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bstract

Wastewater containing heavy metals, such as nickel ions (Ni2+), discharged from industry to water streams poses a serious threat
ecause even at low concentrations, it does not naturally degrade and is toxic to human and aquatic life. This article reviews a
ovel technique for wastewater treatment using a Sayong ball clay (SBC) membrane to remove nickel from industrial wastewater.
BC powder was achieved through milling using a planetary ball mill (milling time; 10, 20 and 30 h), further labelled as SBC 10,
BC 20 and SBC 30, with a ball-to-powder of ratio 7:1 and rotation speed of 300 rpm. The physical characteristics of the apparent
orosities, bulk density and shrinkage were investigated. XRD was used to study the phase, while FESEM was used to analyse
he microstructure of the fired membrane. The FESEM microstructure indicates a decreased particle size (SB30). Filtration was
onducted using a dead-end filtration system. The fabricated SBC 10, 20 and 30 membranes showed significant removal of nickel
rom industrial wastewater—88.87%, 82.96% and 85.13%, respectively. This study revealed that the SBC membrane is a promising
embrane to remove nickel from industrial wastewater. The results also indicate the possibility of highlighting the introduced
echnique as a new technique for the treatment of industrial wastewater. As a new trend for waste management, pollution prevention
ould be applied in Malaysia as one of the advanced biotechnologies to solve various environmental problems.

 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction

In this current era, environmental management; waste
recycling, treatment, and disposal; pollution control and
wastewater have become the most important issues atop
the global agenda [1,2]. Countries that have experienced
water pollution caused by toxic metallic, organic and
behalf of Taibah University. This is an open access article under the

metal–organic compounds have seen many catastrophic
disasters, at both economic and environmental levels [3].
Heavy metal contamination in sewerage or water stream
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Table 1
Acute and chronic effect of heavy metals to human [6–13].

Metal Acute Chronic

Copper Blue vomitus, GI irritation/haemorrhage, haemolysis, metal fume
fever (MFF) (inhaled)

vineyard sprayer’s lung (inhaled); Wilson disease
(hepatic and basal ganglia degeneration)

Iron Vomiting, GI haemorrhage, cardiac depression, metabolic acidosis Hepatic cirrhosis
Lead nausea, vomiting, encephalopathy (headache, seizures, ataxia,

obtundation)
encephalopathy, anaemia, abdominal pain, nephropathy,
foot-drop/wrist-drop

Manganese Metal fume fever (MFF) (inhaled) Parkinson-like syndrome,
respiratory, neuropsychiatric

acute lu
Nickel Skin problem or rashes; nickel carbonyl: myocarditis, 

injury (ALI), encephalopathy

is mostly caused by industrialization. One of the most
common industrial activities contributing to this water
pollution issue is the electro-less plating industry. In
1946, Brenner and Riddell described the term electro-
less plating as a way of plating metallic substrates with
nickel or cobalt alloys without the electric current exter-
nal source benefit. In this process, heavy metals are used
to obtain the best finishing of a product.

However, these processes produce industrial wastew-
aters that contain various toxic substances such as
cyanides, alkaline cleaning agents, degreasing solvents,
oils, fats and metals. Most of the metals including cop-
per, nickel, chromium, silver and zinc are proved harmful
when they are discharged without treatment [4]. Dur-
ing the final stage of the electro-less plating process,
heavy metal effluent is produced. These heavy metal
effluents are very hazardous to humans and the environ-
ment if not treated properly. Table 1 lists a few problems
that are caused by polluted water containing these met-
als. Researchers have revealed that heavy metals have
high solubility in aquatic environments and thus can be
absorbed by living organisms [5]. A direct release of
heavy metal effluent to sewerage or a river will pollute
the neutral water flow and aquatic life. It can also cause
acute and chronic toxicity to human physiology.

According to researchers, few technologies are used
to remove suspended matter or metal from polluted water
to produce potable water and prevent their release into
the environment [14]. There are several techniques to
treat heavy metal effluent such as chemical precipita-
tion, coagulation–flocculation, floatation, ion exchange
and membrane filtration. Precipitation is the most appli-
cable among these techniques and is considered to be the
most economical [15]. It is based on chemical coagula-
tion by adding lime to raise the pH and aluminium or iron
salt to remove colloidal matter as hydroxides. Although

it is shown to be quite effective in treating industrial
effluents, the added chemicals may induce secondary
pollution effects.
ng Occupational (inhaled): pulmonary fibrosis, reduced
sperm count, nasopharyngeal tumours

These drawbacks together with the need for a low-
cost treatment of wastewaters has encouraged many
researchers to use other effective methods without chem-
ical processing for the treatment of several industrial
effluents [16]. Due to the limitation of the ion exchange
process such as high cost of chemical resin, ceramic
membrane is a potential method to filter wastewater
containing heavy metal from electro-less nickel plating
industries. Membrane technology has become a pop-
ular separation technology over recent years in many
countries, plus membrane works without the addition of
chemicals, using low energy and well-arranged process
conductions [17].

Effluents from industry containing heavy metal such
as nickel that exceed the permissible limit of the stan-
dard stated in Malaysia’s EQA 1974 is the main subject
in this research. The ion exchange technique is a popular
method used in the industry, but it involves chemi-
cal resin and is very expensive. In one of the recent
technologies, oxidized Multi-wall Carbon Nano Tubes
(MWCNT’s) were used as adsorbent for removal of Ni
(II) from aqueous solutions, and this research resulted in
enormous growth of research work considering the appli-
cation of MWCNTs in the removal of heavy metal ions
from industrial wastewater [18,19]. The results in this
study proved that the adsorption mechanism is strongly
dependent on the pH level and concentration of oxidized
MWCNTs but less dependent on ionic strength. The
same concept has been examined and validated by other
researchers recently while focusing on ionic strength
dependency for adsorption of Ni(II) on graphene oxides
[20]. The results showed a strong dependency on pH and
ionic strength for pH < 8 and is independent for pH > 8
value.

Green technology and promising techniques are
important to filter the effluent before it can be discharged

to the water stream and then processed at a Wastewater
Treatment Plant (WTP) for human use and consump-
tion. Clay-based membrane was studied to filter effluent
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ontaining nickel taken from a real industrial setting.
his research analysed the potential of Sayong Ball Clay

SBC) membranes in wastewater treatment aimed for
eavy metal removal considering Ni[II] as an example.

.  Materials  &  Methods

All chemicals and reagents used were of analyti-
al grade. Three wastewater samples were collected
etween March and December. The duration was aimed
o maintain the consistency of nickel content in spent
nal rinse water bath from the electro-less plating pro-
ess in the industry.

X-ray diffraction was employed to the study miner-
logical category of the SBC milled at different milling
urations (10, 20 and 30 h) using a Bruker D8 Advance
-ray Diffraction (XRD) machine. The phase identifi-

ation analysis was performed in the range from 10◦ to
0◦ of 2�  at a wavelength of 1.5406 Å with operating
oltage of 15 kV and CuK�1 anticathode filter. The sur-
ace area of the absorbent was measured by a surface
rea and pore analyser machine by Thermo Scientific. A
abricated image of SBC membrane was evaluated using
he Brunauer–Emmett–Teller (BET) method.

.1.  Preparation  of  samples

Three (3) wastewater samples were collected between
arch and December (labelled as wastewater 1, 2 and

, respectively). The duration was aimed to maintain
he consistency of nickel content in spent final rinse
ater bath from the electro-less plating process in the

ndustry. The nickel (mg/l) from industrial influent and
ffluent was taken and compared using fabricated SBC
embranes.

.2.  Saying  ball  clay  (SBC)

SBC is a type of clay that can be found at Sayong
istrict in Perak State, Malaysia. Ball clay is a kaolinitic

edimentary clay that commonly consists of 20–80%
aolinite, 10–25% mica and 6–65% quartz. Ball clay is
lso referred as a secondary clay; it has been transported
way by natural watercourses from the area or geology
n which it was generated.

.3.  Preparation  SBC  Membrane
Ball milling is an important step to obtain fine SBC
owders ranging from 100 to 2500 nm or 0.1 to 2.5 �m.

 model Retsch PM100 planetary ball mill machine was
sed for this purpose. During the early stage, the raw
Fig. 1. Thermo-gravimetric analysis of SBC and starch mixture.

SBC was sieved to obtain 50 �m powder. Furthermore,
the powder was milled for 10, 20 and 30 h and labelled as
SBC 10, SBC 20 and SBC 30, respectively. The ball mill
offers a very attractive advantage of avoiding the loss of
volatile elements in the procedure of synthesis of pow-
ders with their uniform composition [20]. The advantage
of ball milling compared to inert gas condensation is that
the average grain size can be controlled easily by varying
the milling time [21].

The particle size distribution and its concentration
were determined by using dynamic light scattering
(DLC) with a Zetasizer Nano, Melvern Instruments. The
SBC 10, SBC 20 and SBC 30 powders were then mixed
with 25 wt% cassava starch for 3 h by using a roller mixer
model LRM-30. Cassava starch acted as a pore former
for the membrane. Mixed powder of SBC and cassava
starch was compacted by using the uniaxial pressing
technique. Three types of SBC membranes were pressed
with pressure of 50 MPa and holding time of 10 min.
The pressing technique was performed by using the uni-
axial cold compaction method (Instron machine model
600DX). Firing is a consolidation process of material by
heat without melting it to the point of liquefaction. The
SBC membrane was fired by using a high-temperature
muffle furnace (model KSL-1800X).

Fig. 1 shows the Thermo-gravimetric analysis (TGA)
of SBC and starch mixture. TGA and DTA were carried
out to analyse the effective firing temperature, produce
a stable fired SBC membrane and generate a firing pro-
file. Weight reduction was performed in two stages. The
first weight reduction of the sample was performed when
the temperature increased to 500 ◦C with 15.48% at
4.2946 mg. Reduction occurs due to burning process of
starch and water elimination from the sample. The de-
hydroxylation process of clay minerals was performed
at 643.3 ◦C. Insignificant weight loss was observed at
800 ◦C. From the result, the minimum firing temperature
for SBC is 900 ◦C.

2.4.  Sayong  Ball  Clay  Filtration  Performance
The effectiveness of fired-clay-based membrane can
be measured by testing it using a filtration system. The
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Fig. 3. Microstructure of (a) SBC 10, (b) SBC 20, (c) SBC 30 and (d)
EDX of SBC before filtration.

Fig. 4. A—SBC 10 after treatment, A1—EDX of SBC 10 after
Fig. 2. Dead-end filtration.

filtration testing module used in this study was the most
basic one, which is the dead-end filtration module. Fig. 2
shows the dead-end filtration process, which illustrates
the liquid or gaseous particle flow through the mem-
brane.

This process usually requires pressure from the feed
stream. Only selective particle sizes can pass through the
membrane pores to produce permeate and the filtered
residue is accumulated on the surface of the membrane.
The dead-end filtration is a batch process in which
the residue on the filter reduces the filtration capac-
ity through clogging. Next, remove the residue on the
membrane surface using a flush back system.

2.5.  Nickel  ion  analysis

The concentration of metal ions was determined
by a Spectrophotometer Instrument (model HACH
DR1900). The metal standards were checked with stan-
dard reference material obtained from the Malaysian
Standard, EQA 1974. The ASTM standard used was
Nickel—Standard ASTM D1886-14 and Copper.

Atomic Absorption Spectroscopy (AAS) was used to
measure the nickel content. Atomic absorption methods
determine the energy amount in light photon form, thus
causing a change in the wavelength absorbed by the sam-
ple. The “after” wavelength is the wavelength of light
transmitted by the sample and is measured by a detec-
tor and later compared with the “before” wavelengths,
which originally passed through the sample. The changes
were absorbed by a signal processor energy absorption
peak of distinct wavelengths. The acceptable limits of
Ni content as set by Malaysia Environmental Quality
(Industrial Effluent) for wastewater discharge upstream
and downstream of water supply sources are 0.20 mg/l
and 1.0 mg/l, respectively.

3.  Results

The characterization of filter media showed that the
micrograph for SBC 10 shows uniform pore distribution

and no identified agglomeration. The microstructure of
SBC 20 and SBC 30 shows the agglomeration. Fig. 3
shows the microstructure of SBC 10, SBC 20 and SBC
30 before filtration.
treatment, B—SBC 20 after treatment, B1—EDX of SBC 20 after
treatment, C—SBC 30 after treatment, C1—EDX of SBC 30 after
treatment.

Filter media were visualized after the wastewater
treatment, which made it possible to observe the depo-
sition of particles (Fig. 4), especially in the pores, in
which deposition occurred until some pores are closed
completely. FESEM reveals the microstructure of the
fabricated SBC membranes for the filtration process of
industrial wastewater. The images (Fig. 4) prove that all
three types of SBC membranes can filter the wastewater.
The chemical content of the SBC membranes after the
filtration process was analysed by EDX.

The first membrane was the SBC 30, contrary to the
tendency observed at the characterization of the filter
media. It showed small pore size and lower permeability
in the case of SBC, which indicate an effective filtration.
This result reveals that the SBC membranes can filter
nickel from industrial wastewater effectively.

3.1.  Influence  of  the  particle  size

To investigate the effect of the different parameters on
the filtration performance, experiments were conducted.
According to the classification of pores by the Interna-
tional Union of Pure and Applied Chemistry (IUPAC),
the pore size of 2–50 nm can be classified as mesopores.

Moreover, SBC 20 had a higher average pore diame-
ter (3.39 nm). SBC 10 and SBC 30 had smaller average
pore diameters of 2.44 nm and 2.49 nm, respectively. The
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Table 2
Average pore diameter, surface area and pore volume of SBC.

Membrane Type Average Pore Diameter (nm) Kaganer Surface Area (m2/g) BJH Pore Volume (cm3/g)

SBC10 2.44 5.41 0.016
SBC 20 3.39 4.27 0.021
SBC 30 2.49 2.95 0.026

Table 3
Nickel content in influent (before treatment) and effluent (after treatment) from real industrial wastewater.

Influent Effluent

Sample Initial Nickel content mg/l Ion Exchange Treatment mg/l SBC 10mg/l SBC 20mg/l SBC 30mg/l
Waste Water 1 9.84 2.6 2.39 3.58 3.36
W
W
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aste Water 2 7.22 0.04 

aste Water 3 5.98 0.46 

ET surface area for SBC 10, SBC 20 and SBC 30 is
hown in Table 2. It can be seen that the particle pow-
er of SBC 10 is finer compared to SBC 20 and SBC
0. The surface area measured the amount of nitrogen
as required for monolayer absorption of the total sur-
ace area. The data also showed an agreement with the
icrostructure of SBC 10, which has a higher surface

rea, and the pore is well distributed with no agglomer-
tion detected.

An adsorption isotherm was obtained by measuring
he N2 gas adsorbed across a wide range of relative pres-
ures at a temperature of 77 K. Conversely, a desorption
sotherm was achieved by measuring the gas removed as
ressure was reduced. The isotherms of SBC 10, 20 and
0 by BET nitrogen adsorption are shown in Fig. 4.9.
ll SBC membranes show a type IV isotherm pattern.
he type IV isotherm pattern occurs on porous adsor-
ents with pores in the range of 1.5–100 nm. At higher
ressures, the slope shows increased uptake of adsor-
ate as pores become filled. The inflection point typically
ccurs near the completion of the first monolayer. The
esults of BET analysis (Figure 7), the monolayer vol-
me of nitrogen uptake was higher in SBC 10 with
.24 cm3/g, followed by SBC 20 (0.98 cm3/g) and SBC
0 (0.68 cm3/g).

.2.  Performance  and  efficiency  of  treatment
ystems

The industrial wastewater quality was expressed by
he rejection of nickel content. The standard deviation

f the parameters was considered throughout the study
eriod (28 weeks). It was observed that the initial nickel
ontent in the real industrial wastewater before treatment
as very significant in all influent samples, where the
0.34 0.73 0.57
0.25 0.27 0.14

lowest content was 5.98 mg/l. The nickel content in influ-
ent is very high and beyond the permissible limit allowed
by Malaysia’s Environmental Quality Act (EQA) 1974,
which must be lower than 1.0 mg/l.

Since the experiment was performed using three
membranes, the responses of the filtration for the three
membranes were analysed to determine if there was a
significant difference. The ion exchange treatment from
the industry reduced the nickel content up to 73.57%,
while SBC 10, 20 and 30 reduced the nickel content
by 75.63%, 63.62% and 65.83%, respectively. Table 3
shows the initial content of influent and the effluent in
wastewater.

4.  Conclusion

Sayong Ball Clay (SBC) membranes were prepared to
determine the optimal milling parameters of SBC pow-
der at three different milling times (10, 20 and 30 h). The
SBC powders were then mixed with 25% weight of cas-
sava starch, pressed at 50 MPa and fired at 1100 ◦C for
2 h. The SBC membranes obtained had adequate phys-
ical and mechanical properties in terms of density and
porosity for use as a wastewater filtration medium. It has
been found that when the milling time increases, it will
cause the fine particles of SBC to become agglomerated
and affect the quality of the fabricated SBC membrane
because of their larger pore size. The effectiveness of
SBC membranes was proved by performing a filtration
experiment of wastewater containing various concentra-
tions of nickel by using all three types of fabricates.
The obtained results confirmed that the rejection of
nickel can be successfully filtered by using SBC mem-
branes. From the filtration results, the average nickel
rejection rates for SBC 10, SBC 20 and SBC 30 were



h Unive

[

[

[

[

[

[

[

[

[

[

[

412–419.
[21] L. Kong, W. Zhu, O. Tan, Preparation and characterization of Pb

(Zr 0. 52 Ti 0. 48) O 3 ceramics from high-energy ball milling
powders, Materials letters 42 (2000) 232–239.
954 S.F.M. Noor et al. / Journal of Taiba

88.87%, 82.96% and 85.13%, respectively. SBC 10 is
the best membrane to filter wastewater containing nickel
from real industrial wastewater. SBC membranes are
therefore a very promising and green medium to filter
wastewater containing heavy metal. Due to the posi-
tive results, SBC membranes should find applications
for wastewater treatment in industrial or other suitable
application in developing countries.
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