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Abstract 

This paper investigates the durability of bricks produced from industrial waste 
like fly ash, quarry dust and billet scale when immersed in salt and acid solution 

contrasts from the conventional bricks. In this study, durability test was done by 

immersing the bricks in 1% by weight of sulphuric acid (H2SO4) and 3.5% by 

weight of sodium chloride (NaCl) for 28 days. The ratio of the compressive 

strength of the bricks immersed in salt and acid solution to the bricks immersed 

in water is expressed by the corrosion resistance. The change in mass of bricks 

and the visual inspection were assessed in this study. Results showed that the 

corrosion resistance was significantly increased and the weight was also 

increased. Besides, bricks developed from industrial waste in this study 

exhibited no any trace for erosion when exposed them in an aggressive 

environment through visual inspections. Therefore, the bricks developed in this 

study can be used in place of conventional bricks and they can be utilized in an 
aggressive environment.  

Keywords: Bricks, Corrosion resistance, Increase in mass, Visual inspection,       

             Sulphuric acid and sodium chloride. 

 

 

1.  Introduction 

Chemical, petrochemical, cellulose and paper plants and thermal power stations 

face the acute problem of ensuring the durability of technological equipment, 

building and protective constructions against the action of acids and their vapour 

[1]. Sulphuric acid is an aggressive acid that reacts with the free lime Ca (OH)2, in 

cement paste forming gypsum (CaSO4.2H2O). It is associated with an increase in 

volume of the concrete by a factor of 2.2. An even more destructive action between 
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Nomenclatures 
 

C.R Corrosion resistance  

I.W Increase in weight  

m1 Weight of brick before immerse it in acid or salt, gm. 

m2 Weight of brick after immersing it in acid or acid, gm. 

Sa Compressive strength of the bricks immersed in acid, MPa. 

Sn Compressive strength of bricks cured normally, MPa. 

Ss Compressive strength of brick immersed in salt, MPa. 
 

Abbreviations 

BS Billet scale  

C Cement  

FA Fly ash 

QD Quarry dust  

W Water  

W/C Water to cement ratio  

between calcium aluminates present in cement paste and gypsum crystals. These 

two products form the less soluble reaction product, ettringite 

(3CaO.Al2O3.3CaSO4.32H2O). Those expansive compounds cause internal 

pressure in the concrete, which leads to the formation of cracks. The reacted 

surface becomes soft and white. Finally, concrete structure loses its mechanical 

strength [2]. Sulphuric acid is responsible for concrete corrosion is biogenic 

Sulphuric acid, which occurs often in sewer system. Sewer pipes which are built 

to last for at least 50 years, fail sometimes after only a few years when biogenic 

Sulphuric acid corrosion is involved. It is related to different chemical and 

microbiological reactions, hydrogen sulphide releases into the atmosphere of 

sewer structures above the water level. This gas reacts with oxygen to form 

sulphur deposited on the walls of the sewer structures. In the slime layer coating 

these walls, aerobic sulfur-oxidizing bacteria (Thiobacillussp.) metabolize the 

sulphur to sulphuric acid [3].  

Deterioration of a sewer system may result in serious problems such as the 

loss of ability to transport sewerage, contamination of ground and groundwater, 

excessive ground settlements, and cave-ins. Very high costs are involved with 

repair of deteriorated sewer structures. In the United States of America, sulphuric 

acid attack is responsible for billions dollars of damage to concrete wastewater 

collection and treatment systems. In the state of South Australia alone an 

estimated budget for maintaining the existing wastewater infrastructure is 48 

million dollar per annum. Repair and sometimes complete replacement of the 

damaged structures becomes necessary after this acid attack. These repairs and 

replacements are expensive and cause several discomforts to the community [4].  

Durability test in this research was performed differently than the common 

durability test on bricks in the mainstream which are represented by freeze and 

thaw resistance [5-9]. Investigating the durability of bricks in an acidic and salty 

environment has not yet been explored. This may be justified by the fact that the 

bricks which are commonly used in walls are not permanently exposed to acid or 

salt attack as concrete in sewer system or marine structures which are 

considerably vulnerable to long effect of acid and salt penetration to its structure. 
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Acid rain is one of the most constructional challenges that threaten the 

durability of construction. Therefore, recent investigations on concrete durability 

were directed into assessments the durability of constructions with respect to acid 

rain [10]. This research is one of the earliest attempts in treating the bricks in an 

aggressive environment simulating to what used for concrete durability 

investigations.  Bricks were immersed in 1 percent of sulphuric acid (H2SO4) for 

28 days, 1 percent of H2SO4 was experienced in concrete as indicator to an 

aggressive environment [11]. Besides, bricks in this research were immersed in 

3.5 percent of sodium chloride (NaCl) as explained before. Visual inspection, 

increase in weigh and compressive strength which was expressed as corrosion 

resistance was investigated in term of durability. 

 

2.  Materials and Methods 

2.1. Materials  

Ordinary Portland cement (OPC) was obtained from Lafarge cement Sdn Bhd, 

Petaling Jaya, Malaysia. It was confirming to MS522 Part1: 1989 [12], it was 

used for all mixtures in the investigation. Tests were held on Ordinary Portland 

cement according to ASTM C150-85A: 2006 [13] the specific gravity was 3.15 

and specific surface area was 2910 cm2 g-1. Class F fly ash was obtained from 

Kapar Energy Ventures Sdn Bhd, Kapar thermal power station, Kapar, Selangor, 

Malaysia. It had specific gravity of 2.323 and specific area of 2423 cm2 gm-1 

determined according to ASTM C 618:2006 [14]. Billet scale was obtained from 

Amsteel mill, Klang, Selangor, Malaysia. Quarry Dust was obtained from Hanson 

Quarry Products, Batu 11, Cheras, and Kuala Lumpur, Malaysia. The chemical 

and physical properties of the constituent materials are given in Table 1.  

 

Table 1. The Chemical and Physical Properties of the Constituents. 

Material Chemical  Composition % 

 SiO2 Al2O3 Fe2O3 CaO MgO SO3 MnO 

Fly Ash 56.58 27.83 4.0 4.30 1.40 - - 

Billet Scale 1.37 0.09 94.61 0.111 0.03 - 1.03 

Quarry Dust 69.94 14.60 2.16 2.23 0.38 - 0.07 

Cement 21.54 5.32 3.6 63.60 1.00 2.1 - 

 

Material Physical properties 

 LOI 

% 

Blaine finess 

cm2/gm 

Density 

kg/m3 

Specific 

gravity 

Fly Ash 2.53 2423 1155 2.323 

Billet Scale 0.56 - 1746 2.90 

Quarry Dust 0.74 - 1630 2.69 

Cement 2.48 2910 1367 3.15 

 

2.2. Manufacture of brick 

The materials were weighed according to the given ratio as reported in Table 2. 

Mix design studied in this paper involve twenty different mix ratios using various 

combinations of the constituent’s material   expressed by four series A, B, C and 
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D as shown in Table 2. For series a, 15% of cement, 60% of quarry dust and 25% 

of fly ash and billet scale were used. For Series B, 10% of cement, 50% of quarry 

dust and 40% of fly ash and billet scale were used. For series C, 10% of cement, 

40% of fly ash and 50% of quarry dust and billet scale were used. For series D, 

5% of cement, 70% of fly ash and 25% of quarry dust and billet scale were 

investigated in this paper. Mix design in this paper was done based on previous 

works [15]. The quarry dust (QD) and cement (C) were firstly placed in a mixer 

and dry mixed for 2 minutes. Billet scale (BS), fly ash (FA), were then added and 

mixed for another 2 minutes. The mixer was kept covered with burlap during 

mixing to avoid the volatility of materials. The water were then added to the 

materials and mixed for another 2 minutes. The sample was then tested for flow 

consistency according to ASTM D 6103 [15]. The mixture is considered flow-

able when the spread diameter is 200 + 20 mm [15]. Water content was adjusted 

until the required consistency was achieved. The mixture was then tested for fresh 

density according to BS 1881: Part108:1985 [16]. The mix was then poured in 

brick moulds of size (200×90×60) mm. The moulds tapped from their sides gently 

with an iron rod to eliminate any entrapped air. The moulds were covered with 

wet burlap overnight and then transferred to curing environment in plastic storage 

boxes at a temperature of 22
◦
C and the relative humidity within the box was more 

than 95% [17]. 

Table 2. Mix Design of Bricks Production. 

Mix ID 

Ratio % Bulk composition kg/m3 Fresh 

density 

kg/m3 
C QD FA BS FA/ QD C FA QD BS W 

A1 15 60 25 0 25/60 273 938 419 0 309 1896 
A2 15 60 18.75 6.25 18.75/60 304 1044 350 119 308 2087 

A3 15 60 12.5 12.5 12.5/60 309 1060 243 243 307 2152 

A4 15 60 6.25 18.75 6.25/60 323 1108 124 381 306 2240 

A5 15 60 0 25 0/60 323 1108 0 508 306 2242 

B1 10 50 40 0 40/50 166 713 612 0 403 1872 

B2 10 50 30 10 30/50 182 781 503 172 365 1976 

B3 10 50 20 20 20/50 197 846 373 373 354 2135 

B4 10 50 10 30 10/50 220 945 203 624 344 2329 

B5 10 50 0 40 0/50 225 967 0 852 339 2400 

C1 10 50 40 0 40/40 166 713 612 0 403 1872 

C2 10 37.5 40 12.5 40/37.5 182 586 671 215 384 2013 

C3 10 25 40 25 40/25 182 430 671 430 375 2026 
C4 10 12.5 40 37.5 40/12.5 189 203 698 671 369 2133 

C5 10 0 40 50 40/0 189 0 698 895 364 2156 

D1 5 25 70 0 70/25 70 302 911 0 500 1648 
D2 5 18.75 70 6.25 70/18.75 70 277 911 83 500 1696 

D3 5 12.5 70 12.5 70/12.5 70 166 911 166 500 1716 

D4 5 6.25 70 18.75 70/6.25 70 75 911 279 500 1736 

D5 5 0 70 25 70/0 70 0 911 333 500 1768 

      

2.3. Test method 

In this paper the durability investigation on bricks was conducted differently than 

the common durability detections on the bricks in the main stream. The crucial 

impact of acid rains on constructional deterioration in most of Asian countries as 

Malaysia and China has brought about the necessity to investigate the durability 

of constructions under acidic environmental [18-20]. This research is one of the 

earliest attempts in treating the bricks in an aggressive environment. The bricks at 

age of 28 days were immersed in 1 percent by weight of sulphuric acid (H2SO4) 
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which is commonly used for concrete in an aggressive environment [11] and the 

time of immersion was for 28 days. 

The bricks both in acid and salt tank were removed from after 28 days and 

were stood on their headers on wire mesh in order to drain the excessive water. 

After that, the bricks were inspected visually for their physical appearance, weight 

and compressive strength compared with the bricks that were cured normally at 

the same time of immersion. The visual inspection was done by an observer with 

normal vision on the whole sides of the bricks for any possible corrosion and 

images were taken. The change in the weight of bricks before and after curing 

them in salt and acid solution is expressed as the increase in weight since all the 

bricks gained some weights after immersing them in salt and acid solution, the 

increase in weight were evaluated according to the following equation [21]: 

2 1

1

. 100
m m

IW
m

−
= ×

                                                                                                         (1) 

where: 

I.W= increase in weight, %. 

m1=weight of brick before immerse it in acid or salt, gm. 

m2= weight of brick after immersing it in acid or acid, gm.  

The compressive strength is expressed as corrosion resistance for both of salt 

and acid immersion and it was evaluated base on the following equations [22]: 

. 100s

n

S
C R

S
= ×

                           (2) 

. 100a

n

S
C R

S
= ×

                                                                                                                 (3) 

3. Results and Discussion  

Result for compressive strength is expressed by corrosion resistance and change 

in weight expressed by increase in weight in acid and in salt solution are given in 

Table 3. Results in this paper were normalized by dividing data on Y-axis by the 

maximum value in Y-axis [23]. Results for visual inspection are given in Fig. 1.  

 

3.1. Assessment of the durability of the bricks in acid solution   

3.1.1. Visual inspection 

Bricks that were immersed in sulphuric acid solution (1 percent by weight of 

H2SO4) were observed with normal vision for further change in appearance due to 

possible erosion. Bricks investigated for visual inspection showed no trace for 

erosion on the surface, the edges and the four sides of the bricks. Few images 

were taken to ensure the validity of the bricks from erosion is indicated in Fig. 1 

along with the bricks that were immersed in salt solution (3.5 percent NaCl). It is 

demonstrated from Fig. 1 that the bricks contained more fly ash and quarry dust 

gave grey colour. However, the bricks with high billet scale gave dark grey colour 

since billet scale is black material. Results for visual inspection showed that the 

outer appearance of bricks immersed in 1 percent of sulphuric acid were survived 

the superficial erosion caused by an aggressive dose of sulphuric acid solution for 

28 days of immersion. 
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Table 3. Results for Corrosion Resistance and Increase in                                    

Weight of Bricks Immersed in Acid Solution and Salt Solution. 

Mix 

 ID 

Immersion in acid (1% H2SO4) Immersion in salt (3.5% NaCl) 

Sn MPa Sa 

MPa 

C.R 

(%) 

I.W 

(%) 

Sn 

MPa 

Ss 

MPa 

C.R 

 (%) 

I.W 

 (%) 

A1 25.8 34.5 1.3 1.6 25.8 37.7 1.4 2.5 

A2 36.5 37.1 1.0 1.9 36.5 40.3 1.1 2.7 
A3 37.6 39.7 1.0 1.6 37.6 40.8 1.0 1.8 

A4 21.7 24.4 1.1 1.9 21.7 27.1 1.2 2.3 

A5 9.8 9.3 0.9 2.6 9.8 8.2 0.8 2.6 
B1 17.5 20.5 1.1 1.1 17.5 25.8 1.4 1.8 

B2 18.9 23.7 1.2 1.2 18.9 25.8 1.3 1.2 

B3 27.5 29.3 1.0 1.4 27.5 32.7 1.1 2.0 
B4 9.2 11.6 1.2 1.8 9.2 12.0 1.3 2.0 

B5 6.2 7.6 1.2 2.4 6.2 8.0 1.2 3.4 

C1 17.5 20.5 1.1 2.0 17.5 25.8 1.4 1.8 

C2 18.8 22.8 1.2 2.7 18.8 28.4 1.5 2.0 

C3 20.3 23.7 1.1 1.2 20.3 24.7 1.2 1.2 

C4 16.6 17.0 1.0 3.1 16.6 19.6 1.1 2.4 

C5 14.5 14.9 1.0 0.5 14.5 16.0 1.0 0.8 

D1 1.4 1.6 1.1 2.4 1.4 1.7 1.2 4.5 

D2 1.7 1.8 1.0 2.8 1.7 2.1 1.1 4.7 
D3 2.1 2.6 1.2 3.1 2.1 3 1.4 4.9 

D4 1.3 1.5 1.1 7.5 1.3 1.6 1.3 8.1 

D5 1.0 1.2 1.2 8.2 1.0 1.2 1.2 9.0 

         

3.1.2. Corrosion resistance  

Results for compressive strength of bricks for bricks that are immersed in acid 

solution were reported in Table 3. It was found that the compressive strength was 

generally increased along the series as well as compared with bricks which were 

normally cured. Compressive strength for bricks that were immersed in acid was 

ranged from (1.2-39.7) MPa whereas the range of compressive strength for bricks 

that were normally cured was (1-37.6) MPa. Generally corrosion resistance was 

ranged in (0.95-1.33) percent. 

The compressive strength for clay brick was significantly dropped after 

immersing it acid solution from 15 MPa for clay bricks that were normally cured 

to 12 MPa for clay brick that were cured in acid solution. Cement bricks had 

shown compressive strength reduction after cured it in acid solution, the 

compressive strength of cement brick dropped from 13MPa for cement brick that 

were normally cured to merely 9 MPa for cement bricks that were treated in acid 

solution.  Therefore, the bricks produced in this study as well as compared with 

the conventional bricks (clay bricks and cement bricks) showed good resistance to 

acid attack.  

The trend in results for durability of the bricks developed in this research are 

compared with concrete since there were no works had been held on treating the 

bricks in an aggressive environment. It was found that the compressive strength of 

the bricks developed in this research expressed by corrosion resistance was 

increased along the series. Corrosion resistance increase for the bricks developed 

in this research is attributed to the fact that the incorporation of pozzolanic 

material as fly ash has been found a beneficial technique of enhancing the 

resistance of concrete to acid attack. Firstly, the fly ash reduces the number of 

micro pores, those pores make the porous material more vulnerable to salt and 

acid induced decay [23]. Secondly, SiO2 and Al2O3 which are about 56 percent 
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and 27 percent in fly ash has played a vital role in enhancing the corrosion 

resistance since they can react with the Ca(OH)2 in cement to form secondary 

calcium silicate hydrate and calcium sulfoaluminate hydrates make it chemically 

stable and structurally dense, the impermeability of hardened mix is enhanced as 

well. The constitutional contribution of fly ash to increases the corrosion 

resistance of concrete when treated in an aggressive acidic environment [23]. 

 

  

  

Fig. 1. Visual Appearance of Bricks                                                                               

After Immersion in Acid and Salt Solution. 

 

On the other hand, the quarry dust in this research has played an undeniable 

role in increasing the corrosion resistance of the bricks since quarry dust as a 

pozzolanic material has about 65 percent of SiO2 and around 14 percent of Al2O3 

reacts with Ca(OH)2 in cement to form secondary calcium silicate (C-S-H) 

according to the following equation [24]: 
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Pozzolan + Water + Ca (OH)2                          C-S-H                           (4) 

Calcium silicate hydrate (C-S-H) gel stabilizes the cement hydration and makes 

it chemically stable and structurally dense. Therefore, incorporating of quarry dust 

has showed a remarkable development in concrete durability [25, 26].  

Based on the established facts which were explained above, the corrosion fly 

ash with quarry dust (FA+QD) as it is shown in Fig. 2. 

 

Fig. 2. Relationship between Corrosion Resistance and FA+QD. 

 

3.1.3. Increase in weight  

The results for increase in weight for bricks immersed in 1 percent of                  

acid solution were included along with corrosion resistance in Table 3. The 

bricks were immersed in 1 percent by weight of sulphuric acid have all gained               

some weights after immersion comparing the bricks with their status            

before immersion. The increase in weight was generally ranged from (0.55-

8.22) percent.  

From Figs. 3 and 4 which indicates the relationship between increase in 

weight with cement and fly ash, and fly ash with quarry dust (FA+QD) which are 

arranged consistently. It is shown that the increase in weight was dropped with 

the growth of cement and fly ash (C+FA) and (FA+QD). The increase in weight 

was increased with the growth of billet scale dose as it is indicated in Fig. 5. The 

growth in weight which was observed in bricks may be attributed to the chemical 

reaction between Fe2O3 in billet scale with sulphuric acid based on the following 

equation [27]:  

  Fe2O3+3 H2SO4   Fe2 (SO) 4+3H2O              (5) 

The formation of Fe2SO4 may lead to increase in weigh as it was experienced 

by previous research [28]. 
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Fig. 3. Relationship between Increase in Weight and C+FA. 

 

Fig. 4. Relationship between Increase in Weight of FA+QD. 

 

Fig. 5. Relationship between Increase in                                                                

Weight and Bulk Composition of Billet Scale.  
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3.2. Assessment of the durability of bricks in salt solution 

3.2.1. Visual inspection 

The bricks that were immersed in 3.5% of sodium chloride salt (NaCl) for their 

durability assessment were examined for their visual changes by an observer with 

normal vision. Few images were taken to demonstrate validity of the bricks from 

any superficial erosion caused by salt attack. Images were indicated in Fig. 1 

along with bricks treated in acid solution since the two tests were performed on 

the bricks on the same time and manner. 

 

3.2.2. Corrosion resistance  

Results for Corrosion resistance for bricks treated in 3.5% by weight of salt 

solution were recorded in Table 3 along with increase in weight. Overall, the 

compressive strength was increase when immersed in salt solution and ranged in 

(1.25-40.8) MPa as well as compared with bricks that are normally cured which 

their compressive strength varied from 1 MPa to 37.6 MPa. Consequently, 

corrosion resistance was increase for bricks that are treated in salt solution and 

ranged in between (0.84-1.50) % Conventional bricks as clay brick and cement 

brick were immersed in 3.5% of sodium chloride for 28 days to assess their 

durability in salty environment. 

The compressive strength for clay bricks were dramatically dropped from            

15 MPa for clay bricks that were normally cured to merely 9 MPa for clay brick 

that were treated in salt solution. Moreover, compressive strength for cement 

brick was fallen from 13MPa for cement bricks that were cured normally to 8 

MPa for cement bricks that were treated in salt solution. Therefore, the bricks 

developed in this research showed good resistance to salt attack as well as 

compared them with conventional bricks for the same dose of NaCl and for the 

same time of immersion.   

The corrosion resistance for the bricks developed in this research was grown 

after exposed in 3.5 % NaCl. This is because of fly ash and quarry dust which 

were used in this research are mainly glassy siliceous materials contain aluminous 

compounds .The reaction of such materials with Portlandite (calcium hydroxide) 

and water generates hydration products similar to those of Portland cement as 

calcium silicate hydrates (C–S–H), a rigid gel composed of extremely small 

particles with a layer structure. In general, the use of pozzolanic material such as 

fly ash, quarry dust were shown to enhance concrete durability [29], by increasing 

chloride binding [30], decreasing chloride permeability elevating threshold 

chloride content and improving the distribution of pore size and shape of concrete 

matrix [31]. 

Fly ash showed a significant development in concrete mixes with improved 

chloride resistance by improving the pore structure and binding capacity of the 

concrete [32]. Besides, using of fly ash showed a remarkable enhancement in 

corrosion resistance when exposed concrete to an aggressive sulphate 

environment [33]. Quarry dust showed similar effect in improving the corrosion 

resistance since it has about 65 percent SiO2 and 14 percent of Al2O3 which reacts 

with Ca(OH)2 to form secondary calcium silicate hydrates (C-S-H) which 

stabilize the cement hydration and make it chemically stable and structurally  
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Fig. 6. Relationship between Corrosion Resistance and FA+QD. 

 

 

Fig. 7. Relationship between Corrosion                                                            

Resistance and Bulk Composition of Quarry Dust. 

 

Fig. 8. Relationship between Corrosion Resistance and C+QD. 



602       A. A. Shakir and A. A. Mohammed                          

 

 
 
Journal of Engineering Science and Technology                May 2015, Vol. 10(5) 

 

3.2.3. Increase in weight 

Results for increase in weight for bricks treated in 3.5 percent of NaCl were 

illustrated in Table 3 along with corrosion resistance. Generally increase in 

weight was ranged in (0.84-9.01). It is obvious to note that the bricks had 

gained some weights after immerse them in 3.5 percent of NaCl as well as 

compared them before immersion. Relationship between increase in weight 

and cement with fly ash (C+FA), increase in weight and fly ash with quarry 

dust (FA+QD) are indicated in Figs. 9 and 10 consecutively. It is 

demonstrated that the increase in weight is adversely proportional with the 

above compositions. This may be explained as there has not yet been 

discovered a chemical reaction occurred between fly ash, quarry dust and 

cement chemical in mass increment. The relationship between increase in 

weight and billet scale is drawn in Fig. 11. It is evidenced that the increase           

in weigh in bricks was happened because of the billet scale due to the 

activation of Fe2O3 in salt water forming more Fe2O3 which sound to increase 
the weight [34].  

The durability test in both of the immersion of 28 days in salt and acid 

solution which was applied in this research was based on few works which 

had been done on short term of immersion [25] and the authors of this works 

felt that 28 days of immersion sound to be sufficient to experience the               

acid and salt resistance of the bricks even though the bricks will be no               

longer exposed to acid or salt attack as concrete in sewers systems,               

piers, bridges and other marine structures which are more vulnerable to salt 

and acid attack. However, the effect of acid and salt attack on billet scale   

need future investigation since no one has been experienced the impact of 

acid and salt on billet scale. Therefore, future works on the applications of 

billet scale in concrete should take the durability for long duration in their 

consideration [28]. 

 

 
 

Fig. 9. Relationship between Increase in Weight and C+FA. 
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Fig. 10. Relationship between Increase in Weight and FA+QD. 
 

 
 

Fig. 11. Relationship between Increase in                                                               

Weight and Bulk Composition of Billet Scale. 
 

4. Conclusion  

Generally results for durability showed high resistance to salt and acid attack for 

bricks exposed in an aggressive environment similar to that used in concrete 

structures. Compressive strength for the bricks developed in this research that 

were immersed in acid solution and salt solution were as high as well as 

compared them with bricks that were normally cured and with the conventional 

bricks. The conventional brick deteriorated when exposed it to acid and salt attack 

the bricks developed in this study could survive and resist the acid and salt attack. 

It was concluded that addition of more fly ash and quarry dust enhanced the 

corrosion resistance. Therefore, it was concluded that the bricks developed in this 

study showed no any sort of erosion when exposed to salt and sulphate attack; 

hence they can be used in an aggressive environment.  
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