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ABSTRACT

ypothesis: A heterogeneous multilayer cation-exchange membrane was
Hfabricated 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 maximum 57% with the addition of 0.1% (by wt)
graphite nanoparticles, then increased to 63% at 1% (by wt), and decreased again at
membrane, 10% (by wt). The permeability and ionic flux of the modified membrane containing 0.1%
(by wt) graphite nearly doubled compared to the unmodified one. The electrical
resistance decreased from 38 to 8 Qecm? with increasing nanoparticle content,

multilayer cation-exchange

surface modification,

rubbery nanocomposite layer, indicating the conductive role of graphite. In terms of hardness removal, the membrane
graphite nanoparticles, with 0.1% (by wt) nanoparticles showed a 46% increase in magnesium flux and 18%

o increase in calcium flux compared to the base membrane. Overall, the simultaneous

electrodialysis 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.
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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 (¢) 0.1 %, (d) 1 %, and (e) 10 % (by wt).
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Fig.3.Formation of voids and surface channels of rubbery layer by using of graphite nanoparticles: (a) pristine membrane, (b) modified

membrane with rubbery layer, and (¢) modified membrane with rubbery layer containing of graphite nanoparticles.

il dal g ol pama 1y Lis (g pdo i S
LSJL’-JJ\ 9 a.,\.;cm‘ LsL.ﬁL.L.G ck.n L;".?-‘},.gi BB )jjaﬂns\.:
sy (F K2) A rb.;;l EDS JJ>s (2l 50 s Jlex>|
(pl s bk Gl S JT ols 5ol SalN A.LYV.A
PSSy s bl bl S ohisl ghls salis s
)L‘) Se 9 skasOlis JJ‘_}:‘.SAASMOML&A ‘Uﬁlﬂ M}NMW
S S GRIB el g O Al 2SS AL LSl S
éb- cSEMﬂ_}LﬁJLO‘N uc]a.w‘)é Ukj\jd;dud&w
El5 ol el e Y 3 S350 Sen b 55
cosls SAS1, oSl (i S8 dalpd LS s EDS

g Llodd &l iy S5 b pslas Y IS

Jra &8 Sl eodaze 515 G 5 Lae i Glls wly slis
A3 3l e Kol sl b ey Jlle 15 @QAU
5 FeSl e L e 5 e gl b sl SmY oY
550 AV L el ol sl ol sl St eS
salive sdate GLadUE 5 55 b Mo LS55 ool S Sal
5 Lol sbml il ,S 3 5b 5 pm s i s LUK ol 55 e
Slyeas ol S e r_a\f LOs sse Sl owbe sla s
Ss o Lie Glae i Ogs 4 558 5L A 358 eaeSULL
JHls 4 (SN QY 5 s 358 &S s a3l Jlasl
Sog e SS 5 OIS G 5wl glie el

(©)

oYL sdiMal slis (e) (Y Y L slimdlol glis () il glis @) ediag sblis (S slagsl SIEDS o ¥ I

bl S il gl Sa

Fig. 4. EDS results of the prepared membranes for carbon atoms: (a) pristine membrane, (b) modified membrane with rubbery

layer, and (c) modified membrane with rubbery layer containing of graphite nanoparticles.
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Transmittance (%)

membrane, (b) modified membrane with rubbery layer, and (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, and (b) modified membrane with rubbery layer

containing of graphite nanoparticles.
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of the prepared membranes.
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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 (%) Tonic 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 oxide -41 +180 - - [22]
nanoparticles-Ag nanolayer
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