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Algac feed vessel
Water pump

Figure 1: Rotary vacuum drum filter schematic [6].
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Figure 2: How Filter Assistance Operates [10].
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Figure 5: Vacuum-built filter system
1: holding chassis, 2: fluid storage tank, 3: vacuum tank, 4:
mechanical stirrer, 5:

and vacuum pump are listed in that order .
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Figure 6: A view of the sample solution preparation
process using a stirrer.
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Table 1: treatment strategies used in the experiment for the response surface analysis

number Pressure Perlite particle size _ Perlite layer
(bar) (micron) thickness size (cm)

1 04 60 15
2 04 60 15
3 04 60 15
4 0.4 60 15
5 0.2 60 2
6 0.2 20 15
7 0.2 60 1
8 0.4 100 2
9 0.6 60 2
10 0.4 20 2
11 0.4 20 1
12 0.6 60 1
13 0.6 20 15
14 0.4 100 1
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15 0.6 100 15

16 0.2 100 15

17 0.4 60 15
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Table 2: variance analysis of the tested variables for energy consumption
Sum of

source df squares Mean squares F-value p-value
model 9 3.01 0.3343 26.93° 0.0001
A-pressure 1 0.8902 0.8902 71.72° <0.0001
B perl;tiezzepartlcle 1 0.0701 0.0701 5.65° 0.0491
?hlzﬁgétsi 'sa.iir 1 0.0714 0.0714 1.46° 0.0476
AxB 1 0.0181 0.0181 1.08"™ 0.2668
AxC 1 0.0004 0.0004 0.0327 ™ 0.8615
BxC 1 0.0169 0.0169 1.46 "™ 0.2820
AxA 1 0.4919 0.4919 39.632 0.0004
BxB 1 1.33 1.33 106.96° <0.0001
CxC 1 0.0789 0.0789 6.35° 0.0398
residual 7 0.0869 0.0124
Lack of fit 3 0.0706 0.0235 577" 0.0617
Pure error 4 0.0163 0.0041
Cor total 16 3.1

%ignificant at the 5% probability level
bsignificant at the 1%probabilty level
™ not significant
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Figure 7: the effect of different variables on the energy consumption A. reaction of pressure and perlite particle
size B. reaction of pressure and perlite layer thickness size C. reaction of perlite particle size and perlite layer
thickness size
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Table 3: variance analysis of the tested variables for flow rate

source df Sum of squares  Mean squares F-value P-value
model 9 3.07 0.3414 17.96° 0.0005
A-pressure 1 0.9039 0.9039 47.55% 0.0002
B-perllt_e particle 1 0.0196 0.0196 "1 03 0.3442
size
C- Perlite layer 1 0.0173 0.0173 "0.9102 0.3718
thickness size
BxA 1 0.021 0.021 1.1 0.3285
CxA 1 0.0001 0.0001 " 0,0044 0.9488
CxB 1 0.0065 0.0065 " 0.3415 0.5773
AxA 1 0.7255 0.7255 237.17 0.0005
BxB 1 1.22 1.22 ®64.03 0.0001<
CxC 1 0.1203 0.1203 26.33 0.0401
residual 7 0.1331 0.019
Lack of fit 3 0.1103 0.0368 6.45™ 0.0518
Pure error 4 0.0228 0.0057
Cor total 16 3.21
%significant at the 5% probability level
bsignificant at the 1%probabilty level
™ not significant
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Figure 8: the effect of different variables on the flow rate A. reaction of pressure and perlite particle size B.
reaction of pressure and perlite layer thickness size C. reaction of perlite particle size and perlite layer thickness
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Figure 9: the effect of different variables on the extraction yield A. reaction of pressure and perlite particle size B. reaction of
pressure and perlite layer thickness size C. reaction of perlite particle size and perlite layer thickness size

S LS 53,5 e Iy Slos ki Tl b S 4 S

Al w23 5 Soluldr 035l sl (B e (S5

Table 5: independent and objective programs boundary
conditions to optimize the filtration process
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Table 6: optimum level of independent variables
for Vacuum Membrane Filtering system
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ABSTRACT

ARTICLE INFO

Pectin, which is made from citrus peel and waste, is one of the most commonly
used compounds in the food industry. For large scale production, a combination
of membrane-vacuum filtering has been suggested as an alternative to traditional
methods of purifying the acidic solution for pectin extraction. This study
investigates the main factors involved in membrane filtering system for
separation of fibrous materials from an acidic pectin solution under vacuum.
These factors which include: filter-aid-particle size, amount of filter-aid (perlite)
added to the solution, and the vacuum level, affect, separation quality,
volumetric flow rate, and energy consumption. A vacuum separation device was
developed for this purpose in order to separate the fibrous material dissolved in
solution. The independent variables were examined at three levels, the data were
analyzed, and the optimum value for each variable was determined using the
response surface method (RSM). Results revealed that increasing the vacuum
level from 0.2 to 0.4 bar increases the flow-rate 6.5 folds, while, further increase
in the vacuum level decreases the flow-rate. This indicates clogging of the paper
filter and decreased flow-rate at vacuum level of 0.6 bar and perlite particle size
of 100 microns. The evaluation results showed that thickness of the perlite layer
has the greatest effect on the separation efficiency and when increased from 1 to
2 cm, increases the efficiency 2.5 folds. The maximum value of separation
efficiency was obtained at a vacuum level of 0.2 bar, particle size of 20 microns
and perlite thickness of 2 cm. The energy consumption of 60-micron perlite was
0.74 Wh in the optimal state, and the larger and smaller sizes of perlite had 4.5
times the energy consumption. These findings are applicable in the industrial
scale implementation of a biomaterial separation system using vacuum
membrane filtering.
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