Research article

Available in: http:/jips.ippi.ac.ir Fabrication of Multilayer Ion Exchange Membrane by
Using Rubbery Nanocomposite Layer Containing of

Iran. J. Polym. Sci. Technol. o . o o
T B Graphite Nanoparticles on a Cationic Substrate

(Persian),
Vol. 38, No. 3, 205-216

August-September 2025
ISSN: 1016-3255 Sajjad Mahdavi, Mohadese Bayat, Sayed Mohsen Hosseini*, Ashraf Ahmadi

Online ISSN: 2008-0883

DOI: 10.22063/JIPST.2025.35616.2359
Department of Chemical Engineering, Faculty of Engineering, Arak University,

Arak, Postal Code: 38156-8-8349, Iran

Received: 19 August 2025, accepted: 20 January 2026

ABSTRACT

ypothesis: In this study, a heterogeneous multilayer cation-Exchange
Hmembrane was fabricated by applying a rubbery nanocomposite layer
containing graphite nanoparticles onto a commercial polyethylene membrane

and evaluated for use in the electrodialysis process.
Methods: The commercial membranes were surface-modified using a dip-coating
method. The membranes were characterized by SEM, EDS, XRD, and FTIR analyses.
Additionally, water contact angle, water content, ionic flux, electrical resistance, and

hardness removal efficiency were assessed.

Findings: The incorporation of graphite nanoparticles into the rubbery layer led
to the formation of ionic transport channels and improved surface homogeneity.
The reduction in crystalline domain size from 8.4 to 3.0 nm indicated diminished
crystallinity and an increase in amorphous regions, which are crucial for ion transport.
Initially, the water contact angle decreased after surface modification, but increased at
higher nanoparticle concentrations due to the inherent hydrophobicity of graphite. The
water content of the membranes decreased by up to 57% with the addition of 0.1 wt%
graphite nanoparticles, then increased to 63% at 1 wt%, and decreased again at 10
membrane, wt%. The permeability and ionic flux of the modified membrane containing 0.1 wt%
graphite nearly doubled compared to the unmodified one. The electrical resistance
decreased from 38 to 8§ Qecm? with increasing nanoparticle content, indicating the
rubbery nanocomposite layer, conductive role of graphite. In terms of hardness removal, the membrane with 0.1 wt%
graphite nanoparticles, nanoparticles showed a 46% increase in magnesium flux and 18% increase in calcium
flux compared to the base membrane. Overall, the simultaneous use of a rubbery
layer and graphite nanoparticles enhanced membrane properties and performance
in electrodialysis. These findings support the development of conductive and cost-

effective membranes for industrial water treatment.
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Fig.1. Image of the electrodialysis membrane system.

Lis ;.j Gl Olgean (Six glis e shla sdiod
il Al ol 4 e Lae e gl [YV] spd e J51S
.,u:u;)\jiuoii,ﬁ;ttuemrt;,gluyujdwuulswmq

&9 b 9 SN ded

oo bodd g G Dols glalie ndidsd 5 S L
SO Jeily 5has bl ) K s el esls OLAS plis
5 Il slas A 51 5 Job 55 cigs b S b i
slaaY Jlonla, Blas o e (2lesl Jgb 55 .S eslaca
IYA] L& 03 jh Ly ol = (55,0

ool 4905
s sl S L Ol | e e sl s
A el 0353305 ST L s U gles 53 Oga3l ol 38 (e
IYAT A plonil a5 jo ams Lags 1 So3Iil a3l (gllast 2l shinen

(@) (b)

(d) (©

Shls (S e b sdipdlol lis 5 (Sa¥ ¥ Lead ol slie () wly glis @) ialis mho 51 SEM lai -7

Fig. 2. The SEM surface image of membranes: (a) pristine membrane; (b) modified membrane with rubbery layer; and modified

membrane with rubbery layer containing of graphite nanoparticles; (c) 0.1 %wt, (d) 1 %wt, and (e) 10 Y%wt.
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Fig. 3. Formation of voids and surface channels of rubbery layer by use of graphite nanoparticles: (a) pristine membrane; (b) modified

membrane with rubbery layer; (¢) modified membrane with rubbery layer containing of graphite nanoparticles.
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Fig. 4. EDS results of prepared membranes for carbon atoms: (a) pristine membrane; (b) modified membrane with rubbery layer;

(c) modified membrane with rubbery layer containing of graphite nanoparticles.
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Fig. 5. XRD analysis of prepared membranes: (a) virgin

Intensity (a.u.)

membrane; (b) modified membrane with rubbery layer

containing of graphite nanoparticles.
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Fig. 10. The effect of membrane surface modification on

electrical resistance of prepared membranes.
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Table 1. Comparison of the performance of the fabricated membranes with results reported by other researchers.

Ion removal (%)
Membrane Areal Resistance (%) Ionic Flux (%) Ref.

Mg2+ Ca2+

PVC/graphite-SBR -78 +100 +46 +18 This study
PVC/graphite -50 +16 - - [15]
PVDF/(NaTPP)- GO =17 - +38 +45 [18]
PVC-SBR/Fe-Ni oxid
PR/EesRroxide 41 +180 ; : [22]
nanoparticles- Ag nanolayer
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