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ABSTRACT - Geopolymer concrete is also known as Alkali activated concrete. It is one of the innovative construction
materials, which addresses global issues like CO2 emission and energy reduction. In current research proposes use of GGBS
and RHA materials, both are sustainable materials and used as substitute for binders. Alkaline solution of Sodium
Hydroxide (NaOH) and Sodium silicate (Naz SiOz) are used. Various concentration of NaOH like 8N,10N,12N are used for
mix proportions of 10%, 20%, 30% of RHA along with 90%. 80%, 70% of GGBS as substitute binder for geopolymer
concrete. The study shows that for a range 10-20% GPC gains good compressive strength Beyond that compressive strength
reduces. For 30% of RHA compressive strength is Very Low. For a mix combination GPT at 10% RHA with 10N NaOH
GPC achieved highest compression strength of 52.87 N/mm? at 28 days. Microstructural analysis with SEM and EDAX
shows better bonding is created b/w the particle with minor cracks and voids.
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1. INTRODUCTION

Geopolymer concrete (GPC) is having resistant to acid and sulphate and salt attack. It allows the utilization of waste materials
effectively and gives a long life for the structure with the use of residue materials. Conventional Cement is major responsible for
emission of the greenhouse gases, contributing approximately about 0.5-0.9 tonne of carbon dioxide for the production of 1 tonne
of Cement. By the Census Worldwide in CO, emission India is holding 2nd rank in the year 2024 for the production of cement. By
using GPC, it is possible to reduce 50-94% Carbon dioxide emission, since it is made with recycled and residual waste materials. It
also not requires any fuels for its manufacturing process of GPC. The usage of residue and waste material make it ecofriendly
material and low energy consumption material. In present study GGBS and RHA are used as Supplementary binders, GGBS is a
residue from iron manufacturing industry where as RHA is an agricultural residue it is rich in Silica.

Joseph Davidoits first developed the Geopolymer concrete in 1978 using Activated alkaline solution. Davidoit’s the founder of
Geopolymer Concrete. He also developed geopolymer cement upto 90% less CO2 emission than the traditional Portland cement
which is sustainable development [3]. GPC Specimens prepared for 8, 10, 12 molarity of achieved the compressive strength ranges
from 33.6 to 46.5 MPa. it was found that the Compressive strength is proportional to density of the LWGPC and also, they found
that the compressive strength increases with increase in the morality and GGBS content [1]. When RHA increases from 0 to 20%
the compressive strength increases to 43.4 to 47.5 MPa. Effect of substituting RHA for fly ash is partially were studied on the
compressive strength. It revealed that RHA combined with 15% and 20% were showed better compressive strength of 46.7 MPa
and 47.5 MPa [2]. For the GPC with RHA the Na,SiO, and NaOH combination were used as liquid alkaline with ratio at 70:30, the
concentration of NaOH were maintained at 8M molarity. The liquid alkaline activator by Binder ratio of 1.2 was used. The mix
proportion with different percentages of RHA ranging from 0 to 30% analysed. The compressive strength of 7 and 14 days after
testing shows high compressive strength compared to 28 days [4]. A study found that increasing the RHA content from 0 to 30%
led to 120% improvement in the compared compressive strength with control mix. The binder content decreases from 400 kg /m3
to 280 kg /m3 as a fine aggregate as RHA increases from 0 kg /m3 to 120 kg /m3. Sodium hydroxide and sodium silicates are kept
constant 60 kg /m3 and 120 kg /m3 respectively with super plasticizers added at 2 kg /m3. Sand and coarse aggregates are
consistently used as 600 kg /m3, 400 kg /m3 and 800 kg /m3 for all mixes respectively. The study demonstrates that increase of
RHA concentration results in decrease in the workability while compressive strength increases from 16 MPa to 35 MPa [5,6].
Considered the minimum maximum binder content were 340 kg /m3 and 440 kg /m3 respectively by IS10262. The coarse aggregate,
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fine aggregate referred from table 2 of IS10262-2019. The concrete analysed for various volume of fly ash, GGBS and for the ratios
of activator to binder, aggregate to binder. Combination of Class F fly ash and GGBS were taken for binder the specific gravity of
GGBS and fly ash was 2.87 and 2.19 respectively. Increasing the GGBS in the mixture results in high GPC compressive strength.
When GGBS exceeds 50% GPC workability is reduced for WG/B -0.55. WG/B increase after 0.5 results in high earlier strength
development. It accelerates polymerization reaction leads to rapid formation of polymeric gel, results in gain of strength at a faster
rate. When WG/ B increases up to 0.6 GPC becomes excessively fluid negatively affect workability and causing issues like
segregation and bleeding by increasing AG/ B leads to decreasing in strength of GPC higher the aggregate reduces the bonding
strength between the particles make weak bonding. [7,8]

2.MATERIALS AND METHODOLGY

2.1 Materials

The following materials are used in this study
1. Ground granulated blast furnace Slag (GGBS): Low calcium class F grade satisfying IS standards of GGBS is used, supplied

by local supplier. Rich in SiO, used as a primary binder for the GPC.

2. Rice Husk Ash (RHA): It is Rich in Amorphous silica about 90% is used as substitute binder. It supplied by the Local supplier
satisfying IS standards is used.

3. Sodium hydroxide (NaOH): NaOH flakes are dissolved to prepare required Normality of Solution. NaOH with 8N,10N,12N
is used with NS/NH ratio of 2:1 by mass. It enhances polymerisation and imparts strength and workability.

4.  Sodium silicate (Na, SiO»): It is a primary alkaline activator colourless viscous liquid is used, supplied by local supplier.it
boosts compressive strength and accelerates setting action.

5. Fine Aggregate (M sand): M sand of particle size less than 4.75mm, well graded free from lumps and inherit material used
satisfying IS standards.

6. Coarse aggregate: 20mm and down size well graded flaky elongated granite jelly is used satisfying IS standards.

2.2 Mix design

Mix design of GPC is done with reference to IS 10262 and IS 456. As per the IS 456 The minimum binder content given as 340 -
440 Kg/m? taken 400 Kg/m’ for all the mixes. The volume of Coarse aggregate is taken as 65% to the total aggregate volume and
fine aggregate volume is taken as 35% to the total aggregate volume with reference to the table -2 and table -3 of the IS 10262. On
this basis volume of coarse aggregate and fine aggregate is calculated and tabulated as 633 Kg/m?, 1176 Kg/m? for fine aggregate
and coarse aggregate respectively. W/B ratio taken as 0.5, mixes are prepared using 10%, 20%, 30% RHA as Binder with sodium
hydroxide normality of 8N,10N,12N. Alkaline solution prepared with Activator to binder (a/b) ratio of 0.5, for NS/NH ratio -2.0,
mass of NaOH flakes and sodium silicate volume is calculated to prepare the alkaline solution. NaOH flakes are dissolved in
calculated volume of water and liquid solution is prepared and mixed thoroughly with sodium silicate of calculated volume, alkaline
solution of required normality is now ready which is kept in jar to mix with the ingredients. Three mixes been prepared with
8N,10N,12N normality to find the optimum strength with the varied proportion of RHA as a substitute binder. Nominal mix
proportions were (GGBS & RHA: fine aggregate: Coarse aggregate) 1:1.58:2.94 with alkaline solution.

Table -1 Mix proportions for GPC as per Mix Design

GGBS RHA NaOH | Na:SiO2 CA FA
NaOH Mix in in in in in in
Kg/m® | Kg/m?® | Kg/m® | Kg/m® | Kg/m?® | Kg/m?

8N 90% GPM1

B
10N GS)O/S’ GPT1 | 360 40 60 120 1176 | 633
0
12N RHA GPX1
8N o | GPM2
80% 320 80 60 120 1176 | 633
10N | GGBS, | GpPT2
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3.1 Compression Strength

3. RESULTS AND CONCLUSION

Compressive strength results are given in the graphs in Fig 1,2,3 showing 7 days strength Vs 28days strength. Among all the mixes
GPT mix at 10% RHA mix taking High compressive strength of 52.87 N/mm? at 28 days and also 50.58 N/mm? at 7 days.
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Fig:1 Compressive strength of Geopolymer Mix GPM

The above bar chart indicating that the mix GPM 1 is having a 30.57% strength gain for 28 days compare to 7 days. Similarly, GPM
2 is having19.57% strength gain at 28 days compare to 7 days. For GPM 3, 18.98 % strength gain at 7 days with 28 days.

is having 38.48% strength gain at 28 days compare to 7 days for GPT-3 49.91% strength gain at 28 days with 7days.
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Fig:2 Compressive strength of Geopolymer Mix GPT
The above bar chart indicating that the mix GPT 1 is having a 4.53% strength gain at 28 days compare to 7 days. Similarly, GPT 2
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Fig: 3 Compressive Strength of Geopolymer Mix -GPX

The above bar chart indicating that the mix GPX 1 is having a 3.27% strength gain for 7 days compare to 28 days. Similarly, GPX
2 is having 47.70 % strength gain at 28 days compare to 7 days for GPX-3, 15 % strength gain at 7 days than with 28 days.

3.2 Micro Structural Analysis with SEM images of mix GPT at RHA 10%

Sem analysis is done with high-definition images with resolution of 0.5kx, 1kx, 2kx, 3.5Kx 5kx,10 Kx,13 Kx. Images are provided
with various resolution showing that dense, compact bonding is formed by gel formation. With some pores and cracks. It indicating
calcium-based reaction components which enhance early high strength and Dense structure. In 3.5kx image revealed small pores

and micro voids. Skx image showing irregularly shaped dispersed matrix and uneven surface indicating the unreacted matrix like
GGBS, RHA.

N
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Fig:4 SEM Image of mix GPT
3.3 EDAX - Energy dispersive X-ray analysis

Table-2 Quantitative data showing Element Composition by EDAX

Element Weight % Atomic %
NaO 13.99 14.03
MgO 432 6.66
AlOs 11.11 6.77

SiO: 43.46 44.95
SOs 0.83 0.65
K20 1.00 0.66
CaO 22.26 24.67
TiO: 1.11 0.86
Fe:0; 1.91 0.74
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Fig:5 EDAX Image of mix GPT

The images showing the heterogeneous and flaky microstructural topology. it also indicating the coexistence of CASH and NASH
Geopolymer Gels which is the backbone of the structure. It is also isolated with particles of unreacted raw precursors. The image is
taken at 50 um resolution which showing the internal crack. Quantitative data given in graph and Table, it gives that the matrix is
having high Percentage of Silicon dioxide -SiO2, Alumina- Al, Calcium and other minor components in the matrix responsible for
formation of bonding b/w the particles. Both the SEM and EDX images are Collectively indicating that the material is having a
dense and compact structure. Bonding created by calcium-based gel with NASH and CASH gel formation indicating that reduce
the pores, micro voids and improved strength. However, it also showing that some unreacted particles are there in the matrix. The
bonding and the microstructure indicating that the structure will contribute the durability properties to the structure.

4.CONCLUSION

o [t was observed that there was no specific code of practice is available for GPC as per research papers followed IS 10262 and IS
456.

e Geopolymer Mortar cubes are casted to finalize the optimum NS/NH ratio.

e The compressive strength of geopolymer concrete with varying percentage of GGBS and RHA is studied for 3 different
concentrations of NaOH ie,8N,10N &12N

e Using RHA in GPC, high strength is obtained for 10-20% of binder, for 30% RHA compressive strength is decreased.

o [t was observed that for 20-30% RHA as a binder, workability is low and difficult to handle requires more liquid content to mix
properly.

o At the end of 7 days optimum compressive strength is 50.58 KN/m2 for mix of GPT with 10% RHA, same mix is having optimum
compressive strength 52.87 KN/m2 at the end of 28 days.

o GPT mix with 10% RHA is tested for SEM analysis with high-definition images which showing dense, compact, well bonded
structure with minor pores and cracks.

e EDAX quantitative data given for the matrix showing 43% of SiO, and 22%-CaO 11%-Al indicating the better formation of CASH
gel and bonding formation of particles.

e Ambient curing is made for the cubes at normal temperature which save time and energy.

REFERENCES

[1] P.Hema and V. Revathi (2024), “Durability Evaluation of GGBS-RHA-Based Geopolymer Concrete Along with Lightweight Expanded Clay Aggregate
Using SEM Images and EDAX Analysis”, Buildings, Vol 14 issue 11, https://doi.org/10.3390/buildings14113355

[2] M.S.K.Chaitanya, T.V. Nagaraju (2023), “Strength and micro-structural performance of geopolymer concrete using highly burned rice husk ash”, Materials
Today: Proceedings, Vol-73, issue 7. https://doi.org/10.1016/j.matpr.2023.04.617

[3] Davidovits,J (2020) “Geopolymer Chemistry and Applications” 5" Edition Geopolymer Institute. https://www.geopolymer.org/wp-
content/uploads/geopolymer-book-chapter.pdf

[4] Jaksada Thumrongvut, Sittichai Seangatith, et.al (2022), “Comparative Experimental Study of Sustainable Reinforced Portland Cement Concrete and
Geopolymer Concrete Beams Using Rice Husk Ash”, Sustainability, Vol 14, Issue 16. https://doi.org/10.3390/sul14169856

[5] Parmod Verma, Dulal Goldar, et.al (2024), “Effect of Rice Husk Ash on the Properties and Performance of Geopolymer Concrete”, SSRG International
Journals, Vol 11, issuel 1. https://doi.org/10.14445/23488352/1JCE-V11111P102

1JERTV15I S070202 Page 6
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (IJERT)

https://lwww.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 07, July - 2026
[6] Peem Nuaklong et al., “Influence of Rice Husk Ash on Mechanical Properties and Fire Resistance of Recycled Aggregate High-Calcium Fly Ash

[10]
[11]
[12]
[13]
[14]
[15]

[16]

Geopolymer Concrete,” Journal of Cleaner Production, vol. 252, 2020. https://doi.org/10.1016/j.jclepro.2019.119797

Rajashekar Sangi, Bollapragada Sesha Sreenivas, et.al (2023), “Mix Design of Fly Ash and GGBS based Geopolymer Concrete activated with Water Glass”,
Engineering Technology & Applied Science Research, Vol 13, Issue. https://doi.org/10.48084/etasr.6216

A. Serag Faried, W. H. Sofi, A.-Z. Taha, M. A. El-Yamani, and T. A. Tawfik, "Mix Design Proposed for Geopolymer Concrete Mixtures Based on Ground
Granulated Blast furnace slag," Australian Journal of Civil Engineering, vol. 18, mno. 2, pp. 205-218, Jul. 2020.
DOI: https://doi.org/10.1080/14488353.2020.1761513

Narala Gangadhara Reddy, Veeresh. B. Karikatti, et.al, “Strength and cost analysis of geopolymer concrete using rice husk ash and GGBS as sustainable
cement alternatives” Scientific Reports, Vol 16, Article 43705 Mar 2026 https://doi.org/10.1038/s41598-026-43705-3

G. Ogwang P.W. Olupot et.al, “Experimental evaluation of rice husk ash for applications in geopolymer mortars”, Journal of Building Engineering, Vol 42,
May 2021 https://doi.org/10.1016/j.jobab.2021.02.008

Mohd Salahuddin Mohd Basri, Faizal Mustapha, et.al, “Rice Husk Ash-Based Geopolymer Binder: Compressive Strength, Optimize Composition, FTIR
Spectroscopy, Microstructural, and Potential as Fire-Retardant Material”, Polymers Vol 13, Issue 24, Sept 2021 https://doi.org/10.3390/polym13244373

Cut Yusnar, Tony Hadibarata, et.al, “The Effect of Rice Husk Ash Geopolymer Microstructure Reactivity on the Bonding of Alkaline Solutions and Its Impact
on Geopolymer Concrete Strength”, Bio interface Research in Applied Chemistry, Vol 15 issue 5, Aug 2024 https://doi.org/10.33263/BRIAC155.072
Saloma; Hanafiah; Debby Orjina Elysandi, et.al, “Effect of Na2SiO3/NaOH on mechanical properties and microstructure of geopolymer mortar using fly ash
and rice husk ash as precursor” AIP Conference Proceedings, Vol 1903, issue 1, Nov 2017 https://doi.org/10.1063/1.5011552

J. S. Lima et.al “Use of rice husk ash to produce alternative sodium silicate for geopolymerization reactions”, Ceramica, Vol 67, Issue 381, Mar 2021
https://doi.org/10.1590/0366-69132021673812891

Atif Khan et.al, “Microstructural, mechanical, and durability assessment of sustainable geopolymers synthesized using rice husk ash, a byproduct of the rice
industry”, Journal of Asian Ceramic Societies, Vol 13, Issue 3, Aug 2025 https://doi.org/10.1080/21650373.2025.2542192

Yamuna Ganesan, Panruti Thangaraj Ravichandran, et.al “Development and performance of ambient cured geopolymer concrete with low alkali activation for
sustainable construction”, Case Studies in Construction Materials, Vol 24, Mar 2026 https://doi.org/10.1016/j.cscm.2026.e06001

IJERTV 151 S070202 Page 7

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



