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Abstract - Brick is one of the most common masonry units used as building material. Due to the demand, different types of 
waste have been investigated to be incorporated into the bricks. Many types of sludge have been incorporated in fired clay 
brick for example marble sludge, stone sludge, water sludge, sewage sludge, and ceramic sludge. The utilization of these 
waste materials in fired clay bricks usually has positive effects on the properties such as lightweight bricks with improved 
shrinkage, porosity, and strength. This paper reviews on utilization of different types of sludge wastes into fired clay bricks. 
Previous investigations have demonstrated positive effects on the physical and mechanical properties as well as less impact 
towards the environment. Thus, the utilizations of sludge waste could produce a good quality of brick and could be one of 
alternative disposal methods for the sludge wastes 
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I. INTRODUCTION 
 
Nowadays many of researches has been carried out to 
find an environmental friendly material and method, 
as well as alternative low cost material for building 
purposes [1]. Recycling of waste generated from 
industrial or agricultural activities as building 
materials appear to be a solution for economic design 
of the building as well as in environment pollution 
problem [2]. The incorporation of various industrial 
wastes as additives in the manufacture has been 
attracting interest from researchers and becoming a 
common practice [3], [4]. One of the most common 
wastes incorporated in building materials is sludge. 
Sludge often associated with human waste from 
residential sludge; however sludge is also the 
accumulated solid which consists of industrial waste, 
hospital waste, wastewater treatment, runoff from the 
street, farmland and some cases from landfill 
leachate. Generally sludge from residential areas is in 
organic condition. Human waste cause less harmful 
and impact to the environment compared to industrial 
waste. Industrial sludge could be in organic or 
inorganic form. Inorganic content of industrial sludge 
such as heavy metals should get the specific treatment 
to prevent environmental pollution. Furthermore, 
sludge from industrial also becomes a critical issue 
due to public concern and limited availability of land 
[5]. Due to high demand and flexibility of brick, 
different types of waste have been successfully 
incorporated into fired clay brick especiallysludge 
waste for example marble sludge, stone sludge, water 
treatment sludge, sewage sludge, desalination sludge, 
textile laundry sludge and ceramic sludge. The 
utilization of these wastes in clay bricks usually has 
positive effects on the properties such as lightweight 
bricks with improved shrinkage, porosity, thermal 
properties, and strength [6]. The lightweight bricks 
will reduce the transportation and manufactured cost. 
Moreover, with this waste incorporation it will reduce 

clay content in the fired clay brick, and then reduce 
the manufacturing cost [7]. This motivates many 
researches to investigate more potential of different 
sludge to be incorporated into the brick.  Brick is one 
of the most widely used as conventional building 
materials around the world since ancient times [8], 
[9]. Bricks are manufactured from variety of 
materials such as clay, lime, sand/flint, concrete and 
natural stone. Brick basically builds for masonry 
structure bonded with mortar or grout. Fired clay 
brick is manufactured by shaping suitable clay to 
units of standard size [10]. The manufacturer 
minimizes variations in chemical composition and 
physical properties by mixing the clays from different 
sources and different locations. Fired clay brick from 
the same manufacturer will have slightly different 
properties in subsequent production runs. Further, 
brick from different manufacturers that have the same 
appearance may differ in other properties [11]. 
 
II. PRESENT SCENARIO OF WASTE 
GENERATION IN INDIA 
 
There are about 36,000 hazardous waste generating 
industries in India which generate 6.2 million tonnes 
out of which land fillable hazardous waste is about 
2.7 million tonnes (44%),Incinerable Hazardous 
waste is about 0.4 million tonnes (7 %) and 
recyclable hazardous waste is about 3.1 million 
tonnes (49 %).  Indiscriminate and unscientific 
disposal of wastes in the past has resulted in several 
sites in the country to become environmentally 
degraded. There are 141 hazardous waste dumpsites 
that have been primarily identified in 14 States/UTs 
out of which 88 critically polluted locations are 
currently identified. Gujarat (about 29%), 
Maharashtra (about 25%) and Andhra Pradesh (about 
9%) are the top three HW generating States. 
Thereafter, Chhattisgarh (about 5%), Rajasthan, West 
Bengal and Tamil Nadu (about 4 %) are found to be 
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major generators of HW. These seven States together, 
are generating about 80 % of country‘s total HW. 
About 64 Common Hazardous Waste Transportation, 
Storage and Disposal Sites (TSDFs) have been 
identified in various States/UTs out of which 35 sites 
have been notified. 25 TSDFs are operational and 9 
TSDFs are under construction. As per the National 
Inventory of Hazardous Waste Generating Industries, 
total waste handling capacities of TSDFs is about 1.5 
MTA and there is a deficit of about 1.2 MTA for land 
fillable wastes and about 0.9 MTA for Incinerable 
wastes [12]. Biologically degradable and non-
degradable organic and inorganic pollutants existing 
in the wastewater in soluble, colloidal or suspended 
form are removed by number of methods in waste 
water treatment plants. The suspended solids and 
some of the dissolved solids that are present in the 
wastewater as well as the ones which are added or 
cultured by wastewater processes, are separated in the 
form of settle able solids [13]  Sludge 
treatment/disposal represents 50 % of the capital and 
operational costs of wastewater treatment plant. 
 
III. MIX DESIGN OF BRICKS 
Percentage of sludge, soil, fly ash, sand and water 
should be taken as described in the table below [26] 
 

 

 
 
III. PROCESS OF MANUFACTURING OF 
SLUDGE CLAY BRICKS 
 
Brick is one of the most common masonry units as a 
building material due to its properties. It has the 
widest range of products, with its unlimited 
assortment of patterns, textures and colours. Many 
attempts were made to incorporate wastes into the 
production of bricks, for examples, plaster of paris, 
flyash, and sludge. Recycling such wastes by 
incorporating them into building materials is a 
practical solution for pollution problem. For the 
manufacturing of bricks, the following procedure 
should be followed 
Collection of sludge 
Collection of waste sludge is done in sludge drying 
bed which is generated from ETP.  There is 12 drying 
bed for holding the waste sludge. Sludge is brought 
from holding tank and then left over the bed. 
Drying of sludge 
The waste sludge which is left over drying bed is 
allowed to dry for 7to 10days. The drying method is 

completely natural. Natural solar energy is used for 
the drying purpose. Available water in sludge is 
evaporated in atmosphere by the sun heat 
 
Batching of materials by weight 
The material should be weighted by the use of 
weighing machine, as proportion showed on the table 
1 
 
Mixing of materials 
The material should be mix thoroughly so that it will 
prepare a good paste that it can easily be pour into the 
mouldsThe bricks were casted by the soft mud 
method. The raw materials,  soil, clay, fine sand and 
waste materials were collected in a tray in the 
required amounts. They were mixed, as per the given 
proportion. Clay was mixed with water to form the 
finished product. The amount of water to be added 
depends on the nature of the clays and their plasticity. 
This water is removed during drying and firing.The 
mix is placed in the mould to form the size unit 
desired. To keep the clay from sticking, the moulds 
were lubricated with grease; after they are filled, 
excess clay is struck from the top of the mould. 
 
Pressing of materials in mould 
Standard size mould can be used of size 20x10x10 
cm, bricks are compressed by the hand as well as by 
the machine compaction 
 
Drying or firing of bricks 
After the bricks are formed, they were sun dried to 
remove the free water. Bricks were fired and cooled 
in a muffle furnace, an oven-type chamber at 
temperatures of 4000 C, 5000 C and 6000 C.   
 
Testing of bricks 
Following tests shall have conduct on brick sample  
1. Compressibility test (as per IS-3495(Part1):1992  
2. Water Absorption test (as per IS-

3495(Part2):1992  
3. Efflorescence test (as per IS-3495(Part3):1992  
4. Soundness test 
 
IV. MATERIALS SELECTION OF 
INGREDIENTS 
 
Sludge 
Sludge is the solids, liquid or semisolids residuals 
(concentrated contaminants) generated as a byproduct 
of waste water treatment. Usually sludge contains 
0.25-12 % solids by weight, depending upon the 
operations and the processes used [14]. 
 
Types of sludge 
Water Treatment Sludge 
Babu and Ramana [15] in their research investigated 
on bricks durability of cast brick with industrial 
sludge. The results show that the earth brick can be 
replaced with sludge up to 40% by weight with 
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satisfactory value in strength. The compressive 
strength of brick without sludge and 5% of sludge 
were 11.7MPa and 17.6MPa respectively. The 
compressive strength was decreasing with addition of 
sludge beyond 5% from 17.6MPa to 10.5MPa. For 
water absorption result, when the sludge added more 
than 10% by weight, the water absorption was 
gradually increased. In this study, addition of sludge 
into brick gives dual benefits of safe disposal of 
sludge from industry and also conservation of brick 
making.  As for Hegazy et al. [16], they discussed the 
incorporation of water treatment sludge and rice husk 
ash in clay bricks. In this study, 25%, 50% and 75% 
by weight of water treatment sludge was added to 
produce clay bricks. Each brick series was fired at 
900ºC, 1000ºC, 1100ºC, and 1200ºC. The 
compressive strength of brick value were 5.7MPa to 
6.8MPa for the control brick and 2.82MPa to 
7.84MPa for SludgeRHA brick. Meanwhile, for the 
water absorption test, the results were 9.94% to 
11.18% of control brick and 17.41% to 73.33% for 
Sludge-RHA brick respectively. From the obtained 
results, it was concluded that by common 
temperature, 75% addition was the optimum sludge to 
produce the bricks. On the other hand, Hegazy et al. 
[17] also discussed the incorporation of water sludge, 
silica fume (SF) and rice husk ash (RHA) in brick 
making. Three different series of sludge to SF and 
RHA proportion which were (25:50:25%), 
(50:25:25%) and (25:25:50) were incorporated. Each 
brick was fired at 900ºC, 1000ºC, 1100ºC and 
1200°C. For the compressive strength and water 
absorption the results obtained 5.03MPa to 8.12MPa 
and 16.24% to 52.11% respectively. The operating at 
the temperature commonly practiced in brick klin 
could be concluded that mixture consists of 50% of 
sludge, 25% of SF and 25% of RHA was the 
optimum materials proportions that demonstrated 
obvious superior properties to the 100% clay control-
brick.    
 
Textile Sludge 
Jahagirdar et al. [18] discussed the reuse of textile 
mill sludge in fired clay bricks. The textile mill 
sludge was mixed together with different proportion 
(5% to 35%) as the raw material in this study. The 
brick was fired at 600ºC to 800ºC and for 8, 16 and 
24 hours. Based on the results, textile sludge can be 
added up to 15% as it gives compressive strength 
above 3.5MPa and the water absorption ratio is also 
less than 20%.  According to Herek et al. [19] the 
investigation on the incorporation of textile laundry 
sludge into a brick showed that sludge can be 
incorporated up to 20% in terms of the mechanical 
properties. The compressive strength of the control 
brick was 3.73MPa and 4.62MPa for the sludge brick. 
On the other hand, the water absorption result 
obtained has shown that 15.73% and 10.10% for 
control brick and sludge brick respectively. Besides, 
the produces brick is safe according to applied 

leaching and do not exceed the standard limits.  
Baskar et al. [20] also discussed about 
characterization and reuse of textile effluent treatment 
plant waste sludge in clay bricks. In his study, the 
sludge composition was from 3% to 30% and the 
firing temperature is about 200ºC to 800°C. The 
compressive strength was between 4.24MPa to 
3.54MPa which satisfies the Bureau of Indian 
Standard (BIS). The maximum amount range of 
sludge that can be added is from 6% to 9%. 
 
Sewage Sludge 
 Ingunza et al. [21] used 5%, 10%, 15%, 20%, 25% 
and 30% of sewage sludge incorporated into soft-mud 
brick with 12 specimens for each sludge percentages. 
From the result obtained there is no sign of alteration 
in color or odor. Brick with 35% sludge were very 
brittle and there are some of dimension reduction 
changes between 1mm to 7mm. Based on the result, 
the brick mass significantly loss according to the 
percentage of sludge. Weng et al. [22] also reported 
the same conclusion. Inagunza also claim that bricks 
manufactured with 20%, 25% and 30% are above the 
limit proposed [23]. In terms of properties the water 
absorption result shows there were increment for each 
brick compared to control brick. With 25% of sludge 
used, the brick absorbing capability increased to an 
average of 160% more than control brick. The sludge 
brick with 25% and 30% inclusion do not meet 
minimum standard required but other percentages 
comply with the minimum standard strength.  Liew et 
al. [24] study the incorporation of dry weight of 
sludge into brick with 10% to 40% and fired at 
985°C. In this study, the utilization of sludge more 
than 40% still complied with the standard based on 
physical and chemical properties. However, the 
researchers concluded that the maximum percentage 
of sludge used should not be more than 30% by 
weight due to its fragility. The water absorption value 
increased by up to 37% compared to the control brick 
(23.6%) and the compressive strength decreased to 
2MPa against 15.8MPa for the control brick. During 
the firing process, the gases included steam and CO2 
were released, also the cross section revealed black 
coring due to the combustion of the organic content 
in the sludge. The bricks were only appropriate for 
use as common bricks because of the entire weak and 
poor exterior surface.  According to Lin et al. [25] the 
results obtained demonstrated that the appropriate 
percentage of ash sludge to produced good quality 
bricks is in the range of 20% to 40% by weight with a 
13% to 15% optimum moisture content prepared in 
the moulded mixture. Firing is conducted at 1000ºC 
for 6 hours. Utilization of 10% sludge ash exhibited 
higher compressive strength than normal brick 
 
Clay 
Clay is regarded as the major ingredient in the brick 
making as it provides strength to the bricks and is 
regarded as the essential component in the 
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manufacturing of sludge clay burnt brick.Clay is a 
finely-grained natural rock or soil material that 
combines one or more clay minerals with traces 
of metal oxides and organic matter. Geologic 
clay deposits are mostly composed of phyllosilicate 
minerals containing variable amounts 
of water trapped in the mineral structure. Clays 
are plastic due to their water content and become 
hard, brittle and non–plastic upon drying or firing. 
Sand  
The fine grain sand are used in the formation of 
bricks, it has been used in the small proportion for 
chemical reagent. 
Fly ash  
Fly ash samples are directly collected from 
Electrostatic Precipitators (ESPs)/chemical industry 
in gunny bags and transported to the place of 
manufacturing. Minimum requirement of fly ash for 
brick manufacturing are  
 Loss of ignition should be more Availability of 

MgO should not be greater than 15%.  
 SiO2 content should not be more Source of ash.  
 Ash from thermal power station.  
 Ash from coal boiler used in industry for 

generation for energy.  
 Ash from Bagasse boiler used in mostly sugar 

industry and many other industries which are 
using Bagasse boiler [27]. 

 
Stone Dust 
Stone waste has been commonly used as a building 
material. Today industry‗s disposal of the stone 
waste material is one of the environmental problems 
around the world. Stone waste blocks are cut into 
smaller blocks in order to give them the desired shape 
and size. During the process of cutting, in that 
original stone waste mass is lost by 30% in the form 
of dust. 
 
Water 
Fresh, colourless and odourless water is used for 
making wet mix of the material, it helps to pour the 
mix easily into the mould. 
 
VII. TESTING OF SLUDGE CLAY BRICKS 
 
Bricks should be passes through the following tests 
after 7, 14 & 28 days from curing  
 
7.1. Weight of Dry Block  
Weight of the block has to taken to calculate the 
moisture content. As per the construction norms the 
brick should show the 10% moisture content of its 
weight. If the moisture content satisfies this test it 
will undergoes the next test.  
 
7.2. Size of Block  
Sizes of brick were checked for the slump test & to 
calculate the compressive strength of brick. Also 

through this test the uniformity of the brick was 
checked in six samples.  
7.3. Compressive strength  
Compressive strength of the specimen brick was 
calculated after 7, 14 & 28 days of curing using the 
formula as follows, Compressive strength = Applied 
Max load x 1000 (N)/Cross sectional Area (mm2 ). 
The universal testing machine is used for testing the 
compressive strength of bricks. After the curing 
period gets over bricks are kept for testing. To test the 
specimens, the bricks are placed in the calibrated 
compression testing machine of capacity 3000 KN 
(Kilo Newton) and applied a load uniform at the rate 
of 2.9 kN/min. The load at failure is the maximum 
load at which specimen fails to produce any further 
increase in the indicator reading on the testing 
machine.  
 
7.4. Water absorption  
Bricks should not absorb water more than 12% by its 
weight. The bricks to be tested should be dried in an 
oven at a temperature of 105oC to 115o C till attains 
constant weight cool the bricks to room temperature 
and weight (W1). Immerse completely dried and 
weighed (W1) brick in clean water for 24 hrs at a 
temperature of 27±20oC. Remove the bricks and wipe 
out any traces of water and weigh immediately (W2). 
Water absorption in % by weight = (W2 – W1/W1) x 
100.  
 
7.5. Efflorescence test  
For this test, brick has to be placed vertically in water 
with one end immersed. The depth of immersion in 
water being 2.5 cm, then the whole arrangement 
should be kept in a warm-well-ventilated room 
temperature of 20-30o C until all evaporates. When 
the water in the dish is absorbed by the brick and 
surplus water evaporates. When the water is 
completely absorbed and evaporated place similar 
quantity of water in dish and allows it to absorb and 
evaporate as before. Examine the brick after this and 
find out the percentage of white spots to the surface 
area of brick. If any difference is observed because of 
presence of any salt deposit, then the rating is 
reported as ‘’effloresced‟. If no difference is noted, 
the rating is reported as not ‘’effloresced‟.  
 
7.6. Soundness Test  
This sound is carried out to find out that a clear 
ringing sound is produced or not when the two bricks 
are struck with each other without breaking any of the 
two bricks. If the two bricks are not broken after 
striking with each other and a clear ringing sound is 
produced, then it means that the bricks are 
sufficiently sound.  
 
7.7. Crushing Strength Test  
This is the main test conducted to test the suitability 
of the brick for construction work. This test is 
executed with the help of compression testing 
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machine. A brick is placed in a compression testing 
machine. It is pressed till it breaks. Then the 
compression strength of the brick is recorded from 
meter of the compression testing machine. A brick 
after undergoing compression test, this test is carried 
out for both fly ash bricks and as well as burnt clay 
bricks [27] 
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