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ABSTRACT

effluents. Due to presence of polymeric compounds such as lignin, this
effluent is harmful for environment and public health. In this study, ordinary
and electrospun (ES) polyacrylonitrile (PAN) ultrafiltration membranes were used to
separate the lignin from paper mill effluent.
Methods: To improve the ultrafiltration process, response surface methodology
(RSM) was employed to model and optimize the effective factors including effluent
concentration, pressure and polyvinylpyrrolidone (PVP) concentration against
rejection and flux. In addition, the electrospun membranes were used to separate
lignin, moreover the electrospun membranes were modified by dimethylformamide
(DMF) vapor. Finally, the fouling effect was evaluated on all 3 types of membranes
(ordinary, ES, and modied ES).
Findings: The results showed that, the performance of PAN ultrafiltration membrane
Ultrafiltration was acceptable to separate the lignin from the wastewater. In fact, by increasing
! the waste concentration the flux decreased, but the rejection first increased and
lignin separation, then decreased gradually. Pressure increment increased the flux and decreased the
electrospun membrane, rejection linearly, however, this behavior at high pressures was taken place gradually.
To improve the hydrophilic effect of PAN membranes, PVP was added to the
ultrafiltration membranes. So, the flux increased significantly but PVP had a negative
flux effect on the rejection. At optimum condition, the flux and rejection of ultrafiltration
membrane reached 14.76 L/m*.h and 93.91%, respectively. In electrospun membranes
the flux increased at least by twice in comparison with the optimized ultrafiltration
membrane, though the rejection was lower. To increase the rejection, the electrospun
membrane was modified by DMF vapor. For this study, exposing of electrospun
membrane to DMF vapor for 20 min gave the best results. Finally, the fouling test
was accomplished on all 3 types of membrane. The electrospun membrane displayed
the longest fouling time of about 210 min, however, the ultrafiltration and modified
electrospun membranes were blocked after 190 and 110 min, respectively.

l lypothesis: Wastewater from paper industries is one the most polluting

rejection,
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Fig. 2. Schematic diagram of dead-end setup.
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Table 2. The different levels of factors in the ultrafiltration experiments based on central composite design (CCD).

Low axial Low factorial Center High factorial | High axial
Factor Code Unit )
(-1.6671) (-1) point (0) (-1) (+1.6671)
Wastewater concentration A g/L 50 60 75 90 100
Pressure B bar 0.5 1 1.75 2.5 3
PVP C % 0 0.8 2 32 4
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Table 3. The experiment design based on CCD and the result of flux and rejection.

Factor Response
Run Wastewater
Pressure (bar) PVP (%) Flux (L/m?h) Rejection (%)
concentration (g/L)
1 50 1.75 2 22 89.2
2 60 1 0.8 16 88.8
3 60 2.5 0.8 15 95.58
4 60 1 32 11 87.53
5 60 2.5 32 23 77
6 75 0.5 2 8.5 92
7 75 3 2 16 86.7
8 75 1.75 0 8 96.5
9 75 1.75 4 32 79
10 75 1.75 2 11.6 90
11 75 1.75 2 11.8 89.25
12 75 1.75 2 11.5 91
13 75 1.75 2 11.9 89
14 75 1.75 2 12 89.7
15 75 1.75 2 11.5 90
16 90 1 0.8 11 86.5
17 90 2.5 0.8 15 91
18 90 1 32 9 85
19 90 2.5 32 14 76
20 100 1.75 2 8.5 84.7
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Respon Model P-value R-squared Adj. R-squared CV (%) | Adeq precision
Flux Reduced modified-manual <0.0001 0.9937 0.9868 2.21 46.96
Rejection Reduced quadratic-manual <0.0001 0.9540 0.9328 1.59 24.297
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Fig. 5. The effect of: (a) wastewater concentration and pressure at the constant concentration of 2% PVP, (b) wastewater and PVP

concentration at constant pressure of 1.75 bar, and (c) pressure and PVP concentration at constant wastewater concentration of

75 g/L on the rejection.
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Table 5. Optimum conditions proposed by the model based

on maximization of: (a) flux, (b) rejection, and (c¢) simultane-

ous flux and rejection.

Wastewater PVP
) Pressure .
State concentration concentration
(bar)
(g’'L) (%)
a 60 2.5 3.14
b 60 2.5 0.8
c 60 2.5 0.93
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Table 6. Verification of optimum condition suggested by the model based on maximization of: (a) flux, (b) rejection, and (c) si-

multaneous flux and rejection.

. . CI 95%
State Target Responses Predicted Experimental -

Low High
o Flux (L/h.m?) 22.7339 22.06 21.28 24.24

a Maximize
Rejection (%) 78.8074 78.54 76.93 80.68
Flux (L/h.m?) 15.3609 14.33 14.13 15.65

b Maximize
Rejection (%) 95.657 93.88 93.73 97.59
o Flux (L/h.m?) 15.7658 14.76 14.61 16.97

c Maximize o

Rejection (%) 94.9344 93.91 93.12 96.75
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Table 8. The results of flux and rejection in modified electro-

spun membranes with DMF solvent.

Pressure | Exposure time to Flux Rejection
(bar) DMF vapor (min) | (L/h.m?) (%)
5 45 78.77
10 40 80.3
2.5
20 36.6 84
30 25 85
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Table 7. Flux and rejection in electrospun membrane.

Wastewater Pressure Flux Rejection
concentration (g/L) (bar) (L/h.m?) (%)
60 2.5 45 76
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Fig.7. SEM images (4.49-5.1 kX) of modified electrospune PAN membrane surfaces after exposure to DMF vapor at 50°C for: (a)

5 min, (b) 10 min, (¢) 20 min, and (d) 30 min and (¢) pristine nanofibers membrane without treatment.
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Fig.8. SEM images (18.4-24.3 kX) of modified electrospune PAN membrane surfaces after exposure to DMF vapor at 50°C for

different times: (a) 5 min , (b) 10 min, (¢) 20 min, and (d) 30 min, and (e) pristine nanofibers membrane without treatment.
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