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Pharmaceutical waste is one of the considerable problems of the
environment. Membrane contactors are used to treat various of wastewater.
This study compared the effectiveness of polyvinylidene fluoride-
hexafluoropropylene (PVDF-HFP) and polysulfone (PSF) membrane
contactors in separating antibiotics from pharmaceutical wastewater. For this
purpose, PVDF-HFP hollow fiber membranes were prepared using the non-
solvent phase separation (NIPS) method. Hollow fiber membranes were
characterized. Penicillin G was extracted from pharmaceutical wastewater
with a liquid-liquid membrane contacting system. Optimizing the operational
variables of penicillin G extraction was done using the response surface
method. The results showed that the PVDF-HFP membrane has an open
structure with large finger-like cavities, fragile outer skin, and an inner
skinless layer. This membrane has an average surface pore size, total
porosity, and water contact angle of 0.04 um, 84%, and 94°, respectively.
PVDF-HFP membrane showed the maximum penicillin G extraction flux of
1.54 x 10 kg/m?s in the optimal operating conditions of aqueous phase flow
rate of 51 ml/min and organic phase flow rate of 144 ml/min. By comparing
the characteristics and using the response surface method, it was determined
that the PVDF-HFP membrane contactor has a higher extraction flux than
PSF in separating penicillin G from pharmaceutical wastewater.
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EXTENDED ABSTRACT

Introduction

The quality of water is a primary concern for
domestic and industrial applications. Nowadays,
antibiotics are one of the primary pollutants in
wastewater due to rapid industrial development
and population expansion. Several environmental
problems have been related to pharmaceutical
sewage because of its complex composition, high
concentrations of organic matter, microbial
toxicity, and high salts. Membrane separation
technologies have attracted considerable attention
for separating and purifying various wastewater.
High-performance and cost-effective membrane
separation processes like membrane contactors
have been applied for environmental protection.
In a membrane contactor system, a non-dispersive
contact between the gas/liquid or liquid/liquid is
provided that can use a wide range of the phases
flow ratio without facing operating problems such
as flooding, foaming, channeling, loading, and
weeping. The separation system's high mass
transfer coefficient and compaction can be
achieved due to the very high interfacial contact
area between the phases, especially where
thousands of hollow fiber membranes are packed
in a single membrane module. Limited research
has been conducted on the extraction of penicillin-
G through liquid-liquid membrane contactor
systems where commercial membranes such as PP
and PTFE have been applied. However, the long-
term stability of membrane contactor operation is
the main challenge that can be correlated to the
membrane material and structure, compatibility
with the organic solvent, and operating
conditions.

The main objective of this study was to compare
the separation performance of the polysulfone
(PSF) and poly (vinylidene fluoride-co-
hexafluoropropylene), PVDF-HFP, membranes
for extraction of penicillin-G through a liquid-
liguid membrane contactor system. The hollow
fiber membranes were fabricated by a nonsolvent-
induced phase separation (NIPS) method. The
main operating conditions for penicillin-G
extraction were optimized by response surface
methodology (RSM).

Material and Methods

PSF (Udel P-1700, SOLVAY) and PVDF-HFP
(12 wt% HFP, Kynar® 2801, ARKEMA)
particles were used to fabricate hollow fiber
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membranes: Dimethylacetamide (DMACc), a
polymer solvent, and glycerol, a non-solvent
additive, prepared solutions. The hollow fiber
membranes were fabricated through a dry-wet
spinning process. The structure of the hollow fiber
membranes was characterized by overall porosity,
critical water entry pressure (CEPy), collapsing
pressure, water contact angle, N» permeation, and
FESEM tests. The improved membranes were
used in a liquid-liquid contactor system to
separate penicillin-G  from  pharmaceutical
wastewater. The aqueous phase included
penicillin-G salt in sodium acetate buffer, and the
organic phase included five wt% aliquot 336 in
oleyl alcohol solvent. The effect of the
independent variables of the experiment, such as
aqueous phase flowrate and organic phase
flowrate, on the penicillin-G extraction flux was
studied by the central composite design (CCD)
method in RSM.

Results

From FESEM images, both membranes presented
open structures with finger-like and sponge-like
morphologies, which can be related to the fast
phase inversion process. Adding a small amount
of glycerol into the polymer solution can decrease
the  solution’s  thermodynamic  stability,
generating a finger-like structure. The PVDF-HFP
membrane showed an inner skin-less layer, which
can reduce the membrane mass transfer resistance.
Various tests were conducted to evaluate the
membrane structure, and the results are given in
Table 1.

Table 1 Properties of PVDF-HFP and PSF hollow
fiber membranes

Parameter (unit) PSF PVDF-
HFP
N> permeabiliy (GPU) 1820 4080

Mean pore size (um) 36 27

Overall porosity (%) 72.2 84.4
Water contact angle (°) 69.9 93.8
Effective surface porosity (m~ 218 581
D)

CEPy (kPa) 250 350
Collapsing pressure (kPa) 500 350

From the N, permeation test, the PVDF-HFP
membrane showed a smaller mean pore size with
higher surface porosity than the PSF membrane.
These properties can result in the improvement of
the liquid-liquid contact area to enhance the mass
transfer process. In addition, the PVDF-HFP
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membrane presented an open structure with an
overall porosity of about 84%, which is expected
to reduce the membrane resistance for penicillin-
G extraction. CEPw and contact angle tests
examined the wetting resistance of the
membranes. CEPy, of 350 kPa and water contact
angle of 93.8° were found for the PVDF-HFP
membrane, which is reasonably higher than the
PSF membrane values. It should be noted that
water penetration into the membrane pores
(membrane wetting) can significantly decrease
the extraction flux. Regarding mechanical
stability, the PSF membrane showed a higher
collapsing pressure, which can be attributed to the
polymer structure with a tall glass transition
temperature (Tg) of about 190°.
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Fig. 1 Performance comparison of the PSF and
PVDF-HFP hollow fiber membrane for extraction of
penicillin-G
Penicillin-G extraction flux of the PSF and PVDF-
HFP membranes is shown in Fig. 1. As can be
seen, the membrane extraction flux increased by

increasing the aqueous phase in the membrane
module. This can be related to decreasing mass
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transfer boundary layer thickness by increasing
velocity. The PVDF-HFP membrane showed a
higher trend of increasing penicillin-G flux due to
the improved membrane structure with higher
hydrophobicity and surface porosity.

Conclusions

1. Comparing the properties of PVDF-HFP and
PSF membranes, it was found that the PVDF-HFP
membrane is better than the PSF membrane due to
higher porosity percentage, narrower pores, more
excellent permeability, larger water contact angle,
and higher critical water entry pressure for
extracting penicillin G from wastewater.
Medicine is more suitable.

2. The results of DOE software showed that the
PVDF-HFP membrane showed a higher
extraction flux in the separation of antibiotics
from pharmaceutical wastewater than the PSF
membrane.

3. The developed PVDF-HFP hollow fiber
liquid-liquid membrane contactors are
suitable alternatives for antibiotic separation
from pharmaceutical wastewater.
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Table 1 Experimental independent variables for PVDF-HFP membrane

Variable (unit) symbol level (-1) level (0) level (+1)
Aqueous phase temperature (°C) A 8 26.5 45
Aqueous phase concentration (ppm) B 120 185 250
Aqueous phase flow rate (ml/min) C 45 82.5 120
Organic phase flow rate (ml/min) D 35 118 200

25 ol CCD Lag, b (V) alal, wal,5Y ax 50 Jow

Y = By + E B;X; + E By X7 + E E B;XiX; + € V)
i=1 i=1 i<j

e plyed (o Oekewity gl Sl g ulyd ()
0d o¢)5—| )‘J‘s‘ff .L:...uy omww .]a_s‘)..: 5 d.w‘j
b ) e A dlee (8) ala b gl ] L
> O gl e g ol sl L:aui;.il.aﬂ gLS)LJ

gexe Xi «oli Bo b yurito olaws N« ]y yuxite Y caS
lopite o 25515 XiXj doyate ¥ olys Xi? o as
atie @l 5 eiole;] slasols o B & .ol
Mt Jdo wolps Bij g Bii Bi sl Jow alewgas ous
i «539)3 5 paie yeais b RSM o (Elik 2022)
Jsa= ;0 .(Deb et al. 2021) 05 aslllas Silgs o Sls>

Olesl (b )0 (7 ek gl LS aly et s b esie JI-Y Jgor
Table 2 The effect of independent variables on the dependent variable of extraction flux in experimental design

Run Run point A B
1 F 45 250
2 F 45 250
3 F 45 120
4 F 8 250
5 F 45 120
6 F 8 120
7 F 8 250
8 F 8 120
9 A 8 185

10 A 45 185

11 A 26.5 120

12 A 26.5 250

13 A 26.5 185

14 A 26.5 185

15 A 26.5 185

16 A 26.5 185

17 C 26.5 185

18 Cc 26.5 185

19 C 26.5 185

20 C 26.5 185

21 C 26.5 185

C D Response (Pen-G flux)
120 35 0.00101
45 35 0.00109
120 200 0.00141
45 200 0.00116
45 200 0.00152
120 35 0.000994
120 200 0.00108
45 35 0.000700
82.5 118 0.00104
825 118 0.00139
82.5 118 0.00132
82.5 118 0.00126
45 118 0.00135
120 118 0.00128
825 35.0 0.000997
825 200 0.00148
82.5 118 0.00131
82.5 118 0/00132
825 118 0/00129
825 118 0/00127
82.5 118 0/00126

(ml/min) J7 56 oDy Slyes 56 oo :C «(PPM) S1,95 clale 1B ¢(°C) S1,95 los 1A
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Fig. 1 FESEM image of a cross-section of the
membrane: a) PVDF-HFP and b) PSF
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Fig. 2 FESEM images of the outer surface of the
membrane: a) PVDF-HFP and b) PSF

PSFy PVDF-HFP salic Sl zghw (V) JS& o
ao,s PVDF-HFP glic I3l mhaw ol oals 00l
Seele Gmegh cpl jo .l sole lid |y (o i el
sebteds (ol = Pl - ady o5 ailoles il 5 Lué
e JUam Cangli Jilas L J5bis 5 o5 o (ol
Soop bl ol ey ol Ll ol (b

e g e D e oS5 ol clale jpax cl Vgl abais 4
PVDF- -Gl laé J5Is mhaw JIFESEM poms ¥ IS Sepw Gl el (JomedS S35 7F) ond adlal
PSF - HFP & lad ol del> g 0l (5 ey Jolowe 558 (g5lulas

Fig. 3 FESEM images of the inner surface of the o Seolisge s bl ools F, s 4 ol sl

membrane: a) PVDF-HFP and b) PSF o .=
o Jgloxo Gy s Baw of FLS —F—Y G2 A8l Jos cul ol aze ]y m e 556 (s
sen S . S_V_ ) ) -
S Seobadge i )lS, 9 55 pl JeSis aingy 2,5 Y (55, SHL e Y, 5 55

SEM HV: 20.00 kV WD: 11.7230 mm VEGAW TESCAN
E

Polymer & Petrochemical Institute
Micro 1

) AT Pl s cands Jolome S5 5l oslaiwl ool 5 ogdle 0lo

S g Slzogas 4 alad Lol NIPS 2, 0 g1 5T 4 e Sl i e lsieas DMAC i3

2N-Methyl-2-pyrrolidone (NMP) Cloud point
Environment and Water Engineering o (owidige § o jlare 4
Vol. 10, No. 3, 2024 VEY 5ol ¥ ojlas e o0 DS

EWE


Admin
Typewritten text
309


Y-

\f'\‘ ‘Q‘)Lio.bju’:)}w LS“JL“'C

G 1ol 00 ool ST P> loredy sl e
el Sbe 5 ek Jolxe ;o DMAC/glycerol ;s
P @l ad (o) p oo s pl B 5 pSejluil L (s5lan
L oled 4 gaw, Glp wwad ool flas (F) S
Srorky Jslms S 3 Y (o 6 5 055 50,5
00yd el Pl ws olyod 4 (g peuds Joloo caimoylis
st PSF slie & s PVDF-HFP slic seis o
@ JgpelS 50558 Lol 35 15 Plo ws pibess
Pl 5o ek i Pl S8 el Joloe
JBPVDF-HFP 5 i Jxdsu b g bsle w5
Slr b o rwd JB s be cpl ol (i
zhoeel [la j0 a5 00,5 obml 5B g o e Jll
2 gl s Gl g ansls St b (2 b st

Sloazs |y PSF & s PVDF-HFP slas

o: PVDF-HFP polymer solufion
e: PVDF-HFP polymer solution and glycerol
A: polysulfone polymer solution

1.0

Sl 6l a5 wes (e i) 5B (ol g 5)ll
oS 0l dl e 90 Siiw o)l Lae o Slae 5 LSS
2 So9abse Glej )3 5B gl g padSas Gl yo Pl
<l sl (Ahmad et al. 2023) el P> oo slo>
e 3 3 3kl g S5 b Sl G slas
Jolows 40 Pl 8 39581l pandess JB e lo anl b
5o a5 s Giulidll (650 gilulas e s Wilgh co (6 pouds
@l G S 5 (Sea S0l sleo i L 5L (o sl o
Lae L oglloas Iy (Ahmad et al. 2023) ols
SRSl s oo jlws 43S 90 S35 5 65,50
D (K ol (s olsS 5 jeddy Sl 4 Lis
Joloee 51 (Sigly ce o b Shii> plo g (rban Jow
<5 5 .(Wang et al. 2000) <ol Jpu8 BB s eads
WS oo S8 e let g LSl (sreely Jobxe
Chle b ok w5y 4 Pl ws S o Sl
85 0,5 Ikl 1, (Sealiogeys ulyh porly 5l pogasna
(Bakeri et al. ol YL 566 Sg)ls ce ] a4l
55 5 P 05 plsie & JspalS 305 ol 52012)

Polymer

0.7 N\ 03

___________

00

DMAc/glycerol
o 0.0 0.1

g 3\‘\" ater

YO ‘Clslos 1o ST/ gyl = salin] it 69 youdy (53640 ailols (gl Ll -F IS
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Table 3 Characteristics of PVDF-HFP and PSF

membrane
Parameter (unit) PSF PVDF-
HFP
N2 permeabiliy (GPU) 1820 4080

Mean pore size (um) 36 27

Overall porosity (%) 72.2 84.4
Water contact angle (°) 69.9 93.8
Effective surface porosity (m- 218 581
Y

CEPw (kPa) 250 350
Collapsing pressure (kPa) 500 350
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Fig. 5 Comparison between gas permeability of PVDF-HFP and PSF membranes
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Fig. 6 Effect of aqueous phase flow rate on penicillin G extraction flux in PVDF-HFP and PSF membranes
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Table 4 Analysis of variance (Partial sum of squares - Type IlI)
Source Sum of DF Mean square F-value P-value
squares Prob> F
Modell 4.86E-007 10 4.86E-008 110. < 0.0001*
A-Temperature 6.13E-008 1 6.13E-008 139. < 0.0001
B-concentration 1.80E-009 1 1.80E-009 4.09 0.0740
C-Aqueous flow ate 1.25E-008 1 1.25E-008 28.4 0.000475
D-Organic flow rate 1.17E-007 1 1.17E-007 265. < 0.0001
AB 1.95E-008 1 1.95E-008 44.3 <0.0001
AD 3.84E-009 1 3.84E-009 8.72 0.0161
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A2 1.82E-008 1 1.82E-008 6 0.000122
D2 8.73E-009 1 8.73E-009 41.3 0.00160
Residual 3.96E-009 9 4.41E-010 19.8
Lack of fit 1.36E-009 5 2.73E-010 0.817™
Pure terror 2.60E-009 4 6.50E-010 0.420
Cor total 4.90E-007 19
s: not significant ~ *: Significant
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