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Obijective: This study investigates the effect of lithium chloride (LiCI) concentration on the
structure and performance of polyethersulfone hollow fiber membranes for the treatment of
oily and industrial wastewater. The membranes were fabricated using the phase inversion
and wet spinning methods, and different concentrations of LiCl (2 and 4 wt%) were added
to the polymer solution.

Materials and methods: The membrane structure was examined using Scanning Electron
Microscopy (SEM), and its physical and performance characteristics, including porosity,
pore size, water permeability, and oil rejection rate, were evaluated.

Results: The results showed that increasing the LiCl concentration led to the formation of
thinner finger-like pores and an increase in their number, thereby improving the surface
porosity of the membranes. The membranes containing 4% LiCl exhibited a surface porosity
of 437 m2/m3, a pure water flux of 23 L/m?/h, and an oil rejection rate of over 98%, which
was attributed to the nanometer-sized pores (36 nm). Furthermore, the addition of LiCl
enhanced the mechanical strength of the membranes; the modified membranes with 4% LiCl
showed tensile strength of 3.8 MPa (65% higher than membranes without LiCl) and greater
resistance to compression (30% flux decline after 3 hours of operation compared to 50% for
membranes without LiCl). These mechanical improvements positively impacted the
membrane lifespan and the efficiency of the filtration processes.

Conclusions: This study demonstrated that adding LiCl to the polymeric composition
improves the structural, functional, and mechanical properties of polyethersulfone
membranes, making them a suitable option for separating oil pollutants from industrial
wastewater. These membranes can play a significant role in water and wastewater treatment
processes, improving efficiency and reducing treatment costs.
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Table 1: Characteristics of Industrial Oily Wastewater Used in the Research
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- 7.2 pH
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Chemical Oxygen
Demand (COD)

mg/L 580 (sl Sl 350 530S
Biochemical Oxygen Demand (BOD)
mg/L 320 Glao Slal> J5
Total Suspended Solids (TSS)
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Oil & Grease Content
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Table 2: Mechanical Properties of PES Hollow Fiber Membranes

Y5l o ol rels as g Sl Jgre Sk alais b Jobo sosl st plSocil Lag diges
celus (%0) Young’s Modulus (%) Tensile Strength Membrane Sample
Flux Decline After 3h (MPa) Elongation at Break (MPa)
(%) (%)
50.2+34 43.5+2.1 254+ 1.8 23+0.2 M1 (9 stz LICI)
(Membrane without
LiCl)
38.5£2.8 52.8+2.5 32.7+2.1 3.1+0.3 M2 (¥ L L22% LiCI)
(Membrane with 2%
LiCl)
30.1+£2.5 58.6+2.7 38.5+23 3.8+£0.3 M3 (f L sL22% LiCI)
(Membrane with 4%
LiCl)
¥

Aot agd osbye (S 5 638 ilelb (b9, b PES (JBg5 SUI slalias gl cnl )0

M1 loaS dalicé ololis (gly i oy blié o Slae 5 ti5ls 5 LICT i 0o 10 F 5 ¥ slocdale

Jols ol sl wias solier | (LICT ¥/ b (slie2) M3 4 «(LiCl Y7, b (sLiné) M2 (LiCl 9 (slic2)

(395 2ol ab aslllas SEM g9 28Ul oS 9,500 b (o)1 haw 5 (IS o (o5 ¢ ahaile mlans

Llelae U5 Jodsg do o aials 00 mess 655 olsl i cani b odaw Jod5d g o odaw (sloo o 8510

woy0 5 Al Ol LS cgel Sldl gl pins 5 (2lie Jgile colo b wpprizman ol Al (mi 35 (Y9,
AL ()2 (E9) (i



1EF 5l P o)led conrin 095 Silwlaz wiige 9 pole 4 )l

SEM 95Ul 98y Sie b laltd gy N F

(S s € (75 s (D (20 e o @ LiICH 90 g5 S| slolt g 95ug oo sl 2 JS2
Figure 1: Microscopic Images of Hollow Fiber Membranes without LiCl a) Cross-sectional Surfac b)
Outer Surface c) Inner Surface
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Figure 2: Microscopic Images of Hollow Fiber Membranes Produced with 2% LiCl a) Cross-sectional
Surface b) Outer Surface c) Inner Surface
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Figure 3: Microscopic Images of Hollow Fiber Membranes with 4% LiCl a) Cross-sectional Surface b)
Outer Surface c) Inner Surface
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Table 3: Properties of Hollow Fiber PES Membranes

(SIS S5 Silgyied Cuaglie maw ige S o bagte i Ve s yls Lié aigai
(%) Total Rm (m2-h-bar/L) (m#m3) (nm) kPa (GPU) Membrane Sample
Porosity (%) Hydraulic Effective Mean Pore Permeability
Resistance Rm Surface Diameter at 100 kPa
(m2 h-bar/L) Porosity (nm) (GPU)
(M3 m3)
76.6 0.666 31 150 930 M1 (9o sLecLiCl)
(Membrane without LiCl)
78.5 0.188 218 72 4090 M2 (¥ L Lz2%LiCl)
(Membrane with 2%
LiCl)
77.8 0.172 437 36 4670 M3 (¥ | sl2e% LICI)
(Membrane with 4%
LiCl)
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Figure 4: Nitrogen permeability as a function of average pressure.
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Figure 5: Pure water flux of membranes as a function of time.

Sl LICT Lial381 b aas co las jla s M 5l ol &ygo a0 |y alls O Slsls Lo & S

o Al b0l co 0ol Cani YU ool 5 b baliae &8bdan o5 [l 4y a8 (il il 38l abay oll 5

Solgyad Caglae LM3 gl . ol anwlre blias Sy o Cwglin lid cans @l O LS bglas

M3 ol b jlas o T Slgly L p i .ad 1) Caaglie o e )b el o pe i o i)+ N YY

g ymdon J35 a4 iol8l cplacw ML glie Ui plp V0 Lo 185 a5 g celw auyo o 0d YY o0
Dgd on 03ld G Lie 3L sl

AMY y =S 8207x
&'« 0977

35
"M

o M3
25

y * 5300
20 I R« 0985

15

N

®o

10

Pure Water Flux (L/m*h)

> u 4 y = 1.5286x
A &'« 0988

0o i : 3 4 S 6 J -
Pressure Difference
Jlad s 5l al Lalls O s # S
Figure 6: Pure water flux as a function of pressure difference.

¢o



231 j 5900 Ol ol

o0dsdssLw ‘Sl.bl.&.c C’éj)—g] O}:..J}A‘ ‘S)L-JL).? f,f
ol il las Gldas floj 51 ol Ojgoas |y JBe5 BLII slalics g, Sy o 0 ¥ SO
8,5 61,5 Ygone PES (slalie il (ialidl (ée, (Siim w0 qoloy < 38 b ilicé aw o gl ans oo
€9, Shd o> 514 o YU w900l A3 0 b Liad cow e oo B Basasylias loy b (Sjme dwo 5o
W5l G Fiom d—ey0 (gl Y8 890>) (65wl slao o i dls JJoay M3 glic oS oo (6,5 ol

100
90 ’
80 A
70

60

A M1
M2
o M3

50

Separation Operation Time (%)

40
0 50 100 150 200 250 300 350
Separation Operation Time (Minute)

(S SU slalad (8g) (Fiom oys Y S
Figure 7: Oil rejection percentage of hollow fiber membranes.
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