[ Downloaded from fsct.modares.ac.ir on 2024-05-11 ]

[ DOR: 20.1001.1.20088787.1401.19.132.14.7 ]

[ DOI: 10.22034/FSCT.19.132.183]

Iranian Journal of Food Sciences and Industries, No. 132, Volume 19, February 2023

Journal of Food Science and Technology (Iran) &

Homepage:www.fsct.modares.ir

Scientific Research

Application of semi-continuous rotary separator in food industry
fluids - a case study of pulp separation from fluid containing pectin

Rahmati, Sh. !, Mahdavian, A. **

1. Department of Biosystems Engineering, Tarbiat Modares University (TMU), Tehran, Iran.
2. Assistant Professor, Department of Biosystems Engineering, Tarbiat Modares University (TMU), Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article History:

Received 2022/ 06/ 11
Accepted 2022/ 12/ 26

Keywords:

Pectin,

Rotary separator,
Continuous separation,
Extraction.

10.22034/FSCT.19.132.183
DOR: 20.1001.1.20088787.1401.19.132.14.7

*Corresponding Author E-Mail:
a.mahdavian@modares.ac.ir

Considering the importance and extent of industries related to food processing
in human life and the key role of a raw material such as pectin in this industry,
the use of innovative, more optimal and less expensive methods of extracting
this material can be important. A semi-continuous rotary separator system for
separating pulp from fluid containing pectin has been investigated in the present
study. In this research, to evaluate the separation process with the help of semi-
continuous separator by considering the rotational speed, fluid input flow rate
and time in the separation process, on the efficiency (separation quality) and
energy consumption at flow rates of 60, 90 and 120 ml/min and five levels of
rotational speed 2000, 3000, 4000, 5000, 6000, rpm and time intervals 0-50, 51-
100, 101-150, 151-200 and 201-250 seconds, according to the optimal energy
consumption. The solution contains acid as a solvent for pectin and some solid
fiber suspended in the fluid, in order to produce pectin, its solid particles must
be separated first and a semi-continuous separator is used in this step. According
to the obtained results, the input flow rate of 60 ml/min due to the longer
retention time for better separation, the rotational speed of 6000 rpm due to the
creation of the greatest rcf force, and finally the time interval of 0-50 seconds
had the best separation quality. By considering the time and energy consumption
and using the RSM, the optimal point with an efficiency of 99.12% in the
conditions of a rotational speed of 3400 rpm, an input flow rate of 120 ml/min
and a time of 50 seconds with a consumption of 6.48 W hours of energy
consumption, by computer It was introduced that it was validated by testing the
first 5 optimal points and with an error of 6% of the introduced optimal point.
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1. Introduction

Today, various rotary separation methods are
used in a wide range of industries, which are
divided into three categories: continuous, semi-
continuous and discontinuous. The separation
process on a semi-industrial scale is generally
done discontinuously] 1[. Continuous separators
are usually used in large industries, for example,
continuous separators are generally used in
petrochemical, oil and gas industries.] 2[ <But
semi-continuous separators are widely used in
the medical, veterinary and food and beverage
industries.] 3[.

The separation of materials from each other,
especially the separation of two-phase and
multi-phase fluids, has always been of particular
importance in the field of processing equipment.
The process of separation is done to achieve a
phenomenon in which a mixture of several
substances becomes two or more distinct
products.] 4[. Separation is based on differences
in chemical or physical properties such as size,
shape, mass, density, or chemical interaction
between the components of a mixture.] 5[. The
rotary separator is used by researchers to
separate solid particles from a liquid or to divide
a mixture of liquids into its different
components. Separation techniques are usually
defined as operations that separate certain
components from a mixture without chemical
reaction] 6[.

In the rotary separation method, the multiphase
fluid is placed in a container so that with the
rotation of the rotary part of the separator, the
heavier dissolved materials are pushed to the
outside of the center of rotation and are pressed
against the wall of the separator, and when the
rotary separator stops moving, the materials are
in a non-mixed state. It is observed. Fruit pulp,
milk and other biological samples are separated
in the food and beverage industry by a rotary
separator.] 7[.

Separation based on fluid phases is one of the
most important classification criteria for
separation, which is divided into solid-liquid,
solid-solid and liquid-liquid groups. Solid-liquid
separation in food processing is one of the
important and practical unit operations that is
widely used in industrial processes and can play
an important role in the production, quality and
even preservation of many food products.] 8[.
Separation techniques are involved in a large
number of conversion industries. Solid-liquid
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separation is used in the food industry for many
tasks, including changing the concentration and
clarifying of fruit juices, separating coffee and
tea slurry, de-sludging fish oil, recovering sugar
crystals and similar things.] 9[.

Pectin is an acidic hydrocolloid compound that
has many uses as a natural additive in industries,
especially in the food, pharmaceutical and
medical industries.] 10[. In the food industry, it
is used for gelling, stabilizing, creating texture,
emulsifying, thickening and replacing fat.] 11[.
It is also used in medicine and pharmacy as a
dietary fiber to treat digestive problems. The
most common application of pectin in the food
industry is its use in the production of jams and
jellies as a gel-forming and thickening agent.] 12
and 13 [.

In recent years, in different countries, depending
on the type of waste and sludge produced in the
agricultural and food industries, research has
been conducted in the field of extracting pectin
from these wastes using different extraction
methods and conditions. Pectin is found in the
form of small to large particles, cream to brown
and sometimes greenish yellow. On the other
hand, pectin dissolves easily in water and
produces a clear, colloidal liquid.] 14[. Fruits
such as apples, plums, cherries, various
vegetables and products such as carrots,
potatoes, sugar beets, tomatoes and various
vegetables contain pectin. According to the
conducted researches, the best source for pectin
can be considered the skin of vegetables] 15].

In our country, about 30% of manufactured
products are thrown away as waste [16], so it is
very important to be able to reduce the amount
of waste by providing solutions and return it to
the consumption cycle. One of these solutions is
the production of pectin from the waste of
agricultural products, especially the waste of
citrus fruits. Among the polysaccharides
extracted from plant materials, pectin is a very
complex polysaccharide that is found in the cell
walls and middle layers of plants. Due to its
gelling and stabilizing properties, it is used as an
effective substance in the production of food
products and medicinal applications. The annual
consumption  of  pectin  worldwide is
approximately 50 thousand tons, which includes
the value of the global market at least 400
million euros [3]. The normal level of pectin in
different plants (fresh weight) is 1% apple, 1%


http://dx.doi.org/10.22034/FSCT.19.132.183
https://dorl.net/dor/20.1001.1.20088787.1401.19.132.14.7
https://fsct.modares.ac.ir/article-7-65269-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-11 ]

[ DOR: 20.1001.1.20088787.1401.19.132.14.7 ]

[ DOI: 10.22034/FSCT.19.132.183]

Iranian Journal of Food Sciences and Industries

No. 132, Volume 19, February 2023

apricot, 4% cherry, 1% tangerine, 1.5% carrot,
and 71% citrus peel [17]. Currently, commercial
pectin is almost exclusively derived from citrus
peels or apple pomace, both of which are
byproducts.are juice production units. Apple
pomace contains 10% of dry matter. Citrus peels
contain a relatively higher amount of pectin,
about 67%, than apples. In terms of application,
gualityCitrus and apple pectin are largely
equivalent  [18]. From  the  physical
characteristics, citrus pectins are light creamy or
light tan in color, while apple pectin is often
darker. Alternative sources for pectin extraction
include sugar beet waste, sunflower seeds and
mango waste [19].The annual production of
citrus fruits is more than 124 million tons, and
about one third of citrus fruits are processed,
which results in a large amount of residue every
year. Pulp and juice are the edible parts of citrus,
and peel, seeds, and internal dividing walls are
considered waste.] 20].

In the juice industry, centrifuge plays a very
prominent role in different parts of the
production of this product and its types are used.
In a research, a decanter-type centrifuge device
was used, which successfully separates
suspended solids from liquids and slurry. The
working principle of the decanter separator is
based on buoyancy effects, that is, when water
containing suspended solids is circulated, the
components with higher density fall to the
bottom of the liquid mixture, followed by the
components with lower density. (Figure 1)
explains the working of a modern decanter type
centrifuge cylinder. These types of clarifiers are
mostly used together with press systems to
completely separate the juice from the pulp. A
typical decanter consists of a cylindrical
centrifuge of decreasing diameter covered with a
permeable plate and enclosed in a blanket of
inert gas inside a solid-walled conical bowl.
Good quality and purity of this type of
centrifuge was used in this research] 21[.
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Fig 1 Schematic of decanter centrifuge machines.

In this study, centrifugation was reported to
increase the separation. Centrifugation is an
alternative auxiliary method to improve the
efficiency of block freezing concentration.
Concentrated solution was isolated from frozen
fruit juice (cranberry and pineapple) in three
freezing cycles. For forced separation of solutes
from frozen samples, we used a centrifuge that
worked for 10 min at 20 C and 4600 RPM. This
technique performs well after the third cycle and
reaches an increase of approximately 2.5 times
the initial concentration of solids, values of
nearly 0.74 kg of solutes per 1 kg of initial
solutes. It reaches about 60% concentrate. The
concentration performance of the centrifuge-
assisted freezing block applied to the fruit juice
was attributed to the ice matrix acting as a
porous solid through which the concentrated
solution permeates through ice drainage
channels enhanced by centrifugal force.] 22].
During World War 11 (1945-1939), the need to
improve food production and distribution
became important in order to ensure adequate
nutrition and health for people around the
world.] 23[. Agricultural production has more
than tripled over the past 50 years due to
population growth and the expansion of land for
agricultural use, the technological contribution
of the Green Revolution, which has affected
productivity.] 24[.

As mentioned, detailed and comprehensive
reports regarding the use of semi-continuous
separation for multi-phase fluid separation in the
food industry were not found, although
discontinuous separation is widely available in
research centers and can be easily used; But the
very low time efficiency deprives them of the
possibility of using them in industrial and semi-
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industrial processes; Therefore, in this research,
the separation of multi-phase materials in the
field of food industry has been addressed, which
provides the basis for the extraction of the
valuable substance pectin.

2- Materials and methods

The current research is in line with the
application of semi-continuous separator in the
field of food industry, that is, the separation of
liquid solution containing pectin. This research
was carried out using a semi-continuous rotary
separator and a multi-phase fluid containing
pectin, and the quality of the separated samples
was measured by circulating the said fluid at
different speeds and flow rates and monitoring
the energy consumption in the process of
conducting experiments and finally measuring
the output dry matter. Less dry output indicates a
better and more favorable separation quality.

— —

Fig 2 Semi-continuous separator rotary separator
vessel 1: fluid inlet containing pectin 2: fluid outlet 3:
separated solid part stuck to the wall of the vessel due
to rotational force (undesired part) 4: separated dilute
fluid part leaving (desirable part)
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Fig 3 Dissolved solid particles (pulp) stuck to the
wall of the separator vessel used

2-1-Semi-continuous

separator

The semi-continuous rotary separator used in
this research, using a rotary container set with
the ability to adjust the speed, prostaltic pump® It
works with the ability to adjust the flow rate and
the inlet and outlet pipes for transferring fluid
(Figure 4). When the fluid enters the separator, it
causes separation by using the centrifugal force
resulting from the rotation of the rotating
container and the density difference of the liquid
part and the solid parts suspended in the fluid.
The mechanism of the separator vessel is such
that once the prostaltic pump pumps the liquid
from the inlet part (Figure 2-1) into the rotating
vessel at a certain rotational speed after a few
minutes of the layer process (Figure 2-3 and
Figure 3) It is formed from the pulp, which is the
unfavorable part of our research, and a low-
density (thin) layer is formed in the inner part
(Figure 2-4) and finally exits from the outlet
(Figure 2-2), which is the favorable part in the
research. Present and contains pectin.

rotary

l)’ 12

Fig 4 Schematic of the semi-continuous rotary
separator 1: The location of the separator container

2: The location of the fluid inlet and outlet pipe 3:
peristaltic pumps 4: The flow and flow control screen

1 Peristaltic pump
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2-2- Fluid preparation method

In order to prepare orange peel powder, after
preparing 30 kg of fresh oranges, the peel was
separated for drying. The skin of the oranges
was dried in a laboratory oven for 24 hours at a
temperature of 45°C. The dried skins were
powdered and passed through a sieve with mesh
number 40 in order to equalize the particle size.
In order to prepare the liquid, orange peel
powder was mixed with distilled water at the
desired ratio and the pH of the solution was
adjusted using hydrochloric acid. The prepared
solution was stirred for 50 min at a temperature
of 82°C. The prepared solution contains acid as
a solvent for pectin and some solid fiber
suspended in the fluid, in order to separate the
pectin, its solid particles must be separated first.
A semi-continuous separator was employed at
this stage.

In order to perform the test, as mentioned
before, first, the inlet flow rate and rotational
speed of the separator and one of the 17
treatments (five levels of speed, three levels of
fluid inlet flow rate, and five time intervals) are
adjusted, and then by injecting the fluid into the
separator container after a period of time
between 5 Up to 9 minutes (according to the
rotational speed), the light phase of the fluid
could be seen at the outlet of the container. In
order to investigate the time process of isolation
(checking the difference between the initial
samples and the subsequent samples isolated in
each treatment), sampling was done in
containers with a capacity of 50 mL. This
process continued until the separator container
was saturated, and 5 samples were obtained in
each step; Therefore, it was possible to separate
250 mL of fluid in each separation stage with the
capacity of the container tested in this research.
It should be noted that in order to enter the
uniform fluid into the separator container, the
primary container (primary fluid tank) was
continuously stirred during the test time by a
low-speed stirrer.

2-3-Energy consumption

In order to measure the energy consumption of
each experiment, with the help of a power
analyzer (Figure 5) at different levels of the
experiment, the amount of energy consumption
related to each one was recorded. Finally,
according to the duration recorded for each
experiment, the energy consumption was
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calculated.

Fig 5 A view of the used Lutron DW-6090A power
analyzer

2-4-how to evaluate the quality of

separation

After receiving the output of each treatment in 5
samples (each with a volume of 50 mL) in order
to measure the amount of solid material in each
sample, all the test containers were numbered
and knowing the weight of the empty container
in each sample, the containers were carefully
weighed.

The sample was centrifuged for 15 min and at a
speed of 12,000 rpm until the remaining solids
were separated at the end of the sampling
container so that the liquid inside the container
could be drained, then the falcons containing the

remaining dry materials were kept at 50°C°C |t
was kept to ensure that no moisture remained in
it (Figure 6). In this step, by weighing the
sample after complete dehumidification, the
weight of the dry matter of each sample was
determined and with the help of equation 1, the
percentage of solid matter in each sample was

determined.
Dry matter%

_ control dry sample of Mizan material — sample of each dry Mizan material

control dry sample of Mizan material
* 100
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conditions
2-5-Determining the
esterification

The degree of pectin esterification by titration
according to the method of Santos et al] 25]
With slight measurement changes in this
method, 0.1 g of extracted pectin samples were
added to 250 mL Erlenmeyer flasks. Pectin
samples were moistened with 1 mL of ethanol
and 40 mL of distilled water free of carbon
dioxide was added to each of the flasks. Erlens
were stirred with a shaker for 16 hours to
completely dissolve the pectin. To start the
titration, two drops of phenolphthalein were
added to each of the erlenes and titrated with a
gain of 0.1 N until the appearance of a pale pink
color. The consumption volume of profit at this

degree of

stage was recorded as V1. Then, 10 mL of 0.1 N
soda was added to each of the neutralized
solutions and stirred for 45 min until the pectin
was saponified and the acid groups were
released. Finally, the samples were removed and
10 mL of 0.1 N hydrochloric acid solution was
added to each and again titrated with 0.1 N
solution until a pale pink color appeared. The
consumption benefit at this stage was considered
as V2. It should be noted that an equal volume
of 0.1 N hydrochloric acid can neutralize the
benefit of 0.1 N. The degree of ester was
calculated using equation (2).
DE% = —2— x 100

vy + 1y
In this regard:
DE% = degree of esterification (%)

V1V1= volume of profit in the first stage (mL)

V2V2= volume of profit consumed in the second
stage (mL). Was.

6-2- Statistical analysis

The number of tests performed was 17, with 5
repetitions for the central point, as well as the
recorded data, the average result of three
observations was considered. Table 1 shows the
treatments applied in the experiment for analysis
using the response level method and the
corresponding responses.

Table 1 Treatments applied in the experiment for analysis by RSM

test series Q(mL/min) ?rz\ll\//lmin) Time step(S)
1 90 4000 150
2 90 4000 150
3 90 4000 150
4 90 4000 150
5 90 4000 150
6 60 2000 200
7 60 3000 100
8 120 5000 50
9 90 6000 200
10 60 2000 200
11 60 5000 150
12 120 3000 50
13 60 4000 50
14 120 5000 100
188
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15 120
16 120
17 90

2000 250
3000 250
6000 250

In this research, in order to analyze the effect of
independent variables related to dependent
variables, Expert Design software has been used
in the general response level method.

3. Results and Discussion

In this research, the aim is to investigate the
behavior of the semi-continuous separator
during the changes in the separation speed and
the input flow rate along with the energy
consumption calculation. In the obtained results,
it was observed that the best rotational speed for
separation is 6000 rpm; Because in all three
input flow levels, the highest efficiency was
achieved in this round. Based on the results of
the tests, the flow rate of 60 mL/min had the best
separation efficiency, this phenomenon is
completely justified, because a lower flow rate
means that the fluid has more time for
separation, and therefore a more complete
separation occurs. In this type of separation, the
retention time is basically longer with the flow
rate The relationship is opposite, and according
to the results, it can be concluded that the best
separation quality (less dry matter) was
measured at the lowest flow rate.

To observe the effect of time on the process of
separation quality, in each experiment, 5
samples were taken in chronological order from
each experiment. It was observed that the
passage of time had a negative effect on the

quality of separation, which means that in each
test treatment from sample number 1 to number
5, the amount of dry matter in the samples
increased, the reason for this is the increase in
the diameter of the outer layer formed inside the
container of solid materials. which, over time,
reduced the possibility of a thinner (more
desirable) material to be released. In order to
measure the energy consumed in the process of
performing each test, the instantaneous energy
consumption and the energy consumption in the
whole process were observed and recorded. As
expected, the instantaneous energy consumption
increases with the increase in speed and flow
rate, but in the overall energy consumption,
considering that the flow rate takes most of the
test time. makes less; Therefore, higher flow
ultimately reduced energy consumption. With
the help of the power analyzer used to measure
the energy consumption in each round and
specified flow rate and knowing the time of the
entire process of each experiment, the amount of
energy consumption was determined. The
highest round and the lowest flow rate accounted
for the most energy consumption.

3-1-Variance analysis for the

efficiency of separated dry matter

The efficiency of the isolated dry matter is the
ratio of the weight of the dry matter to the
weight of the dry matter of the control sample.
The results of variance analysis of the effect of
variables on dry matter efficiency are listed in
Table 2.

Table 2 Analysis of variance table of the parameters of the quadratic regression model for dry matter

efficiency
Source df Sum of squares Means of square  F-value P-value
Model 9 3668.01 407.56 17.05° 0.0001>
A(RPM) 1 1726.56 1726.56 72.24" 0.0001>
B(Q) 1 37.33 37.33 1.56™ 0.23996
C(TIME) 1 589.36 589.36 24.65 0.00056
AB 1 47.68 47.68 1.99™ 0.1881
AC 1 640.99 640.99 26.81" 0.0004
BC 1 28.01 28.01 117" 0.30440
A2 1 467.32 467.31 19.55" 0.001290
B2 1 3.26 3.25 0.13™ 0.7198
C2 1 4.43 4.43 0.18™ 0.6760
189
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Residual 10 239.01 23.90
Lack of Fit 4 174.29 43.57 4.039™ 0.0633
Error 6 64.72 10.79
total 19 3907.02
“Significant at the 1% probability level
“Significant at the 5% probability level.
ns not significant

The results showed that the model was
significant and the lack of fit was not significant.
The effect of rotational speed and time factors is
significant at the 1% probability level, also the
interaction effect of rotational speed and time
and the second power of rotational speed was
significant at the 1% probability level. The
significance of the mentioned effects indicates
the importance and influence of the independent
variables selected in this experiment. In Table 2,
the effect of rotational speed is shown with (A),
the effect of flow rate (B) and the effect of time
with (C).

By using the response surface method, the
complete quadratic polynomial model with the
coefficient of determination of 91.66% was
chosen to estimate the efficiency of the isolated
dry matter, with a change in the amount of
independent variables, in coded form. The real

Ra (%)

B: Q (mL/min)

190

proposed model is a quadratic polynomial
function in the form of equation 3 (R2 =
91.66%):
Ra,=9599+139+A-7.68+C+895+AC-1234+ A

The positive sign at the beginning of each
sentence indicates the synergistic effect and the
negative sign indicates the negative effect of the
variable(s) on the answer.

2-3- The mutual effect of
independent variables on the

efficiency of separated dry matter

In Figure 7, the graph of the response level of
the dependent variable (separated dry matter
efficiency) for the changes of the independent
variables can be seen in the form of horizontal
lines.

A RPM (rew/min)
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C: TIME (S)
8

It can be seen in Figure A 7 that the relationship
between the rotational speed and the input flow
rate is such that the efficiency has increased with
the increase of the rotational speed. In the case
of the input flow rate, this relationship is less
intense and vice versa; That is, it was observed
that with a lower flow rate, the separation was of
a higher quality (with a higher efficiency),
which was completely justified; Because a lower
flow rate causes the fluid to have more time for
separation and therefore a more complete
separation is achieved. In this type of separation,
basically, the retention time is inversely related
to the flow rate. According to Figure 7, it can be
seen that the trend of changes in the dependent
variable of the separation efficiency of dry
matter containing pectin With the increase of
time, the separation efficiency improved, which
is due to the increase of the separated layer
inside the separator container and the increase of
the output concentration, and finally the negative
effect of the passage of time on the separation
efficiency. It can be attributed to the creation of
more RCF force at higher rotational speed and
the creation of more independent layers and
finally better separation. In Figure C7,
simultaneously with the increase of the input

Ra (%)

B: Q (mL/min)
c
Fig 7 The effect of independent variables on the efficiency of the separated dry matter a) changes in rotational speed
and inlet flow rate b) changes in rotational speed and time c¢) changes in inlet flow rate and time

flow rate, the efficiency decreases at higher time
points, which two phenomena simultaneously
contribute to this decrease in efficiency. First,
with a higher input flow rate, a two-phase layer
is formed inside the container while rotating less
accurately, and second, because at higher time
points, the container is slowly filling up and the
output liquid becomes thicker (lower efficiency).
3-3-Variance breakdown for energy

consumption

Energy consumption, which includes two parts
of energy consumption in pumps and rotor
(Table 3). The results of variance analysis of the
effect of offending variables on energy
consumption are given in Table 4. The results of
the analysis of variance table showed that the
model is significant and the lack of fit is not
significant, so the choice of model and analyzes
can be cited and valid. The effect of rotational
speed, input flow rate and square power of input
flow rate is significant at the 1% probability
level. The significance of the mentioned effects
indicates the importance and influence of the
independent  variables  selected in this
experiment. In Table 4, the rotational speed is
shown with (A), the effect of inlet flow (B) and
the effect of time with ©).

Table 3 The amount of energy consumed by the rotary separator at different speeds and flow rates

191
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(rom)  rotational ), 3000 4000 5000 6000

speed

Inlet flow rate o) o5 159 g0 90 2 8 99 120 60 90 120 60 90 L2

(mL/min) 0 O 0
8

Test time (S) 972 35 421 932 536 27 5 &zo 381 821 591 340 816 517 gl
7
6

Instant 47. 59 67. 69 77. 84,

comsumptionw) 436 5 901 534 567 g. e 5 721 743 L, 804 821 ,

Total energy L

Y 117 73 6. 5. 93 73 164 122 7.2 182 117 7.2

gW.h)consumptlo 7 9 586 13.84 8.44 16 4 9 6 4 0 9 5 9 6

5

Table 4 Analysis of variance table of quadratic regression model for energy consumption

Source df Sum of squares Means of square  F-value P-value
Model 9 237.23 26.36 98.09” < 0.0001
A(RPM) 1 35.62 35.62 132.54 <0.0001
B(Q) 1 174.97 174.97 651.14" <0.0001
C(TIME) 1 0.0000 0.0000 0.0000™ 1.0000
AB 1 12.75 12.75 47.45" < 0.0001
AC 1 0.0000 0.0000 0.0000™ 1.0000
BC 1 0.0000 0.0000 0.0000™ 1.0000
A2 1 0.0194 0.0194 0.0721™ 0.7937
B2 1 8.16 8.16 30.35 0.0003
Cc2 1 0.1728 0.1728 0.6431™ 0.4412
Residual 10 2.69 0.2687

Lack of Fit 4 1.36 0.3403 1.54™ 0.3028
Error 6 1.33 0.2210

total 19 239.92

:*Significant at the 1% probability level

Significant at the 5% probability level.

™ not significant

By using the response surface method, the
complete quadratic polynomial model with a
coefficient of determination of 98.81% was
selected to estimate the amount of energy
consumed, with a change in the amount of
independent variables, in coded form. The actual
proposed model is a quadratic polynomial
function in the form of equation 4 (R2 =
98.81%):

Ra,=924+208+A-418+B - 126+ AB +1.66 * B?

The positive sign at the beginning of each
sentence indicates the synergistic effect and the
negative sign indicates the negative effect of the
variable(s) on the answer.

3-4- The mutual effect of independent
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variables on energy consumption

In Figure A 8, we can see that two significant
factors, i.e. rotational speed and input flow rate,
each have an effect on the energy consumption
of the separator. By observing the energy
consumption trend of the input flow rate, it can
be seen that the energy consumption decreases
with the increase of the flow rate. Perhaps, at
first glance, higher inlet flow rate means more
energy consumption by inlet pumps; But by
looking more closely at the whole process, we
realize that the higher the input flow rate, the
time to perform a test is reduced by a certain
amount (one cycle), which automatically causes
less energy consumption of the main rotor of the
separator (a significant part of the energy is
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spent on the rotor) and As a result, the energy
consumption of the whole rotary separator is less
in one cycle. Regarding the rotational speed
factor, it can be seen that the higher the
rotational speed, the higher the energy
consumption. Obviously, this happens due to the
higher consumption of the rotor at higher
speeds.

It can be seen in figure b 8 that the energy
consumption directly increases with the increase
in rotational speed, while the trend of the time
periods on energy consumption is constant and

E .h)

110

8:Q (mU/min)
C: TIME (5)

2000 3000 5000 6000

A: RPM (rev/min)

C:TIME (5)
H
°
oo
=3

E(wh)

has no effect on energy consumption, the reason
for this phenomenon is that basically the time
periods of S 50 are considered after It is a
separation process and it is basically related to
energy consumption and it only affects the
separation efficiency. Similarly, it can be seen in
Figure C8 that time has no effect on the energy
consumption and it decreases with the increase
in the flow rate of the energy consumption,
which is because the input speed is higher as a
result of the shorter cycle and, naturally, the

energy consumption is less in the whole process.
E (w.h)

A: RPM (rev/min)

B: Q (mL/min)

C

Fig 8 The effect of independent variables on energy consumption a) changes in rotational speed and input flow rate
b) changes in rotational speed and time c) changes in input flow rate and time
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3-5- Checking the degree of ester

The process of changes in degree of ester is
dependent on variables such as temperature, pH
and starting material, which in the present
research due to the same level of the above items
in the experimentThere were no changes in ester
level. The maximum rate of pectin
deesterification occurs in alkaline conditions due
to the saponification of ester groups, therefore,
in the acidic conditions of this study, the
protection rate of methoxyl groups is higher.]
26[. Abid et al] 27[ In a study, they observed
that the type of fruit from which pectin is
extracted has a great influence on its ester
degree. In this study, because the primary
powder used was the same, as a result, the
degree of ester is also expected to be the same.
According to the evaluation, the degree of ester
was equal to 70 + 5%, and the extracted pectin is
considered to have a high degree of ester, which
has many applications.

6-3- Determining optimal points in
the evaluation of pulp separation

process in fluid containing pectin

In order to optimize the pulp separation process
in pectin-containing fluid, the amount of energy
consumed must be minimal and the efficiency of
the dry material separator should be maximized.
For this purpose, according to Table 5, the
boundary conditions of the independent and
target variables were determined. One of the
important parts of optimization is weighting the
variables of the objective function. Due to the
equal importance of the variables, a weight
equal to 1 was considered for them. It should
also be noted that the optimal conditions in this
research appear when the efficiency of
separating dry materials (pulp) from pectin-
containing fluid is at its maximum and energy
consumption is at its minimum.

Table 5 Boundary conditions of independent and objective variables to optimize the separation process of

dry matter from fluid containing pulp

Variable Maximum weight  Minimum weight  upper limit  lower limit  target

rotational speed 1 1 6000 2000 in specified range
Inlet flow rate 1 1 120 60 in specified range
time 1 1 250 50 in specified range

Table 6 Introduction of the five optimal points of the pulp separation process from the liquid containing

pectin

_ rotational Inlet flow time Total energy Sepqration
test series speed (RPM) rate ) (W.h)consump  efficiency
(mL/min) tion (%)
1 3400 120 50 6.47 99.12
2 3500 119 50 6.48 99.13
3 3500 120 51 6.48 99.23
4 3300 110 50 6.51 98.98
5 5500 120 200 6.69 97.54

At the end, the optimal point proposed by the
computer was experimentally evaluated in 3
repetitions. The average of the obtained
dependent variables was close to the value of the
experimental relationship despite the sources of
error. The values obtained by the experimental
relationship show an acceptable error (6%)
compared to the value predicted by the model
(row 1 of Table 6), which indicates the correct
choice of the model and its adaptation to the test
data.

4 - Conclusion
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The results of this research showed that due to
the fact that the formation of layers in RCF is
more, it is formed better; Therefore, it creates
the best separation quality at the highest speed,
i.e. high speeds. According to the results
obtained from the separator, it can be predicted
that low-quality separation takes place at low
rotation speeds, regardless of the flow rate of the
fluid input. Also, by comparing the five time
samples taken in each experiment, a downward
trend in the quality of separation was observed
over time, so it can be concluded that if a
mechanism is created to clean the pulp layer, it
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will be possible to receive bagged output in a
longer period of time. Finally, due to the process
of reducing the separation efficiency as the
semi-continuous  separator  approaches its
nominal capacity in order to receive a constant
high-quality output, it is necessary to reduce the
fluid input flow rate over time. The exact
amount of this flow rate reduction requires
separate experiments and calculations in this
field. In the continuation of this research, it is
possible to use software simulation in order to
achieve the maximum quality of separation more
accurately with the help of fluid analysis
software, and also by using a system with larger
dimensions than the current system and relying
on the continuous flow structure, it is possible to
make more progress. This method and its
practical dimension helped.
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