https://doi.org/10.1520/C0293
https://doi.org/10.1016/j.jobe.2019.02.006

