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Current research, has evaluated the efficiency of the membrane process in
degumming and neutralization of crude rapeseed oil. Crude rapeseed oil
miscellas were prepared using hexane solvent with 20:80 and 30:70 ratios.
In order to degumming, the micella passed through the membrane after
adding 0.3% of 85% (w/w) phosphoric acid, under three pressure levels of 2,
3, and 4bar and two flow speed of 0.5 and 1m/s; Then, for neutralization,
after adding NaOH aqueous solution in two concentrations of 10% and 30%
(w/v) the micella passed through the membrane, under the previous
conditions, as well as three temperature levels of 30, 40 and 50°C. The results
showed that for 20:80 micella, the flux gradually decreased with the passage
of time and reached a stable state after about 20 minutes. Surveying the
simultaneous effect of conditions throught the neutralization process for
20:80 micella, revealed that the highest flux corresponds to 40°C, 4bar,
1.0m/s. Surveying the simultaneous effect of temperature, pressure and flow
rate throught the neutralization process for 30:70 micella, has also revealed
that the highest flux corresponds to 50°C, 2bar, and 1.0m/s. The results of
the physicochemical tests also revealed that there is no significant difference
in the levels of phosphorus and phosphates in both membrane filtration and
conventional rifining methods (p<0.01); But acidity reduction for membrane
filtration method was significantly higher than that of classical refining
method (p<0.01). The reduction of peroxide index was also significantly
higher for classic refining method than membrane filtration method (p<0.01).
In terms of color, the results showed that the membrane filtration method
was not able to reduce the yellow color in crude oil, while the classic refining
method significantly reduced the yellow color (p<0.01). The red color index
for the classic method also had a significant decrease compared to the
membrane method (p<0.01).
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1-Introduction

Fats and oils are important components of foods
[1], and among them, rapeseed oil is of particular
importance and is one of the five vegetable oil
products that are used the most all over the world
[2]. The conventional refining process can lead
to many qualitative harms such as hydrolysis,
oxidation, polymerization and structural changes
in the oil [3]; Therefore, finding an alternative
process for it is important and necessary. In the
meantime, membrane processes for various
reasons such as saving energy consumption, not
using chemical pollutants, improving product
quality, preserving nutrients and other desirable
oil compounds, reducing the volume of
wastewater or eliminating the wastewater
treatment process, ease of operation and The
process at low and normal temperatures as an
alternative method has been much considered
[4].

San Gupta® In 1977 and 1986, as a pioneer in this
matter, he used ultra-refining technique to
remove gum from oily misela [5]. Abdullah? et
al. [6] degummed crude canola oil using a
membrane method and showed that a 5 kDa
ceramic membrane was able to remove 95% of
phospholipid from the oil. Moore and Gogat® [7]
while degumming soybean oil using a three-stage
combined membrane process showed that the use
of this membrane resulted in almost complete
removal of phospholipids (>99.9%) and a
91.49% reduction in crude oil color.

he* and colleagues [8] also showed that the
membrane process is able to completely remove
phospholipids from the membrane; Also, their
results showed that the use of the mentioned
membrane did not have much effect on the
reduction of free fatty acids. Cao® et al. [9] also
reported that the passage of tea seed oil micelles
through the membrane can reduce the oil
peroxide content by 29.2% and free fatty acids by
16.2%.

The above material shows that membrane
technology has a high potential in the field of
processing and refining edible oils. Considering
the growing trend of production of membranes
resistant to various operating conditions and
chemical substances, and increasing the use of
this new technology in various industries,
determining the best conditions for the
membrane process to remove resins and soapy

1 - Late Gupta
2 -Abdellah
3 -More & Gogate
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compounds, causing valuable savings in
consumption Energy is obtained and a large
amount of nutritional value of edible oils is
preserved. Therefore, in this research, the
feasibility of degumming and neutralization of
crude canola oil using polyvinylidene fluoride
membrane was discussed.

2- Materials and methods

To perform the experiments, raw canola oil was
provided from Mahidasht Kermanshah Industrial
Complex (Nazgol Edible Oil). The membrane
used is a microrefining membrane made of
polyvinylidene fluoride® (PVDF) was made in
America with a pore size of 0.22 micrometers
and an active area of 109 cm2 in non-continuous
flow mode. The used system includes a feed tank,
centrifugal pump, pressure gauge, heat
exchanger, membrane, inverter and flow control
valve. In all stages of membrane purification of
canola oil, hexane solvent (Salar Chem, Iran)
was used in the form of Misla (80% oil + 20%
hexane) (70% oil + 30% hexane).
1-2-Membrane operation method in gum
extraction and neutralization

To perform the micro-refining operation, crude
rapeseed oil miscella was first prepared with
solvent ratios of 20 and 30 (wt/wt). The solvent
used to make misla was hexane. Then, 0.3%
(weight ratio) 85% phosphoric acid was added to
the formed misla at room temperature and
stirring was done at high speed for 30 minutes,
after which the formed misla was added to the
gumming process. It was passed through the
PVDF membrane for sixty minutes. After
degumming from the misela, in the second step,
an aqueous solution of NaOH was added to the
desired misela in two concentrations. This
operation was done at room temperature using a
pipette based on the amount of fatty acids in the
oil and very slowly, and the contents of the
misela were mixed using a magnetic stirrer at 100
rpm, and finally the misela containing soda was
introduced into the feeding tank. And after
reaching the desired temperature (30, 40 and 50
degrees Celsius), the separation operation of the
soap formed by the PVDF membrane was carried
out for sixty minutes. In the gum extraction stage,
three pressures of 2, 3 and 4 bar and two flow
rates of 0.5 and 1.0 meters per second and also in
the neutralization stage of three pressures of 2, 3
and 4 bar, two flow rates of 0.5 and 0 1/m/s and

4 -New
5 -High
6 -Polyvinilidene fluride
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three temperatures of 30, 40 and 50 degrees
Celsius were used to check the performance of
simultaneous  separation of gums and
neutralization of misela. At the end of each
operation, a new membrane was used, although
the membrane washing cycle can also be used to
lower the cost.

2-2- Membrane system used

In this research, a MF microrefining membrane
system was used. This system included a feeding
tank, pump, pressure gauge, heat exchanger,
membrane module, inverter and flow control
valve. Figure (1) schematically shows the
transverse and non-continuous flow system’
Used in the micro-refining process. In this
system, water was first poured into the tank and
the flow was adjusted manually and the pressure
was adjusted using the inverter and transmitter.
Oil poured into the tank by the pump
(PROCON, Series 2, Milano, Italy) was drawn
and delivered to the inlet of the membrane

IR

module. feed flow® After passing through the
membrane into two permeable parts® and
natraveh® It was divided and transferred to the
collection container and the primary tank through
the two outlets built on the module, respectively.
The used plate membrane was placed inside the
plate module and the module was sealed against
fluid leakage.

Two pressure gauges were placed on the sides of
the module to show the input and output pressure
of the system. Also, a regulator of pump motor
speed or inverter'! (SV004ic6-1, KOREA)
together with a flow regulating valve located on
the way back to the tank, were responsible for
regulating the pressure and the output flow,
respectively, on the way back to the tank. A
digital scale (Mettler Toledo, Switzerland) with
an accuracy of 0.1 gram was used to measure the
weight of the sap oil, which was placed under the
sap collection container.

.

7

=

I Retentate

Feed A

Permeate

A
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Figure 1 Schematic of the microfilteration system (1- feed tank 2- pump 3- inverter 4- transmitter 5- input
pressure gauge 6- membrane module 7- membrane 8- permeate collection tank 9- scale 10- output pressure
gauge 11- flow control valve).

3-2- Calculation of membrane transfer
pressure

As mentioned, membrane technology is a
pressure-driven  process. The pressure
changes along the channel in which the
membrane is located. Therefore, researchers
to solve this problem, membrane transfer
pressure’> (pD) defined in membrane
processes and used it to report the pressure

7 . Batch
8 . Feed
9 . Permeate
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used in the process, which was calculated
from equation (1) in this study:

(1) AP — Pb';Pa
in which p, Pre-membrane pressure
and p, The pressure is after the membrane.

2-4- Calculation of permeation flux
Permeation flux (]p,%) refers to the

amount of permeability obtained from the
unit of membrane surface per unit of time,

10 . Retentate
11 . Inverter
12 . Trans Membrane Pressure
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which was calculated from equation (2) [21
and 22]:

@) yord
where m(kg)D The value of the weight of the
resulting permeability at time t(s) is at the
surface A(m2) of the membrane. In some
cases, the flux is measured in terms of
volume instead of weight, where instead of
mD from v(m3)D (resulting volume of
percolation) is used.

2-5- The study of different mechanisms of
membrane clogging

The main factor limiting the use of
membrane processes under pressure is
clogging, which is due to the accumulation,
deposition and absorption of small particles
on the surface of the membrane and the
deposition of finer soluble substances
between the pores of the membrane. As seen
in chapter one, there are four main
mechanisms for membrane clogging,
including complete blocking, intermediate
blocking, cake formation and standard
blocking.

Hermiya [10] created a rule that can be used
to determine which of the above-mentioned
blocking mechanisms is  dominant.
According to this law, from the curve of
changes in the volume of transpiration (v)

with respect to time (/) we can understand
the dominant clogging mechanism in the
process. in such a way that:

AT
a) If the curve /v relative to ' The cake
formation mechanism is the dominant
mechanism.

. o
b) If the curve v relativeto ! Linear is the
dominant standard blocking mechanism.

¢) When the middle blocking mechanism is

dominant, the curve £ ®) relative to VIt will
be linear.

The above three rules show the dominant
clogging mechanism in the whole
processing; But in any process, all
mechanisms can be effective, and depending
on the conditions at any time, one

13- mass flow rate
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mechanism is the dominant mechanism. In
order to know which mechanism is dominant
at any time, Hermiya presented the relation

(3): _
d?t dt\!

®) w =k (5)

In the above relation £ clogging factor and

I 1t is a blocking index. amount! It shows
the blocking mechanism or index in such a
way that:

a) If £ =0 The dominant mechanism is cake
formation.

b) if =1 The dominant mechanism is
intermediate blocking.
c) If i = 1.5, standard blocking is the
dominant mechanism.

d) if i=2 Therefore, the dominant
mechanism is complete blocking.

6-2- Determining the highest output flow
rate

Since the purpose of the research was to
evaluate the potential of the MF process to
replace it in the industry with conventional
methods, therefore, it is very important to
determine the output flow rate in the process
for a more detailed investigation. Dubai It is
called the amount of fluid that per unit of
time from a certain level passes In general, it
is possible Dubai into two categories Debbie
Jeremy®® and volume flow!* divided To
determine the best output flow rate, the
amount and time of the canola oil misela
process (20 and 30) and the highest and best
flow rate were determined.

7-2- Solvent removal from oil

After passing the miscella through the
membrane and in order to remove the solvent
from the oil, steam was injected into the
mixture of hexane and oil. Hexane, which is
a volatile solvent, was easily separated from
the oil and steamed to the cooling section and
reused as liquid. In addition to the above
method, a rotary evaporator was also used to
efficiently and gently remove the solvent
from the samples. The rotary device was
used because water and solvent had a lower

14- volumetric flow rate
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boiling point at reduced pressure, so hexane
was evaporated at a temperature of 40
degrees Celsius and removed to determine
the amount of oil in the liquid and then to
check the quality of the refined oil. The
following chemical tests were performed on
them.

8-2- The classic method of gum removal
and neutralization

First, phosphoric acid and soda with 14
degree of bome are added to crude oil in the
step of degumming and neutralization,
respectively, according to the amount of free
fatty acid and mixed at 70 to 80 degrees
Celsius. After that, soap is separated by
separator | and Il. Then the oil is washed to
remove the remaining soap in the oil and the
oil is dried under vacuum. After this, the oil
enters the decolorization stage and passes
through the filter press at a temperature of 85
degrees Celsius under vacuum. At this stage,
soil is added to the oil, after which the oil
enters the deodorization stage to remove free
fatty acids and substances that create taste
and smell. Samples are taken and
physicochemical tests are performed at all
stages from crude oil to deodorization. Then
the results were compared with the
membrane method.

9-2- Physicochemical analyses

In order to compare between oil refined by
classical method and oil refined by
membrane filtration, phospholipids,
peroxide number, acidity and color were
compared between these two types of oil, and
the measurement method of each of these
criteria is presented below:

The content of phosphorus was measured by
the standard blue molybdenum method using
the AOCS method ca 12-55 [11]. The
amount of peroxide in the oil was also
expressed in terms of milliequivalent grams
of active oxygen for one kilogram of oil and
was determined as 4179 based on the
national standards of Iran [12]. Acidity was
also measured by titration method according
to Iranian national standard No. 4178 [13].
Finally, the AOCS Cc 13e_02 [14] method
was used to measure the color, and the color

171

of the oil was calculated using standard
numbered colored glasses.

10-2- Statistical analysis

In order to investigate the process of oil
purification by the membrane passage
method, experiments were conducted in a
factorial manner and based on a completely
randomized design with 48 treatments in two
stages. In the first step, after adding
phosphoric acid to each of the micellar, the
degumming process at two flow rates and
three pressure levels (12 treatments in total)
and in the next step by adding soda to the
degummed misla, the neutralization process
at two flow rates. Three pressure levels and
three temperature levels (a total of 36
treatments) were completed in the
purification process and finally, the most
optimal conditions in terms of the maximum
permeate flux and the least clogging and
membrane resistance were selected for
purification. All statistical calculations and
data analysis using software
SAS (ver 9.1) was performed. To compare
the averages, Duncan's test was used and
graphs were drawn with Excel software.

3- Findings and discussion

In this section, the effect of speed, pressure,
and temperature on the efficiency of
achieving transparency in the gumming and
neutralization stages for each of the two
crude canola oil mixtures (with ratios of
20:80 and 30:70) was investigated, and then
the dominant mechanism Constipation was
determined in each treatment. Then,
according to the obtained results, the best
passing flux, pressure and temperature for
higher flux and consequently less membrane
clogging in the neutralization stage were
selected as the optimal treatment.

1-3- The effect of pressure on the seepage
flux of canola mille 20:80 in the gumming
stage

Figure (2) shows the effect of pressure on the
gumming process of canola oil (20:80) at a
constant speed of 0.5 and 1 m/s. The results
showed that with the passage of time, the
percolation flux gradually decreased and
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reached a stable state after about 20 minutes.
The time required to reach this steady state
depends on the characteristics of the feed, the
type of membrane and the conditions
governing the operation (temperature,
pressure and flow rate). The reason for
reaching stable conditions is probably the
balance of the reverse diffusion coefficient
and the convective transfer rate of materials
to the membrane surface [15 and 16]; Also,
it was found that, in general, with the
increase in pressure, the amount of seepage
flux has increased; The reason for this
phenomenon can be increased driving force®®
The convective flow is attributed to the
membrane surface, which is in accordance
with Darcy's law. In other words, an increase
in pressure in a certain range leads to an
increase in the permeate flux, and at higher
pressures, the permeate flux is under the
control of the mass transfer process. The
pressure at which the permeate flux reaches
a constant limit can be considered as the

optimal pressure. At this pressure, the
permeate flux reaches its maximum and has
a slight tendency to form a cake layer on the
surface of the membrane [17].

As can be seen from Figure (2), the
difference in the amount of seepage flux in
different pressures is greater in the initial
non-equilibrium conditions, and with the
increase in  the transverse pressure
difference, the seepage flux also increased,
which indicates that the seepage flux is used
in operational conditions. in this range
depends on the transverse pressure
difference. The obtained results are similar to
previous works, for example, Rafe et al. [15]
reported that canola oil impurities, especially
phospholipids, lead to an increase in
hydraulic ~ resistance and  membrane
clogging. In addition, Pagliero [18] was able
to purify a 25% soybean oil hexane mixture
well using an inorganic membrane module
and reported similar results.
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Figure 2 the effect of pressure on permeate flux through degumming process of canola oil micella (20:80).

2-3- Effect of flow speed on seepage flux of
canola millet 20:80

In figure (3), the effect of flow speed of 0.5 and
1 m/s at constant pressures of 2, 3 and 4 bar on
the permeation flux of Misela is given. As can be
seen, at low pressures, due to less accumulation
of particles on the surface of the membrane, the
flow rate did not have a significant effect on the
permeate flux; But at higher pressures, with the
increase in the flow rate, the amount of permeate
flux has been prevented from forming a thin
boundary layer on the membrane surface due to

15- Driving force
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disturbance and turbulence on the membrane
surface, and as a result, the permeate flux has
increased. The investigation of the combined
effect of flow speed and pressure also showed
that high speed and pressure, by increasing the
turbidity on the membrane surface and
preventing the formation of cake, played an
important role in increasing the permeate flux
(Figure 3). On the other hand, with the increase
in flow rate and pressure, the time to reach
equilibrium conditions has increased, which
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shows that the role of these two factors is very
important in preventing membrane clogging.
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Figure 3 the effect of flow rate on permeat flux through degumming of canola oil micella (20:80)

3-3- The neutralization process of canola
millet 20:80

In this section, the effect of pressure, flow rate
and temperature on the permeate flux of canola
oil (20:80) in the neutralization stage was
investigated (Figure 4). Similar to the process of
degumming, here too, after a period of time, the
permeate flux decreased and reached a steady
state, and with the increase in pressure, the
permeate flux increased, but the combined effect
of high flow rate and pressure on the flux was not
noticeable. Farsi and Dahabi'® [19] have also
reported the increase in flux with the increase in
pressure during the filtration of textile factory
effluent. The results showed that at a temperature
of 40 degrees Celsius it is higher than the flux at
temperatures of 30 and 50 degrees Celsius and
this difference is more evident in the pressure of
3 times. With the increase in temperature, the
viscosity of the oil has decreased and as a result,

16- Fersi & Dhahbi
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the permeate flux has increased due to the
increase in the hydraulic permeability of the
membrane and as a result, the possibility of pore
blockage due to sediment has decreased, but with
an excessive increase in temperature and the
formation of foam in the oil, it causes disruption
in the flow. Its permeability and flux reduction
were consistent with Darnoko's findings!’ and
colleagues [20]. At low speed and the formation
of a concentration polarization layer on the
surface of the membrane, applying more pressure
on the cake has a significant effect on increasing
the permeate flux; But by increasing the speed
and removing the concentration polarization
layer of the membrane, increasing the pressure
has less effect on increasing the permeate flux.
Alisio et al. [21] also reported that in a constant
lateral pressure difference, increasing the process
temperature increases the permeate flux, which is
caused by the decrease in viscosity and the
increase in the molecular diffusion coefficient of
permeate [22].

17 - Darnoko
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Figure 4 the effect of pressure and flow rate on neutralization of canola oil micella (20:80) at 30 °C (a), 40 °C
(b) and 50 °C

4-3- The combined effect of temperature 40 degrees Celsius, but a further increase in
and pressure on the amount of seepage temperature, especially at pressures above 3 and

flux in the equilibrium conditions of 4 bar, has the opposite result and the permeation
canola millet 20:80 flux has decreased. Therefore, a temperature of

40 degrees Celsius and a pressure of 4 bar have
led to the maximum permeate flux, and by
examining the effect of the flow rate of 0.5 and 1
in Figure 5-4, the most suitable operating
conditions are as follows: temperature 40 degrees
Celsius, pressure 4 load and flow speed of 1 m/s.

Figure (5) shows the combined effect of
temperature and pressure on the amount of
permeate flux in equilibrium conditions. As can
be seen, although the permeation flux has
increased with the increase in temperature and
the decrease in the viscosity of misela from 30 to
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Figure 5 the combined effect of temperature and pressure on the permeat flux of canola oil micella (20:80) at
equilibrium conditions (a = flow rate 0.5 m/s and b = flow rate 1.0 m/s)

5-3- Investigating the mechanism of
membrane clogging for canola misela
20:80

The investigation of membrane clogging in the
two stages of degumming and neutralization of
canola oil misela showed that the dominant
clogging mechanism in the degumming stage is
cake and standard and in the neutralization stage
it is cake type (Table 1). Amin®® et al. [23] and
Hefidi et al. [5] also reached similar results.
Some researchers have stated that the absorption

or accumulation of fatty acids in membrane pores
reduces their size, but does not block them. On
the other hand, some others have reported that the
absorption of fatty acid to the pore wall of the
membrane reduces the radius of the small pores.
Therefore, absorption is limited to monolayers of
fatty acids in the pores of the membrane. As more
food passes through the membrane, the fatty
acids inside the pores increase, and with their
accumulation, single-layer absorption turns into
multilayer absorption, which causes a greater
drop in the relative flux in the membrane.

Table 1 Predominant folding mechanism of degumming and neutralization stages for canola oil micella (20:80)

Stage of the o R o Type of
raw orocess P(bar) V(m/is) T(C°) | ¢ wV Vet  tVav T(CY folding
1 0.5 - 0.9709  0.9853  0.9056 -
2 standard
2 1.0 - 0.9892  0.9970 0.7559 -
3 . 0.5 - 0.7538  0.7459  0.7933 - cake layer
Degumming 3
4 1.0 - 0.9354  0.9911 0.9187 -
standard
5 A 0.5 - 0.9920 0.9958 0.7848 -
6 1.0 - 0.8905 0.9480 0.9957 - cake layer
7 30 0.7111 0.3377 0.3494 30 intermediate
8 0.5 40 0.8081 0.8914 0.9175 40 cake layer
9 5 50 0.9443  0.9837  0.9269 50 standard
10 30 0.0738  0.6812  0.0049 30
11 Neutralization 1.0 40 0.7466  0.9129 0.9391 40 cake layer
12 50 0.7271  0.4425  0.4505 50 intermediate
13 30 0.9141  0.9997  .04465 30 standard
14 3 0.5 40 0.8758 0.9392  0.9947 40 cake layer
15 50 09730 0.9779 0.8575 50 standard
16 1.0 30 0.9377  0.9924  0.6850 30 standard
18 - Amen
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17
18
19
20
21
22
23
24

cake layer

40 0.7805 0.8715 0.9273 40
50 0.8025  0.8540  0.9095 50
30 0.8008  0.8389  0.8962 30
05 40 0.7675  0.7838  0.8359 40
50 0.9152 09701  0.9937 50
30 0.8404 0.8933 0.9738 30
1.0 40 0.9010 0.9617  0.9906 40
50 | 0.8969 0.9562  0.9958 50

6-3- The effect of pressure on the seepage flux
of canola mille 30:70 in the gumming stage

The effect of pressure on the gumming process
of canola oil (30:70) at constant speeds of 0.5 and
1 m/s is presented in Figure (6). Similar to 80:20

sample, the results revealed that at low speed, the
005 T T T T

difference between the permeation flux at
different pressures is not significant, but with the
increase in pressure, the permeation flux also
increased, and this increase was greater at high
speed, and there was a significant difference in
the amount of flux. Permeation was at high speed
with increasing pressure.

b
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—e— 2bar, 05 mis

—a— 2bar, 1m/s 4 3 bar, 0.5ms
[ - & 3bar,1m/s —— 4bar, O-Smfs
um[»y —w— dbarimis 0.04 o 1
&
o j £ 003
E 1oy E
o F'hdl )
X b 1o X
x— L )4 X‘
3 .
o ':‘i%ﬂ E 0.02
002 1 %
T,
N, 7o v
%Wg’ Al 001
wal A Rk T R
08880000500" 4ytugents? o 8

Time, min

Time, min

Figure 6 the effect of pressure on permeate flux through degumming process of canola oil micella
(30:70)

7-3- The effect of flow speed on the seepage
flux of canola mille 30:70 in the gumming
stage

According to Figure (7), it was found that similar
to the results of the 20% hexane canola oil test,

with the increase in speed, the amount of
permeate flux also increased and also the amount
of flux difference increased with the increase of
flow pressure, which is in line with the findings
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Figure 7 the effect of flow rate on permeat flux through degumming of canola oil micella (30:70)

8-3- The process of neutralization of canola oil
30:70

The results related to the effect of pressure, speed
and temperature on the permeate flux of 70:30
Mislay are shown in Figure (8). According to the
results, in both flow velocities, increasing the
pressure did not have a positive effect on
increasing the permeate flux and even caused a
decrease in the permeate flux, which is in line
with the results of Zhu!® and colleagues [24];
They reported that the permeate flux increases
with increasing pressure up to 0.2 MPa and then
decreases. According to their opinion, the
increase in pressure during the filtration process
causes the membrane to compress through the
food, the thickness of the membrane is reduced
to a small amount, and as a result, the resistance
to the food increases. By increasing the pressure

to more than 0.2 MPa, the increase in feed
020 T T T T T

a —e— 2bar, 0.5 30
- 3bar, 0.5, 30
—5— dbar, 0.5, 30

Effect of TMP on flux

Time. min

19 -Zhu

177

resistance overcomes the increase in permeate
flux, and the flux decreases. Also, the results
showed that with the increase in temperature and
the increase in the flow rate, the amount of
seepage flux increases, and these results are in
agreement with Rothenbach's findings.?® [25]
was consistent. In general, it can be concluded
that increasing the temperature up to about 40
degrees had a relatively positive effect on the
increase of percolation flux. In other words, at a
temperature of 40 degrees Celsius, we had an
increase in the permeation flux at first, then a
decreasing trend, and finally the permeation flux
reached a stable state. The decrease in the feed
viscosity due to the increase in temperature
affects the behavior of the sediment phase on the
membranes and reduces the possibility of
blocking the membrane pores by particles [26].

014
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Figure 8 the effect of pressure and flow rate on neutralization of canola oil micella (30:70) at 30 °C
(@), 40 °C (b) and 50 °C

9-3- The combined effect of temperature and
pressure on the amount of seepage flux in
equilibrium conditions of canola millet 30:70

It can be seen in Figure (9) that unlike the case of
20% oil, here at 2 bar pressure, the permeate flux
was higher than at 3 and 4 bar pressures, in other
words, the pressure did not lead to an increase in
flux. On the other hand, the increase in

temperature has led to an increase in the flux,
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except for the pressure of 4 bar, and the effect of
the flow speed on the permeate flux was not
noticeable. Therefore, a temperature of 50
degrees Celsius and a pressure of 2 bar have led
to the maximum permeate flux, and by
examining the effect of the flow rate of 0.5 and 1
in Figure (9), the most suitable operating
conditions are as follows: temperature 50 degrees

Celsius, pressure 2 load and flow speed of 1 m/s.
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Figure 9 the combined effect of temperature and pressure on the permeat flux of canola oil micella
(30:70) at equilibrium conditions (a = flow rate 0.5 m/s and b = flow rate 1.0 m/s)

10-3- Investigating the mechanism of the
clogging of the membrane of canola 30:70

According to table (2), it can be concluded that
both in the gum removal and neutralization
stages, we mostly saw clogging in the form of
cake formation. Since it is not possible to stick or
absorb all the fatty acids with low molecular
weight to the membrane pores, the rest of the
fatty acids form a cake layer that causes

concentration polarization. According to table
(2) and as mentioned in the dominant mechanism
section, in the gumming phase, the blockage was
cake-type and with the passage of time, it
approached the middle blockage. Also, in the
neutralization stage, the clogging index was
similar to the clogging index of 20% canola oil
misela, and they were mostly in the range of
cake-type clogging.

Table 2 Predominant folding mechanism of degumming and neutralization stages for canola oil micella (30:70)

Stage of the R Type of
raw pgrlocess P(bar)  V(mis) - T(C) "y 4V tvat  thav fg/IFc)jing
1 05 - 0.9087 0.9528 0.9948
2 cake layer
2 1.0 - 0.8906 0.9366  0.9860
3 ] 0.5 - 0.9806 0.9452 0.9726 intermediate
Degumming 3
4 1.0 - 0.8919 0.9495 0.9975 cake layer
5 4 0.5 - 0.9656 0.9863 0.9452 standard
6 1.0 - 0.9093 0.9488 0.9879
7 30 0.9140 0.9598 0.9938
8 2 0.5 40 0.8997 0.9535 0.9973
9 50  0.8477 0.8948 0.9364  cake layer
10 30 0.9230 0.9657 0.9917
11 3 0.5 40 0.8282 0.8507 0.8967
12 50 0.8538 0.9073 0.9634
13 30 0.9459 0.9801 0.9766 standard
14 4 0.5 40 0.8758 0.9304 0.9872 cake layer
15 Neutralization 50 0.7921 0.7986 0.7840 standard
16 30 0.9007 0.9776 0.9841
17 2 1.0 40 0.9111 0.9626 0.9952
18 50 0.8439 0.9206 0.9618
19 30 0.9166 0.9755 0.9897
20 3 1.0 40 0.9239 0.9622 0.9925 cake layer
21 50 0.9205 0.9566 0.9864
22 30 0.8973 0.9518 0.9987
23 4 1.0 40 0.8560 0.8994 0.9548
24 50 0.8293 0.8598 0.9125
3-11- Results of physicochemical parameters The results the  physicochemical

of 20% and 30% canola oil during classical
purification and membrane purification
during passage From the first stage and the
second stage of membrane filtration

parameters of canola oil and the comparison
of the membrane method and the classical
method are as described in Table (3).

Table 3 comparing physicochemical parameters of classic refining and membrane filtration process for 20% and
30% canola oil
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Red Yellow

Type of Refining staqe Acidity Proxide Phosphorus Phosphatide colour | colour

oil gstag (%) (meg/kg) (mg/kg) (%) index index
(R) (Y)

) Crude oil 1.4¢ 0.86¢ 294.6¢ 0.88¢ 5.1° 702
Clgssm degumming 1.6° 0.70¢ 329-6a 0.982 5.42 702
reflnled neutralization 0.07¢ 1.42° 0.066° 0.00019¢ 3.8° 702

o Bleaching 0.066% 0/00" 0.033¢ 0.00009¢ 2.0 340
Canola Filteration | 1.83° 0.63f 317.6° 0.95° 3.3¢ 702
(20:80) Filteration Il 0.05¢ 1.11° 0.032° 0.00009¢ 2.8 702
Canola Filteration | 1.83° 0.548 314.3¢ 0.094¢ 2.9° 702
(30:70) Filteration Il 0.05¢ 0.96° 0.031° 0.00009¢ 2.6¢ 702

The results are reported as meanzstandard deviation. Dissimilar Latin letters indicate significance at the
probability level less than 1%

1-11-3- Measurement of acidity

According to the results in table (3), the
amount of acidity in the membrane method
has been significantly reduced in the second
filtration in both canola oil by 20 and 30%
compared to neutralized and even bleached
oil (p < 0.01). These results show that
membrane filtration has a greater ability to
reduce the amount of free fatty acids
compared to the classical purification
method. The highest amount of acidity in
both types of canola oil, 20 and 30%,
occurred in the first filtration stage, which
could be due to the acidic conditions created
by phosphoric acid added in the gumming
stage. These results did not match the
findings of Azmi et al. [27], Hu et al. [8], but
they were consistent with the results of Cao
et al. [9] and Rafee et al. [28].

2-11-3- Measurement of peroxide index
The comparison of the peroxide value of the
two stages of the membrane process with the
oil refined by the classical method (Table 3)
shows that the peroxide value of the oil due
to the classical purification method reached
zero, but the membrane method was able to
reduce it to a maximum of 0.9
milliequivalent gram. reduce it per kilogram,
which of course is less than the maximum
acceptable value (10 milliequivalent grams
per kilogram) [29]. The removal of natural
antioxidants such as phenolic compounds,
and proximity to air during ultrafiltration

21-Loot
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may be among the factors that increase
peroxide value in membrane filtration. These
results are in line with the findings of Hefidi
et al. [5] and Butino?! and colleagues [30].
3-11-3- Phosphorus and phosphatides

As can be seen in table (3), the amount of
phosphorus (329.6 mg/kg) is higher in the oil
extracted by the classical method than in the
crude oil (294.6 mg/kg) because in this The
gumming method is done by acid method
and the phospholipids which are non-
hydrophilic are separated by adding
phosphoric acid to the oil in this step and
with this method, which increases the
phosphorus content in this step, but in the
step Phosphorus neutralization is removed
and its amount is reduced. Also, as can be
seen from the results in Table (3), both
classical and membrane purification
methods are able to reduce the phosphorus
and phospholipid content of canola oil by
99.9%; But there is no significant difference
between the phosphorus and phospholipid
content of the oil refined by the classical
method and the oil refined using membrane
filtration (P < 0.01); Therefore, it was
determined that the membrane filtration
process of raw canola oil can reduce the
amount of phospholipids to an acceptable
level; These results are in line with the
findings of Abdullah et al. [6], Arianti et al.
[31] and also Ismail?? and colleagues [32].

22-Ismail
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4-11-3- Colorimetry

According to the results listed in table (3),
the yellow color in classical purification and
in the decolorization stage is significantly
lower than the membrane filtration method
(p < 0.01), but in other samples, there is a
significant difference between the yellow
color There is none (p < 0.01), which shows
that the membrane filtration method has a
weaker performance in reducing the yellow
color than the classical purification method;
These results were consistent with the
findings of Subramanian et al. [16];
However, these pigments were largely
sequestered by the membrane; In explaining
this phenomenon, they stated that the non-
passage of these colored compounds was due
to its trapping in the phospholipids present in
the crude oil. Regarding the red color, the
results showed that the chemical purification
method was able to reduce the redness index
by 60%, but this number is 49% and 45% for
20% and 30% filtered canola oil,
respectively, which is a significant
difference. It is considered significant (p <
0.01) and shows the higher efficiency of the
classical purification method than the
membrane filtration method in reducing
redness. These findings were in accordance
with the results of Moore and Gogat [7] and
Rafe et al. [15]. With these interpretations, it
should be noted that the oils refined by the
membrane method are close to the oil
decolorized by the classical method in terms
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of the redness index, which can validate the
ability to use these systems instead of
conventional chemical purification methods.
4- Conclusion

The current research investigated and
compared the efficiency of two methods
"membrane filtration" and “classical
purification” in gum removal, neutralization
and decolorization of crude canola oil and
the optimal conditions of membrane
performance (temperature, pressure and flow
rate) were determined; Also, the results of
the physicochemical tests revealed that there
was a significant difference between the two
methods and that the membrane filtration
method performed better than the classical
method; But in reducing the peroxide index,
the classic method performed significantly
better; In the gumming process, there was no
significant difference, and the amount of
phosphorus and phosphatide residue was the
same in both methods, and finally, the results
of the colorimetric test also showed that there
was no significant difference between the
yellowness index, but in the classical
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the redness index, there was no significant
difference between the two methods, but the
classic method performed slightly better.
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and consuming less energy (compared to
classical semi-processes).
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