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a b s t r a c t
Palm oil mill effluent (POME) is a highly polluted wastewater that requires proper treatment before 
it can be safely discharged to the environment. Presently, the effluent is treated with a closed anaero-
bic digester tank which is used to entrap methane gas prior undergoing downstream treatment. The 
digestate discharged from the tank contains abundance of nutrients that can be potentially recovered 
and reused as organic fertilizer. However, the digestate contains a high amount of suspended solids 
that may disrupt the downstream nutrient recovery process. Therefore, this paper explores the fea-
sibility of the cake filtration process to remove suspended solids in anaerobically digested POME. 
Different types of filter aids such as perlite, diatomaceous earth, bleaching earth, powdered activated 
carbon and boiler ash were used to investigate the filtration performance by evaluating the quality of 
filtered digestate (turbidity and total suspended solids), filtration flux and specific cake resistance. The 
amount of filter aid used as precoat and body feed was varied (with ratio 1:1) from 1.0 to 5.0 g in the 
process. Turbidity removal above 90% can be achieved regardless of the amount of filter aids used. 
It was found that perlite achieved the highest turbidity removal (99%) combined with the highest fil-
tration flux at the end of the process (~2 m3/m2 h) and lower specific cake resistance (2.69 m/kg). This 
was due to the presence of plenty fine pores (as shown by field emission scanning electron microscope 
image) on perlite and its narrow particle size distribution (10–15 μm) which resulted in the formation 
of a homogeneous cake layer that succeeded in retaining the suspended solids. The findings from this 
study showed that cake filtration is a feasible treatment process to remove suspended solids in POME 
and thus produce filtrate of an improved grade for downstream nutrient recovery processes.

Keywords: �Palm oil mill effluent (POME); Anaerobic digestate; Cake filtration; Filter aids; Turbidity and 
suspended solids

1. Introduction

Malaysia is the second largest palm oil producer with 
production of 17.32 million tonnes of crude palm oil (CPO) in 

year of 2016 [1]. Associated with the huge production of CPO, 
a large volume of colloidal wastewater known as palm oil 
mill effluent (POME) is produced, with an alarming ratio of 
three times the quantity of CPO [2]. The raw POME is acidic 
(pH 4–5), concentrated with dark brownish colloidal suspen-
sion and composed of 95%–96% of water, 0.6%–0.7% of oil 
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and grease and 4%–5% of total solids [3]. It is categorized as 
a highly polluting wastewater due to its high biochemical 
oxygen demand (BOD) and chemical oxygen demand (COD) 
content at 25,000 and 50,000 mg/L, respectively [2–4].

Currently, due to low capital and operating cost, around 
85% of the mills employ the conventional treatment process, 
mainly known as the open ponding system which consists of 
anaerobic followed by aerobic ponding system [5]. In recent 
years, more and more palm oil mills have shifted to closed 
anaerobic digester tank systems to treat POME and at the 
same time to recover methane gas as an alternative to elec-
tricity sources [6]. This practice could potentially reduce the 
impact of the palm oil industry to global warming [7], as well 
as to produce renewable energy from methane that can sub-
stitute the conventional energy sources [8]. Although anaer-
obic digester managed to reduce COD and BOD contents, 
the discharged digestate is still rich in nutrient comprised 
of nitrogen, phosphorus, and potassium [9]. This issue has 
prompted the efforts to recover the nutrients in the treated 
POME as organic fertilizer to substitute the inorganic fertil-
izer [10–12]. This may reduce the consumption of chemical 
fertilizer which is less environmentally friendly compared 
with the organic fertilizer derived from treated POME and at 
the same time minimize the problem of nutrient leaching to 
the environment. However, the presence of suspended solids 
has hindered the proposed nutrient recovery plan. Hence, 
a pretreatment process to remove the suspended solids in 
the digestate is necessary prior to the downstream nutrient 
recovery process.

To date, the most frequently used treatment process for 
removing suspended solid in POME is by using coagulation–
flocculation as it is economically feasible, has easy handling, 
and is an energy efficient treatment process [13–16]. However, 
the usage of aluminum sulphate, which is the most com-
monly used coagulant in the wastewater industry, has been 
criticized for producing hazardous activated sludge and the 
residual aluminum has been associated with Alzheimer’s dis-
ease [3,15]. Some studies have recently addressed this issue 
by using natural coagulants such as Moringa oleifera seed [15], 
chitosan [3] and cationic organic polymer [16,17] for coagu-
lation process. However, some drawbacks have been pointed 
out by Ghebremichael et al. [18] that natural coagulants, such 
as M. oleifera seed, when used in crude form the residual 
coagulant will impact the water quality by increasing the dis-
solved organic carbon. Apart from that, the use of chitosan is 
more expensive in some developing countries and residual 
acrylamide or epichlorohydrin monomers found in organic 
polymers are reported to have neurotoxicity and strong car-
cinogenic properties [18]. Hence, it is vital to find alternative 
treatments that manage to remove suspended solid without 
requiring high cost materials or creating secondary waste 
disposal issue.

Cake filtration has been widely used over the years to 
remove suspended solids in the bioprocessing industry [19]. 
It is acknowledged to be more cost efficient for the removal 
of suspended solids in the form of a retained cake layer [20]. 
The cake layer is formed on the filter medium by using filter 
aids to retain the suspended solids during the filtration pro-
cess [21]. Filter aids can be used as a precoat layer by forming 
a highly permeable and dense cake layer on the filter medium. 
The precoat layer prevents the clogging of filter medium by 

suspended solids and eventually improves the separation 
efficiency. Furthermore, filter aids can also be mixed into the 
solution as body feed to improve filtration flux by forming a 
more porous and water permeable cake layer [22]. Therefore, 
filtration time and energy consumption can be reduced due 
to high filter cake permeability [23]. Filter cake, which is a 
spongy, amorphous and dark-coloured substance (due to the 
retention of organic suspended solids) of high moisture con-
tent, is the solid by-product of the process. This filter cake can 
be applied on the land to prevent soil erosion, improve drain-
age and promote the natural growth of bacteria and micro-
organisms. Due to these benefits, filter cake has been widely 
employed as fertilizer or soil amendment in the agricultural 
industry [24]. Unlike coagulation process, cake filtration gen-
erates green wastes, which can be safely disposed or used for 
other purposes.

The most commonly used filter aids in the industry are 
diatomaceous earth (DE), perlite, and cellulose fibres [25]. 
Diatomaceous earth is comprised of skeletal remains of sin-
gle-cell water plants [26]. It has been found to be the most 
significant filter aid due to its high inner porosity. However, 
direct inhalation of DE can cause lung cancer due to its small 
crystalline particles entering the respiratory system [27]. On 
the other hand, perlite is made of amorphous volcanic alu-
mina-silicate rock with 2%–5% water content [28]. Perlite has 
been extensively used as a substitute to DE due to its low 
density and low cost [29]. Perlite is an excellent filter aid in 
many processes due to its high silica content (more than 70%) 
and adsorptive feature, which makes it chemically inert in 
the environment [30].

Some important factors, such as operating pressure, 
filtration flux, specific cake resistance and particle proper-
ties play an important role in the success of cake filtration 
process. Most cases in laboratory testing applied constant 
pressure during the filtration cycle where pressure drop is 
applied through the cycle from the initial process until the 
formation of the cake layer [20]. In constant pressure filtra-
tion, the filtration rate decreases with time due to increase 
in cake resistance. Therefore, compressibility of the filter 
cake can be obtained at the end of the process by determin-
ing the dependence of specific cake resistance on pressure 
over the cake [31]. Apart from constant pressure testing, con-
stant body feed concentration is also a common practice in 
the industry. Kuhn and Briesen [23] pointed out that higher 
amount of body feed should be dosed in the beginning and 
constantly decreased with time to assure higher retention of 
impurities on the cake layer. Other than that, Wakeman [32] 
stressed in his study that particle size is important because 
small particles will bleed through the filter medium during 
the initial stage and later accumulate on the cake layer. This 
will affect the specific cake resistance which can be translated 
into water permeability. The challenge of cake filtration is 
the increase of cake resistance attributed to the formation 
and growth of the filter cake on the top surface of the filter 
medium during filtration. Therefore, the determination of 
the specific cake resistance (αav) of the filter cake is a crucial 
factor in the analysis of filtration operations [31].

To the best of our knowledge, cake filtration has yet to 
be employed in removing suspended solids in anaerobi-
cally digested POME. Hence, this study aims to investigate 
the performance of cake filtration process by evaluating 
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the quality of the filtered digestate, filtration flux and spe-
cific cake resistance using different types and amount of 
filter aids. Filter aids used in this study were DE, perlite, 
bleaching earth (BE), powdered activated carbon (PAC), and 
boiler ash (BA). DE and perlite were chosen because both 
are frequently applied in the industry. On the other hand, 
BA and BE are two major solid wastes generated from the 
palm oil mill. It is of interest to investigate whether these 
solid wastes could be an alternative low-cost filter aids. PAC 
was included in the study to evaluate whether its adsorptive 
characteristic could help in reducing dissolved organic sub-
stances in the effluent.

2. Materials and methods

2.1. Materials

The anaerobically digested POME was collected from a 
closed-type anaerobic digester system at Sime Darby East 
Palm Oil Mill, Carey Island, Malaysia. The digestate was 
preserved in a cool storage at 4°C to avoid any composition 
changes due to microbial activity [33]. The required digestate 
was then thawed to room temperature (27°C) prior to per-
form each experiment. The characteristics of digestate POME 
was analyzed and listed in Table 1.

Perlite, DE, BE, and PAC used for this study were 
supplied and purchased from EP Minerals (USA), DEFG 
(Malaysia), Taiko Bleaching Earth Sdn Bhd (Malaysia), and 
R&M Chemicals (Malaysia), respectively. BA was the incin-
erated solid waste collected from the Sime Darby East Palm 
Oil Mill (Malaysia). A ball mill system was used to grind the 
particles of BA at 30 rpm for 1 h and further sieved to 25 µm 
with a sieve shaker.

2.2. Cake filtration process

The cake filtration process was carried out in a labora-
tory scale Nutsche filter (Fig. 1). This cake filtration driven 
by compressed air was supplied by DrM, Dr. Mueller AG, 
Switzerland. It has a filtration area of 0.001  m2. The filter 
medium used is a woven cloth with polyvinylidene fluoride 
monofilament weft. The surface area and porometer value of 
the filter medium are 16.62 cm2 and 10 μm, respectively. The 
function of filter medium was acting as a support for the cake 
layer to form on top of it.

This experiment was performed under constant pressure 
(2 bar) condition. Ratio for precoat and body feed was 1:1 for 

each test. Mass of each filter aids used as precoat and body 
feed was varied from 1 to 5 g. The filter aids used as precoat 
were first mixed with 200 mL of ultra-pure water. The filter 
aid slurry was then recirculated through the filter medium. 
Pressure driven from the compressed air enforced the filter 
aid slurry to flow through the filter medium. Due to its larger 
size, the particles from the filter aid slurry were retained on 
the filter medium. A precoat layer was then formed on top 
of the filter medium. Then, the same filter aids were mixed 
with 200  mL of the anaerobically digested POME as body 
feed before pouring the digestate slurry into the filter candle. 
The filtration process was started by pressurizing the efflu-
ent in the filter candle to pass through the cake layer formed 
earlier. The quality of the filtered digestate was determined 
by measuring the turbidity and total suspended solids (TSS) 
removals of the supernatant:

Removal (%) = −
×

A B
A

100 � (1)

where A is turbidity (NTU) or TSS (mg/L) before filtration, B 
is turbidity (NTU) or TSS (mg/L) after filtration, depending 
on which parameter (turbidity or TSS) to be measured.

Filtration flux (q) was measured to determine the per-
meability of the cake filtration process from Eq. (2) based on 
Darcy’s law [22].

q V
At

= � (2)

where V is volume of filtered digestate (m3), A is filtration 
area (m2), and t is filtration time (h).

The specific cake resistance as denoted by Eq. (3) was 
used to measure the total resistance of the cake layer 
towards the filtrate flow rate per unit mass of filter cake 
solids [20].

Table 1
Characteristics of digestate POME from anaerobic digester 
system

Parameters Digestate POME

pH 7.64
COD (mg/L) 6,467
Total suspended solid (mg/L) 3,457
Turbidity (NTUa) 1,303
Nitrogen ammonia (mg/L) 342
Phosphorus (mg/L) 242

aNTU is the unit of turbidity, nephelometric turbidity unit. Fig. 1. Laboratory scale Nutsche filter (a) and filter medium (b).

(a)

(b)
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2 2∆ ∆ � (3)

where V is volume of filtered digestate (mL), t is filtration 
time (s), μ is filtrate viscosity (Pa s), Α is filtration area (m2), 
ΔP is pressure drop (Pa), c is solid concentration (filter aids 
and suspended solids in filtrate) (kg/m3), Rm is filter medium 
resistance (m–1), and αav is specific cake resistance (m/kg). Rm 
and αav can be obtained from the intercept and slope of t/V 
versus V plot, respectively.

2.3. Analytical methods

The COD, nitrogen ammonia, phosphorus, and TSS of 
digestate and filtered digestate were measured according 
to Standard Methods for the Examination of Water and 
Wastewater [34]. All the reagents used for COD, nitrogen, 
ammonia, and phosphorus measurement were purchased 
from Hach, USA. For COD, nitrogen ammonia, and phos-
phorus measurement, the digestate and filtered digestate 
were diluted into the desired concentration prior further 
measurement. Diluted sample (2 mL) was then pipetted into 
a low range solution of COD reagent and further heated for 
2 h in Hach DRB 200 reactor (Hach, USA) at 150°C before 
being sent to Hach DR 3900 spectrophotometer (Hach, 
USA) for COD measurement. For nitrogen ammonia mea-
surement, 25  mL of the diluted sample was mixed with 
Nessler reagent before measured with Hach DR 3900 spec-
trophotometer. Another 10 mL of diluted sample was mixed 
with orthophosphate reagent for phosphorus measurement 
with Hach DR 3900 spectrophotometer. For TSS measure-
ment, 10 mL of digestate and filtered digestate were filtered 
through a pre-weighted glass fibre filter paper (Whatman, 
grade GF/C) and the filter paper with the retained solids 
was then oven-dried for 1 h at 105°C. Then, the oven-dried 
filter paper was cooled in a dessicator to reduce the tem-
perature before being measured for its weight. The differ-
ence between the weight before and after dried in oven gave 
the TSS value.

pH was measured using HI 2550 benchtop meter (Hanna, 
USA). The turbidity of the digestate and filtered digestate was 
measured using Hach 2100 AN Turbidimeter (Hanna, USA). 
The particle size analysis was conducted for all types of fil-
ter aids by using Mastersizer Hydro 2000MU (Malvern, UK). 
The high-resolution image of each filter aids was captured 
using field emission scanning electron microscope (FESEM) 
Supra 55VP (Zeiss, Germany) at an accelerating voltage of 
3.0 kV, with magnification of 1.00k × and 10.00k ×.

3. Results and discussion

3.1. Turbidity and TSS removal efficiency

As shown in Table 2 and Fig. 2, the turbidity values of 
the filtrate decreased with the mass of filter aids. This obser-
vation was also supported with the increased percentage of 
TSS removal in the filtered digestate (Fig. 3). Such phenome-
non could be attributed to the presence of more filter aids as 
precoat. Hence, the cake layer formed on the filter medium 
became thicker and provided better retention for the sus-
pended solids.

It is noticeable that the increase of filter aids slightly 
improved the turbidity removal of perlite, DE, and BE when 
compared with PAC and BA (Fig. 2). This indicated that 
low dosage of perlite, DE, and BE is sufficient to remove the 
turbidity of the digestate up to 99%. Overall, perlite shows 
the highest turbidity removal at 99.4%–99.5%, followed by 
DE (99%–99.4%), PAC (98%–99.3%), BE (98%–98.5%) and 
BA (95.5%–97.5%). In comparison with the common treat-
ment employed to remove suspended solids in anaerobically 
digested POME, which is coagulation–flocculation process, 
cake filtration provided a far better result. This is because 
from the previous study done by Zahrim et al. [17], coagula-
tion–flocculation process only managed to remove TSS up to 
89% in anaerobically digested POME [17].

By referring to Table 3 and Fig. 4, it can be observed that 
the particle size distribution varies for each filter aid. For 
instance, perlite and DE have finer particle size and are more 
narrowly distributed compared with the others. The particle 
size distribution of perlite and DE is in the same range, which 

Fig. 2. Turbidity removal efficiency at different type and mass of 
filter aids.

Fig. 3. TSS removal efficiency at different type and mass of filter 
aids.

Table 2
Turbidity of filtered digestate at different types and amount of 
filter aids

Filter aids Turbidity (NTU)
1 g 3 g 5 g

Perlite 7.31 6.28 6.19
DE 10.40 9.54 6.29
BE 26.20 20.80 19.80
PAC 26.60 18.6 8.48
BA 58.90 42.20 32.10
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contributed to their higher turbidity removal as seen in Fig. 2. 
This finding is consistent with study reported by Ediz et al. 
[26] where the finer particles with uniform distribution could 
produce a less permeable filter bed that led to higher detain-
ment of suspended solids [26]. Eventually, it enabled the for-
mation of homogenous cake layer that consistently retained 
the suspended solids and gave the highest turbidity removal 
efficiency.

Although BE and BA have narrower particle size 
distributions, they have a higher percentage of particles 
over 60 μm. It was postulated that finer particles will fill up 
the gaps between the coarse particles during the formation 
of the cake layer [26]. Therefore, the blocking of gaps 
between the particles in the cake layer might contribute 
to the suspended solids removal for BE and BA. However, 
the suspended solids removal with BE as the filter media 
is relatively higher than for BA (Fig. 3), mainly because BE 
has an additional property that BA did not have, which is 
adsorption capacity to remove impurities [35]. This can be 
seen in other studies where BE had been used to remove 
pigmented substances in a palm oil bleaching process [36].

As for PAC, its particle size is widely distributed and com-
prised of large particle size up to 168.66 μm. Therefore, this 
resulted in the formation of uneven cake layer, with the gaps 
between large particles filled with finer particles. This might 
lead to the formation of a cake layer with high resistance due 
to the loss of permeation space within the cake layer [37].

Apart from particle size distribution, the morphological 
structure of filter aids (Fig. 5) also affects the removal of sus-
pended solids. Perlite has many fine pores on the surface, as 
shown in Fig. 5(a). It is similar to the observation of perlite 
reported by Jahanshahi and Akhlaghinia [38] in which the 
surface layer was highly porous. Therefore, the fine porous 
structure of perlite enabled better retention of suspended sol-
ids by its high removal of TSS and turbidity in the filtered 

digestate. Although DE has a similar structure as perlite, the 
obvious difference that can be spotted from Fig. 5(b) was its 
larger pores which facilitated water to pass through the pores 
[39]. Therefore, the suspended solids retention is slightly 
lower than perlite.

On the other hand, PAC shows lesser pores and has a 
relatively smooth surface, as observed from the inset image 
(Fig. 5(d)). Consequently, suspended solids most probably 
were removed through its compact cake layer, which hindered 
the permeation of suspended solids. Furthermore, the presence 
of much smaller pores also prevents the bleeding of fine sus-
pended solids through the cake layer. Chen et al. [40] reported 
that the small pores present in low amounts in PAC could eas-
ily trap the solid particles inside the pores, supporting the find-
ing in this study for PAC high turbidity removal [40].

As illustrated in Fig. 5(e), large pores were observed on 
the surface layer of BA. As indicated in other study, some of 
the BA particles are spongy and contain large pore structure 
[41]. The presence of such structure might be accountable for 
the lower accumulation of suspended solids on the cake layer 
and smaller suspended particles can easily bleed through the 
cake layer, resulting in low turbidity removal. On the other 
hand, the FESEM image of BE (Fig. 5(c)) shows agglomer-
ate of fine particles and fibrous-like structure similar to the 
image observed in previous literatures [42,43]. Hence, the 
absence of pores on BE surface could be an indication that 
the retention of suspended solids is mostly due to the gaps 
between the particles. As observed in Fig. 2, the turbidity 
removal increased with the amount of BE used, which sup-
ports the postulation made about the retention mechanism, 
as more BE will reduce the gaps between the filter aids par-
ticles and thus disrupt the permeation of suspended solids.

3.2. Filtration flux

As stated in the previous section, the improvement of tur-
bidity removal was only around 1%–2% when the mass of 
filter aids was increased. Thus, 1 g of filter aids was selected 
to be used as precoat and body feed for filtration flux assess-
ment. Excessive dosage of filter aid will increase the pur-
chasing cost as well as affect the filtration flux [25]. This is 
supported by Du et al. [22] who have reported that excess 
addition of DE as filter aid produced a thicker cake layer and 
reduced the filtration flux due to cake resistance.

Filtration flux of each filter aid is displayed in Fig. 6. It 
was obvious that during the initial stage of filtration, the flux 
drops considerably especially for filter aids with higher ini-
tial flux. Chang et al. [37] also observed the same behaviour 
of flux decline during the initial stage of chiller water clarifi-
cation using cake filtration. The initial flow rate was higher, 
followed by a declining trend due to the accumulation of 
suspended solids on the cake layer that rapidly reduced the 
cake porosity and thus the flux. Furthermore, the pores and 
spaces between particles were available in the early stage of 
filtration for the permeation of water, which explained the 
high flow rate during the initial stage [26].

Flux of perlite was around 7.8  m3/m2  h initially and 
decreased by 50% after 5 min of filtration period. As shown in 
the previous section, perlite shows a considerable number of 
fine pores compared with the other filter aids. This morpho-
logical structure enabled more water to pass through the cake 

Fig. 4. Particle size distribution curves of the filter aids.

Table 3
Particle size distributions of the filter aids

Filter aids D10 (μm) D50 (μm) D90 (μm)

Perlite 4.96 ± 0.25 15.79 ± 0.50 46.85 ± 0.15
DE 2.59 ± 0.10 10.06 ± 0.25 26.51 ± 0.20
BE 3.38 ± 0.50 25.59 ± 0.25 70.06 ± 0.10
PAC 3.70 ± 0.10 28.60 ± 0.30 168.66 ± 0.25
BA 5.95 ± 0.50 26.68 ± 0.10 65.48 ± 0.40
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layer and eventually resulted in higher flux. Furthermore, 
the finer and narrower particle size distribution of perlite 
can form a compact and even cake layer that will contribute 
to high filtration flux. However, higher flux will bring more 
suspended solids to the surface of the cake layer and instantly 
get accumulated on it. Consequently, the resistance for water 

permeation will increase drastically and therefore decrease 
the flux in a short period. This phenomenon is similar with 
the membrane fouling study reported by Ang et al. [44]. 
The higher initial membrane flux induced stronger perme-
ation drag, which brought more particles to the membrane 
surface and resulted in the quick buildup of foulant layer on 

Fig. 5. FESEM images of different type of filter aids at magnification 1k (larger image) and 10k (inset): (a) perlite, (b) DE, (c) BE, (d) 
PAC, and (e) BA.
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the membrane. Subsequently, the membrane flux decline was 
sharper for membrane with higher initial flux.

Although BA recorded the second highest flux after per-
lite, the turbidity removal is the lowest compared with the 
others. This is because the presence of large pores on its sur-
face facilitated the bleeding of suspended solids and the per-
meation of water through the cake layer (Fig. 5(e)). Hence, 
this explained the reason why BA has higher flux compared 
with DE, PAC, and BE.

From Fig. 6 it is observed that the flux of the filter aids 
started to decline with time. This could be due to the slow 
deposition of suspended solids on the cake layer. The cake 
layer grew thicker and more compact with time as the cake 
layer retained more suspended solids which will then disrupt 
the permeation of water [37]. Furthermore, this phenome-
non can be correlated with finer particles of filter aids which 
will be trapped in between the coarse particles and cause a 
decrease in flux by blocking the spaces for water permeation 
[26]. This is in agreement with a study conducted by Morgan 
et al. [45] who had observed that very fine particles of BE led 
to poor performance of flux [45].

Overall, the retained suspended solids covered up the 
cake layer and disrupted the water permeation rate so that 
it can only flow through the unblocked gaps and pore areas 
[15]. Similar finding has been reported by Ediz et al. [26] 
where the flow rate of beer residue filtration decreased due 
to the pores and spaces of cake filled with the beer residues. 

3.3. Specific cake resistance

The specific cake resistance of different filter aids is dis-
played in Fig. 7 and Table 4. A best-fit line (Fig. 7) was plotted 

based on linear equation in Eq. (3) in order to obtain the val-
ues of the specific cake resistance. In accordance to the linear 
curve, the intercept is slightly above the origin, which signi-
fied a small but finite filter medium resistance present in the 
filtration process [20].

Perlite yields the lowest cake resistance (195.94  m/kg) 
and the largest amount of filtered digestate (68 mL), which 
correlated with the aforementioned high filtration flux of 
perlite. The results indicated that lower cake resistance 
accompanied by lower pressure drop acted over the cake 
layer and led to higher filtration flux. Therefore, cake 
filtration process managed to run for a longer time before the 
flux dropped significantly. The steady flux after the initial 
decline could be attributed to the maximum pressure drop 
acting on the cake layer as the cake resistance increased. The 
increase in cake resistance over time was because the cake 
layer became thicker due to the accumulation of suspended 
solids [37]. The image of perlite cake layer is shown in Fig. 8. 

On the other hand, lower filtration flux of DE as men-
tioned in previous section is due to its high cake resistance 
(783.15  m/kg) value. Although DE has as fine and narrow 
a particle size distribution as perlite, the pores observed in 
DE filter aid (Fig. 5(b)) are larger than perlite. Therefore, 
small particles of DE had the tendency to clog the cake layer 
and caused high resistance towards the flow rate. This can 
be observed by the formation of a compact and rigid cake 
layer due to the clogging of solids as shown in Fig. 8. Similar 
observation was made by Chang et al. [37] on the comparison 
of cake resistance between perlite and DE. The specific cake 
resistance of DE was much higher because the cake porosity 
reduced more rapidly than perlite. Similarly, the specific cake 
resistance for PAC was high (623.85 m/kg), indicating that the 
cake layer was also compact and hindered the permeation 
of water, as shown in previous discussion where the flux of 
PAC was recorded as one of the lowest. As observed in Fig. 
6 and Table 4, both BA and BE have relatively higher flux 
and lower cake resistance compared with DE and PAC. This 
correlation was expected as lower resistance (more gaps in 
between the cake media) indicated higher water flux.

4. Conclusion

Cake filtration attained fairly high turbidity and TSS 
removal (>90%) regardless of the type of filter aids used. 
The amount of filter aid showed no significant impact on the 
turbidity and TSS removal rates. Perlite was found to per-
form the best in cake filtration process as it produced filtrate 
quality with 99% removal of turbidity and TSS, as well as 

Fig. 6. Filtration flux of different type of filter aids.

Fig. 7. Specific cake resistance curve of different type of filter 
aids.

Table 4
Specific cake resistance of the filter aids

Filter aids Total amount of filtered 
digestate (mL)

Specific cake 
resistance (m/kg)

Perlite 68 195.94
DE 18 783.15
BE 38 326.98
PAC 20 623.85
BA 46 306.11
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high filtration flux. Its porous structure and uniform particle 
size distribution resulted in the formation of uniform cake 
layer with low cake resistance (195.94 m/kg) that facilitated 
the permeation of water and retention of a high amount of 
TSS. Hence, the filtration process managed to run for a lon-
ger time without losing much of its pressure drop that drove 
the filtration process. This study showed that cake filtration 
process was capable to remove suspended solids in anaerobi-
cally digested POME prior to downstream process for nutri-
ent and water recovery. Furthermore, cake filtration process 
had proven to generate better quality of treated anaerobi-
cally digested POME than coagulation–flocculation pro-
cess. The suspended solids removal with cake filtration was 
10% higher than the previous work done on coagulation– 
flocculation process. Thus, further work is required to opti-
mize the operating conditions for the cake filtration process 
and to conduct economic assessment for the feasibility of this 
application in industrial scale.

Acknowledgements

The authors would like to thank Mr. Martin Graham from 
DrM, Dr. Mueller AG, SEA Regional Office, Malaysia, for his 
profound advice on cake filtration process and Center of 
Research and Instrumentation Management (CRIM), UKM, 

for providing the facilities to carry out FESEM images for 
this study. The authors would like to thank the Royal Society 
for funding this work through Royal Society International 
Collaboration Award (IC160133) (acknowledged under the 
grant code KK-2017-006 at Universiti Kebangsaan Malaysia). 
The authors would also like to express their gratitude to 
Dana Impak Perdana (DIP-2016-031) for their funding to this 
research.

References
[1]	 MPOB, Production of Crude Palm Oil 2016, 2017.
[2]	 N.A. Bukhari, M. Ngatiman, S.K. Loh, Y.M. Choo, Characteristics 

of palm oil mill effluent (POME) in an anaerobic biogas digester, 
Asian J. Microbiol. Biotechnol. Environ. Sci., 16 (2014) 225–231.

[3]	 A.L. Ahmad, S. Sumathi, B.H. Hameed, Coagulation of residue 
oil and suspended solid in palm oil mill effluent by chitosan, 
alum and PAC, Chem. Eng. J., 118 (2006) 99–105.

[4]	 Y. Zhang, L. Yan, X. Qiao, L. Chi, X. Niu, Z. Mei, Z. Zhang, 
Integration of biological method and membrane technology in 
treating palm oil mill effluent, J. Environ. Sci., 20 (2008) 558–564.

[5]	 M.J. Chin, P.E. Poh, B.T. Tey, E.S. Chan, K.L. Chin, Biogas from 
palm oil mill effluent (POME): opportunities and challenges 
from Malaysia’s perspective, Renew. Sustain. Energy Rev., 26 
(2013) 717–726.

[6]	 L.S. King, L.C. Yu, A retrofitted palm oil mill effluent treatment 
system for tapping biogas, Eur. Int. J. Sci. Technol., 2 (2013) 
106–114.

Fig. 8. Cake layer for each filter aid after filtration process at 1 g of dosage.



N.S. Zafisah et al. / Desalination and Water Treatment 110 (2018) 362–370370

[7]	 Y.S. Madaki, S. Lau, Palm oil effluent (POME) from Malaysia 
palm oil mills: waste or resource, Int. J. Sci. Environ. Technol., 2 
(2013) 1138–1155.

[8]	 S. Jijai, S. Muleng, C. Siripatana, Effect of dilution and ash 
supplement on the bio-methane potential of palm oil mill 
effluent (POME), AIP Conf. Proc., 1868 (2017) 20013.

[9]	 M.C. Hadiyanto, D. Soetrisnanto, Phytoremediations of palm 
oil mill effluent (POME) by using aquatic plants and microalge 
for biomass production, J. Environ. Sci. Technol., 6 (2013) 79–90.

[10]	 J.A.V. Famurewa, A. Olarewaju, Investigating the potential 
of dried palm oil mill effluents from pressing and water 
displacement, Asian J. Nat. Appl. Sci., 2 (2013) 58–68.

[11]	 S.K. Loh, M.E. Lai, M. Ngatiman, W.S. Lim, Y.M. Choo, Z. 
Zhang, J. Salimon, Zero discharge treatment technology of 
palm oil mill effluent, J. Oil Palm Res., 25 (2013) 273-281.

[12]	 S. Tabassum, Y. Zhang, Z. Zhang, An integrated method for 
palm oil mill effluent (POME) treatment for achieving zero 
liquid discharge-a pilot study, J. Clean. Prod., 95 (2015) 148–155.

[13]	 A. Malakahmad, S.Y. Chuan, Application of response surface 
methodology to optimize coagulation-flocculation treatment of 
anaerobically digested palm oil mill effluent using alum, Desal. 
Wat. Treat., 51 (2013) 6729–6735.

[14]	 A.L. Ahmad, S. Ismail, S. Bhatia, Optimization of coagulation-
flocculation process for palm oil mill effluent using response 
surface methodology, Environ. Sci. Technol., 39 (2005) 
2828–2834.

[15]	 S. Bhatia, Z. Othman, A.L. Ahmad, Coagulation-flocculation 
process for POME treatment using Moringa oleifera seeds extract: 
optimization studies, Chem. Eng. J., 133 (2007) 205–212.

[16]	 H.A. Tajuddin, L.C. Abdullah, A. Idris, T.S.Y. Choong, Effluent 
quality of anaerobic palm oil mill effluent (POME) wastewater 
using organic coagulant, Int. J. Sci. Res., 4 (2015) 667–677.

[17]	 A.Y. Zahrim, A. Nasimah, N. Hilal, Pollutants analysis during 
conventional palm oil mill effluent (POME) ponding system 
and decolourisation of anaerobically treated POME via calcium 
lactate-polyacrylamide, J. Water Process Eng., 4 (2014) 159–165.

[18]	 K. Ghebremichael, J. Abaliwano, G. Amy, Combined natural 
organic and synthetic inorganic coagulants for surface water 
treatment, J. Water Supply Res. Technol., 58 (2009) 267–276.

[19]	 C.W. Suh, S.E. Kim, E.K. Lee, Effects of filter additives on cake 
filtration performance, Korean J. Chem. Eng., 14 (1997) 241–244.

[20]	 F.M. Mahdi, R.G. Holdich, Chemical engineering research and 
design laboratory cake filtration testing using constant rate, 
Chem. Eng. Res. Des., 91 (2012) 1145–1154.

[21]	 C. Tien, R. Bai, B.V. Ramarao, Analysis of cake growth in cake 
filtration: effect of fine particle retention, AlChE J., 43 (1997) 
33–44.

[22]	 L. Du, X. Chen, W. Li, Q. Zhu, A study on enhancement of 
filtration process with filter aids diatomaceous earth and wood 
pulp cellulose, Chin. J. Chem. Eng., 19 (2011) 792–798.

[23]	 M. Kuhn, H. Briesen, Dosage of Filter Aids in the Case of 
Pure Surface Filtration – An Optimal Control Approach, 12th 
International Symposium on Process Systems Engineering 
and 25th European Symposium on Computer Aided Process 
Engineering, Elsevier, Denmark, 2015.

[24]	 P.A. Ochoa George, J.J.C. Eras, A.S. Gutierrez, L. Hens, 
C. Vandecasteele, Residue from sugarcane juice filtration 
(filter cake): energy use at the sugar factory, Waste Biomass 
Valorization, 1 (2010) 407–413.

[25]	 W. Chen, Optimization of sludge dewatering through 
pretreatment, equipment selection, and testing, Drying 
Technol., 31 (2013) 193–201.

[26]	 N. Ediz, İ. Bentli, İ. Tatar, Improvement in filtration 
characteristics of diatomite by calcination, Int. J. Miner. Process., 
94 (2010) 129–134.

[27]	 F. Braun, N. Hildebrand, S. Wilkinson, W. Back, M. 
Krottenthaler, T. Becker, Large-scale study on beer filtration 
with combined filter aid additions to cellulose fibres, J. Inst. 
Brewing, 117 (2011) 314–328.

[28]	 L.D. Maxim, R. Niebo, E.E. McConnell, Perlite toxicology and 
epidemiology – a review, Inhalation Toxicol., 26 (2014) 259–270.

[29]	 C. Wu, Z. Li, X. Su, Y. Jia, X. Lu, Novel ultrafiltration membrane 
fouling control method with in-situ filter aid of perlite particles, 
Desal. Wat. Treat., 57 (2016) 5365–5375.

[30]	 M. Dogan, M. Alkan, Removal of methyl violet from aqueous 
solution by perlite, J. Colloid Interface Sci., 267 (2003) 32–41.

[31]	 E. Iritani, N. Katagiri, S. Kanetake, Determination of cake 
filtration characteristics of dilute suspension of bentonite from 
various filtration tests, Sep. Purif. Technol., 92 (2012) 143–151.

[32]	 R. Wakeman, The influence of particle properties on filtration, 
Sep. Purif. Technol., 58 (2007) 234–241.

[33]	 Y.J. Chan, M.F. Chong, C.L. Law, Biological treatment of 
anaerobically digested palm oil mill effluent (POME) using a 
lab-scale sequencing batch reactor (SBR), J. Environ. Manage., 
91 (2010) 1738–1746.

[34]	 APHA, Standard Methods for the Examination of Water and 
Wastewater, 21st ed., American Public Health Association, 
Washington, D.C., 2005.

[35]	 F.R. Valenzuela Díaz, P. De, S. Santos, Studies on the acid 
activation of brazilian smectitic clays, Quim. Nova, 24 (2001) 
345–353.

[36]	 S.O. Egbuna, M, Omotioma, Beneficiation of local clay to 
improve its performance in adsorption of carotene pigments 
and volatiles in the bleaching of palm oil, Int. J. Eng. Sci. 
Invention, 2 (2013) 21–28.

[37]	 S.Y. Chang, R.T. Toledo, F. Science, H.S. Lillard, R.B. Russell, 
Clarification and decontamination of poultry chiller water for 
recycling, Poultry Sci., 68 (1989) 1100–1108.

[38]	 R. Jahanshahi, B. Akhlaghinia, Expanded perlite: an inexpensive 
natural efficient heterogeneous catalyst for the green and 
highly accelerated solvent-free synthesis of 5-substituted-1H-
tetrazoles using [bmim]N3 and nitriles, RSC Adv., 5 (2015) 
104087–104094.

[39]	 B. Michen, A. Diatta, J. Fritsch, C. Aneziris, T. Graule, Removal 
of colloidal particles in ceramic depth filters based on 
diatomaceous earth, Sep. Purif. Technol., 81 (2011) 77–87.

[40]	 X. Chen, S. Jeyaseelan, N. Graham, Physical and chemical 
properties study of the activated carbon made from sewage 
sludge, Waste Manage., 22 (2002) 755–760.

[41]	 V.P. Indran, N.A.S. Zuhaimi, M.A. Deraman, G.P. Maniam, 
M.M. Yusoff, T.Y.Y. Hin, M.H.A. Rahim, An accelerated route of 
glycerol carbonate formation from glycerol using waste boiler 
ash as catalyst, RSC Adv., 4 (2014) 25257–25267.

[42]	 S. Kagne, S. Jagtap, D. Thakare, S. Devotta, S.S. Rayalu, 
Bleaching powder: a versatile adsorbent for the removal of 
fluoride from aqueous solution, Desalination, 243 (2009) 22–31.

[43]	 M. Mana, M.S. Ouali, M. Lindheimer, L.C. de Menorval, 
Removal of lead from aqueous solutions with a treated spent 
bleaching earth, J. Hazard. Mater., 159 (2008) 358–364.

[44]	 W L. Ang, A.W. Mohammad, Y.H. Teow, A. Benamor, N. Hilal, 
Hybrid chitosan/FeCl3 coagulation–membrane processes: 
performance evaluation and membrane fouling study in 
removing natural organic matter, Sep. Purif. Technol., 152 
(2015) 23–31.

[45]	 D.A. Morgan, D.B. Shaw, M.J. Sidebottom, T.C. Soon, R.S. 
Taylor, The function of bleaching earths in the processing of 
palm, palm kernel and coconut oils, J. Am. Oil Chem. Soc., 62 
(1985) 292–299.


