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Abstract : The mixture of aluminosilicate material such as fly ash, silica fume with an alkaline solution such as sodium hydroxide
& sodium silicate completes the geopolymerization process and forms an activated alkaline solution that has the binding property.
This activated alkaline solution is mixed with white clay and produces the geopolymer brick. The various trial mixes are worked
out with an AAS/FA ratio between 0.4 to 0.5, Na,SiO3z/NaOH ratio between 2 to 3, and molarity of alkaline solution between 12M
to 16M. The various trial mix bricks will be prepared and oven cured at 70°c ambient temperature. The brick is then analyzed for
compressive strength and Durability tests. The maximum compressive strength is achieved up to 5.1 N/mm? & water absorption of
5% when it is heated at 70°c for 7 days. Microstructure Analysis tests such as X-Ray Diffraction Test (XRD) is carried out on
material. The geopolymerization reaction resulting in a formation of new product with different microstructure.

IndexTerms - Alkaline solution, Microstructure of the material, Geopolymerization, etc.

1.INTRODUCTION

Bricks are a construction material widely used in the construction industry. It serves as a partition member or wall component
in the building. Brick is made from cement and mud clay with other fine aggregate material to achieve maximum structural and
mechanical properties. Cement and mud are the binders used for binding the materials to form a brick. The manufacturing of cement
requires more energy to form cement powder from rock and while processing 80 % of CO; gas is evolved in the atmosphere which
causes an increase in greenhouse gas emission. The brick is burned by using coal, wood, and fuel at 900°c to 1100°c to achieve
structural and mechanical property. While burning the brick carbon dioxide (CO2) emission takes place, which affects the ozone
layer and helps further to increase global warming. The forming of brick from cement and clay mud requires more natural materials
which reduce the natural resources and it was harmful to the environment.

To counteract this negative environmental impact, geopolymer material was discovered to be the best substitute for cement as
a binder material in the nineteenth century ?%24, The geopolymer brick is a type of brick made from industrial waste that has a high
aluminosilicate content and is geopolymerized with an alkaline solution [*21. The geopolymerization is the technique that transforms
various solid aluminosilicate materials into a useful product.

In this study, the mixture of aluminosilicate material such as fly ash, silica fume with an alkaline solution such as sodium
hydroxide and sodium silicate completes the geopolymerization process and forms an activated alkaline solution that has the binding
property. This activated alkaline solution is mixed with white clay and produces the geopolymer brick. The various trial mixes are
worked out with an AAS/FA ratio between 0.4 to 0.5, Na2SiOs/NaOH ratio between 2 to 3, and molarity of alkaline solution between
12M to 16M. The various trial mix bricks will be prepared and oven cured at 70°c ambient temperature. The brick is then tested for
Compressive strength, Durability test, and Microstructural tests. The result of each test is analyzed and the final conclusion of
material regarding overall property is workout.

2.RESERCH METHODOLOGY

2.1. MATERIALS
2.1.1. AluminoSilicate Material

Industrial waste are mainly aluminosilicate materials which are rich in silica and alumina content and that’s why they known as
aluminosilicate material 61, They are helpful in generation of critical geopolymer structure which is stable by mainatining Si/Al
molar ratio.The stable structure increses all physical, chemical and mechanical properties of geopolymer material and enhance the
performance of geopolymer material under various conditions 31921,

2.1.1.1. Fly Ash: (Class F)

The various types of fly ash are available in the market, mainly C-type and F-type fly ash. The classification of fly ash is based
on fineness and CO; content present in it. The Table 1 shows that the low calcium-based fly ash (Class F) is used in the project to
produce less greenhouse gas emission material known as geopolymer material in form of a brick. Fly ash is pozzolanic
aluminosilicate material having high alumina and silica content. This content is used to produce a geopolymerization process. The
geopolymer brick made up of a mixture of low calcium-based fly ash (class f) with an Activated alkaline solution, has excellent
compressive strength (17181,
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. Specification As per
TEST NAME Unit Result : 883812 (Part-l)-Z%OS
CHEMICAL PARAMETER
1 Silicon dioxide, as SiO; % 61.40 Min. : 35
2 SiO; + Al,O3 + Fe;03 % 90.60 Min. : 70
3 Reactive Silica % 34.50 Min. : 20
4 Magnesium Oxide (MgQO) % 1.45 Max.: 5.0
5 Total Chlorides % 0.03 Max.: 0.05
PHYSICAL PARAMETERS
6 Specific Gravity - 2.3 -
7 Density Kg/m?® 1286 -
8 Loss on Ignition % 0.9 Max.: 5.0
9 Fineness Specific Surface by blain M?/Kg 341.70 Min. : 320
10 | Moisture % 0.80 Max.: 2.0
11 | Passing on 45 Micron Sieve (Wet Sieving) % 59.30 Min. : 66
12 | Retention on 45 Micron Sieve (Wet Sieving) % 40.70 Max.: 34

2.1.1.2. Silica Fume:

Silica fume is a fine material with spherical particles less than 25 microns in diameter. This is much smaller than the average
cement particle. The silica fume is very fine and has a more specific surface area and improves the density when water is added to
it. The silica fume having high silica content up to 98% and calcium content is less than 1%, which is beneficial to cast geopolymer
material with a low calcium content. Silica fume is helpful to maintain Si/Al ratio between 1 to 3 which is helpful to improve brick
properties, in particular its compressive strength, bond strength, and abrasion resistance. The addition of silica fume also reduces
the permeability of brick by reducing voids present in brick. It improves the performance of geopolymer material. As the amount
of silica fume increases the workability of geopolymer decreases due to the high surface area of silica fume particles. Segregation
and bleeding are reduced by silica fume due to the absorption of extra water. The silica fume is having lots of advantages but as the
amount of silica, fume increases directly affects the cost of material so the use of 1% to 2% silica fume shows effective compressive
strength increase with all other properties.

2.1.2. Alkaline Solution

The Alkaline solutions are prepared from base material mixed with water and by heating at a temperature between 900°c to
1100°c. These alkaline solutions are rich in silica and alumina content having pH greater than 7. The alkaline solution with a proper
amount of sodium silicate to sodium hydroxide molarity ratio produces the binding property and stabilizes the geopolymer chemical
structure which helps in increase all properties of the material [ 1215201 The Activated Alkaline Solution such as Sodium Silicate
and Sodium Hydroxide is used in this project so the Geopolymerization process forms and produces binding property.

2.1.2.1. Sodium Hydroxide (NaOH):

It was the inorganic base chemical material having purity of 98% shown in Table 2 and it is used to prepare activated alkaline
solution while mixed with aluminosilicate material by maintaining proper molarity. Maintain proper molarity to form concentrated
solution play a very important role in binding property. The molarity maintained from 12M to 16M useful to form a stable chemical
structure with strength properties.

1 Molar solution = 48 gm NaOH in 1 liter water

Table 2 Properties of Sodium Hydroxide

MAXIMUM LIMIT OF PUARITY

Sodium Hydroxide | 98%
PHYSICAL PARAMETERS

Specific Gravity 1.53
Density (Kg/m®) 2130

2.1.2.2. Sodium Silicate (NazSiO3):

It was a colorless transparent solid which is adhesive in nature. This chemical material is used to prepare activated alkaline
solution while mixed with aluminosilicate material by maintaining proper molarity. Maintaining proper molarity to form
concentrated solution play a very important role in binding property. The molarity maintained from 12M to 16M useful to form a
stable chemical structure with strength properties.

Table 3 Properties of Sodium Silicate Liquid Solution

Sr. No. Test Results
1 Na,O content 16.70°c
2 SiO; content 36.60°c
3 Ratio of Na,0:SiO, 1:2.2 (by wt ratio)
4 Insoluble matter Nil
5 Specific gravity at 27.0°c 1.56
6 Density (Kg/m?®) 1490

2.1.3. White Clay
The Figure 1 is the XRD Test Graph which shows the white clay is having maximum Silica content and used up to 70% to 85%
while preparing geopolymer brick as per mix design. The silica content present in white clay will help to maintain the Si/Al ratio
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in between 1 to 3 and which is required to prepare a critical geopolymer chemical structure. This structure helps in the improvement
of strength, mechanical and fire-resisting properties. The fineness of clay is between 150 microns to 4.5 mm and also all other test
results are shown in Table 4. As the white clay is used between 75% to 85% the cost of geopolymer material is reduced and the
brick will be economical.

Table 4 Test Result of White Clay

Test Result
Specific Gravity | 2.08
Density 2040.48 Kg/m? £ -
Water Content 0.87 % N

Fig. 1 XRD Test Graph of White Clay

2.2. MIX DESIGN

The various factors are governed to form geopolymerization which was taken into account while preparing mix proportioning.
The only use of one alkaline solution was not to give effective results so use at least 2 different alkaline solutions with maintaining
the proper ratio to get effective results. C. Freidin 2007 tells As sodium silicate and sodium hydroxide content increase the
compressive strength of geopolymer increases. The mixture of aluminosilicate (silicon dioxide (SiO2) and aluminum dioxide
(Al,03)) with sodium silicate (Na,SiOs) is required to make water-resistant geopolymer material. Maintaining morality of alkaline
solution from 5M to 15M. Water to geopolymer binder ratio <0.35, Solution to aluminosilicate ratio <0.35, Sodium Silicate to
Sodium hydroxide ratio equal to 1 makes geopolymer material hydrostatically stable and critical which gives all physical and
mechanical properties. The compressive strength of Geopolymer concrete decreases as the water to Geopolymer solid ratio by mass
increases.

The various trial mixes are worked out with an AAS/FA ratio between 0.4 to 0.5, Na2SiO3/NaOH ratio between 2 to 3, molarity
of alkaline solution between 12M to 16M, Water to geopolymer binder ratio <0.35, and Solution to aluminosilicate ratio <0.35.

For Mix Design Refer 1S 10262:2019
Only cement is replaced by alkaline activation solutions and their quantity is calculated as per following method:
Determination of Activator Content: (Quantity of NaOH & Na;SiOs)
MNa2Sio3 _ 1

MNaOH (1)

Where, M = Mass in Kg

R = Ratio (Assume Na2SiO3/NaOH ratio between 2 to 3)

MAAS = Mass of Alkaline Activator Solution = Water Content in IS 10262:2019

MNaOH = Mass of NaOH

NaSiOz = Mass of Na,SiO3

MAAS = MNaOH + MNa,SiO3 )
= MNaOH + (R x MNaOH ) From (1)

MAAS = MNaOH(R + 1) ©)

MNaOH = =22 From (3)

MNaOH = ....... Kg/m®

MNa,SiO3= R x MNaOH From (1)

MNa28i03= ........ Kg/m3

Table 5 Trials of mix design

rial T S_(F;atios — Final Quantity (Kg/m®)

: azol03 - . .
P . Molarity| - [Fly Ash| 218 | NaOH | Nazsios|\REL TS cray | NSt | P08

FA | NaOH G

T1 (0.5 2 12 0.199 414 46 2496 190.72 52 63 1834.13 (115 2639.81
T2 0.5 2 12 0.159 (3744 |41.6 22.56 |138.28 |47 0 1748.75 (122 2494.59
T3 (0.4 2 16 0.112 |468 52 26.88 |138.41 (42 0 1288.99 [134.5 2150.79
T4 (0.4 3 12 0.122 (468 52 17.04 |156 35.5 0 1289.44 (128.5 2146.49
T5 (0.4 3 16 0.102 (468 52 20.48 |155.99 |32 0 1289.44 (140.5 2158.42
T6 (0.5 2 12 0.159 |374.4 |41.6 22.56 |138.28 |47 0 1383.04 (122 2128.88
T7 0.5 2 16 0.134 3744 |41.6 27.2 138.41 (425 0 1383.04 (134 2141.16
T8 [0.5 3 12 0.145 3744 |41.6 17.04 |156 35.55 0 1383.49 [128.5 2136.54

3. BRICK PREPARATION

Weight Aluminisilicate materials (Fly ash & Silica Fume), Alkaline Solutions (Solid Sodium Hydroxide & Liquid Sodium
Silicate), Dry White Clay and Water required for mix. Prepare mix of Alkaline solution and add dry mixed flyash & silica fume in
it. Mixture formed is known as Activated Alkaline Solution which have the binding property. The white clay is then mixed in
alkaline activated binder and homogeneously mixed. The formation of geopolymer is takes place after mixed it. The mixture is then
placed in brick mould of size 235mm x 110mm x 85mm. The brick is then removed in half hr and placed in oven for ambient
temperature curing at 70 for 7 days. Then the geopolymerization takes place while curing and the brick is tested for Strength,
Durability and Microstructure Analysis.
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4. RESULT & DISCUSSION
The result discusses about Compressive strength, Durability test, and Microstructure Analysis tests.

4.1. Compressive Strength
The Compressive Strength of geopolymer brick is carried out by UTM, as per procedure given in IS 3495 (Part 1) : 1992
specified for Methods of test of burnt clay building brick. Part 1 for Determination of Compressive Strength.

Table 6 Compressive Strength

Trial| Dimensions |Avg. Weight| Avg. Compressive Compressive Sirength Graph
No. (mm) (Kg) Strength (N/mm?)
T1 | 235x110x 85 3.40 2.1 X
T2 | 235x110x 85 3.46 5.1 £,
T3 | 235x 110 x 85 3.39 2.88 £
T4 | 235x 110 x 85 3.40 2.57 E
T5 | 235x 110 x 85 3.54 3.9 X
T6 | 235x 110 x 85 3.28 2.63
T7 | 235x110x 85 3.38 3.29 g ; ‘
T8 | 235x110x 85 3.49 3.38 P

Fig. 2 Compressive Strength Graph of Geopolymer Brick Mix Trials

It has been seen that the Trail no. 2 in Table 6 shows that it have more strength up to 5.1 N/mm? as compared to all other trials

when it is heated at 70°c for 7 days. The various ratios such as AAS / FA = 0.5, Na;SiOs/ NaOH = 2, Molarity = 12, W/G = 0.159

are maintained properly as mentioned in Mix design part. The trial is may forms proper alkaline activator solution or

geopolymerization reaction which have binding property and have good bond strength as discussed in FTIR Test. The given ratios
are best suited for the brick which is made from F Type Fly Ash, Silica Fume & White clay to achieve strength.

4.2. Water Absorption
The Water Absorption of gropolymer brick is carried out as per procedure given in IS 3495 (Part 2) : 1992 specified for Methods
of test of burnt clay building brick. Part 2 for Determination of Water Absorption.
W1 = weight of oven dried brick (kg)
W2 = saturated weight of brick (kg)
Water Absorption = (W2-W1)/W1 x100

Table 7 Water Absorption Water Absorption Graph
Trial| W1 | W2 ﬁﬁ%b\rﬁfg Remark

(o) | (ko) | "0 ’
T1| 340 [351| 329 < 15%, S0 ok.
T2 | 3.46 | 3.64 5.00 < 15%, So ok. H
T3 | 3.39 | 3.67 8.25 < 15%, So ok. i
T4 | 3.40 | 3.51 3.19 < 15%, So ok.
T5 | 354 | 369 | 4.9 < 15%, So ok. = l I Bl = I
T6 | 3.28 | 336 | 240 < 15%, So ok. " ' ‘
T7 | 3.38 | 3.64 7.89 < 15%, So ok.
T8 | 349 | 417 | 1937 [>15%, So Not ok.

Fig. 3 Water Absorption Graph of Geopolymer Brick Mix Trials
It has been seen that the Trail no. 2 in Table 6 shows that it have more strength up to 5.1 N/mm? as compared to all other trials
when it is heated at 70°c for 7 days but have water absorption as 5% as per Table 7. This water absorption is more than Trial no. 1,
4,5 & 6 but ok as it should less than 15%. So, we can adopt this trial as best trial for strength as well as for durability.

5. CONCLUSION

1. The Figure 1 of XRD graph shows that the White Clay used in preparation of geopolymer brick is have more than 65% of
Silica content and it is helpful in geopolymerization process.

2. Through maintain various ratios such as AAS / FA = 0.5, Na;SiOs/ NaOH = 2, Molarity = 12, W/G = 0.159 as discussed in
Mix Design part we achieve maximum strength up to 5.1 N/mm? as compared to all other trials when it is heated at 70°c for 7
days. This brick is classified as 2" class brick.

3. The brick with Trial no. 2 have maximum strength as well water absorption up to 5% and which is less than 15% as per IS
3495 (Part 2) : 1992. So, the brick is classified as 1% class brick.

So, the geoploymer brick have the strength and durability property when proper quantity of each material is used and it is free
from greenhouse gases emission in environment.
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