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Abstract

Membrane separation is an optional technology to replace the conventional degumming step during the processing of vegetable oils.
In this work, the performance of an asymmetric membrane of polyvinylidenfluoride (PVDF) during the degumming of a crude vegetable
oil/hexane mixture was investigated. Samples of soybean and sunflower oil were treated and the effect of oil source on membrane fouling
was evaluated.

The water and hexane membrane permeability were assessed by permeation experiments and their values were used to explain the
membrane behavior. The degumming tests were performed in a stirred dead-end cell, at different temperatures and pressures.

Retention of phospholipids (selectivity) was greater than 95% in the whole range of studied conditions (2 bar < DP < 6 bar;
30 �C < T < 50 �C). The results showed that degumming of sunflower oil produced a higher membrane fouling than degumming of soy-
bean oil.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Membrane separation is a very interesting technological
alternative to the conventional method of degumming in
the processing of crude vegetable oils. This technology
allows the removal of phospholipids in early stages of the
extraction process diminishing the fouling of distillation
equipment. As membrane technology does not require
the use of water or acid solutions, there is a lower genera-
tion of effluents. Also, it decreases the loss of neutral oil
and reduces the energy cost associated to the process. In
spite of these advantages, its application is currently
reduced mainly due to the lack of stability of membranes
in hexane—the solvent used in the extraction process.

Different research teams have applied membrane tech-
nology to perform the degumming of oil–hexane miscella
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(Alicieo, Mendes, Pereira, & Motta Lima, 2002; Kim,
Kim, Lee, & Tak, 2002; Sen Gupta, 1977) as well as to that
of crude oils without the addition of hexane (Subramanian
& Nakajima, 1997; Subramanian et al., 2001). In this latter
case the results are not of great interest due to the need of
extreme operational conditions as a result of high oil vis-
cosity and low permeability of assayed membranes. In pre-
vious works we have investigated the degumming of
soybean oil–hexane miscella using ultrafiltration (UF)
polymeric membranes (Ochoa, Pagliero, Marchese, &
Mattea, 2001). These membranes were prepared from
three polymeric materials: polyvinylidenfluoride (PVDF),
polysulfone (PS) and polyethersulfone (PES). They were
evaluated by permeation flux, phospholipids retention
and membrane stability during degumming of soybean
oil–hexane miscella. The results showed that PVDF in hex-
ane is more stable than PS and PES. In other study (Pagli-
ero, Ochoa, Marchese, & Mattea, 2001), a commercial
membrane made of polyimide (PI) was compared with a
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Table 1
Comparison of hydraulic and hexane permeability at different
temperatures

T (�C) Lh,a (l/m2 hbar) Lh,h (l/m2 hbar)

20 160.3 79.5
30 215.6 90.6
40 275.4 104.2
50 335.4 116.3
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PVDF membrane synthesized in our laboratory. The
results showed that PVDF membrane was more effective
than PI membrane to perform phospholipids separation
from soybean oil–hexane miscella in the range of pressures
and temperatures studied. Also, the PVDF membrane gave
permeate fluxes up to three times higher than the PI one at
the same operational conditions.

Since the PVDF appears as a promising material to
make membranes for this type of application, the objective
of this work was to evaluate the fouling that these mem-
branes experience during the degumming of crude oil and
hexane miscella. The membrane performance was evalu-
ated by measuring the permeate flux with pure solvents
(water and n-hexane) and miscella, phospholipid retention
and permeate color.

2. Materials and methods

Membrane was synthesized from PVDF (Solvay and
CIE), using PVP (Fluka) as pore former additive. The
membrane was prepared by the phase inversion method
(Kesting, 1985). The resulting membrane had a molecular
weight cut-off (MWCO) of 6000 ± 800 Da and a mean pore
radius of 27.2 ± 8.5 Å (Pagliero et al., 2001).

Permeation studies of crude oil/hexane miscella were
carried out in a stirred dead-end UF cell with a capacity
of 400 ml and an effective area of 3.17 · 10�3 m2. The
membrane was supported by a sintered porous stainless
steel disc. A magnetic stirrer was placed over the membrane
surface to minimize the formation of a layer of higher
concentration in the adjacent region. The transmembrane
pressure (DP) for the permeation process was supplied by
a nitrogen cylinder connected to the top of the cell.
Hydraulic permeability (Lh,a) was calculated by Darcy�s
law measuring water flux through the membrane at differ-
ent DP. The prepared membranes were pretreated by soak-
ing them in a mixture of solvents of decreasing polarity
with the object of minimizing hexane effect on the mem-
brane structure, especially pore size. The cell was charged
with pure hexane and solvent flux through the membrane
was measured as a function of transmembrane pressure
at different temperatures (20–50 �C). These results were
used to evaluate membrane permeability to hexane
(Lh,h).

Degumming experiments were carried out with mixtures
of 25% (w/w) crude soybean or sunflower oil and hexane.
In all the experiments the sample was constantly stirred
at 750 rpm. Transmembrane pressure and operation tem-
perature varied between 2 and 6 bars and 30–50 �C, respec-
tively. The initial volume of miscella was 300 ml for all the
experiments. The concentration of phospholipids in feed,
permeate and retentate were assessed by measuring the
phosphorous content in each sample following AOCS
method Ca 12–55 (Firestone, 1989). The retention percent-
age, %R, was defined as

%R ¼ ð1� Cp=CfÞ � 100; ð1Þ
where Cp and Cf are the concentration of phosphorus in
permeate and feed, respectively. The color of feed and per-
meate was measured using a Lovibond Tintometer, model
PFX190 (Lovibond Tintometer, UK). Sunflower oil had an
initial wax content of 1200 ± 200 ppm as measured by a
gravimetric method (Morrison, 1982).

All the experimental runs were carried out in duplicate.
Differences between duplicates were less than ±8% in all
cases. The mean values obtained are reported.

3. Results

Values of hydraulic permeability (Lh,a) and permeability
to hexane (Lh,h) at different temperatures of operation are
shown in Table 1.

The results indicate that permeability increases when the
temperature rises. This effect is associated to the decrease of
viscosity of assayed solvents (water and hexane) at different
temperatures. However, the results show that permeability
to hexane is lower than permeability to water although vis-
cosity of hexane is lower than that of water in all the consid-
ered temperature range. This unusual behavior is attributed
to membrane–solvent interactions that end up with mem-
brane structural changes (such as swelling) and the develop-
ment of surface forces adding to the viscous transport of
solvent (Machado, Hasson, & Semiat, 1999).

In the purification of crude oil/hexane miscella using
membranes, the limiting phenomenon is the fouling process
due to the accumulation and deposition of some compo-
nents of feed on the membrane surface or within the mem-
brane pores. Typical experimental results of permeate flux,
Jv, as a function of time of operation for degumming of
oil/hexane miscella are shown in Figs. 1 and 2 for DP =
6 bar. In these figures, it can be observed a sharp decline
at the beginning of the process followed by a smooth
decrease of permeate flux.

Taking into account high retention of phospholipids (see
Table 1) and presuming a size exclusion mechanism
because of the large phospholipids agglomerate compared
to the small membrane pore size (Iwama, 1987), this behav-
ior is interpreted by a cake filtration model and represented
by the following equation (Hermia, 1982):

t
V �
¼ kcA

2

2
V � þ 1

J vo

; ð2Þ

where t is the permeate time [h], A is the effective area of
membrane [m2], V* is the volume of accumulated permeate
per unit of membrane area [l/m2], kc is the kinetic constant
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Fig. 1. Permeate flux during ultrafiltration of soybean oil + hexane
miscella. DP = 6 bar.
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Fig. 2. Permeate flux during ultrafiltration of sunflower oil + hexane
miscella. DP = 6 bar.

Table 2
kc and Jvo for the operational conditions used in this work

DP (bar) T (�C) kc (h/l2) Jvo (l/m2h)

Soybean Sunflower Soybean Sunflower

2 30 44.4 93.5 17.7 27.7
40 36.0 36.6 25.1 38.5
50 15.9 27.7 34.2 46.1

4 30 45.2 113.8 28.5 29.9
40 31.2 68.3 28.5 28.1
50 21.7 27.5 34.6 80

6 30 47.8 290.6 33.4 18.9
40 34.2 78.8 36.0 28.4
50 17.9 59.3 42.2 42.9
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of the model [h/l2] and Jvo is the initial flux of permeate
that would be produced by the membrane and the first
Table 3
Content of phosphorus, retention coefficients and color in permeate during de

T (�C) DP (bar) Phosphorusa (ppm) %R

Soybean Sunflower Soy

30 2 10.0 5.1 99.
4 1.6 0 99.
6 6.7 0 99.

40 2 2.0 0 99.
4 3.7 15.6 99.
6 3.9 0 99.

50 2 2.7 0.9 99.
4 12.0 9.9 99.
6 5.9 0 99.

a Initial phosphorous content—Soybean oil: 1297 ppm; sunflower oil: 367 pp
b Initial color—Soybean oil + hexane miscella: 1.7R 65Y ; sunflower oil + h
layers of deposited cake [l/m2h]. The parameters of the
model obtained when fitting the experimental data with
Eq. (2) are detailed in Table 2.

Other filtration models (Ochoa et al., 2001) were
checked with the experimental data but the fitting was
not as good as that obtained with the cake model verifying
it is the main fouling mechanism. The results clearly indi-
cate that an increase of temperature leads to a decrease
of the kinetic constant, i.e. there is a lower fouling. This
effect is due to a decrease of the solution viscosity and to
an increase of phospholipids diffusivity (Kim et al., 2002).
An increase in transmembrane pressure results in an
increase of kc as a consequence of a higher concentration
of phospholipids in the zone near the membrane. Values
of Jvo correspond to values of permeate flux once the first
layers of the cake have been formed. These values are
noticeably lower than those of pure solvent flux and in gen-
eral, they tend to decrease when kc increases. Comparing
the fouling of both oils, it can be observed that, at low
temperatures, sunflower oil produces higher fouling than
soybean oil. This is attributed to the waxes present in
sunflower oil which may increase the deposited layer on
the membrane surface as well as to occlude internal pores.

Table 3 shows the results of color and phosphorus con-
tent in permeate and retention coefficient calculated from
Eq. (1).
gumming of (soybean/sunflower oil)/hexane miscella

Colorb

bean Sunflower Soybean Sunflower

2 98.6 0.5R 65Y 0.3R 5Y
9 100 0.4R 65Y 0.3R 6Y
5 100 0.2R 65Y 0.2R 5Y

8 100 0.5R 65Y 0.3R 6Y
7 95.7 0.4R 65Y 0.3R 6Y
7 100 0.3R 65Y 0.2R 5Y

8 99.8 0.6R 65Y 0.3R 6Y
1 97.5 0.4R 65R 0.3R 6Y
5 100 0.4R 65Y 0.3R 5Y

m.
exane miscella: 2.9R 18Y (R: Red; Y: Yellow).
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The results show that the reduction of red color was sig-
nificant (higher than 70%). In soybean miscella, yellow
color did not decrease but in sunflower, the decrease was
important. This fact come out as an advantage of the
degumming process with membranes since there is less need
of bleaching which results in a lower loss of oil. In Table 3
it can be seen that in all the cases, %R was higher than 95%
at all pressure and temperature used, validating high selec-
tivity of the PVDF synthesized membrane.

4. Conclusions

The results indicate the PVDF-based membranes can be
used to perform the degumming of vegetable oils effec-
tively. The assayed membrane yielded phospholipids reten-
tion values higher than 95% in the range of studied
conditions. It also came out from the tests that fouling is
an important phenomenon leading to a flux reduction that
can reach up to 50% in the case of soybean oil degumming.
Increasing the temperature of the process produces a nota-
bly decrease of fouling. This decrease was much pro-
nounced in the case of sunflower due to the increase of
solubility of waxes present in this oil which led to kc values
from 93.5 h/l2 (T = 30 �C) to 27 h/l2 (T = 40 �C) at DP = 2
bars. Transmembrane pressure increases membrane fouling
for both oils.

Besides fouling, results show that red color reduction
was significant (higher than 70%). Although yellow color
did not decrease in soybean miscella, in sunflower the
decrease was important.
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