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The presence of pharmaceutical wastewater can pose significant challenges
to the environment. Since conventional wastewater treatment processes are
not efficient for the complete separation of drug materials, solvent
extraction through a hollow fiber membrane contactor could be a promising
alternative. In this study, a developed polysulfone (PSF) hollow fiber
membrane was fabricated using a non-solvent phase separation (NIPS)
method to extract penicillin G from aqueous solutions in the membrane
contactor system. From the characterization experiments, the prepared
polysulfone membrane demonstrates an outer surface contact angle of
69.6°, critical water entry pressure (CEPy) of 250 kPa, total porosity of
72.2%, and collapsing pressure of 500 kPa. The extraction of penicillin G
from the aqueous phase was performed with a 5% w/w solution of Aliquat
336. The effect of the operating parameters on the extraction flux of
penicillin G was investigated using the response surface method (RSM).
The optimum penicillin G flux of 1.46x10° kg/m?s was found at an
operating pressure of 100 kPa, an aqueous phase flowrate of 70.5 ml/min,
and an organic phase flowrate of 200 ml/min. Therefore, the developed PSF
hollow fiber membrane contactor can be considered a proper choice to
remove antibiotics (penicillin G) from aqueous solutions.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

The volume of antibiotics as causal pollutants in
especially
environments, has increased significantly. To
remove and recycle pollutants from hospitals and

the environment,

Environment and Water Engineering

urban and industrial wastewaters, membrane
technology has been designed. Membrane
contactor technology has been applied for gas
and liquid separation thanks to the advantages
such as high contact area, low operating pressure,
and high efficiency. Several studies on

aquatic
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extraction of Penicillin G through hydrophobic
hollow fiber membranes such as polypropylene
(PP), polyvinylidene fluoride (PVDF) and
poly(vinylidene fluoride-co-
hexafluoropropylene) PVDF-HFP have been
conducted. Polysulfone (PSF) with high
chemical and mechanical stability has a high
potential for fabrication of microporous hollow
fiber membranes. Improved PSF membranes
have shown good results in absorption of CO>
through  gas-liquid membrane  contactors.
Therefore, it is expected that a decent Penicillin
G removal efficiency can be achieved through
PSF hollow fiber liquid-liquid membrane
contactors. For the first time, in this study,
developed PSF hollow fiber membranes were
used to extract Penicillin G by Aliquat 336
solution (5 wt.%) from wastewater and the
extraction flux was optimized through RSM
evaluation.

Material and Methods

Polysulfone (Udel P-1700, SOLVAY) particles
were used to fabricate hollow fiber membranes.
N-methyl pyrrolidone as a solvent and glycerol
as a non-solvent were used to prepare the
polymer solution. The hollow fiber membranes
were fabricated through a dry-wet spinning
process. The prepared hollow fiber membranes
were analyzed by overall porosity, CEPw, water
contact angle, N permeation, and FESEM
examinations. The developed polysulfone hollow
fiber membrane is used in the membrane
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 5% wi/w
aliquot 336 in oleyl alcohol solvent. The effect of
the independent variables of the experiment,
including aqueous phase flowrate, organic phase
flowrate, and water phase pressure on the
penicillin G extraction flux was studied by the
central composite design (CCD) method in the
response surface method (RSM).

Results
From FESEM images, the prepared hollow fiber
membrane showed an almost finger-like

structure. Principally, the membrane structure
prepared by a phase-inversion method is
controlled by thermodynamic and kinetic effects.
Adding non-solvents to the polymer solution can
reduce the thermodynamic stability of the
solution and generate a finger-like structure. On
the other hand, the non-solvent can increase the
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viscosity of the polymer solution (kinetic effect)
which results in a sponge-like structure due to
the delay phase-inversion process. It seems that
the Kkinetic effect was overtaken by the
thermodynamic effect for the prepared PSF
membrane and an open finger-like structure was
produced. In fact, the finger-like structure can
minimize the resistance of the membrane for
Penicillin G extraction through the membrane
contactor system. From the N, permeation test,
the improved polysulfone membrane exhibited
large pore sizes and high surface porosity (see
Table 1). This can be related to the increase of
phase-inversion rate and the generated finger-like
structure. Indeed, a significant number of finger-
likes can be extended to the outer surface to
generate high surface porosity. The membranes
with high surface porosity and nanometer pore
sizes are more favorable for membrane contactor
applications due to an increase in the contact area
between phases and a higher wetting resistance.

The improved PSF membrane presented a high
overall porosity of about 72% due to the open
structure with large finger-like cavities. The PSF
membrane showed a low hydrophobicity in terms
of water contact angle. However, due to
nanometer pore sizes a good wetting resistance
with CEPw of 250 kPa was found. In addition,
the PSF membrane demonstrated good
mechanical stability with collapsing pressure of
500 kPa. The properties of the developed PSF
hollow fiber membrane are given in Table 1.

Table 1 Properties of the porous PSF hollow fiber
membrane

Parameter (unit) Value

N2 permeabiliy (GPU) 1820
Mean pore size (1m) 36

Overall porosity (%) 72.2
Water contact angle (°) 69.9
Effective surface porosity (m™) 218
CEPw (kPa) 250
Collapsing pressure(kPa) 500

The software proposed a reduced quadratic
model, and the proposed model was confirmed in
various ways. The proposed model has a P value
of 0.0007 and an F value of 14.26. R? and Adj.R?
had relative values that showed the accuracy of
the proposed model by the software. The lack of
fit was equal to 0.8660, which was not a
significant value, confirming the accuracy and
appropriateness of this model. Fig. 1 confirmed
the model as the experimental was close to the
importance of penicillin G extraction predicted
by the model. This means that the model's
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prediction accuracy was high, and the predicted
values were very relative to the values of the
experimental results.

1.50E-03

1.40E-03 |
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Predicted extraction flux

1.10E-03
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Exprimental extraction flux

Fig. 1 Experimental versus predicted data for Pen-G
extraction flux

The effect of aqueous phase flowrate and organic
phase flowrate on the penicillin G extraction flux
were tested. At a constant feed concentration of
120 ppm and a temperature of 25 °C, an increase
in feed flow rate from 45 to 120 ml/min resulted
in a slight change in the extraction flux,
indicating small mass transfer resistance in the
aqueous phase. On the other hand, with the
increase in the flow rate of the organic phase
from 35 to 200 ml/min, a noticeable increase in
the extraction flux can be observed, which
indicates the dominant mass transfer resistance in
the organic phase. Since the driving force for
mass transfer in the membrane contactors system
is the concentration difference between the
phases, by increasing the flow rate of the organic
phase, the thickness of the boundary layer is
reduced, and the driving force for mass transfer
is improved.
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Conclusions

The developed porous PSF hollow fiber
membranes were fabricated by a spinning
process and applied in a liquid-liquid membrane
contactor system for penicillin G extraction.
From FESEM images, the PSF membrane
demonstrated an open structure with large finger-
like cavities. From N, permeation test, the mean
pore size and effective surface porosity of 36 nm
and 218 m*, respectively. the polysulfone
membrane showed an outer surface water contact
angle of 69.9°, critical water entry pressure of
250 kPa, overall porosity of 72.2%, and
collapsing pressure of 500 kPa. The optimal
value of penicillin G extraction flux predicted by
the model was found to be 1.46 x 10 kg/m?s at
an aqueous flow rate of 70.5 ml/min, the organic
flow rate of 200 ml/min, and pressure of 105
kPa. The value of error between the experimental
(1.4 x 103 kg/m?) and the predicted flux was
about 4.1%, which confirmed the accuracy of the
model. Therefore, the liquid-liquid extraction
through the developed polysulfone hollow fiber
membrane contactor can be a possible alternative
for removing antibiotics from wastewater.
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Table 1 Characteristics of the hollow fiber membrane

module

Parameter Value
Number of fibers 60
Module length (mm) 300
Effective fiber length (mm) 200
Fiber i.d. (mm) 0.4
Fiber 0.d (mm) 0.6
Module density (%) 15
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Table 2 The range of experimental independent variables for extraction of Pen-G

Variable (unit) symbol level(-1) level(0) level(+1)
Agqueous phase flow rate (ml/min) A 45 82.5 120
Organic phase flow rate (ml/min) B 35 117.5 200
Agueous phase pressure (kPa) C 1 2.5 4
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Table 3 Designed experiments and the obtained response for the dependent variables

Run Run Type A B C Response
1 C 82.5 117.5 2.5 0.00112
2 C 82.5 117.5 25 0.00125
3 A 82.5 200 25 0.00141
4 C 82.5 117.5 25 0.00127
5 A 82.5 117.5 4 0.00145
6 A 45 117.5 25 0.00107
7 A 120 117.5 25 0.0012
8 F 45 35 1 0.00097
9 A 82.5 35 25 0.0010
10 A 82.5 117.5 1 0.0013
11 C 82.5 117.5 25 0.00118
12 F 120 200 1 0.00133
13 C 82.5 117.5 25 0.00113
14 F 120 35 4 0.00132
15 F 45 200 4 0.00134
b o (KQ/M2.8) 2 el JLi oled sl g (bar) jLzs :C (ml/miny JT 56 ooB «(ml/min) mbe 56 oo A S
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Fig. 3 Gas permeability of PSF membrane
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Fig. 2 FESEM micrographs of PSF hollow fiber
membrane: a) cross-section; b) inner skin layer and c)
outer surfac layer
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Table 4 Properties of the porous PSF hollow fiber
membrane

Parameter (unit) Value

N2 permeabiliy 1820
Mean pore size (um) 36

Overall porosity (%) 72.2
Water contact angle (°) 69.9
Effective surface porosity (m™) 218
CEPw (kPa) 250
Collapsing pressure(kPa) 500
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Fig. 4 Experimental versus predicted data for Pen-G
extraction flux
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Table 5 ANOVA for RSM

source Sum of squares  df Mean Square  F-value p-value
Prob> F
Model 2.625E-07 6 4.375E-08 14.49 <0.0007 significant
A 3.682EE-08 1 3.682E-08 12.20 <0.0082
B 8.000E-08 1 8.000E-08 26.51 <0.0009
C 4.420E-08 1 3.420E-08 14.65 <0.0050
AC 1.470E-08 1 1.470E-08 4.87 0.0584
A? 2.671E-08 1 2.671E-08 8.85 0.0177
c? 6.187E-08 1 6.187E-08 20.50 0.0019
Residual 2.415E-08 8 3.018E-09
Lack of fit 5.546E-09 4 1.387E-09 0.2982 0.866 not
significant
Pure error 1.860E-08 4 4.650E-09
Cor Total 2.866E-07 14
R? 0.9158 Adjusted R>  0.8526
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Fig. 6 Surface plot of Pen-G extraction flux as a
function of pressure and aqueous phases flowrate
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