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Abstract

Management of sewage sludge, a residual product from the treatment of industrial wastewater, has
remained challenging for decades. Attributed to the high content of heavy metal, organic compounds
or micro-organisms and limited available landfill capacity, disposal of sludge through landfilling
severely creates environmental pollution. This study, hence, aimed at examining potential utilization
of industrial sludge in fabrication of lightweight concrete blocks. While Ordinary Portland Cement
and sand were used as main constituents, industrial wastewater sludge and rice husk ash were used
as fillers in the concrete block production. Chemical composition of dried sludge and rice husk ash
were examined through x-ray fluorescence (XRF). The XRF results revealed high content of silica in
rice husk ash, whereas hazardous elements, specifically Pb, Hg, Cd and As, were not detected in the
sludge. To assess properties of the concrete blocks for practical use, compressive strength and density
were evaluated. The concrete blocks containing wastewater sludge lower than 20 wt% could exhibit
compressive strength exceeding 5 MPa, while maintaining density lower than 1.6 g/cm3. It was
evident that the concrete blocks demonstrated compressive strengths and density values within the
acceptable range defined by the Thai Industrial Standards Institute (TISI 2601-2556) Type C16.

Keywords: Lightweight concrete block, Industrial waste, Hazardous, Residual waste, Wastewater
sludge, Rice husk ash

Introduction

Sludge is a byproduct of wastewater treatment management is one of the critical concerns. It is
process. According to (Mateo-Sagasta et al., 2015), estimated that costs of sludge disposal and treatment
the production of wastewater in around the world  process was 20% to 60% of operational of treatment
exceeded 260 km®. More than 25.2 million tons process (Foladori et al., 2010). The most common
of sewage sludge are produced by many industrial method for sludge disposal is landfill or land
countries such as EU, USA, China, etc. With large  spreading, which cause risk from heavy metal
quantities of wastewater sludge, effective and leaching. Since wastewater sludge contained
environmentally friendly management of sludge organic compounds and heavy metals such as Pb,
remains a challenge. In addition, high cost of sludge Mn, Cu, Cr and Zn, leaching can lead to natural
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water contamination (Rabie et al., 2019). According
to (Swierk et al., 2007) leaching of Cu and Ni from
electroplating sludge resulted in formation of high
content of H,O, HNO?, NaOH solutions, which
could be released into environment.

With the increasing demand of construction
materials, wastewater management through
utilization of the sludge in construction materials
can be effective (Valls et al., 2004; Yague et al.,
2005). It has been reported that 10 and 20 wt% of
dry sludge could be used in concrete block
production as a replacement of OPC (Habeeb and
Mahmud, 2010). Sludge has also been reported to be
a component of concrete mixture. With the content
of less than of 15% dry sewage sludge, compressive
strength of the concrete was not significantly
diminished (Rabie, 2016).

Rice production results in generation of more
than 700 million tons of paddy, 40% of rice husk
convert to rice husk ash (RHA) (FAO, 2016; Singh,
2018). Byproduct from rice production was
commonly eliminated by landfilling. It should be
addressed that RHA cannot degraded in nature due
to high siliceous content (80 to 98% after heat
treatment) (Hossain, 2003; Rashid et al., 2010;
Zerbino et al., 2011; Yuvakkumar et al., 2014;
Barkar et al., 2016; Franca et al., 2017; Chandeng
et al., 2020). Replacement of Ordinary Portland
cement (OPC) by RHA has been reported. The
decrease of compressive strength, flexural
strength, and tensile strength was observed at the
RHA content of 20% (Ahsan and Hossain, 2018).

Nevertheless, replacement of OPC by 10% of RHA
could result in higher compressive strength (Habeeb
and Mahmud, 2018).

This research, therefore, aims at utilizing
waste products, specifically wastewater sludge and
rice husk ash, in fabrication of lightweight concrete
blocks. Assessment of density, compressive
strength, along with potential toxicity of the cement
blocks were conducted to ensure reliability and
safety usage.

Materials and Methods

Raw materials preparation and characterization

Wet sludge from wastewater treatment was
collected from Okuno-Auromex (Thailand) Co.,
Ltd, an electroplating plant. To remove the
moisture, the sludge was ground by hand grinding
technique and screened through the no.200 sieve.
To obtained particles with sizes less than 45 um, rice
husk was also ground for 2 h and screened through
the no.345 sieve.

The morphology of the raw materials was
examined by scanning electron microscopy, SEM
(FEI, Quanta 450). Particle size analysis was
conducted using ImageJ software. The chemical
composition of dried sludge and rice husk ash
were determined by energy dispersive x-ray
spectroscope, EDS and x-ray fluorescence, XRF
(Bruker, S8 Tiger AXSX).

Table 1. Composition of lightweight concrete block mixtures.

No. Material Quantity (Wt%) Aluminum (wt%) W/C

Cement 35
Sand 20

! Sludge 10 ! 13
Rice hush ash 35
Cement 35
Sand 20

2 Sludge 10 ! 13
Rice hush ash 35
Cement 35
Sand 20

3 Sludge 15 ! 13
Rice hush ash 30
Cement 35
Sand 20

4 Sludge 20 ! 13
Rice hush ash 25
Cement 35
Sand 20

5 Sludge 25 1 13
Rice hush ash 20
Cement 35
Sand 20

6 Sludge 30 1 13
Rice hush ash 15
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Fabrication of lightweight concrete blocks

Lightweight concrete blocks with dimension
of 2.5x2.5x2.5 cm® were prepared by casting pastes
mainly containing ordinary Portland cement, sand,
sludge, and rice husk ash. Aluminum (1 wt%) was
also added in the paste to produce porous structure
in the lightweight concrete blocks. Water to cement
ratio of 1.3 was used throughput the experiments.
The cast specimens were cured in water for 3 days
and 7 days, and subsequently autoclaved for 6 h.
Compositions of lightweight concrete mixture were
shown in the Table 1.

Characterization of lightweight concrete block

A universal testing machine, UTM (Hounsfield,
H50KS) was employed in determination of
compressive strength of the lightweight concrete
blocks after curing and autoclaving. The bulk
density was also calculated. Scanning electron
microscope, SEM (FEI, Quanta 450) was used in
examination of microstructure of raw materials and
concrete blocks. Chemical composition, specifically
organic content and hazardous elements, in
lightweight concrete blocks were evaluated
by energy dispersive x-ray spectroscope, EDS.

Figure 1. Scanning electron micrographs showing
morphology of dry wastewater sludge.

unt of particle size (%)

Figure 2. Size distribution of wastewater sludge
particles.

. y g
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Figure 3. EDS spectrum of the wastewater sludge.

Weibull distribution

Weibull distribution analysis was performed
to determine the probability of survival after
compression or the reliability of the concrete blocks.
Values of the compressive strength of ten
lightweight concrete blocks subjected to curing in
water for 7 days were used in the analysis.

Weibull plot generally represents the
relationship between In(x) and In(-In(1-F(x))), with
(F(x)) denotes the cumulative probability density of
failure, according to the following Equation (1):

i-0.3
i-0.4

F(x) =

(€3]

where i is rank of ascending order (smallest to
largest) of compressive strength value, and n is total
number of data points. From the Weibull plot, scale
(@) can be calculated from exponential of intercept
divided by slope (B), as shown in Equation (2):

(Intercept)

Scale (a) = e\ Slope 2
The reliability or probability of survival can be

calculated using the following Equation (3):

B
R= e_(&) 3

where R is probability of survival, x is the
compressive strength, g is slope of Weibull plot
(Weibull modulus), and « is scale parameter.

Results and Discussion

Characteristics of wastewater sludge

1. Microstructure of sludge

Functioning as a filler, wastewater sludge was
added to the concrete blocks to partially fill the
voids between sands and cement matrix, which may
consequently diminish problems related to
disintegration among concrete components. The
morphology and size of the filler generally affect the
filler function. Therefore, dry wastewater sludge
was examined using SEM. The scanning electron
micrograph, shown in Figure 1, revealed irregular-
shaped particles with average particle size
of 5.5+6.5 um. A wide distribution of particle sizes
was observed, with the majority of the particle sizes
in the range 1.1-9 um was also observed, as shown
in Figure 2.

2. Chemical composition of sludge

The chemical composition of the dry
wastewater sludge was analyzed using EDS, as
shown in Figure 3. The results indicated a high
content of organic matter, with average carbon (C)
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Table 2. Chemical composition of wastewater sludge.

Content of chemical element in sludge (mass%)

Chemical elements

Point 1 Point 2 Point 3 Average

Organic matter

Cc 25.24 22.39 79.59 42.41+32.2

0] 33.31 45.17 18.13 32.20+136
Heavy metals

As -

Cd - - -

Cr 0.67 0.77 - 0.72+0.4

Cu 2.52 212 0.47 1.70+1.1

Hg - - - -

Ni 5.01 6.59 0.43 4.01£3.2

Pb - - - -

Zn 212 1.19 - 1.66+1.1
Other elements 31.14 21.79 1.39 20.76+15.2

and oxygen (O) content of 42.41 and 32.20 mass%
of total sludge, respectively. As organic compounds
constitute the main composition of sewage sludge,
similar observations regarding high organic matter
in sludge have been reported (Tao et al., 2012; Werle
and Dudziak, 2014).

Examination of the hazardous element content
in wastewater sludge was conducted, with the
presence of heavy metals, specifically As, Cd, Cr,
Cu, Hg, Ni, Pb and Zn, being examined using EDS.
The results revealed the contents of Cr, Ni, Cu, and
Zn were 0.72, 4.01, 1.70, and 1.66 mass%,
respectively. However, As, Cd, Hg and Pb were not
detected in this study, as shown in Table 2.

Characteristics of rice husk ash

1. Microstructure of rice husk ash

It has been extensively reported that rice husk
ash (RHA) contains a high content of silica that has
been attributed to high pozzolanic activity between
calcium hydroxide and the RHA in the concrete that
potentially contributes to strength enhancement, as
a fine particle size of the RHA is generally desired
(Régo et al., 2014; Aulakh et al., 2017). The
microstructural examination of RHA was conducted
using SEM. Figure 4 shown the morphology of
RHA was a porous irregular-shaped structure after
ball milling for 2 hours. The particles size analysis
of RHA indicates wide distribution of particle size,
with the averages size of 7.1+6.4 um, as shown in
Figure 5.

2. Chemical composition of rice husk ash

Rice husk ash (RHA) is a well-known
pozzolanic material, having a high content of silica.
Thus, determination of chemical composition of
RHA is essential. Based on XRF, the RHA used in
this study had a silica (SiO,) content as high as
95.17%, as shown in Table 3. This result was in a
comparable range with numerous studies, which
reported that RHA contains silica in range 80-98%

(Hossain, 2003; Rashid et al., 2010; Yuvakkumar
et al., 2014, Barkar et al., 2016; Franca et al., 2017;
Chandeng et al., 2020).

0

Figure 5. Size distribution of rice husk ash (RHA)
particles.

Table 3. Chemical composition of wastewater sludge.

Chemical elements Chemical composition (mass%)

SiO, 95.17
K.0 2.32
CaO 0.90
P,0s 0.47
MgO 0.41
Al,O3 0.15
Na,O 0.14
MnO 0.13
SO; 0.12
Cl 0.10
Fezog 0.08
TiO, 0.02
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Effects of sludge and rice husk ash contents on
physical and mechanical property of lightweight
concrete blocks

1. Microstructure of lightweight concrete

blocks

The microstructural examination  of
lightweight concrete block containing sand,
ordinary Portland cement, sludge and RHA was
conducted using SEM. In general, harden cement
mainly consists of mineral phase such as Portlandite
(Ca(OH)y), calcium aluminate hydrate, and calcium
silicate hydrate (C-S-H) (Scrivener et al., 2016),
which play a role in enhancing the compressive
strength in cement.

The C-S-H phase can be evident as flock-
like and fibrous- like agglomerates (Cizer et al.,
2020) SEM micrographs, as shown in Figure 6,
demonstrates presence of fibrous-like agglomerates
C-S-H. Figure 6(a) indicates that the lightweight
concrete block without any sludge content had the
greatest amount of the C-S-H phase, whereas
a decrease in the C-S-H phase was evident in the
concrete blocks with higher contents of sludge, as
shown in Figure 6(f).

With a higher content of sludge, the RHA
component in the concrete blocks was minimal.
RHA is the initial reagent for the pozzolanic
reaction, which promotes the formation of the

Figure 6. Microstructure of lightweight concrete
blocks with sludge containing a) no
wastewater sludge, b) 10 wt% of sludge, c)
15 wt% of sludge, d) 20 wt% of sludge, e)
25 wt% of sludge, and f) 30 wt% of sludge.

strengthening phase in the cement matrix (Wang
etal., 2019). With a low content of the RHA and the
C-S-H phase, the addition of a high sludge content
may have an adverse effect on the strength of the
concrete blocks. The effects of sludge content on
compressive strength of the concrete blocks are
discussed in a subsequent section.

2. Evaluation of hazardous elements in
lightweight concrete block containing sludge

As shown in Table 2, dry wastewater sludge
contained some heavy metal elements which might
be toxic to human health and vital organs such as
lung, liver, kidney, and brain (Bandow et al., 2018).
In addition, heavy metals can be environmental
pollutants. To ensure safety in utilization, hazardous
elements in the concrete blocks containing various
contents of sludge were evaluated using EDS.

As shown in Table 4, the results from EDS
revealed that the concrete blocks consisting
of wastewater sludge contained heavy metals in the
amount of less than 200 ppm. The upper limit
for hazardous element such as As, Cr, Cu and Pb
in construction materials is a concentration lower
than 1,000 ppm, while for Cd, Hg, Ni and Zn, the
concentration should not exceed 2,500 ppm
(Wahlstrom et al., 2019). From the EDS results, the
lightweight concrete blocks containing 10, 15, 20,
25 and 30 wt% wastewater sludge contained levels
of heavy metals that were lower than the upper
hazardous limit. Therefore, the results suggested
that wastewater sludge in amounts not exceeding
30 wt% could be used as a filler in the fabrication of
lightweight concrete blocks without creating
substantial adverse effects on human health.

3. Bulk density

The results regarding bulk density of the
lightweight concrete blocks containing wastewater
sludge and RHA indicated that the bulk density
slightly decreased from 1.6 mg/cm® to 1.4 mg/cm?®
as the sludge content increased, as shown in
Figure 7. Notably, all concrete blocks had density
values in the acceptable range defined by T1SI 2601-
2556 Type C16. (Algedra et al., 2011; Rabie et al.,

Table 4. Chemical composition of lightweight concrete blocks with various contents of sludge.

Content of 0 10 15 20 25 30 Hazardous limit*

sludge wt% wt% wt% wt% wt% wt% (ppm)
Heavy metals Content of heavy metal element (ppm) -

As - - - 28 25 - <1,000

Cd - - - - - - <2,500

Cr - 9 13 - 11 14 <1,000

Cu - 31 - - 50 36 <1,000

Hg - - - - - - <2,500

Ni - 84 75 92 135 117 <2,500

Pb R R R R - - <1,000

Zn - - - - 35 32 <2,500
Other elements 100 98.77 99.12 98.86 97.67 98.01 -

(mass%)
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2019) also reported that the addition of sludge in
concrete resulted in a decrease in the bulk density.

®7days m3 days

1.63
161 1.62

1.59

Bulk density (mg/cm®)

0 10 15 20 25 30
Content of wastewater sludge (w%)

Figure 7. Effect of sludge content on bulk density of
lightweight concrete block after curing in

water for 3 and 7 days and autoclaving 6 h.

; 1317 7days 3 days

0 10 15 20 5 30
Content of wastewater sludge (wi%o)

Figure 8. Effect of sludge content on compressive
strength of lightweight concrete block after
curing in water for 3 and 7 days and

autoclaving 6 h.

4. Compressive strength

The compressive strength of lightweight
concrete specimens was examined after curing
in water for 3 and 7 days, and autoclaving for 6 h.
The results indicated that compressive strength
of lightweight concrete blocks decreased as a result
of increasing the sludge content, as shown in
Figure 8. Similar observations were also reported in
several studies (Algedra et al., 2011; Nagar and
Bhargava, 2016; Jamshidi et al., 2012). Effects of
prolong curing period on compressive strength was

Figure 9.

also evident. Lightweight concrete blocks curing for
7 days exhibited the greater compressive strength
than those subjected to curing for 3 days.

Weibull distribution analysis

Weibull analysis was used to assess the
reliability of the concrete blocks containing various
contents of wastewater sludge when subjected to
compressive strength. The compressive strength
data, shown in Table 5, were analyzed using a two-
parameter Weibull distribution.

Figure 9 presents the Weibull plots of the
compressive strength of the concrete’s blocks with
different contents of wastewater sludge. The plots
representing In(x) and In(-In(1-F(x))) indicated
good linearity, with high R? coefficient values (0.91-
0.99). A summary of important Weibull parameters
is shown in Table 6.

To meet the standard requirement of
construction material (TISI standard) Type C16 for

Weibull distribution plots for compressive
strength of lightweight concrete blocks with
sludge contains at a) 0 wt% b) 10 wt%, c)
15 wt%, d) 20 wt%, e) 25 wt%, and f) 30
wt%

Table 5. Compressive strength results of lightweight concrete blocks with various content of sludge at 7 curing

in water.
Specimen No Compressive strength (MPa)
) 0 wt% 10 wt% 15 wt% 20 wt% 25 wt% 30 wt%

1 12.00 9.01 6.80 451 3.95 3.76

2 12.13 9.76 6.85 4.72 421 4.00

3 12.14 9.84 7.44 5.06 4.38 424

4 12.86 10.13 8.14 5.09 4.64 4.26

5 13.33 10.40 8.18 5.22 478 4.26

6 13.33 10.70 8.21 5.25 4.82 4.29

7 13.65 10.72 8.21 5.25 491 4.40

8 13.73 10.80 8.42 5.31 5.09 4.45

9 14.13 10.93 8.50 5.55 5.18 456

10 14.40 11.14 9.12 5.62 5.36 4.58
Average 13.17 10.34 7.99 5.16 4.73 4.28
Standard deviation 0.86 0.66 0.74 0.34 0.44 0.25

TISI (Type C16) 1317>5MPa  10.34>5MPa  7.9955 MPa 5.16>5MPa 4.73<5MPa  4.28<5 MPa

Compressive strength>5 MPa
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Table 6. Weibull distribution analysis of lightweight concrete block with content of sludge.

Identical data analysis of Weibull distribution

Content of sludge

Slope (B) Intercept Linear coefficient (R?) Scale (a)
0 wt% 16.30990 42.53720 0.92054 13.5727
10 wt% 16.87610 39.91830 0.98599 10.64803
15 wt% 11.21230 23.77360 0.90988 8.333756
20 wt% 16.29200 27.21460 0.96211 5.314438
25 wt% 11.54370 18.42060 0.99107 4931916
30 wt% 18.20050 26.95020 0.95348 4.396196
Table 7. Reliability analysis of lightweight concrete block with content of sludge.
Reliability of compressive strength
Compressive strength Content of sludge
Control 10 wt% 15 wt% 20 wt% 25 wt% 30 wt%

1 1.00 1.00 1.00 1.00 1.00 1.00

2 1.00 1.00 1.00 1.00 1.00 1.00

3 1.00 1.00 1.00 1.00 1.00 1.00

4 1.00 1.00 1.00 0.99 0.91 0.84

5 1.00 1.00 1.00 0.69 0.31 0.00

6 1.00 1.00 0.98 0.00 0.00 0.00

7 1.00 1.00 0.87 0.00 0.00 0.00

8 1.00 0.99 0.53 0.00 0.00 0.00

9 1.00 0.94 0.09 0.00 0.00 0.00

10 0.99 0.71 0.00 0.00 0.00 0.00

Table 8. Compressive strength of lightweight concrete block of commercialized product and standard

requirement in Thailand.

Commercialized product

(Quality Construction Products

TISI standard Type C 16

Plublic Co., LTD, 2021) (TISI 2601-2556, 2013) This study
Compressive strength (MPa) 6 >5 5-13
commercial applications, compressive strength of .
the concrete block must not be lower than 5 MPa, Conclusions
Reliability analysis of the concrete blocks was . . -
y y Lightweight concrete blocks consisting of

conducted, as shown in Table 7. The results
indicated that probability of survival of all
concrete blocks remained 1.00 when subjected to
compressive test at 1-3 MPa.

For the compressive test at 5 MPa (according
to the TISI standard), the concrete blocks containing
sludge between 0-15 wt% had 100% survival rate.
At the sludge content of 20 wt%, only 69% survived
the test. The results confirmed that the increasing
of sludge contents in lightweight concrete block led
to decreasing in compressive strength and lower the
survival probability. Therefore, in order to fabricate
the lightweight concrete blocks which can pass the
requirement for the industrial applications, the
content of wastewater sludge in the concrete blocks
should not exceed 15 wt%. The compressive
strength obtained in this study was in an acceptable
range when compared to those obtained from
commercialized products and industrial standard, as
summarized in Table 8. These results suggested that
the lightweight concretes containing wastewater
sludge could potentially be used as construction
materials.

wastewater sludge, RHA, sand, and OPC were
successfully fabricated. The contents of hazardous
elements were evaluated to evaluate the potential
toxicity of the cement blocks. The results indicated
that the levels of heavy metals were lower than the
limit for hazardous elements in construction
materials. Increasing the content of wastewater
sludge decreased the compressive strength and bulk
density. Nevertheless, the Weibull reliability
analysis indicated that the concrete blocks
containing wastewater sludge at amounts less than
20 wt% could provide excellent reliability and
passed the compressive test requirements specified
by TISI standard Type 16.
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