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ABSTRACT

The Refinery process of fuel oil will produce sour wastewater with contains high of hydrogen
sulfide (H_S) and ammonia. Commonly, before being discharged into the effluent, the wastewater
was treated in the sour water stripper (SWS) unit. The Refinery process of fuel oil will produce
sour wastewater with contains high of hydrogen sulfide (H,S) and ammonia. Commonly, before
being discharged into the effluent, the wastewater was treated in the sour water stripper (SWS)
unit. The purposes of this study are to determine the application of ceramic membrane from
natural zeolite for microfiltration of sour wastewater and to study the fouling mechanism. The flat
sheet ceramic membrane was used in this research with the cross-flow model. The result of the
research shows that rejection coefficient of the membrane is 86.2% at the pressure of 4 bar. Cake
formation fouling can be used to describe the fouling mechanism of the membrane. The value of
the cake formation constant increases by 150% / bar.
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INTRODUCTION

The Refinery process of fuel oil will produce sour
wastewater with contains high of hydrogen sulfide
(H,S) and ammonia. Commonly, before being
discharged into the effluent, the wastewater was
treated in the sour water stripper (SWS) unit. The
utilization of SWS unit has disadvantages, especially
in its steam dependence.

Several studies have been conducted to look for
alternative processes in addition to SWS unit.
Coelho et al. (2006) using advanced oxidation
processes for sour water treatment. Minier-Matar et
al. (2017) studied the utilization membrane
technology for remove hydrogen sulfide from sour
water. The membrane used was hydrophobic
hollow fiber polypropylene membranes.

Ceramic membranes are potential materials to
process sour water. Ceramic membranes show its
capability to reduce the contaminants from water.
Jana et al. (2010) developed the ceramic membrane

from clay. The ceramic membrane obtained was
successful to remove the chromate from aqueous
solutions. Khemakhem et al. (2009) produced and
applied the ceramic membrane development from
clay to process the cuttlefish effluents. Rekik et al.
(2017) also produced ceramic membrane from
naturally occurring-kaolin clay for microfiltration of
the cuttlefish wastewater.

The purposes of this study are to determine the
application of ceramic membrane from natural
zeolite for microfiltration of sour wastewater and to
study the fouling mechanism.

MATERIALS AND METHODS

Materials

The ceramic membrane was obtained from
Membrane and Polymer Research Center of
Chemical Engineering Department of Universitas
Muhammadiyah Purwokerto (Ma'ruf et al., 2015).
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Fig. 1 Morphology of ceramic membrane

Sour wastewater was obtained from X Refinery of
Indonesia.

Methods

The laboratory pilot used for the filtration
experiments was equipped with a cross flow of flat
sheet ceramic membrane. The volume of 1000 mL of
sour water was inserted into beaker glass. Sour
wastewater was pumped into the membrane holder.
The permeate (filtrate) obtained was collected and
measured the volume every 5 minutes. The turbidity
of the permeate was measured by turbidimeter.

¥

Fig. 2. Microfiltration pilot

Where (1) is sour wastewater feed; (2) is a pump;
(3) is membrane holder; (4) is pressure control valve;
and (5) is pressure indicator.

Data analysis

The flux of microfiltration process can be expressed
by the equation (Miller ef al., 2014)
v
J=a )
Where ] is a flux of membrane, ml/cm?. min; V is
the volume of permeate obtained, mL; A if the

surface area of the ceramic membrane, cm?; and t is
time, min.

Rejection of the membrane is defined as an
equation:

R:(l_%) x100% (2)

Where R is the rejection, %; Cp is a concentration
of the permeate, NTU; and Cf is the concentration of
the feed, NTU.

The fouling mechanism of sour water filtration
can be assumed as cake formation fouling. The
membrane resistance model used in this study is a
model in which the cake resistance controls the
permeate flux with the following equations (Aryant
et al., 2016):

Jo*
F= 1+Jo%ke.t - (3)

Equation (3) can be linearized to determine the
cake formation constant with the following
equation:

1 1
]—2=E+kc.f (@)

Where | is a flux of membrane, ml/cm”min; Jo is
an initial flux of membrane, ml/cm?.min; ke is cake
formation constant cake formation constant, cm?/
ml; and tis time, min.

RESULTS AND DISCUSSION

Microfiltration of sour wastewater using ceramic
membrane has successfully done. Physically can be
seen from the color of sour wastewater after
microfiltration process is more clear when compared
with before being processed. Figure 3 shows the

(a) (b)

Fig. 3. Sour wastewater : (a) before microfiltration; (b)
after microfiltration
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color of sour wastewater before and after
microfiltration process.

Flux and Rejection Analysis

Figure 4 shows the flux during microfiltration of
sour wastewater using natural zeolite ceramic
membrane. The flux of membrane depends on
pressure operation. At the higher pressure, the flux
will increase. Although at the constant pressure, the
flux will decrease over time due to the fouling of the
membrane. Fouling can be defined as the potential
deposition and accumulation of constituents in the
feed stream on the membrane.

Flux, ml/cm2.min
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Fig. 4. Flux of sour wastewater microfiltration

In order to control the operation of a membrane
process, there are two types of model operation,
with respect to the flux and to the TMP (Trans
Membrane Pressure) that can be used, i.e. constant
TMP and constant flux. The operation model will be
affected when the rejected materials and particles in
the retentate tend to accumulate in the membrane.
At a given TMP, the flux of water through the
membrane will decrease and at a given flux, the
TMP will increase, reducing the permeability
(Figure 5) (Miller et al., 2014). This phenomenon is
known as fouling, and it is the main limitation to
membrane process operation.
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Fig. 5. Model operation of membrane processes

In this study, the model operation used is
constant of TMP. At the time of 30 minutes, the flux
will decrease of 53.83%, 43.42% and 23.65% at the
pressure of 4 bar, 5 bar and 6 bar respectively. Rekik
etal. (2017) reported on the microfiltration of the
sea-product freezing factory using clay ceramic
membrane, the flux reduction of 54% at 60 minutes.

Table 1 shows the rejection of sour wastewater.
The maximum rejection will be obtained at the
pressure of 4 bar with the value of rejection is 86.2%.
This indicates that the ceramic membrane is quite
effective for processing sour wastewater.

Table 1. Rejection of sour wastewater microfiltration

Pressure, bar Rejection, %

4 86.2
5 78.88
6 69.04

Cake Formation Fouling Analysis

Fouling is a critical point of the membrane
utilization. The presence of fouling on the
membrane will cause a decrease in membrane
performance. This will lead to higher operating
costs. During microfiltration, slurry particles are
carried by the liquid towards the filter membrane
and then deposit on the membrane surface to form
a filter cake or block in the pores of the membrane.
Both cases result in the increase of filtration
resistance and in the attenuation of the filtration
rate. There are three steps of cake formation i.e. pore
narrowing, pore-clogging and cake formation
(Iorhemen et al., 2016). Figure 6 shows the
mechanism of cake formation.

Figure 6 shows that the value of cake formation
constant depends on pressure operation. The value
of cake formation constant will increase with
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Fig. 6. Mechanism of membrane fouling (Iorhemen et al.,
2016)
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pressure addition. Rekik ef al. (2017) reported on the
process recovery of milk solids from dairy
wastewater by ultrafiltration with polyvinylidene
fluoride (PVDF) showed that the cake formation will
increase with pressure addition. The value of the
cake formation constant increases by 150% / bar.

Figure 7 shows the relationship between pressure
operation with the value of cake formation constant.
The equation can be expressed by the equation:

ke = 0.0037.(P) - 0.0139 . (5)

The R*value is 0.9545. It means that the equation
is valid.

0.6
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Fig. 7. Cake formation constant of sour wastewater
microfiltration
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Fig. 8. Cake formation constant of sour wastewater
microfiltration at various pressure

CONCLUSIONS

The ceramic membrane obtained from natural
zeolite can be used for microfiltration of sour
wastewater. Utilization of ceramic membrane can
reduce the cost of SWS unit. The maximum rejection
of 86% can be obtained at the pressure of 4 bar. The
relationship between pressure operation with the

value of cake formation constant can be expressed
by the equation: ke = 0.0037.(P) - 0.0139.
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