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ABSTRACT

ypothesis: Thin-film nanofiltration membranes based on polyether sulfone
Hwere prepared using acrylic acid and carbon nanofibers, and the effect of
the coating layer on heavy metal separation and antifouling properties of the
membrane was evaluated.
Methods: Thin film nanofiltration membranes were prepared using dip-coating
technique. The properties of the pristine and modified membranes were evaluated by
scanning electron microscopy (SEM) images and Fourier transform infrared (FTIR)
analysis. Also, by the Taguchi experimental design algorithm, the effect of the coating
layer on the physical and chemical properties of the membranes such as pore size,
membrane hydrophilicity, and their performance in terms of pure water flux, sodium
sulfate rejection and flux, and heavy metal removal efficiency were investigated.
Findings: The results revealed that the modified membrane with 2.5% acrylic acid,
0.5% carbon nanofiber, and 3 h of reaction time exhibited higher hydrophilicity and
larger pore size than other membranes. SEM images of the modified membranes
revealed that appropriate amounts of surface modification parameters led to the
formation of a poly(acrylic acid) layer with suitable density and desirable dispersion
membrane, of nanoparticles and no agglomeration in the optimized membrane structure. The
results indicated a significant improvement in the permeation flux of heavy metal
solutions through the optimized membrane compared to the pristine membrane.

thin-film nanofiltration

surface modification,

poly(acrylic acid)/carbon Additionally, the flux reduction in the optimized membrane was 16.1% less than
nanofibers, that of the unmodified sample, demonstrating the suitable resistance of the modified

membrane to fouling. The removal percentage of Cu, Cr and Pb was 58.9%, 52.0%,

heavy metal removal, and 62.3% for the neat membrane, whereas it was 82.3%, 80.0%, and 89.5% for the
anti-fouling resistance superior modified membrane, respectively. The results indicated that the modified

membrane performed better in removing lead than copper and chromium.
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Table 1. The experimental design matrices and results of surface modification of membranes.

Sample (?Ajljvli) (02 vltt) lsizl:t(iﬁ;l I\S/Iizzn(rpl);r)e c\:ri[eerrlt C;I?gt?ec t rejséiltzon solu?iilrtl flux (IBXFh)

(%) (degree) (%) (L/m?.h) ’
MO - - - 3.59 73.10 42.0 66.34 9.00 7.91
M1 0.25 2.5 2 1.75 74.51 28.0 53.9 1.88 1.76
M2 0.5 2.5 3 3.61 75.73 254 64.68 5.36 6.82
M3 1 2.5 4 2.10 73.14 34.3 59.83 2.74 2.13
M4 0.25 5 3 1.57 72.88 273 70.87 1.43 1.13
M5 0.5 5 4 1.88 70.35 274 67.20 1.97 1.08
Mo 1 5 2 1.53 72.86 33.1 56.54 3.38 1.84
M7 0.25 10 4 1.86 69.85 36.8 52.73 243 2.59
M8 0.5 10 2 2.08 71.13 38.0 58.75 1.62 1.25
M9 1 10 3 1.82 70.23 352 69.60 2.64 1.42

“Sodium sulfatehr, AA; acrylic acid, CNF; carbon nanofiber.
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Fig. 3. The effect of surface modification parameters on pure
water flux of nanofiltration membrane: (a) weight percent of
acrylic acid, (b) weight percent of nanofibers, and (c) reac-

tion time.
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Fig. 4. The effect of surface modification parameters of nano-
filtration membrane on flux and salt rejection (a) weight
percent of acrylic acid, (b) weight percent of nanofibers, and

(c) reaction time.
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Fig. 6. The effect of surface modification parameters of
nannofiltration membrane on contact angle. (a) weight
percent of acrylic acid, (b) weight percent of nanofiber, and (c)

reaction time.
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Fig. 5. The effect of surface modification parameters of nano-
filtration membrane on membrane mean pores size. (a) weight
percent of acrylic acid, (b) weight percent of nanofiber, and

(¢) reaction time.
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Fig. 7. The effect of surface modification parameters of
nanofiltration membrane on water content. (a) weight
percent of acrylic acid, (b) weight percent of nanofiber, and (c)

reaction time.
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Fig. 8. Comparison of physical and chemical properties of the optimized membrane with pristine and other modified

membranes: (a) water content, (b) water contact angle, (¢) porosity, and (d) mean pore size.
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Fig. 9. Comparison of separation behaviours between
optimized membrane with pristine and other modified
membranes: (a) pure water flux, (b) salt solution flux, and (c)

sodium sulfate salt rejection.
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Fig. 10. The SEM cross sectional (index 1) and surface images (index 2) of nanofiltration membranes (M1 to M9).
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g SLid b (i 3 Sde gy p
Slp sl Glaclle 5l v a bl slils ST S
slie gl JBlo Glaosasl 5 edd eslizad (Y+ ppm) Oy 2
Gl S 51 glanslan V) IS8 0 el ¥/0 bar jLis > 4y
OLis sl glis 5 g glis lp 1) S Jsloe (5500
Lo 53 o Sl (Guse SLe 0 e da>e 45 boles das s
GLis &l OV L/m2h) 5505 | lide op 2l adsl gladle; 5o
Sop DL Ol C2IS L (g glis ¢l VA LMD 5 ol
w5 ol L (sl 8 ol ey 2 e 4 5 4Bl ralS
b slid 3 (Ko ol ol 7Y Limth 5 /P G S
ol s el o3y 5 5L A TR ang slie s 5 TANDY.

PbMo

6000+

5000+

4000+

C Ko

3000+
2000+

1000+
CiKp
o Cuko e [kev

0 10.00

oS b Gl 3 48w ag sLis EDX 05051 1Y 2
Fig. 12. The EDX analysis results for used optimized

0

membrne in heavy metal removal.
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Fig. 13. The elements distribution in body of the optimized nanofiltration membrane: (a) Cu, (b) Cr, and (c) Pb.
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Table 2. Comparison of the obtained results in this study with some earlier reported ones.

Heavy metals removal (%) Water flux Rejection, Na SO
Membrane R o Ref.
Pb Cr Cu (L/m?h) (%)
[PES/PAA-CNF] 62.3-82.5 52-80 58.9-82.3 >6.8 > 64 This study
[PES/CNFs-co-Cs] 38.02-95 48.46-95 45.3-95 4.25-13.58 66.49-82.66 [16]
[PES/PMMA-GO] - 49.3-75.3 51.4-81.7 2.0-3.0 68-70 [5]
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