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Table 1. Characteristics of NF membrane and
module used in this study

Membrane type AFC40
Effective area (cm?) 240
Diameter (mm) 63.5
Length (cm) 30
Range of pH tolerance 1.5-9.5
Maximum temperature (°C) 60
Maximum pressure (MPa) 6
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Table 2 The Variables and levels used in D- optimal design for Nanofiltration
treatment of tomato paste plant wastewater.

Actual value Variables coded
Pressure  pH Temperature Pressure  pH Temperature
1 10 6 50 -1 1 1
2 20 4 50 -1 1
3 15 5 40 0 0 0
4 20 5 50 1 0 1
5 20 6 50 1 1 1
6 10 4 30 -1 -1 -1
7 10 5 40 -1 0 0
8 20 5 30 1 0 -1
9 15 5 50 0 0 1
10 15 4 50 0 -1 1
11 20 6 40 1 1 0
12 10 4 50 -1 -1 1
13 15 5 50 0 0 1
14 15 5 40 0 0 0
15 15 5 30 0 0 -1
16 10 5 40 -1 0 0
17 10 6 30 -1 1 0
18 15 6 30 0 1 -1
19 15 4 40 0 -1 0
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Fig 2 Dynamic permeate flux during nanofiltration process of tomato paste wastewater at )15=TMP ,
5=pH( various operating TMP

Table 3 Analysis of variance (ANOV A) of factors affecting on the permeate flux

Source f!r)e Z%c?ri Coefficients MS Fvalue Pvatue
Model 4 118.94 1594.95 160.83 0.0001
A 1 21.77 5540.51 558.71 0.0001

B 1 4.07 162.45 16.38 0.001
C 1 4.35 221.28 22.31 0.0003
B"2 1 -3.15 47.97 4.84 0.0439
AxB 1 31.95 0.58 0.4369
AxC 1 79.74 1.45 0.2566
BxC 1 1.87 0.03 0.8573

Lack of Fit 10 9.57 0.90 0.58

Pure Error 5 10.68
Cor Total 19

A, Pressure; B, -pH: C, Temperature

Table 4 Effect of increasing temperature, pH
and transmembrane pressure (TMP) on change
percentage of permeate flux, fouling in the NF

treatment of tomato paste wastewater

Process variable Flux Fouling
Temperature (°C) +0.5 +0.26
pH +6.07 -3
TMP +4.85 ++0.87
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Fig 3 The combined effects of TMP and pH on the
permeate flux (Temperature:40 C)
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Table 5 Analysis of variance (ANOVA) of factors affecting on the fouling

Source Degree Coefficients MS Fvalue Pvatue
freedom
Model 6 9.30 78.59 27.45 <0.0001
A 1 4.78 262.32 91.62 <0.0001
B 1 -3.23 98.52 34.41 <0.0001
C 1 1.94 44.01 15.37 <0.0018
AxB 1 -1.51 15.12 5.28 0.0388
AxC 1 431 1.37 0.2675
BxC 1 0.04 0.01 0.9852
A’ 1 -1.90 16.12 5.63 0.0325
B’ 1 4.21 81.41 28.43 0.0001
Residual 13 2.86
Lack of Fit 8 3.86 3.03 0.118
Pure Error 5 1.27
Cor Total 19

A, Pressure; B, -pH: C, Temperature
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Table 6 Optimization of nanofiltration treatment of tomato paste plant wastewater

Process Upper limit ~ Lower limit Goal Actual value Optimum value
variable
Pressure (bar) 20 10 In range 20 20
Temperature (°C) 50 30 In range 30 30
pH 6 4 In range 5.6 5.6
Flux (kg/hrm®) 145.5 87.30 Max 132.80 137.70
Fouling (bar) 21.40 3.80 Min 10.80 7.90
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In this Research Laboratory, the effects of transmembrane pressure at three levels (10, 15, 20 bar), pH
at three levels (4, 5, 6), temperature at three levels (30, 40, 50 °C) on the permeate flux and the fouling
during the nanofiltration of wastewater obtained from tomato paste plant were investigated. Response
surface methodology (RSM) based on the D-optimal design was employed to arrange the experiment
design and to analyze the experimental data. The results demonstrated that the quadratic polynomial
models are highly promising for modelling the permeate flux and fouling (R* equal to 0.96 & 0.93,
respectively). In addition, the results demonstrated that the lack-of-fit tests have been found to be
insignificance in all cases, along with high values for the adequacy precision. The desirability function
has been achieved as 0.89. The optimum condition has been found as following: the pressure of 20
bars, temperature of 30 °C, and pH of 5.6, respectively. There was no significant difference between

experimental and predicted values in the optimum condition.
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