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ABSTRACT

ypothesis: Surface and structural modification of membranes in order to

improve their filtration properties have been one of the vast research areas in

the field of membranes in recent years. Nanomaterials are most widely used for
modifying the surface and structure of the membranes. In this study, carboxylic acid
and sulfate functional groups were deposited on the surface of zirconia nanoparticles
in order to improve their arrangement within the membrane matrix. Then, the
structure and behavior of the nanocomposite membrane was compared with those of
raw membrane.
Methods: ZrO,, Zr-COOH and Zr-SO, nanoparticles were added to the polysulfone
(PSf) membrane substrate, and the effect of the surface, structural and filtration
properties of raw and nanocomposite membranes were compared in relation to their
textile wastewater treatment performance. For this purpose, PZC, EDX, SEM, AFM,
contact angle and porosity analysis as well as viscosity, flux recovery and dye rejection
Keywords: measurement were performed.
Findings: The results of analyses showed that the presence of Zr-COOH nanoparticles
led to greater finger pores, smaller size of the nanoparticles, and the presence of Zr-SO,
nanoparticles led to fewer finger pores, less porosity and larger nanoparticle size. The
presence of the functional groups increased the number of nanoparticles in the skin
layer of the membrane and improved the membrane surface properties. Analysis of
variance obtained using RSM method for porosity and contact angle data showed that
the most effective factor on porosity and contact angle is nanoparticles concentration.
By increasing the concentration of ZrO,, Zr-COOH and Zr-SO, nanoparticles from 0
to 2 wt%, the flux recovery was increased by 15, 25 and 45%.
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Table 1. Designed experiments, performance conditions and characteristics of raw and nanocomposite membranes synthesized in this research.

Test number Nanoparticle type Ngﬁggﬁ;ﬂ;ﬁﬁ ?vovltz/lser Polymer concentration (wt%) Conczl;t;ag;;(;f e
1 Zr-SO, 0.00 15.00 100.00
2 Zr-COOH 1.00 16.36 50.00
3 ZrO, 1.00 13.00 50.00
4 Zr0, 2.00 15.00 100.00
5 Zr-SO, 1.00 13.00 50.00
6 Zr-COOH 2.00 11.00 0.00
7 Zr-SO, 1.00 13.00 50.00
8 Zr-S0, 1.00 13.00 50.00
9 Zr-SO, 0.00 13.00 50.00
10 70, 2.00 11.00 100.00
11 Zr-SO, 0.00 11.00 0.00
12 Zr-SO, 2.00 15.00 100.00
13 Zr-SO, 1.00 13.00 50.00
14 Zr0, 2.00 15.00 0.00
15 Zr-COOH 1.00 13.00 50.00
16 Zr0, 1.00 13.00 50.00
17 Zr0, 1.00 13.00 50.00
18 Zr-COOH 0.00 15.00 0.00
19 Zr-SO, 1.00 13.00 134.09

20 Zr0, 1.00 13.00 134.09
21 Zr-COOH 2.00 11.00 100.00
22 70, 1.00 13.00 0.00

23 Zr-COOH 1.00 13.00 50.00
24 ZrO, 2.00 11.00 0.00

25 Zr-COOH 1.00 13.00 50.00
26 Zr-COOH 1.00 13.00 50.00
27 Zr-COOH 2.00 15.00 0.00

28 70, 1.00 13.00 50.00
29 Zr-COOH 2.00 15.00 0.00

30 Zr-COOH 1.00 13.00 50.00
31 70, 0.00 11.00 100.00
32 Zr-COOH 2.00 15.00 100.00
33 Zr-SO, 1.00 9.64 50.00
34 Zr-SO, 1.00 13.00 0.00

35 Zr0, 0.00 15.00 100.00
36 ZrO, 0.00 11.00 0.00

37 Zr-SO, 2.00 11.00 100.00
38 Zr-SO, 0.00 11.00 100.00
39 Zr-SO, 2.68 13.00 50.00
40 70, 1.00 13.00 50.00
41 Zr-COOH 1.00 13.00 0.00

42 Zr-SO, 2.00 11.00 0.00

43 70, 0.00 13.00 50.00
44 Zr-COOH 0.00 11.00 0.00

45 Zr-SO, 0.00 15.00 0.00

46 Zr-COOH 1.00 9.64 50.00
47 Zr0, 0.00 15.00 0.00

48 Zr-SO, 1.00 13.00 50.00
49 Zr-COOH 0.00 11.00 100.00
50 Zr0, 1.00 9.64 50.00
51 Zr-COOH 1.00 13.00 50.00
52 Zr-SO, 1.00 13.00 50.00
53 Zr-S0, 1.00 16.36 50.00
54 Zr-COOH 0.00 13.00 50.00
55 Zr0, 1.00 16.36 50.00
56 Zr0, 2.68 13.00 50.00
57 Zr-COOH 1.00 13.00 134.09
58 Zr-COOH 0.00 15.00 100.00
59 Zr0, 1.00 13.00 50.00
60 Zr-COOH 2.68 13.00 50.00
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Table 2. Results of analysis of variance (ANOVA) for porosity, contact angle, flux recovery and dye separation.

Parameter
Function Dye removal Flux recovery Contact angle Porosity
P-Value F-Value P-Value F-Value P-Value F-Value P-Value F-Value
A 0.6147 0.26 0.0755 3.32 0.0001< 360.85 0.0001< 48.73
B 0.0010 12.56 0.0283 5.16 0.7346 0.12 0.0716 341
C 0.0083 7.67 0.0001< 39.18 1.0000 0.000 1.0000 0.000
D 0.0008 8.43 0.1187 2.24 0.0540 3.13 0.5315 0.64
AxB 1.0000 0.000 0.4653 0.54 0.0013 11.92 0.0001< 118.52
AxC 1.0000 0.000 0.6403 0.22 1.0000 0.000 1.0000 0.000
AxA 0.8949 0.11 0.2850 1.29 0.7538 0.28 0.1296 2.14
BxC 0.3302 0.97 0.0666 3.55 1.0000 0.000 1.0000 0.000
BxB 0.0517 3.18 0.7778 0.25 0.9367 0.066 0. 1706 1.84
CxC 0.8492 0.16 0.8261 0.19 1.0000 0.000 1.0000 0.000

(A) nanoparticle concentration, (B) polymer concentration, (C) dye concentration, and (D) nanoparticle type.
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Fig. 8. Simultaneous effect of polymer and nanoparticle concnentration on the contact angle of nanocomposite membranes con-

taining (a) ZrO,, (b) Zr-COOH and (c) Zr-SO, nanoparticles.

QY 63— )3T D o loubs e Jw rorly (559)9iS5 9 pole (a9 Sy - seke Alzo zA?



b Sl 51 4iaSs) Sl Sgug Sl iisels 9L lalint s lalw olgd Z Mol

Z1-COOH

25
22
z z 19
% %
2 2
==
. 1.00
Nanoparticle - _~14.00 Polymer Nanoparticle
congentration 0.00715.00 concentration concentration

(a)

3. 1.00 13.00
Polymer Nanoparticle ¢ 50 \Ao Polymer
concentration concentration 0.00~15.00 concentration
(©)

2180, (¢) 5 Zt-COOH (b) Zr0, (a) 13 56 shls 5 5ol 5L slalis Joiss p b 5 ey il 0lojon 3-8 S

Fig. 9. Simultaneous effect of polymer and nanoparticles concnentration on the porosity of nanocomposite membranes containing

(a) ZrO,, (b) Zr-COOH and (c) Zr-SO, nanoparticles.

Jslows 53 zin Of Ol L Lol il wilsy Mo ii
Leas g SRl SE g Slles o 1 slil e e s ek
e S5 e i b Lie LS @ Culg 3 b opl S
03558 ol o (St ol oy oS Clale 55 il 55 e
Sk Joms (65518 il ol ey e 5le 4 D3 50
e 5B gl Olles e Sl o pn 2a8 L 5 el
by e o mly g3 o e S s L plis WSS
e ey Jsle 53 vl S350 Sl L el
Slae i LSS a4y 5ol iy Jslees Jls 4 O O > 354
3 Jds a ek sl e hle s i e S5
538 a5 518 2 s L3S0 s O 5L
N O}t RN R PENR M [t FURIRR

By i JES sl

S 3l 5Tkho g il 519 s
o ¥ dadr o 5l bk DR bl s s a5 L

Z1-COOH

108

F\MY@OVﬁY

) Polymer

concentration . 100.00"11.00 concentration

concentration

(a)

" 100.0011.00

el YEL 5 VY/0 045 o ls ZeSO, 5 Z-COOH ZrO,
3l Sl ahulpay Jsdss SRS o i ol s
S 5oy Ol ble booddls bole D3 5L 4 by e
SleS 525 Jolo e ls ol 3 5y b gy o oo 2als
TR TP U Lo NG PP P NN KR RCH
SlenS 50,8 S350 L eddmol slalis mhav 55 5555000
Sl oMas 358 o pe DLISE (pl R eprol ASL el
b3 e SB Sasls o ek dsbe 5 4 g i
g b gd e il s 585l i S35l s g slial
sleble ;36,3450 g5 a2 Gl g s edalin 4 IS .
el B, S s ke S35 Ao L el oS
L3 el by el oo Ls, ol ey Sl 5158 L ol
ol a3l SR el U slalis s e S 5t
3 Swebunse s J g Ghls gy Jdoee & D350 025
el 55550 ok 5 L ol 5 sy S

gL JQ.:L w;u BRI R PHERY 34 g Cel éy@;yﬂ

Polymer

Polymer
concentration

concentration concentration

"~ 100.0071.00

(c)

Zr-SO, (¢) 3 Zr-COOH (b) ZrO, (a) : ;3 5L shyls 55l 5L slalis JLa b3k 5 S, 5 el clale Ol Sl -\ I
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taining (a) ZrO,, (b) Zr-COOH and (c) Zr-SO, nanoparticles.
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Fig. 11. Simultaneous effect of polymer and dye solution concnentration on the dye removal by nanocomposite membranes con-

taining (a) ZrO,, (b) Zr-COOH and (c) Zr-SO, nanoparticles.
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Table 3. Comparison of nanocomposite membrane characteristics, conditions and filtration results of textile dyes in previous re-

searches and present study.

~ §
Nanocomposite membrane S S x Z 2 =
. Eal Slég| s 2 §| .
2 Dye name Dye type O g 2 5 S T g 3
: y S b S IR IEEIE E N AR
Polymer Nanostructure A £ = L= o
(@)
1 PSt Titanium oxide Yellow 12 Direct 100 4 34 8.5 97 [17]
2 PES Zinc oxide/carbon nanotube Redl16 Direct 500 4 16.7 42 94 [18]
3 PAN Iron oxide/zirconium oxide Yellow 4GNL Disperse 100 3 450 150 90 [19]
4 PSt Aluminum oxide Red BRLS Disperse 100 3 115 38 96 [20]
5 PES Graphene oxide Redl6 Direct 30 4 20.4 5.1 96 [21]
Red x-GTL Cationic 98
6 PPiTA Graphene oxide Red Acidic 50 8 125.2 15.6 95 [22]
Yellow Reactive 94
Greenl9 Reactive 99.4
7 PES Graphene oxide/titanium Yellow12 Direct 100 6 45 7.5 95.4 [40]
Blue 21 Reactive 81.4
PSt/
8 Polyaniline-nanofiber Red 120 Reactive 300 2 58 29 99.25 [41]
PVP
Zirconium oxide 500 166 98
This
9 PSf Carboxylic zirconium oxide | Yellow 4GNL Disperse 100 3 520 173 97
Study
Sulfatet zirconium oxide 550 183 98
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