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The present study investigates the possibility of using water treatment
plant (WTP) sludge of New Assiut city (Assiut- Egypt) as partial
substitute for shale in brick making. Due to the high content of organic
matter in water sludge, incineration of the WIP sludge is necessary to
remove of all organic compounds contained therein. For brick making,
mixture of various proportions from 10 % to 50% by weight of sludge
ash added to shale are used as raw materials in hand molding brick
making. The produced brick samples after drying process and firing at
1000 °C for 6 hr's , received a series of tests including firing shrinkage
weight loss on ignition water, absorption ,bulk density ,compressive
strength , slake durability and efflorescence test. Satisfactory results
were achieved when the percentage of sludge ash was up to 30% (by wt.)
or less in the mixture. The specifications of the produced bricks match
the Egyptian standard ES: 1756/1989 of fired clay building units for non
load bearing walls. The test results indicate that, the sludge ash
proportions are one of the most important key factors determining the
brick quality. Reuse of sludge ash as a construction and building
material converts the waste into useful products that can alleviate the
disposal and environmental problems.

KEYWORDS: Water treatment plant sludge, Clay bricks, Waste
recycling.

INTRODUCTION

Recycling the water treatment plant ( WTP) sludge is usually an attempt to reduce its
volume, make it harmless and stable, recover useful contents and facilitate its safe
disposal without imposing burden to the environment [1,2]. The sludge dry mass
contains mainly high concentration of aluminum or iron salts, with mixture of organic
and inorganic materials and hydroxide precipitates [2]. The mineralogical composition
of the sludge is particularly close to that of clay and shale. This fact encourages the use
of WTP sludge to be a potential substitute for clay or shale in brick making [3,4]. The
use of WTP sludge in various industrial and commercial manufacturing processes has
been reported in Taiwan, UK, Germany, USA and other parts of the world [4]. Many
successful cases of reusing WTP sludge in brick, artificial aggregates and cement
making has been reported by many investigators [2-12]. They concluded that
satisfactory results were achieved when the ratio of WTP sludge in the range 15 % to
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30% by weight of the sludge-clay mixture. The produced bricks have good properties
matching the requirements of the standard specification in their countries.

Successful bench scale trials were carried out by some Egyptian investigators
[4] to reuse the sludge of Giza WTP (in southern part of Cairo) in brick making. The
pre-incinerated sludge was mixed with shale in various proportions as firing material
for the brick making process using hydraulic piston. The ratio of the pre-incinerated
sludge was from 50 to 80% by weight. The results indicated that 50 % pre-incinerated
sludge was the optimum ratio in the molded mixture to produce brick that satisfy the
requirements of Egyptian standard specification ESS, 1524/1993 [13] for load bearing
walls.

In Egypt, most of the WTP constructed on the Nile river banks, discharged the
generated sludge directly into the Nile River without treatment, which causes certain
environmental problems and health hazards [4]. The others which were constructed far
from the Nile river banks dispose the sludge to the available space close to the water
treatment plants. One of these plants is the WTP of the New Assiut city (Assiut, Egypt)
which is far from the Nile river banks by 22 km in the Eastern desert [14]. Its daily
production from potable water is about 26000 tons/day. This amount is expected to be
increased to about 52000 tons/day, due to the increasing demand for potable water by
consumers. The raw water is pumped from the Nile River through a pipe line extended
in the Eastern desert 22 km. the generated sludge mainly from washing the
sedimentation tanks was collected and pumped outside the plant in a slurry form
(containing 1 to 4% solids by weight) to a gravel pit close to the plant and left to dry
naturally in air and sun till the next washing time of sedimentation tanks. The
accumulation of the sludge constitutes environmental problem and must be removed.

The main objective of this research is to reuse the generated sludge from the
New Assiut city plant in brick making to get a product, which has some economic
value. Therefore, use of sludge as construction and building material converts the
waste into useful products that can alleviate the disposal problems.

EXPERIMENTAL WORK

The study was divided into three phases, consisting of preparing and mixing the raw
materials, the experiment of bench scale brick production using shale and WTP sludge
as raw materials and ultimately, testing the properties of the produced product.
Figure 1 shows a flowchart of the experimental procedures of brick making for the
present study.

1. Material

WTP sludge and shale were the two main raw materials used in brick making tests.
The WTP dried sludge sample was sludge obtained from the disposal area surrounding
the WTP of New Assiut city. Shale sample for brick making was obtained from local
area of Assiut quarries. Both samples were dried at 110°C for over 24 hours, cooled at
room temperature, and crushed to a size smaller than 315 pum. The basic
physicochemical characteristics of the two materials were analyzed. The X-ray
fluorescents spectrometry (XRF) was used to identify the major components of WTP
sludge and shale. The physical and chemical properties of the dried WTP sludge and
shale are summarized in Tables 1 & 2. From Table 1 and Table 2, it is noticed that both
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samples are high in organic content and low in ash content. The high loss on weight of
WTP sludge suggests that the pre-incineration of sludge is necessary before blending

with shale.
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Figure 1: Flow chart describing brick- making methodologies.
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Table 1: Characteristics of water treatment sludge and shale

Parameter Dried sludge Shale

pH 7.46 8.01

Moisture content. 14.33 % 1.60%

LOI* 39.43 % 14.72%

Ash content 60.57% 85.28%

Volatile matter** 34.74% 8.26%
Density™*** 1.55g/cm’ 2.61 glem’

Carbonates ( CaCO3 ) 00% 13.69%

*  Fired at 850°C for 3 hr.  ** Combusted at 550°C for 3 hr  *** True density

The major chemical composition of natural dried WTP sludge and shale are
silicon, aluminum, and iron oxides as given in Table 2. As shown from table 2 the
WTP sludge, on the other hand, has much higher Al content and lower SiO, content
than the shale. Since the strength of the brick depends largely on silica, the strength of
the brick made from WTP sludge alone may be impaired and hence, pre-incineration of
WTP sludge is necessary in brick making. The WTP sludge was incinerated in
combustion chamber at 850°C to remove all organic substance .The incinerated sludge
ash was then used as a shale substitute without further treatment.

Table 2 : Chemical compositions of dried sludge and shale

Composition (wiw) %
Dried sludge Shale
SiO, 28.80 49.03
Al O3 20.30 12.60
Fe, O3 2.62 7.45
K,O 0.20 0.76
Na, O 0.74 1.23
CaO 1.94 8.28
MgO 1.26 2.82
P,Os 0.12 0.16
SO; 0.37 0.16
TiO, 0.26 1.14
Cl 0.53 1.40
L.O.1 42.81 15.07

2. METHOD OF BRICK MAKING

In the brick molding process, different WTP sludge ash proportions from 10 to 50 %
by weight were mixed with shale. The samples were mixed and blended with
appropriate amount of water, and then molded manually into cubic wooden molds of
5*5*5 cm without press using hand smoothing method. Brick sample from shale only
without addition of sludge ash was used as a reference specimen. The blend
proportions of sludge ash and shale are given in Table 3.
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Table 3: The blend proportions used in brick making

Group No. Test No. Shale, % Sludge ash,% | Size of samples
1 100 0
2 90 10 Brick cubes of
3 85 15 size 5*5*5cm.
I 4 80 20
5 75 25
6 70 30
7 50 50
8 100 00
9 80 20 Half scale
1I 10 75 25 bricks of size
11 70 30 12.5%6*3 cm.
12 50 50

The molded brick samples were first left to dry for two days and turned over to
facilitate uniform drying. After two weeks of being dried in open air and sun, the green
samples were fired in an electrical muffle furnace at 1000°C firing temperature for 6
hours duration time. The produced brick samples as shown in Figure 2 (a) received a
series of tests including firing shrinkage, weight loss on ignition, water absorption,
bulk density, slake durability test, compressive strength, and efflorescence test to
determine a suitable condition for producing half scale bricks of dimension 12.5%6%3
cm. (Fig. 2-b).

A

b

Figure 2: Brick samples (a) cubes 5¥5*5 cm. (b) half scale bricks 12.5%6*3 cm.
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RESULTS AND DISCUSSION

Various amounts of pre-incinerated WTP sludge, 10%, 15%, 20%, 25% , 30% and
50% on weight basis were mixed with shale to make bricks. The qualities of brick
samples were evaluated on their weight loss on ignition, linear firing shrinkage, water
absorption, slake durability test, bulk density, and compressive strength.

1. Water Absorption of Bricks

Water absorption is a key factor affecting the durability of brick. The less water
infiltrates into bricks, the more durability of the brick, and resistance to the natural
environment are expected. Thus, the internal structure of the brick must be intensive
enough to avoid the intrusion of water. Fig.3 shows that water absorption for the fact
that, bricks increases with increased sludge ash addition. This may be attributed to the
addition of ash lowers the plastic nature of the mixture and also decreases the bonding
ability of the mixture. When the mixture contains a rather high amount of sludge ash,
the adhesiveness of the mixture decreases, but the internal pore size of the brick
increases .As result, the quantity of absorbed water increases [5-6, 12, 15-16]. The
produced bricks show general compliance with Egyptian standard specifications [17-
19].

2. Firing Shrinkage of Bricks

Shrinkage during firing is unavoidable. Too much volume shrinkage can cause the
distortion and breakage of bricks. The quality of brick can be further assured according
to the degree of firing shrinkage. As shown in Fig.4, the percentage of shrinkage
decreases with increasing sludge ash addition. Because the swellability of the shale is
much higher than that of sludge ash, an addition of sludge ash to the mixture should
narrow the degree of firing shrinkage. As the amount of sludge ash is increased, the
amount of shale used is decreased and hence the amount of organic content also
decreased. Thus, this will decrease in firing shrinkage.
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Figure 3: Water absorption of brick samples.
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Figure 4: Firing shrinkage of bricks.

3. Weight Loss on Ignition of Bricks

The weight loss on ignition of bricks during the firing process is mostly due to the
organic compounds and the inorganic CaCQO;. Since shale did not receive pretreatment
as sludge did, the only source of organic and inorganic matter in the mixture is mainly
from shale. As shown from Fig.5, increasing the percent of sludge ash resulted in a
decrease in brick weight loss. Also, the results show that without the addition of sludge
ash, an uneven surface was found for a normal shale brick. It is speculated that the
formation of this unwanted surface was mainly due to the burnt —off organic
component during the firing [12, 15]. The brick weight loss on ignition is not only
attributed to the organic matter content in the shale ,but it also depends on the
inorganic substances in both shale and sludge ash being burnt off during the firing
process .The weight loss on ignition for hand mold clay brick is 15 % .
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Figure 5 : Weight loss on ignition of bricks.
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4. Bulk Density of Bricks

The bricks made with shale or clay normally have a bulk density of 1.8 to 2 g/cm® The
measurements of bulk density of different proportions of sludge ash are demonstrated
in Fig. 6. As shown, the bulk density of the bricks is inversely proportional to the
quantity of ash added in the mixture. This finding is closely related to the quantity of
water absorbed in the brick, as demonstrated in Fig. 3. When the bricks absorb more
water, it exhibits a larger pore size than one with less water absorption. As a result, the
bulk density becomes smaller [5-6, 12, 15]. The produced bricks match the Egyptian
standard specifications [17, 18].

5. Compressive Strength of Bricks

The compression test is the most important test for assuring the engineering quality of
a building material. The results of the compressive strength test on the brick made
from both shale and sludge ash mixtures are shown in Fig.7. The results indicate that
the strength is greatly dependent on the amount of sludge ash in the brick. This finding
is closely related to the quantity of water absorbed as demonstrated in Fig. 3. It
decreases with the increase of sludge ash in mixture of brick making. The optimum
amount of sludge ash that could be mixed with shale to produce good bonding of
bricks was up to 30 % by weight. Additions of up to 20 wt. % sludge ash conformed to

minimum compressive strength of 78 kgf/cm” ™ use as load bearing bricks for internal

walls.
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Figure 6: Bulk density of bricks

For non-load bearing partitions with minimum requirement of 20 kgf/cm’ ,
bricks with up to 30 wt.% sludge ash can be used [16,17] . With 20 to 30 % sludge ash
content, the ash-shale bricks show higher compressive strength than normal fired shale
bricks (20 to 40 kgg/cm® [17-19].
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Figure 7 : Compressive strength of produced bricks

6 . Durability Results

The durability index Id,, is used as an indicator of wind erosion resistance of the brick
[20]. The values of Id, approach zero for samples that are highly susceptible to slaking
and approach 100% for samples that slake very little. The results of index Id, are
shown in Fig.8. It is noticeable that, the produced bricks are more reasonable in
building purposes.
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Figure 8 : Slake durability index Id, of produced bricks
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7 .Efflorescence Results

The efflorescence of the produced bricks was of Nil class for all the studied mixtures
of sludge ash — shale bricks, and match the requirements of Egyptian standard ES :
1756 /1989 [17-19 ].

CONCLUSIONS

The finding obtained from this study, which was based on the classical hand-molding
method of brick making, demonstrated that:

1. Pre-incineration of WTP sludge is necessary before sintering process of bricks,
to remove of all organic compounds contained therein. .

2. Increasing the WTP sludge ash content results in a decrease of brick shrinkage,
bulk density, weight loss on ignition, and compressive strength of the
produced bricks .On the other side brick water absorption increased.

3. The test results indicate that, the brick weight loss on ignition is mainly
attributed to the organic matter content in the shale being burnt-off during
firing process.

4. With up to 30 wt % sludge ash added to the shale bricks, the compressive
strength measured met the requirements of the Egyptian standard
specifications [17-19].

5. The appropriate conditions for manufacturing good quality bricks is 30 wt %
sludge ash with 35 wt % of moisture content prepared in the molded mixture
and fired at 1000 °C.

A good correlation between all properties tested was observed.
7. This study showed that WTP sludge ash could be used in brick material.

a
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