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In this research, cadmium titanate nanoparticles (CdTiOs) were first synthesized by a
fast and simple hydrothermal method. The phase separation method was used to
fabricate mixed matrix polyethersulfone ultrafiltration membranes. It contained
different concentrations of CdTiOs. Structural studies through SEM and AFM
analysis showed that the modified membranes have differences in morphology,
porosity, and surface properties compared to the unmodified membrane due to the
addition of CdTiOz nanoparticles. Mixed matrix membranes showed higher surface
hydrophilicity, water flux, and lower fouling than unmodified PES membranes. In the
presence of 0.1 wt. % CdTiOs, the water flux reached a maximum of 306 L/m2.h when
it was 204 L/m2h in the unmodified membrane. The filtration results of colored
wastewater showed that the optimized membrane could separate more than 90 % of
Reactive yellow 105 and Reactive blue 21 dyes and 80 % of Reactive red 195 dye.
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Figure 1: Images of synthesized CdTiO; nanopatrticles (a) XRD, (b) SEM, (c) TEM.
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Figure 2: SEM images of the surface of modified and unmodified membranes fabricated by phase inversion method.

YEV-YOY X (1E\) 17 /55) 6 9Ud 9 pole (pole &g puiis



G55 ol daduos glys gT.)).g)L\'g Ll eaesls” ) 393L sols bgle dAino) Giné b /YhHlSed 9 ygacymus Wk

Dgd 35,5 olyas S sl
lie s ;0 CATIOs i3y 0920 (a2 9 y9a sl gl
) wt% CdTiO 691—> 4—)}0.% &9y EDX ).JLJ )‘l 6)_o...b
ol 55, bl abogs o (g paie 4tk 5 (F JS) 0 esliiul
il e CATIOz &l 343l sales 5 Ti 9 Cd jolic sa o
OISy C)l.p‘ ‘SLQI_M..C CJA»: SS9y 2 CdT|O3 u}‘}a.&; ‘;Ju.sb;
DS e cli | blae opl Jsle ;0 CATIOZ gazs 959 poc
Yzl 4 CATIOs cangos] Ol)346 go55 a5 055 & y>lee
Cghl Cale (sl (558 ez Dlyie & Wlg g (el
bs JE> 595 4285 Ll 10 CATiOs/ PES Lgls slalis
37 Drbee Lid VL gl Son 4 5w a8 bl SV

1- Finger-like

Bare PES

slaliac o PES lalic (bpe (hp 4 by ye SEM gl

plod anasuine .ol oo ool igles ¥ IS 40 PES/CATIOs
WY G el ale el g9 5l o litel Jadse sl bales
L pSpesed onpj 4 S0 g bl 4Y lpie 4 05Tk (g
SEM slas o oy )laiel jlsluw 0szg adl oo o o Ol o
L 5le (Sig)ly a0 Lae Joslas J5g5Ls o el o 51 (ST
4 S o et (6 poels Joloee 4 CATIOS &l 393 55,8 asLal
asle csKil 38lie PES/CATIOs bglie (slalic 1 duy oo ks
gl Cople 0305 suid 2ol PES (slid 5l os s o5
s Pl o p 2 JUES S 81 Sely bolie slalas
JeSias Lidlaie g oo 5L8 gjlmlaz ol b o Ploas
5 e 1 DVOYE] 05t o 55 Sl L gla LIS
s CATIOs (09381 Jdo 4 (g Saizny Jolome (3,51,5 (tal3d!
il )3 45 358 Pl juf 5 Pl b Jobs 4 e Wl e

PES+0.03 wt% CdTiOs

MIRA3TESCAN  SEM HV:15.0kV WD: 7.51 mm I

View field: 127 pm
SEM MAG: 1.00 kx | Date(midly): 11/16/20 |

SEM HV: 15.0 kV WD: 6.90 mm
View field: 127 ym Det: SE | 20pm
SEM MAG: 1.00 kx | Date(midly): 11/18/20

View field: 129 ym Det: SE 20 pm
SEM MAG: 987 x | Date(m/dly): 11/18/20 |

MIRA3 TESCAN|  SEM HV: 15.0 kV ‘ WD: 6.83 mm
View field: 127 ym Det: SE 20 pm

SEMMAG: 999 x | Date(m/dly): 11/18/20 |

g L;j5)|5 V) A 0 Al oduid C)‘Lal 9 o0 C)Lol slae (é!a.a.a C.Ia..u) w2 oo p SEM polas B L)
Figure 3: Cross-sectional SEM images of modified and unmodified membranes fabricated by phase inversion method.
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Figure 3: Continue.
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Figure 4: EDX map in the optimally modified PES membrane with 0.1 wt% CdTiOs, where the red points represent Cd elements and the green ones
represent Ti elements.
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Table 1. Composition and roughness and overall porosity results of modified and unmodified membranes.

(weight percent)

Membrane composition
surface
roughness

porosity

PES (wt%) CdTiO; (Wt%) a
Mo 18 0 8.4 74.55
M. 18 0.03 7.2 84.64
M, 18 0.05 5.6 83.13
M; 18 0.1 7.5 84.36
My 18 0.2 7.3 87.82
Ms 18 0.5 5.7 90.15
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Figure 5: AFM images of modified and unmodified membranes fabricated by phase inversion method.
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Figure 6: Pure water flux of modified and unmodified membranes with different weight percentages of CdTiOj; after filtration of distilled water for
60 minutes under operating pressure of 3 bar.
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Figure 7: Average contact angle result for unmodified and modified membranes with different weight percentages of CdTiOs.
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Figure 8: Flux recovery ratio (FRR) for unmodified and modified membranes containing different weight percentages of CdTiOs.

PYV-YOY X' (1€-1) V7 /55, )9S 9 P pole & i



G55 ol daduos glys gT.)).g)L\'g Ll eae S ) 393L sols bgle dAino) Giné b /YhHlSed 9 ygacymus Wk

oo eolaiuwl u;‘)fi) .>|9.n s_;LHasw ¥ de’
Table 2: Characteristics of the used dyes.

Molecular
weight Chemical structure pigment
(g/mol)
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CH,
SO;Na
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N "
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. 78 Blue 21
/ ~
i o
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Figure 9: Separation of different dyes by the unmodified PES membrane and the optimal modified membrane containing 0.1 wt% CdTiO; (dye
solution test with a concentration of 500 mg/l was performed at an operating pressure of 3 bar).
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