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Abstract. Sewage sludge is a waste product generated from the wastewater treatment process
at the treatment plant. The amount of sewage sludge produced is increases every year as the
population increased. Poor management of sewage sludge will give negative impact to the
environment. Replacing cement with sewage sludge ash is more significant to reduce the
amount of waste material from sewage treatment plants. In this study, the various percentage of
dried sewage sludge (DSS) has been added to replace the cement. Sewage sludge was dried in
the oven with 100°C for 24 hours, then sieve through the sieve size 300 pum. Then, DSS was
used in the concrete instead of cement with the replacement percentage of 0%, 5%, 10%, and
15% by weight. The compressive strength of concrete cube specimens was investigated after 7
and 28 days of curing. The results showed that the compressive strength of concrete specimens
increased with the replacement of cement in concrete with 5 % to 10 % DSS, but the achieved
maximum strength still lower compared to the control sample. However, the compressive
strength of concrete specimens decreased when the DSS replacement of cement is more than
10 % by weight. The result of XRF test also showed that DSS has good potential to replace
cement in concrete.

1. Introduction

It is estimated that the population in Malaysia is increasing to 32.5 million in the year on 2019. The
increasing of the total population will automatically increase the amount of wastewater generated by
the people. Normally, the wastewater from the residential building and the commercial building will
be treated before it is released to the natural waterways that are called effluent. The quality of the
effluent must be controlled in order to ensure the quality of the natural water resources in good
condition for the population in Malaysia. According to the Department of Environment Malaysia, the
standard effluent must be at Standard A and B. Thus, the process to control the quality of effluent is
started at the sewage treatment plant. Sewage sludge is a waste product generated from the wastewater
treatment process at the treatment plant. Most of the wastewater treatment plants in Malaysia are
managed by Indah Water Konsortium (IWK). According to IWK, about 5.3x 10° m* was produced
every year and the amount of sewage sludge is still increasing annually [1]. A large amount of sewage
sludge produced every year will affect the environment and also social development[2,3]. Thus, the
sewage sludge will be sent to the landfill for disposal process. Besides, the common methods of
sewage sludge disposal are ocean dumping, landfilling and also spreading on reclaimed land [1].
However, these methods of disposal of sewage sludge will affect to the environment such as water
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contamination, air, and land pollution because the sewage sludge contains toxic material and heavy
metal. The disposal of sewage sludge at landfill area also can cause problem to the soil due to leachate
that contains high potentially toxic and heavy metal produced by the sewage sludge[2,4,5,6,7]. Thus,
studies have been done to utilize the sewage sludge ash as a partial replacement in the concrete mix.
The incinerated sewage sludge with 600°C to 900°C will produce the sewage sludge ash and
minimized the volume of sludge up to 50 %.

Different researchers use different temperatures to produce sewage sludge ash (SSA). A study was
done by M. Cyr et al., the temperature of 850°C was used to burn the sewage sludge in order to
produce SSA [8]. Monzo et al reported that incinerating the sewage sludge (SS) up to 800°C can
produce an amorphous SSA [9]. It was suggested that the sludge should be burnt to a temperature of
550°C for 3 hours to produce SSA as cement replacement [10]. Lin and Weng also incinerate the
sludge at 800°C in the combustion chamber to remove the organic substance then was used as a clay
substitute in brick manufacturing [11]. Kartini et al in their study, domestic waste sludge was burnt
under uncontrolled burning in a ferro cement furnace for 72 hours to produce residue ash that was
used in the concrete mix [12]. The temperature used to produce sewage sludge ash does not exhibit
any significant effect on chemical properties of the ash but slightly affect the physical shape of the
SSA. The study conducted by Siew et al shows that the sludge burnt at 600°C exhibited needle-shaped
particles whereas a smooth structure was found in sludge burnt at 800°C due to the pozzolanic reaction
which filled the void and pores in the mortar [13]. Moreover, sludge burnt at 800°C also provides
additional strength to the mortar where the compressive strength has increased after 28 and 90 days
[13]. An investigation done by Doh et al found that the SSA produce at the temperature of 600°C for
the duration of three hours has the potential to be used as partial cement replacement in concrete since
there are high similarities in the major chemical component of SSA compared to cement [14]. Sharif
and Attom used burned sludge ash as soil stabilizing agent. They burned the sewage sludge at 550°C
and mix with the different type of clay soil. From the test result, they suggested that the burned sludge
ash can be used as soil stabilizer[15] . Carriona et al in his study on using SSA to manufacture pre-cast
concrete block burned the SS at 800°C to produce fine SSA [16]. This fine SSA material then was
found out apt to be used in pre-cast concrete block manufacturing. Donatello et al in his investigation,
the temperature from 800°C to 900°C is used to develop sustainable and low energy constructions
product incorporated incinerated sewage sludge ash. Franz in his study conducted in Switzerland used
temperature of 830°C to 850°C to produce SSA. From the study, he found that SSA can be used as an
effective phosphate fertilizer that meets the demands of the agriculture industry. While Jamshidi et al
used 650°C temperature in his study to investigate the mechanical performance of concrete with partial
replacement of sand by SSA [17]. However, Kazberuk used two different temperature of the furnace
chamber wherein the bottom section the temperature is above 600°C and the upper section is more
than 850°C to produce sewage sludge ash [18].

Apart from that, the use of SSA as a partial replacement of cement can be seen as a better solution to
overcome the problem of disposal of sewage sludge. Using SSA as a partial replacement of cement
has the potential to improve the mechanical performance of concrete. The workability and
compressive strength of concrete after 28-days were improved with the addition of SSA [10,14] and
lower the water absorption [14] compared to the control samples. According to [14,17,19] the
optimum amount of SSA is 5 % by weight of ordinary Portland cement to promote the highest
performance of compressive strength of concrete after 28 days. However, the high temperature for the
combustion process to produce sewage sludge ash contributed to the increase of energy consumption.
The manufacturing of ordinary Portland cement also requires a high degree of temperature in the
burning process. Thus, by using sewage sludge ash to replace the cement is still increasing energy
consumption. Based on the previous study, it found that the researchers burn the sewage sludge to
form ash as a cement replacement in the concrete mix. Limited study has been conducted
incorporating dried sewage sludge as a partial replacement of cement in the concrete mix. Therefore,
this study aims to investigate the compressive strength of concrete containing dried sewage sludge as a
partial replacement of cement by weight in concrete.
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2. Materials

2.1. Sewage Sludge

Sewage sludge was collected from wastewater treatment plant at student’s hostel, UiTM Pahang,
Malaysia. The sewage sludge collected from the sludge dry bed at the wastewater treatment plant.
Then, sewage sludge is oven dried at a temperature of 100°C for a period of 24 hours to ensure that the
samples are dried [14]. The oven drying process is needed in order to remove up to 90% of its
moisture content in the sewage sludge[14]. The impurities such as plastics, woods, and trash in the
sludge were removed to ensure the best quality of sewage sludge. The dried sewage sludge was sieved
passing 300um.The process to produce dried sewage sludge was shown in Figure 1. In this research,
0%, 5 %, 10% and 15% of the dried sewage sludge were added as a partial replacement of cement in
the concrete mix. Then, the compressive strength of the 100 x 100x 100mm concrete cubes were
measured and compared to the control samples. The control samples were prepared with 0% dried
sewage sludge. Table 1 shows the complete concrete mix design according to the percentage of dried
sewage sludge. The weight of aggregates, water, and cement obtained according to 0.008 m® of the
total concrete mix volume.

2.2. Course and Fine Aggregates

Crushed granite aggregates were used to include in the specimen mixture. The sources of aggregate
were obtained from the Sungai Jan Kuari Sdn Bhd, Jerantut, Pahang. The coarse aggregates were
graded in a range of 20 mm to 5 mm nominal size. While the fine aggregate or sand were sieve passed
5mm opening sieve size. Meanwhile, the fine aggregates or sand were graded is passing 5mm sieve
size.

2.3. Aggregate Crushing Value (ACV) and Aggregate Impact Value (AlV)

The durability of the aggregate samples was tested in order to obtain the ACV and AlIV. The ACV and
AlV test is based on the BS 812 Part: I1l. The result obtained that the ACV and AlV is 25% and 17 %
respectively.

2.4. Cement

Type 1 ordinary Portland cement was used in this study as a binder material in the concrete
preparation process. The cement was produced by YTL Cement Bhd. This particular cement was used
for entire experimental work in this study.

3. Experimental Procedure

3.1. Sample Preparation

The concrete mix design consists of coarse aggregate, fine aggregates, ordinary Portland cement added
with dried sewage sludge with four different weights as a partial replacement of cement which is 0 %,
5%, 10 %, and 15 % respectively. A control mix was prepared using ordinary Portland cement with 0
% dried sewage sludge as a replacement of cement in the concrete mix. Then, the dried sewage sludge
was blended with cement and mixing with aggregates and water. Then the mixture was cast in the 100
mm x 100mm x 100mm steel mould. Six (6) specimens were prepared for each content of dried
sewage sludge to measure the compressive strength after 7 days and 28 days. After the specimens cast
in the steel mould, the specimens were kept for 24 hours. Then the specimen was removed from the
mould and sank in the water for curing process.
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Figure 1. Process of Production of Dried Sewage Sludge

Table 1. Mix proportion of concrete containing dried sewage sludge

Adggregates

DSS wic Cement DSS Water :

(%) (kg) (kg) (kg) Fine 10mm 20mm

(kg) (kg) (kg)

0% 0.54 3.112 0 1.68 4,322 3.362 6.724
5% 0.54 2.956 0.156 1.68 4.322 3.362 6.724
10% 0.54 2.801 0.311 1.68 4.322 3.362 6.724
15% 0.54 2.645 0.467 1.68 4.322 3.362 6.724

3.2. Curing Condition

The specimens were placed in the clean water after removing from the mould. The period of the curing
process is 7 days until 28 days. After the curing period, the specimens were drained and ready for the
compressive strength test.

3.3. Compressive Strength Test

One of the performance characteristics of concrete is compressive strength. 100 x 100 x 100 mm cube
specimen was prepared to measure the compressive strength of concrete. The specimens were
compressed using a compression strength test machine. The specimens were tested with a loading rate
of 3.0kN/s according to British Standard Test method BS EN 12390:2009.

4. Results and Discussion
4.1. X-Ray Flourescene Test (XRF)
Based on the oxide content in SSA, it is suitable to replace the Portland cement content in normal
concrete. The XRF result in Table 2 shows that the major oxide of DSS (Fe,O,, SiO,, P,0s, Ca0,
Al,O3). According to D. F. Lin et al., the major oxide component in Portland cement is SiO,, CaO, and
Al,O3 [11]. The production of DSS is easier and save-energy compared to the production of sewage
sludge in the ash form. Thus, it will promote a great potential to reduce the carbon emission to the
environment. According to the result of XRF test, it shows that the DSS also consist of the high
content of oxide component and potentially to replace the cement content in concrete. Furthermore,
the DSS form is more environmentally and considered a feasible alternative solution to the sludge
disposal problem [14].

Table 2. Oxide content in DSS and Portland cement

. Portland
Oxides DSS Cement[14]
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Iron Oxide (Fe,0,) 15% 23%
Silicon Dioxide (SiO,) 14.9% 21.0%
Phosphorus Pentoxide (P,Os) 6.03% 0%
Calcium Oxide (CaO) 1.81% 66%
Aluminium Oxide (Al,O3) 7.34% 4.6%

4.2. Concrete Density

The density of concrete specimens were measured for each curing dates and percentages of DSS added
as a cement replacement. The result of the concrete density for each percentage of DSS is shown in
Figure 2. The density of concrete specimens for 7- and 28-days curing dates is lower compared to the
density of the control sample (0% DSS). After 28 days curing period, the maximum density of
concrete is 2350 kg/m’ was recorded compared to the 7 days curing period, the maximum density is
2290 kg/m’. However, the density of concrete started to drop after 5% of DSS was added for each
curing periods as compared to the control sample. Based on the results obtained, it can be noted that
the density of concrete decreased when the DSS with 300 pm were used to replacement the cement
content in concrete.

Concrete Density
2500

%)
g 2450
> 2400 —
ézgso 7 days
> )8 days
"% 2300
S 2250
o

2200

0 5 10 15

Percentage of DSS (%)

Figure 2. Concrete Density for Various DSS Content

4.3. Compressive Strength

In this study, the test age of concrete is 7 days and 28 days and 3 cubes were tested for each of the
same proportion in order to obtain the average data. The results of the compressive strength of each
mix are shown in Table 3 and Figure 3. As can be seen, the compressive strength of concrete is higher
after 28 days compared to the 7 days curing periods. The result obtained indicates that the compressive
strength of concrete is increased when the DSS was added as a cement replacement up to 10 %. Then,
the compressive strength of concrete was starting to decrease when the content of DSS is more than 10
%. It also noted that the concrete mixture with DSS have a lower value of compressive strength
compared to a control mixture.

Table 3. Compressive strength of various mix design

No. Sample Compressive Strength
(N/mm?)
7 Days 28 Days
1 0% 13.10 16.72
2 5% 8.00 9.33
3 10% 8.30 11.74
4 15% 5.86 9.95
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Figure 3. Compressive strength of various mix design

5. Conclusion

This study was done to assess the compressive strength of concrete containing DSS as a partial
replacement of cement by weight in the concrete mixture. Results showed that the use of DSS as
cement replacement in concrete resulted in good compressive strength compared to the control
samples. The compressive strength of concrete increased when the DSS was added as a cement
replacement up to 10 % in the concrete mixture. However, compressive strength of concrete was
starting to decrease when the content of DSS is more than 10 %. Meanwhile, the density of concrete
was decreased when the DSS with 300 um particle size were used to replacement the cement content
in concrete. Based on XRF result, it was found that the major oxide of DSS (Fe,O,, SiO,, P,Os, CaO,
Al,O3) is approximately similar to the Portland cement. Thus, the use of DSS in concrete production
has great potential to reduce the amount of sewage sludge at the disposal area. The possibilities to
reuse of sewage sludge in other applications also can be explored such as for road and highway
construction, ceramic or glass production and brick production. Thus, reuse of sewage sludge also
encourages the public or stake holders to save the environment by using the sustainable materials.

6. References

[1] T. Krishta David and S. Karan Nair, “Compressive Strength of Concrete with Sewage Sludge
Ash (SSA),” IOP Conf. Ser. Mater. Sci. Eng., vol. 371, no. 1, 2018.

[2] B. M. Cieslik, J. NamieSnik, and P. Konieczka, “Review of sewage sludge management:
Standards, regulations and analytical methods,” J. Clean. Prod., vol. 90, pp. 1-15, 2015.

[3] J. Werther and T. Ogada, “Sewage sludge combustion,” Prog. Energy Combust. Sci., 1999.

[4] C. Wang, X. Hu, M. L. Chen, and Y. H. Wu, “Total concentrations and fractions of Cd, Cr, Pb,
Cu, Ni and Zn in sewage sludge from municipal and industrial wastewater treatment plants,” J.
Hazard. Mater., 2005.

[5] R.P.Singh and M. Agrawal, “Potential benefits and risks of land application of sewage sludge,”
Waste Manag., 2008.

[6] C. Adam, B. Peplinski, M. Michaelis, G. Kley, and F. G. Simon, “Thermochemical treatment of
sewage sludge ashes for phosphorus recovery,” Waste Manag., 2009.

[7] R. C. Kistler, P. H. Brunner, and F. Widmer, “Behavior of Chromium, Nickel, Copper, Zinc,
Cadmium, Mercury, and Lead during the Pyrolysis of Sewage Sludge,” Environ. Sci. Technol.,
1987.

[8] M. Cyr, M. Coutand, and P. Clastres, “Technological and environmental behavior of sewage
sludge ash ( SSA ) in cement-based materials,” vol. 37, pp. 1278-1289, 2007.

[91 J. Monzo, J. Paya, M. V. Borrachero, and 1. Girbés, “Reuse of sewage sludge ashes (SSA) in
cement mixtures: The effect of SSA on the workability of cement mortars,” Waste Manag., vol.
23, no. 4, pp. 373-381, 2003.



NCWE & ISSCE 2019 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 712 (2020) 012042 doi:10.1088/1757-899X/712/1/012042

[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

C. M. . Fontes, M. . Barbosa, R. . T. Filho, and J. P. Goncalves, “Potentiality of Sewage Sludge
Ash As Mineral Additive in Cement Mortar and High Performance,” Int. RILEM Conf. Use
Recycl. Mater. Build. Struct., 2004.

D.-F. Lin and C.-H. Weng, “USE OF SEWAGE SLUDGE ASH AS BRICK MATERIAL,” J.
Environ. Eng., no. October, pp. 922-927, 2001.

K. Kartini, A. M. Dahlia Lema, A. A. Dyg. Siti Quraisyah, A. D. Anthony, T. Nuraini, and R.
Siti Rahimah, “Incinerated domestic waste sludge powder as sustainable replacement material
for concrete,” Pertanika J. Sci. Technol., 2015.

S. C. Chin, D. S. Ing, A. Kusbiantoro, Y. K. Wong, and S. W. Ahmad, “Characterization of
sewage sludge ASH (SSA) in cement mortar,” ARPN J. Eng. Appl. Sci., 2016.

D. S. Ing, S. C. Chin, T. K. Guan, and A. Suil, “The use of sewage sludge ash (SSA) as partial
replacement of cement in concrete,” ARPN J. Eng. Appl. Sci., vol. 11, no. 6, pp. 3771-3775,
2016.

M. M. Ai-sharff and F. A. Mousa, “The Use of Burned Sludge as a New Soil Stabilizing Agent,”
Environ. Pipeline Eng. 2000, pp. 378-388, 2000.

M. Pérez-Carrion et al., “Potential use of sewage sludge ash (SSA) as a cement replacement in
precast concrete blocks,” Mater. Construccion, 2014.

A. Jamshidi, M. Jamshidi, N. Mehrdadi, A. Shasavandi, and F. Pacheco-Torgal, “Mechanical
Performance of Concrete with Partial Replacement of Sand by Sewage Sludge Ash from
Incineration,” Mater. Sci. Forum, vol. 730732, pp. 462—-467, 2012.

M. Kosior-Kazberuk, “Application of SSA as partial replacement of aggregate in concrete,”
Polish J. Environ. Stud., 2011.

C. M. A. Fontes, R. D. Toledo Filho, and M. C. Barbosa, “Sewage sludge ash (SSA) in high
performance concrete: characterization and application,” Rev. IBRACON Estruturas e Mater.,
2016.

A. Jamshidi, M. Jamshidi, N. Mehrdadi, A. Shasavandi, and F. Pacheco-Torgal, “Mechanical
Performance of Concrete with Partial Replacement of Sand by Sewage Sludge Ash from
Incineration,” Mater. Sci. Forum, 2012.

Acknowledgments

The support provided by Malaysian Ministry of Higher Education, Universiti Teknologi MARA
Pahang and Universiti Malaysia Pahang in the form of a research grant (RDU/UMP) vote number
RDU190339 for this study is highly appreciated.



