[ Downloaded from ijcse.ir on 2026-01-31 ]

[ DOR: 20.1001.1.23222352.1397.7.1.4.8 ]

L7~ U”,&v’ 9

9 (ool (gaollad

') 1WAV ,le <) o leis (Y (509

S (5 ST LR (g9 ) 43 w0 S| O 43 3L U g3
JUsSb ST ol g CilSd o ¢ Ilost (S piSIN (55 9 31 (w5 3

Yoo .Y #) .
ops Iy e baghh & gaeal Lo,

“ * & - . . a s - . . I . \
9 5(0)) u.u.o.’> fLo‘ LsJ-LQJ]L)JJ oKl (oo 9 (D 0aSisly sd))9JLA 9 .)]99 (efo 09)5 ;)lg..)L.m]
a < & e . .o nHe & . . e - . N ne A\l
938 o)) iwed plol (Mol o olSisly ¢ widige g (8 6D (g3 y0llie g dlge wdins 09,5 )l wlid)lS (goomitily
O e Gy oISl dlgo quutigee b)) uslih)lS gomeils "

* re.ahmadi@ENG.ikiu.ac.ir

2R S

i oleMb/

XRD ¢l sis) s 3 4t e (oS50 Sl iy 4t s ST Syl 55 gy )3
5 eSSl dgy ISG6] g, ) ik axlllao Spectroscopy UV-Vis 4 FT-IR SEM
ol g Hoasl 5y s jil 2yl o palpd |y ol e Colled 5 Vo i i b 588
2 b Gl Jrob gl i s (58 5 (st B Co g 2o oSy w0y il
sy 0 tagil £o/Y b IV 3 5 Silo 0501 b (59,57 4 5 (59,8 S35l o inlof] ciliko Lyl
gl o] CliSE g b 5 (Sos] Gl o i i8] b bt LS s S0 ST L]
e ds Ylans] a5 sl Sl (e B o CliSEppeo jluo Sl b pizman Sl lals
b Codl o e ol L CliSE g (sl Jppo 4y 2 5 2 i (3l ST Sy
e 9y 4 o a1 335l cllisio slac il T oolizl b | JsSTut il 5T dule gl
s@be beoxo 039l bl i8I L cuols ) 45 b L ol Al oy 05 S
L eladiipei cly3gils ()51 Ao ol oy pplitods bl o i i) ot 0jLu] Lausgio yials
s o 03] (sl ST Sl 5 13 LS E.COll (335 i Lonoma p il ilisin el
o isli bl il oIl inlS L (o iShus Caols a5 divd, o yli ol (A dugllo Ub LS digad

el 8l i8] CBE L ]isl g o5t b gl pulsr

WAS Ll VF rcdly
WAY ol po Az gy dy

05ly Al

i oo ST 3l
i5h T s

(P9 Sl il dasxie AlgT o rcsgre saiiS )]
ok g slapSo ple JiSis 5 S Jshe A3

doddo —)

L8 i Jolie )3 |y Lag gL (950 03 028 Lisslow slas Sl a3 5l 857 (980 5 Sl (o)
Joloe iyl S ) s & S o polie hiwe olss e 03,5 Iy ig3ilss) Capan] S e Cunilas



https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

[ DOR: 20.1001.1.23222352.1397.7.1.4.8 ]

re (S9N (6591 P31 (o 2 o (S SN el (9 ) &1 o demeST 5950 M {NF

S gl ired i (Seel w5y 5 4l
slagig) [VPV] 39y 00 58 4 53T ol Logil
9 S (p3gy diile adgl ol pSed (e
LS5b oY 5 oldglb s ol ylsw 56 51 olewd
S il slaosle i jl ggite ojlal g S 5
o S pSI Lol (e (] 5> [NASYY] W9 00
Sl et YU (235 L (gl o jo S5 o] 3
Seliog 36 gl g (6l cuslie g lae
S Sl slapaw gy nl 3 bl Y ogls L
YL (Sl bl g (Sl (g pdyllas] |y I3l
ol Gd g (eds Vo T YT YL 5 M) o
b SIS Lases 53 (V<) e A/MT S 5L oy aiausls) YL
B VL (slod o )3 Lg oo 03> loS wo b mle
s Voo K51 5YL) 01t sl S iSIl Lo §
o odd e Sladl g o 5 eled Jore > (32
5 Vb se B SLLI B L mle baes g cs yus
YL &y dmd e JSis (Sl L 36 @)
3ol s iwsn o a5 geos el Glalo
530l S eyl s cdmd e ialS |y adyl (slaciles
By oo JSaits s pogils i g 4l oo il @l
vyl 21 LSS Lo 4y ALy [YY-YY]
4 i b eadgw (3l (ST (36 @l ydgl
izt Slidgl adgs (ipST s Wi BB (b x
ST My <S5 el 0,8 M e S35 iilo
cpytirogl] ST (g ST (S s (s
OIS Sy ol 4 g poriadl] 40555 posS i dpeS]
il sla ol 13U5 e iomon [YF-YA] ol ol

S5l Gl (Sl i pln 0 09y (B
i @5l aaS) gl T slga 31 1ps ] [V-Y] a8 e
sSL s 4l g o odlawl (6,8L s A|9A Ql}z.c
Cad 5 S55 sl 05101 s 4 (656 2T )5 9L
aS amy o ly el pl g canles] w4 pdaw (oYL
S8 Ggm g wBl il led (99)Se Ui b eaine
3 ol 295 )90 p3l ol )3 (a8 56
oo ST Ol p o)t lusl ol cpl 5o .l a8 S
0O (a9 dl_m.))g)ls cwlﬁw Ls—i")“i‘” uo‘9> J,J.) LY
ol 3 a2 Ayl S yiSlgi] g Sy Sl dine;
Sladslw gt Sas b )3 odlatal Jolis oz )l
DT 290 Glae 15 slajgin 55 9 (30355
Slagizig 5 Olalad )5 (awy (Lo )l5 eiomen
5 JSb il [Y=V-] 55l JbgSen il 5 Jb S 5]
0 A ue ST Oldgilb ganST glald o)y
D05 S i (elwd )8 ) LT 5l eolil 45 (o3l 4
S Sl adgs sl (eeie lagshy) 059l
Al (Sl Js 4 agwyed gy High (o 0l
b Sl 5 L ldels gy Sl 5 35 o5
Oh9y INIT ol asB)S )13 (o0bj 4255 390 £5ie
JLid g Lo (glej > (il ajes gy 9 Jleyigrin
yoxie g Ngbin Pl gyt (Do) 4 s 55V
ek g e Sk oIl @5 b b Ay
e A2 b &y Capd T8l @l ()
Sle gy (e sl he, [VFI] canl yuiy
Slge 3l oyl gl a gy ¢l  Sle (6,8 Ll aiile

1Y Ll ) osleds Vo (s,9 \Y


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

Syl por (widige 9 ple

Ce (pm 2 lygo S o)lpd BBl > 005 S5

by ol o= O 3 sl 3t 2T 5 5L S
[YFYY] 24a oo ol

e OGS i ) ClSE )5 ke 5 g5 L (eST
2 Ol il 0anis (o (S S o] 2
SeSIlonl (hg) 4 e ST 360 g (]

SLaciliSh g jpi pis g 9 )3 ol luome )3 o
esliSé g Hludo 9 £ 53l g WA 3w TMAH 4 PEG
(38T 56 2o > g il 03100l Lamgie) il 3l ol o
St bl e U o it lallas golis b pus e
clale 5 ciliSéygw ga ( Jlasl o ca s il
S 631y e 3351 S35 lndiges IS g
ol s il 8l L sl Wg egil £+ B YO dgus
Copnd COLSE g0yl 9 LSS gm0 o 381 ¢ Jlos
bgie (iliSS)gw jgmd> pis ) g alie sladige 4
e Sialidl Uy oo el asdly ials’ ol ol
3B 5L oy 9 hli 8l (gapST 5B do > SS9
3 ol 455 > 4 Ylain) b1 51 5 iy alS
L <oliSE g d ol Jools (eS| Lol oSy
by 0 jiiw @l gL .l snd s 16 slags]
UV-Vis  4FT-IR XRD SEM L a3,
CxSbas L, was olaasine Spectroscopy
FS eyl o p)S (68l ) e ST 3530
S Ve g VO Bee YO chle Hlox cov

odal Cowd & gl 9 05 )y (39 S e Uhoy 4
gl g cdale Ll L Jbysl ol s 5

Cawl 0345 03> uL*” Ql)S o)'].).}‘ uu.a:lf

20.1001.1.23222352.1397.7.1.4.8 ]

[ DOR:

\w 1Yyl ) gosled V(60,90

(Lo 5 i o 95« el (o550 ol 5ls
sl (Sg) 4 0ad i Sl)3gil Sluogas s laxe
OhlSes 5 (Il 48,5 15 ) 390 a2yl
S 15,8 st Gl (clan (ela)lis 3 1y s 30l
Jeh ojlul bwgio b leo 80 4 5l 1HLES alS' L
o g Ly S [30] ol azily zals YY/S a4, ¥A/Y
A ol i lyd o3lul lawgie i lase (glod 43U
A s gl 53,87 (cwy |y e (S bl B
bowgio (p TS g 0350 diusly lod & lydgil Ay oS
ol ool oy 3,5 Sl a3 0 YD (gled )3 0, ol
L o ST 39l il lsen 5 S5 [31]
yita PH 35U €00 5 O laoes 53 ciliee (59098 )90
Ly e ST 355 YUy (slapH 5 605 fit Lages
HeS gl PH an cos (65502 5 (sloog )Ll
5 s aS1 5,8 o 5 ol [32] sl 00 odmlito
Fimw (aload (B8 ) 41y iy 5 59y B e
g odel Cawd 4 Sls anST jl Fglate (ol bisles 055,
S —ly o Lol (68bas (oly 5 adbl
4 9y M8 AS CE5 B (o 3)50 (Y oSl
Srte SpSLs 5lB) 0)3 ojluil bawgio (35 S i
Slybl 5 Jsbo os 55 5 133] b oL 355 §
2 Lol olis sas o8 30 325 58k ol (sl
Y w Jelwoylaud eaimy LSl 40Y Culbs
S J551eb 8] 555l [PF-Y] adl o S 3o
a2g b oS Cwlodomn Jshwolpd b ke p)5 6 8L
lr 2053 5l i Ceagliie sy (Jok o)ld cnl 4

ok g ieBgy > ao ol A e e L gl


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

[ DOR: 20.1001.1.23222352.1397.7.1.4.8 ]

re (S9N (6591 P31 (o 2 o (S SN el (9 ) &1 o demeST 5950 M {NF

9 3l wyp gl B (jlwesle] Spectroscopy
lord oS 5 g o3lul  plr ©ad ke 5 LSS g
Cliseo (gladsgel dg (gl 4SSy ol )
sy g el Vor g Y0l A > gl
DY 59 cuns L TMAH 4 PEG20000 ¢ilisd g
W5 ool o Adgi Sl gl dy Cond il VA

U89y 4 e ST S5l (S has Cuols gy
A plosl agls £ev zoe Job )3 )98 S e
Lite o8I5Syl o ito 5 (55T 51 bt
3 zmen 5 Conl Sliwjlon 5 (955 )l slacsgis
Lol ol 48 a8 b lyis 4 @l LB
S b ool WS (e Ay (295 4 )l 3590
P 53 g 03905 il cniS lar e 4 1) (JgSles
Lo oold 801, 8 il do a0 YV slod L yg8L oSS
zos Jsb o Ve cfu/ml 5 )kl Joles (68 cdale
Sl pasine polae 13,8 A8l L s 0)5 jio gl £o
(8L ol citS b ome e AT )5 66
by So SenVerr oV dev ¥ cbale b s gl
a2 YV sbos Ly yoilagSSl 1Sed )3 5 4 3 (e
Sy (9o Ay E5 9 A8 03l )15 315 ol
B pSoilul b wslo ¥ Sloj ojl o I g ndiges
oS> g (OD-600nm) , o gl £+ 13 (55
5 oy UVD-3200 Jawe Spectro UV-VIS

g e Y

554 83 82 S claasses SEM ygai V S5 5

Cawl 00 03> uLW S5

2 sl -Y

YL ogls g plorde VO Jlad & (o iz ] e o)L
Jo—oy3 L TMAH bS8 g .0 45 w0 > A3/2%
9 s PS5 Ve JoSUse o2 LPEG 4 CHINO
23 aws ol S po €835 ) CosHaniaOnit (S Jgo 6
o 3 s odliiul ydadi )b g3 Jlatie O I o ilojl den
5Ly W3] gyl D00 by sl @Sl L DC i
0w pp yu g (SO Sl g8 Dbl (gly g £
XRD o5 wd «cilyd (gy5b v law (wyp glym i
oo X 4l oY L, Siemens  D5000 Jo_»
9 (S59d9950 .85 )8 odlaiwl 3y90 (Aoura=1.5406A°)
Philips  Jas SEM oS dlwg 4 badiges &ilyd o3l
s Sblign (w)p Sy b ) g adllas XL 30
Magna Jua. FT-IR Spectrometer oKiws jl il )dgil
i cab s edlawl Fywg s zlaal 6350 1> 500
olSiwd dlwwg 4 yidil8 g Sye zlael odgaoe 3 il )dgil
Varian Cary 100 UV- Ji. UV-Vis Spectrometer

A wyp g adllas Vis
O+ 3Ly NS cov yioghio +/YO JlaB b o (slapp
b oo 3 (gl g0 4yl B0 0 Gl o g g
o L 38l 42,0 YO (slod b yubai )1 93 jlaiie
a0 ool (SO S qogB s 43 ab ool wled
b JoSts (SO ol gy 9 0ad 5 wled Jore 3
clailojl i Ggwy (S lde JuSis b an] s o)
S5 (g p55 410 3505) gl phaasuie il
Sl 25 S 5 gl Sl e S iy g D
UV-Vis 5 FT-IR SEM XRD s, 4y _sbdascio

1AV Jle ) soleds Vo (so9 ¥


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

Syl por (widige 9 ple

S8@nm

19 21 23 25 27 29 31 33 35 37

d(nm)

Seenm

@
o

S —
Yill
“NmMTn e~ R
T 2@
LI I

adlizeo bul i > pabhdgd adiges I3 o 1l &I¥ 13505 9 SEM o guai - S
S5(> 9 S4(> fS3(c S2(o Sl

La s Syn {1 Jain) loact Ay g e IV b s e S S0 i) 1,8 Lniged

20.1001.1.23222352.1397.7.1.4.8 ]

[ DOR:

14 1Yyl ) gosled V(60,90



https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

[ DOR: 20.1001.1.23222352.1397.7.1.4.8 ]

re (S9N (6591 P31 (o 2 o (S SN el (9 ) &1 o demeST 5950 M {NF

PEG cilisygm jpi> 13 & Cul 42 LB o 0]

oili8l s 4 ConHuni2Onit (IS Jg0,8 L 20000
S g COlSEjgm 35 g 5 ) (AU (ST e
38 20> g I3l (g 36 doys (e (slagsT L ]
» PEG Jlade il 8l L 89y ol blioe 205 (5318
Olie 4z ST S o lag 4ol 83 wiged Sl )l
5 ool wl Aol (5 Koy pmed Cawl oS (536 56 ialS
4 g 00 0030 S5 9S4 wged > TMAH ilisS gu
ol odwy o )d A 290 4y S5 diges ;3 (638 518 wo
2 S B Ao Sl ST sl as ) 38l
= gl g gy ol 3 ol e (39581 ]
CliSE )9 A 45 g Jlo gyt (ogwpod by,
XRD g5 ;3 PEG 3000 asy by Sy [VV10]
4300 ColiSE ygm 5l (bl 45 Dgu o0 033 S35 S2 diges
Sl eddbing,S o5lasl lawgio pomed [YA] Cowl oniis
534S oae] Cawd 4 ok jrww (sladiges (sl b dlal,

Cawl 005 45])‘ 2) J9A>

<l ojlh () Jgaa) b oo ials” ol ol colissygu
e il 8l L as el ol ¥o/8 0l ST diges
S3 asges yd yiegsls Y¥/0 4 PEG 20000 ¢ilisé g
S5 584 laasiges )50 1> (elie g, b oo B
o3l TMAH coliSé g jlade yinli 8l L g 5yl dg2g
O D yas ol a8l ials tegil YO/F 4 ol 1 Sle
paly 8l g |y Glas den o eSS W) byl s

sl (59,5 4 g (59,5 D USS calpliy )9 00
954 S3 S2 S1 sladaises XRD jbsos ¥V S5 50
Glodo as by oy .l oad ool Lis S5
o gk 33 Cuy0 5 CuO Cu Lol 56 aw (5)0b
L Lol oy aS 555 0 0430 badiges (pl & bgyyo
o &)1V Jads 43 9 amwle Rietveld g, jl eolal
2 0l asuie ) Jads o ¥ S 50 oS jobylen Ll
Sl oad fi CiliSEygm jh> g &S ST diges
PEG ¢iliSé)swyguas 1> .05yl ;3 as CuO 4 Cu
S8 58 as s g Wil i LS CuO 4 Cu slajle

A 638 56 s Hials (S22 diges) cuwl Bl yials

225 4065 S5 954 53 82 ST sladiges sulsi byl pis ) Joaz

2T 0 s Obyz O S (oSl il 30 T)8 L

031l (Sl Iy (Figdweyd ()9S yd

39 S .
< LSS yo  digos

Cedbows )5 Cu,0 CuO Cu Aged 4y COlKS ygus
f-nm - Yy A - - S1
Yonm O - O Y PEG S2
Yfnm \id \id fA 0 PEG S3
YAnm - 44 vf 5 TMAH  S4
Yonm - ) q YA TMAH S5

1Y Ll ) osleds Vo (s,9 \y


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

Syl por (widige 9 ple

cu .
Counts i1le CuO °
151 Cu:0 A
PEG 3000 o
2008 (CsHsO2) w
500 1le .
j 200¢ 2200 20
I —— .." L. JV et e P it et N g
0
1le
1114
400— 120
200 @ —
110 & 0
2004 NW‘A"‘WM.J"\W
0
400483-212c 1le
4 A — 200
300 200 o : 204 o
200, , P
AT g -
wof 1 o —
O sq 002c 1110 |llle
&
2001 ‘ 20250 %020°  Lii3e 20
A i LT, TTTNT T L (T D
soo ot ttiaenut T ol b P IAY [N iy Whedsh
04
S5 = 002cllls
020
111 = 3 -113 0
2004,&“ W\Aw i P 5 220
100 WNW
20 30 40 50 60 70 80

Pasition [*2Theta]

S5 554 .53 52 S1 sbadiges X dal il 7 b -F JSi

5193 YaisI NO™" s by o YIWF om™ Sy Ll
odis yalls S4 diges 4y basye jlage )0 TMAH 450
i3 A0k 4y bgoye A0V cm’ i S [FO] cwl
(_;)L.ou_w u.’xb_w u.)._> oS 9 Cu-O-H RURTYY)
Gl S4 diges gl g9y o TMAH (sl JoSUg0
ST slaaiged FT-IR jlyges > ataS i sy [¥F]
g s9) 2 TMAH 3 PEG iliSd)9m (slaJsS)se

At diges opl @l gl
ol ¥ i ;382 ST aSeal UV gy ds jlages
Y5+ zos J9_|o 30 0 osal i ;i_u ol 045 031
000 S i ST abged 0 &S Jyse 0 ¥F] Cul
Y USCs) o) Slgsren XRD gl b doecs ol 2294 g0

() Jgs>

20.1001.1.23222352.1397.7.1.4.8 ]

[ DOR:

\v 1Yyl ) gosled V(60,90

oy L ¥ IS ;5S4 9 S2 ST wged FT-IR loges
1 Cu-0 1gn 4 byyye £+ om™ Sy el o
o XRD doeis b a8 cawl 82 4 ST wiges CuO Sy
S4 dages VA CI Sy [¥A] 55 Slgtan diges ¢
gy as \sY.cm'! RS cm’” oo slacse
o bgrye oS A 2980 00> digel dw ya 4 bgype
clacSy [FY-FY] win oad Gl J 3O-H 4,9»

sl [FF] cewl S2 abses gl (65, » PEG

52%em™ 1> S4 4 iges FT-IR g o3 onl o

yo—in 5l 56 C-N s Sg0 4 by 00 VA Cm™
S4 a0 @l o g5y » TMAH (sl J5S50


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

[ DOR: 20.1001.1.23222352.1397.7.1.4.8 ]

re (S9N (6591 P31 (o 2 o (S SN el (9 ) &1 o demeST 5950 M

E |3
-
o0 800 1200 1600 “::T“I.hﬂ(‘{,:,.} 7800 00 3600 a00¢
S4 952 S1 w905 FT-IR 13905 -¥ JSb
-
4
w3
=
2 4
1
0
200 300 400 500 600 700 800 900 1000
Wavelength (nm)
S2 981 490 UV L3z lages - S
dLQA_)s.N ole IRWIL 339 o )Ja.‘a D A».]y wLS\Q)y» ¢C)1):> o)’].&_ﬂ S92 04w Jl.o&‘ L)lﬂ? oD ):l o) LS‘)'f
03l xjg8 5190 g SEM jyguai 39y yiawlso +/VO (yuiiiy g g 00 5Ly M) Cov sy 4 ST 956 (sladiges

S@enm

S7 (o 956 (Al sdiges )5 01351 @1 jg5 Y1905 9 SEM o guai -0 JSi

1Y Ll ) osleds Vo (s,9 A


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

Syl por (widige 9 ple

L 5 a8t l)d o (Sslily pSUl Jolos ¢ 530S
<y 9L 695 (Sl 58 (gilo b 5 Joko o)lg2
3 28T Sl 39 (gl (Sl p5lSe [0--¥4]
oiSly SadisS awgs 0y gl oyl 525k
Sl g sl JLSooly Jolid 450l o 435S
oo 0308y (90ae deSy (oS 90 la 100,
3 28T Sl s (59 p Wl o0 &S A
5 Loy o il conl Cngo g g b St
sladshs Sy cales 3 5 g ySh o o250 sl 5]
el 3 Lngils 63 el s oglis tigdh (5,55,
Ll @lyd ojlas] an el Son (o518 ST caliso
03> S (ploond 9 (038 2lsdg CdMo isGol58 )9
Comsd (59,5 Si5le8rse b 32y SOl Je (lgisar 253
A5 e Jb Sl (Bl Caols agllgyge plo
a8l iolisl &l ojlil yials b (6518 slanusT cdMs
g @3 ST bl logl el (35 5V
Aot > e Gl (6508 ol (slays clale
£ USs [OV-0V] b e Sl 6 8h as cols
o oy e 9B Fer zge Job ) 6y JBS (ke
Yo+ bl 587 556 ST cladise clps |y olo;
Cowd do @bt Bk md o LS 3 (o 2 p)59,S00
Yy ST 586 51 ST a5g0 b Sl ol connls oel
= prSerSee Verr g VB e e glac e )3 5 039
Sl ady jl Fae 68 las Cuolh S il e
o S5 g 6l A il 05 2oyl IS
$U 5l o bl CU' g a5 Canl Capsdly cpl & gy yo

ol 9o g 00d Ol (681 Jsho i (g9, @y

20.1001.1.23222352.1397.7.1.4.8 ]

[ DOR:

\L 1Yyl ) gosled V(60,90

ol YO & (STaiges) pual Bv o 5l pbys ord yialS' L
313 0310l ,S5lse (ST aged) yuel Voo g (SO iged)
Ol 38l ol £V o YVIY 4 iy 4 yogl ¥o/F
Soiagh @l b (2 Slsen wx ool ol 8l
@ Jloel (o8I (55l Rl B L VAV o)l it

w2l ) s piar g i) gl sladiler ma jloxdl o

Db oo Lials Gl o3l ol
P eible 8L o8 clalie o Jbpd il o
i Wl o i gl S W)ld jiegil 6dgate
i ) U el by slap5lSe g Ble ()l
U oad plosl Gldllas olwl 4o (Jg onis 5155
235250 slamiil g lacubion o) 2 s clags:
ool 0 (5318 @3l (8L Ao cullad s S
&S Canl ooy bwg e Sl b (658b ds cullad
g 4l o3l Lials b culled ol g 545 00 Sl 360
e g ol 9 2980 il ghaw Colus Lol
a5 03,5 )50 LU gsSee cclalie |
P ol wST w8 o S |y Jolw 3 olewidse
Wb 4 oYU mew coliwe S 4 U wlids
oLt 393y e (Sslen 5 (alrend slasiiST
4o G ST O 9l I Sy (pl 4 425 b imd
JLb e |y gl g ool ol 28Ty (6381 b e yobo
d}.lé doS | Q\)S 93l_3 51)_3 JERCIN JYA-YY] .L'Su.o
Syl 059 s S ply 1 (oaxe oo slapmilSe
$lasisS 6 S 5 (5315 3pu] )3 b 4y sl


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

[ DOR: 20.1001.1.23222352.1397.7.1.4.8 ]

re (S9N (6591 P31 (o 2 o (S SN el (9 ) &1 o demeST 5950 M {NF

5 Sy ol W Slie (090 iSo e S cle 4 S7 4 S6
e sl slie U ST wges ol yiy wlod pdaw
18+] cad 5551

—— 81 —e— 86
1.6
1.4

1.2

0.8
0.6

Optical density

0.4
0.2

87

2 92980 © 7Sk pSotiue laole slid 4 il
9 &S i 658k sladshe Cu™ g VL (slacdalé
S Jobw S e g i 3 g 0l JUb s

o i ST LSt (8l s 039 5Vl e

el 250 ppm

A iol38l L a0 b o oamline Ll ooy ol
o3 l] Lawgio el B0 5 YO 0V ee I (gype Sl
Y15 g yogls YVIY ab cosy & ol £V 5l lys
$ig S Gl b pimen ol 4l Al jagl
011! 5:55ee PEG 20000 3 TMAH colis, 5o
UialS yiesil Y¥/ 5 ygils YO/F an cuiy 4y <ld
P> xSh lp 5> el sk ws ) b e
A osalie g () mlo ke 53 5 (Y5SLed il it
ccble il sl ol olas] b wgze ials Ly as
28 ook 4 il JRlPl S has cuols Cldgl
J—= j5bas (651 a3, Yo- ppm I YL slacdale

ol oAb CaBgio

Time (ohur)
Fo - ppm cble ;557 9S6 S1 ladiges (58U 2y g —F JSi

Sy axis ¥

Sl by s ue 48T Sldgl ol Gimgy 5
SN gl ud aslllae 5 4 e (S S
5 CUO C1h0 sl Lo St LSl ansi] sl
S il 381 L (ppiomen n3 00 GLiS (2934 ], Cu
56 Lo ys PEG 20000 3 TMAH coliSéjs s s
Alonl il (2l (631856 2oy 5 il sapS]
ol S g il g 3o g e S 4 Ylais
29l gl sl oo w21 3lj] ]
Sl3gl i Lndigad () 3y (atsSss S
o3l bagio Ly (s a8 = e (69,5 40d 5 (59,8

|) wu)i Py l>: 0 Lu‘)_w ).) ).._,oyb ;'/Yl l) Yf/& ul).)

¥y )l@.} ) Lgb)‘oa':a VGB),) Y‘


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

[9]

[10]

[11]

[12]

[14]

Syl por (widige 9 ple

S., Kuo, C. H., Chen, Y. W., Hsieh, S. L.
and Hsieh, S., “Silver decorated copper
oxide (Ag@ CuO) nanocomposite
enhances ROS-mediated bacterial
architecture  collapse”. Colloids  and
Surfaces B: Biointerfaces, vol. 155,
pp-399-407, 2017.

Devi, A. B., Moirangthem, D. S,
Talukdar, N. C., Devi, M. D., Singh, N.
R. and Luwang, M.N., “Novel synthesis
and characterization of CuO
nanomaterials: Biological applications”.
Chinese Chemical Letters, vol. 25, no.
12, pp.1615-1619, 2014.

Khan, S., Ansari, A. A., Khan, A. A,,
Abdulla, M., Al-Obaid, O. and Ahmad,
R., “In vitro evaluation of cytotoxicity,
possible alteration of apoptotic regulatory
proteins, and antibacterial activity of
synthesized copper oxide nanoparticles”.
Colloids and Surfaces B: Biointerfaces,
vol. 153, pp.320-326, 2017.

Ahmadi, R., Hosseini, H.R.M., Masoudi,
A., Omid, H., Namivandi-Zangeneh, R.,
Ahmadi, M., Ahmadi, Z. and Gu, N.,
“Effect of concentration on
hydrodynamic size of magnetite-based
ferrofluid as a potential MRI contrast
agent” Colloids and  Surfaces A:
Physicochemical and  Engineering
Aspects, vol. 424, pp.113-117, 2013.
Jeong, C., Hyun, M.J. and Suh, Y.W.,
“Activity of coprecipitatedCuO/ZnO
catalysts in the decomposition of
dimethylhexane-1, 6-dicarbamate”.
Catalysis Communications, vol. 70,
pp.34-39, 2015.

Iniyavan, P., Balaji, G.L., Sarveswari, S.
and Vijayakumar, V., “CuO
nanoparticles: Synthesis and application
as an efficient reusable catalyst for the
preparation of xanthene substituted 1, 2,
3-triazoles  via  click  chemistry”.
Tetrahedron Letters, vol. 56, no. 35,
pp-5002-5009, 2015.

Ahmadi, R., Masoudi, A., Hosseini,
HRM. and Gu, N., “Kinetics of
magnetite nanoparticles formation in a

20.1001.1.23222352.1397.7.1.4.8 ]

[ DOR:

1Y Ll ) osleds Vo (s2,9

[5]

& yo

Sharma, J.K., Akhtar, M.S., Ameen, S.,
Srivastava, P. and Singh, G., “Green
synthesis of CuO nanoparticles with leaf
extract of Calotropisgigantea and its dye-
sensitized solar cells applications”,
Journal of Alloys and Compounds,
vol 632, pp.321-325, 2015.

Vidyasagar, C.C., Naik, Y.A., Venkatesh,
T.G. and Viswanatha, R. “Solid-state
synthesis and effect of temperature on
optical properties of Cu—ZnO, Cu—CdO
and CuO nanoparticles”. Powder
technology, vol. 214, no. 3, pp.337-343,
2011.

Ashokan, S., Ponnuswamy, V. and
Jayamurugan, P., “Synthesis and
characterization of CuO nanoparticles,
DBSA doped PANI and
PANI/DBSA/CuO hybrid composites for
diode and solar cell device
development”. Journal of Alloys and
Compounds, vol. 646, pp.40-48, 2015.
Mohapatra, S., Nair, S. V.,
Santhanagopalan, D. and Rai, A.K.,
“Nanoplate and mulberry-like porous
shape of CuO as anode materials for
secondary  lithtum  ion  battery”.
ElectrochimicaActa, vol. 206, pp.217-
225, 2016.

Subalakshmi, P. and Sivashanmugam, A.,
“CuOnano hexagons, an efficient energy
storage material for Li-ion battery
application”. Journal of Alloys and
Compounds, vol. 690, pp.523-531, 2017.
Wu, S., Li, F., Zhang, L. and Li, Z.,
“Enhanced field emission properties of
CuO nanoribbons decorated with Ag
nanoparticles”. Materials Letters, vol.
171, pp.220-223, 2016.

Ghasemi, N., Jamali-Sheini, F. and
Zekavati, R., “CuO and Ag/CuO
nanoparticles: Biosynthesis and
antibacterial ~ properties”.  Materials

Letters, vol. 196, pp.78-82, 2017.
Kung, M. L., Tai, M. H., Lin, P. Y., Wu,
D. C., Wu, W. J., Yeh, B. W., Hung, H.


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

[ DOR: 20.1001.1.23222352.1397.7.1.4.8 ]

re (S9N (6591 P31 (o 2 o (S SN el (9 ) &1 o demeST 5950 M {NF

[22]

[25]

[27]

[28]

[29]

A., Srivastava, A.P., Patwardhan, A.W.,
Srivastava, D. and Joshi, J.B., “Few
layered graphene by floating catalyst
chemical vapour deposition and its
extraordinary H20O2 sensing property”.
Materials Letters, vol. 199, pp.180-183,
2017.

Kotov, Y.A., “Electric explosion of wires
as a method for preparation of
nanopowders”. Journal of Nanoparticle
Research, vol. 5, no. 5-6, pp.539-550,
2003.

Nazarenko, O., “Nanopowders produced
by electrical explosion of wires”. Proc.
Eur. Congr. Chem. Eng, pp.16-20, 2007.
Lerner, M.L., Glazkova, E.A.,
Lozhkomoev, A.S., Svarovskaya, N.V.,
Bakina, O.V., Pervikov, A.V. and
Psakhie, S.G., “Synthesis of Al
nanoparticles and Al/AIN composite
nanoparticles by electrical explosion of
aluminum  wires in argon and
nitrogen”. Powder Technology, vol. 295,
pp-307-314, 2016.

Gromov, A.A., Forter-Barth, U. and
Teipel, U., “Aluminum nanopowders
produced by electrical explosion of wires
and passivated by non-inert coatings:
Characterisation and reactivity with air
and water”. Powder technology, vol. 164,
no. 2, pp.111-115, 2006.

Jung, T.K., Joh, D.W., Lee, H.S. and Lee,
M.H., “Fabrication of Ni, Pt, Pt/Ni nano
powders using wire explosion process
and characterization”. Procedia
Engineering, vol. 10, pp.728-733, 2011.
Siwach, O.P. and Sen, P., “Fluorescence
properties of Fe nanoparticles prepared
by electro-explosion of wires”. Materials
Science and Engineering: B, vol. 149, no.
1, pp.99-104, 2008.

Krishnan, S., Haseeb, A.S.M.A. and
Johan, M.R., “Low dimensional CuO
nanocomposites synthesis by pulsed wire
explosion and their crystal growth
mechanism” Ceramics International, vol.
40, no. 7, pp.9907-9916, 2014.

Shabgard, M.R. and Najafabadi, A.F.,

[18]

[20]

[21]

one step low temperature hydrothermal
process”. Ceramics International, vol. 39,
no. 5, pp.4999-5005, 2013.

Fterich, M., Nasr, F.B., Lefi, R., Toumi,
M. and Guermazi, S., “Effect of
concentration of hexamethylenetetramine
in structure, microstructure and optical

properties of CuO  nanoparticles
synthesized by hydrothermal
route”. Materials Science n
Semiconductor Processing, vol. 43,

pp.114-122, 2016.

Bianchi, A.E., Stewart, S.J., Punte, G.,
Vina, R., Plivelic, T.S. and Torriani, I.L.,
“Grain growth of CuO nanocrystal
activated by high energy ball milling”.
Physica B: Condensed Matter, vol. 389,
no. 1, pp.135-139, 2007.

Ryu, S.S., Park, H.R., Do Kim, Y. and
Hong, H.S., “Effect of ball-milling time
on  structural  characteristics  and
densification  behavior of W-Cu
composite powder produced from WO3-
CuO powder mixtures”. International
Journal of Refractory Metals and Hard
Materials, vol. 65, pp.39-44, 2017.

Knoll, P., Reynvaan, J., Mayer, M.,
Surnev, S., Geistlinger, P., Krenn, K.,
Ettinger, K., Prietl, C., Hohenau, A.,
Gruenwald, J. and Kunert, B., “PECVD
of carbon by inverted fireballs: From
sputtering, bias enhanced nucleation to
deposition. Diamond and Related
Materials, vol. 65, pp.96-104, 2016.
Mahyavanshi, R.D., Kalita, G., Sharma,
K.P., Kondo, M., Dewa, T., Kawahara, T.
and Tanemura, M., “Synthesis of MoS2
ribbons and their branched structures by
chemical vapor deposition in sulfur-
enriched environment. Applied Surface
Science, vol. 409, pp.396-402, 2017.
Debbarma, M., Sudhakar, K. and
Baredar, P., “Thermal modeling, exergy
analysis, performance of BIPV and
BIPVT: a review”. Renewable and
Sustainable Energy Reviews, vol. 73,
pp.1276-1288, 2017.

Yadav, M.D., Dasgupta, K., Kushwaha,

1Y Ll ) osleds Vo (s,9 Yy


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

[38]

[39]

[40]

[42]

[43]

[44]

Syl por (widige 9 ple

Aghaverdi, H., Stroeve, P. and Mahmoudi,
M., “Bacterial effects and protein corona
evaluations: crucial ignored factors in the
prediction of bio-efficacy of various forms
of silver nanoparticles”. Chemical research
in toxicology, vol. 25, no. 6, pp.1231-1242,
2012.

Aldén, M., Lydén, M. and Tegenfeldt, J.,
“Effect of counterions on the interactions
in solid dispersions between polyethylene
glycol, griseofulvin and alkali dodecyl
sulphates”. International ~ journal  of
pharmaceutics, vol. 110, no. 3, pp.267-
276, 1994.

Ethiraj, A.S. and Kang, D.J., “Synthesis
and characterization of CuO nanowires
by a simple wet chemical method”.
Nanoscale research letters, vol. 7, no. 1,
p.70,2012.

Sangsefidi, F.S., Salavati-Niasari, M.,
Khojasteh, H. and Shabani-Nooshabadi,
M., “Synthesis, characterization and
investigation of the electrochemical
hydrogen storage properties ofCuO-
CeO, nanocomposites synthesized by
green method”. International Journal of
Hydrogen Energy, vol. 42, no. 2I,
pp.14608-14620, 2017.

Lim, Y.F., Choi, J.J. and Hanrath, T.,
“Facile synthesis of colloidal CuO
nanocrystals for light-harvesting
applications”. Journal of
Nanomaterials, 2012, p.4, 2012.

Lin, B.C., Chen, S.Y. and Shen, P., “(Zn,
H)-codoped copper oxide nanoparticles
via pulsed laser ablation on Cu-Zn alloy
in water”. Nanoscale research letters, vol.
7,n0. 1,p.272,2012.

Korzhavyi, P.A., Soroka, I.L., Isaev, E.I,
Lilja, C. and Johansson, B., “Exploring
monovalent copper compounds with
oxygen and hydrogen”. Proceedings of
the National Academy of Sciences, vol.
109, no. 3, pp.686-689, 2012.

Hoost, T.E., Laframboise, K.A. and Otto,
K., “NO adsorption on Cu-ZSM-5:
assignment of IR band at 2133 cm-—
1”. Catalysis letters, vol. 33, no. 1-2,

20.1001.1.23222352.1397.7.1.4.8 ]

[ DOR:

1Y Ll ) osleds Vo (s2,9

[30]

[31]

[32]

[33]

[35]

[36]

[37]

“The influence of dielectric media on
nano-structured tungsten carbide (WC)
powder synthesized by electro-discharge
process”. Advanced Powder Technology,
vol. 25, no. 3, pp.937-945, 2014.

Lee, Y.S., Bora, B, Yap, S.L. and Wong,
C.S., “Effect of ambient air pressure on
synthesis of copper and copper oxide
nanoparticles by  wire  explosion
process”. Current Applied Physics, vol.
12, no. 1, pp.199-203, 2012.

Krishnan, S., Haseeb, A.S.M.A. and
Johan, M.R.,Low dimensional CuO
nanocomposites synthesis by pulsed wire
explosion and their crystal growth
mechanism”. Ceramics International, vol.
40, no. 7, pp.9907-9916, 2014.

Park, E., Park, HW. and Lee, J.,
“Synthesis of hierarchical copper oxide
composites prepared via electrical
explosion of the wire in liquids
method”. Colloids and Surfaces A:
Physicochemical ~ and  Engineering
Aspects, vol. 482, pp.710-717, 2015.

Jan, T., Igbal, J., Ismail, M., Badshah, N.,
Mansoor, Q., Arshad, A. and Ahkam,
Q.M., “Synthesis, physical properties and
antibacterial activity of metal oxides
nanostructures”. Materials Science in

Semiconductor  Processing, vol. 21,
pp-154-160, 2014.

Mahapatra, 0., Bhagat, M.,
Gopalakrishnan, C. and Arunachalam, K.
D., “Ultrafine dispersed CuO
nanoparticles and their antibacterial
activity”.  Journal of Experimental

Nanoscience, vol. 3, no. 3, pp.185-193,
2008.

Li, B., “Antibacterial vermiculite nano-
material”. J. Miner. Mater. Charact. Eng.,
vol. 1, pp.61-68, 2002.

Cao, H. and Liu, X. “Silver
nanoparticles-modified  films  versus
biomedical device-associated infections”.
Wiley Interdisciplinary Reviews:
Nanomedicine and Nanobiotechnology,
vol. 2, no. 6, pp.670-684, 2010.
Ashkarran, A. A., Ghavami, M.,


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html

[ Downloaded from ijcse.ir on 2026-01-31 ]

[ DOR: 20.1001.1.23222352.1397.7.1.4.8 ]

[52] Dizaj, S.M., Lotfipour, F., Barzegar-

Jalali, M., Zarrintan, M.H. and Adibkia,
K., “Antimicrobial activity of the metals
and metal oxide nanoparticles”. Materials

Science and Engineering: C, vol. 44,
pp.278-284, 2014.

[45]

[47]

[48]

[49]

[50]

[51]

re (S9N (6591 P31 (o 2 o (S SN el (9 ) &1 o demeST 5950 M {NF

pp-105-116, 1995.

Zheng, L. and Liu, X., “Solution-phase
synthesis of CuO hierarchical nanosheets
at near-neutral pH and near-room
temperature”. Materials Letters, vol. 61,
no. 11-12, pp.2222-2226, 2007.
Khanehzaei, H., Ahmad, M.B., Shameli,
K. and Ajdari, Z., “Synthesis and
characterization of Cu@ Cu20 core shell
nanoparticles prepared in seaweed
Kappaphycusalvarezii  Media”. Int  J
ElectrochemSci, vol. 9, pp.8189-8198,
2014.

Y. Zhang, B. Deng, T. Zhang, D. Gao,
and A.-W. Xu, “Shape effects of Cu20
polyhedral microcrystals on
photocatalytic activity”. The Journal of
Physical Chemistry C, vol. 114, no. 11,
pp- 5073-5079, 2010.

Hajipour, M.J., Fromm, KM,
Ashkarran, A.A., de Aberasturi, D.J., de
Larramendi, I.R., Rojo, T., Serpooshan,
V., Parak, W.]J. and Mahmoudi, M.,
“Antibacterial properties of
nanoparticles”. Trends in biotechnology,
vol. 30, no. 10, pp.499-511, 2012.
Subbiahdoss, G., Sharifi, S., Grijpma,
D.W., Laurent, S., van der Mei, H.C.,
Mahmoudi, M. and Busscher, H.J.,
“Magnetic targeting of surface-modified
superparamagnetic iron oxide
nanoparticles yields antibacterial efficacy
against biofilms of gentamicin-resistant
staphylococci”. Actabiomaterialia, vol. 8,
no.6, pp.2047-2055, 2012.

Sirelkhatim, A., Mahmud, S., Seeni, A.,
Kaus, N.H.M., Ann, L.C., Bakhori,
S.K.M., Hasan, H. and Mohamad, D.,
“Review on zinc oxide nanoparticles:
antibacterial  activity and  toxicity
mechanism”. Nano-Micro Letters, vol. 7,
no. 3, pp.219-242, 2015.

Stankic, S., Suman, S., Haque, F. and
Vidic, J., “Pure and multi metal oxide
nanoparticles: synthesis, antibacterial and
cytotoxic properties”. Journal of
nanobiotechnology, vol. 14, no.l, p.73,
2016.

1AV Jle ) soleds Vo (so9 Yy


https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.1.4.8
https://ijcse.ir/article-1-572-fa.html
http://www.tcpdf.org

