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ABSTRACT

ypothesis: Considering water quality problems and strict rules established for
Hdrinking water treatment, there is an urgent need to use more effective and

economical methods to remove natural organic matter from water. Meanwhile,
membrane processes are one of the effective methods to remove these pollutants. In
this way, in order to prepare a membrane with a high ability to remove pollutants,
in the present study, the production and optimization of poly(vinyl chloride) (PVC)
membranes with poly(ethylene glycol) (PEG) additives have been carried out.
Methods: PVC microporous membranes were prepared by nonsolvent-induced phase
separation method. Influential parameters in the membrane fabrication, including the
concentration of PVC and PEG and the composition of the coagulation bath were
optimized using the response surface methodology (RSM). Meanwhile, tensile
strength and porosity were considered as responses.

Findings: The obtained results showed that all the membranes had an asymmetric
structure with finger like pores. It was also found that the tensile strength of the

poly(vinyl chloride), membranes increased with the increase in PVC concentration. The lowest tensile

natural organic matter, strength was related to the membrane made of 10.30% (by wt) of PVC, while the

membrane made of 18.7 % (by wt) of PVC had the highest tensile strength. In addition,
for the optimum membrane in which the concentration of PVC was 17.52% (by wt),
titanium dioxide. the concentration of PEG was 5.87% (by wt) and the volume fraction of ethanol in
the coagulation bath was 0.27, the tensile strength and porosity of the membranes
were obtained as 5 MPa and 80.57, respectively. Furthermore, in the following,
titanium dioxide nanoparticles (TiO,) were used to prepare the composite membrane
under the aforementioned optimum conditions. The obtained results showed that the
optimum membrane containing 2% (by wt) of nanoparticles had the highest humic
acid separation efficiency with a value of 80%.
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Table 1. Levels in the RSM method.
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Ranges and levels, a= 2
Variables
) -1 0 +1 +2
PVC concentration (weight percent, wt%) (X)) 10.30 12.00 14.50 17.00 18.70
PEG concentration (weight percent, wt%) (X)) 0.98 2.00 3.50 5.00 6.02
EtOH concentration in bath (volume fraction, ®) (X.) 0.06 0.20 0.40 0.60 0.74
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Table 3. Analysis of variance for tensile strength as response. Table 2. Experimental results from RSM.
Source DF | AdjSS | AdjMS | F-value | P-value Run PVC | PEG | Bath Stress Porosity
Model 9 | 63.9437 | 7.1049 | 7.04 | 0.003 Order | %wt) | @wt) | (F) (%)
) 1 18.70 3.50 0.40 10 76.00
Linear 3 | 526338 | 17.5446 | 17.39 | 0.000
2 14.50 3.50 0.10 3 81.00
PVC (wt%) 1 | 37.9497 | 37.9497 | 37.61 | 0.000 3 1700 | 500 | o060 A 20.30
PEG (Wi%) 1 | 84552 | 84552 | 838 | 0.016 4 17.00 | 2.00 | 0.20 6 78.10
Bath () 1| 62290 | 62290 | 617 | 0032 5 14.50 | 3.50 | 0.70 6 74.00
6 14.50 6.02 0.40 5 84.70
Square 3 | 32015 | 1.0672 | 106 | 0410
7 12.00 | 2.00 0.60 5 82.50
5
PVC (W%)*PVC (Wt%) | 1 | 04796 | 04796 | 048 | 0.506 g 1030 | 350 | 040 5 26.90
PEG (W%)*PEG(Wt%) | 1 | 0.1665 | 0.1665 | 017 | 0.693 9 1450 | 3.50 | 0.40 5 82.60
Bath (®)*Bath (d) 1| 22506 | 22506 | 223 | 0.166 10 17.00 | 5.00 | 0.20 5 81.60
] 11 17.00 | 2.00 0.60 8 75.00
2-Way Interaction 3| 81084 | 27028 | 268 | 0.104
12 14.50 3.50 0.40 5 83.00
PVC (W%)*PEG (Wi%) | 1 | 2.1852 | 2.1852 | 217 | 0.172 " 1200 | 500 | 020 3 9% 40
PVC (wi%)*Bath (@) | 1 | 0.8243 | 08243 | 082 | 0387 14 12.00 | 5.00 | 0.60 3 83.50
PEG (wt%)* Bath (@) | 1 | 50990 | 50990 | 505 | 0.048 15 1450 | 350 | 040 [ 5 82.90
16 12.00 | 2.00 0.20 2 85.60
Error 10 | 10.0907 | 1.0091 - -
17 14.50 3.50 0.40 5 82.70
18 14.50 3.50 0.40 5 83.20
el Ol sy s Ly ety o ¥
el R ol o0 Sl ol & S 19 [1450 | 350 | 040 | 5 | 82.50
Table 4. Analysis of variance for porosity percentage as response. 20 1450 | 0098 0.40 . 7590
Source DF | AdjSS | AdjMS | F-Value | P-Value
Model 9 | 274213 | 30468 | 1126 | 0000
Linear 3| 240069 | 80023 | 2958 | 0.000 - e 5 ol e
c‘?pl.?u' '“M)Jj ;.M....S"“ Kz...»" Jv\-ﬁﬂﬂ '”*J 3 S
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oo RSM jledalensas la Joloe plas .l PVC cble
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S eals QLS Y S s el e slasls s b (S
Bath (®) 1| 42785 | 42785 | 1582 | 0003 ) . @ . . )
..Ju“cﬂschl.;jsﬁy&nbﬁolﬁsu;ﬁraﬁj\wbﬁw
Square 329399 | 9800 | 362 | 0053

Sl ik by e el i sl g5 () 5 @) Y (sla U5
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3 l; Msda olis b alie J«L.«;S €&>=’;.~\ o)‘Ju\ 2 PVC
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Fig. 2. Response surface diagrams related to the effect of (a) PEG concentration and PVC concentration, (b) coagulation bath

composition and PVC concentration, and (c) PEG concentration and coagulation bath composition on tensile strength.
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+0.0292 PVC (Wt%) *PVC (wt%) +0.048 PEG (wt%)*PEG
(Wt%) - 9.88 Bath (®)*Bath (®) - 0.1394 PVC (w1%)*PEG
(W1%) - 0.642 PVC (Wt%)*Bath (®) - 2.66 PEG (wt%)*Bath (®)
)

Porosity (%) = 102.8 - 1.97 PVC (wt%) + 0.79 PEG (Wt%) + 3.1
Bath (®)- 0.0082 PVC (wt%)*PVC (Wt%) - 0.259 PEG (Wt%)*PEG
(Wt%) - 26.5 Bath (®)*Bath (@) + 0.167 PVC (Wt%)*PEG (wt%) +
0.90 PVC (wt%)*Bath (®) - 0.00 PEG (wt%)*Bath (®)
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Fig. 3. SEM images of (a) membrane made of 18.70 (wt%) of PVC and (b) membrane made of 10.30 (wt%) of PVC: (1) surface

area and (2 and 3) cross-sectional area of membranes.
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Fig. 4. Response surface diagrams related to the effect of (a) coagulation bath composition and PEG concentration, (b) PVC

concentration and PEG concentration, and (¢) PVC concentration and coagulation bath composition on porosity.
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Fig. 5. SEM images related to the cross -section of the membrane made in coagulation bath containing ethanol (a) 0.06 (®) (b) 0.74 (®).
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Fig. 8. Pure water flux of (a) pure PVC membrane without
PEG, (b) optimum membrane without nanoparticle and (c)

optimum membrane containing 2 wt% of TiO, nanoparticles.
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Table 5. Comparison of membranes in the field of humic acid

separation.
Membrane Humic acid Ref.
rejection (%)

PSF/PVP/ TiO, >90 [5]
PES/GO 94.5 [1]
PEI/PEG 56 [3]

PPSU/PEI 79 [3]
HDPE 89.54 [6]
PVC/PEG/TIO, 80 Present work
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