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ABSTRACT

Background & objectives. The organic dyes are environmental pollutants that pour into water
sources by industrial wastewater. It is necessary to develop effective methods for removing
pollutants. The aim of this study was to evaluate photocatalytic efficiency of bare ZnO
nanoparticles doped with Mg and La (1 to 6% by weight) and Mg 5% -La 5% / ZnO and
Mg6%-Lad% / ZnO nanoparticles in the removal of Rhodamine B from water solution by
UV Cirradiation.

Methods: In this study, nanoparticles were synthesized by the sol-gel method. Their
photocatal ytic activity was investigated by UV C irradiation to remove Rhodamine B in batch
photoreactor. The concentration of Rhodamine B in aqueous solutions was measured by the
determination of its absorption at the maximum wavelength of 554 nm with a visible-
ultraviolet spectrophotometer. The removal amount in the presence of nanoparticlesin 21 min
of UVC irradiation was analyzed. In addition, a suitable kinetic model for the photocatal ytic
activity was investigated.

Results: After 21 min UV C irradiation, the percentage of Rhodamine B removal from 11.5%
(absence of nanoparticles) to 72.84% (presence of ZnO), 94.36% (presence of Mg 5% / ZnO),
88.54% (presence of Lad% / ZnO) and 96.23% (presence of Mg5%-La5% / ZnO). The kinetic
constants of active nanoparticles were also calculated.

Conclusion: The results of the study show that ZnO nanoparticles are effective as a
photocatal yst for the removal of Rhodamine B from aqueous solutions under UV C irradiation,
by doped and co-doped ZnO with Mg®* and La** ions enhance the efficiency of nanoparticles
in the removal of Rhodamine B. Also, results indicated that the kinetic model followed from
the pseudo-first order.

Keywords: Photocatalytic; Rhodamine B; Kinetic; ZnO Nanoparticles, Doping and Co-doping


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

¥FA ollas 5 03l Sils eliy a8 536 36T 3 IS

03539395 9 393 ( JB) ZNO 0 393L B 938 JisT )3 (LU axllow
UVC Lint b (1T sadglxe jIB yaelsy b3 )s(LagMgl

s g g L Jolid e M5 3k e dazo /59 pud adino oS oliys

Ol 0l g sodunl ST ol (Jloss Ol 3 3als «souis 09,5
Ol o (oMl ST olSisls o pus daly (eub 09,5 .Y
Ol (Jwa )l (5ol ST olisls (Juws )l aaly (soub 09,5 ¥
Ol s (oMl ST olSisls g s daly (somd wise 09,5 €
behngjady@iaut.ac.ir, behngjady@gmail.com : Juesl - EOYYYFVAVD :yals . shume odums 55 %

~
VLY

g go T galie 3)ly Sizio SLMSL Sl as (ibly 5o ) buzxe SosLIT I JT oSy 53 9 dias)
13930 GBS 518 DI ) s azllas oyl Jl 838 .3l 5o 509056 LoV Bix sl sige SldGbs) Az gs
2> Mg6%-Lad%/ZnO s Mg5%-La5%/ZNn0 w1y s 5 (=09 swops # G V) La s MO L oauboss (ol ZNO
ol UVC i b 5T sladslze JIB (ueTs) b3a

32 L3 UVC Linl wzs T Sl 938 wlles a9 58 sxims JJ -Juws obo) 4 @3 eil Gaass cpl 03 IS g
Zo—o Jsb )3 03 S o)lasl b 2T Jslmo )3 B (ol edale .o (w) p aiw sl )9S 536 )3 B (yueTs)
Yimin s o393 pgda )3 B o) Yl iae 39T Pl plal )3 - J o 2o 9389 »iSuwl b (DOE NM) rn.ng)'SLo
) 32 )50 SuBlS 918 STy (sl amlie SSitiuw Jdw (yeud 3 b Julo 9 455 9 dwlze UV C asibl il
w8 55 1,3

03) 3503 YY/AE a4 (003936 ) guan 933) w03 11 /D JIRNB G3a 303 UV C asibl ol Y MIN i ax, Addidl
03) 3003 47/YY 5 (LAAW/ZNO )56 »3) 30> A/DE (MPDW/ZNO Hsian »3) 3u0)> AE/YF (ZNO ) suan
23,5 Aunlxe Jlsed )3 o3b St Sl yrizxed .l 03wy (MQ5%-La5%/ZN0 ) guas

I B aeTs) 83a sy wundlls 538 S wlgic 4 ZNO w3 ok a8 wls gl aalbe ¢yl Sl Jools mlis 106 a5 dzais
LS La" 5 MG slawss L ZNO 035509355 5095 L 5 amblbie sige UVC Gils wms T sladslxe
anlio Jawo a5 sls glis Lo yiisTy St w2 @ls Sl Gl 2T slad sle JIBueTs) Bda )y i) sl
Sgrdol an ) b (S

Sin9395 5 SinsS (593wuS 1 03556 Sty B y10T5) cnuunBIS 538 1635 o jlg

J

QN /YF 1 peds QA/E/Y bl pd
U._\_afbo.)ﬁ_]T Jlasb ‘u..‘T &lie w3930 4 Axgily Ao dilo
5 6 5da 03T sla by B2 pb Jl ol slasT L oimio Sl buwss sxbws T @lie 53517
Lol Jl oslaiwl 5 Lol dutos 4 s 3@@&@&,_:0;4_»%&@0&)44»?
&lio plos glae )3 (Yi€) 390 pladl osid (»LIL (V) aibb oo 3Ll 5 sgais Jla s (55 5


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

VA9 Gl 4ol o jas P 9w o )louds ilo.ma)l,, JLw

wblaye 9 el al=xe YE -

A38 ybiy O samwldawS T SlaALT 5 I K s (VoY
Lo oS 3455 Slise » 5e0l Sl rulllS 55 i
JLSeah) 09T 9 oS 90348 JLSsl) sl Jlsd
5 VIS sl I Ju—uiliy Lo SuuST g g0
(VE-NY) 39 50 o3laiwl polie T oluS 55 o 5
asly (S o5 33 1) o3V Ugs Lo cundBls 53
Jeas ) by b OB e wY sio=e a3 ) LagyT
'S Jlsd sLaas oS ok 8 ol )3 .3iS 5o
) Golw 5o wlalec @936 wlaS )3 33 v
Al p 508l (Lo ubls 538 (1A) 3id e el
I8 3L 9 ol o350 () 651L wsssd oida
UV, s inl b (ZNO Jus Jl) bl Ops Sullls
FeeoPA M zo e Job b slaiul (14) subl e
LS as lss 5o s SimalBlS 938 slaaiT 8 sl 1)
D5 & o aS gl o o9Me Lo il pl wo S 20
S D 9o (S l_mro.m.glf)lg).gn G393 5

(V) Db 5o s LDeulllS 538
03 cmlio Ul 935 waulles Hb & 5503w
ol a8 5 )18 3l anes Syge yual sladle
UV o8 I ames —isb ZNO as La (Y1 -YE)
Sy) slass 5 Jled gl ubls b 9 (YD) 03,5 s
aibls § 590 HimdllS 933 iols (Jlwd slaolls
6903481 (VY) bl 5o (o pae ppizzed 5 (V7)
o3le S5 plg—ic 4y 9oy 132 Sla pyle)bw o gs
GLaGB9) I 55 (A) ol oo arsbicd ') b
L anbbse JJ -Jus Gbo) s903amST 003530 Siiuws
wAlls 235 St po 09le Vlgise Wb Wi
)5 I3l a5 (S 9 3T 03 S 29355 5 293 Sl
OlgSse ) il 3dd ue 5 =l3dd JJ -Juw oo b (YA)
SIS by o=l (YR) 3,5 93 ZN0 aSuis Jalbs &
L 0Fed 5 pte5u8 sl J )il plel w92 OGS 25
5 oo 3 0180 L )39 aws olsel Y pola
SinedsS 5 Sinss (F) 2blbise p5nlsihs @55

'ROS
2 GRAS (Generally Recognized as Safe)

23 ool glio Jl) alus 9 ) addes slaaslb)ls
.)I,.od_;.T;Tufsg_lT)suﬁMl_gM(._ﬁ)._é)Jm
03 Jl (i AVl abaws alio s .as)ls b S5)
oslaiwl 3)g0 9 33 (5 i 1K) o3 £95 )R
olaiwl )50 I5) o) 1D Huizmed 3 5 50 I3
B 9) 50 V3D & DML 5 b )l alus &Uuo PR
9039 Slog)T aals shls Wl i85 )
osdll Lo I 3 sbls S5y ssla M8l
23 39390 SLASS) uized . ddiwd (2holb jw
SIS 5 035 2 )9dse 4 jzs 4 polie doluy
MHUAHFSM.)nglQUAO%)LBLm
BIn 5 iy 5 13 il e 058l WS
S8 o sl Shol Baa ol ST el
Sl rlie E91650 5 0351 ) Jaume S5 35IT
(7D) 3bbso 2939

Db a4 (V JSb) B OJ_EATA) wtlizxo GO SS) (o Jl
)55 LSV aus Jud Jl iz Slaal )s guwy
SIS 3,301 B2 5 o yn i peit pl 5 ey SLaSLI
9039 s 9 s ol s YL o ) ol
b pae Olb pw Sl 45 9T U393 I sSiie Juloay
o=l A bl s Eiee SSsd Sy ulgic & T
3939 & ) 5k wMie LML s YT Hguda Judo
(V) 39T 50

BLASS) B Gl Sl 5 sy sLa b
) a5 Yguda 4 Aa g5 b wmivo S ok 0 5JT
Sl Sl 6ol prizmed (Suileg)T JT bS5
owlio LS @556 slaoa VT s des 5 3uaa
slaaas )3 (V) asls (VL solaibl aiy jo 9 ablas
pur T S XY PRTR PR ENEV NSURTS AP PE PPN
025 SLBUBI) (paed HbBs 4y (M) wuwl 03,5 L
2sbas Loa¥T 83 sl Slge 53U Slie s dsbias
ST 18 (1) bl o Fa7 )90 0 piuws
T Bl 53 03,5 ST (5l AT piiny © sl g
SJ9d9iSs K wlsic & lasluy Jl osiVT bia 5


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

YEY ublad 5 0oy Sl ["L*'le‘

e iU 938 2T 8

aadlad Sw) o b obled 5 5095 (YA) S5)ls (5 530
U5~ b5 An 030 jiis 3 o3l iulllS 533
Jen )l oalius Gl lu T ol 55 B3a s
PPEENPN uv 295 ol w3 Ladiges a5 il

(¥Q) aiblbiso (YL B3a suo)s Shls w3 el
SB35 =l w2 (ORI (ol Il S0
SMO L oai9355 993 alls ZNO o)353L
23 UVC assil Hinl e calizce slasuops py La
S T sldel=e )3 B O.;_.oT;) ) odlo Bia
o s 9 diwe Silkee bbb 35T @y
B oaeTs) 8ia )3 3550 Lo yiiSly S

B opaeT3) 61355) 03le plabw .\ Jsois

PLESTY
JJ—Jw Oboo b w393l jiiaw sl e gai=s oyl 0
('S o oS o) AT 53 (590 wlinwl Jl oslaiwl b
789/88 Joilsl (S pmo xS i) a3T 93 Sl SI 5571
o8 o) AnT il 9liYenl yiss (5 po 5 i)
(S o a8 ) AT il ou jpionsl piss 5 (S 0
5 posliY) oS 9355 5 9 Jelse guine wlsicds
B oeseTa) 550 03lo .03 )5 oslaiwl (o2 j—ie
A pexe o bale b osiVT plgic 4 (S e oS i)
Ol w2 S 23 S ans Salinle T w) g0
b )l B ()._t_-oT.)) 0ai¥T Wi a s 03936 3l
T L GinlosT ples )3 s oMl il 5
Sh— wlsllboe ads a0 55 calaiwl jubss Hlgs
2558 935 i G S SuwlBlS 518 alled (S
9> 5Ll 5l i gl 28,5 ol s 5

! Merck

AUl 938 s les yinl 38l el Calio juolic b
—09 )8 i S 3L s 8 sla Jus 4 ZN0O
5 Sz s (YY) 950 VL Jlanl g edls 5 0 pan
u_w))._.,Ag/ZnO 03935 jaiw Lo bl 5o
6G C)HTA) ST S5, Baa Ha ol CHPEIPILN
09303 )3 03T 1y )35 ey AT 353 55 ol lie
NECPT S REVCSUNES] SV I TERNEN | JUR P N VN A PR YT
ool rizmed . 3bb o (alls ZNO I oslaiwl ps
o lasslals 4 HS GIIS s S 085 &S A3 8
WS 5 Sawes (P1) 3,15 ZN0O s Lay s sl
ZN0 =3l b gheyluio ) 35 03)5b il 381

(YY) 353 ,5 ol ) ST L osubo9s
uv ),_'»'ST) 3Zn0 o356 GBS 538 J.uT)S
=T sl JIE-AY 5) suwl ) 550 Job @
3T 8 L85 Wbl 9 yrewl (YY) 3905 B3 1)
S50 a5 s L UVAHZN0 ass p iy o sawlauns|
oaaline 5 w2 b =T slabuxe JIB )salgum
903k 8) a4y jmd el Bl Hguaan A a6 8
JLSl) iy g5 exel 035505 Jlade il 3l
oy go el ) K Bia Gl 3l 9 JuwS )34
it Sl 518 gy Yo 9 52 el (VE)
9 asdlbae ) LS L oaibo9s ZNO L 1) 350l
(YD) aimdly o9 ZNO I b b ol wlled
La jeTensid oo )ob 4 ()l Ko 5 OlasbT
Sl 938 led 5 i 1) ZNO e oaubosgs
ZNO L aulio ps JT wluS 55 o5 0 9T 590
0,3 53b (whlKed 5 J51 )]s .(VF) 253 ,5 oaabine )
S )5 9 i e id e Ly ) AQ-N/ZNO
Sog= uv 20 s ) Juie Sy Sullls 938
09355 03536 Vb wled asals I3 asllao
el ) ZN0 (alla 5 osubo9s w3 eil ay wous
ZN0 0,393 i b 9HlKed 5 she T (YY) 233 ,5
o0 9 JS -dw b & AG S MOL eaibss s
as 2wl B ueTo) oo 5 Simdlls 938 ullsd
GBS 938 lles AQ s M L ossbsgass ZNO


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

VA9 Gl 4ol o jas P 9w o )louds ilo.ma)l,, JLw

wablage 9 wedw al=e YEY

(0339395 9 393) Metal/ZNO ulydgsli jidan
S L oabosssS 5 09 w3l jaus sl
Dloie losl )15 35— slBa0)s ysLay Mg
JssBl V- - MLos b T 55 59 bl S\ VARTA!
A=l puz 03,5 Yo Guublise v)pd S0 0
S ¥ MIN sae an ) oasid sl Jsde (JolS
@l 9 57+ U0 plos Juis b Gunblise 02
9 o3 i K S e .S 9ilb 50 °3)pd (Y- -rpm)j
Sl lowlrs Sl w5 aisg) Jsibl Y- ML i
wlypdigeenliY (55)9 3o 7 SN slawlale
ol s o2 jin 5 g1LiY 09 b Sinsd s aTes
93 )2 L 5 @i 05 b Singd shr T i
_\_;o)_\l__,(._is.ﬁgs}f) G 89 Sings sl Sas
L Sed JolS s Ja B 9 S5 50 a8LSl  p 1235 ) 90
O - 9y 50 0313 =)l ya 7-°C Hlos J s
5 00l JLansl oo 4 1) oo o slaKas Jolxo
VIR 550 )3 &F) S )bl Jol=e &3 0 b3 o slad
& jicss AslS (51ymy ¥+ TPM s )9 by ubliso
g Jlaie Gupw .33 35 50 ALl (3 9 50 030
aSlan o 03 b asT 93 auwl SIS Y/BYY
9503,5 Ja7:%C Hlos Jpus b Joslsl £+ ML s
b Sl ST Jslone ablolodl «Jols” JMsl Sl yue
S )mliwl Jolzo a5 0 o o phod 9 Al ) ge )
03b And S 9395 b Sios & bgs jo sl Sos
Jools Jsloe .3 g z0 a8l (5 °C plos J s L)
N mace &y Sl o s (AT g ples I
Ol omg (Y= TPM) 3o 50 o.))'ro.m?-cc slos ) Y
03 5 3o o3ls Jlanl T as asses ¥ D plesl
o3lo sy 33,5 5o SilA VY N s 4 4-°C slood
as & 0 slod v30)sS JAals vd oaol wuwasy
0 b Al 1 Guo 9 0ab aipwdS Y h wos
Sgbi 5o 393 Il VS 9 03,5 SiA el Jals
2393 o 3 5ed Jol vob asy0)395 30 s
L ZN0 039395 993 003936 oael wuwss

UVC ¥ UVC )55 5ol s bdl=e (Y JSib)
(15 W, Amax = 254 nm) Pl sl xS i il
oY Sbl 5 r9n Bl JAls 50 54ine T s 5
oo a0 63905 b Wl e Liul 8l eas UVC
YE Usbo &y 35)lsS Luin JI (V- - ML) sladg) )gisTy
Sogile any iame 0 junST JounS ¥/0 CM ,bs 5

S92 Jslme & 53905 ST (23 J )i sl

. /—
(b) / 4
O 1n

- & () (e)

©
@

W] JgamnsS () :slial Joliis »9iS1rgid paguas ¥ Jsuis
)3)lgS sladg) s9isT) (€) UV C ol (d) Skt (€) ¢ piogile (D)
92 alhixo (0) sl (f)

U3~ g & 393 iias

Zn0 03956 3w
93 6o bl JIY/VRER O slado lasl by oyl )
A Jsde s 03,5 Ja Jesbl V- ML ys 1) aT
S L sublisge e 50 s ¥'r MIN @i
Sbesje oV RPM ey s 7+ °C los
PESPUNIEE BN PRWER AT /3 21 v EREN
Jas )3 903, 5 Ja 7 °C Hles Jyus L E- ML
S 9 bl Jgdxo a0 pbod 0 pbad 9 Aty ) ge
Al ST 03 5 48U plast 1wy .93 5 aslol
..\.&o;)ﬁmuu@),swhgugyudw
(E24-Sherwood Jaw) usT JaIs 03 osub slxal JJ
-0t Ouaw 9 SEA VY N o 49 °C slos o
Jals )3 €+ °C slod )3 Y N wis &y Jools osle
03935 O3 3y Jl pu b A wlS 0)g §
U S Ked o ol Jals ) oo baiuwls

(\NA) .)9.»:&70 )92 ZnO o):),.':l.'v


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

YEY ublKad 5 0oy Sl [oLue:

e iU 938 2T 8

(YA) 325 50 wlis I iiaw

, Zn(CHCO0), 4
\ M0

Ethanol —_—

.ﬁ t b gl Sl U\.:le ILlIl
R ltl1|n ol

==

Drog wise

. Stirring for
Drying — 2h

Calcination n

LagMg il slaggs b o0 dubs9395 9 993 ZNO )y dgil jiiaw Jalpo ¥ JSibo

O3S T 3 9 Aty S eid S Sen g0 3l
./dmL min? 3932 )3 1) eIl & (53909
3319 algd JAIS )3 &5 ©gamilw gan B 103 5 pulsis
D3leS Ao yupuns .3 g o))'ro.m Y ENLERTR VR T}
2 UVC )55 aie Jolio )3 0 grmiliwsw ssla
G5 03 O gamiluw a3 0313 H1H8 (b alols
Jales b b 03300 @ 3auST gac b 1D min was &
Iade o) plesl jl 3z D35 )3 5 odals —sda
S Az Ginlo)T alod )3 o smuibus s JI O ML
oY (abliso po SRIHIL Ylo) VS A gai ()
) oV Y MIN & )3 5035 by ) UVC
O sl gas )1 O ML Jla_0 4y 9 Hhool
LS (a5905 A) (518 3383 903 VI .3 9l 50 (SIS j2 83 903
O 3l e aelsl (P MIN) , s 3 )50 ylwo)
Laasgos da Dlade 5035 Jgudy pisbu L) Lods g5
Biowave-S2100  Jaw) UV-VIS jiegi8 9 »iSuml b
M eeo 35 Lo w3a s (WPA =5 i Diod Array

Jod=e aS ol 4y an o5 b .3 gl 50 (5 05 0 )lsl DOE

1) 3936 Rl 93d wallad (5 a8 0 )13l g
0035505 Jl oslaiuwl (bl o Bl 938 JI5 s
303 7 L5 1) 0a 93 S 9.9 alls Zn0O
Ol ol gle) Vs UVC asil Ginls 3L b ()9
Jsdie (ol o 8,8 S VY MINL jao
5ZN0) , b5 3)9—0 03553 ¥+ MY Jlo—io
O ML p=s 4 039500 S o3 b (Metal/ZnO
Ao 9 03,5 aslusl ,haio T YO ML ol \otay
S5 ol pill plon Jals )3 1) )5 ISl s —ime
a_, (Sonica-2200ETH, Italy, 260W, 40kHz)
03131 )8 S5 gl il Zlgol (B r20 )3 1O MIN 3
sl Sob ang SLullS 518 © sl g
Jals )3 RB Jsle Jsl=e jI 0 ML o 5 aslal I
aus 0T w3l ez & 9 09 L 518 Sols b
Soizme OiulelT 3) 50 O gumilis g 8 S5y b
o ot au )My L™ VT I jasuiee wlale
d- ML .5, s 2934l 55 938 5l £+ - mgL™t

adg) Jals )3 1) 03iVT 5 55 5Ll 936 ) gummilisw san



http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

VA9 Gl 4ol o jas P 9w o )louds ilo.ma)l,, JLw

wablage 9 wedw al=e YEE

S9giniad — 229053Y (Sl JIo

LS 5l (531w Bl 938 ) guvol S | Skisns
395l inisd — 39 o5Y oub Mol alslae b alel T
ols | adslee s 4 &5 il oasd (5l
S5 5o

—d[RhB] _ K, K o [RNB]
dt 1+ K 4 [RhB],

= k,,[RhB] (1)

S
kL—H Kads

D
® 17K [RhB

ads
(mg L min™?) i Sy e, e 5K
ZnO o)3 ol 5 590 RNB L~ w6 K
wale [RhB] (min) iuls glwt (mg™* L)
oroT3) adsl walale[RhB, 5 (mg™" L) B (yueTs)
\ adslee I s S J Sl L .ol (mg™* L) B
Do 50 Juola ¥ alsleo

nm =kt
[RhB]

U o o Cp, 1 Cp ei)Ba0ss DS 905 S ool ol

I (*)

rw3as b il s STy Lol gle) s
RS9 s il Olsize 0T wap Jl 45 283 e
V Usas 35T mawsay (time ) aaly b b Ul & o
wyldio wland o wass ¢ 8 JHSul whlae

(E€) 31550 Wi ) ST

Saiiann lyle 83ub (5 05 JHSHl e 3 Jgsa

C
kt = In—=2= Jsl&as
Ca
\ 3
kt=——— 9 Ax )
Ca Ca i
3 y
Ykt = — — has
Ch Ch e

8o (Kap) LSl ene puw ol ¥ adslee Gub o
wlla) calizce ZNO =) 536 yguan 3 RNB L83
).)[aa.o.»_umbé‘_u_w)l (o&*}é%}o&%f))
ilgise i Oeml 3T Ju= 9 43z b O Jls ges

— > 053 Jl oslaiwl b T wdale ol S RNB
Z— Job 03 Jsdxe 03n s 50l 5 = o
ST oe wawds siogid s sl olfiuws b eey Sl
b (mach) pee jSlo Z oo Usb 05T wands slm
o0393xe )3 1-Mg L™ elale U 1) RhB Jolxo
G Sy 9 03,5 pw) VN MMBNAR - 750 Jsb
Dol 5o @ way 0E-NM Z 50 Job Yo T o2 Sl
oslaiul wlalé 5 x50l sl z oo Jsb ol Jl a8
b g3 30 ) gaswl pllS 1S 505 Sl o3lasuol b .3 s 50
el 03 5 Jod=e )3 RIB oale 3L e lale
o rizmed 30T 5o wawdds gl B3a Juo)s
Bl e s 0> Gerw p5 Slaslsses ull o HUiSTy
85 DS Jlos 5 4 S50 5 Ao Juus
(&)

03uh jiaw bl 393l sl duastine (yuss
ouSlas bl bl )y O Gl )5 Sl Gw) 22 sl
XRD (555 a2 52 galis - 3o o3Lasusl (XRD)
929 (uall—3) oo s 93 ZN0O whrdgl s
ol alizee sleduo) s )3 La s MO L osbgsss
0359 Sl 5 Jliabs SDIS @3 55b agls a5 sls
awlit Ly ZNO s lasbinl 55501 b golos (JU 551 350
>allal Sy 0 5 (£1) aubl e JCPDS36-1451
51 FESEM 555005 )1 L(EY) 303,55 caalie LT »s
I3l yams Sy 9 SS9 980 50 (w2 Sl—
b ol TEM 595 I lp3 o6

ST rd Suian () 22

A el swlua Jalye Sl oS il Satians
a5 350 629 UL 535 slaaiaT 8 )3 o)lsen
ST 8 S asllas .3 8 5o )3 oy
23 1) Gaie sLaosls 5 wleMbol s )9 pllsls 93
03 wliles shal sdild 5 3l )8 e pw 390
)90 SRz Jdo AR 5o wawdy pE) o e
—229oSY Jdo K0al LIS 933 3T 33 )3 oslaiwl
(EY) aubloe ' 55 olitiud

! Langmuir-Hinshelwood


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

YED ybhlKad 5 0oy s ‘oLu@

e iU 938 2T 8

AQLblas ZNO w393l 55199090 (590 2 (A S5
ool a8b Ghals 393 L5 w3 el ojlail s
(&Y)

TEM 39La5 b 034 33w <5l)393L 051351 () 59
03 s 39l sl LT gies 5 w3 ojlul
el 03ub w) e (O JSib) TEM 55 5bas aluws 4
4 338350 ol w3956 plos TEM j5Les
"o 9= GIsls—S 50 5 phiio ga)ss SIS
ZNO =p3gsl 5 la wgie o jlal .0 b
Mg5%-Lab%/ZnO  Lad%/ZnO.Mg5%/Zn0O
YEANAYA ol o 5 a4y Mg6%-Lad%/ZNn0O s
A 2 5o Olw B8 @l Abbse V¥ M 517

s lay Mg S azuis ) whdgil 03 ojlasl

(EY) aslassly Lhuals ZNO asiubs

b

Ol (HSTy St (w9 03 (EY) doub awl=o
o3 V-mg L™t adsl endale U RhB Jglo wlale
ule) Wi > uieLo)'T APPEFRCHPATY B IPTUIIN
8 5w 3 350 UVC as il Hinls L YAmin
wYslae ulsl p o9 oliwlne S| s 5 228 ,5

> a8l

ol oLl by 034k jiiaw o) 393L (55999 990 (S 2

FESEM
sl adllas )3 Hige Gbey S FESEM (ybs)
3g—= )3 plaosls 5wl )39l $iglgd g0 o
3R 5o 43Dl S ojlasl 5 S 5 aulb) ro.w.ul.:c
S 2 5 s Zoud9 4 & JSb ysbes (ED)
J=B 8 La s Mg slay s Sinsass 5 Siwgs

WJ- e Ghgy &3 03ub jiiuw l)39il &y bbgs yo FESEM jaglas £ Jsub
Mg6%-Lad%/ZnO (e9 Mg5%-La5%/ZnO (d L a4%/ZnO (c Mg5%/Zn0O (b ZnO (a

a b = c

d = e

WU~ ghe) &3 0 3ub Hiiu 1)3gil &3 bgs yo TEM ju9Las b Jsub
Mg6%-Lad4%/Zn0O (e9 Mg5%-La5%/Zn0 (d L ad%/ZnO (c Mg5%/Zn0O (b ZnO (a

Sabib slawuws mbs . abbe £ B slajlsses s
a5 UVC L RNB LB3s aio)s as acas e plis
$9) )= L3 b o3 uizmed 9 (J4538) (LS
9= 093 A S (5 s il ol w3 gl

23 UVC il coxs o395t (Gl 9id coalled

RhB _83a
03 03 i 3 93U Sl 938 e les mlis
Y Jsaa @illbe UVC il wuxs RNB 0awdT a3


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 |

VA9 Gl 4ol o jas P o o )louds sro_Q.))'L_g Jlw

wablaye 9wl al=xe YEF

B3 Juops LaXW/ZNO(1-6%) wl)p3 il )guan
(Lad%/ZN0 (sl 33) 3003 AA/DE B il 331 L ol yots
=355l eslaiwl ) .ol ol ot LA L (s 9
A7/VY ol je B3 30 (g2 pidin 0393 9-F

bl o Mg5%-LE5%/ZN0 0,3 556 (sl »s 20

a535 ¥ plo) Jl dmy B3a suo)s piSTaa =i eils
J oslaiwl Ly &5 550900 )3 3uibl e 303 11/0
S )50 3003 YP/AE & B83a 3005 ZN0 o353
B3 ylhiwe MOX/ZNO (X=1-6%) jl oslaiml p>
5 L8l MP5U/ZN0 1)) 3o > AE/VF Ls
03 wl ol oty Gials L MB%/ZNO sl s yuams

MgX%-LaX%/Zn0 s LaX%/ZnO MgX%/ZNnO ZnO cly3gil ygudn 33 UVC il waos RNB (83 3y vl pusds ¥ Jg i

Mote) o v 5 q Y 0 A ¥\
crulllS 535 agds

00355 U3 Bia s \/¥ v/4 £/6d Y5 W\
ZNnO L3 uops SV \O/¥F YA/Ah EY/AY  BY/VE  £1/4)  FY/AE  YY/AE
Mg1%/ZNO L s sus s SN A/PA O YB/YY RAY B /AY FV/EY YV/EY VYY)
Mg2%/ZNO L s sus s YN AY/-F YD/ER E-/AN BY/D\  FE/NF YE/AY  AV/AY
Mg3%/ZNO L csis 3o s SFY O Y-/A0 YY/AN O dY/SA $F/A- YA/EF AB/YA AN/YY
Mg4%/ZNO L L83 3o s JJEY YAa/Ed  EAAY  FE/Y- YO/AD  AY/A-  A/FF AV/dE
Mg5%/ZN0O L 83 sus s JJEY YY\E ED/YY  F-/8% YY/DE  M/YA  AY/AE  QE/vS
MgB%/ZNO L 53 3o s JEY YANY O E-/5R F/EN YV/EN YY/YY O AE/AY QN
Lal%/ZNO L csis s SFY Ye/AE YE/AL O EYYY O £/V- YV/FA O YA/YD  AB/YY
La2%/ZN0O L w33 s SFA AV YY/YE EV/VY S /0F  FA/-D YE/VY  AV/AE
La3%/ZN0O L wsis susps SOY Y/ YY/E BVAF SY/VE YY/-Y A-/$9 AY/PY
Lad%/ZNO L csis suops JJEA MY YE/YY EMER SV/PY YE/AY  AY/E- AMDE
La5%/ZN0 L csis susps JJEF AD/FY YA/YY EV/AE BY/ES  FY/SA YY/EY  YA/FY
LaB%/ZNO L w33 suops SJEA O Y/BY O YB/-Y RVVY B-/54 F/¥Y FA/FA YENY
Mg5%-La5% /ZnOL Ls3a 3wy JJEE YV/F- B-/AY SY/AF YE/¥F AY/SY  Q./8Y Ag/YY
Mg6%-Lad%/Zn0 L s3s su0ps b YIS EE/NS DY/EX YY/A- MDY AA/-E QE/VY

90
80
70 1

2,60 -
50 -

9 40 -

10

L (8] 8 () (8} o
IR A N G

‘s';e' _‘?',e\ glet o ol

BT L M L S T 27
92ZN0 lydg5L L RNB L83a 3405 duliio .Y )l5ges
UVC amibl yinls aisds Y1 b LaX%/ZnO (X=1-6%)

RhB wi- duoye
o fa tn

=)

L

100 -
90 -
80 -
70 -

(=2
= o
I I

<o
I

10 -

h

o 53
SN R A
N ‘5&3 ‘z\%& ,@:’? .g&w JUlsss
92ZN0 =1)395L L RNB B3a 340, dulie N HlSges
UVC asmbl il aids Y\ LMgX%/ZnO (X=1-6%)


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 |

YEY ublKod 5 0oy Sl ‘ob.p

e iU 938 2T 8

100
90
2 80 -+
),
¥ T
3
A 60 H
;j 50
g 20
30
10
0
O L0 0 o0 O 0 0 0 O
LG R O G i
g'\é‘ o\ )@‘.5 g\é KGN féé?ﬁj& e
SIS P
QY

Zn0 9 yaJa ZNO )39l L RNB “83a 340 )3 dumsliie £ )lS5gas
UVC asibsl yinls 4833 Y\ b Jed La g Mg L o dulbs9395 9 99

23 Jlsd =il PS4 5 Jol an)s SStiuw
D8 Jados 9 4y 35 3 )90 B pueTs) Jsdxo 83
P93 5 Usl & )s STy e puw el 5 w38

23,5 aulxo w3 eil

RhB Ui v 5

100
20 -
60 -
40
20
4]
o
(11:‘\\ gj‘,{\‘ {.V{‘
&) Si°
;\j’v‘ 7 N i Ly
S\ S*
¥ ¥

Zn0 g yolib ZNO )39l L RNB w83a 300y dumlie .Y Hlages
Ol A8 VY L calio sl 3uo s p3Lag Mg L osub 9395
UVC asbl

ST 3 ki ) 29
odlo B3 J.uT)& s Sl i juslie G'L”
eJ_w)a.u»-_»l)éyl_»L;u_;T d,Jz_o),)B QPTQ)
0 St Jao @l 9 8,5 )13 duwlze 3 90

i LB 9 asllos )90 wly3g3L Gl w3 )l oy W Y doas

S Jo
P9 A po Jsl 4 po lBlS 538
R? k R? k (min})

-/AV¥D -/-\v4 -/34AA /7Y ZnO
-/YOY RN -/AY4d ARYE Mg5%/ZnO
- /AEXN -/-YEN -/3Y4d NE La4%/ZnO
/7774 -/-E7 -/a74Y /VEEQ Mg5%-La5%/ZnO
S/Y-Y RN -/AYYA AR Mg6%-La4%/ZnO

s M@5%-La5%/Zn0O .Lad%/ZnO .Mg5%/ZnO
Jsl=o JI B ueTs) 83s )3 Mg6%-Lad%/ZnO

el osub ) ‘u-’T

Je a5 38350 ol ¥ Joaa )3 0wl wawsy mbis
B aoTs) Bia )5 whdgl ples sl SSatiaw
O Il 503 )3 wmawl 03 )5 waumis Jsl Ak yo b Ax )
ZNO =hdgl 5 Jgla )y S Ja—»


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

VA9 Gl 4ol o jas P o o )louds ;lo.m.))'l._g Jlwe

bl 9 wedw alxe YEA

2.4 3 P 2.5
o (a) Zn0 (b) Mg5%- Zn0O P () La4%-Zn0
5 | 25 -
- L3 B 2 %,
2 < 7 — 11 O % T 2 & v=0.1334x +2.4508 G"D. =
- Ré = 0,998 @ R?=09793 ] i
— 1.8 . 1.5 =15 g
B o i o e
P f 2 - "
1.6 N S 1 1 ®
1.4 - 0.5 .
o 05 ®
g _ 0 20 30 0
1 -0.5 ® ) .y -
0 10 1 | i 0 10 20 30
: 3 Timé (min) ik Time {min) Time (min)
:_5 504 0L 7 3
2 (d) M23%-La3% Zn0 (€) Mg6%.L24% Z00)
2 ® - &
1.5 » wr={) 1440x +2.4324 2 - ¥ 1{:_55?3_1: 0
B2 = 0.9602 ® B
. ] 1.5
o @ oy
=05 ® =} \
0.5 o
0 10 20 30 v '
05 0 20 30
i 0.5
= | @Iime (mm) 1 Time (mm)

UVC amibil yingli v 0 uis jiiaw vl 39506 Jowgs B ool B3 Jgl A po Saiiam s )15g05 .0 )l3g.03

303 4E/Y7 L MO5%/ZN0 03555 sl s b3
5Y Jsas b RNB Laia ooy 5o () i3 g03) 352
as La-X/ZnO (X = 1-6%) w3l b Y Jlsges
as Lad%/ZN0 03555 sl p B3n ol jae 2 b
GlRoals an aagi L a5 su0)s AA/DBE Jlase
VL 0 b9 9 whdgils ) ea el wuwasy
a0 by po FiwlllS 538 i ()3 (ySee B3
3 duops LUVC Link L Mg5%-La5%/Zn0O
AS 39V ldg0s 5 Y Jsaa 5ub 30 47/YY
UVC Linl cxs Y MIN I asy Sow Azl ¢ »ide
2 5UJled T vy oaubs jiius w3 55L ples sl e
Olnled € D3 g5 )3 039365 9 93 slao)dgils

ol o3l ol
by =0 )3 0393 a5 Slo) Y s slaosls b
Hoisd i UVC Hos Hinl amublas S99 Ginle T
23 559 )8 GRS Il gy 3 92 B3 Joole Ui
sty UVC Gl b i samlassTss98 slaiisls

RhB 33 )3 w1393l (Bl 9id caulled
Jole aw 1 50 o ¥ Jaa )3 o &1 ol
5 o3 Silsid iz RIB 3a )3 y550
23488 so9b a5 yluis ) o g6
D3 4 by yoe odh pll S3a (KL \dMIN
FMINL 5 3l e w35l auss 4 RIB L =lows
9 2undBlS 538 4y gy o (TS )3 B3 o 00
0D o £ MINL jus 58 5 Sl s xbwoda
e 35 YA MIN L 4l eaiblas RNB o =

o8 )oiSLs dw » 8 an bo o od el wsay
i Ja Gl b 3ibly o srrbussda 5 canlbls 58
i b s l53ns 9 0351 led] Julb (b
oalaiwl Ly .3)las RNB G8ia )s Seaaw (inls aiads
81as UVC asil Giuls ¥Y min jl sss Zn0O i
Jloslaiwl )3 9 33,5 83a RNB Jsl=e YY/AEY.
Ol jme oy it MO-X/ZNO (X = 1-6%) )3 53L


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

YEQ ubles 5 03l Sl ["L*'le‘

e iU 938 2T 8

Loo i a5 pl 4 eolic b (EA) S)ls e as )
Slaws b ol silsise ju il )s oaub sl
JrwS 50340 JLSoab) 5 03 )5 SqSTh duws 90340
alled 59 wade Hb el a5 (VEN Q) S s gl
B el 0o VT Ldias il 381 9 SiwalblS 5id
33,5 5o 2T Jglme

23 B ey =T Jsdxo iudlls 536 33a mlis
LM Spses b as sls glis JET Hob &y ¥ Jsaa
Saa 3003 UVC asil Giols b (555 du0)3 0
eled o559 303 O Sl pid 9 Uil 331 RhB
oz s HEals 1) ZNO w3 o3l SimaBlS 5id
L 535 203 & b LA Sinss b iulls 536 alled
Sin 9398 i 03 9 b Giul 33l UVC Giut
B3 303 Yl jre MQ5%-LE5%N/ZN0O o3 53Ls
S0 b Sl )5 5 slasids (ass s)ls ) g 58 laa
o i —9 i b 1S H5b Jl @le M Jous g3
LS 3 GBS 916 wayles il jo8l acly 5 ooub
23,5 MIIZNO 0,3 536 525k w3530

G5 5L 4 GBS 935 3T )8 wae jus =3930
023 59— 4SSl p 0 pan — 9 8 sl an
Mo J (5 S gub 50 0313 s B 918 43
CNN EL) LIV PVEE SN PRSP I SENIIV C L gtV T 3
o 30k S @ walled GRals 5 pul Sl 53
Slm el s (€9) sl o i 09 iUl ek g pan
b a8 0 Jl b LesuBlS 538 (HTHI Soue
63 Loyl (1) 905 (5 )5 ol 0 pian 9 sl
ST )8 )5 G )3 wae pw plalS sl —
O3S 593 (V) +) ol 438 )5 =) g0 SiuwUS 536
slagboy Jl % il o918 aSub & 538 sy
el 0 pan g ISl maa S )L HLAL VS Hise
Gl )y Bl Skl b )50 w)le a5 () -)
wdled plgSo— ZNO Juid Sl Ll ppss s 15
Jlacio Gl 381 .(FD) Sty 39w 1) il 538
PREGEFPRYPYEY MEN XN EP WPV EN PN g N
a5 Blaallbl s g 5o el (Sinos 8

(C1) o Sy s el Sl g sl Jlasl 3 )le—o
L (0 alslss) s g0 o jumsT Al wlla &y (€ alslsws
L albols sLadlsosh STy 5 (7 alslee) julged

33l o Bl (Y alsleo) ¢ JuwsT

hv
c - e (€)
C°+ 0, = C*+ OF ®)
R-X 5 R+x )
R+ 0, > RO, )

Sopz gebsl o Sispwlsaussid slapiiSly we
Sl e o aiinly (T Sly—o ol )5 (39 435I
5295l 0 e b =e V95 DI Yliae VTR
DBlE 5 S0, Zaedsb )3 Usiss e ST
23 oaized (£7) Sl 5o odib s (S9Sse v sl
)G a0 £ MIN G as 39 50 03alie gl oyl
538 Ole) l b 5 238l 505 Slasl L5 )95 aluws &
s & UVC il s las RhB L3 )y euw
T Slge 33 b p3ge o) Vlgie & Algs s
VLS (98 & s (18555l s (EF) aubly =Tl
B3 an als (Gueid) s & UVC as sas e
e bl 518 3T 38 )3 .abb s RNB
&l S5 )3 oias STy Jusl Jolis Sbol Jalre
Tows 590 p 033 HUS Ty 3 (munlls mlouw 4
=l 03 9 bl s mhaw S STy wmullS
5 M350 03T 355 acl @Y goxe wdaly
oILeT AT 18 . (V7) 3o 0 bously da =Y guaxo
(A) adsloe =90 ay Kadls o umulBlS 935 )
(EY) 2ubb 5o

ZnO + hv - ZnO(e  + h*) (\)
JLSoD) Jusd Sl osubs 3w g5 caliske sla sl ¢ i
5 (OH) JuunS 55350 JLS3 (057) 3nST o pu0
JauS 90358 JGsh (HO3) JuwST s 90340 J3l)
Jausiliy Dlatio Ly (598 0auiS duwST S plgic 4
U195 3L oyl &5 395 iy YA+ .l S )lasbinl
ol slaeble )3 @ sliie T wlus 5 93,5 3|


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

VA9 Gl 4ol o jas P 9w o )louds ;lo&.))'l._y JLw

wablaye 9 wediw al=e YO -

S wae o it X Jsaa slacsls 4y angs
5 Mg5%-La5%/ZN0 39355 s ses ay bsy yo
ol Sily b ol bl e -/ VEEA MINT L ]
I s lloo slaam Ble )s SingseS 4§ el
e peww) (593w | eillad 3195 5o Lo 3S 93
Sl )3 x5 JoB sk b (Gl 535 sy

DS ol 38l s 3 S5 Swes b

B3a )3 w3eil Ll 938 walled §aixs ¢yl )
S5 =T slalby=e JIUVC il o= RhB
3458 350 (e @l .88 S w0
Yy WY R NP R PRI PER PRSI ES RN EE
B3 eled o e [MOX%/IZNO (X=1-6%)]
=3gils )y 9 MOEW/ZNO o) 3555 ey by s yo

posl—uY L ou. 593 ($9)d— S|
B3 wdled oy ie [LAXW/ZNO (X=1-6%)]
0 rizads bl 50 LA4%/ZN0 0,356 &5 bgs yo
S dled 03 bo0935S 5 293 BbIL Als
MQ5%- 4 bs s yo B3 wlilec )3 0 35l
Lo as a8 e ol @l 05— LaB%/ZNO
(Mg sLa sas L) so03uwsST 93 pS 09355
S350 Db a0yt 9 09 )} a0y T 9
99 osle ylsicas Mg slas s )5 o0 g
o9 )8l ypialasl als &y )3 Sere (ks ©3ub93 oS
ez 1) iUl 538 e lsed 9 035 Ll ZNO )
Sl 538 iS5 . dbisn o Seme UVC il
9 03905 i J3l A8 po awid ax)d Jl asdlos 3 )90
olss 0 M05%-La5%/ZN0 w1)3 636 il oslaiwl b
B oueTa) 1355) 0dle B3 n ey 3300 &

b oL silwlaa 5 03,5 Jac 09 sl Sl wlgic
b a0 a8 Loy s Sl Slass 5 osgbisn Soue
5 0318 Lyl o8l ) san SLasl (iiSTy s s ) 50
51338l (¥D) S oo w95 1) il o guods
IG5 oa (8l o &S 35358 el bl Sen
SlRU S VT 9 i — )l b SuS 3L
Sg 5b a3 ZNO (sl yass > ST Jie sy
J=8 Ul s 518 slay g Il (a2 (E9) i 5o Joase
slaus lsic & CO™ s MN** Fe?* .Cd*" Ag’
08> —9 I8 b G0 )L ORAL sl Sinss
OoDT L asliY slag ss (1 E) sl o3ub 03 0 IS
olsie 4 Auilgs e TIOZ asity Jals pa 4f 59,38l
03,5 Joe S 2 slaus ySl sl als a 55 o
s ilwlan eae o IS e Ginl jdl e el 5
ailled iRy Soup Az VS 9 0 e 9 Sl
(D) Soibso bl

Mg sLa.y Joaa )3 oawel muwss mbs & angs b
S PYL Sl 538 e iled ZNO & osub 935S
25 5L oauboss 5 adla ZN0O 03556 a4y s
iS58 s .o )ls UVC asibl Ginls s
SLaolSls COMIAl Ay oacibo9ssS wl3eil Vb
33 )5 5o ZNO asiis ys M@ 5 L8 slag s
N G981 o glomi LA Loy s 4l
Mg** Slay s Ho -ls (ZN™) WL jse pmaic
it ZN7Y slag e Sl pia o8 igs glab bl
23 MO 5 sl 093 esmdgo La™ (l b
Ao Jhicwe Vob a4 5 AT JIS il s oo
IS oo Joe aiuSl s slag s il sl als olsic
ZN0 o9 g 5 52k MG Siyss s 3,k
cadllas ol o8l )3 3 ilgs oo AT 3RS0 Linl 33l )
(EY) aably aibls (ol s s 95

T3 Suiamn s ) 2

Ja ¥ oo )3 ool ey @b uluwl
B aeTs) oslo d3a )3 whdsib ples Satims
Ls ortizeads ol 03,5 cams Jol 45 o ands a3 )3


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

YO\ ullas 5 03l Lils eliy a8 536 36T 3 IS

GAEtalo )T ol Jl ptizo 0slaiul 5 035 0 G338 9 Sk
D35 50 S 9 peads ollisls il olSi LT . oslsine Jl aliuss (o
ol plmsl Jl elen e )l oMl ST olSisls

References
1- Ahmad M, Ahmed E, Hong Z L, Ahmed W, Elhissi A, Khalid N R. Photocatalytic, Sonocatalytic
and Sonophotocatalytic degradation of Rhodamine B using ZnO/CNTs Composites Photocatalysts.
Ultrasonics Sonochemistry. 2014; 21: 761-73.

2- Abdollahi Y, Zakaria A, Abbasiyanngad M, Masoumi H R, Moghaddam M G, Matori K A,
Jahangirian H, Keshavarzi A. Artificial Neural Network Modeling of p-Cresol Photodegradation.
Chem Cent J. 2013; 7: 96.

3- Han F, Subba V, Kambala R, Srinivasan M, Rgjarathnam D, Naidu R. Tailored Titanium Dioxide
Photocatalysts for the Degradation of Organic Dyes in Wastewater Treatment: A Review. Applied
Catalysis A: General. 2009; 359: 25-40.

4- Grcic |, Vujevic D, Zizek K, Koprivanac N. Treatment of Organic Pollutants in Water Using TiO,
Powders: Photocatalysis Versus Sonocatalysis. Reaction Kinetics Mechanisms and Catalysis. 2013;
109: 335-54.

5- Chatterjee D, Dasgupta S. Visible Light Induced Photocatal ytic Degradation of Organic Pollutants.
Journal of Photochemistry and Photobiology C: Photochemistry Reviews. 2005; 6: 186-205.

6- Nokandeh M, Khoshmaneshzadeh B. Removal of Yellow Acid-36 Dye from Textile Industries
Waste water Using Photocatalytic Process. Anthropagenic Pollution Journal, 2019; 3(2): 10-17.

7- Behngjady M A, Tohidi Y. Synthesis, Characterization and Photocatalytic Activity of Mg-
Impregnated ZnO-SnO, Coupled Nanoparticles. Photochemistry and Photobiology. 2014; 90: 51-56.
8- Omrani M, Fataei E. Synthesizing Colloidal Zinc Oxide Nanoparticles for Effective Disinfection;
Impact on the Inhibitory Growth of Pseudomonase Aeruginosa on the Surface of an Infectious Unit.
Pol. J. Environ. Stud. 2018; 27(4): 1639-1645.

9- Choina J, Dolat D, Kusiak E, Janus M, Morawski A W. TiO, Modified by Ammonia as a Long
Lifetime Photocatalyst for Dyes Decomposition. Polish Journal of Chemical Technology. 2009; 11: 1-
6.

10- Behngady M A, Modirshahla N, Shokri M, Zeininezhad A, Zamani H A. Enhancement
Photocatalytic Activity of ZnO Nanoparticles by Silver Doping with Optimization of Photodeposition
Method Parameters. Journal of Environmental Science and Health Part A. 2009; 44: 666-72.

11- Alfano O M, Bahnemann D, Cassano A E, Dillert R, Godlich R. Photocatalysis in Water
Environments Using Artificial and Solar Light. Catalysis Today. 2000; 58: 199-230.

12- Ghay M Y, Ali M E M, Osterlund L, Khattab | A, Badawy M |, Farah J Y, Zaher F M, Al-
Maghrabi M N. ZnO/Spiral-Shaped Glass for Solar Photocatalytic Oxidation of Reactive Red120.
Arabian Journal Of Chemistry. 2017; 10: 3501-07.

13- Zouaghi R, David B, Suptil J, Djebbar K, Boutiti A, Guittonneau S. Sonochemical and
Sonaocatal ytic Degradation of Monolinuron in Water. Ultrasonics Sonochemistry. 2011; 18: 1107-12.
14- Zarei N, Behngjady M A. Synthesis, Characterization, and Photocatalytic Activity of Sol-Gel
Prepared Mg/ZnO Nanoparticles. Desalination and Water Treatment. 2016; 57: 16855-861.

15- Eren Z, Ince N H. Sonolytic and Sonocatalytic Degradation of Azo Dyes by Low and High
Frequency Ultrasound. Journal of Hazardous Materials. 2010; 177: 1019-24.

16- Rauf M A, Meetani M A, Hisaindee S. An Overview on the Photocatalytic Degradation of Azo
Dyes in the Presence of TiO, Doped with Selective Transition Metals. Desdlination and water
Treatment. 2011; 276: 13-27.

17- Bokhale N B, Bomble S D, Dalbhanjan R R, Mahale D D, Hinge S P, Banerjee B S, Mohod A V,
Gogate P R. Sonocatalytic and Sonophotocatalytic Degradation of Rhodamine 6G Containing
Wastewaters. Ultrason Sonochem. 2014; 21: 1797-804.



http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

VA9 Gl 4ol o jas P 9w o loubs ;lo&.))'l._y Jlwe wablage 9 wedw al=xe YOV

18- Vahid B. Evaluation of the Removal of Reactive Green 19 by Using Os/UV Adbanced Oxidation
Process. Journal of Water and Wastewater. 2017; 29: 66-77.

19- Behngjady M A, Eskandarloo H. Characterization and Photocatalytic Activity of Ag-Cu/TiO,
Nanoparticles Prepared by Sol-Gel Method. Journal of Nanoscience and nanotechnology. 2013; 13:
548-53.

20- Clayton R. UV-Catalysed Oxidation in Water Treatment. Chemical Engineering. 1992; 519: 23-
26.

21- Georgekutty R, Seery M K, Pilliai S C. A Highly Efficient Ag-ZnO Photocatalyst: Synthesis,
Properties, and Mechanism. Journal of Physical Chemistry C. 2008; 112: 13563-570.

22-Young SJ,JiL W, Chang SJ, LiangSH, LamK T, Fang T H, Chen K J, Du X L, Xue Q K. ZnO-
Based MIS Photodetectors. Sensors and Actuators A. 2008; 141: 225-29.

23-Lee S D, Nam S H, Kim M H, Boo J H. Synthesis and Photocatalytic Property of ZnO
Nanoparticles Prepared by Spray-Pyrolysis Method. Physics Procedia. 2012; 32: 320-26.

24- Han J, Liu 'Y, Singha N, Wang L, Gao W. Comparative Photocatal ytic Degradation of Estrone in
Water by ZnO and TiO, under Artificial UVA and Solar Irradiation. Chemical Engineering Journal.
2012; 213: 150-62.

25- Eskandarloo H, Badiei A, Behngady M A, Ziarani G M. Ultrasonic-assisted Degradation of
Phenazopyridine with a Combination of Sm-doped ZnO Nanoparticles and Inorganic Oxidants.
Ultrasonics Sonochemistry. 2016; 28: 169-177.

26- Baruah S, Pal S K, Dutta J. Nanostructured Zinc Oxide for Water Treatment. Nanoscience and
Nanotechnology-Asia. 2012; 2: 90-102.

27- Salavati M, Ranjbar M, Emadi H, Sobhani A. Factors Affecting Photoluminescence Spectroscopy
of Semiconductor Nanomaterials. Journal Nano Technology. 2011; 10(11): 10-13. [In Persian].
28-Pilla S C, Kelly J M, Ramesh R, Mccormach D E. Advances in the Synthesis of ZnO
Nanomaterials for Varistor Devices. Journal of Materials Chemistry C. 2013; 1: 3268-81.

29- Zhang W, Zhao J, Liu Z, Z L. Structural, Optical and Magnetic Properties of Zn; xFexO Powders
by Sol-gel Method. Applied Surface Science. 2013; 284: 49-52.

30- Riahi Nori N, Sarraf mamouri R, Mahdikhani A. Synthesis of ZnO Nanopowder for Using in
Vistors. National Conferense of Nano and Biotechnology. Shahid Bahonar University of Kerman.
2009. [In Persian].

31- Parastar S, Nasseri S, Mahvi A H, Gholami M, Javadi A H, Hemmati S. Photocatalytic Reduction
of Nitrate in Agueous Solution Using Ag-doped TiO2/UV Process. Iran J. Health and Environ. 2010;
5(3): 439-450. [In Persian].

32- Yousefi R, Jamali-Sheini F, Cheraghizade M, Khosravi-Gandomani S, Saaedi A, Huang N M,
Basirun W J, Azarang M. Enhanced Visible-Light Photocatalytic Activity of Strontium-Doped Zinc
Oxide Nanoparticles. Materials Science in Semiconductor Processing. 2015; 32: 152-59.

33- Dehghani M H, Mahdavi P. Removal of Acid 4092 Dye from Aqueous Solution by Zinc Oxide
Nanoparticles and Ultraviolet Irradiation. Desalination and Water Treatment. 2015; 54: 3464-34609.
34- Yasamin S, Hoseini M, Sheikhansari E, Rezagl R, Amarloei A, Mazloomi S. Survey the Effect of
Photocatalytic Process of UV+ZnO on the Degradation of Sulfur B Dye from Aqueous Solutions.
Journal of Health. 2018; 9(4): 367-378. [In Persian].

35- Ali A M, Muhammad A, Shafeeq A, Asghar H M A, Hussain S N, Sattar H. Doped Metal Oxide
(ZnO) and Photocatalysis: A Review. Journal of Pakistan Institute of Chemical Engineers. 2012; 40:
11-19.

36- Anandan S, Vinu A, Mori T, Gokulakrishnan N, Srinivasu P, Murugesan V, Ariga K.
Photocatalytic Degradation of 2,4,6-Trichlorophenol Using Lanthanum Doped ZnO in Aqueous
Suspension. Catalysis Communications. 2007; 8: 1377-82.

37-Welderfael T, Yadav O P, Taddesse A M, Kaushal J. Synthesis, Characterization and
Photocatalytic Activities of Ag-N-Codoped ZnO Nanoparticles for Degradation of Methyl Red.
Bulletin of the Chemical Society of Ethiopia. 2013; 27: 221-32.

38- Airemlou L, Behnajady M A, Mahanpoor K. Response Surface Methodology Optimized Sol-gel
Synthesis of Ag, Mg co-Doped ZnO Nanoparticles with High Photocatalytic Activity. Physical
Chemistry of Nanoclusters and Nanomaterials. 2018; 92(10): 2015-2024.


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-04-18 ]

[ DOI: 10.29252/j.health.11.3.338 ]

YO ullas 5 03l Lils eliy a8 536 36T 3 IS

39- Nouri Dodaran N, Fatael E, Khanizadeh B. Study on Photocatalytic and Sonocatalytic Activity of
Bi,O3 Synthesized by Sol-gel Method in Removing Organic Compounds of Ardabil textile Factory.
Journal of Water and Wastewater. 2019; 30(4): 67-77.

40- Sabbagh Sh, Behngjady M A. Synthesis of TiO, (B) High- Temperature Stable Anatase TiO,
Nanowires by Hydrothermal Method and Investigation of Photocatalytic Activity. Photochemistry and
Photobiology. 2019: 95:733-739.

41- Wang J, Gao L. Photoluminescence Properties of Nanocrystalline ZnO Ceramics Prepared by
Pressureless Sintering and Spark Plasma Sintering. Journal of the American Ceramic Society. 2005;
88: 1637-1639.

42- Khanizadeh B, Khosravi M, Behngjady M A, Shamel A, Vahid B. Mg and La co-Doped ZnO
Nanoparticles Prepared by Sol-gel Method: Synthesis, Characterization and Photocatalytic Activity.
Periodica Polytechnica Chemical Engineering. 2020; 64(1): 61-74.

43- Behngjady M A, Maodirshahla A, Ghazalian E. Synthesis of ZnO Nanoparticles at Different
Conditions: A Comparison of Photocatalytic Activity. Digest Journal of Nanomaterials and
Biostructures. 2011; 6(1): 467-474.

44- Behngjady M A. Introduction to Ideal Chemical Reactors Design. Islamic Azad University Tabriz
Branch, 1395, [In Persian].

45- Gopalakrishnan R, Muthukumaran S. Nanostructure, Optical and Photoluminescence Properties of
Zn; xNixO Nanoclusters by co-Precipitation Method. Journal of Materials Science. Materias in
Electronics. 2013; 24: 1069-1080.

46- Legrinl O, Oliveros E, Braun A M. Photochemical Processes for Water Treatment. Chemical
Reviews. 1993; 93: 671-98.

47- Baruah S, Pal S K, Dutta J. Nanostructured Zinc Oxide for Water Treatment. Nanoscience and
Nanotechnology-Asia. 2012; 2: 90-102.

48- Behngjady M A, Eskandarloo H. Silver and Copper co-Impregnated onto TiO,-P25 Nanoparticles
and its Photocatalytic Activity. Chemical Engineering Journal. 2013; 228: 1207-13.

49- Eskandarloo H, Badiei B, Behngjady M A, Ziarani G M. Ultrasonic-Assisted Degradation of
Phenazopyridine with a Combination of Sm-Doped ZnO Nanoparticles and Inorganic Oxidants.
Ultrasonics Sonochemistry. 2016; 28: 169-77.

50- Eskandarloo H, Badiei A, Behngjady M A, Ziarani G M. Ultrasonic-Assisted Sol-gel Synthesis of
Samarium, Cerium co-Doped TiO, Nanoparticles with Enhanced Sonocatalytic Efficiency. Ultrasonics
Sonochemistry. 2015; 26: 281-92.


http://dx.doi.org/10.29252/j.health.11.3.338
https://healthjournal.arums.ac.ir/article-1-2236-fa.html
http://www.tcpdf.org

