[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

93 oode (gaollad (Cons ) o 9 Cuodlw alxo

RTLR VE T RUAVI RVERN Fe 4|
FEV L FYY Slxio Y0 5ol pow o)lad qoid 0,90

"

Available online: http://ijhe.tums.ac.ir

eJ|
& 7
Uy
(AEH) |

u&h}}: Jle

% @
() >3
" Of Enyiron®™®

S35 50 5l O gilios g 53 51500 Juto 0k VT 2ed S 528 LBl sy
Jﬁ‘}j;y LSL“W};:U w)ﬁjSIlOY}ZIIO

O pl eml il ¢ Il Olal 5 opl il wdige 5 36 Jlo 555l ez Salial ¢ and dige (6555 1 stame 0k 50)

s S> 4L 20 ol M LI
b s G bme Sl CBlim 5 48 (sles S 5 S Cle w0 2 JUIS 45 5 g0 1SS g 4o
B P B 0/+0/Y0 el e f b
iU 5 o Jles o olol G IUT ardllos 5y el ol ks il S )5 5 g0 00 S
_ _ A0/ A/\Y Zﬁ‘ﬁ_’ @)U
ol T 1 515l fozo st VT G g SNO, 5 Z00O S5 4t A
. r A0/ A/YY U':'J'l'xi @)U
Flosl e 5 bl i pload 5 i fow s 4 i 7 0800, 5200 S350 gy S5 40/+4/¥ Ll g

/Y0 anWJAaMy[dJ_)QPQDJJ;LQMﬁjJUM ube.\;//.b:/j»a.uy/’uw‘{_;
Sl il s o o ol Olpes (U s o Cogm (C3,8 S5 oy i 300 e doys ) 5 /0
C"bw;/'/};u;"u":""‘; Yo min GO 03 glmo 3 o Q‘;&:A&[Auﬁaj [N Qb)}-’b} uLgY/'
Duncan’s) ;,SSls slaals Az 5lel & goiT s MSTATC, Ver 1.¥Y 56l o jl sslizal b ol ) i}
Z . - A ‘ . \ . A ]s . /,,|
3,8 15 s o 3, 40 (multiple range test s syl Dyl il 0Bl
ol S8 sl 3 48 3l S Sl it e LIS sl LT foolom s oy S350 Zn0 o356 iUl 5
Rl ol oy O Sl mlene s LT oldsa 315 350 Sl w3 20 Oles SDO, 5 ZnO sl Jee SnO|
GOl s b Oloj i8I opimeans diias 3y 0] fozo o U 538 Sl (95 (12 fime
o3 WV/FY & i 5 4 SO, 5 ZN0 (ol il 3 0 YT Gl Ol e YO MUN ks
oz Ol i 35l fote o Olimo (655 o 35l CBLE S0 )y o d o A3 P00

el CBLE L35 b 3 il UL 558 Clas Ol e il 551

_ d_,i...ﬁ a.\.:..\.g_,s u‘fﬁi-‘” o
Sn0, & i ZNO 2 U155 EJlas Olio 45 A ookl okl Cncly ol b 26 S tme abasi 1362@yahoo.com,

] T g0 0l Vi G~ e 2Zn0 ;I osléza] ol plo ol iy s.abbasi@esfarayen.ac.ir

Please cite this article as: Abbasi S. Photocatalytic removal of methyl orange in suspension containing ZnO and SnO2 nanoparticles and investigation
the influence of effective variables on the process. Iranian Journal of Health and Environment. 2016;9(3):433-42.



https://journals.tums.ac.ir/ijhe/article-1-5708-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Gop Sl clis Bl Jle ol il Che w
3L 3 8 05 g S Jas Jliiss 5 ol Cald YL
(e S b i (B Sl e pd e s
Sl Slalllae 556 (4) 2515 O3 5 s 5 Lsy 550
AU e 3l Ciliies 30 2 JUIS i E Il g5,
5 O TiO, .(Y) Ag-TiO, .(\)) Ag-SnO_ .(\+)
ol VT 2 JBIS 535 5o g (V0 0 H)ZNO-SnO,
(V%) 0l,Kea 5 Dhanavel .l 4 § &) s sl
Ol 58 sl 531,200 Sl b b W JUIS s sl
nls 13 e andlas 300 b e 0N i (gl
2350 Oley Ll L sls 0l T ey 51 Jeol =l
ZnO 340 i 53 5k e sdoVT w s T T
S Ol S Sy e Al o RS S5 T Ol e
3 gad 1S Ao Ay oty as B TR e eV
Lasl 2,1Zn0 i3k 36 (V) ol es 5 Shan
a2l (o3 )y 1) 0 i o3 6l calises sl
Liu . 6sls 1 3 axdlas 5, 50 REG o3 J1 Jglos 2edUS g2
Ag-SnO (ANSOS) 2 JUlS 35 o dlas (V) OSKen
Sl glos 5> RABIB s, Jshoms ) 520 o
sZhang K58 ) LUV 5 S o5 Al cos
B8 g sl s, 2 Sl = O oL
SIS sl ke o 9 61, Zn0-Sn0, glajpla 5l
oealsy U g o 5 (VA) 01, s Wen s s
SN0, 5,k e Bl i 5l el wl L1, Rh B)B
Yuan .5 e s Z00O S350 L asl (2),1Sn0,
wedS Lyl s cea 1, SNO | w3 5L (V4) 0L Kes
5 A el e (Avr s Ave For Vo) Sslite 05, S
PHE 85 L o i sla pad o JBIS 55 2 fled
2300 Ol 5 CJUIS 5 Clale A LS Y 0350 ee 3
b s gad s 2T 51 B0 ete et VT G (655
A S g rsdaliin 4 S 0 Sl ) 4 4
2 23050 0l s PH cble o 5 dlosee sla al il

e

Mlslf,:é RV i

VRV
sl Eel o slaclay b T b S5
ol (§35 00 wols 53 (ol aes Gy S
e Sy 53 3y e 0 VT sl o jtage o
el sl e 5 s e e 51 S STl 5
a0 e 55 35 3l (S Sl sl O s LT e
Fw g oo 53 I s amS 55 50l Ladila ) Gas
LSl o151 ol o A5 e b 5 5 25 5
s 5l el Of s Jske 0581 s 53 5 ol
08 S3los pde 35l e oo 4 Cnilen OLpl w5
ol S apd T e 5 S ey Sit o bpl s
) a5 e 4l ol s Gl gl A
S5 0V sl B 5 2alS gls sy adaz 1Y
s gl gladnl b (s o S Sl eslial 4 Ol e
Skl b o ol linil o sSae ool (S5 S 5
F ) 3500 05l Ayl s Slalr 5 LS
32,8 5 Sla i, dhear Sl 4l O sl ST Al 3 (Y
el (K 0tV sl g0 w03 T glasT sl Cogr as
Lo (655 oS oS3l g Sl eslisl s 4 5y ol 3
denS1 (S 95 kST O gmad pACndBIS 5 031 & 5eeST T
slge el b andl (A0 iomen 5 o8 STy 0 8 il
d 5 Bl g e me Sle 0 pland oY
S bl 43 1 O gl denST gl 3 55 T 0y ¥T 5150
4 gl JEsl 5 eS| 2 BIS sl5m o b Y slal s S
TS R DN PP (5 [ JRCOCIN NP RPN
(7 0) 335 o JeeS sder LG, W5 5 b b Y
035 o 3 Sl 02 208 5 b 4 o8 2ndBIS 535 5l 5o OLs
3 gb w Ol g o3 g o o3linl Sdas 5 JT sla S5
5 1St VYO eV (635 B L (Zn0) s, 1S
sdas (Ll 3 sad o LI T/A Y (65 51 BISs L (SnO)
G o b Catle VL (5555 Csle= Lol Z0O
SnO, (A V) el 05 S0 5 55 Vs olely 535

1190 sl /pgen 0 Lo /g 0393 . ggg
o

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5708-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

b a0

gl 4 S 13 6 Cou oS Lol Jse 51 ¥ mL e
MU,Z,SU 45&l>-UJw3£5J:§o)U;‘ ‘(At) OT&_.JJQ.'}GJ}QJ
g 53 S35 sl e 2L S5, 5 Ay pl]
L3S dsles |y 0o VT 2alS Ao Ol e o) Wales b
o oLl 5L a3t o olilesT s 5l Olabsl sl

RGO IS W uﬁ)‘;cugill.:ﬁ UJ}‘"&ML@JTC’.L:J}
(C)) a5l 0les 55 0 VT Clals Ol 0155 oo YU atslas 5

C.—Ct

o \
X M

- A -A
s VT ials dsps = == X Ve =

5 (C) 23,50 5l i Oloj e 338 51 ey
(1) Cedls Odor 0150 b ol

ZnO 5 SnO, =l 3 5b bl s el (bl 5JUT
f\}a B MSTATC, Ver \ ¥y )\J_el rj_» )‘ osla_ul L
Two factor completely) o iz 53 3slas SulS
Sy>y o p A3 S plodil (randomized design
Glaals L 0 po3T bl bageal sl gme D]
7 L 5 (Duncan’s multiple range test) .Gl
2300 by Olasan 6 A plasl 4o 3 40 Oliab!
sl VT G Ol s (655 » US55 3 50 ke
Minitab, Ver W\ 1551 o 5 5l estieul b 5050 Joze
C,.ﬁjf )‘_}'; AUJUa.A J)}A

Lail

ER I JOW | P R PR TH

Bl 5 Il bl U s 5w Y 5 ) Jadr
Gl Cg 15, SN0, 5700 135 gl O sl 5
Jsh 02 3 o &il)) s s e 0L 3yl e s YT
L eV Bl (5 s 3050 el Jsdr 55 (]
S350 3 S (a3l Ol el aS s s 0L

«;,-)JQU:ANJQj;_ﬁ.g_.ﬂl):»ljlijgw\&u;ﬁj_:jb)

A}?Dg yﬁﬁ’ N
h 1790 jwb i v
. O by /pgaw o jlosh /gl 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yo

Gl 55700 580, w55l 2 JUK 5 C s s
AT s ol a8 513 ) 2 5550 e (slaotiy VT
s gme sdensolis oS Ciliies Jllas s mel,l o,Ul
0 O3St el b 5 Oley il lagla w035
S Slkes la bl Jline 50 omen .l ol 25
B 53 b (655 ale 5 Ol Olejen )y
o n G opl plasl 5l sl el el 3
bl O ga3T 51 eslinal b asdllan 3 50 (sla pize 30 asdllas
S 2 (A3l Ol 5 clale) s ane Lilane ol 31
S~ 53Zn0 5 SnO, ol 3500 ol JBS e ol

ol O 31 550 e e VT

b fgs g ols
@ Gaes ol g3 esliwl 5 e SnOY 5Zn0O 3,50
o35 3 SNCLYH O 5l eslicad b 3= o iy & 55
Gl o )58 eVl 53 S ZNCL Sl eslinal b ol
e 31 S a8 50yl Jae e VT s 8w (Y )
A3 pslie 5 o Gaclay 53 35 50 slaeti VT ¢ 5
eI 35 dld ) 5 Bl g Sl (5588 4 2
IS 55 o led ool g Q) s S i
3l Jee Vo ppm J s 5170 mL i S 050
O o /Y0) S JBIS 55 3 g 5l sl slie 5 sy
Blol o s S8l gla lesl b (55 w3 ) g
ey Sl esliad b JolS sk ol ;i SIbI s S
Gy FUMIN Sos @ ldnl 53 5355 sdoms s gine o]
ol 0 B A o e SULU slad 3 5 —nbliss 050
Jolowe cpl IV ML Jlis @ e ) Sl 5 ol
Lambda) (s s s 5 sl o8as | 0555 50 2l
543 esls I 5 (EZY+)\, Perkin Elmer company
A S Oladsl Gl Jlaie A | = ¥PYNm -y ey b
(Slaids 0 Sl glaesh 5o s i3 S o 550 o0 el

Q&J(Yamln AR ‘O)d—i)ggﬁio)ﬂd‘}l"‘


https://journals.tums.ac.ir/ijhe/article-1-5708-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Olas Y 5 le.b.-)'\vq;;i[;):.ﬂ); ol &l slie .ol
bl Skl o et de ) bl e el
G35 R S b hies i B 2500 Jlake slls &8
Jlaxt pslis a5 L (Y0) Wyls 0tV Gl 18
sdalin ¥ 5) sl 5l i 0w 5 oS (probability)
Shls S s eyl a8 5 50l (6 S amt Ol 55 o 355 oo
A6 sl dzen (+/00) e pmlacs 51 208 Jlax! 1t

s e VT Gl LIS s 2 s LB s s e
Bl 5 FndUS 53 Clad (555 23 AL Ol LU -

Mblfyﬁ RV i

S s3l3l s Ol e das e Ol L el e sl
Ak gl sl 2y () 22550 glo Ll )
Slagh sl Sl w5 L opl b ol S gl
(romin 5Y+ N0 N+ ) a0 pl iy A3 06 Ols
T skl 5550 S35 S35 e Slaghe slial
55 Ol (ol by Sl (555 oy ) 5 0/0 0 /Y0) =l
el Y 5 ¥ oS 4 S5 S s A Ol sl
$33 S 5 A3 G Ol blize I 13T a3 Ol

3 i gla el )b gl a3 ol ol old, st

ZnO o556 5l O ol g Fmned 1S 553 Cdlad il )l 50T ) Jpur

Jlez! F 25 Sl xKls Sla e pgerme (3051 4 O ks e
(VAR OV /YVY YYAQ/Y#N q4¥\V/ Y5 ¥ At Ol
e 1 Y/FY VA+0/40 ¥£11 /4 Y g S
s 44/¥70 FIY/AYA YESY/5TS A S5 S = s Ol
B - ATANAY AARVAARY Yo (155
- - - \WAYZ/YAQ ¥ JS
SN0, 5556 sl 8 pomdlpm g U1 55 b il 5IUT Y gt
Jlez| F 55 Sl &l Slay o pgerns @351 a3 Ol kS e
AR OO /P\Y YVAY/ADN \RARAZA KA ¥ A3 b Ol
oy VAY/OYO \OVSE/£5 ¥1OY/AY) Y Sis pS
Y fhnax YVAYY Yo var A S35 S = a3l Ol
— —_— ANFOA Y& /08 Yo U
—_— —_— —_— YYAYY/#O¥ ¥ JS

L s asls 35m s 0doVT Gl 5 218 58 cdlad Ol e
Sl sme sl YOMIN U Ye 51 as 5l Ole il 5l
(=) 515 ged 4 4 55 L5105 3505 0y VT ol Ol e s
Sl Ol 695 2 1, UV aa il as b Oles 30 4

)}a.:l‘jﬁ sdalin ¢Juh.>‘ja olis Sno‘_ C)‘)J};b MUE)B

frs

531 oo 0¥
S » UV aa il as b 0les 56 (Cdl-)) Slssas
Lo o 0Lis 1, ZN0 Sl 3 6l 2 JBIS g cled Ol s
e)'kumswﬁiyuam‘_}.(_.:@ljlt}.pb-@qu-j

35 Gols gme ol sl Yemin GO 51 as b Ol

1190 sl /pgen 0 Lo /g 0393 . gg‘g
o

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5708-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

b dhao

V0P dsles 50 MIN as 206 Oles 55 5550 e stV
Olgpe YOMIN U _oas 2l 0l Ll b s cul Ao s
b o b5l A s £A/08 & 2eBIS g el

53 Gl ame gbl sl YO mIN L5 0 Sley o3L s &S
S glaels Lo 0 seT pelad p  2eBIS 32 CJlad Ol e
A Ol gae Bl 5505 3 92 5 Ao ;3 40 Ql.'%lalcla_wl.g}

B A A
Voo (D)€ qyap Y/FYOAVEY
AY/YF
o
2 A
3 D
'4 . av/ax
)
—
el
EN
Iy,
> Ve va Y. Yo
(@:)@:&Ugbj

(32,9) o ¥T (o Olackily

()

-

-

—

I K VYo Yo Yo
(aass) B b ok

InO o546 g9l Jalows anedUlS 63 CIld Ol 595 1 2350 Ol LS50 (=Y Hls pod
Gl sl gl (sl Gy b 2l Kile) SN0, )3 6L sl J shons e BLS 55 Codlad Ol 555 (230 Ol LS (&
(s 4053 40 Ol pelaws b 5 oSSs (ghatals diz O go3T el 2 (5 )l3 e

Chle 5 23 b Ol Jlite U 5 pedaw fely gy 2 -
@btsusj_;yom_:ﬁ“v\_;a\)l@u@@j:p
55 B8 5 13 5k 1 esli ol b baeao VT o>
P00 Ol b Sy 235 50 SO0 sl 5
=l rl 4 L a el el sl ol D3 5L ke
COPPE | B PSS I I PN N [ D PR 0 P
Gl SOSSclBle 5 s Oles Olejan 36 )
(5 A=Y Slsgad il (Shide 5 nilie gy s
Ols Ll sl bglast 5oV Gl oL Olsae ol s
Zn0O o135t sl O sl s 53 Shale 5 a5 5l
S 55 oo odal b LAY Sl g a5 L das e 0L
Sl Ol cbale 5 a2l Ol Olssen 2l L
L wzea Ll o il 53l 50 Zn0O w3 oUW JUIS g
Slp oS 35 0 edalin T Slssed 51 ol il 4 a5
Oy o5yl Lo odoNT CGolm Sl asie s Ol 0 Olens
Sly3 8l Ghsdw s ganl JSulssl 5LS s, a0

Sl Ol e Sl pns (@ 5 @ I-F) s pad Lk o a8

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

vy

odo ¥l Gl 5 2edUlS g8 CIld g9, p chale 50—

Fogl Jee
5 b8 s e g5, » ZnO Sk chle 56
sl 0313 O (Y Sl gad 53 55 Jute st VT 3
3@4;&545:}_5:&5&[_@4)‘:)@ w‘bd}-};b&;_w‘
s sbable 5 5l e eV Gl LS op 2 i
laals L O ga3T bl 55 e Juol= Aoy ) 5 0/YO
L 4SJJ_~3L;4 le_:'.A cM)J ‘\O Qw‘ c]a_w_} é‘b
56T 5 Lol s 3y o JBIS g e Oletl
SN0, 350 sl Jsloee 3 ol N Gl LIS (gl
OLES (0mY Jls 08) oSl (glaals i 3 g 3T 5l oslin ol b
L;J\:&udjbfaju}ccjélbuﬂjzﬁcjk_wwéMsda
oS 3l 55 s sl e 0o VT Gl 5 O pecslST s
S350 5 dss /Y0 Siscbale 3 el VT Gl Ol e
33 0d VT Gl Ol s 2 i 5 Ao 3 VYWY I SN0,


https://journals.tums.ac.ir/ijhe/article-1-5708-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

o G908 Bl owy

Yoo g A [ A
AF/AF av/#Y
(<l (<)
B Ay o B
A ANTE 3 FY/oA
-
3 3
3
2 —% Foo C
: ! ¥V
Y A - N
xg C 3‘
7.4" VY/FF Tor
3
3V Y. o
F. v
AR ey Voo VAR ey Yoo
W) G55 8 Wt S35 S

Sl Olgme 59, p» chale Ol L3S0 (0 ZNO ON,3 50 ol Jghoes mdUS g3 Codlad Ol 59, » Shale Obo) S50 (I -Y ls 5ed
L SSls slaals L &y}i el s s bl sl gl,ls oo gline Sy b L;_»L&J_K»L_.a) SnO, of;5 56 5ol dslows LIS 55
(L Lo ;5 40 ‘.’L“-“’“"C"“

S ogd podalie Y bl aarg b ioen L o chle 5 e Aol Ll sl bl 5 o WJUIS 0
Obd st cble ga sl a0l ks, e pas 2l Ol chle 5 s U Ol Ol e (a1l L aS 505 0 odalive
Al e e SnO| ol 5 3l e Gl 5 42 Ol SNO, 3 50
() (<)
10 — @
R -
& éﬂe—
g z
E 8 07 4
. E
E £ 08 4
'E ?ns_ \
§ 2 o4 N
4 \'\
03 ~
| | Ll
] 15 3

Time(mman)
2 55 bobs (O hile 5 25 b 0L 4 Camd ZNO S5 56 55l O gamilons oo 0k YT B 1,18 g oy (=Y s gl

Coalie Shy sty 5 230U Ol 53 ZNO S5 g g sl O gemlo g 0k VT Bl

e Al
1190 jusly /pgaw o laih /ogs 0593 /%y J
;

YA Ol B il gy ale ol Giksgy wole ewliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5708-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

b dhao

s

Remova Ef aency %)

s 88z 8 388

Time (min)

Weaght Fradion (%%wt)

¥-]
s " Waght Frachon %4wt)

(<)

09 ®
70

08 — _ —®
—®

s

07 —

06

0s

04 ! \

Time (man)

2l LB bghs (O bl 5 s b b 4 Cod SN0, O3 56 (5l & griln s o VT i 2 g gl (DYl 503

Sl 555 w5 5 B3 il Ol 53 SO, 5 5L (55l O gamilows o 0 YT

o VT Gl Ol e ST Ll 25l e 5 ol Ol e
3345 Cl Ao 33 P00 ol 0 Oljae oS 555 oo Jool>
ol S ol S (Ao )3 AV/FY) alie as AU Ol
SnOY 9 ZnO CJ‘)J‘)_.:L g_,f vbb BE Q‘ﬁu}' )‘ d_ﬂ'i:l; _)—"‘
(A eV) ja e S AL shls SnO. ol s 5l el
S (V) wies (7Y €V) ZnO &3 5L 4 s (YY)
S b 3L e i — 0 S i 2 S 6
Oy e 53l (V) Wi e aieSSl o chizen 5ol S
5 ki ri S SIS o shls ZnO Sl 5U ol
5 o oS ol o A5 G o — O Sl i
el o o LS s sdn sdiS U ST L JISGs), i
a s olls Zn0 &l 60 wlis A b Ol e s
Sl chle 36 ol bl ks |y oV i
R o’l‘)ksd‘)_:" L;))ﬁSnOTJZnO HU[SJQ
Sl sl e (il S das e 0LES Bl e sV

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

ra

Cow
oz Sl ) 0550 Slles sl bl G306 51 Lol
5598 S s UV a1 0 gilon s 23 50 0L
S| L G [ P By PO P R iy | Er N W
aar s b pemen b ) 23550 G0 sl s
53 A 0 aS sy S eodal la JJQ)()}:JUT)'\ ol @l:.'n
6 i s s Aub Ole coslinal 3 ) 50 6,3 530 &
@upmiw&@u el 3l e G- 555
55 () oL es s Masombaigi v 5 eas 5,058
A3 0l 50 Sl Jol il 4 a5 1oyl Ciillas
ol VT sl 5 2 endUIS 525 Sl 33550 (G5l O gaanslinn g
bl S (s b Oley Rl L aS 5 S e edaline
Sl aS g shy Al e il 5 5l e s YT
ol VT Gl o3 Oy YO MIN LS 0 1 s 2l Ols
A e il 3 AV/EY LS OV/AOY 51 ZNn0 it aw g
230 Oley SRl L oS 3508 (S et Ol 55 0 0l 2l
L Zn0 o) 5L 2B g cled Ol 5 YO MIN GO


https://journals.tums.ac.ir/ijhe/article-1-5708-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

S S 4o
S350 5l esliwl Ly O 555050 e ed o ¥T Coi >~
S0 UV il JLU @J}SI‘IOY}ZHO MUS}&
S DO P VRGOS St U PR A I g
SnOYjZnO ol et clale s UV ansl s b 0b
umwwww;uuyt}@ug@j;p.w\
3 2L ok ool 3L aS W S sl i i 5l
sl b o Sl 50 edo VT Gl LIS Ol (i lale
5Zn0 5 50 ol JBIS 5 b Olally Ol s
e o VT Gl 0l5e 0350 5V ediasolis 55 SnO,

‘;;‘AJJSJ ,ﬁ.ﬁ

ozl 3T ey e 31y 5 S5 3o i ol O s 56
Sl ol ) i 5 25 e 25l e 555
Al om el Al T Sl g S eslil Cogr (5,10

L

1. Ghaderi A, Abbasi S, Farahbod F. Synthesis of ScnO2
and ZnO nanoparticles and SnO,-ZnO hybrid for the
photocatalytic oxidation of Methyl Orange. Iranian
Journal of Chemical Engineering. 2015;12(3):96-
105.

2. Ghaderi A, Abbasi S, Farahbod F. Photocatalytic
degradation of methyl orange by ZnO and SnO,
nanoparticles. 1st National Conference of Nano-
technology in Chemistry and Chemical Engineering;
2015; Gachsaran, Iran (in Persian).

3. Khorramfar S, Mahmoodi N, Arami M, Gharanjig
K. Dye removal from colored textile wastewater
using Tamarindus Indica Hull: Isotherm and kinet-
ics study. Journal of Color Science and Technology.
2009;3:81-88 (in Persian).

¥

Mlslf,:é RV i

ol e S35 do VB S5 dsys /Y0 31 Z00O
Lo 3 QAT GVY/EE 15 51l e sd NI ol Ol e
3I8n0, wiyss b clale i lBIL o oman 33, S
B8 g o lad Gkl Ol see ¢ S35 Ao s ) LS 4/Y0
Olsme ol il a0l g5 oo 1y ol cpl acS b o (2l 531 50
s LS ST e dISGsl) il 53 g o i — 05 Sl i
Zn0O B g oy b cble ol 5l b gl g
52300 Ol Olosan (30 )y 5 sls s SIIOY B
das o 0S8N0, 5 Zn0 o JU 5 i 6 clle
CBE Ly 1S 5 Sl Ol S S
Lol et o 3l %S 5 SN0, 5 Zn0 3 54
Ol i 36 ediasolis jal cpl &S .ol a2l oleg
il sl sV Gd LS g5y 0 A3 0
533,58 or e sl (SN SG o Dl (2350 Ol
O srtlonS | s oS (G 55 0y =05 ;S Lk a5 2
() il o Rl 1 o Al 53 33,8 o ok VT a5
e o doVT Col 51 asiedin Ol s 40 0wy (810 (miad
i3 deosn 5l Ll L s se e b Oles il

Al sl 35t

4. Mahmoodi N, Rayat-Tari K, Borhany S, Arami M,
Nourmohammadian F. Decolorization of colored
wastewater containing azo acid dye using photo-fen-
ton process: operational parameters and a compara-
tive study. Journal of Color Science and Technology.
2008;2:31-40 (in Persian).

5.Ren C, Yang B, Wu M, Xu J, Fu Z, Guo T. Synthesis
of Ag/ZnO nanorods array with enhanced photocata-
lytic performance. Journal of Hazardous Materials.
2010;182 123-29.

6. Al-Momani F, Touraud E, Degorce-Dumas JR, J.
Roussy OT. Biodegradability enhancement of tex-
tile dyes and textile wastewater by VUV photoly-
sis. Journal of Photochemistry and Photobiology A:
Chemistry. 2002;153 191-99.

1190 sl /pgen 0 Lo /g 0393 . ggg
o

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5708-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

b a0

7. Behnajady MA, Modirshahla N, Hamzavi R. Kinet-
ic study on photocatalytic degradation of C.I. Acid
Yellow 23 by ZnO photocatalyst. Journal of Hazard-
ous Materials. 2006;133:226-32.

8. Alijani S, Vaez M, Moghadam AZ. Comparative
study on the photodegradation of Acid Black 26 from
synthetic wastewater using slurry and immobilized
TiO2 on the sackcloth fiber. Iranian Journal of Health
and Environment. 2013;6(2):243-56 (in Persian).

9. Wang W, Zhang J, Chen F, He D, Anpo M. Prepa-
ration and photocatalytic properties of Fe3+-doped
Ag@TiO2 core—shell nanoparticles. Journal of Col-
loid and Interface Science. 2008;323:182-86.

10. Ayati A, Ahmadpour A, Bamoharram FF, Heravi
MM, Rashidi H. Photocatalytic synthesis of gold
nanoparticles using preyssler acid and their pho-
tocatalytic activity. Chinese Journal of Catalysis.
2011;32:978-82.

11. Liu H, Liu T, Dong X, Hua R, Zhu Z. Preparation
and enhanced photocatalytic activity of Ag-nanow-
ires@SnO2 core—shell heterogeneous structures. Ce-
ramics International. 2014;40:16671-75.

12. Wang W, Zhang J, Chen F, He D, Anpo M. Prepa-
ration and photocatalytic properties of Fe3+-doped
Ag@TiO2 core—shell nanoparticles. Journal of Col-
loid and Interface Science. 2008;323:182-86.

13. Ahmed AAE, Hassan MAS, Kamal AM. Prepara-
tion and using of TiO2 nanoparticles for treatment
of water containing formic acid or coliform bacteria.
Nanoscience and Nanotechnology. 2013;3(4):90-95.

14. Zhang M, Sheng G, Fu J, An T, X.Wang, Hu X.
Novel preparation of nanosized ZnO-SnO2 with high
photocatalytic activity by homogeneous co-precipi-
tation method. Materials Letters. 2005;59:3641-44.

15. Wen Z, Wang G, Lu W, Wang Q, Zhang Q, Li J.
Enhanced photocatalytic properties of mesoporous
Sn0O2 induced by low concentration ZnO doping.
Crystal Growth & Design. 2007;7:1722-25.

16. Dhanavel S, Nivethaa EAK, Narayanan V, Stephen
A. Photocatalytic activity of Chitosan/ZnO nanocom-
posites for degrading methylene blue. International
Journal of ChemTech Research. 2014;6(3):1880-82.

17. Shan G, Zheng S, Chen S, Chen Y, Liu Y. Mul-
tifunctional ZnO/Ag nanorod array as highly sensi-
tive substrate for surface enhanced Raman detection.

A}?Dg yﬁﬁ’ N
h 1790 jwb i v
. O by /pgaw o jlosh /gl 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

)

Colloids and Surfaces B: Biointerfaces 2012;94:157-
62.

18. Wen Z, Wang G, Lu W, Wang Q, Zhang Q, Li J.
Enhanced photocatalytic properties of mesoporous
Sn0O2 induced by low concentration ZnO doping.
Crystal Growth & Design. 2007;7:1722-25.

19. Yuan H, Xu J. Preparation, Characterization and
photocatalytic activity of nanometer SnO2. Interna-
tional Journal of Chemical Engineering and Applica-
tions. 2010;1(3):214-46.

20. Abbasi S, Hasanpour M. The effect of pH on the
photocatalytic degradation of methyl orange using
decorated ZnO nanoparticles with SnO2 nanopar-
ticles. Journal of Materials Science: Materials in
Electronics. 2016;d0i:10.1007/s10854-016-5660-65.

21. Masombaigi H, Rezaee A, Nasiri A. Photocatalytic
degradation of Methylene Blue using ZnO nano-
particles. Iranian Journal of Health and Environ-
ment. 2009;2 (3):188-95 (in Persian).

22. Yang GD, Yan ZF, Xiao TC. Preparation and char-
acterization of SnO2/Zn02/TiO2 composite semi-
conductor with enhanced photocatalytic activity. Ap-
plied Surface Science. 2012;258:8704-12.

23. Balachandran S, Selvam K, Babub B, Swamina-
than M. The simple hydrothermal synthesis of Ag—
ZnO-Sn0O2 nanochain and its multiple applications.
Dalton Transactions. 2013;42:16365-74.


https://journals.tums.ac.ir/ijhe/article-1-5708-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

% e
" Of Environ™®

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2016, Vol. 9, No. 3

HERLTHAND ENVIRONIHENT

Original Article

Photocatalytic Removal of Methyl Orange in Suspension Containing
ZnO and SnO, Nanoparticles and Investigation the Influence of
Effective Variables on the Process

S Abbasi”

Esfarayen University of Technology, North Khorasan, Esfarayen, Iran

ARTICLE INFORMATIONS:

ABSTRACT

Received: 15 August 2016
Revised: 7 November 2016
Accepted: 13 November 2016

Published: 20 December 2016

Key words: Statistical analy-
sis, Photocatalytic activity, ZnO
nanoparticles, SnO, nanoparticles,
Methyl orange

*Corresponding Author:
abasi_1362@yahoo.com,
s.abbasi@esfarayen.ac.ir

Background and Objective: Owing to the extended usage in the safekeeping
of environments, the photocatalytic materials have been widely applied. The
purpose of the present study was to investigate the photocatalytic activity of ZnO
and SnO, nanoparticles in removal of methyl orange from aqueous media.
Materials and Methods: ZnO and SnO, nanoparticles were synthesized through
sol-gel and chemical precipitation respectively. Methyl orange was selected as
model pollutant. The effect of weight fraction on the removal of pollutant was
investigated in the range of 0.25, 0.5, and 1 weight percent. Meanwhile, for
investigating the effect of radiation time, the suspension containing pollutant and
nanoparticles was irradiated. The obtained results were analyzed by MSTATC,
Ver 1.42 software and Duncan’s multiple range test.

Results: The analysis of variance results of removal efficiency of methyl orange
showed that in the suspension involving ZnO and SnO,, radiation time, weight
fraction and the combined effect of them have a significant effect on the removal
of methyl orange at 5% level of probability. Meanwhile, by increasing irradiation
time from 5 to 25 min, the removal efficiency in suspensions containing ZnO
and SnO, reached 97.42 and 65.55% respectively. Investigation on the effect of
concentration on the removal of methyl orange shows that the removal of methyl
orange increases with respect to the weight fraction.

Conclusion: According to the obtained results, it was observed that the
photocatalytic activity of ZnO is higher than that of SnO,. Therefore, the
application of ZnO is more effective for removal of methyl orange from aqueous
media.

Please cite this article as: Abbasi S. Photocatalytic removal of methyl orange in suspension containing ZnO and SnO2 nanoparticles and investigation
the influence of effective variables on the process. Iranian Journal of Health and Environment. 2016;9(3):433-42.
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