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without sludge was prepared for comparison. The testing involved chemical

analysis of sludges using energy dispersive X-ray fluorescence (ED-XRF)
technique. Testing of compressive strength was done for hardened state

properties. The samples were cured at 7 and 28 days, and the average of three

Keyword: samples of brick samples was measured. The results revealed that the waste
Sludge sludges had higher. components of Zn, Cu, Pb, and As, yvhich was trace
Compressive strength element concentrations in the dry sludge §amp1es. Cgmparlsons in terms of
Brick strength were made from the coptrol and brick containing sludge specimens. It
Waste was_observed that sludge in brick performed better whgp mixed with 5% as
Treatment partial _repla.cement of sand. However, the more the addition of percentages of
Water sludge in brick, the lesser the strength observed. It can be concluded that waste

treatment sludge as a result from the process of water treatment can be utilized

as partial replacement of sand in brick production.
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Introduction

Brick is one of building construction materials ever produced and used by mankind. It is accounted for about
50 — 80% of the total values of construction, and brick is mostly used as walling material, which plays a major
role in the creation and renovation of built environment (Abdullah, and Omar, 2007). The worldwide annual
production of bricks is currently about 1391 billion units, and the demand of bricks is expected to be
continuously rising (Zhang, 2013). There are a few types of bricks, which are clay, sand cement, and lime sand
that are normally used in construction. Conventional bricks are produced from clay with high temperature kiln
firing including from ordinary Portland cement concrete. Both types of bricks consume a lot of energy and
generate high volume of wastes due to quarrying operations, as well as release a large quantity of greenhouse

gasses annually.
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In order to reduce the impact of waste generation, many researchers have attempted to utilize waste
materials to produce bricks for environmental protection and sustainable development. A wide variety of
waste materials has been studied, including waste treatment sludge from the treatment of water to produce
drinking water. The increase for water demand from the industrial sector and population leads to the increased
generation of waste treatment sludge. For instance, Selangor is the richest state in Malaysia that produces
clean water, which is estimated about 4476 million litres per day (Selangor Water Works, 2020). On the other
hand, it also contributes towards major economic sectors, especially the construction industry (24.5%),
followed by Johor (16.5%), Kuala Lumpur (15.8%), Sarawak (8.6%), and Penang (6.4%) (Bada, 2018), which
makes Selangor the main national economic driver towards GDP Malaysia. Due to the large production of
clean water in Selangor, excessive residuals have been produced. However, it is estimated that over 2.0 million
tons of water treatment sludge are produced annually by water operators across Malaysia. Due to the cost of
finding new landfill (scarcity land) and the need for sustainable best practices, sludge disposal has become a
global problem, and it is necessary to look for alternative reuse of sludge (Breesem et al., 2014).

Water treatment plants produce a wide variety of waste products as well as safe drinking water. These
residuals may be organic and inorganic in liquid, solid, and gaseous forms depending on the source of raw
water and the types of treatment processes including coagulation/filtration, precipitative softening plant,
membrane separation, ion exchange and granular activated carbon (Robinson, and Witko, 1991). One of the
most common methods employed to remove suspended particles and colloids from raw water is the addition
of metal salts to initiate a coagulation—flocculation process. Alum sludge is a by-product of the treatment
plants that use aluminium salt as coagulant. The treatment uses coagulants, such as aluminium sulphate or
also known as alum, iron-based salts ferric chloride, and ferric sulphate, which are the resultants of chemical
reaction of Al and Fe salts in alkaline conditions to form hydroxide precipitates that remove impurities via co-
precipitation, sorption, flocculation, and settling (Dassanayake et al., 2015; Turner et al., 2019).

Therefore, it has become important to find alternative practices to decrease the requirement needed to
produce innovative building materials due to the increase of waste generation of these materials. Waste
treatment sludge is a hazardous waste produced from purifying water, which has been identified as a potential
alternative ingredient in making bricks. Water treatment sludge has the potential to be used as bricks in many
aspects of studies in terms of strength and durability as well as different methods used to produce bricks from
waste materials (Hegazy et al., 2012; Keerthana et al., 2019; Rahman et al., 2019; Sheikh et al., 2017).
However, little is known regarding the utilization of water treatment sludge as partial replacement of fine
aggregate in sand cement brick. This study is aimed to investigate the possible percentages of sludge to be used
in sand cement brick, and to determine the compressive strength at 7 and 28 days. All samples were casted
using standard normal sizes of bricks and were treated in wet curing. It is concluded that the addition of water
treatment sludge as partial replacement of fine aggregate in producing sand cement brick improves in terms of
strength. Furthermore, it is necessary to find out different ways for the management of sludge in order to
minimise or reduce the environmental impacts associated from waste generation.

Method

Cement

Ordinary Portland Cement (OPC) complying with BS EN 197-1: 2011 was used in all mortar mixes. The
chemical composition of the cement is as shown in Table 1. The determination of major and trace element
present in cement based composites followed the validation of EDXRF procedure by Mijatovi€ et al. (2019).
It was observed that high percentages of Ca in cement samples were due to the presence of limestone (CaCO3)
used as raw material in cement production.

Table 1 <Concentration of Elements with EDXRF Analysis>

Major Element Portland Cement (%)
Si 2.1

Al 0.497

Fe 2.476
Ca 49.01
Mg 0.201

S 0.496

K 0.384

Ti 0.123

P ;

Mn 973.2 (ppm)
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Major Element Portland Cement (%)

Sr -
Trace element

Cr 12.1 (ppm)
Zn 447.5 (ppm)
Cu -

As -

Ni -

Pb -

Fine aggregate

Natural river-washed quartz sand complying with BS 882: 1992 was used as fine aggregate, respectively. The
sand grading is shown in Table 2, and the fine modulus of sand is 2.10.

Table 2 <Grading of Fine Aggregate>

. . Mass of Weight . . Cumulative
Sieve Size . : Net Retained passing
(mm) each Sieve  Retained Weight () weight weight percentage
(8 (8 passing (%)
2.36 488 513 25 25 475 95
1.18 353 520 167 192 308 62
0.6 304 398 94 286 214 43
0.3 275 442 167 453 47 9
0.15 258 298 40 493 7 1
Pan 354 363 7 500 0 0

‘Waste treatment sludge (WTS)

Waste sludge in dry condition as shown in Figure 1 was collected from a water purification plant at Bukit
Badong, Selangor. Dewatered sludge cakes are the by-products from processing water treatment plant to
provide clean water supply around the state of Selangor. The raw water is mainly sourced from surface water
collected from several dams, lakes, and rivers, and treated at the nearby water treatment plant. In this study,
the raw water was collected from Sungai Selangor Dam and Sungai Tinggi Dam, with a capacity of 950
million litres per day (MLD) (Selangor Water Works, 2020). Sludge produced during the coagulation and
flocculation process is passed through the dewatering facility, and the dehydrated sludge is subject to land
filling. The representative samples of dehydrated sludge were tested for chemical analysis using energy
dispersive X-ray fluorescence (ED-XRF) technique.

'5&;,_. R o B ‘1":‘“‘&-?;“ '»‘5"‘

Figure 1 <Sludge Resulting from Water (River) Treatment Process>
Mix Proportion
In order to investigate the strength properties of waste sludge brick, 9 mixes were employed. The mix ratio
used was 1:4. The free water to cementitious ratio was maintained constant at 0.5 for all mortar mixes. The
compositions of sludge used as substitute for fine aggregate were 0%, 3%, 5%, 7%,10%, 15%, 20%, 40%, and

60% in cement brick as shown in Table 3.
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Table 3 <Mix Proportion of Brick>
Specimen  BS BS BS BS BS BS BS BS BS
P 0% 3% 5% %  10%  15%  20%  40%  60%
(Cg‘;ment 258 258 258 258 258 258 258 258 258
(S;)nd 992 963 943 923 893 844 794 595 397
z)gV)ater 200 200 200 200 200 200 200 200 200
(Sgdge 0 30 50 70 100 150 200 400 600

Compressive Strength

The trial mix used a brick sized 102.5 mm x 215 mm x 65 mm for compressive strength testing. The test was
carried out according to BS EN 772-1 2011 for all samples and were tested at 7 and 28 days. The average of
three values was taken as the strength value for all batches.

Results and Discussion
Particle Size Distribution

The grading curves of fine aggregates are shown in Figure 2. The sand used in this study satisfied the grading
requirements of fine aggregate according to BS 882:1992 which was suitable for mortar mixtures.
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Figure 2 <Grading Curves of Sand>

Characteristics of water treatment sludge

The chemical characteristics of water treatment sludge are shown in Table 4. The sludge was collected from
the water treatment plant (WTP) in Bukit Badong, Selangor, and the water was treated using aluminium salt
in the process of coagulation and flocculation. Major chemical compositions such as Si, Al, Fe, and Ca were
found in the sludge, and these parameters were the main components of the sludge. Other trace metals were
also found in the dried sludge. The higher elemental concentrations such as Zn, Cu, Pb, and As are the types
of heavy metals which are harmful to the environment and population. Most chemical compositions and trace
elements have similar characteristics with other studies (Ahmad et al., 2016).

Table 4 <Concentration of Elements of Water Treatment Sludge with EDXRF Analysis>

Major Element Water Treatment Sludge (%)
Si 11.245

Al 6.156

Fe 7.484

Ca 0.378

Mg -
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S .

K 2.562

Ti 0.602

P 0.136
Mn 468 (ppm)
Sr 52.9
Trace element

Cr 134 (ppm)
Zn 642.6 (ppm)
Cu 237.1 (ppm)
As 244.9 (ppm)
Ni 20.2 (ppm)
Pb 246.5 (ppm)

Effects of Waste Sludge in Compressive Strength

Compressive strength determines the potential of applications of the bricks. Compressive strength is usually
affected by the porosity, pore size, and chemical composition of brick. It is usually defined as the failure stress
measured normal to the bed face of the brick. Figure 3 illustrates the variation of compressive strength at 7 and
28 days with different percentage replacements of fine aggregate by addition of water treatment sludge in brick.
It can be observed that the compressive strength of the brick decreased gradually as the percentages of water
treatment sludge increased in the mixes. It was also found that the compressive strength of the mortar
increased with the increase of the curing days. The specimens used mix ratio of 1:4, and the control specimens
showed the compressive strength values of 7.5 MPa and 9.3 MPa at 7 and 28 days. From the graph, the high
compressive strength was spotted at 5% replacement of sand with sludge in brick specimen. However, after
adding more percentages of sludge in the brick mixes, the compressive strength values showed degradation in
strength. The strength development for the mixes, for instance, strength developed at 7 curing days were 7.5,
8.0, 5.43,4.63,4.13, 2.56, 1.36, and 0.47 MPa for control mortar, and 3, 5, 7, 10, 15, 20, 40, and 60% of waste
treatment sludge in brick, respectively. Similarly, at the same water cement ratio, brick mixtures were seen to
develop strength of 9.67, 10.37, 5.7, 4.77, 4.77, 4.3, 2.57, 1.63, and 0.6 MPa at 28 days.
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Figure 3 <Results of Brick Sludge in Compressive Strength at 7 and 28 Days>

Figures 4 and 5 show the rate of strength when each percentage of brick contained water treatment
compared to control brick at 7 and 28 days, respectively. It was observed that the optimum waste treatment
sludge in brick was 5%, and it increased the rate of strength at 7% compared to the control specimen at 7 days.
However, the more the addition of WTS residual, the lower the rate of strength as shown in Figure 4,
especially with 60%, which was 94% decrement. On the other hand, the brick containing 5% of WTS
increased in strength at 28 days which was denoted as 12% compared to the control specimen. However, the
specimen showed lower rate of strength when added with 60% of WTS compared to control specimen, which
promoted weaker bonding material. The contribution of strength with addition of 5% of WTS was probably
caused by the presence of alum, which was used to treat water as coagulant in cement properties to promote
hydration of cement in brick properties (Owaid et al., 2018). The strength results were observed to have similar
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behaviours and in line with earlier studies which used water treatment sludge in mortar properties. Higher
percentages of sludge in brick caused less bonding to occur and decrease in compressive strength. These were
due to the decrease of the proportion of silica content in the brick mixture, which increased the open pores
between the aggregates as well as the effect of discontinuous hydration process in the matrix properties
(Andrade et al., 2019).
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Figure 4 <Rate of Strength of Brick Sludge Compared to Normal Brick at 7 Days>
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Figure 5 <Rate of Strength of Brick Sludge Compared to Normal Brick at 28 Days>

Effect of WTS in density of brick

The inclusion of more percentages of residual of WTS in brick specimens showed degradation in strength
compared to the control brick. However, the addition of more than 20% showed weight loss in mass of brick
specimen, which consequently degraded the strength properties. The results are similar with a previous
research using dry sludge water treatment sludge towards the density (Rabie et al., 2019).
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Figure 6 <Density of Brick Containing Water Treatment Sludge>
Conclusions

The conclusions that can be drawn from this study are as: 1) The results show that 5% of WTS produces an
optimum performance result of strength in sand cement brick properties. 2) As the water treatment sludge
replacement percentages increase, the compressive strength decreases due to possible lack of effective bonding
within the particle sizes in mortar. 3) The rate of strength is lower when more than 5% of WTS is added in
sand cement brick. 4) The density of brick also reduces with high partial replacement of fine aggregate in sand
cement brick.
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