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ABSTRACT 
 

This paper reports the manufacture of geo-polymer based sunburnt bricks. Geo-polymer is a solution prepared using 

sodium hydroxide and sodium silicate in 1: 2.5 proportions. Different molarity of sodium hydroxide (NaOH) varying from 

5M to 8M is considered for preparation of geo-polymer solution. The materials used for the geo-polymer bricks are: 

natural soil, waste brick powder, lime and geo-polymer solution. The soil used has LL=18%, PL = 14% and specific gravity 

is 2.74.The prepared bricks/blocks are allowed to dry in the natural sun until they are completely dry. The dried 

bricks/blocks are tested for dimensional stability, compressive strength and water absorption capacity in the laboratory. 

In dry mix method for 50:50 ratio, natural soil with additives shows high compressive strength and low water absorption 

whereas in wet mix method for 65:20:15 proportion cured with water for 28 day, the compressive strength of natural 

soil with additives was found to be high compared with soil dried for 3 hours and 6 hours in oven before use. The 

strength of these bricks lies in the range between class-I and class-II conventional bricks. The geo-polymer bricks are 

environmental friendly as no burning is required, acts as thermal insulators and more durable. These bricks are 

economical when compared to conventional bricks. 
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1 INTRODUCTION 

Past decades clay being used to prepare mortar, 

because of easy availability and low cost. It was 

well known that when limestone was burnt and 

combined with water, a material would harden as 

time elapsed. The earliest evidences of usage of 

lime were found as lining of lime plaster in the 

ovens of kitchens of the Harappa residential 

structures of the Indus valley civilization. The use 

of pozzolana in the mortars occurred in the 18th 

century is an important development in mortars. 

Geopolymer masonry blocks satisfies the 

requirements of the IS code (Venugopal et 

al.2015). Geopolymer bricks have low density and 

excellent strength compared to cement blocks 

(Usha, 2011; Kishan and Radhakrishna, 

2013).Geopolymers has good thermal and 

chemical stabilities and fire resistant (Hounsi et 

al.2013). Lime and its products are well known 

and time tested binders; geo-polymer is a 

relatively new and recent material which is being 

studied extensively. 

  In the present work an attempt is made to study 

the physical properties of mud blocks/bricks which 

are prepared with the combination of sandy-clay, 

lime, geo-polymer solution and waste brick 

powder as pozzolana. The physical properties of 

mud blocks/bricks include mainly water absorption 

and compressive strength. The raw materials 

such as lime, geo-polymer solution, sandy-clay 

and brick powder is used at various combinations 

and proportions to study the compressive strength 

and water absorption properties of geo-polymer 

based bricks/blocks. 

2 Materials and Methods 

The materials used for the present work are: 

natural soil and is powdered to required form, 

waste brick powder, geo-polymer solution and 

slaked lime. The basic tests such as Atterberg’s 
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limits and grain size analysis and specific gravity 

tests are  carried out for the soil as per the 

relevant IS codes procedures. The results are 

shown in Table 1. As per IS classification the soil 

belongs to silty sand with clay (SM-SC) based on 

Atterberg’s limits 

        Table 1: Physical properties of soil 

Properties of soil  Results 

Liquid limit (%) 18 

Plastic limit (%) 14 

Specific gravity 2.74 

Sand (%) 61 

Silt (%) 25 

Clay (%) 14 

Locally available waste brickbats were collected 

and crushed to 12mm size pellets, and pulverized 

to powder form (75 micron size) to use as 

pozzolana. The specific gravity of brick powder is 

carried out as per the relevant code and it is found 

to be 2.67. 

The geo-polymer solution is prepared by mixing 

sodium hydroxide pellets with 98% purity and 

sodium silicate in the liquid form at 1: 2.5 ratio. 

Method of Preparation of geo-polymer solution is 

shown in figure 1. The geo-polymer solution 

should be prepared at least one day earlier to use. 

The geo-polymer solution is prepared in four 

different molarities i.e. 5M, 6M, 7M and 8M in 

order to verify the optimum molarity and details of 

molarity and corresponding compressive strength 

and cost per brick including the cost of chemicals 

is shown in Table 2 

 

Fig.1 Preparation of geo-polymer solution  

Table 2: Average compressive strength (MPa) at 7 days for 

different molarity 

Molarity Average compressive strength at 7 

days (MPa) 

Cost/brick 

(Rs) 

5M 3.94 5 

6M 5.24 9 

7M 10.8 13 

8M 11.2 16 

The compressive strength of cubes/bricks 

prepared using 8M geo-polymer solution is slightly 

more than the cubes/bricks prepared with 7M geo-

polymer solution, but by cost comparison, 8M 

geo-polymer cubes/bricks were found to be 

uneconomical, thus 7M is considered as optimum 

molarity to use in the present work. Commercially 

available slaked lime is used and it is powdered to 

required size, i.e. passing through 2.36mm IS 

sieve. 

METHODOLOGY 

The method of manufacture of geo-polymer based 

blocks/bricks consists of mixing various raw 

materials such as sandy-clay, waste brick powder, 

geo-polymer solution and lime at different 

proportions. The soil is used in three different 

forms i.e. natural soil, dried in oven for 3 hours 

and 6 hours at 110
0
c.  The mixing is done by two 

methods:   

i) Dry mix method - without water ii) wet mix 

method- with water. 

In Dry mix method, the basic materials are sandy-

clay; waste brick powder and geo-polymer 

solution is used. The sandy-clay and waste brick 

powder are mixed at 75:25 and 50:50 ratios 

respectively. The required quantity of geo-polymer 

solution is taken by trial and error method so as to 

have homogeneous mixture. The soil mixture so 

prepared is used to cast the blocks/bricks of 

standard size. The bricks are dried in lab 

temperature (ambient) i.e. 28
0
 to 32

0
c and in oven 

(elevated temperature) for 7 days. The dried 

bricks are tested for compressive strength and 

water absorption. In wet mix method, the 

materials used are slaked lime, sandy-clay, brick-

powder and geo-polymer solution. Sandy-clay, 

brick powder and lime are mixed at 55:25:20 and 

60:20:15 ratio respectively. 

In this method, first, lime and brick powder are 

mixed with water, and then mixed with 

corresponding quantities of sandy-clay and geo-
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polymer solution. The soil mixture is prepared at 

55:25:20 and 65:20:15 ratios using sandy-clay, 

brick powder and lime respectively are used to 

prepare bricks. Six numbers of bricks are 

prepared, dried in the lab temperature (ambient) 

and oven (elevated) temperatures and cured for a 

period of 28 days and then tested for compressive 

strength and water absorption. 

3 RESULTS AND DISCUSSION  

 Dry mix method:  

i) 75:25 ratio (soil: brick powder) 

 

Fig.2 Comparison of compressive strength (MPa) 

of cubes after 7 Days     

Figure 2 shows the variation of average 

compressive strength v/s drying temperature for 

75:25 proportions of cubes made of natural soil, 

soil dried for 3 hours and dried for 6hrs at ambient 

and elevated temperatures. It is found that the soil 

dried for 6 hours at lab temperature shows highest 

compressive strength of 2.91MPa than the natural 

soil and the soil dried for 3 hours.   

ii) 50:50 (soil: brick powder) 

 

 Fig.3 Comparison of compressive strength (MPa) 

of cubes after 7 Days                                                   

Figure 3 shows the variation of average 

compressive strength v/s drying temperature for 

50:50 proportions of cubes made of natural soil, 

soil dried for 3 hours and dried for 6hrs at ambient 

and elevated temperatures. It is found that the soil 

dried for 6 hours at lab temperature shows highest 

compressive strength of 6.59 MPa than the 

natural soil and soil dried for 3 hours     

 iii) 50:50(Bricks)  

 

Fig.4 Comparison of compressive strength (MPa) 

bricks after 7 Days                                                

Figure 4 shows the variation of average 

compressive strength v/s different soil status, 

bricks are dried at lab temperature (ambient) 

drying conditions for 50:50 proportions of bricks. It 

is found that the natural soil shows highest 

compressive strength of 8.75 MPa than the soil 

dried for 3 hours and 6 hours. 

Wet mix method:  

i) 55:25:20 (SC: BP: LIME) 

 

Fig.5 Comparison of compressive strength 

(MPa)                                                            

Figure 5 shows the variation of average 

compressive strength v/s different drying 

conditions for 55:25:20 proportion of cubes. The 

cubes are dried in the lab temperature, elevated 

temperature (oven) and cured with water. It is 

found that the natural soil shows highest 

compressive strength of 5.62 MPa cured in water 

than the soil dried for 3 hours and 6 hours. 

ii) 65:20:15 (SC: BP: LIME) 
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Fig.6 Comparison of compressive strength (MPa) 

at 28 Days                                     

Figure 6 shows the variation of average 

compressive strength v/s different drying 

conditions for 65:20:15 proportion cubes. The 

cubes are dried in the lab temperature, elevated 

temperature (110c
o
) and cured with water. It is 

found that the soil dried in oven for 6 hours shows 

highest compressive strength of 8.5 MPa cured 

with water than the natural soil and soil dried for 3 

hours. 

iii) 65:20:15 (Bricks) 28 days strength 

  

Fig.7 Comparison of compressive strength (MPa) 

at 28 Days                                

Figure 7 shows the variation of average 

compressive strength v/s different soil conditions 

for 65:20:15 proportion of bricks and cured with 

water for 28 days. We found that the natural soil 

with additives shows highest compressive 

strength of 7.56 MPa than the soil dried for 3 

hours and 6 hours in oven. 

Table 3: Comparison compressive strength of bricks  

CLASS OF BRICKS 
COMPRESSIVE 

STRENGTH(N/mm
2
) 

First class >10.7 

Geo-polymer bricks 8.75 

Second class >7.0 

Third class >3.5 

Table 3 shows comparison of compressive 

strength of various classes of bricks and geo-

polymer bricks. As per IS specifications the 

strength of geo-polymer based un-burnt bricks is 

found to be in between first class brick and 

second class brick as shown in above table. 

4 Conclusions 

The experimental work has been carried out to 

study the use of sunburnt geo-polymer bricks; 

from the tests results following conclusions were 

drawn: 

 In dry mix method, for natural soil sample at 50:50 

proportions dried at ambient temperature for 7 

days, the compressive strength was found to be 

high 8.75MPa and water absorption was found to 

be less 8.99% compared soil dried for 3 hours and 

6 hours in oven before use. 

 In wet mix method, for natural soil sample at 

65:20:15 proportions cured with water for 28 day, 

the compressive strength was found to be high 

7.56MPa compared soil dried for 3 hours and 6 

hours in oven before use. 

 Hence, the natural soil can be used without drying 

for manufacture of geo-polymer based 

bricks/blocks  

 The strength geo-polymer based bricks/blocks are 

found to be between first class brick and second 

class brick. 

As burning is not required for geo-polymer based 

bricks/cubes therefore, they are environmental 

friendly and better thermal insulators. 

1.1.1 REFERENCES 

 [1] S Usha (2011) “Geo-polymer composites-a sustainable 

alternatives”, International   journal on geopolymer 

composites, vol. 11, pp 31-47, CUSAT.       

[2] Ayi D. Hounsi, Gisele Lecomte- Nana, Gnande D jeteli and 

Philippe Blanchart  (2013) “Kaolin based geo-polymers: Effects 

of mechanical activation and curing process”,International 

journal on construction and building materials, vol. 42, pp 105-

113. 

[3] Kishan L.J and Radhakrishna (2013) “Comparative study of 

cement concrete and geopolymer Masonry blocks”, 

International Journal of Research in Engineering and 

Technology, pp 361-365. 

[4] Venugopal K, Radhakrishna, J. Raju and M. A. Dar (2015) 

“Properties and Application of Geopolymer Masonry Units”, 

SSRG International Journal of Civil Engineering, pp 117-119.                                                                                                

 


