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ABSTRACT

membrane was carried out through a chitosan nanocomposite layer containing
copper oxide nanoparticles in an electrodialysis process. The effect of the
formed surface layer on the structure and transfer, separation and antibacterial
properties of the membranes was investigated.
Methods: Double-layer membranes were produced by dip coating method. Scanning
electron microscopy (SEM), X-ray diffractometry (XRD) and Fourier transform
infrared spectroscopy (FTIR-ATR), electrical resistance, ionic flux, ability to remove
heavy metal ions, water content, water contact angle and antibacterial experiments
were employed to examine the membranes.
Findings: The EDX and FTIR results confirmed the formation of chitosan-copper
oxide nanocomposite layer on the surface of pristine membrane. The SEM images also

l lypothesis: The surface modification of a heterogeneous cation exchange

showed the formation of a uniform layer on the modified membranes. The amount of

Keywords: ) : :
water content for double-layer membranes showed an increasing trend compared to
double-layer ion exchange pristine membranes, although the contact angle results proved an increase in surface
membrane roughness for double-layer membranes. The results of ionic properties also showed

that the electrical resistances of double-layer membranes decreased to 46% initially
electrodialysis, by utilizing CuO nanoparticles in the surface layer, whereas the monovalent ionic flux
and bivalent flux for heavy metals were enhanced by 50% and >300%, respectively.
At high ratios of CuO nanoparticles in the surface layer, the electrical resistance of
chitosan/CuO nanoparticles, membranes increased again and the flux showed a decreasing trend. Double-layer
nanocomposite membranes showed a high ability to remove copper heavy metal ions
and their antibacterial performance was suitable against Escherichia coli. Among the
antibacterial properties prepared membranes, the double-layer membrane containing 0.001% (by weight)
copper oxide nanoparticles showed better performance compared to a pristine and
other modified membranes.
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Table 1. Investigated membranes in this study.

Code Membrane

M (1) Pristine membrane (HCEM*)
M (2) HCEM /Chitosan- 0.0 %wt CuO
M (3) HCEM/Chitosan -0.001 %wt CuO
M (4) HCEM/Chitosan -0.01 %wt CuO
M (5) HCEM/Chitosan -0.1 %wt CuO

* Heterogeneous cation exchange membrane
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Fig. 1. A schema of used electrochemical test cell in this
study: (1) Pt electrode, (2) magnetic bar, (3) orifice, (4)

rubber ring, and (5) membrane.
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Fig. 2. FTIR results: (a) pristine heterogencous cation
exchange membrane and (b) modified double-layer membrane

with chitosan containing copper oxide nanoparticles.

\'AO EY D92 =313 po ¥ 0 plauds aigg s U sy 5919355 9 pole (ale Alxo

.wl&\;oujtjwclw

oS 4195 03T 9 2T (Slgizeo slade

it 5 5 ped o O35 Sl S el b alas T (ol s
031 0353 Llid csb o (slads ged 03 SSES (ol 1t aslons
tsloea (61 (V) Wslee 31t s ol 035 4 B s ool Lo S
PIV] s eslizal Walie O (gl s

Water content% =[(W,

wet

W iry )/ Wy 1x100 Qy)

L o sl basSeslul a3l slas (3l 3l glatas,
el ol 1S Ol Kle Sldie e 5 1SS 45 0 4w
5 ol i ules wsly Ogesl 51 eslital Lopianen
}J@uém)m;,jﬁjtu.,\.:wjﬁuuﬁ;uzbébfq
5o e el jliea Al alil 035350 5 Sl o kB Sl eslial L

A SS ] ol s Sl abas

Lid S92 cmglio 09037

0 Jske b AT O3l dphe s bl S Caaslis
V0r e Hz ol b oslite O | SaSas 5 S o )Y e
SoS el Jskw 0555 Li il Gabie s A (5 Sesll
02wy Jgke s S Sl Jgdos e 5 s e slis
ol 0L b S eslital b asgame S Cuaslie day o
(Audio signal generator, Electronic AFZAR AZMA CO. Iran)
waare Saglie 5 oedd gl LS e S &S el
IS Coslie Ol sles IR D i S Coeglia A (5 S o5l
Ceaglie [IVOA] A armalbons 2l S Jghomn Caoslin 5 oK
il () sl llae (1) Lis oo S

r=Rm><A )

L 2b bas 8 Soe
Gop I anlllas by, 5l alie Lb Sbas Conls ) n sl 2
Escherichia coli s ;S\t 11> s )5 55 5SS c\.ﬂu,.b o e
e.,\.icﬁhp\ wlie sl glie (s s ad eslannl VY h Soess



e LIS GlwgiaS i 3310l5'93L &Y 3l 0 3Lkl b S LAY Kedl (igails Jobs bisd il

9000
8000
7000
6000
5000
4000+
3000
20001
1000-

Cuke cukp A iy

10.00

(b) (©)
(.L:ws‘u,mub:_yb Mjaff)ww(c)j(gb}:?‘swbj;f) QJJJZ:J (b) Lgfﬂaﬁwjowcw‘ 4.;&)) LSLALM&EDX 6[;'_' (a)—Y‘J.(..:
Fig. 3. (a) EDX results for modified double-layer membranes and the mapping assigned to (b) nitrogen (related to chitosan) and

(c) copper (related to CuO nanoparticles).

C»?-“),D/\.ic)jwlwéwlobyéfjgybbyui\wu J.:....S|umaC)\)J};b)\&’)@é@@]ﬂl&)dbﬁbg&cﬁh&‘
Qb;yb Lg_):f)gb LJ‘}-\;& odu> ﬂjhﬂj )JAS)}J#QL«A J}JL;G )LJ-Lw cc]a.ﬂ Cw‘bcbj.&& au\iJASJ)JaQM .M)L;a olis b
5 oRenl (goltle sbel o (2558 50 AY 3 AlS] g}lj&;k;?m;L;lqmﬁj.w\e;;ﬁ;;@,@gum@@

blis mhw » deb plo glapdse 5 2in Jle laey S L Sl 5 el (S am sl PNl Glalis maw

SEM MAG: 6.00 kx SEM HV: 15.0 kv
WD: 12.85 mm Det: SE, BSE
Dato{m/dy): 031319 Viow fiold: 24.1 pym

Vs S skl (©) ol iS U sdi Sl (0) cadsl o Kaslh islS Ul @) sslalie mhw SISEM sl —¥ S
Q‘)J}JL: Lﬁ")ﬁ ~/\/)db}leaMCwl(e)jM\wabyb L;’JJ ~/~\/jdb)§.:5l;e.)u§: CM'" (d) ‘J“:“"S‘U‘“‘C)bbfl‘ Lf’)j
A ST s

Fig. 4. Surface SEM images of membranes: (a) pristine heterogeneous cation exchange, (b) modified with chitosan, (¢) modified
with chitosan/0.001 %wt CuO nanoparticles, (d) modified membrane with chitosan/0.01 %wt CuO nanoparticles, and (¢) modified

membrane with chitosan/0.1 %wt CuO nanoparticles.
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Table 2. The amount of water contact angle for the investigated

membranes in this study.

Membrane Contact angle (degree)
M (1) 126.7+£3.2
M (2) 129.1+2.8
M (3) 131.7+£3.6
M (4) 135.1£2.9
M (5) 145.743.1
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Fig. 5. The amount of water content of pristine heterogeneous
cation exchange membrane and modified double-layer

membranes with chitosan containing CuO nanoparticles.
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Fig. 7. Investigation the performance of prepared pristine cation
exchange membrane and optimized samples modified by

chitosan/CuO NPs for Cu ions removal in electrodialysis process.
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Table 3. The areal ionic resistance of the investigated

membranes in this study.

Membrane Areal ionic resistance (Q.cm?)
M (1) 26.03+1.2
M (2) 15.39+1.1
M (3) 13.87+1.2
M (4) 23.94+1.3
M (5) 28.50+1.5
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S.M., Tailoring the Separation Performance and Fouling
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Fig. 8. Prepared images from used membranes in Cu ions

removal process: (a) before and (b) after experiment.
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