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Background: The presence of organic pollutants in water resources is a serious threat to
human health. The photocatalytic degradation process is a novel method for the efficient
removal of these pollutants in water purification. The purpose of this study is to investigate
the effect of photocatalytic process using molybdenum/zinc oxide nanoparticles immobilized
on clay plates for removing organic matter in water.

Materials and Methods: This study was carried out experimentally using a laboratory reactor
with a volume of 1 liter and equipped with a stirrer, three clay plates coated with nanoparticles
and 5 UV lamps in a discontinuous manner. Zinc oxide and zinc oxide/molybdenum
nanoparticles were synthesized by hydrothermal method and characterized by SEM, XRD and
FTIR analysis. The effect of operating parameters including initial concentrations of humic
acid, contact time, dopant percentage, amount of catalyst, radiation intensity and pH on the
removal efficiency of organic matter was investigated.

Results: The results showed that with an increase in pH from 3 to 11 and initial concentration
of humic acid from 10 to 80 mg/L the efficiency of organic matter removal decreased by 53.7
and 65.5% respectively, but with an increase in the amount of nanoparticles from 2 to 8
mg/cm?, contact ime from 10 to 120 minutes, dopant from 0.5 to 2% and radiation intensity
from 0.75 to 0.265 w/m?, the efficiency of organic matter removal increased by 33.93, 52.45,
11.7 and 42.02% respectively. In addition, the results showed that under the same conditions,

the efficiency of the photocatalytic process for removing organic matter using Mo/ZnO is

22.97% higher than the efficiency of this process with pure ZnO.

Conclusion: According to the findings of this research, it can be stated that the use of
photocatalytic degradation process using molybdenum/zinc oxide nanoparticles is an efficient
method to removing organic pollutants in water.

Keywords: Photocatalytic degradation; ZnO; molybdenum; Organic matter; Clay plate,
doping

Copyright © 2025 The Authors.

Published by Alborz University of Medical Sciences
This work is licensed under a Creative Commons Attribution-Noncommercial 4.0 International License. (https://creativecommons.org/licenses/by-
nc/4.0/).Non-commercial uses of the work are permitted,provided the original work is properly cited.

Original Article


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

YOG YYY Giladin N ¥ F Lewsls Y o ylachi A Y 0 90 Jouns Cacdifagy orudigo dlao J I / I I I /

Alborz University of Medical Sciences

s O 9/ (555 danST S5 b Sl eslizad b T 3 ank T sl ge US43 4y 53

JL@&})ﬁoM

\E-E/-¥/-D 100 )y &b AEE/ANY o8 )d &b

#= Y

" ghazms 43l g Mgt g i sk M al Lo

d\ﬂ\ ‘C.L.».m ‘Qt.wéjs t.f<";f-' r_,l& AK;«J]J oD w‘): a.&i.&_}}; c.la::u C,.Z\J.@ C)u.:j:u' JSJA !
Q\J.:\ ‘C.Lv..u ‘ul:..uJS ‘5.&]1 r)l& o&:ﬁl: cCMZU..@ 0 ISESs 4.)4::5»: Q‘Z\J@ L;.».L@.A a}; v

o.\._g.ﬁ__;

o Al s Sl Sl 5 s st Ol b s ST Glae VT 5 i ibis 5 4t
andllas opl 5l Oaa 355 g slecd 4 Ol aiad 53 lae VT pl el S Gl (gl g sy iedBIS g2
slge G 5o Jli (555 el Sl O 50/ (555 AmeST D153 S0 Sl ool U U g2 Al B
e ;.j)'\ JT

e s D) e AT STy K Sleslial b o5 s adllae cpltla B, g 50se
A pll i sl e UV Voo 0 5 0350 Ledd ool (i Jlis amis w500 S
SEM (sla jJUT 3l aslinal b 5 L0 g Jla S 550kn s & O 59/ S35 AT 5 (S35 AT 3 530
Oles (T slpe sl glaclals Jols Sllas gls 2L il o ol 55 . 80s oLaasis FTIR 5 XRD
sl 45 S 15 550 PH 5 (b ot (e JBIS liie o2V ds s e

A By sl T slge adsl cdale s MV B SIPH (515l b ey 3550 Lol 3 )3 oS sl DLt e tle wl
Sis (il Ly el wl (2alS U5 SO0 5 OV 5 a STl Sl Obeily &) e S e
5do,3 Y B /0 51 KaNT s aids VY B Y 3V oles Oles cq o el o Kb ALY 313 50
VY OY/F0 XYY 5 4 JTslpo Gl OLaddly s e p Sy /PO Lo /0V0 51 0l ol s
Slp Bl 5 Al IS OLaSS oyl 5 53 oS 5l DL b o Dleas sl 4Bl il Ao 55 FY/0 Y
oslizal b il b ol oblS 51 i s 3 YV/AY Sud 5o/ (655 AeanST CaedBS 50 51 oalieael b JT 5l 50 o0
Ll 2l 4 S AemS) e JBE SL

o3l b aedUS 555 g 5o il 3 5l oslies] 485 505 Olo Ol g5 oo Guiod ol (Sladly 4 4 55 L 1 S 4o
Al e ol s I glaoa VT Gl (6l aelylS s, 0dd 30 /(655 AT I3 50

ST i b T 5150 B0 o (S5 oS e iS55 405 25 IS (5l 31

3 g0 O ki g9 (53 g I Comg it
Safari.m.eng@gmail.com

2allio (591 & Uit 0 32
Rezaece R, Safari M, Yosefi S,
Mohammadi S. Evaluation of the
efficiency of photocatalytic
degradation process using Mo/ZnO
nanoparticles stabilized on pottery in
removing natural organic matter from
water. Journal of Environmental
Health Engineering. 2025;13(2):233—
50.

DOI:

YO LYY Sladis AP F Glili ¥ oylad AT 0,90 daans Cadiligs ousige dlas



https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

Soew (555 oo o ol sl 30/ 50 esST o 536 S ool b T o panls T g0 JreanlGIS 535 455

Al s sy e sled o JT gl sV Gl
o endBlS Sy i 53 02N 510 IS
s el sl o (UV) 2l b 5 30 cod ola
Ol ST ol S e S e
T 2 M 8 NG S 4 Ul
S 3 05 S KKl of claze 5 o JULS
o pi= 0 Sl it LSS 5 Culde Sl b
g & Oorles Lot A5 glae i 0 S
Olbl 5 55 50 O 5 05| lad 5S40 L ccndllS
02) 481 5o 35T SLIC, 5 3l 2S5 el
LIl pl 45 S o 5 1, (OH) LS 550n 5 (
s ol Jole YU (iluST s 0y s e @
US55 g e ST glboa NI

A AMLJA
Sheslawl L BLs,l 5o ool sla sy 0sSU
(Ti02)p g5 ST (3 il (3ls das sla IS
plil (WO3) 8 aSt (5 5 (ZnO) s 55 A
M2 Zn0 iz lac o JUKS Ol ol a5 8
S STy Rln 03 GG O3p (o 28 057 (ol
3550 (I SUTAVING (6550 B8 5 olawd i b
»Zn0 VL 5l Bl el an I )5 ax g
Loy (25 05 SNYTY) 5lid ST (63 b 4yl
55 UV Gl 5l sy a3 o JBIS opl a8 o
5 Zn0 esli ol coles 3l LV S i
oo i/ 0 2SN o o (5 5 5L (AU 528 a5
oAl 4 e a5 AL o S JUB e 53 0l sl
Lol B Ol falS e 55 5 Cw B 5 58 (655 ea)L
0L el )lss oS5l S e g 23 8
Ol 3148 ol sl 4 SIS 4 Ssline sl 551l
APVG I W LI B R P B G4 P AN [PV R
daly S L ol sl 2T a8 dlesls olas lallas

Ao o

oy 5 cedlw g o Sualal Ol s
3 il Glady VT 5l el 0L
o bt 4 0Ll Sl (sl (s (s o b
ol el GaT 55 a8 b o do VT ol e 510,
NL&@\WaSMJSTQLxS;:}_:&
(NOM) ab I slpe b ails 5ol s
Ll a5l aS a1 (o) oy ©LS 5
5ol SOslae slendles s Gl 5 0lalS
AS S ) s Nt e O s
5>l slse i aoge 5 5 (S i Selsl O
LilgS o anb uﬂ sle Mo e esls s ol
ol s sl aSd s WLds a) Al Esl
Al S G, e gl el is Ko S
o JJ>J§ ;.j 631:)'.)55

ool 3 I slge jpam a0 by e OISl o tages Sl
S5 &b (DBPs) 15548 Ll OV puame S5
HAAS) ool Sl Jla 5 (THMS) lagls s
N e g Sl e IS L 153 S A e s
L Ol bl b Galsl T s o358 ol
ol b3l e BLL s Ay p&s s el 5 o
03 o Sl Gl beailraias 53 IS L ols5a8 52 s
A el 5550 glos iS5k OS5l ¢l 5
ST

2 ame iy 5 Sl OIS 4 S5 L
S el VT pl Gl 5 ey o JI glaoa VI glsl
0 el i gl fags Lol ey Sy
Wy O gealdenS| gladyl 33l eslind Ll sladla
i 5 O eellenST (55 051 05258 il (AOP)
bl 5o WL il cde 4l JUS s glagl 3
w35 g 3)se e pslie JT slasti VI ¢lsl
Ol STaS o ulesls QL2525 @b .l

5ol il G b b 5 S S 3

V¥ 0¥ Ll ¥ o jlaci  \Y 0 90 Jouas Cadifugs outige dlas ¢ YYD


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

oblSaay s, La,

Sl b I slse G s Jlis (555 o o
Sy elysle 5s sl 5y Sl

b9y 9 lge

Gilsasd Slse

Sl gl so ST 5 (555 AnST Sl andllas ol o
3 Zn0 Sl m v Gl 0Ll S e oS
Ciliree glacble 4y ¢l s S esliad Mo/ZnO
S el Jol § (HA) Sogon aeel 51 T sl50
.J‘zuu;.ﬂl@mu.iﬂ

G936 it

oy b asdlae ol s elaiil 5y D3 U i G
3 Jbomn Il el ot sl e Jle 55508
A 3) pseidd 3o denST o V50 1) (555 AenST LS 5
ol ol GRiVT Ol (Y 5V/0 ) /0 S5
e V) dL ) SIS el () e 0 /0)
238 b glos SelS 5 s ()

FeY e B )8 L el 4 bl sl
D3 o sase OIS 5l s la Y g u s slsl Jyls
35d glos 3 Sl VY e w05l s s s a4 S
Cmwd s Jshos e ] 51ty LS m\;)\Jj\hCO
el osls st i b g3 O bl e o okel

.”J.ibjfm.ia.:;udlﬂ:ﬁwj'\m

Jlaw 90 0 B 930 waonis

D 530 slad Lpls JUi o ami o ¥ 5 aalllas ol o
ol 03linl U1 5L S s Ol gy el
ws Jaie T L LU cpdier Jli Slmis dinl .ol
53 okt dtd i Slowis s i 5a3 SIS
505y LA S g a3 VY by > 58
S S Il Oas 5 e 3l A el Sl Doleis slal
3,8

YYF @ AP F Glali oY o jladi VY 0 g9 dasas Cudilags cudige dlas

o2l 2y sl 5K 5 0 O e ol s e
sShanmugam .65 8 . Zn0O .S 5 5 5,5
Cdlas 4 unls L5 s Jags s OLLSs
Zn0 L aclio 55 e boas (2YTZN0 2 JUS g2
El S Ladish 5 sk Gl S s el
o5 Pl @uw.wluu&ﬁ
J:K_.:.:g;;ﬂdw\ oals LA ol i O3 40
oo b s deaS1 035 NS5l o, 0580
s amllas 55 50 0L 5 STl e il 58l
Caol o1y 580 50,8 s Lile alaly il 3
ot 2osn M 5 A 00 200 o LS g
oA Zn0 o8 sl 0Lt bt losl s dilesls 3
2 Aol 2L et VT (g ST o
sBrben e llar s oSl oIS, Gds
au S ams o gl il el 31 e 55 Oyl
2 Sy medblS Lot d 51700 oS

N0l 0 HA Gl
@iz 5 L O gl s D50 4 D5 U Sl eslal
I ES VRS PRU SR 5] S B N S (.
s L s D30 e ol 03y Ol
SU ol 51 cal e STy ol esis 5l S
Js TS e ealial Ol o IS5 0 253
Oemean 3 O3 SU e 3 5 dlig Ol bl
AU e oslinal 5l e Tl 5 L3k & s
O A e I DR WT-F DR VRCHNN TR
Maas e il gle s 3l ansdS Sldlas s
b o JBS HL s g T Sl e 5 Ol
S Sl i Sl addlas )y ool ol el
5 b gl osle Jliw s S eslinul Sl3 5L e
235 Ol (S e 5 035 T Jams L S5
S g ol T 53 6 (S5 A e e s
L U8 555 il 3 oLlS ey andllas ol 51 s
Oddgo Lol 2 VT (g5 ST 153 5 Sl ealie


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

Soew (555 oo o ol sl 30/ 50 esST o 536 S ool b T o panls T g0 JreanlGIS 535 455

oslaiwl 390 VoIS
el e S 81, S Sl el il g
o S YO dsb b S S e s
G o b e 5 gl 5 e S\ 5 e
Sl & il b e e Vel sl eslinul 1))
s Slomis 38 s 5815 VL s (oS 5L
S @l 5 53 sl ¥ 5l s Bl Y Al
slowl g L als 13 SIS WLl (gl asis
23S 5 blite jen G555 p ST, BO

Lo v O350 51 Gl s Ay > 0 53
LS 53 5 i b O 3 o0 kil
4330 0la3 S 5 58 VO Wl L Sl A
A e 0 S 4 S b o 3 8 05508 SIS
s a Jlw Sl 655 D350 0 sl s )
Y ol a ) Sha Olmt o 5 5 4k Ol oS
Hlis Slonis s L Kz 3051 gln 5 el
Cgr smeda a3 Vo gl el Y Gl
Sl Olis (655 5 D350 Cul 5 Odd IS
w\g_.z;@,'\,w,.“x,\_,; o3ls 13 6,58 =I5 s
SV JolS Ol s ) e Slis g el 0,58 Ol

A -l ol

-

osliznl 3550 e GIS 45, ST, ) S

VO O /0) i NT Aoy (4l VY S ¥y (Y )
Muﬁr@uhr)ww}\w‘(wﬁu
SYPO YTV GYY G AOY ¢ /4V0) il S (e
Lap (N 54V O M) PH 5 (mye e oy
2T gy

oduh jiiuw )39l Gl S5 39 s

For S Sl part o 5 5 Lol g
s oA S S gl Sy 5l el
eib 5 (XRD) ) anil 3l (SEM)
5T ot o estizad (FTIR) w558 LS 503 053be
MRIA3 Jas TESCAN o&zs 3l estizl L SEM

03503 o Gda b 5 S oo G508 ol

nallils 539 253 el b )
Seogen dowel 31 T 5lse Gl Oladly ) g
Jsloes 0l s S estizal JTslge 2 Ls Ol s (HA)
&ﬁHAﬁ)—.}j‘f:jﬁf,;xl:‘O“ clle @ sl
3B sy e lglle 5 s S g LB Lo
A e 38 4 STy e 5o sole J s
Ay 581y s s pasie clls LHA s
Lol g5 5 Lo 035 (0, L La i a3 51y
Olﬁ.\.;‘)jrl?u.\ Gls p Kges jeeie by Sde 3l Ay

35 g ol S
Glachle Lol addlas ol 53 ey p 3,50 (Sle ki
s Sl () o Sho Ar 5 Fe Y 0 ) HA W

V¥ 0¥ Ol ¥ o jlacdi VY 0 90 Jouas Cadilugy outige dlas ¢ YYY


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

oLlSaay pls, La,

cxle DR-2000 Jus UV-Vis e gy Sl
S o3l el YOY =5e Jsb s Hack s 2
LS

L axsL

oub jiiw D353l wluo giad ) »
o3lizel LMO/ZnO 5 Zn0 s 6l Jws S ktle
a3 A BV L ol Y0 wsl s XRD (o X5
sl S Sl gl sl esls 0L Y IS
Oeaman 5 (V) (oY) (N rr) slacabse L o
ST T OV ) V) Glacasd 5o s gl Ko
ol sdalie S35l Jhus S sktle by (Y4))
NG

5 02 Zn0 350 by s SEM JGT L slas
56T b ol ad el ¥ IS s Mo/ZnO
Oljen 5 o3Il (IS (6ol Dls sa s 4 SEM
s e OLE I el s Slpd gl S8

s 450l 53 D350 Ko 5 CanULS o (5550585 50
oKaws 5l eslizad U XRD LT cpioman i ol
Gas by s 558 el X°Pert PRO MPD
PAHER plomil S350 i S IS 5 o310 s
AVATAR J. Thermo o&zws 5l oslizd L FTIR
s g0 Sk s 5 DS 5 oLl S IS el cot b
oS plasil gl )

ST lgo a5 o)l

S ooes serle 5 JU sl 6,8 eslnl gl
FosBYOY 00 Jsb 3 UV 5 Gl 5 (TOC) Js
ool 3kl i ke TOC JJUT .05 3 eslizul
5l slenlel @y sylubl gledy, bSO
20 TOC oKaees 3 eslizal b (e s,lileal) oHLSL
oled syluliad 5y, las UVass U1 as ol
5ol sleialasl Gl sylubal sleds; LS AV o
oKows 1 eslimal L (e sllkal) oMb

50000
40000
= | Mo-ZnO
5 |
> 30000 1 [
Z II' l
E — ___:I_,--__Jl_ o S S '!‘ .
= 20000 :
| Zn0
10000 ,
|| i
0 20 40 50 80 100

2e(deg)

ohd i S350 4 by e XRD K1Y s

YA @ AP F Glicali oF o jladi VY 0 g9 dasas Cudilags ceudigs dlas


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

o (5.5 o 0t sl Gt 5o/ 5.5 staeaST 05 536 5l woliica] b o 5o a0 JieanlGIS 535 4505

ﬁ_._-; .-.‘, wr AN o
&--ﬂ o -

£ i
- Ay
LY . . =
SEM MAG: S0.0 kx Det: inBeam 1 [N MIRAS TESCAN| SEM MAG: 500 kx Dat: InBaam Ll MIRAZ TESCAM|
WD 4.97 mm B WD 4.85 mam T.00 1
View fiald; 4.15 jam | Date{midiy): 040018 View fleld: 4.15 am  Date{midiy): 040018

Mo/ZnO (¢ ZnO (W ol )3 g6 SEM . ; 5las ¥ S

Q‘)DfL: @ JéfjnFTIR A_A.:Jéf o‘)Lo..j: Ji.i‘)b A due)ﬁ&‘l.__wu )jja,,a @ C)bh fL:FTIR ):jL:T
el 0l 0313 2 M0O/ZnO 5 ZnO VT Ll sy AuST kil 3 3 ge Jsle

ftqd‘\c"' U\c" Cm_l C}Ad}b)buw‘}ﬁbo.l_d

200/00

Mo-Zn0

150/00

100/00
MW
(.

g
50/00 In0
o/on
0/00 1000/00 2000/00 3000/00 4000/00 5000/00
Wave number (cm-1)
sdd joww 5356 FTIR 5367 ¥ Ss
Fmlem® Ly Jl gl e S s ST 3lge bia s Sillee Lo il jil

)b@fﬂﬁo‘_}'/*?a&:)“l{UV%ﬁyuiqum Ai._zl)éuLoAJb)-_vdszan)ﬂ

w3 5 B 5 ladal B s e gl el Sl S
pH s HA bS5 4o doys W 55 HA Gls 0Ly ) s e sl Jsles pH Laoa Vi

- oMLiﬁAS)_}lQJLQA .Juﬁ.:da olis 4.5..;9.)5\" dlﬁ) de

[N )‘.LLA UT"J:'“S B} M)J /\h/Y/\ dLAJub L' \‘ LSJM“M‘ ‘b-.’"]& )) ‘(\\ 5 q ‘v ‘o ‘v) pH s J.;JLEA ).) ‘)

Jie e mg/L b HA chle L sty ot

AV 0¥ Ll oF o jlacki VY 0 90 Jouas Cadifugs oudigo dlas ¢ YYS


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

oLlSaay pls, La,

$o 5l day Ao ps YE/OA 550 0Ll L)Y pH & b sy e

el e 4y 4335

100

80 |

() Smo g sl B> boutily

60 |
40
I i
0 -
3 5 7 9 11

pH

HA 320 53 M0/ZnO B8 5 aul b o1,8 » pH J1 Y ls ges

Sisys ploash) o HA adsl wudale 3l
Av s ¥e Yo o) HA sl clle 36T sl o
Jole STy Bl o il B Gl (G p Rk
Bl 0 Sden T Ll S Slie VLl pH
VYO L e b s (YT e S e
odd 0303 QLA aids 7r Olag Do 3 w2 Dy
GBI LS 55 e sdalie lsged 4 a5 Lo
ol G Dbkl aSly ol bl o ps HA clals
A e Sk Ve chle s a8 (gsb 4 ol wsl
clle s 5 a8 okl LHA Gl Ol o i
Loalp Sl Slakily cp s HA 1) 53 0 Sbs A

kl,...u‘ eJ.AT Cewd “ J\.‘o‘)b V~/()

Y @ AP F Glali oY o ladi VY 0 g9 dasas Cudilags cudige dlas

sl 38 Yloash) o eudbls Hlads il
S 45 Gl e JBS i B e g
A3 e Reke Yo 2l L HA gyl Js HA
bl alte slie jsa> 3 5 43S sl
AsY XL oy die ze el cws Mo/ZnO
PO Sas LUV 5 56 5w e Sle e Sl
D335 53l 38 I3 s 3ism e e S
solie sl HA Gl OLuly a5 das e 0L Y
VONY sVe/e0 VYL ol s s A 5 Y clils

el s o Loy


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

o 5.5 o ot sl Gt s/ 5.5 staeaST 105 50 5 suliicad b o o passds N o]0 JieanllIS 535 4 a5

8

2]
o

=)]
o

N
[=]

(1) Spngd gl ik ol
F-9
o

4

4 8

(aayo youiil] p ,Solio) CandBlS Hlade

HA &30 53 MO/ZNO 2udBlS 55 aul b o118 5 cundBlS jlude 51.Y ls gas

100
=
3 80
Ee
I% 60 -
§§ 40 -
04

(e 2 py5 (o) Soogud sl adgl wlale

Mo/ZnO o JUlS 5 aul 3 01,8 » HA aygl clale J1 Y ls ges

S e e Bl o S FL ol edd o
OLE LV L Ry pH 5 mpe e s Y70 00
Gl Olebily o xi das e OLES Hlssal cpl cdas o
Qo3 Lok 2 NT 35l i L (1 AV saNI

.C,...u‘ QJAT Cewd “ MO ‘_;U)

Sisyd Ylosily ps HKieVT 30,3 il
B LIS 3 e sl s 5l ST s
SN ile dos ois JIY logad ) e sled
G okl 5 (MO 55 Aoy Y 510 ) < /0)
@ids £o el by o3 MO/ZnO 2 JBS g sl
CendBS Jlie i) 53 e Sk Yo Ll HA b

VEY il ¥ ojladi W o 90 cdaine Cactlagy causige dlas & YFY


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

oLlSaay pls, La,

100

=3
3 80 |
Re)
2
2 60 N
3: 40 -
§§
4o

0 .

0.5 1 1.5 2
(%) ,Sia¥T ws o

HA 4325 ;s MO/ZnO 21Ul g5 aul 3 ol,8 5 (2T dsys S1F ls el

cﬁ)xr@*'HA@}‘wc@b?'wwobj Qa3 HHB ys il b

VO OLS, Loyl L5 s AU ad Sl L0 s sl e S g e O] Bl ol AL e e
YIY HA Qe bty e fie Dy /Y70 o 1 L A 10 s sa 305 (glo s Can] ST,

Sl a8y ol e 5 1, MO/ZnO o JUls ko HA Gl oot

100

|

80

60 -
40
-1 |
.

0.075 0.152 0.202 0.237 0.265

|

|

() S g s B yLocil

(&0 7o 5 Sl S

HA « 325 53 M0/ZNnO 28 55 aul b oIS 5 (56 odd 1.0 s g

YEY @ AP ¥ Glicali oF o jladi VY 0 g9 dasas cudilags cuiige dldas


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

Sics (5,55 s sk oS Gt 50/ 55 baeaST =03 536 Sl saliical b T o pauds S ol go  iewlGIS 535 4 jas

UV 5 Rl 5 i i ol o o e Sl
ol |y b pH ;s T T RA L N
L 23S e odalice Slagad cpl 53 a5 jlailen e s
Gl Olelly Oles aids \Ye BV e 5l Oley ol S

el 4Bl 153 A OY/FO T 5l s

SRS LB ubiee 2 ol Ole) I
LHA bl Gl o b ol 318 lsse
Ve Ve Sy gesl s i) s p Sk Y cale
2 e Sk ¥ i LMO/ZNO i3 50 g L ais

100

B )] 00
o o o
1 1 1

(1) S g omas] B> ot

N
o
1

0 I I I I l
10 20 30 60 120

(ado) yle

HA &30 53 MO/ZnO 2B 55 sl 3 I8 5 (26 0l 1 8 ls ges

05 oWt cas s HA clle Jle a3,
g Sl Sl TV L e el
Sde 53wy e p Sl VPO 5 1 e Sbe Yo
303 ) e el 0 e3ls OLES 4d3s £ Olej
53 (L YAE) HA Gl 0lly o mis das e 0LLS

el sel s  UV/M0/ZnO Lol B

UV gl sl s JT sl Sl bkl awlis

UV/Mo/ZnO ; UV/ZnO
Mo/ZnO/UV ; ZnO/UV UV 6 asllas oy s
Oleily avslin V 5l g0l 53 . dos S vy p HA Gl s
ol bl s s il glaasl b bw g HA Gl
oSS LU 53 50 jlde PH Jols 2ST5 Laes

VEF el Y o jlach VW 0, 90 cdasae Cuclags eudige dlae & YFY


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

oLy pls, Ls,

100

3 80 -

3

2

A 60 -

3

3‘ 40 -

%

\3‘ 20 -
0 .

UV/ZnO

UV/ZnO-Mo

EXCINCRIE

UV/Mo/ZnO , UV/ZnO UV o> b JT slge i 0Lkl amslia Y l5 gai

03505 o 5 JU ST Sl L et ol
sl il

Js_5) Mo/ZnO 5 Zn0O <i,5 56 FTIR 3G =
T e oapde 3 eld all (g 8 Sy sls oz (f
el Zn-0 iiS Sl o by e ¥ Cm!
L‘};J,«av‘f" Cm-l 63 gd>ws D eJ_.:JALB ggg Ot
sdmspliias sl . O-H o o5 iy,
= g;_w.:JlIlS};L Ch_,wf ol g.JJa- UT dud}ﬁjﬂ
Joﬁja YYO« T dde ol J.ALb ;L;M &.:v_ .L.Jub
e o2 iz CO2 5 2L C-0 iy
VT L e cendllS

HA Gl 0letily (1l 5ed) siel s 40 s Gullae
s ol pH LM0/ZnO o JElS g 4l b s
YU ol gl PH 55 Olekily o i 45k 4 550
LpH Lials LHA Gl il il ool ssl cs w
s »PH 26 s HA ol sl w0l s
ki) pHzpe <lyls ZnO ™ sl ces Zn0O o

YEE @ AP ¥ Glicali oF o ladi VY 0 g9 dasas cudilags ceuiige dlas

oub jituw 393l wluo giad (sw)

sl edaline sla Sy (Y J2) XRD (6 S 3ol
L o35l JUS18 Jian S e sl L
(JCPDS,card No0.36-1451) < 55,5 Jlxl_o
5Zn0 350 4 by e XRD JGT o) il e
P U VP g ol Ol o ol 53 Mo/ZnO
fo—e e il & Cl sl 2y SLSI SG L
Aol s deST a3 s O e S
YO-YY Ll e

sbls s 4 (1 JS2)sls oz SEM Ul s
s Sl sladliy S L Saal b5 o
bde pizman L3l o SIS O S (slals
Oddge b gy ST Sl 3 glias S (VT as u s
P (..b 05 e O O350l esldl ralS Eely
andlls slaasl b mls cnl ol o3 S LT (sualls
VT s e S1 Sl sl a8 58 0K 5 salvi

B I U JUU SV I LR S EY PP


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

Soew (555 oo o ol sl 30/ 50 esST o 536 S ool b T o panls T g0 JreanlGIS 535 455

5l Rl Gas o 888 I3 s 4 e s
Sl el o8 sle 055 L S elad s s
S e el (pl S el oS i O Sl A S
OL,er 5 Babel .7 55 8 s o VT a5 Ol
S50 AemST CJUB i pwy p b 2 anllas > 3
51850 AeST CnJBIS Jlie il b aS isls L
HA o JUls s Gl 2 e S v/A 1Y
slaws sl 1 OF W s el asls ol X,
3 il Bl Cdo e o 5 Jd gl
Ol HA i lad s shss lmr (ioees
YAy Il s 5 OLSen 5 S T iUles gad
Sl dasel s Slls Lot 2NT (g5, ST S350
23,8 odaline 5 03 pe5 oslital Koo gop 3150 Gl (g
sl VT Gl Ol o W JULS e (3531 L as
TVl bl sl sl

LS sls OLES Y s ged 53 sel G 4 =Y n
oealS i JUS e a5 ol HA clals [l 53l
laclale s sdel s 4 il el ol sl
2 IS 5l (i polie Sansen ol e SV
o ol Mo/Zn0O 3 50 L sl s s (S35
JUzl 2als el D35l e sli il L S 55 5
IsSse ool 51 la 5 o B mla a5 0
sedd g oS gy Jlad SladISSsly L ea Y
o SRl e T e s S (glne i
NERES DRI L N a1 glad U 50
GBS mh gy OH 5 07 e S5
3 St e LIl W5l s 3 s
Tl RS 5 oS s e

clle il s UV (b oule ol b s g5

ol 5o el W5 JenS 5ol LGl sl VT
L e el Gl Olasly a5 e e SL
Ol L oS sls 0L 55 0Ll 5 5l et anlllas ol

-}G—M_js dig,-j')?ﬁjd_;fd N cc.l_h:yTC,\_EL.G

PH 538 ol o il co U8 ol (S50
PH 55 5 i )L sl e B ke ol 51 AL
dal g ke S gy S JUIS 2l ol 5 5 omb
2l ke L gl s pH sl T s
Coals HA &) s & 5 ol 2 ZnO CE_M
S HA SOl SOl (531 L osyls sl
orl sl SRl Gde Sl oGS Al
T sl WSep oW lapH s Ll s
S Lols OL_is 55 aalllas s 50 0,8 5 Oskoel
J::stpiﬁl.gh QH;LHAQJ;—Q\J,:»J,I_;?;
PH s il 3 5l 5 ) St S350 ) s
L obetily il s el el s 0 F Ll (g
s HD Gl 0p s i o L, pH als
sl e i oS e Il A5 Ao
sls olis 0L Kaa s Mohsin asllzs s ol 45l ek
o o HA Cd s & gu—IpH 3 &
TV el i VT Gl obewsl, Fe/ZnO e bls
Ol 5t aallas s 50 01, 5 vakill ooen
shesle ol LHA Gl oLl pH jialS L aS Ksls

Tl e 1531 Zn0O
L oS 3ls QL CanJBIS ltde ST o 2 0 b o s
sl Lyl Bl HA Gl olbdily cnJBS i a5
Sl Ol oo 1y als3l ol s (Y Sl 503)
Slaosiss o 5 s BB JlS sl sl
Ol b sls s (D35 sl (B L xi gy
5 At Sl i O S Bl i (05 gl
5028 e A (gt sl S| I 4t
53 Oimas T B o Gl 0 VT s s Ol e
S oalie 53 aS (Y Sls5ad) s S edalive aslllas oyl
S (e e Sl i S A F) o Ul
oolie s ol a sl S s, HA Gl Ol
bl s 4 e (555 el s Sl S0 SV

V¥ 0¥ Ll ¥ o jlaci VY 0 90 Jouas Cadilugy outige dlas ¢ YFO


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

oLlSaay pls, La,

Al b Oledd, GalS a5 03505 Jae o JUS

.\‘OJJJ,?L;«
L oS sl olas (0 s 05) ﬁbam;\gbﬁf@b
ol e B g gl 3 Oleily B s A58
S Sl il s Ol e ) O Jds 48 Ll

A5 a5 Calle b aw s b il 5l Loy S

aallls s sls Co S 22 el S| LIS,
Slesli ol U JT 61550, Gl s 0Sen 5 et ol
Sso p ol o WOs-doped ZnO <l 35U
ol Olaily b s (a5l b aS sl ol it
shbalark wallas s 7 ol asl (5l eyl
L b oS gol o 0l 03 0L 55 YOI Ces
NP o B W LT R WA |

Ble Ol il as by e & 15 gad 3 adkel s &b
il b as sl ol B g el ol
cle culal il HA Gl olbil, wles Ol
sl G HA Gl sl i oo b s ol
shad 5 romen 5 i Jleb Glacal e )
Oles C B8 L oS s 51T sladSsl,y i
Oley s andlas s O 5 penl o7 L 0
Sl el U JT 655, Gl s elas
o st s 555 p et o WOS/ZnO
Ol el LaS sl Ot aalllae cpl s dilos a
Fr sl oV Gide Olely 4233 VY L 0 5l ils
GG e P A IV

023 ulT Sgo B3 Yloadl) aulée 5 (5w 0
UV/Mo/ZnO 5 UV/ZnO UV sla iyl 8

S 38 Laseia (Vs ge) sl s 4 s G
LosS SVTLZnO olssl o o JUlS g el
B 5 Lol B s ol il Al O se
N 3 05U ZN0 o Graul b 55 S5 e
e S 3 g e Jite ol Y w5 4SSl o b
ol 48 33,8 oo i S i S S

YEF @ AP F Gliali oY o ladi VY 0 g9 dasas Cudilags ceuiige dlas

asle alS e Lioaa 2T gy, ST o3k
5> slaadlas planil b 59 OLWSes 5 Babel .7 el
Sl 55 G LSt SIS0 L ey 2 b il
HA Chle 21530 LS wisls 0las of L3 sl S gon

Tl anl el 5o znJBlS s i Olely
4 315 0L (ol 5a0) SSENT Sl o) a0 b jo ol
Mo/ZnO el 55 0 se 51 oy Ao ys S
SVG slie s ails | el VT Gds Olekily o iy
ealS S e 4 Gl Ol (s Y 51/0)
O3 2SI Il pls 4 sy als (2B O po e aily
23 o O Sl e S 5L Ce 5 0505
soolie 55 s e als 1,700 Ji o s sl
Sl s Jale 51 S VT Jole g Ao s 3l 2y
i kS o i 0 A S 5L el 4 0y S
S s sas 2o VT (glad 505 slaas il 31 L 15
ool s Al als Al ol ol ol Sl o3
5 0dd a0 2 S 3l I e Jale
adlas 5335 8 o B s cl ialS culg s
(Y 510 V) Cu s sladsos 30 5 S
o 2o Sasged Sl ge i 53 ZN0 Leds 2V
R A 45 5l QLS ab g e ol a5 ol B S 3
ol L2V CU G5 Ao s V/0 Jlie 3 Gl Oleutil
SV Lele dio s (2l L s edel ey . Z0O L
STe sl mals Gl bl (s Ao ¥
s 35 gaalllas s 0, 5 Xiaodong Zhu
s doss e beds VT (65 AT 2 S b
o B sl ST, Gl a1y, 0 5 Y
D Leds VT (6 ST S 515 0L s s el
5 el anils |y Gl Oledily cp i o8 S35 Ao
@l el Gl olely eV bele jlais il L
Jele (I8 5L 48 W5 a5 Olo O K2 ss cpl .ol
S 3l iy (5 S o (505 (o) S

b g5 cdls G sl G Ol ang


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

Soew (555 oo o ol sl 30/ 50 esST o 536 S ool b T o panls T g0 JreanlGIS 535 455

Fo Sl e Sk ALY) S35l el L
VD) A s (a3 VT Y ) ales Ole (e
S slge Gd DLadily (mpe o 2 g /YP0 LS
B ORI N ECHP E Y S PRCI e FRgCH
Slesli ol b JTslpe Gl (gl o udUIS 5 ) 3
(Ao ,s VAE) s Odd 30/ (655 deS| e JUIS 550
OO/FY) (655 danS| IS 56 L il 3 ol oIS
Geis opl gaal w5 Lol oS 4 (s
Bl 5 a2 Al 35l ealinad 4S5 503 0Ly Ol 55 o
QTS sy O 3o /S5 AemeS| S350 Sl el
b e ol s JT glaed¥T Gl ol
CYATIVY

Coslee 5 il o aSills 1 ol andllas O 5
Gl p Oliws S (Sigy o sk ol Siils (5508 5 Sliio
Al 1 K IS gole sls cules

KU Yo )las

oLl (sl p 45 Al a SLehl asdllae pl OB 5
Srre 5 ol gl i 1SS s 03 Sl aallles
I e 5l KU b andllas

R [V RLIVI VAN

Gl o s Slidss Cigles Jbo cales Loasllbs oyl
el 0 el Olaws S (S o ke o851
Wl wlba Mo

b el 0LL sl al 5l s ol syl
ekgn L)l B)S (pm Lils h Dd
Ol U S L oLl bams o Sli g
b« IRMUK.REC.1401.145

Vb dauygs S )line

e Copda G Gl g o)l walllae b
sbos o) (s he e

s D i g e B, 5 b 3T ploil

Shases a3l

Al plal 5 ST SLadISusly a5 s Lee i 05 S
LU S bs o i 05 oSl o s s 6
wis S e shag Ayl cdle o a5 il
S8 o o 5 05 S S 55 iy 4 a2l
Slallas 3,8 el FeElS 2 ST S
slwl el L ZNO 35 gas 2V 48 ol osls LS
O, i (oS 50L 5l Sl JUS oS s el
Gl Sl O ge 358 o 0l 5 (slae i
Slre = 05 Sl ool Olss 4 () kST A 5o
5 Il B e b en e Jae b b s colda AL
52 83k U e i 05 a1 S 5L 51 Cmilee L
Sl s 5 T sladlSely by il
Gl 5 Ul s 53 2l 5 (5L gla ST
5 Vaiano asllhs s ™ ™ss S eVl 22
L B8 2 Gl oletly sls olzs 0l es
s o ZNO L acslis 53 A/ZN0O 5l esli

e
s Al B oS s i U adlee ol
Odd 5/ S 35 demeST D)3 5L Sl eslaal L o JUIS 8
ol OISl I alge i 3 dliw (g5, » olls s
oty ol Olsim HA (2 U 558 4 25 s S
5 AT S 5 Ty Sy Sl el
oo el el o s rl;,u'l sl Oy
SEM (gl 1 JUT sy i3 m o Jlo 55 ,den
Byl s e k3 S baasis FT-IR 5 XRD
S g slaan ] 3 LS 5 S 5L Slles
was cmg/h) HA cble o350 55 pH el
Al s oleily 5 S E2NT ele Ao s 5 5l Ol
Lol 53 a8 ol DL gl 23S O e 25
sl clle (D) LY SDPH bl b ) )4
0) GV as s 5 (s o Sk Av Y 0) T sl
socalanl 2als JIsle Gl olekl, (w3 Y

V¥ Y Ol ¥ o jlacdi VY 0 90 Jouas Cadilugy outige dlas ¢ YFY


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

oblSaay s, La,

c(_gji‘aé.l@.a 143...’&‘93 C...aéﬁ‘ﬁ}}ho.:‘:‘}:.\:d'
NP W

YYA @ AFeF Glicali oF o jladi VY 0 g9 dasas Cudilags ceudigs dldas


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

Soew (555 oo ot ol sl 50/ 50 s o 336 S ol b T o panls T g0 i lGIS 535 4 55

References

1.

10.

11.

12.

13.

14.

Siddiqui KS, Ertan H, Charlton T, et al. Versatile
peroxidase degradation of humic substances: Use of
isothermal titration calorimetry to assess kinetics, and
applications to industrial wastes. Journal of
biotechnology 2014;178: 1-11.

Mahvi AH, Maleki A, Rezaee R, Safari M.
REDUCTION OF HUMIC SUBSTANCES IN WATER
BY APPLICATION OF ULTRASOUND WAVES
AND ULTRAVIOLET IRRADIATION. Iranian Journal
of Environmental Health Science &amp; Engineering
2009;6(4): 233-40.

Kavurmaci SS, Bekbolet M. Photocatalytic degradation
of humic acid in the presence of montmorillonite.
Applied Clay Science 2013;75: 60-6.

Hu W, Wu C, Jia A, Chen F. Enhanced coagulation for
treating slightly polluted algae-containing raw water of
the Pearl River combining ozone pre-oxidation with
polyaluminum chloride (PAC). Desalination and Water
Treatment 2014(ahead-of-print): 1-6.

Joseph L, Flora JR, Park Y-G, et al. Removal of natural
organic matter from potential drinking water sources by
combined coagulation and adsorption using carbon
nanomaterials. Separation and Purification Technology
2012;95: 64-72.

Deng C-H, Gong J-L, Zeng G-M, et al. Graphene—CdS
nanocomposite  inactivation performance toward
Escherichia coli in the presence of humic acid under
visible light irradiation. Chemical Engineering Journal
2016;284: 41-53.

Rafiq A, lkram M, Ali S, et al. Photocatalytic
degradation of dyes using semiconductor photocatalysts
to clean industrial water pollution. Journal of Industrial
and Engineering Chemistry 2021;97: 111-28.

Biglar F, Talaiekhozani A, Aminsharei F, et al.
Application of ZnO-Nd nano-photocatalyst for the
reactive red 198 dye decolorization in the falling-film
photocatalytic reactor. Toxics 2021;9(10): 254.
Abdurahman MH, Abdullah AZ, Shoparwe NF. A
comprehensive review on sonocatalytic, photocatalytic,
and sonophotocatalytic processes for the degradation of
antibiotics in water: Synergistic mechanism and
degradation pathway. Chemical Engineering Journal
2021;413: 127412.

Saad AM, Abukhadra MR, Ahmed SA-K, et al.
Photocatalytic degradation of malachite green dye using
chitosan supported ZnO and Ce-ZnO nano-flowers
under visible light. Journal of environmental
management 2020;258: 110043.

Choi K, Kang T, Oh S-G. Preparation of disk shaped
ZnO particles using surfactant and their PL properties.
Materials Letters 2012;75: 240-3.

Liu Y, Wang R, Yang Z, et al. Enhanced visible-light
photocatalytic activity of Z-scheme graphitic carbon
nitride/oxygen vacancy-rich zinc oxide hybrid
photocatalysts.  Chinese  Journal of Catalysis
2015;36(12): 2135-44.

Shanmugam V, Jeyaperumal KS. Investigations of
visible light driven Sn and Cu doped ZnO hybrid
nanoparticles for photocatalytic performance and
antibacterial activity. Applied Surface Science
2018;449: 617-30.

Ebrahimi R, Hossienzadeh K, Maleki A, et al. Effects of
doping zinc oxide nanoparticles with transition metals
(Ag, Cu, Mn) on photocatalytic degradation of Direct
Blue 15 dye under UV and visible light irradiation.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Journal of Environmental Health Science and
Engineering 2019;17: 479-92.

Birben N, Paganini MC, Calza P, Bekbolet M.
Photocatalytic degradation of humic acid using a novel
photocatalyst: Ce-doped ZnO. Photochemical &
Photobiological Sciences 2017;16: 24-30.
Masoumbeigi h, Rezaee a, Khatace a, Hashemian j.
Photocatalytic Removal of Escherichia Coli and
Streptococcus Faecalis from Water Using Immobilized
ZnO Nanoparticles. Qom Univ Med Sci J 2012;6(4): 24-
35.

Kanakaraju D, Kockler J, Motti CA, et al. Titanium
dioxide/zeolite integrated photocatalytic adsorbents for
the degradation of amoxicillin. Applied Catalysis B:
Environmental 2015;166: 45-55.

Darvishi Cheshmeh Soltani R, Rezaee A, Safari M, et al.
Photocatalytic degradation of formaldehyde in aqueous
solution using ZnO nanoparticles immobilized on glass
plates. Desalination and Water Treatment 2015;53(6):
1613-20.

Bishe M, Ayati B. The effect of Na2S208 oxidant on
improving the efficiency of photo-catalytic process of
nano-TiO2 immobilized on concrete in DB71 removal.
Iranian Journal of Health and Environment 2014;7.())
Fathinia M, Khatace A. Photocatalytic ozonation of
phenazopyridine using TiO2 nanoparticles coated on
ceramic plates: mechanistic studies, degradation
intermediates and ecotoxicological assessments. Applied
Catalysis A: General 2015;491: 136-54.

Maleki A, Safari M, Shahmoradi B, et al. Photocatalytic
degradation of humic substances in aqueous solution
using Cu-doped ZnO nanoparticles under natural
sunlight irradiation. 2015;22(21): 16875-80.

Darvishi Cheshmeh Soltani R, Rezaee A, Safari M, et al.
Photocatalytic degradation of formaldehyde in aqueous
solution using ZnO nanoparticles immobilized on glass
plates. 2015;53(6): 1613-20.

Labhane P, Huse V, Patle L, et al. Synthesis of Cu doped
ZnO nanoparticles: crystallographic, optical, FTIR,
morphological and photocatalytic study. Journal of
Materials Science and Chemical Engineering
2015;3(07): 39.

Shohany BG, Zak AK. Doped ZnO nanostructures with
selected elements-Structural, morphology and optical
properties: A review. Ceramics International
2020;46(5): 5507-20.

Mandor H, Amin NK, Abdelwahab O, El-Ashtoukhy E-
SZ. Preparation and characterization of N-doped ZnO
and N-doped TiO2 beads for photocatalytic degradation
of phenol and ammonia. Environmental Science and
Pollution Research 2022;29(37): 56845-62.

Salvi S, Lokhande PB, Mujawar HA. Degradation of
recalcitrant phenol pollutant and antibacterial study by
Ni, Sr doped ZnO. Inorganic and Nano-Metal Chemistry
2020;50(3): 114-23.

Abdulkhair BY, Salih ME, Elamin NY, et al. Simplistic
synthesis and enhanced photocatalytic performance of
spherical ZnO nanoparticles prepared from arabinose
solution. Zeitschrift fiir Naturforschung A 2019;74(10):
937-44.

Maleki A, Safari M, Shahmoradi B, et al. Photocatalytic
degradation of humic substances in aqueous solution
using Cu-doped ZnO nanoparticles under natural
sunlight irradiation. Environmental Science and
Pollution Research 2015;22: 16875-80.

Chanu LA, Singh WJ, Singh KJ, Devi KN. Effect of
operational parameters on the photocatalytic degradation

AV 0¥ Ll oY o jlaci VY 0 90 Jouas Cadifugs oudigo dlas ¢ YFS


https://jehe.abzums.ac.ir/article-1-1120-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

YO @ V¥ Glicali oY o ladi VY 0 g9 dasas Cudilags cudige dlas

olEaay pls, L,

of Methylene blue dye solution using manganese doped
ZnO nanoparticles. Results in Physics 2019;12: 1230-7.
Moein H, Bidhendi GN, Mehrdadi N, Kamani H.
Efficiency of photocatalytic degradation of humic acid
using magnetic nanoparticles (Fe-doped TiO2@ Fe304)
in aqueous solutions. Health Scope 2020;9.(Y)

Oskoei V, Dehghani M, Nazmara S, et al. Removal of
humic acid from aqueous solution using UV/ZnO nano-
photocatalysis and adsorption. Journal of Molecular
Liquids 2016;213: 374-80.

Mohsin M, Bhatti IA, Ashar A, et al. Iron-doped zinc
oxide for photocatalyzed degradation of humic acid from
municipal wastewater. Applied Materials Today
2021;23: 101047.

Vakili B, Shahmoradi B, Maleki A, et al. Synthesis of
immobilized cerium doped ZnO nanoparticles through
the mild hydrothermal approach and their application in
the photodegradation of synthetic wastewater. Journal of
Molecular Liquids 2019;280: 230-7.

Mirzaei A, Yerushalmi L, Chen Z, et al. Enhanced
photocatalytic degradation of sulfamethoxazole by zinc
oxide photocatalyst in the presence of fluoride ions:
Optimization of parameters and toxicological
evaluation. Water research 2018;132: 241-51.
Pirsaheba M, Karimib K, Shahmoradid B, et al.
Photocatalyzed degradation of acid orange 7 dye under
sunlight and ultraviolet irradiation using Ni-doped ZnO
nanoparticles. ] Desalin Water Treat 2019;165: 321-32.
Babel S, Sekartaji PA, Sudrajat H. ZnO nanoparticles for
photodegradation of humic acid in water. Environmental
Science and Pollution Research 2021;28: 31163-73.
Maleki A, Seifi M, Marzban N. Evaluation of
sonocatalytic and photocatalytic processes efficiency for
degradation of humic compounds using synthesized
transition-metal-doped ZnO nanoparticles in aqueous
solution. Journal of Chemistry 2021;2021: 1-12.
Ehrampoosh M, Moussavi S, Ghaneian M, et al. A
COMPARISON BETWEEN TUBULAR AND BATCH
REACTORS IN REMOVAL OF METHYLENE BLUE
DYE FROM SIMULATED TEXTILE
WASTEWATER USING TIO2/UV-C
PHOTOCATALYTIC PROCESS. 2010.

Elahian M, Rahmani M, Nasernejad B. The Study of
Photocatalytic Performance of ZIF-67 and Zn/Co-ZIF
for the Removal of Organic Pollutants from Wastewater.
Journal of Water and Wastewater 2021;32(3): 125-37.
Babel S, Sekartaji PA, Sudrajat H. TiO2 as an effective
nanocatalyst for photocatalytic degradation of humic
acid in water environment. Journal of Water Supply:
Research and Technology—AQUA 2017;66(1): 25-35.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Marinovi¢ V, Ljubas D, Curkovi¢ L. Effects of
concentration and UV radiation wavelenghts on
photolytic and photocatalytic degradation of azo dyes
aqueous solutions by sol-gel TiO2 films. The holistic
approach to environment 2017;7(1): 3-14.
Shirzad-Siboni M, Jonidi-Jafari A, Farzadkia M, et al.
Enhancement of photocatalytic activity of Cu-doped
ZnO nanorods for the degradation of an insecticide:
kinetics and reaction pathways. Journal of environmental
management 2017;186: 1-11.

Babel S, Sekartaji PA, Sudrajat H. ZnO nanoparticles for
photodegradation of humic acid in water. Environmental
Science and Pollution Research 2021;28(24): 31163-73.
Maleki A, Safari M, Shahmoradi B, et al. Photocatalytic
degradation of humic substances in aqueous solution
using Cu-doped ZnO nanoparticles under natural
sunlight irradiation. Environmental Science and
Pollution Research 2015;22(21): 16875-80.

Zhu X, Wang J, Yang D, et al. Fabrication,
characterization and high photocatalytic activity of Ag—
ZnO heterojunctions under UV-visible light. RSC
advances 2021;11(44): 27257-66.

Ebrahimi R, Maleki A, Zandsalimi Y, et al
Photocatalytic degradation of organic dyes using WO3-
doped ZnO nanoparticles fixed on a glass surface in
aqueous solution. Journal of Industrial and Engineering
Chemistry 2019;73: 297-305.

Balarak D, Mengelizadeh N, Rajiv P, Chandrika K.
Photocatalytic degradation of amoxicillin from aqueous
solutions by titanium dioxide nanoparticles loaded on
graphene oxide. Environmental Science and Pollution
Research 2021;28(36): 49743-54.

Arjomandi Rad F, Talat Mehrabad J, Khalilnezhad R.
Investigation of Photocatalytic Activity of Acid Red 27
by Co-doped TiO2 Nanoparticle with Magnesium and
Copper. Journal of Environmental Science and
Technology 2021;23(1): 17-26.

Kuriakose S, Satpati B, Mohapatra S. Enhanced
photocatalytic activity of Co doped ZnO nanodisks and
nanorods prepared by a facile wet chemical method.
Physical Chemistry Chemical Physics 2014;16(25):
12741-9.

Vaiano V, Matarangolo M, Murcia J, et al. Enhanced
photocatalytic removal of phenol from aqueous solutions
using ZnO modified with Ag. Applied Catalysis B:
Environmental 2018;225: 197-206.


https://jehe.abzums.ac.ir/article-1-1120-fa.html
http://www.tcpdf.org

