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Abstract: In the planet, cement is most adaptable, enduring, reliable, and essential material used for edifice. After water,
Concrete is most widely used material on the earth. But concrete is not eco-friendly due to large carbon footprint of cement.
In current work anew eco-friendly standby of cement called as Geopolymer is worked out The use of waste material like
Rice Husk Ash (RHA), Ground Granulated Blast-Fumace Slag (GGBS) etc. and polymeric binder with no use of OPC is
considered. In the present work experimental investigation is performed like Compressive strength (7 and 28 days) at
ambient curing condition. Effect of SiO, on compressive strength is evaluate in present work. The variation of SiO, (6 %, 7
%, 8 %) and Fixed value of Na,O and different combination of RHA and GGBS (variation from (10 % to 50 %, increases 10

% in each step) was used in this paper.
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I. INTRODUCTION

Geopolymers are a class of mineral binders synthesized
by activation of a source material, natural or by-product,
which 5 abundant in alumina and silica with a metal
hydroxide solution at moderate temperatures. These binders
have been reported to possess better properties than ordinary
Portland cement (OPC). Huge amount of construction and
demolition waste, industrial waste and agricultural waste are
generated every year in developing countries and
conventional methods of dumping this waste are causing a
catastrophic condition to the environment with additional
carbon liberation. [1-2]. Along with these concems extensive
utilization of cement s promoting sham increase in CO,
emission worldwide [3]. Currently, geopolymers are
attracting widespread attention for their potential as an
altemative to ordinary Portland cement (OPC) in a variety of
applications. It is becoming popular for its early development
of higher strength as well as its superior durability properties
besides being environmental friendly [4]. The inorganic
aluminosilicate polymers termed as geopolymers suits the
best fully replacement of OPC [5]. Researchers investigated
different waste materiak having aluminosilicate in cruxsuch
as fly ash, GGBS, clays, and other by products [6-19]. To
have a complete understanding of the possibilities of
applications in different areas, a study on geopolymer paste
containing RHA and GGBS is discussed.

Il. MATERIALS USED

Rice Husk Ash (RHA) s used as a primary
aluminosilicate source materials in the current study.
Granulated blastfurnaceslag (GGBS) is used as a modifier.

The mixture of sodium hydroxide (NaOH) with sodium
silicate (Na,SiO;) was used as alkali solution with NaOH
pellets (purity 98.9%)

I1l. SYNTHESIS OF GEOPOLYMER COMPOSITE

Followings steps were used for the synthesis of
geopolymer composite.

A. PreparationofAlkaline Activator

Initially, required quantities of NaOH pellets and water
were mixed depending on the desired Na,O content of the
activator to make sodium hydroxide solution. It was then
mixed with required quantity of sodium silicate solution for a
desired SiO, content. The resulting activator solution was left
in ambient temperature for one day before using in the
preparation of geopolymer mix. [15].

B. Sample Preparation

At First, RHA and GGBS were mixed with the desired
percentage in dry state until homogenous color does not
appear in the powder. Now alkaline activator prepare 24
hours before was mixed with mixture of RHA and GGBS.
Mixing was done until homogenous geopolymer paste not
formed and there are no lumps left in this geopolymer paste.
The mixing procedure followed was after Thakur and Ghosh
and curing was done at ambient temperature [20].

IV. EFFECT OF S10, ON BEHAVIOR

The SiO2 effect on the compressive strength of
geopolymer composites specimens is shown in Table from
5.11 to 5.15 and graph from 5.2 to 5.7. The SiO2 content
varies from 6% to 8% with increase in 1 % each step, with
the fixed value of Na20 content (6 %, 7 %, 8 %) and GGBS
as (10%, 20 %, 30 %, 40 %, 50 %) to form different
combinations, as shown in tables below. The compressive
strength at 7 and 28 days was evaluated for the commitment
of SiO, effect.

TABLE 1:: Influence on Compressive strength with regarding to SiO,
content of Geopolymer composite specimen at GGBS = 10 %
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% % SiO; % % SiO;
Na,O in Water/Sour | RH | GGB | Compressiv NaO in Water/Sour | RH | GGB | Compressiv
. in activat ce A S e strength . in activat ce A S e strength

Mix activat | or materials (gm | @m) | (MPa) Mix activat | or materials (gm | (@m) [ (MPa)
1D or (b)* (RHA+GG | ) 1D or (b)* (RHA+GG | )

@) BS) 7 7 (a)* BS) 7 7

day | day day | day
s s s s

GP11 |6 6 035 900 100 480 | 6.00 GP12 [ 6 6 035 800 200 520 | 6.40
0 ' 0 '
GP2.1 | 6 7 035 900 100 520 | 6.40 GP22 | 6 7 035 800 200 7.20 | 8.80
0 ' 0 '
GP3.1 | 6 8 035 900 100 5.60 | 6.80 GP32 | 6 8 035 800 200 740 | 9.60
0 ' 0 '
GP41 |7 6 035 900 100 6.20 | 740 GP42 | 7 6 035 800 200 8.40 10.6
0 ' 0 ' 0
GP5.1 | 7 7 035 900 100 7.60 | 8.60 GP52 | 7 7 035 800 200 104 | 12.2
0 ' 0 ' 0 0
GP6.1 [ 7 8 035 900 100 820 | 9.60 GP6.2 [ 7 8 035 800 200 128 | 136
0 ' 0 ’ 0 0
GP7.1 | 8 6 900 100 102 | 116 GP72 | 8 6 800 200 146 | 16.2
0 0.35 0 0 0 0.35 0 0
GP8.1 | 8 7 900 100 122 | 136 GPg82 | 8 7 800 200 164 | 184
0 035 o |o 0 035 o |0
GP9.1 [ 8 8 900 100 142 | 156 GP9.2 [ 8 8 800 200 194 1 204
0 0.35 0 0 0 0.35 0 0

Figure 1 Influence on Compressive strength with regarding to SiO2
content of Geopolymer composite specimen at GGBS = 10 %
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Figure 1 shows SiO2 effect on compressive strength
using line graph, in graph compressive strength at the curing
period of 7 days and 28 days is shown. The percentage of
GGBS keep constant at 10 % and also content of Na20 keep
constant (6 %, 7 %, 8%) to form different combination with
the variation of SiO2 (6 %, 7 %, 8%) content, as shown in
figure on X-axis. Compressive strength varies from 4.80
MPa to 14.20 MPa at duration of curing 7 days at ambient
curing and 6.00 MPa to 15.60 MPa duration of curing 28
days at ambient curing. So, it is concluded that with
increases the SiO2 content in RHA based geopolymer
composite, the compressive strength ako increases. The
maximum compressive strength is noted that 15.60 MPa at
duration of curing 28 days with ambient curing conditions, of
sample with mix id GP9.10

TABLE 2:: Influence on Compressive strength with regarding to SiO,
content of Geopolymer composite specimen at GGBS = 20 %

Fig. 2 Influence on Compressive strength with regarding to SiO, content
of Geopolymer composite specimen at GGBS = 20 %
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Figure 2 shown SiO2 effect on compressive strength
using line graph, in graph compressive strength at the curing
period of 7 days and 28 days is shown. The percentage of
GGBS keep constant at 20 % and also content of Na20 keep
constant (6 %, 7 %, 8%) to form different combination with
the variation of SiO2 (6 %, 7 %, 8%) content, as shown in
figure on X-axis . Compressive strength varies from 5.20
MPa to 19.40 MPa at duration of curing of 7 days at ambient
curing and 6.40 MPa to 20.40 MPa at duration of curing 28
days at ambient curing So it is concluded that with increases
the SiO2 content in RHA based geopolymer composite, the
compressive strength ako increases. The maximum
compressive strength is noted that 20.40 MPa at duration of
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curing of 28 days with ambient curing conditions, of sample
with mix id GP9.20

TABLE 3:: Influence on Compressive strength with regarding to SiO,
content of Geopolymer composite specimen at GGBS = 30 %

MPa to 29.40 MPa at duration of curing of 7 days at ambient
curing and 9.60 MPa to 31.40 MPa at duration of curing 28
days at ambient curing So it is concluded that with increases
the SiO2 content in RHA based geopolymer composite, the
compressive strength ako increases. The maximum
compressive strength i noted that 31.40 MPa at duration of
curing of 28 days with ambient curing conditions, of sample
with mix id GP 9.30

TABLE 4:: Influence on Compressive strength with regarding to SiO,
content of Geopolymer composite specimen at GGBS = 40 %

% % SiO;
Na,O in . Water/Sour RH | GGB | Compressiv
. n activat ce A S e strength

Mix activat | or materials (gm | (@m) | (MPa)
ID or (b)* (RHA+GG | )

(a)* BS) 7 7

day day
s s

GP13 | 6 6 700 300 8.00 9.60
0 0.35
GP23 | 6 7 700 300 113 | 132
0 0.35 0 0
GP33 | 6 8 700 300 142 | 16.2
0 0.35 0 0
GP43 | 7 [ 700 300 15.2 174
0 0.35 0 0
GP53 | 7 7 700 | 300 172 | 214
0 0.35 0 0
GP6.3 | 7 8 700 300 204 | 244
0 0.35 0 0
GP73 | 8 6 700 | 300 234 | 257
0 0.35 0 0
GP83 | 8 7 700 300 254 | 284
0 0.35 0 0
GP93 | 8 8 700 300 29.4 31.4
0 0.35 0 0

Fig. 3 Influence on Compressive strength with regarding to SiO, content

of Geopolymer composite specimen at GGBS = 30 %
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Figure 3 shown SiO2 effect on compressive strength
using line graph, in graph compressive strength at the curing
period of 7 days and 28 days is shown. The percentage of
GGBS keep constant at 30 % and also content of Na20 keep
constant (6 %, 7 %, 8%) to form different combination with
the variation of SiO2 (6 %, 7 %, 8%) content, as shown in
figure on X-axis. . Compressive strength varies from 8.00

% % SiO;
NazO in Water/Sour | RH | GGB | Compressiv
. in activat ce A S e strength

Mix activat | or materials (gm | (@m) | (MPa)
1D or (b)* (RHA+GG | )

(@)* BS) 7 7

day day
s s

GPi4 [ © 3 500 | 400 | 170 | 188
0 0.35 0 0
GP24 | 6 7 600 | 400 | 176 | 198
0 0.35 0 0
GP34 | 6 8 600 | 400 | 192 | 218
0 0.35 0 0
GP44 | 7 [ 600 400 20.8 222
0 0.35 0 0
GP54 | 7 7 600 | 400 | 228 | 252
0 0.35 0 0
GPe4 | 7 8 500 | 400 258 | 282
0 0.35 0 0
GP74 | 8 6 600 400 288 | 31.2
0 0.35 0 0
GP8.4 | 8 7 600 400 308 | 342
0 0.35 0 0
GPo4 | 8 8 500 | 400 358 | 372
0 0.35 0 0

Fig. 4 Influence on Compressive strength with regarding to SiO, content of

Geopolymer composite specimen at GGBS = 40 %
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Figure 4 shown SiO2 effect on compressive strength
using line graph, in graph compressive strength is
represented at the curing period of 7 days and 28 days. The
percentage of GGBS keep constant at 40 % and ako content
of Na20 keep constant (6 %, 7 %, 8%) to form different
combination with the variation of SiO2 (6 %, 7 %, 8%)
content, as shown in figure on X-axis . Compressive
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strength varies from 17.00 MPa to 35.80 MPa at the duration
of 7 days ambient curing and 18.80 MPa to 37.20 MPa at
duration of curing 28 days in ambient curing environment.
So, it is concluded that with increases the SiO2 content in
RHA based geopolymer composite, the increment in
compressive strength appears. The maximum compressive
strength i noted that 37.20 MPa at duration of curing 28
days, using anbient curing conditions, of sample with mix id
GP9.40

TABLE 5:: Influence on Compressive strength with regarding to SiO,
content of Geopolymer composite specimen at GGBS = 50 %

% % SiO;
Na,O in Water/Sour RH | GGB | Compressiv
) in activat ce A S e strength

Mix activat | or materials (gm | (@m) | (MPa)
ID or (b)* (RHA+GG

(@* BS) ! !

day day
s s

GP15 | 6 6 500 500 20.8 | 24.0
0 0.35 0 0
GP25 | 6 7 500 | 500 | 232 | 248
0 0.35 0 0
GP35 [ © ] 500 | 500 | 242 | 256
0 0.35 0 0
GP45 | 7 6 500 | 500 | 256 | 286
0 0.35 0 0
GP55 | 7 7 500 500 286 | 31.2
0 0.35 0 0
GP65 | 7 8 500 | 500 | 326 | 334
0 0.35 0 0
GP75 | 8 6 500 | 500 | 342 | 358
0 0.35 0 0
GP85 | 8 7 500 | 500 | 364 | 376
0 0.35 0 0
GP95 | 8 8 500 | 500 | 382 | 398
0 0.35 0 0

Fig. 5 Influence on Compressive strength with regarding to SiO, content of

Geopolymer composite specimen at GGBS = 50 %
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Figure 5 shown SiO2 effect on compressive strength
using line graph, in graph compressive strength at the curing
period of 7 days and 28 days is shown. The percentage of

GGBS keep constant at 40 % and content of Na20 keep
constant (6 %, 7 %, 8%) to form different combination with
the variation of SiO2 (6 %, 7 %, 8%) content, as shown in
figure on X-axis. Compressive strength varies from 20.80
MPa to 38.20 MPa at duration 7 days ambient curing and
24.00 MPa to 39.80 MPa at duration of curing 28 days
ambient curing. So, it is concluded that with increases the
Si02 content in RHA based geopolymer composite,
increment in compressive strength also appears. The
maximum compressive strength is noted that 39.80 MPa at
curing period of duration of curing 28 days using ambient
curing conditions, of sample with mix id GP9.50

Fig. 6 Influence on Compressive strength with regarding to SiO, content of
Geopolymer composite specimen at various GGBS content at 7 days

ays

CoOmeressie Strey ot
. 0

S —
S e r——
By —
4 - ¥ —

V. EFFECT OF SIO; ON BEHAVIOR

Based on the present research on strength aspects of
RHA based geopolymer composite, the following
conclusions are drawn.

+  Compressive Strength increases with the increases
the SiO2 contentin alkaline activator.

. Incorporation of GGBS in  geopolymer
enhancement of polymerization at anbient curing condition,
results in better compressive strength.

+  Compressive Strength increases with the increases
the percentage of GGBS in source material and maximum
compressive strength was found at 50 % GGBS with mix id
GP.9.50 as 39.80 MPa at the curing of 28 days with ambient
environment.

RHA used in geopolymer not only saves costs
considerably, butalso provides environmental benefits.
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