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Graphical abstract Abstract

Every year, large quantity of water treatment sludge (WTS) is produced from water treatment
plant in Malaysia. Sanitary landfill disposal of sludge at authorized sites is the common practice
in Malaysia. However, searching the suitable site for landfill is the major problem as the amount
of sludge produced keeps on increasing. Reuse of the sludge could be an alternative to
disposal. This study investigated the reusability of WIS as brick making material. The
performance of clay-WTS bricks produced by mixing clay with different percentages of WTS
with increments of 20% from 0% up to 100% was investigated. Each molded brick with optimum
moisture content was pressed under constant pressure, oven-dried at 100°C for 24 hours
followed by heating at 600°C for 2 hours and 1000°C for 3 hours. Scanning electron microscopy
(SEM), X-ray diffraction (XRD) and energy dispersive X-ray (EDX) analysis were used to
characterize clay, WTS and clay-WTS bricks. The performance of the bricks were evaluated
with firing shrinkage, loss on ignition (LOI), water absorption, bulk density, and compressive
strength tests. Increasing the sludge content results in a decrease of brick firing shrinkage, and
increase of water absorption and compressive strength. The results revealed that the brick with
100% by weight of sludge could generate the highest compressive strength of 17.123N/mm?2. It
can be concluded that the bricks with 20 to 100% of water treatment sludge comply with the
Malaysian Standard MS7.6:1972, which can fulfill the general requirement for usage of clay
bricks in wall construction.

Keywords: Water freatment sludge, clay brick, recycling waste, brick making

Abstrak

Setiap tahun, kuantiti enapcemar yang banyok dihasilkan daripada loji rawatan air di
Malaysia. Kaedah pelupusan di tapak pelupusan sanitari enapcemar yang dibenarkan
adalah amalan biasa di Malaysia. Walau bagaimanapun, mencari tapak yang sesuai unfuk
pelupusan adalah masaloh utama kerana jumlah enapcemar yang dihasilkan terus
meningkat dari tahun ke tahun. Penggunaan semula enapcemar boleh menjadi alternatif
kepada kaedah sedia ada. Penyelidikan ini mengkaji tentang potensi enapcemar untuk
menjadi bahan dalam pembuatan batu bata. Prestasi batu-bata daripada campuran tanah
liat dan enapcemar, dengan mencampurkan tanah liat dengan peratusan enapcemar yang
berbeza, icitu dengan kenaikan sebanyak 20% daripada 0% sehingga 100% telah dikaiji. Sefiap
bata dibentuk dengan kandungan lembapan yang optimum ditekan di bawah tekanan yang
sama, di keringkan di dalam ketuhar pada suhu 100°C selama 24 jom diikuti dengan
pemanasan pada 600°C selama 2 jom dan 1000°C selama 3 jam. Analisis Mikroskop imbasan
elektron (SEM), sinar-X pembelauan (XRD) dan tenaga serakan X-ray (EDX) telah digunakan
untuk mengkaiji pencirian tfanah liat dan enapcemar . Bagi mengkaiji prestasi batu bata, ujian
seperti pengecutan, kehilangan akibat pemanasan, penyerapan air, ketumpatan pukal, dan
vjian kekuatan mampatan telah dijalankan. Hasil kajian menunjukkan, semakin banyak
kandungan enapcemar, semakin menurun nilai pengecutan akibat pembakaran dan semakin
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meningkat nilai penyerapan air dan kekuatan mampatan. Hasil kajian furut menunjukkan,
bata dengan 100% mengikut berat enapcemar mampu menjana kekuatan mampatan yang
paling tinggi iaitu 17.123N / mm2. Sebagai kesimpulannya, batu bata dengan 20 hingga 100%
daripada enapcemar daripada loji rawatan air mematuhi standard Malaysia MS7.6: 1972,
iaitu boleh memenuhi keperluan umum untuk penggunaan bata tanah liat dalam industri

pembinaan.

Kata kunci: Enapcemar rawatan air, bata tanah liat, bahan buangan kitar semula,

pembuatan bata

© 2015 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

There are more than 450 water treatment plants
(WTPs) in Malaysia which produces more than
400,000 million liters per day (MLD) of treated water,
and this production of clean water has generated
large amount of sludge [1]. It was estimated that
491,902.87 metric tons of water freatment sludge
(WTS) was produced and managed in 2013 [2].
Untreated or treated sludge is disposed to surface
water, deep well injection, spray irrigation disposal in
drain field or borehole, discharge to sanitary sewer
collection and land application. However, these
approaches may cause environmental hazards in
long term application. An alternative to disposal is
utilization of sludge which will reduce cost, amount of
sludge to be disposed and also reduce the
environmental-hazards.

Various waste materials such as, petroleum
effluent treatment plant sludge [3]. sewage sludge
[4], water freatment residual (WTR) and excavation
waste soil [5], textile effluent freatment plant sludge
[6], cigarette butts [7], water treatment sludge and
rice husk [8], paper sludge and palm oil fuel ash [9].
silica fume and rice husk ash [10], shipyard repair and
maintenance hazardous waste [11] have been
incorporated in brick production.

According to Ramadan (2008) , mineralogical
composition of the WTS is particularly similar to that of
clay and shale, which promotes the application of
water tfreatment sludge in brick manufacture. A
number of studies have revealed that sludge can be
used as construction materials after being assessed in
term of mechanical technique and environmental
effects [14 -18]. However, there has been little
discussion focusing on complete replacement of WTS
in clay brick manufacture. Most of the studies
focusing to utilize the WTS proportion up to 50% only
and it was concluded that only up to 50 % was the
optimum sludge proportion to produce sludge-clay
brick.

This study explores the possibility of utilizing local
WTS as clay replacement in bricks under the criteria
of Malaysian Standard MS 7.6:1972. The clay bricks
were characterized using SEM and XRD, whereas the
performance of the clay bricks was evaluated using
criteria such as firing shrinkage, loss on ignition (LOI),

water absorption, bulk density, and compressive
strength.

2.0 EXPERIMENTAL PROCEDURES

2.1 Preparation of Clay and WTS

The clay used in this study was collected from a locall
brick plant located at Kuala Kubu Bharu, Selangor.
The WTS was obtfained from a water treatment plant
in Putrajaya.

Clay and WTS samples were air-dried. The dried
clay and WIS were then crushed using hammer.
Sieving of both samples were done according to
Malaysian Standard MS 7.6:197. These samples were
sieved through 3.5-mm sieve size. The fine materials
passed through the sieve were collected for research
use.

2.2 Preparation of WTS - Clay Bricks

Six WTS-clay ratios were studied. WTS proportion by
weight from 0% up to 100 % of total weight with
increments of 20 % by were added into clay. The
optimum amounts of water to be added for each
WTS-clay rafio were determined based on the
ordinary compaction test described in British
Standard BS 1377:1990 to obtain the optimum
moisture content (OMC). Besides, 100% clay samples
were prepared as control samples.

After proper proportion of WTS-clay was prepared
and hand-mixed, optimum amount of water was
added. The mixture was then remixed until uniform
moist mixture is formed. The moist WTS-clay mixture
was then placed in a steel mould and uni-axially
pressed using Universal Testing Machine (UTM)
(Instron, 5569A) as shown in Figure 1. The applied
pressure was 15kN and application speed was 10
mm/min. Finished size of each moist brick sample
was 50mm x 50mm x 50mm. Considering series of
brick tests at the end of this research, a total of 72
specimens were prepared in the laboratory by hand
where each test was done in triplicates.

The moist brick samples were then oven-dried for 24
hours at 100°C. If this moisture was not removed, the
water will burn off too quickly during firing, causing
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cracking. For the heating process, the molded
mixtures were then heated in laboratory furnace
(Nabertherm, LT15/13) from room temperature to a
peak temperature of 1000°C at heating rate of
5°C/min. Heating profile is as shown in Figure 2. The
temperature was held at 600°C for 2 hours and at
1000°C for 3 hours. Heating profile used in this study
is similarly close to heating profile for novel
lightweight bricks produced by Chiang and
colleagues [8]. For the cooling process, the samples
were then left fo cool in open air until reaching room
temperature.

23 Characterization of Clay, WTS and Clay-WTS
Bricks
2.3.1 Scanning Electron Microscopy/ Energy

Dispersive X-ray (SEM/EDX)

The clean and dry samples of clay, WTS and clay-WTS
bricks were coated with gold by a sputter coater
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before  analyzed using scanning  electron
microscopy(SEM)  (Hitachi,F3400N) in order fo
examine the surface morphologies and using

electron dispersive x-ray (EDX) (Thermo Scientific,
Noransystemé) to determine elemental compositions
of the samples.

2.3.2  X-ray Diffractometer (XRD) test

The structures of clay, WTS and clay-WTS bricks
samples were invesfigated using a @ x-ray
diffractometer (XRD) (Bruker, D8 Advance) at
voltage of 40 kV and current of 40 mA with Cu
radiation of the wavelength in 26 range from 0 to
80°.The diffraction pattern conforms the peaks of
quartz (SiO2), and kaolinite (Al2Si20s(OH)4) in clay.

2.4 Performance Evaluation of Brick Samples

The performance of bricks samples were evaluated
by

several tests as listed in  Table 1.

Figure 1 Bricks Compaction Process using Universal Testing Machine (UTM, Instron, 5569A)

Temperature("C) fmjirm%h .
LASIRE SAA R A
1000°C - ﬂ/_\
3-hour
400°C.. 5C/ min

7
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°C/min

/

\
\

Time (hr)

Figure 2 Temperature Profile used to heat sample
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Table 1 Method used for testing of samples

Analysis of sample Test Used
Optimum Moisture Content (OMC) ASTM D 698
Sieve analysis of soils ASTM D 422

Compressive Strength, Firing Shrinkage, Water Absorption  MS 76 : 1972

3.0 RESULT AND DISCUSSION

3.1 Characterization of Clay, WIS and Clay-WTS
Bricks

3.1.1 XRD Analysis

The diffraction paftern conforms the peaks of quariz
(SiO2), and kaolinite (Al2Si20s(OH)4) in clay as shown
in Figure 3 (a). Similar peaks were observed for WTS
(Figure 3 (b), showing that WIS has similar
compounds as clay. Figure 4(a)-(f)] shows XRD
patterns of bricks which prepared from clay and
mixfure of clay and WTS. Clay brick is mainly consists

of silicon oxide and aluminium silicate and quartz as
displayed in Figure 4 (a). Bricks which prepared from
the mixture of clay and WTS (20 to 60% by weight)
mainly consist of quartz and mullite, where as bricks
prepared from clay and 80 to 100% by weight of WTS
mainly contain quartz and aluminium oxide silicate,
quartz and aluminium silicon oxide, respectively.

The results clearly indicated that similar
substances were found in both clay and clay-WTS
bricks. Hence, it can be said that the clay-WTS brick
could be a good brick candidate in construction
field

3000 T T T
1 1- Quariz $I0,
5 8000 2- Kaolinite Al:Sia0s (OH)s—
g
£ 4000 T
E Clay
£ o000 1 .
) -..._%._-Lﬂ Al .a_n. A 1 1 N J
0 10 20 0 50 &0 70 20 %0
2000 1 1-Silicon Oxide 510,
2-Kaolinite Al 5,05 [OH).
5 1500
g
Z 1000
ﬁ 2 1 Waoter
£ 50 | Treatment -
2 Sludge
0
0 0 20 30 50 50 70 80 %0
Figure 3 X-ray Diffraction of (a) Clay and (b) WTS
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£ 2000 0% WTS
£ o i - - | I | A .
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Figure 4 XRD pattern for sintered bricks for sintered bricks: (a) 0% WTS ratio, (b) 20% WTS ratio, (c)40% WTS ratio, (d) 60% WTS ratio,

(e) 80% WTS ratio, and (f) 100% WTS ratio

3.1.2 Scanning Electron Microscopy (SEM) Analysis

The surface structures of clay and WIS can be
observed from SEM  micrographs at  3000x
magnification as shown in Figure (5) (a) and (b),
respectively. The results showed that the surface of
clay is porous and has different sizes of granular,
while the surface of WTS also porous and has irregular
shapes and sizes of flakes.

Table 2 presents the elemental compositions
of clay and WTS. The results revealed that the main
elements found in both clay and WTS are aluminum,
silicon and oxygen. Hence, it can be concluded that
WTS has similar elemental composition with clay.

SEM  micrographs of clay-WTS bricks are
displayed in Figure 6(a)-(f). The results revealed that
its microstructure consist of irregular shape material
and contained lots of pores on the surface. The SEM
images shows that brick with higher WTS content had
more small pores compared to clay brick samples.
This factor causing the increase of water absorbed
and can be proved by the water absorption results in
Figure 9. Due to the large amounts of open pores,

sintered products also have good thermal insulation
properties for future green building applications.

3.2 Particle size distribution and Optimum moisture
content of Clay and WTS

The sieve analysis test consists of mechanically
separating different soil particle ranges by using a
stack of standard metal sieve meshes [12]. Figure 7
shows the parficle size distribution of clay and WTS
used in this research. According to AASTHO
classifications, both samples were classified as sandy
clay and uniformly graded soils.

The optimum amounts of water were determined
from compaction test described in British Standard BS
1377:1990) to obtain the optimum moisture content
(OMC). Table 3 shows the result of the optimum
moisture content (OMC) tests. The clay used in this
study has OMC value 18% and the WTS have OMC
value 36%. The higher amount of WTS, more water
needs fo be added in WTS - clay brick.
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3.3 Compressive strength of brick

The compressive strength test is the most crucial test
fo determine the engineering quality of building
materials. In this study, Universal Testing Machine
(UTM, Instron, 556%9A) was used to measure the
compressive strength of bricks.

Figure 8 shows the results which indicate that
the compressive strength of WIS-clay bricks is
increased as WTS was increased up to 100% additfion.
The compressive strength was found to be increased
from 4.52 to 17.123 N/mm?, for brick containing 20 %, to
100% WTS respectively. The plot of graph reveals that
the strength of WTS-clay brick is higher than the

control brick for WTS replacement of more than 60 %.
According to MS 7.6:1972, bricks with this WTS content
also complied with the minimum limits of class 1 and
2, load bearing bricks as shown in Table 4.

On top of that, bricks with up to 40% WTS
content can also be used as construction material for
one and two storey dwelling houses and internal
walls. 20% WTS content brick satisfied the minimum
requirement for non-load bearing partition bricks and
making all the bricks complied with minimum limits for
compressive strength of MS 7.6:1972.

...........

10.0um, HITACHI"6.00kV 6.0mm x3.00k SE /2/6/2015

Figure 5 Scanning Electron Microscopy (SEM) Micrographs of (a) Clay and (b) WTS

Table 2 Elemental composition of Clay and WTS

Compound (%) o F Al Si K In
Clay 64.65 211 14.58 16.91 1.76
Water Treatment Sludge (WTS) 65.75 --- 11.42 15.52 7.31

.

N 'f‘ ! (
HITACHI 5.00kV.5.9mm x&OOl&E 2/6/2015 |

(a) (a) 0% WTS ratio

(b) 20 % WTS ratio

(c) 40 % WTS ratio
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L 10.0um HITAGK 5.00kV 5 5mm X3 00KSE 2/6/2015

(d) 60% WTS ratio (e) 80% WTS ratio (f) 100% WTS ratio

Figure é Scanning Electron Microscopy (SEM) micrograph at 3000X magnification for sintered bricks :(a)0% WTS ratio, (b) 20% WTS
ratio, (c)40% WTS ratio, (d) 60% WTS ratio, (e) 80% WTS ratio, and (f) 100% WTS ratio

100.0
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0.01 0.1 1 10
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Figure 7 Particle size distribution of clay and WTS

Table 3 Optimum Moisture Content for brick production

WTS to Clay Proportion (%) 0% 20 % 40 % 60% 80% 100%
Optimum Moisture Content (%) 18 22 25 29 32 36
Dry Density 1.93 1.74 1.56 1.42 1.33 1.21

o 18 p

[%8]

S /

z /

0 12

510 /

5E 8 —~

2 4

[NN]

& 2

= 0

3 0 20 40 60 80 100

WATER TREATMENT SLUDGE CONTENT (%)

Figure 8 The compressive strength test result
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3.4 Water Absorption Of Brick

For water absorption test as mentioned in MS7.6:1972,
the specimen were kept submerged in electronic
water bath (Chemopharm, Julabo f34), boiled
continuously within 5 hours, and then cooled at room
temperature for 19 hours. This fest is important as a
key factor affecting the durability of brick. More
durability of the brick and resistance to the natural
environment is expected, when lesser water infilirates
intfo the brick [17]. Thus, the internal structure of the
brick must be intensive enough to avoid the infrusion
of water.

Mohd Asri Md Nor / JurnalTeknologi (Sciences & Engineering) 77:32 (2015) 83-93

Figure 9 shows that the water absorption for the

bricks is increased with the increase of WTS
composition.  When the bricks contain  high
percentage of WIS, the adhesiveness of the

composition will decrease and the internal pores of
the brick will increase. This factor causing the
increase of water absorbed. The SEM images in
Figure 6 proved that brick with higher WTS content
had more small pores compared to clay brick
samples. Referring to Malaysion  Standard
MS7.6:1972, the bricks in this research meets the load
bearing brick requirement, but not for engineering
brick and damp proof brick as shown in Table 5.

Table 4 The compressive strength test result and the minimum limits according to MS7.2:19.72

Water Minimum limit for Compressive Strength (N/mm?) Value
Treatment Engineering Load bearing brick Non-load  Damp- obtained
WIS Content 0y bearing proof
Composition partition course
(%) bricks bricks
A B 1 2 3 1 and 2 Internal
storey walls
dwelling
houses
0 >69.0 >48.5 >7.0 >140 >20.5 >5.2 >5.2 >1.4 As 7.636
required
20 4.520
40 5.523
60 7.072
80 10.020
100 17.123
40.0
g 35.0 BEEE
Z 300 e
E 250
2 /
8 20.0
o
< 15.0
o
= 10.0
S 5.0
0.0
0 20 40 60 80 100
WATER TREATMENT SLUDGE CONTENT (%)

Figure 9 The water absorption test result
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Table 5 The water absorption test result and the maximum limits according to MS7.2:19.72

WTS Content ~ Maximum limit for (N/mm?) Value
Composifion g gineering Load bearing brick Damp-proof course bricks ~ ©Pfained
(%) brick
A B
0 <4.5 <7.0 No specific <4.5 21.068
20 requirement 25.298
40 26.911
60 29.711
80 30.823
100 32.199

3.4 Density of Brick

Figure 10 shows the result of density for WTS-clay brick
before (blue line) and after sintering process (red
line). The density of brick is calculated as mass per
unit volume. As shown, the density of brick is
decrease with the increase of WIS proportion. The
density of brick before sintering process is decrease
from 2.345 to 1.882 g/cm3 as the WTS proportion is
increase, and the density of brick after sintering
process also decrease from 1.885 to 1.328 g/cm3 as
the WTS proportion is increase.

This finding closely related to the water absorption
test as shown in figure 9. When the bricks have higher
water absorption value, the brick exhibits a larger
voids size, resulfing in a light density bricks [18]. As
shown in figure 11, it can be seen visually that the
bricks decreased in size with the increase of WTS
content. Water loss due to high temperature applied
during sintering process is the one of the reason the

density is decrease as the increase of the WIS
proportion.

Low density brick produce a lightweight bricks,
which have become an important trend for green
buildings. This is because lightweight bricks reduce
the building weight. The numbers of inner pores in
lightweight bricks are much greater than in
fraditional bricks. Lightweight bricks have a relatively
low thermal conductivity property that can be
applied to reducing the building's energy use. [8]

3.5 Brick Weight Loss On Ignition

Figure 12 shows the effect of WIS content on the
weight loss on ignition after sintering. It is shows that
increasing the WIS content resulted in increases in
brick weight loss on ignition. The weight loss was
increased from 19.6% to 36.9% for WTS content up fo
100% respectively. Apparently, this occurs because
of the contribution of organic and inorganic matter
being burnt off from WTS during the firing process.

W
o

o
w

2.0

(&)

o

I
w

BULK DENSITY (g/crre)

e
o

o

20

WATER TREATMENT SLUDGE CONTENT (%)

60 80 100

Figure 10 The density test result
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—

—

20%
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Figure 11 The brick samples with 0 to 100% WTS composition

0 20

40

WATER TREATMENT SLUDGE CONTENT (%)

60 80 100

Figure 12 The Loss on Ignition test result

4.0 CONCLUSION

This research study examined the characteristics
performance of fired clay mixed with varying
amounts of WTS. These following conclusions are
presented:

1. By taking into consideration all analysis has
been done in this research, the application of the
brick produced was summarized in Table 6.

Table é Application of WTS - clay bricks corresponding to MS
7.6:1972

WTS-Clay Brick
WIS Content (%)

MS 7.6:1972 : Brick categories

0 e Load bearing class 1

e Non load bearing partitions
Load bearing 1- and 2- storey
dwelling houses

Load bearing Internal walls

20 Non load bearing partitions

40 Non load bearing partitions

60 Load bearing class 1

Non load bearing partitions
Load bearing 1- and 2- storey
dwelling houses

Load bearing Internal walls

80 Load bearing class 1

Non load bearing partitions
Load bearing 1- and 2- storey
dwelling houses

Load bearing Internal walls

100 e Load bearing class 1
e lLoad bearing class 2

e Non load bearing partitions

e Load bearing 1- and 2- storey
dwelling houses

e Load bearing Internal walls

2. Clay-WTS combination produces a
lightweight bricks, which have become an important
frend for green buildings. This is because lightweight
bricks reduce the building weight. The numbers of
inner pores in lightweight bricks are much greater
than in traditional bricks. Lightweight bricks have a
relatively low thermal conductivity property that can
be applied to reducing the building's energy use.

3. The proportion of WTS in the mixture is the key
factor that affects the quality of the brick. The
chemical, mechanical and chemical properties of
the bricks produced generally complied with MS
7.6:1972.

4, For future work, leaching test, as described in
Method 1311 Toxicity Characteristic  Leaching
Procedure (TCLP) will be performed and analyze
using inductive coupled plasma opftical emission
spectroscopy (ICP-OES) and Atomic Absorption
Spectrophotometer (AAS) to investigate the leach
ability of metals from clay-WTS.
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