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 Background: water treatment plant produced waste during the process of water 
purification that is fit for drinking, This waste is known as Alum sludge (AS). Alum 
sludge when is disposed, pose a threat to the environment, though there have been 
existing method to dispose of this waste but they are said to be unfriendly due to the 
effect on human health and the environment at large, the waste generated from this 
treatment process are disposal in the water body which results in constant accumulation 
of aluminum concentration in the water body that causes skin diseases, Alzheimer and 
other illness. Utilizing this waste for the production of bricks and other construction 
materials will eliminate the hazards and future pileup facing alum sludge and other 
waste. In this research alum sludge (AS) will be used in an optimum proportion leaving 
alum sludge constant up to 70% incorporated with Clay (CL) and Silica fume (SF) and 
fired under temperature of 1150°C. Objective: This research focus on utilizing waste 
from water treatment plant (alum sludge) in replacement of clay in clay brick 
production and the addition of silica fume as an additive to improve the strength of 
brick. Results: The result from compressive strength and water absorption shows that 
the mix proportion of alum sludge, clay and silica fume in percentages of 70:24:6 and 
70:20:10 had the best results for compressive strength 28.4MPa and 28.7MPa and water 
absorption 11.77% and 13.5% which met the requirement of a load-bearing brick as 
specified in British Standard (BS), though samples of all mix except control passed 
soundness test and efflorescence. Conclusion: It is concluded that the optimum 
proportion to produce brick from alum sludge clay  and silica fume is 70%, 24%, 6% and 
70%, 20%, 10% respectively  and that utilization of alum sludge for brick production 
will eliminate the disposal hazards and make quality bricks available in the market.  

 
 INTRODUCTION 

 
These days the race for a green building material have been at the increasing side, researchers are now 

taking out time to research more on materials that will be of great benefit to the environment and the same time 
fill the gaps of the conventional building bricks which have been in existent for a long time now, by using waste 
materials to replace clay in brick production either partially or fully (Sandeep et al, 2014). Brick have been 
judiciously utilized for building for a very long time and it can be marked as a historical building material which 
has never fade till date (Lianyang, 2013).  

Water treatment plant produces a solid waste which is referred to Alum Sludge from purification process 
involved in water treatment. Treatment plants on daily bases produce large quantities of Alum sludge as a result 
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of treatment processes involved in coagulation, flocculation, and filtration. The by-product from the purification 
process after drying is considered to be a non-biodegradable waste material and later mechanically dewatered 
and treated as a waste which cannot be processed through traditional sewage sludge disposal methods and in 
some cases it goes to landfill and river (Anyakora, 2013). This method of disposal has an effect on the cost of 
transportation and disposal which is common to all water treatment plants and is seen as a burden to both the 
environment and the water corporations. 

However, it was estimated by many research work over the years that over 2.0 million tonnes of water 
treatment sludge or residue is produced annually by the water operators throughout Malaysia (SPAN, 2010). 
Moreover it is essential to avoid the issue of further contaminant buildup, due to this reason it will be of 
reasonable benefit to utilize alum sludge in manufacturing/production of brick to replace the conventional fire 
clay brick which will go a long way in solving the environmental problem when alum sludge is disposed and 
also eliminate the contaminant buildup of this waste, disease such as children “Mental Retardation” which is the 
most influence of alum sludge when disposed to the nearest water course (Badr El-Din et al, 2012). Alum 
sludge is been classified by its chemical composition and it has been reported that it has a similar chemical 
composition like the conventional clay which is used in clay brick production (Faris and Aiban, 2014), this 
makes the waste from water treatment plant a good material to form a green brick (see table 1) 

 
Table 1: Chemical Compositions of Alum Sludge from ABASS Water Treatment Plant (Faris and Aiban, 2014). 

Element (%) 
SiO2 42.38 
Fe2O3 4.95 
Al2O3 35.03 
CaO 0.13 
MgO 0.29 
SO3 0.14 
Na2O 0.1 
K2O 1.87 
P2O5 0.26 
L.O.I 11.85 

 
Silica fume (SF) is said to be a by-product of silicon metal production or ferrosilicon alloys in smelters by 

using arc furnace, the silica fume is a very valuable and important material to most concrete industries (Holland, 
2005).  Another study was done with Silica fume by Faris and Aiban (2014) as an additional cementitious 
material, which has proved that (SF) is a very important material for building and construction work base on its 
chemical composition (see table 2).  
 
Table 2: The Chemical Composition of Silica Fume Available In Malaysia Market (Faris and Aiban, 2014). 

Material Percentage by weight (%) 
SiO2 60.08 
Chloride (Cl) <O.05 
PH (3.3%, water) 3-8 
SO4 <O.5 
Heavy metal (as Pb) <0.0025 
Iron (Fe) <0.03 0.5504 
Non-Volatile Matter  By HF <1.0 
Particle size (0.1mm) 99 
Bulk Density 6g/100ml 
Loss on drying (2h/900C) <8.5 

 
Objectives of Research: 

The objective of this research essentially focuses on utilizing alum sludge in partial replacement of clay for 
brick production and improving its strength when other additive (silica fume) is added and on the other hand 
eliminate environmental pollution that has to do with the disposal to the environment as landfill and in the river. 
The objective is summaries bellow; 

1. To produce brick with alum sludge leaving alum sludge constant in a most suitable optimum and to 
determine the strength of alum sludge brick in a different proportion of clay and silica fume. 

2. To produce a green brick that will have a positive impact towards the environment and satisfy the 
requirement values for water absorption and compressive strength for a load-bearing brick. 

 
Literature Review: 

The demand of reuse and effective disposal of waste from water treatment plant and other waste have been 
on the increasing side, due to increasing in sludge generation all over the world. Currently, there are up to 462 
water treatment plants in existence in Malaysia which produces up to 11,536 million litres per day of treated 
water (SPAN, 2010). Most of the water treatment plant uses Aluminum Sulphate (Alum) and Poly aluminum 
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Chloride as a coagulant. It is estimated that the quantity of sludge produced from the water treatment plants all 
over Malaysia is around 5,500 metric tonne per day or 2 million metric tonne per year (SPAN, 2010). However, 
its reuse for the production of bricks will be a good advantage to eliminate the danger in the disposal. Several 
researchers have study the reuse of different industrial waste to find an environmentally friendly material for 
construction. 

Sandeep (2014) incorporated sludge from sewage treatment processes (STP) in brick manufacturing and 
found out that sludge bricks can also be made same way just like the  brick is been produced and no additional 
requirement is needed in terms of production. The research further proved that sewage sludge brick gained a 
crushing strength of 6.4N/mm² with an absorption of about 19.4% which passes all requirement of brick.  

Reddy and Venkata (2013) reported in their research which investigated on the durability of cast brick with 
industrial sludge and it was seen from the result that earth brick can be replaced with sludge up to 40% by 
weight with satisfying strength. The compressive strength of brick without sludge and 5% of sludge were 
11.7MPa and 17.6MPa, and the further explained that the compressive strength decreased with the addition of 
sludge above 5% from 17.6MPa to 10.5Mpa. Meanwhile, the result of water absorption indicates that there was 
an increase in water absorption when sludge was added to the brick up to 10% by weight. 

In a work by Badr El-Din et al (2012), they discussed the incorporation of water treatment sludge and rice 
husk ash in clay bricks. With 25%, 50% and 75% by weight of waste from water treatment plant (alum sludge) 
were mixed in the production of construction brick. The bricks were fired in temperature of about 900°C, 
1000°C, 1100°C, and 1200°C which the compressive strength was 5.7MPa to 6.8MPa for the control brick and 
2.82MPa to 7.84MPa for RHA-Sludge brick. While the result of water absorption test was 9.94% to 11.18% of 
the control brick and 17.41% to 73.33% for RHA-Sludge brick. They concluded from the result that 75% of 
additional sludge was the optimum sludge content to produce brick. 

Similar work has also been done investigating the use of sludge waste in replacing clay in the 
manufacturing of bricks due to the fact that the sludge has same chemical component as the clay (Hegazy, 
2007). Numerous  trials have also been made to utilize various waste material in bricks production such as, 
“organic residue, foundry sand, textile laundry waste water sludge, granite sawing waste, perlite, processed 
waste tea, sewage sludge, structural glass waste, sugar cane bagasse, fly ash, ash, steel dust, bottom ash, silica 
fume,  rice husk ash, marble and granite waste”,  (Chan, 2011).  

In a research by Abdul (1987).  lightweight bricks were formed from sand clay mix in  the proportion of 
rice husk ash that was fired under 1000°C for different firing times 2, 4 and 6 hours. It was clearly seen from the 
results that bricks can be manufactured with rice husk ash without any declination in the quality of the building 
brick. Denise and Mauro (2014) studied on “utilization of water treatment plant sludge and coal fly ash in brick 
manufacturing” and the result proved that sludge from a waste water treatment plant  and coal fly ash have the 
potential to be utilized as an additive in the production of soil cement brick. 

However, other waste like agricultural waste disposal should also be taking seriously. It has been estimated 
that the annual world production of rice is up to 500 million tonnes (Belonio,  2005) so it is a great deal and 
benefit to the environment to utilize this waste in brick or other construction purposes rather than disposing of it 
with the conventional method.  

 
MATERIALS AND METHODS 

 
This part covers in detail the materials used and the methods applied in the research, 
Alum Sludge – the sludge to be used is Alum sludge from water treatment plant in Malaysia (ABASS 

Treatment plant).  
Clay – the clay that was used is a “White Stoneware clay”. 
Silica Fume – silica fume will be used as a binder for both the alum sludge mix and clay. 

 
Collection and Preparation of Alum Sludge for Testing: 

The Alum sludge was collected in Malaysia from ABASS Water Treatment Plant it was put in a plastic bag 
and brought to a well-equipped material laboratory in IUKL Selangor for the preparation of the sample for 
testing (see figure 1). The alum sludge was moist as at the time of collection, thereafter it was sprayed in a 
mixing tray to get reed of the excess moisture.  
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Fig. 1: Alum sludge sample at the dump site in Abass water treatment plant 

 
The sludge was left in the laboratory to air dry leaving it in an open environment where air could get to it (in 

a cool dry place), the drying process lasted for 3 weeks to get a more proper drying of the sample and to keep the 
sludge sample ready for mixing. The sample (alum sludge) formed lumps after drying and the lumps were broken 
and sieved with 2mm sieve size to have fine particles of the sludge sample (see figure 2). 

 

 
Fig. 2: Alum sludge in the mixing tray after 3 weeks drying process 
 
Mix Proportion:  

 
Table 3: Mix Proportion 

Mix proportion (%) 
No. Alum Sludge Clay Silica fume 
Control  100 Nil  Nil  
A 70 Nil  30 
B 70 26 4 
C 70 25 5 
D 70 24 6 
E 70 20 10 
F 70 15 15 
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Mixing and Brick Molding 
Mixing was done by hand to have the materials homogeneously mixed, the clay and alum sludge was first 

mixed then silica fume was added and mix thoroughly. (See figure 3). 
 

 
Fig. 3: Mixing alum sludge, clay and silica fume before moulding 

 
Batching method by weight was adopted when mixing the material for brick production, a steel brick mould 

of size 21.5 × 10.5 × 6.5 was used for moulding and several trial mix was done with different proportion of clay 
and silica fume in other to achieve a durable sludge brick. The proportion of sludge was kept higher to maximize 
its usage, the percentage of sludge that was used is 70%, and the materials were weighed on a scale. Mixing of 
the materials was done on a mixing tray that is not permeable. The tray was brushed through to get rid of any 
foreign material, mixing was done with hand due to the quantity of the material so that a homogeneous mix will 
be obtained (see figure 3). Water was the last thing to be added to the dry materials and it was added gradually 
while mixing, the steel mould was lubricated with oil to enhance an easy removal of the brick sample (see figure 
4). 

 

 
Fig. 4: Brick mould of size 21.5 × 10.5 × 6.5 

 
After mixing the paste which consists of alum sludge, clay and silica fume. The paste was then poured into 

the mould and compacted. The brick sample was removed from the mould after compacting and it appears as 
seen in figure 5.      

  

 
Fig. 5: Brick samples taking out from the mould 
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All the brick samples were then put inside the oven for drying under 120°C for 24 hours, this was done so 
that the brick will totally dry to avoid cracks while in the furnace for firing under the temperature of 1150°C (see 
figure 6 a & b).  

                         
(a)                                                                       (b)  

Fig. 6: (a) Brick sample in the oven for drying.                        (b) Brick sample  after  firing 
 
Water Absorption: 

Water absorption is a key factor affecting the quality of bricks/block. The less water infiltration into the 
brick, the more durable the brick will be. The test was determined by using the procedures specified in ASTM 
C67-60 (1998) as seen in figure 7. 

 
Fig. 7: Sample in the Absorption tank after oven drying 

 
Efflorescence test: 

The test will be used for determination of efflorescence and soluble salts content of brick as specified in 
ASTM C 67. The efflorescence test result shall be reported as “Nil”, “Slightly”, “Moderate”, “Heavy” and 
“Seriously”. 
 
Compressive strength test: 

The compressive strength test will be conducted to determine the load bearing capacity of the bricks after 
firing. This test will decide the strength of the brick and is determined by increasing the amount of load by an 
applied force to the block until failure occurs, as specified according to MS 76 1972 and BS (see figure 8). 

 



282                                                                Temple Chimuanya Odimegwu et al, 2016 
Australian Journal of Basic and Applied Sciences, 10(10) June 2016, Pages: 276-285 

 

 
Fig. 8: Compressing Machine 
 
Results: 
Alum Sludge Brick Water Absorption Result: 

Note: Water absorption is a key factor affecting the quality of brick/block as said earlier. The less water 
infiltration into the brick, the more durable the brick will be. The test was determined by using the procedures 
specified in ASTM C67 (1998). 

 

 
Fig. 9: Water Absorption Result of Alum Sludge Brick 

 
From figure 9 (water absorption result) it is seen that the rate of absorption decreases as silica fume content 

increases and it is also observed that the absorption decreases as the clay content decreases, having the lowest 
absorption of 11.77% for the proportion of 70:24:6: respectively, whereas the control sample had the highest rate 
of absorption when compared to the other mix.  
 
Compressive Strength Result of Alum Sludge Brick: 
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Fig. 10: Compressive Strength result 
 
The result of compressive strength presented in  figure 10 shows that the control sample (100% Alum 

Sludge) had the lowest compressive strength but sample D and E had the highest compressive strength this is due 
to the increase in silica fume content and decrease in clay content. 
 
Soundness Test: 

This test is conducted by striking two brick samples against each other and observe the sound it will produce 
and observe if there will be any crack or breakage. A good quality brick would not break but produce a ringing 
sound.  

Note: the result will be presented in two ways Pass and Fail.  
 

Table 4: Result for Soundness Test 

Sample No. 
Percentages of material 

Result of Soundness  
Alum Sludge Clay Silica fume 

control 100 Nil  Nil  Failed (cracked)  
A 70  Nil 30 Passed  
B 70 26 4 Passed 
C 70 25 5 Passed 
D 70 24 6 Passed 
E 70 20 10 Passed 
F 70 15 15 Passed 

 
From the result of soundness test shown in table 4 it proves that all the samples passed soundness test except 

control sample which produced cracks when stroke against each other. 
 
Efflorescence Test Result: 

The efflorescence test result shall be reported as “Nil”, “Slightly”, “Moderate”, “Heavy” and “Seriously”. 
 

Table 5: Result for Efflorescence Test 
No Observation Mix Proportion  
1 Nil: no Deposit D, E 
2 Slight: 10% of area covered with deposits A, B, C, F 
3 Moderate: 10% to 50% area covered with deposits but unaccompanied by 

flaking of the surface 
Control sample (100% 

alum sludge) 
4 Heavy: More than 50% area covered with deposits but unaccompanied by 

flaking of the surface. 
 
Nil 

5 Serious: Heavy deposits of salt accompanied by flaking of the surface  
Nil 

 
The result presented in table 5 moderate white deposited (10-50%) on the surface of the brick, while  Sample 

A,B,C and F had slight deposited, 10% area covered with white deposit, but sample D and E had no white 
deposit. 

 
Conclusion: 

Based on the result from this research conclusion have been made as stated bellow; 
� Alum sludge (water treatment plant sludge) can be effectively used in the production of green brick at its 

optimum up to 70% incorporate with Silica fume and Clay. Alum sludge can be used as a replacement of clay in 
brick production up 70%; under the conditions, mixing proportion, firing temperature and manufacturing 
processes employed in this research. Alum Sludge Brick production have the same procedure like the clay brick 
and no additional skill is required.  

� All the mix proportion apart from the control sample achieved the minimum requirement of a load-
bearing brick, they are classified under Load bearing brick ranging from 2 to 4 as specified in British Standard 
(BS 3921:1985). The optimum strength to produce brick was the sample which had a proportion of 70, 24, 6 and 
70, 20, 10 from alum sludge, clay and silica fume respectively, having a compressive strength of 28.4 and 28.7.  
Water absorption 11.77% and 13.5 respectively. 

� Generally, the reuse of alum sludge for production of green brick will eradicate the risk of disposal 
which causes environmental pollution and other environmental hazards when alum sludge is been disposed of.   
 
Contribution to Knowledge: 

This research provides an alternative choice for selection of raw materials (alum sludge, clay and silica fume) 
and the suitable proportion of these materials to produce green bricks with a good strength that proves that alum 
sludge will be utilized in its optimum.  
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