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ABSTRACT

alcohol) (PVA) and chitosan-functionalized activated carbon nanoparticles.
The effect of a surface layer formed on the structure and separation properties
of prepared membranes was investigated.
Methods: Scanning electron microscopy (SEM), Fourier transform infrared
spectroscopy (FTIR), water content, porosity and mean pore size measurements,
Na SO, and NaCl rejection, water flux as well as membrane flux recovery ratio for the
study of antifouling ability were used for characterization of the membranes.
Findings: The FTIR results confirmed the formation of hydroxyl and amine groups
on the surface of modified membranes. The SEM images also showed the formation
of a uniform layer on the modified membranes. As shown in the SEM images, adding
functionalized activated carbon nanoparticles into PVA leads to a heterogeneous
and dense structure on the surface of modified membranes. Modification of pristine
; : membrane by PVA and modified activated carbon nanoparticles up to 0.25% wt
thin film nanofiltration o - e . .
initially increased the water content, and subsequently with increase in nanoparticles
membrane, ratio from 0.25 to 1.0 wt%, the water content decreased. The obtained results showed
surface modification, a larger mean pore size for all modified membranes compared to pristine membrane.
Moreover, all modified membranes showed a higher flux in comparison with virgin
membrane. In addition, salt rejection revealed that the surface modification of
antifouling properties, nanofiltration membrane has a positive effect in preventing smaller rejection amount
despite the increase in the amount of flux. Sodium sulfate salt rejection was also
measured more than sodium chloride salt rejection. Flux recovery ratio was also
measured more than 92% for the modified membranes whereas it was more than
66% for pristine membrane that confirms the antifouling ability for the modified
membranes.

l l ypothesis: A thin film nanofiltration membrane was modified by poly(vinyl

separation performance,

nanoparticle
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Table 1. Investigated membranes in the current study.

Code Membrane”
M1 Pristine thin film NF membrane
M2 NF membrane/PVA- 0.0 wt% NPs
M3 NF membrane/PVA-0.25 wt% NPs
M4 NF membrane/PVA-0.50 wt% NPs
M5 NF membrane/PVA-1.0 wt% NPs

* NF: Nanofiltration
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Fig. 1. Schematic of dead end nanofiltration system.

O35 L (PVA) (J.(Jl Jea ) L Acros oS 5 ol Y
YO/ Joms 5 OLJT Merck S 5 Jguams VYO v e J ST
LS4 50 Sigma-Aldrich &S & L (GA) aa 608 S35
OlJI Merck S 13 3l eddoslitnl _glasd 5lse plue . Lds 4 S
A eslizad Lyt lesl plad 3 0353305 O Sl e pmoman LS g

by 59y 9 byolSiws

Ologhs” b ondzdel S op 7 153936

w3l e Ol Leddpdol Jld 0 S D135 ag sl
oK 53 5ol Ll OF &0 Jed p S 36k Ol 28 J plows
e Jskoes b 3 gl cdas al 0 53 A 0als LI 3 sl 2
FEeTd 5 03 SOLo Sl g 0 0303 g LS ok
ol andlas s iy Sl s i £0°C gles s ol L

[a] sl o 5,158

S A6 Slis whaw e

3 S50 lalis w5 g PVA 555 2/0) J gloes dduz
Y/ dolon 55 5 0t ool Lalie qdm o8 53 s el 13 ol
e o S el 5l sline glads s ghils Ladll,B8 S5,
Jsloee play ad Hgab e (G55 )/ 5 0/00 /YO ) oA il
Doty Wi gad (g S L) 5 el SIS ke e
13 0l el Parsonic 118 Jie & sl b ol8xs 5 Yo min
4.'.\:'-<=j§ OV h e i sl G b (Culg s .U als
e Lo Sl CIL el (A sl 13 VA0 gles o
L S s sbos )3 5 lo JelS 95 Gl 5ol s s
ol odal Y s 3 e oL slalie Slasiins

ool
Sl plewd Sl Sbssl 5o 5 @oleile adlas gl
5 dda ol XL30 Jus Philips o5 S S S s S
A eslazal Galaxy series 5000 4,58 LAS 503 55 cwquﬂla
Jiho dalis (6l 23S 5 (o LU e (5 Se3ll (sl
WAY em’ L i mhw Colis b azlesl Al
s oals DL Y IS 3 (638 bl bl a8 S S,
e T L0 MIN ey Walid il ¢ ibol plil 51 oy ol
oz < Ol Hlide WS (g5lwes )23 0 bar Slles 5LA5 5
sty (1) dslan 5101 3l o3 S5 50 O (555 mar SaSes L2z

TAN ] el

Ve OLT- a0 i 0 lasd o g Juw pasly 5350935 9 pole i ole almo Yoy



e b osuilsJole Jlad ¢y i) 3936 9 (JSI Jaing) ks b s piladgils slisé zhaws ol

5 S 0sesl =l el ek sy 0L Y IS s Ol S L
el izl slalis maw 555 s Y S S b
¥ Gl mhae sty Sl o i ekis 4S5 sbOles
Ol sz b sddz ol Jlas oy S 5356 5 PVA L (5ol S3G
S g 3 e e e Sk e sy
SPVA 5 0lesiS & byse fS o da Olsl 3 glaey 5 s
ol s &S et eds Al Ole S @ bg e el laes S 50
LO0AA] ol ol Ol o5
sbalis 5 oyl GLid mhw 4 by e SEM gla S T S
S 3l gl Salie glackile (lls PVA L edieSlol
DL 1y ol bd S is 5 OlugzS b sddpdlol Jlad
b bl (el POl L gl s e ys &S sbOles s
s Dl & 33 53 il 035 135 b s ad ) SiLaY slis
ol 0t S e 655 ek cnl ) S Y PVALL
035 el 5L 55, PVA (sla oy g S sl oS
Ll o PVA [ltles 3 oS 55008 0I5l 5 (laos S 342 5 .ol
sl glid 53 sl b ¥ Jole (slass S 2uSea bl L

(2)

Transmittance (%)

3560 3060 2560 2060 1560 1600 560

Wavenumber (1/cm)

() (sl L SiLaY slis (a) FTIR glaceb -Y s

s PVA L e.ucw| slis (€) 5 PVA L e.ucyu\ slis
Olw S Lol fale Jlb o S ol 3 50

Fig. 2. FTIR spectra: (a) polyamide thin film membrane,

(b) modified membrane with PVA, and (c) modified

membrane with PVA and chitosan functionalized activated

carbon nanoparticles.
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PVA and 0.25 wt% chitosan functionalized activated carbon nanoparticles, and (d) modified membrane with PVA and containing

1.0 wt% functionalized activated carbon nanoparticles.
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Table 2. Pore size mean of investigated membranes in this

study.
Membrane Pore size mean (nm)
M1 1.16
M2 2.85
M3 2.90
M4 3.67
M5 3.15
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Fig. 6. The amount of rejection of salt for modified
membranes and pristine sample by using sodium sulfate and

sodium chloride solutions.
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