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ABSTRACT

ypothesis: Oil waste-water pollution and the presence of water-in-oil create
Hsigniﬁcant environmental challenges and affect oil transportation processes,

including damage to aquatic ecosystems and corrosion of transfer equipment.
Therefore, in this study, polyacrylonitrile membranes with the addition of dopamine
(to increase hydrophilicity) and nanostructures ZIF-8 and ZIF-67 (to induce controlled
hydrophobicity) were fabricated, and their performance in separating water/oil
emulsions was evaluated.
Methods: Dual-layer nanocomposite membranes consisting of a polyacrylonitrile
substrate and an active polyamide layer were prepared. This polyamide active
layer was formed on the substrate using the interfacial polymerization method,
and dopamine along with ZIF-8 and ZIF-67 nanostructures were employed for its
modification. Fabricated membranes were characterized by ATR-FTIR, SEM, AFM,

contact angle, and porosity, while their filtration performance was assessed based on

flux, selectivity and filtration resistance.
. . Findings: The results show that polyamide coating and the addition of dopamine,
srafell s Rl el due to the hydrophilic nature of NH and OH groups, reduced the organic phase flux.
nanocomposite membranes, On the other hand, the addition of hydrophobic nanostructures ZIF-8 and ZIF-67
enhanced the organic phase flux by increasing surface roughness and lipophilicity.
Furthermore, the flux recovery in the M (0,0) membrane was less than 20%, while
ZIF-8, with polyamide coating and the addition of dopamine, the flux recovery in the PAN/
ZIF-67 PA (DA,0) membrane increased to 55%. The flux recovery of the hydrophobic PAN/
PA (DA, Z°,)) membrane reached an acceptable value of 96%. Additionally, the water
selectivity in the PAN/PA (0, 0) and PAN/PA (DA, 0) membranes was calculated
to be 51 and 56, respectively, while for the pristine membrane it was 2.22. These
nanostructures also increased the selectivity of the organic phase due to the presence
of hydrophobic 2-methylimidazole groups, and dopamine enhanced this effect,
increasing the value from 4.9 for the raw to 175 for the PAN/PA (DA, Z? ) membrane

dopamine,
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Table 1. Coding scheme of fabricated membranes.

Row Nanostructures Active Layer Concentration (Wt%) Level Membrane Code
1 - MPD 0.0750 1 PAN/PA (0, 0)
2 _ MPD/DA 0.0750/0.0100 2 PAN/PA (DA, 0)
3 0.0004 1 PAN/PA (0, Z')
4 ZIF-8 0.0009 2 PAN/PA (0, Z%)
5 0.0150 3 PAN/PA (0, Z°)

MPD
6 0.0004 1 PAN/PA (0,Z')
7 ZIF-67 0.0009 2 PAN/PA (0, Z* )
8 0.0150 3 PAN/PA (0, Z* )
9 0.0004 1 PAN/PA (DA, Z')
10 ZIF-8 0.0009 2 PAN/PA (DA, 7))
11 0.0150 3 PAN/PA (DA, Z38)
MPD/DA

12 0.0004 1 PAN/PA (DA, Z',)
13 ZIF-67 0.0009 2 PAN/PA (DA, Z2.))
14 0.0150 3 PAN/PA (DA, Z* )
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Fig. 1. Laboratory system used for the membrane filtration process for the separation of (a) water-in-oil emulsions and (b) oil-

in-water emulsions.
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Fig. 3. SEM image (a), processed SEM image (b), and particle size distribution (c) of ZIF-8 nanostructures, and SEM image (d),

processed SEM image (e), and particle size distribution (f) of ZIF-67 nanostructures.
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Fig. 4. ATR spectra of (a) PAN/PA (0,0), (b) PAN/PA (DA,0), (c) PAN/PA (DA,Z38), and (d) PAN/PA(DA, Z* ) membranes for

functional group identification.
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of fabricated membranes.

V&€ Sddawl—gpoig F 0)losb ainiad 9 w0 JUw ol SI9d9iSS 9 pole (sole dlxo

c"-w S ol SlaY L oaS cul NV um S e
DLy @5 55 s o Y pm o PAN/PA (0.0) slit
GRS Lt e 65, Kbl oY S 5 e
SIS g sl il IVF] e ok Lt e (55
= o3 bl fKa ) L (S8 S5 nalS (Lid w53 (505
SPANPA (Z2,0) (slalis slis| oty opimas 3Lzl
ol 45 deye XY um 5 Y & 5 PANPA (0, Z,)
26 L5 s PANPA (0, 0) GLié b awglin 55 (5,5 Lol
o oS A3k bl slie mlan bbb il 03581 )
o 5 pled sl Ll s s lag)l senl sl
Slalis o 55 5ph e il sy 5 2ty JT U e
glis,) iy 55 PAN/PA (DA, Z%) 5 PAN/PA(DA, Z,)
slalie as (g5 .cd /YO pm 5 2N L ol O e
PAN/PA (0, 0) clalis w3 L wclis ;> PAN/PA (DA, Z!)
Sl o ol 53 592 5 s o e ool anil 2alS Sl
ol p SOl glajlitle il el o Susl, 5 glasay s



e Aol 3 3005 0T 9 a0l Auly s g ST Slalise L LI

S (s 4w s Lol el el Ol Sie K,
035550 b .ol ¥2/007. PAN/PA (DA, 0) slis ;5 Jsdss
slalie Jsdss PAN/PA (DAL0) (slis mhau  Lajlotla it
5 Y4AY & s 54 PAN/PA (DA, Z°)) 5 PAN/PA (DA,Z°)
e Wlg o s 2als Bls sl sl Ya4/007.
Al dwel b glears, Obe s WZIF L5 e Jlasl il
SHESS st edd esls 0L (©) YV IKS s oS SEM il
Culbis lie S opl Bllas das e 0L 1) Sl &Y
N pm s3> PAN/PA (DA, 0) lié 3 bu &Y
PAN/PA(DA, 0) sLis mam  Lajlotlo il 035380 L o
5 PAN/PA (DA, Z°) slalis sdaw oY Culbis s
53 ey oo Y pm ssus 4 s anl 055 PAN/PA (DA, Z°,)
Sl e Wl e alie ol Y s il (Rl
TF0] sl deel L glaars, Ole s WZIF 5 e Jlasl

3sPAN/PA (DA, 0) cow 530l lalis o N SEM ;s
ol 3l esls olis A IS s PAN/PA (DA, Z°) 5 SO
Gl st sk Wi e bk S5 35 oSS
Ll )3 LSS L (sladkols 5 alie (slas 3l L Ladine
ol el e sz 5l sdtiasOLS S cilecs oS,
5 PAN/PA (DA, 0) Ll o3l Jawsie ol 2503 5 o slas
S ol FVAM nm 5 FY/FY L 5 54 PAN/PA (DA, Z°)
il Wse Vlaml ZIF 055580 L Lik gladine o3l 2alS
Sy =NH 05 5 5 655 0 316 +Y 04515 (chelate) oisd K
S8 [0] ol dl L Je Y L sl e adl s
5 edalosa gladine o310 sltel o OBl s ey bl
s ol i Sl axs K55 SEM 5 O s 5 Jslss 0051
e s Ol s s o 0eiT & el ) Yare| vl
S s s o 0L 1 ad S0 50 e (sl Jlad (ladine o510
5 Ao o |y _omla Lol o311 (6 alls G 5 6510 SEM &S
LS o B Ly O e 3l (6l s

s Lol 5 Wi slas Lad (gl o311 ¢ ool
llas ol o dd S 1SS 55 5 arloes (V) B (F) sladlslas L
0 5 Y57 M(0, 0) slis 3 Lol 5 s (b) 5 (@) & IS
VI Jelss M0, 0) L mlan Aol b Sla¥ Lol
s Yzt g pi 50 cnl oS 4l il Yol Lol 5 tals
L[Y0] clis v g5, b Y bl 5 ebacs o O ey
slis bl 5 Jodoa il L gl mlas o SLASAY
/87 5 ¥ PAN/PA (0, 0) slié 4 cwwi PAN/PA(DA, 0)

VE-E Sddunl—gyodg F 0 )lob auiad 9w Jw cpoaly 539J9iS5 9 pgle (ale Alxo

D
g

E_ﬂ
i
-

Water contact angle (°C)

PANPA(0,Z!,)
PANPA (0,2!)
PANPA(0,72,)
PANPA (0,22)
PANPA(0,Z,)
PANPA (0,7,
PAN/PA (DA0)

=)
S
<
s
<
=

PANPA(DA,Z,)
PANPA (DA, Z,)
PANPA(DA,Z,)
PANPA(DA,Z,)
PANPA(DA,Z,)
PANPA(DA,Z,)

5 ol Ghls sddatle galie T ol asly -5 IS

ZIF-67 5 ZIF-8 gla bt 65U 31 Calises slaclale
Fig. 6. Water contact angle of fabricated membranes containing
dopamine and different concentrations of ZIF-8 and ZIF-67

nanostructures.

ZIF-67 5 ZIF-8 sla,bla sl 3 g5 Lldde sl ool
03,5 i3 33 a5 Cenlall DL Sl sy oS o35 S
A s ol sl s 5 05 OLSe Jsslias) Jio ¥ 5 S
IYOvV] el g8

S o3 ¥ 0 M0,0) sl s Ol led asly # IS5 ol
Lid peba el Sl Vbt o s gs Olediasilis
05,5 cils Jusas Al L bl o 288 VO e w513 M(0,0)
lae) o 50 OT L S5,08 dgg sl Col =NH Jsle
g 2 by GLEAY LIYA 558 e L2 pw sl ool
PAN/PA (0, 0) slit 4 o b 4515 PAN/PA (0, 0) Lis
3y s Ll e eled asly 2alS b e alS 4w
o bole glaoy Sl &S WL -NH 5 -OH _sle (slasy S
L o) ot ol ¥ s old CTL S5 a00n L sy LSO
Ol g esls LA Cowglie I slas VIl ys oS e |LSC5S
Gl 5U 035530 [¥A] das o palS |, 5 SOl ols 5
5 PAN/PA (0, 0) slalié o  ZIF-67 5 ZIF-8 3 SO
Sl am,s A 5l xiy 4 ol eled 4l (DA, 0) PAN/PA
5 PAN/PA (0, Z2) slalic ol sl S g sba ool asly
el Sl V80 5 VeV s s PAN/PA (DA, Z2,)
S5 5 Jaslhel JeY S5 65 SOl Hse dils e sy
LYV] A2l sl oS aaly olal ) mlas 5L 5

gl Sl 5ol 2sls 5 s slal i Jas (B) 5 (@)Y S5 5o
5 (PAN/PA (DA, 0) PAN/PA (DA, Z°) slalis o shais
sdd 5503 p aslas 3 .ol el &1L PAN/PA (DA, Z3,)
ok 5 i K5 4 b glalas (@) vV K2) SEM



Information Information
istthreshold 0.2948 pm 1stthreshold
Parameters Unit (] [ | Parameters
Projected area (in %) % 44.74 55.26 Projected area (in %)

0.2351 pm
Unit
%

()

8l 53 3005 T 9 paelind Ay s g ST slabins S 1)1

Information

1stthreshold 0.2351 pm
O ] Parameters Unit O [ ]
39.92 60.08 Projected area (in %) % 39.55 60.45

©)

s PAN/PA (DA, 0) PAN/PA (DA, Z°) sblis .5 ¢ CE“ chw (©) 31 5 edd 55, (b) 5 ekii 3515 5 (a) SEM , slas -V IS
b Y Colis a5l SEM sl 5 sl oas ) slea PAN/PA (DA, Z° )
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Fig. 9. Effect of dopamine presence and ZIF-8 and ZIF-67 nanostructure concentrations on (a) porosity, (b) tortousity, (¢c) number

and size of pores and (d) histogram of pore count distribution based on size in different structures.
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Table 2. Comparison of the filtration performance of hydrophilic membranes in the present study with previous studies.
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Table 3. Comparison of the filtration performance of hydrophobic membranes in the present study with previous studies.
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