[ Downloaded from ijcse.ir on 2025-10-19 ]

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

LA (4 3

L

V) Ol ¥ g lodd ) ) (595

Oy i (59 3 | (I G 9389 9 5399 o195 ¢ sLlw iy y (owiy
ko G il gy &

il ke ilis g5

TS om otllpol il gud y N sugllalel daaiy Moligs grins (A yo s | Loy g3 ) gah

Oyl Gy ple o8l (65,90l g dlge wline 02> \
Oyl o g ol oKl oS5 0uSisly v

* alamolhoda@iust.ac.ir

XV 1l Ol

S 5 (59) S (sloosle iy 1 oolinel b (Jalxo (5 i gy 4 55y AT g el )0 oo S5 el s
ol s (=Y o) /D) 0dilS ST o S s Cannd (5T 5 A g CS g g 0SS LeansST laie o deaw] VE- ) Cod ...J)H;:u;)-?.'s‘{.
(il sl gl jl aslizl b ods i sloysgy tudil55isd 3,Slas 5 530 pols Sl sl Y dio b Y'Y i
SBlo b BT ZNO (sloyrgy i ooy (L il (i) (g S gy Sao 0] 5 (U 4D o yiawd 3
S35 Siglsge b Al ST 1 oA ik S S g e gl gk poiins 5l 4 Culii)g www.ijcse.ir
03 o [y i (Kippply 4 =) )0 0k Gpime 55y AT il b SISS (] loks JeS ool 29 i b
S (A4) )80y 5 (K)5) ok 035b o Y (cllo =) 3 ool o 0 (59 deanST 29 YEVY-YYY £ gl LLS
i 00> Cownn 4] Yl 0fsg paw 0 &5 D9y idilyS a0 il Cou ddidd WA ol y0 gl o : Sy S| bl.w
YYAY-Y+ oY

2031 gals’

Sl gt sy dess]
ol Sl b

sl 3555 3, Slas
20.1001.1.23222352.1400.10.0.26.9 DOR 5
ol Jd 4 Ol gl curs ol bl donio —

9 e g 65liS eyl hS g i
8 285 3550 s ysb 4 2l 5 Ol Sl (izren

olis S (65y9liS g (o slacleb 4958159, A,
Wl 00 (s milio L;A9J| el olowd laosn Yl

A


https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

Foe 3l (pigy 43 0w Fiw (89 daunS| Sl U 9398 5 (590 olgd LB Lw 3, (o) y

5 5o Sy bl e (JUgSlSe calyy Jolis
oliand slaybay [NV Cosl NaCl gy 5l S5 St
Ji de DY] Jlegglgw V] Jloyigyam ile dlise
QW] sele <l V] ()l 4525 V0] (gm o { Y]
ZnO (sl 34y st (sl [VA](SCS) Jgle 3l 52
lazs )3 )18 eolawl 590 Hlidlugil

5 olos ) 2l g )] sl by, S plgie 4 SCS
3)90 Sy oo 3 )l loglh dlge @y Mg (6l (6551
oSy olul 2 SCS [T+ 8] Canlatté 5 1,5 o3lit
boly)S dacl s wile) 5318 slaojlopin o lile)S
wygl 15L) T Slge 5 S 1] gie 4 (Iaclilgus
ol 3)90 g (lgie 4 (e g doml G g S
b s by dd @ olSy ol oS e
Scdgw (b A g (g poped 3 Y e
ol s yo dus Lol SCS egdly 53 A SCS 3 i,
O3 Y Gl 4 o o laesle iy JHsl sl
g 4 St J5 Jnsl g P> 505 dlowg 4 03l iy
IVY=YY A 0)s8 b gl amio G g9 2 25 £5
Wl (pollan (sla Sy Jslore lyl (Bg) OV g
ook Jlslo (S idls oy Vb ofag o Colue
Ve Jaimse olas ]y 595001 plyie 43,8 (6l Cogame
[y

g b1y () 2T 1090 V] il San 5 (6 NS
PH $1g 253,8" jtw Jgloca 31yl (o) 0 dewsl S o
9 )9 3 )13 adlhae 3)90 U 9598 olgs 0 1,

Chgw by gy wnS] gl fiw (VO] Ll Ken

2 Advanced oxidation processes

iy 21 oS plpl dlex 1 ey bl i8] S das
sl drlgo Ol 39108 L rizmad 9 Sl 39290 ile e
5 (WMD) "I cupte allipn duge ool gas
oolS (FAO) we o lojlw (65,9liS™ ¢ lie ol
Jo 53 g adlbanog glo)saS )3 Ol (Sogll &5 wlos S
olaidl \h) ol 4 e dS Gl A8l ol 38l dmuwgs
Py 3l ok 2las (aecin 5 (S48 Ceo o s
2 S35 askee VO AVl (Jle fleie 4 Calods
CHSL & (o yind pas > & drgs Sl )3 slayglS
Cad JH1) 05 o a4 pgjie 5 ol Sald]
o3l O B pae a8 canlodly (jlis sl Sldllas .aimd o
5 sl 1 7 Lyl e sy Jb ) glaygiS )
e 3 ool eyl s ol oo g 5 o JIYY 51 s
@l gl s byl Gl Ol o polie clale
Sed gy i [PV ] ol e sl s oM
5 b (g 5 b e 5o (plias 3
Ol adar gl (AOPs) T i gawlinnS] (claailys
Gls > 4 AOPs dayl e j bleas 48,5 5 4
90 comly 4uip g omb ChlE ) (g e S5, ol
CanlBlS 528 (S, lsis 4 (ZNO) (g9 dpuS| it A5
S5 s S S il M 4 s
(5 meV) Sy S8 (Stawen 5551 (Y/YV eV)
395 4]y ook g oml i s Jlo abesd luk
Slgs o ZNO G byl 4 s [A-Y] Canlod S s
@ 0pd 5 (Sigw shed slaio cslalie (55,5 S &
S S 53l g9 aw clyld g9y AenST [V ] 0T s

* International Water Management Institute

1F«) oluwl P solois 1) s VY



https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

Sl pw (owdigeo 9 ple

gy plil gy —Y
dMgo —\-Y

039 el S po S 0 5l img oyl 3 ooliul 390 g
1350 1285 1,3 oslatl 3,90 5k gilogalls (9 5
Sy (/425) (Zn(NOy)y £HYO) (g9, ilpns ilyun
e |9 9y A i e (£33,0) (C5HAOy) Sl
shie Ul 5 (CysH\ACINGS) ol yliie ((NAOH) 1pS g )i

A5 03l b Jgloes (g5lwoslel gl

&g0d g jlwosleT —Y—Y

oS aS| Hlaie & g9y @l 5l gy ST i slp
e s L (V) dasly Bib sl St 39

A0 ool ((p= Y 5'/&) usl&m
Zn(NO3); + = @ CeHgO; + ~(@ —1)0, » Zn0  +
duolre (V) galaly bwgs (@) 00T 4 Coguw Cous
Cawl (65108 gl s glize 4y @= ) dboxiy] )3 094 oo
@ Sl Chgw JolS GamolinSl glp & pre ol 4
3190 ST 28Ty (sl g Cand g baee (eS|
Sl ey 4 @>Vy @ <) S o el 1y 5l
o) sleyS g 3980 plonl s g ol Glysl 0=

09 0L lime 4 @ >V 0< ) Lyylyls > a5 e )l

ol 3l pias 53 s yuiSTly S jlade
g pi¥ly byl plos
00 i¥ly s ples

) M)

rr 1) ol Y solois 1) o9

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

oy Sledges (8IS U5 3l Ghe) 4 el St
P AdS 3l ey 9292 B0l Shmgy ol 5 00 i
LA jelie (09 lyd oS e asyd B glod
P9y 4 1) (g9 ST b GU VP LilSen g jlogS
0Pl 9 92,5 45 ol G s g b (gl 3l
il slabyy e 583y oy |y o S6le
Bl gy «usl 4y )15 4y (59) ST s (gl &
My bl g 39 ol g @ el s 4 Jslre
VL s ol 5 J555 Sy sgmsls b Y g
@ 59y 48T gL sy oolisl cax 2Ll Iy
Slyal (ogy 4 (alisee iz .cuwl CundUlS 368 lgic
S SelaSs; Bl caa 1) (59 w1 396 Jglmo
OIS (g2 iz (oS g byl jl g wles S 5
S5 Sl bglsie (yizmen 5 Sy ol L
4 Cogw Cilisee i b Sy bl b Sosl
ok oxl ) o [TV & cunl onds soliwl a8 s
Alyie 4 Gl @t Koyt odlitl Bl o)y
g Ao (Sacuns ) (SeS Cgw (g 9 CEgw
o 9 9 eS| CldL Ji Cua oaiS ST 4
ook ol 3 sl 5l 350 gl b gigh L,
Foslatal b Joloxe lysl (09, 4 g9y bS] sl pog
QST 4y CSgw clize glacuns b (CA) sl Sy
Jge S Cogu plgis 4 sl s A5 4 oS
Jsb 3 e L awslie o 1) il 5l o ke o
33 [YN] 3530 gl St Sl o5 185 o 303 315
Collsd 5 )95 el lsle il sl 395,55 )8

Vet sdel Cawd 4 9 ST sl ydgy Ul o598


https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

Foe (3l (pogy 43 0w Fiw (89 dauST Sl U 9398 9 (590 olgd LB Lw 3, o)y

el Gl g3 gd yuwlo 3T —Y—Y
NN dacgjeelS U gss 3)Sles o)y polate &
b odds jiww ZnO/g-CaNa o jamlS gl (sladiges 3l )3
» 0 ppm cdale 5 oh plie (a5, il de V-
looslatwl b el adS 1B L5l 3550 pH= Ve
4 Slg YO+ oY 9 313 wulals Joloee pH NaOH
Fo S 4 ammibuogu Tanl 0 odlaiel UV zoe i
Sy elely cla Pl (g)hBn lp Sl aid
S0P b CoS gmilimgnr uw dd 0jed il

85 )8

O 3l Joe s 3 5l 0)50 w9 59y Sl
0 g odbASy,y lade Ul gwle e ;D odd o
2 orblize (13am g9y bylee / Joloms 095 J> b 1
Ji b ooy oyl ol 5 e dspd Aroya glod
Ui A ok 3D esel cowy 4 5 2ed s
Ji 0 yldai jl glasl g a4y, wad ey o)l
2R3 S 4 (39 (6353 4395 e 4y g 0D £9)0
A 0dsS (gl (193 0D S gy 335 oo pdiie
o)lo sl V S5 )3 98 Jols (Sen 5 CE16Sy (5390 U

ol 0as 03 ioled (g9 ST o

59 3amS| 3inn 0,157 b =) S

1) gl Y ol 1) o9 rf



https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

Sl pw (owidigeo 9 ple

O11)
010)
o MO 1312
o1 O13)( )021) J Oy v
~
=
£ o=t
N AN T
z - —
Z 0=
S
=]
A Q=-/0
, , , , ,
20 40 60 80

2Theta (degree)
CALDMWZHO Uus.ul,a){'u»|)._:.‘5’§-||—r JSi

@ Sy (99 (e 3o QU T S 3 &S joailen
15 2 _a 1S ol b ol S 05l g1 SingS e
ol 0 &8 4 ol g <5 b o3l ppolie \ g
il 13 Indiges 3> S ol 03] cigun e yial33l L
o386l cle a4y wilgs o &S cCunl 03)8 g o3l oo o
o s2lo)S 6551 g3 b oS Al B @Y ganee ke
{7 J sl o 3 8 5l 65 sk 5 Aiged ()5 30 2y
(0= ) b) Jgo Cams )33l L lyd ol Lials gdly 5
Loyl (S 00 3151 (655 &Y guamo (laJge Sl &
B YL po 0uiiS sl 4 S g (Jgo s il
&5 Bl 5 8gd (e o eyl 295 0 sl (295
D3 O3 13y glo s 1 5 o) bags olo S
Yhohg oo b 5SasS ojlul b )39l 355 a5 & oS
3929 L O >V el cllin S ojlSH[YV] S 0wy
@ Conl e 45 b oo Sal38l SSLLT (glod ialS
Cogu i sl alad b (slod b dtual Glinl £y
y Jlia 08y gl (BB loj 45 2948 o0l> s 5V

[PY V] a8 e w2l

Yo

1) ol Y solois 1) o9

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

slp b ()l paigel (ygmasliasges 5l O-Y Ml @dd> £1 o
P AB Ve Gle 4 bdiges mle I dels 5B gjlwlas
8 addy 9> Yeoe Gy b Gosd il b &l )8
(DVViS) i e e clil S

W (60l

Lawts —F-Y

olKiws Lawgi 04 s ladiges (uSol 5 WHn Nl
Job L CuKa 5,5 il 1 eolasuwl L PHilips X'Pert
b CS A B Y egails digli b gl +/NOVIA zgo
S5y UV-Vis giwcads jl oolaiiwl b ladiges (5y58 s
cab U1 .05 (g ,S0jlul VARIO 2600 yiegigdg xSl
oS I eslaiwl L (DRS) (3008 UL o
4>l ;> (Shimadzu UV-Vis-52550) yiogisds yiSuml
b baises (sislsiyse 5 plml giaglh YeooA
IS (R S
A5 3JUT (MIRA3TESCAN- XMU)

oo g el Y

Fow 59y wemS] WSSl g oy s Y S 5
e (slacams ) (CA) dl St o0 s 005
Sy ool 0us 03l L (@) 04 ST & B g
FYIDNDT XEIVVDT FE/EY-T FVVYY )5 oais oalie

4 bgye #4007 SYIAYT o SYAYST as/ovs

’) c(’ \Y) c(’ \ \) 5(’ ’Y) c(’
JUsS135e caljipg BT 5 aualio )l ojlad L (- YY)
»Zn0 S5 gl 5 cnilul & S olelis

1Y) ol o Ll

(NY) (V) (1) Vo) Sl


https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

Foe (3l (pogy 43 0w Fiw (89 dauST Sl U 9398 9 (590 olgd LB Lw 3, o)y

CAl{bﬁ}i&még}%hﬂﬂ)&l{d&&,@ﬁo')l@u_f)glg ol juslie —) Jos>

E, (eV) CA) a=b=(A) Dxrp (nm) @
YN¥ ARAE YIYOY - Y N
Y-y ARAA YIYOY - 14 \
Y/ ¥ NARAA YIYOY - v Y
AWERY NARAA YIYOY - Yo Y

Sl bddss wigd o ddei 5 51 oYL o &S LK
bl oo

Al e 8le 5 WSl o |y Syp cladds s
Y] 90 @l 48 glo wiusw | (29 lajl
slosd (g les A8 o)Ll a5 shailen (piren
I3 ol 5 Sidbyge » 3 isSems G5 sl
Sty Sl Kotz ol GBI Ll IS 50
23 By 3985 Co puo 4 53 9 WS (o0 Iy 381 Jglome
A8 o I Jials” @l o3ll 5 00,8l ials Jelce
[¥Y 5]

5 Glysl Cud 9= Yaises 0 Coaw lie Lili8l L
D Casyu a8 & e Wilg o ST WS o Iy il
owli8l amis g Glasl wuld (boge Sl
Dgas 3yl Jgame iy o5l

@ bgye g ol ot odly fLES Y s )3 45 EDX U]
0=V b a4 ;0 @y boosd ool Liales anl U
ey o ol YEIFR wt% g YY/O) wt% ol 4
b 1) 0dd jiiw (s&ges )3 (LalB byl pie (picnen
[YA] &S o

Sadiges ghaw ($ioledige g JUiSlony (uyn sobte &
plsl (tngy oS sSss Se szl w0rd i
C g e b ZNO (gladiges SEM yyslas ¥ S 03
ol |y Joloe sl il o) jl ool b woglise sainST &,
s i3l b Jodog a8 55" samlice ()lg5 oo 2o oo
e Gl e

03081 (69,5 )3 5l bdas @= +/B )3 0dd i (sl ydg
e 581 oS clord S5 (~A+ nm) alaiels o3
P aS b o S Y nm 4 @l ojluil =V b s g
3929 ol b load 0 poslST a8 1S sladisal b dylio
) $S 35 89,5 Sl @ >N 3 0ud (5% 700 (slaydy
¥ V] At (~50nm

g L)S Jlie & s (659l8)00 Jgloe (Bl i >
O & Gl ol e el Sl (295 SJE e
Sl o (29 SBIE e g LS e sl dy
O Joloe aleend (S5 (ol g liel £ Ay
lod (05 YU > 4 = +/0 1> g o JiS ol
[Y+] g 00 osalie @l g ¢ b, Sbbol
bl » e Jole (298 GbbE VL e
lodiges 15 @ Ll b [VF] il Jsdsa (gla 5L
S8 5 obj pm s3] g 3lyisl olgS” loj =V o ¥

PR R FCRER I I SEWIPVISC SV PR PRC PR PN

1F«) oluwl P solois 1) o9 YF



https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

Sl pw (owidigeo 9 ple

N\

80nm

’\L‘_

" ]
] y A
i 4 ) . ¥
SEMHV: 150KV |  WD: 10.36 mm | MIRA3 TESCAN SEM HV: 15.0 KV WD: 10,39 mm A T LT MIRA3 TESCAN
SEM MAG: 100.0 kx Det: SE 500 nm SEM MAG: 100.0 kx Det: SE 500 nm

View field: 2.08 pm .Dale(mFd.l'yl.: na/z4r21 RMRC FESEM View field: 2.08 pm | Date{m/dly): 08/24/21 RMRC FESEM

A

]

84om

A } R Sy ' S STR
SEM HV: 15.0 kV WD: 10.82 mm I L | | MIRA3 TESCAN| SEM HV: 15.0 kV WD: 10.03 mm MIRA3 TESCAN]|
SEM MAG: 100.0 kx | Det: 5E 500 nm SEM MAG: 100.0 kx | Det: SE 500 nm
View field: 2.08 pm  Date(m/dly): 08/24/21 RMRC FESEM View field: 2.08 ym  Date{m/dly): 08/24/21 RMRC FESEM

0= (z O =) (L Q=+/0 (W Ogliio Jgo SCumi b o3 § i 59 3amnS| 393 FESEM 5l -1 S

Q=r(
GASYeenm  Cls e ili8l cglaie (@) sniws] (DRS) JSypo — il (6340 UL slacads olos p
slyp Y cwl gy ST S Qo gad U 4 Cgw s b odd jiw (59 ST sladiges

Y e okt P soleis 1) (o095

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]


https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

Foe 31y o9y 43 0w Fiw (89 dauS| Sl U 9398 5 (6,90 olgd LB Lw 3, (ow)y

5 B (%) = S5 X 100 ()
laglo) 5o Wi, bl C WIS, algl cdile G oS
ol il calises

Inlo
5000
5000
40003
30003
2000
3 OKe
10003
E ZnKe
E " 1 e v
LE . T e NRERE S LA

wo-F JS 3 03d uass 44U JIEDX LT -F JSis

Sl claca bl gigd (ol dgsliien — 590V Juo
3l ol Sl e il o lej 5 3y S
In ()= —kt ()
Aol B O (galaly il (k(min™?)) iiSTy 75 el
L) ol VS i 3135 IS s 2y
a0 ol g g cul il JI slaailiSs, Sl
J&oly wile Jkd sladisS 939 4 CO, 9H,0

ol dtanly (07) 2nS g ol g (OH) LS 'gyiun
oyi> 9 (@) (eySIl iSly saliwg 4 Jlb sloaisS
02 g OH L 9 (il (salwy 4 0ad g3 sla(h?)
G e e 33 MB (S5 STy i o g gos il

Sldises mie (Bg) )g )pl SS ganulbre
5 (¥ ) Sobi sablee ) wrd jiw g9y spus]
¥ ] Conl o oolasiwl S'gl loges

(ahu)? = A(hu-Eq) (v)
1y b 55 hu g osle colb A Ols coysa ol jo oS
de oy 4l abogp bl (V) ey eyl
g S5 BBS (Sb Jhge 3 Jsb jee s9)
Wged (9390 OUGL cab ¥ S 5ol oid dwle
Y Jods 50 il oad 00l lis CA L onds i sl
Ci g Camns b CA (gly 00 dwls (65, BISG polis
e ioliel bl o ool lis gl sniwST 4
Chnd SYL zge Job oo 4 Clo A 9=V b Ci g
Gl b o il 651 BISS ia o sl 03,5 iy
(WJHS ogls (Sujeh )y ojlul pibices (5l
Clo cublB mdsce sladSged jd Gl o e o IS
ol sl e Wojis (19)3 595 (8l pls > 4 8
My g odle (1900 )98 C8 o yowe Job (I sl ol
ORIBl e il 3 &S g 0y gl Ci
(5551 G5 () 5 opdle e a3,
Somk S (Sapsk S 4 e Cgw b sladige
5 ol sbaY G pbaY ) skl b cgs
LEY V] sl o (g5l GG Lials cely wolin
Cogw Lol jiw (59) duS| udlggs 5 Slos
JhednsT & Cogw Gl slacuns 5 dpul Syt
dygo il ye cod MB sdilaSS) o )b
S oslil b o5 (235l (0 JS5) €85 )15 anlllas

Ll 0045 dwle ¥ gdlal,

1F ) oluwl P solois 1) o9 YA



https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

Sl pw (owidigeo 9 ple

— =05

2
(ahv)
o
g
w
2
-
w
g
o
z
w
2
o
g
w
2
-
o
-
8
N
2
-
2

K |
absorbance(a.u.)

29 3.0 3.1 32 33 34 2.9 3.0 3.1 32 33 34

hv (ev)

35 200 300 400 500 600 700 800

&l

— =05
—

— =3

wavelength(nm)

Oglite Cus gan (S b 22 jitiw (59 3umnS| O 9599 SJsl s> o (@hv)" M350 (0 (23> cab (Wl -0 S

4 -
3 -
)
=
o, O
<) o
=
11 —u— =0.5
— (p=1
©=2
—v— =3
of @
T T T T
0 60 120 180

Time (min)

—a— ¢=0.5

1.0 ——¢=1

0=2
0.8 T o=
0.6
0.4
0.2 4
0.0+ g_a.”

T T T
-60 0 60 120 180

Time(min)

Db jiiaw (59 damsS | bl 8 )95 i MB(s1sS5 ) [iuiS g e puw 13505 (O GBS 5598 o 50 13503 (il -5 JSUi
AOglate 23uST U LS gan (S

slasUge VL ofg o b 0 5iis (sl gy sl
Ot Jb sl e 5 WS o ol 28 3y (5 ]

A L 1y 4525 gl o
Gy dle (5)5 ol 4 (U8 clld (ol b
3Pl sl oad g opi 09 pSUl B 9 Ol

r4

1) ol Y solois 1) o9

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

OO 3l e 0= [0 ) Y oud 5y ZNO (sl ydgy
SE sy a ]y MB &S, dids £o e 4 So)b
(720) (695 4355 Cp S S oo e LY o /0 NS
@= /0 (g Conl 9= ¥ 13 0ad 03] ZNO @ by ye
IV] Wb o Liul38l 72V 5 ZAA (785 4 9= Y (9= )

YL ohg aw e 0=V (lp 455 (Vb 50 [FF


https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

Foe 3l (g 43 00w Fihw (89 dauS| Sl U 9398 9 (6590 olgd LB Lw 3, (ow)y

[3].

[4].

[5].

[6].

[8].

[10].

[11].

[12].

[13].

[14].

[15].

water quality in Ghana: Water costs and scope
for advanced treatment. Science of the Total
Environment, 2010. 408(11): p. 2378-2386.
Organization, W.H., Principles for the
Assessment of Risks to Human Health from
Exposure to Chemicals-Environmental Health
Criteria 210. 1999.

Mateo-Sagasta, J., et al., Water pollution from
agriculture: a global review. Executive
summary. 2017.

Hu, Y., et al., Spatial distribution and potential
health risk of fluoride in drinking groundwater
sources of Huaibei, Anhui Province.
Scientific Reports, 2021. 11(1): p. 1-11.
Duggal, V., et al., Risk assessment of metals
from groundwater in northeast Rajasthan.
Journal of the Geological Society of India,
2017.90(1): p. 77-84.

Ong, C.B.,L.Y. Ng, and A.W. Mohammad, A
review of ZnO nanoparticles as solar
photocatalysts: Synthesis, mechanisms and
applications. Renewable and Sustainable
Energy Reviews, 2018. 81: p. 536-551.

Lee, K.M., et al., Recent developments of zinc
oxide based photocatalyst in water treatment
technology: A review. Water Research, 2016.
88: p. 428-448.

Klingshirn, C.F., Semiconductor optics. 2012:
Springer Science & Business Media.

Flores, N.M., et al., Effects of morphology,
surface area, and defect content on the
photocatalytic dye degradation performance
of ZnO nanostructures. RSC advances, 2014.
4(77): p. 41099-41110.

Khaliullin, S.M., et al., Solution combustion
synthesis of ZnO using binary fuel (glycine +
citric acid). International Journal of Self-
Propagating High-Temperature Synthesis,
2019. 28(4): p. 226-232.

Kitsomboonloha, R., et al., Selective growth
of zinc oxide nanorods on inkjet printed seed
patterns. Journal of Crystal Growth, 2009.
311(8): p. 2352-2358.

Rai, P., W.-K. Kwak, and Y.-T. Yu,
Solvothermal Synthesis of ZnO
Nanostructures and Their Morphology-
Dependent Gas-Sensing Properties. ACS
Applied Materials & Interfaces, 2013. 5(8): p.
3026-3032.

Hasnidawani, J.N., et al., Synthesis of ZnO
Nanostructures  Using  Sol-Gel Method.
Procedia Chemistry, 2016. 19: p. 211-216.
Rosli, N.I.M., et al, Surfactant-free

Soy 2 S oK) Cla cd )b 4 blS g
©p gaw olerdgSogd (ol wulllS waw
by opt g ol (rhaw gblie (v (s
b oSy €5 el g 4325 035k ¥ Jgia [¥O XY ] 095 oo

Cawl 03Dy i led

S|y )35 3005 9 JuiSly & 5 Culi joolie -F Jga=

uwbulo)w.\‘A' )Ium;‘_gg)

%) | K (min) @
s cye e YEL VY 10
aA L AR \
hYA R =R V4 Y
ay ARy Y
& o5 i —F

9 LyS slde 4 1uad (cigledyge (Jole lysl s
S g 4 sl Ay (uSly ey 0ud S
GBI L b (IEN Jgo Cod GRIEIL JlsS
ORl38L 59y duST Clliny )57 010l (97 V) g Jlade
5 dhe Rl 5Se sl Wy g )l gy
glod b g amanl gl 25 s 4 (9 2)) )3 s
s Vb gl b GREL ded ol
)5 ol cos 9= Y ly (FAA) ZnO bl g
Vb o325 s e 4 (0 ol i WA+ 53 it
o Js0g0 VL o%g o L o 2o (glayogy .l ]
Shote Jib glaple 5 1S o Gl |y Gk

&1y

[1].  WHO, G., Human exposure assessment. 2000.
[2]. Rossiter, H.M., et al., Chemical drinking

VE ) Obuwls Pooleds 1) oy Fe



https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

[27].

[28].

[29].

[31].

[32].

[34].

[36].

Sl pw (owidigeo 9 ple

combustion route. Journal of Physics and
Chemistry of Solids, 2011. 72(4): p. 290-293.
Vahdat Vasei, H., Masoudpanah, S.M.,
Kamrani Pouya, V., Photocatalytic activity of
solution combustion synthesized ZnO
powders by using a mixture of DTAB and
citric acid fuels, Journal of Physics and
Chemistry of Solids, 2021, 151, 109895.

Bai, D.S., V.R. Kumar, and R.P. Suvarna,
Synthesis and characterization of zinc oxide
nanoparticles by solution combustion method:
DC Conductivity studies. Indian J. Adv.
Chem. Sci, 2017. 5(3): p. 137-141.

Yu, W, D. Xu, and T. Peng, Enhanced
photocatalytic activity of gC3N4 for selective
CO; reduction to CH3OH via facile coupling
of ZnO: a direct Z-scheme mechanism.
Journal of Materials Chemistry A, 2015.
3(39): p. 19936-19947.

Pourgolmohammad, B., S. Masoudpanah, and
M. Aboutalebi, Effects of the fuel type and
fuel content on the specific surface area and
magnetic properties of solution combusted
CoFex04 nanoparticles. Ceramics
International, 2017. 43(11): p. 8262-8268.
Naveen, C., M. Dinesha, and H. Jayanna,
Effect of fuel to oxidant molar ratio on
structural and DC electrical conductivity of
ZnO nanoparticles prepared by simple
solution combustion method. Journal of
Materials Science & Technology, 2013.
29(10): p. 898-902.

Naderi, P., S. Masoudpanah, and S.
Alamolhoda, = Magnetic  properties  of
LigpsFe»sO4 nanoparticles synthesized by
solution combustion method. Applied Physics
A,2017.123(11): p. 1-8.

Bolaghi, Z.K., M. Hasheminiasari, and S.
Masoudpanah, Solution combustion synthesis
of ZnO powders using mixture of fuels in
closed system. Ceramics International, 2018.
44(11): p. 12684-12690.

Manukyan, K.V., et al., Ultrasmall a-Fe,O3
superparamagnetic nanoparticles with high
magnetization prepared by template-assisted
combustion process. The Journal of Physical
Chemistry C, 2014. 118(29): p. 16264-16271.
Javadi, S., S. Masoudpanah, and A. Zakeri,
Conventional versus microwave combustion
synthesis of CoFe;O4 nanoparticles. Journal
of Sol-Gel Science and Technology, 2016.
79(1): p. 176-183.

modelling of the thermophysical properties of

f

V) Obwls

Y ol 1) o9

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

[16].

[17].

[18].

[20].

[21].

[22].

[23].

[24].

[26].

precipitation synthesis, growth mechanism
and  photocatalytic  studies of ZnO
nanostructures. Materials Letters, 2015. 160:
p. 259-262.

Baskoutas, S., et al., Preparation of ZnO
nanoparticles by thermal decomposition of
zinc alginate. Thin Solid Films, 2007.
515(24): p. 8461-8464.

Shi, Y., et al., Solid-State Synthesis of ZnO
Nanostructures  for  Quasi-Solid  Dye-
Sensitized Solar Cells with High Efficiencies
up to 6.46%. Advanced Materials, 2013.
25(32): p. 4413-4419.

Vasei, H.V., et al., Photocatalytic properties
of solution combustion synthesized ZnO
powders using mixture of CTAB and glycine
and citric acid fuels. Advanced Powder
Technology, 2019. 30(2): p. 284-291.

Wen, W. and J.-M. Wu, Nanomaterials via
solution combustion synthesis: a step nearer to
controllability. RSC Advances, 2014. 4(101):
p- 58090-58100.

Varma, A., et al., Solution combustion
synthesis of nanoscale materials. Chemical
reviews, 2016. 116(23): p. 14493-14586.
Rajeshwar, K. and N.R. De Tacconi, Solution
combustion synthesis of oxide
semiconductors for solar energy conversion
and environmental remediation. Chemical
Society Reviews, 2009. 38(7): p. 1984-1998.
Li, F.-t., et al., Solution combustion synthesis
of metal oxide nanomaterials for energy
storage and conversion. Nanoscale, 2015.
7(42): p. 17590-17610.

Deganello, F. and A.K. Tyagi, Solution
combustion synthesis, energy and
environment: Best parameters for better
materials. Progress in Crystal Growth and
Characterization of Materials, 2018. 64(2): p.
23-61.

Bolaghi, Z.K., S. Masoudpanah, and M.
Hasheminiasari, Photocatalytic properties of
ZnO powders synthesized by conventional
and microwave-assisted solution combustion
method. Journal of Sol-Gel Science and
Technology, 2018. 86(3): p. 711-718.
Riahi-Noori, N., et al., Synthesis of ZnO nano
powder by a gel combustion method. Journal
of Ceramic Processing Research, 2008. 9(3):
p. 246-249.

Kumar, V., et al., Characterization, sintering
and dielectric properties of nanocrystalline
zinc oxide prepared by a citric acid-based


https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

[ Downloaded from ijcse.ir on 2025-10-19 ]

[ DOR: 20.1001.1.23222352.1401.11.0.6.6 ]

Foe (3l (pogy 43 0w Fiw (89 dauST Sl U 9398 9 (590 olgd LB Lw 3, o)y

[37].

[38].

[41].

[42].

[43].

[44].

citric acid aqueous solutions density and
viscosity, A. I. Simion, C. G. Grigoras, L. G.
Gavrila, Annals. Food Science and
Technology 2014, 15(1): p. 193-202.

P. Ahmadi, S. Alamolhoda, S. M. Mirkazemi,
Phase Formation, Microstructure and
Magnetic Properties of BiFeOs; Synthesized
by Sol-Gel Auto Combustion Method Using
Different  Solvents, Int. J. Nanosci.
Nanotechnol., 2017. 13 (3), p. 195-201
Prabhu, S., et al., Facile construction of
djembe-like ZnO and its composite with g-
C3Ny as a visible-light-driven heterojunction
photocatalyst for the degradation of organic
dyes. Materials Science in Semiconductor
Processing, 2020. 106: p. 104754.

Zheng, W., et al, PEG induced tunable
morphology and band gap of ZnO. Materials
Letters, 2017. 201: p. 85-88.

Tripathy, N., et al., Mesoporous ZnO
nanoclusters as an ultra-active photocatalyst.
Ceramics International, 2016. 42(8): p. 9519-
9526.

Suwanboon, S., et al., Physical and chemical
properties of  multifunctional ZnO
nanostructures prepared by precipitation and
hydrothermal methods. Ceramics
International, 2014. 40(1): p. 975-983.
Verma, D., A. Kole, and P. Kumbhakar, Red
shift of the band-edge photoluminescence
emission and effects of annealing and capping
agent on structural and optical properties of
ZnO nanoparticles. Journal of Alloys and
Compounds, 2015. 625: p. 122-130.
Nagaraju, G., et al., Photocatalytic activity of
ZnO nanoparticles: synthesis via solution
combustion method. Materials Today:
Proceedings, 2017. 4(11): p. 11700-11705.
Vasei, H.V., S. Masoudpanah, and M.
Habibollahzadeh, Different morphologies of
ZnO via solution combustion synthesis: The
role of fuel. Materials Research Bulletin,
2020. 125: p. 110784.

Srivastava, V.C., Photocatalytic oxidation of
dye bearing wastewater by iron doped zinc
oxide. Industrial & Engineering Chemistry
Research, 2013. 52(50): p. 17790-17799.

1) gl Y ol 1) o9 f*



https://dor.isc.ac/dor/20.1001.1.23222352.1401.11.0.6.6
http://ijcse.ir/article-1-884-fa.html

Iranian Journal of

Ceramic Science & Engineering

Vol. 11, No. 2, 2022
]

Photocatalytic Performance of Zinc Oxide Particles
Prepared by Solution Combustion Route

Sh. Poorali!, S. M. Masoudpanah!, S. Alamolhoda'*, R. Amrollahi2

1 School of Metallurgy & Materials Engineering, Iran University of Science and Technology
(IUST), Tehran, Iran
2 pepartment of Physics, Iran University of Science and Technology, Narmak, Tehran 16846-
13114, Iran

* alamolhoda@iust.ac.ir

Abstract: In this research zinc oxide particles prepared by solution combustion synthesis
using zinc nitrate as oxidant and citric acid as fuel. The effect of citric acid to oxidant ratio
(0.5, 1, 2 and 3) on phase formation, microstructure, optical properties and photocatalytic
performance of the powders were studied using XRD, SEM and DRS techniques. Single
phase ZnO particles by wurtzite structure was formed in all samples with nearly spherical
morphology. Low band gap energy of the samples prepared by fuel to oxidant ratio of 1
might be due to its low crystallinity. The highest absorption efficiency (16%) and
photodegradation of methylene blue in this sample (98%) during 180 min under UV-
irradiation could be due to its high specific surface area.

Keywords: Zinc oxide, Solution Combustion Synthesis, Wurtzite Structure, Photocatalytic
Performance.
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