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ABSTRACT

Pilot plant study on ultrafiliration of Palm Oil Mill Effluent
(POME) was performed at United Plantation Palm Oil Mill, Jen-
derata Estate, Perak, Malaysia. Industrial thin channel DDS-
35-2.25 was utilized to house two kinds of membranes, poly-
sulfone GR61P and skinned polyamide membranes. Long term
flux decline and method of cleaning the membranes were inves-
tigated. The experiments were design to study a three stage
ultrafiltration process which involved three different concen-
tration. The concentration in each stage was determined by con-
sidering the mintmum membrane area required for a five fold
tncrease tn concentration at the final stage. Unless stated the
experiments were performed at 60 °C and a pressure of about 1.2
bars.

ABSTRAK

Kajian loji pandu ultrapenurasan air buangen Kilang Kelapa
Sawit telah dijelankan di Kilang United Plantation di Jenderata
Estate, Perak, Malaysia. Unit DDS-35-2.25 yang mempunyai
dua jenis membran, GRGIP jenis polisulfone dan poliamida
yang berkulit telah diguna. Kehilangan fluks mengihut masa dan
cara membersihkan membran dikaji. Eksperimen dilakukan pada
tiga kepekatan mengikut proses yang dikehendaki. Kepekatan ini
ditentukan dengan mengambilkira keperluan luas membran yang
minimum untuk pemekatan lima kali ganda. Eksperimen dilaku-
kan pada suhu 60°C dan tekanan 1.2 bar melainkan yang dinyata-
kan sebaliknya.

INTRODUCTION

It is well known that solids in Palm Oil Mill Effluent (POME)
contains relatively high proportion of proteins and carbohydrates
which indicates that the effluent could be useful as a source for
animal feed. However high ash content in the dried solid produced
from the effluent has been hindering its usage for this purpose.

A two-step filtration-ultrafiltration process is not only
capable of reducing the concentration of ash to an allowable
limit, but has also been shown to be technically and economically
feasible (Suwandi et al., 1980 and Mohd Tusirin et al., 1982).
Since ash in POME are in the form of soluble inorganic com-
pounds, it is being carried away together with the filtrate and
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ultrafiltrate in the filtration and ultrafiltration steps, respectively.
If necessary the ash content can be further reduced to a negligible
level by washing the filter cake and dialysing the ultrafiltration
concentrate.

Previous studies on ultrafiltration (UF) of POME has been
concentrated on finding the ultrafiltration behaviour, by utilizing
Iaboratory scale equipments (stired cell and the De Danske
Sukkerfabrikker (DDS) — Thin channel Module 20) with the aim
of obtaining the optimum operating conditions. The pilot plant
study reported in this paper uses this knowledge.

Ultrafiltration on an industrial module thin channel DDS
35—2.25 was performed at 60 °C and applied pressure of 1.2—1.4
Bars. The aim of this investigation is to obtain design parameters
in order to determine the ultrafiltration capacity required for a
certain Palm Oil Mill. These pdarameters are the long term flux
decline profile, the duration and methods of effective cleaning,
and concentration effect on the permeation flux.

It is planned to have a three stage ultrafiltration process to
produce a final product of concentrated colloidal proteins and
carbohydrates whereby 80% of its water content is being removed.
If we define the concentration factor as the ratio of its initial
volume to its present volume after ultrafiltration, then, to obtain
the required product stated above, the concentration factor at
the final stage has to be equal to 5. The condition for minimum
amount of membrane area requires the concentration factor
at the first stage to be 1.71 (= 3,/5), second stage 2.92 (= 3,/5)?)
and the third or the last stage to be 5 (= %,/5%). This means
that for every 100 litres of feed to be ultrafiltered, 41.5 £, 24.3 £
and 14.2 £ leaves the first, second, and third stage, respectively.
This is represented diagramatically in Figure 1 and as shown the
total volume of the final product is 20. To determine the mem-
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FlGU'RE 1. Three stage ultrafiltration process.

brane area required at cach stage, one has to study the flux beha-
vior at these concentrations. In this investigation, long term flux
decline was measured only for concentration factors 1.71 and 5.0.
Flux behavior for concentration factor of 2.92 can easily be ob-
tained by interpolating between these two results.
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Since at the beginning of this experimentation, we have no
idea on the cleaning procedure, it was decided to run the experi-
ments with the original POME (prefiltered to remove the coarse
particles) which represent the lowest possible concentration
during the ultrafiltration process. Result on these runs are pre-
sented in this paper.

It has been reported earlier (Suwandi et al., 1984) that the
product of this ultrafiltration process, will support microorganism
growth especially for antibiotic production, and this is likely to
be of economic interest.

EXPERIMENT
MATERIAL

POME to be ultrafiltered originated from the nozzle separator and
is called the nozzle separator sludge (T.S. 67,000 mg/?). The
amount of this effluent is estimated to be 500 tons/day. The
characteristics of the filtered POME is given in Table 1. The high
and low molecular weights given to are arbitary, referring to the
molecular cut off of the membrane {(approx. 20,000 daltons for
the DDS membrane). Low molecular weight substance will pass
through the membrane which includes sugars ash and low mole-
cular weight organic. Table 1 also includes the characteristics of
the permeate and concentrate (concentration factor 5) obtained.

TABLE 1. Characteristics of the different solutions

Concentration mg/1

Parameter Filtered Permeate Concentrate

POME (5%)
Total Solids 29600 20400 67840
LMW fraction 20040 20040 20040
HMW fraction 9560 1] 47800
TK Nitrogen 476 354 964
LMW fraction 354 354 354
HMW fraction 122 0 610

EQUIPMENT

Equipment utilized in this experiment is the DDS-35-2.25 ultra-
filtration (UF) unit, which is an industrial module with a 2.25m?
membrane area. The photograph of this equipment is shown in
Figure 2a and it is drawn diagramatically in Figure 2b. The main
features of this unit are:

1. Feed tank 2/m? with feed level controller.

2. A 100 micro-prefilter unit
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FIGURE 2b. Flow diagram of DDS-35.2.25 unit.
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A heat exchanger with automatic control valve

The UF modulc consisting of 15 plates, each plates hous-
ing a 0.15 m? membrane and a flowmeter to measure the
recirculation velocity -

6. Rotameter to measure the permeate flow and

7. A 4 KW centrifugal pump

The control instruments were operated by an air compressor
with a minimum air pressure of 6 bar.

MEMERANES

Two kinds of membranes were utilized in this experiment, namely,
DDS commercially available skinned polysulfone membranes
GR61P and a new formula “skinned” polymide membrane with
mean pore size of less than 0.06 microns. Scanning electron
micrograph of the latter membrane was carried out to determine
surface characteristic and membrane morphology.

PROCEDURE

Ultrafiltration Cycle The slurry used for the experiment was the
prefiltered POME. The experiments were carried out at 60°C and
the average transmembrane pressure was 1.1 bars. The recircu-
lation velocity was maintained at a maximum which was in the
range of 7 to 8.3 m? /hr. The equipment was operated under total
recycle condition so that the solids concentration in the POME
can be maintained constant, in which case the changes in the flux
with time can be measured at constant concentration. The time
duration for each run was 4 hours or more, after which the equip-
ment was cleaned. Operation at different concentration can be
achieved by removing the desired amount of permeate. After the
desired concentration factor was achieved, the equipment was
again operated under total recycle.

Cleaning Cycle At the end of cach run the system was cleaned
following the procedure outlined below:

Rinse with water

Detergent solution is recirculated for about 1 hour

Rinse with water

A 0.05M NaOH solution is recirculated for 30 minutes
Rinse with water

In the event the system was not used for extended period, it
was kept in a 0.1% sodium azide solution.

b 02 10 1

Reruns In this case the procedure for ultrafiltration and cleaning
cycles was repeated several times to imitate the actual industrial
operation. For each concentration investigated, ultrafiltration
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was performed for two or three cycles with cleaning in between
cycles. As indicated in an earlier section, this study was aimed
at obtaining parameters for a three stage ultrafiltration with a five
fold concentration factor as final product. The concentration of
POME used in this study correspond to a concentration factor of
1, 1.71 and 5. Higher than normal concentration of POME was
obtained by simply disposing the permeate until it reached the
desired value, ;

RESULTS AND DISCUSSION
. MEMBRANE PROPERTIES

As mentioned in the previous section, two different membranes
were used. With regards to the locally developed polyamide
membrane (POLYA), its physical characteristics are given in Table
2. A comparison between the polyamide and other commercially
available membrane shows that the polyamide is more of a micro-
porous membrane or an open ultrafiltration membrane. The
scanning electron photomicrograph of the polyamide membrane
surface is shown in Figure 3. The data given in Table 1 was ob-
tained from various photomicrograph similar to that given in
Figure 3. Initial EM studies also shows that the membrane is
anisotropic in structure similar to the Amicon XM300 and PM30
membrane. As in Figure 4, large aveoli or voids make up the depth
of the membrane and appears to be the supporting structure. The
surface porosity of the membrane is reasonably high similar to
the XM300 membrane. These figures confirm an anisotropic
nature of the membrane.

TABLE 2. Pore characteristics of membrane

- Membrane XM300(4) PM30(4) PTGC(5) POLYA
Min pore diameter (nm) 8 6 1 20
Max pore diameter 47 27 15 140
detected (nm) -

Mean pore diameter (nm) 20 12 6 60
Pore density . "

(Pore/cm?) 1.5x10'° 18x10' ax10!'!  5x10°
Surface porosity (%) 4.7 . 2% 7-12% 4%

Work done at viewing the pDS GR61P membrane have pre-
viously been unsuccessful in detecting any pore (Merin et al.,
1980 and Suki, 1984). According to the company sources, the
membrane does not contain any pores detectable by electron
microscopy. This may be due to the pores being in the size range
below 30°C whereby detection of any pore is extremely difficult.
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FIGURE 4. Photomicrograph showing the crosssection of the polyamide membrane.

LONG TERM FLUX DECLINE

The long term flux decline for the prefiltered nozzle separator
effluent is shown in Figure 5. A typical flux decline curve was
obtained showing a rapid initial drop in flux followed by a more
gentle long term flux decline. With a clean membrane, the initial
flux decline is expected to be higher and this is seen to be true
from the figure (Figure 5). For the first cycle the initial flux with
the effluent was more than 40 /m? h and after 6 hours or so the
flux had dropped to 13.5 %/m? h. The membrane was then
cleaned following the regular cleaning procedure mentioned in
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the carlier section. This first cleaning cycle was successful in
recovering the initial water flux of over 120 £/m? h. The mem-
brane was then used again with the same sludge. For the second
cycle the flux decline is also given in Figure 5. As shown, the
initial flux for the second UF cycle is almost that of the first UF
cycle. Therefore, the cleaning process in between the two cycles
were thoroughly satisfactory. Similar flux decline curve was
obtained and after about 4.5 hours the membrane was again
cleaned. The third cycle using the nozzle separator sludge is also
shown in Figure 5. In general, Figure 5 shows that the flux decline
was more rapid with a fresh membrane but most of the loss in
flux can be recovered after the cleaning cycle. According to the
resistance in series model (Suki et al., 1984) the increase in the
deposited solute resistance reduces the premeate flux. The greater
flux decline with the fresh membrane may be due to the fouling/
plugging of the larger pores. However, this would only be relevant
to the polyamide membrane, not to the DDS membrane. Another
possibility is that the fresh membrane is more prone to detrimen-
tal membrane—solute interactions than used membrane. Such
interaction could be related to the degree of hydrophilicity of
the membrane.

As mentioned previously, the optimal first stage concen-
tration for a 3-stage UF process will be 1.71 times the initial
concentration. The performance of the UF membrane at this
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FIGURE 5. Flux decline during ultrafiltration of POME (Normal conc.).
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concentration is given in Figure 6. At this concentration the flux
obtained was lower than that obtained at the initial concentration.
This is expected as, according to the gel polarisation model, the
flux is inversely related to the logarithms. of concentration (Blatt
et al, 1970), or

J = kin (GgCy) (1)
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where J = permeate flux
k = mass transfer coefficient
Cg gel concentration

Cp = bulk concentration

An interesting observation in Figure 6 is that after cleaning,
the flux obtained during the second UF cycle .appears to be
slightly greater than that obtained during the first UF cycle.
This anomaly can be explained by considering the resistance in
series model. This model can be written as (Suki et al, 1984)

J = (APRm + Rg) = - (2)

where A P is the transmembrane pressure drop, and Ry and R4
are the hydraulic resistances of the membrane and the deposited
. solute respectively. In this case resistance to flow is represented
by the membrane and solute resistances. With use, even after
cleaning, Rm usually tends to drop but with cleaning, the effect
of surfactant is to increase the hydrophilicity of the membrane.
As was found by several researchers (Suki et al., 1984 and
Micahels et al., 1983), this can reduce the fouling tendency of the
membrane and reduces the deposited solute resistance. In this case
the resultant effect of this conflicting effects is a slight reduction
in the overall resistance and an increase in flux. It is worthwhile to
note that this non-fouling tendency due to an increase in hydro-
philicity have yet to be further developed in order to maintain
its effectiveness.

40
B ist cycle
30 o 2nd cytle
,'f s
-~ [ e
Seof '\lq*'*\._.
- = O iy
2 L
&' -
Ty=
o L L L 1L ]
[ +] 100 200 300 400

Time (min)

FIGURE 6 Flux decline during the ultrafiltration of POME
(concentration Factor 1.71).

A similar result was also obtained at the higher concentration
as shown in Figure 7. In this case there is a 5 fold increase in
concentration which was the criteria initially fixed. As seen, the
flux is again lower as is expected with increased concentration.
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FIGURE 7. Flux decline during the ultrafiltration of POME
(Conc factor 5).

This is in accordance to the gel polarisation model mentioned
above. After cleaning, there was again a slight increase in flux
similar to that discussed above. This observation further support
the above mentioned argument.

EFFECT OF PRESSURE AND TEMPERATURE

From Figure 8 (1st cycle) and Figure 5 (3rd cycle), it is noticed
that the flux is relatively independent of pressure. According to
the gel polarisation model, the flux is proportional to the trans-
membrane pressure drop under pre-gel condition and indepen-
dent of pressure at gel polarisation condition. Therefore the results
suggest that the pressure at which gel polarisation occurs is low.
However this postulation is yet to be confirmed. Another possibili-
ty is that the deposited solute is compressible. Present work been
undertaken and previous results (Suwandi et al., 1980) have
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FIGURE 8. Flux decline during the ultrafiltration of POME ( & P=2 bar).
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- proven the compressibility of the solids in the effluent. Therefore
the specific resistance of the deposited solute can be expressed as

@ = ag(AP"
where @, o5 — specific resistance of the solute at A P,
and the base pressure A P

n — index specific to the solute

Therefore any gain in the flux due to an increase in the driving
force (A P) is counteracted by a reduction in flux due to an
increase in the solute layer resistance. This explains the flux re-
maining the same or even decreasing. "

The effect of temperature on flux for the effluent is given in
Figure 9. The rate of flux increase with temperature is calculated
to be approximately 2.4% per °C. This compares well with other
data obtained for different solutes (see Table 3). The rate of flux
increase is actually in accordance with theoretical expectation

based on viscosity changes (Gibie, 1976).
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FIGURE 9 Temperature effect on ultrafiltration flux.



TABLE 3. Effect of temperature of flux

Solute Rate of increase in flux Reference
% per °C
Water 2.3 (Suki et al. 1984)
POME 2.4
Milk ' 2.4 (Suwandi et al. 1985)
' Activated sludge 2.5 (Suki et al. 1984)

REMOVAL CHARACTERISTICS

In this study it was found necessary to prefilter the nozzle sepa-
rator sludge before UF because of the presence of large size
particles. Prefiltering using cloth filter can easily remove more
than 50% of the total solids from the effluent (see Table 4).
Ultrafiltration will remove the remaining suspended solids and the
higher molecular weight dissolved solids (including any protein
present). As can be seen in Table 2 this shows that approximately
10,000 ppm solid can be concentrated. After a 5 fold increase in
concentration the final bulk concentration has increased to 6.3%
solids. This concentration process serve a dual purpose:

1. To concentrate the solids most likely to be useful for micro-
bial growth and )

2. To flush out the micro-ions, particularly dissolved salts,
which at high concentration will be deterimental to microbial
growth, If required, this salt concentration can also be reduce
to zero by dialysis process.

TABLE 4. Total solid removal data

Total Solids {mg/1)

Rate effluent 67,000

After cloth prefiltration ' 29,600

UF permeate 20,000

Bulk conc (conc. factor 1.71) 7 31,000

Bulk conc (conc. factor 5) 63,000
CONCLUSION

Long term flux decline, for all concentrations investigated, does
follow the general trend with steep decline at the early stage
followed by gentle decrease to approach its asymptotic value.
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Concentration effect on the flux seems to be in agreement with
the gel polarization model, but the effect of pressure indicates
otherwise. This is better explained by the resistance in series
model- where the compressibility of the gel layer has more
pronounce effect of decreasing the flux than the increase expec-
ted from an increase in applied pressure. The best operating
pressure seems to be between 1.2—1.4 Bars (Suwandi et al,
1982). ' :

This study was done at one temperature, 60°C, the most
likely practical operating condition considering the fresh effluent
temperature of 80°C and the heat loss during the delivery and
the UF operation. Should the operation be performed at other
temperatures, the present data can be used to estimate its ultra-
filtration behavior by taking into account 2.4% increase in flux
per °C increment.

Cleaning procedure used seems to be effective with recovery of
original flux, indicating negligible membrane fouling due to
permanent deposition of solid .particles on the surface or inside
the membrane structure. However, when the applied pressure
was increased to 2.4 Bars, cleaning was more difficult due to high-
ly compressed deposits. Operation with pressures greater than 2
Bars should be avoided since no gain is obtained; flux is less and
the membrane is harder to clean.

With respect to POME, the skin polyamide membranes utilized
were found just as easy to clean, with fluxes comparable to the
polysulfone GR61P. Both membranes do not show any degree of
persistent fouling even after long periods of operation.’ :
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NOMENCLATURE

Ch  bulk solution concentration

Cg  gel layer concentration
permeate flux
mass transfer coefficient
compressibility index

P pressure drop across membrane or filter

-
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R4  hydraulic resistance of deposited layer

R,  hydraulic resistance of membrane

a, o, specific resistance of filter cake at given
pressure drop (A P), at base pressure (A Pg)
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