‘Y‘ﬂ; 6" D)LO*S L‘”F D}Sb

R F = cole

ZNnO/SNOy < ) gaolS 9l oS 4y gy o (S G 93 oy y55

TH oo oo

Ol Gl Gl it o825 ¢ s o7 (o5 915 0SS ¢ gk powclign o e

193 4abls

‘J/fw'/‘J/J:"‘: Cj&«ﬂ oK) ‘W/;L‘."gf“:’)ﬁ ‘L;‘:“‘:';;‘”"L{"}”L"gf:"”

o Oblod ity sl Ll Slse 4 LT g (Slacily Loy Cogj oo ST 4 57 L 20T
s sl S35 LS sy 250 ZNOISNOy CyjaalSoili (5,550 Coolt ¢ inn s Syl o3 dpiino
L;[ALJLTLJE)J},:: Qﬁ)ﬂ[(};b‘;[bﬁj G 0l "’L‘:‘"‘”/wf‘«’ﬂ“’u’j}) _j/jﬁb_)jﬂ g;:f_)‘}:ﬂKjJLf
.,1,47 Cowd 4:1 /JA)JL 14 J_}J> g;f_)’}:,d[(}fb o_j/«l.f/ 4{ ol I SEM g DLS ‘XRD £FT'|R
Slooy3 oIl s LialS il g Ol 5 CondllS Jldde coilay 4yl Clilé Uile 05055 (cla zolsl
Ky Dol oo ys i (6,55, Ol Ll o ¢ Comls 3 OT J2lsl Js 4 CojaalS ol
J:AL(K@/;.SJQLLJX&)J‘L(J.I:-JL«)JJ Cglér Jg o)) 4.(.2(:@;{/‘5&‘/%&)’/-4%(‘;&
lebie il 51 L g odis (6,58, Oloj inlS o ¢ piulofT 55 g0 (GlOCLE 05 guloes 43 sl heio oK, il 45

L

L 4.1::.3 &/,.f:j &b)’)}&ﬁgéﬂbj'r.{j}o‘jlﬁb/v/@ L;d/"[:"}" g;fjj:.aL(jJLv

KEYWORDS: Decolorization; Wastewater; Nanocomposite; ZnO/SnO,; Co-precipitation.

395 S5 (O v) 1S g 9 (OH®) JeuSgpam (sla JISG0, b
[0] Cuol oas 03> LS (V) 5 (V) slodloles lawgs a8

O, +e” ——0; (V)
H.O+h" ——>OH" +H" (v)
S osleosYl b ooss Wy JeSgyan (la iS00,

sl Gy 4l byl ot 5 b sl
Sradlas [F] WS o has (Gaze sl g auST (05 (p)S

‘_;mew;;e Mblfys D.))'Lg LYW )9]2:.;o ey L;)l#..q

LPRY-TY
D] el (993 VY odes ST 5 ope il S gy [
D g2y et oy adal lp SSLS by
Slacs)gld j (So IV] 3)b 1) 03 ol gy 2 Jb cal b
03,8 1y drwg (53 g (odlai8l blod | 15 la Ju > &S aptias
IV cul Ggpmo MNAOPS) aidyiny yialeS] cladnld lgicas
Wty LaleS] coanld ) i cudblSss claan)
IS Olesd g9y AT @Bl and g0y V] sdl e
o sbabele  J glaceS 5 428 sl pre glacw bl s
R SR TIN £ JOUE LA BN | I PRV N
0 o J5Sse (3T b Al o (1) Wnojios g (€7) Lagyg sl

+E-mail: sabbaghi@shirazu.ac.ir
(1) Advanced Oxidation Process

¥

Sl s a.q.p*

R = cole



‘Y‘ﬂ; 6" D)LO*S L‘”F D)sb

Job )0 .l oads 03938l Jalore 4y Wil djer Cov V@
Dl & b a9 00d (b S Jgle S5 (25T
e & odel Cuwddy diged PH a1 Gy 39 0 oSS
gy Ly Canol 005 03 J18 wbbline e g9y 0 dddd V-
A5 K 0390 Ol b Adye dw g jouts yile odel Cowde
claye Bls il ol dbnl mle ClIT 9 SO za b
I b o ahual wlo (Sailsy dwolie buwg CI7 5 SOI
5 gy e V] Conl ord w0l ginad glp ojl Lalls
slrosle Lio s glp Ve °C lod o celw VY Cae w
5 oM Suid gl 4> ZnOISNOy ond zg; el b
Celo ¥ Gl 4 0 °C/min g5 L £+2°C slod jo plol
b eyl ol gl cundilgs S5y jheed]
SNOy 3 ZnO x>y (lesas ZNO/SNOy (938
ook & A8 le sy gleole iy b oojlulel

Conad G5 938 bl
5l ool b (PSA) Horiba LB-00+ 0> 63ll suiS” Julos |
oy ojlul (suSojlul sly (DLS) Sols oSSy
Canad Cyeand (6l ol 00 odlasiol +/++V=F UM 035000 )
361 slod y3 (XRD) X-ray oly 5JU1 s)sls 56 osjle I3
owb L Bruker D8-Advance diffractometer ;I oslawwl L
ol Fr KV ey Ol jWe L (A= V/a¥nm) Cu Ka
Gl VT g VT il sladgli LY MA ()50
CundBl g8 Bl lawgio ojlil cul oad plsl ¢ed”
] 0045 005 pesd y b = (b (gdldlao 3l odlatwl b
<AL
T=
fcosH
(M) zge Job A «(nM) <8l bwgio o5l T o] j3 a8
(b, 4 FWHM) aiw el cams » Ko slne B

(v)

bl (42 )0 s ) iy 429150
Shoeslael b Ul gy o adiges UV-Vis b
Aol Cawd 4 ) M > L SHIMADZU UV-VA« » jiogidy Sl
FT-IR - jogbgpSel g5y 2 (IR) Zpugd b

gy S9,Sl CoSiwgySae 5 0l plosl Perkin Elmer RX |
5 pll Perkin Elmer EMYY -+l sslawl L (SEM)

90 aebld 5 Llio oo

L

Lo jis = (9 Sl b (S 598 5 LRl b (s das
IV] o o ool )l tabis ils3l 5 (6 /0)

055655 &5 Sl ligg L Ul 4oy 93 Jlai] ailizedgs
Sy 3Pl oS g any (Rl b Gl Slg e
[+ 0] SnOJ/TIO, JA A] ZnO/Fe,O; wilo ords g
cdlé opé 5 [W] ZNnOTIOJ/SNOy VY] CdS/Fe,Of
g el 19> o sl iisly slp |y VL (bl g2
Wm0 i ST (ool dews slacunBlS 98 4y Canuns

Slols uilSgd culld g9y 5 audlS laging
OhlSen g 6 b (pliosd amo i by dwgay (ZNVSNI V)
DS ZN0 L dulis )3 48 ol e ¢ Jlo iy [¥] 15 plo
Hws alld SN0y Ul g8 cllad ol zg5 ZNO/SNOy 4
Qi yo> yg CoU B g8 gy 00 Byl 5 V] cunl oS
ol 0as plodl Ban I b gy oyl &5 0dg o ols 50

ZnO/SNOy  cuudllSgid CujomalSel ¢ yidols cpl
b9y nl DT sl 0nd g obend Comy gy dlwga,
Co 5 56 4k (sl ogy plos & s o5 iz g (Soks dlaudy 4
ZnO/SNOy bS58 CujanalSgl w3)l> (g5 ZNO/SNOy
28,5 3 sy 3y90 SEM 5 FT-IR XRD DLS lawgs
cos Moly it S5y 5o alowgdy Wiges U186 clad
Silog)| liasd S5y S gl plto b w2 dudyS b g
oPs Slog)] b & ) il el (2l gl > ae 5328y
D] sl i 9 il (gt 428 & polio ( ous

ZNO/SNOy Cumsd Gl gid dngi
Cowy gy lawey ZNO/SNOy  wwdUlS g8 (slao )39l
S b (603y9l,3) ZNSORYHO el o g () Lo
Spo S yh 03y9l,8) SNCI.OHO o (IS0l o il LS
03)518) S 9330 posigel Jslno 5 adgl Slge glyiea (ool
Cgwy Jole lgsas (NHOH ZY0) (pldl Sy o8y
oxe Jgo s b SNCIOHO ¢ ZNSOYH,O .xloss odlisul
(NHOH Y0) puwr Sloss o oo ol yd &
PH welais (sl 456 ¥ Sloj 5 b (ool s 5 0,k 000 oy

(1) Methylene blue

R = cole

(Y) Coprecipitation

V¥Y



““ﬂ; ‘Y b)Lo.vJ ““; 5)53

(a. u.) wus

(Y0) curdsn

khi) ZnO/SNOy Cyjawllel XRD b Y JSS
(i SN0y gowdd s b 9 ZN0O goias oL

ojlul amd o lis 1) DLS (g puSojlul lawss ZnO/SnOy
YO nm s> ZnO/SNOy Ul 58 o 5o00lS il Lauwgiio
(ZnSn) ZnO/SNOy ouss zg; CumdllSed XRD ol .ol
XRD b pllao jages ol ol odds odl> Lis ¥ S5 50
V] o)lan 5 (gpa lawgi ol i ZNO/SNOy Cu janels sl
(kS s WUNZItE (o5 iy diges > SNOy 9 ZNO Jlid b Al o0
[JCPDS No. ¥A\-\¥f8] _sLs Jks o [JCPDS No. AX-)\YAV]
Gr 0 ) 50 1) i g oo ool 03 o>
ddwad ZN0O Lawgio ojlul .cuwl sus sl SNOy 9 ZnO
SSS 4 Zn0 4 SOy (g38l Jg cuwl SNOy 1 35,5
oy g d9b e LBl ojlul 3 (gpSeds K el
V] 88 o (635 gl 0SS sy 51 ZNn0O 4 SN0y
ZnO/SNO;y CojpmelS il JSb s plolis ¥ U
ZnO/SnOy o jaelS' il aad o lis 1) SEM oKiws awgs
CojelSel FT-IR abs cwl S8 liovo oy o
bayye SYO Sy ol 0 03y L ¥ K& 55 ZnO/SNOy
FPF Ko bl e SNOy 5o SN0 g (iulS il
DAV Y] b 0 Zn0 iiS ilesyl gonimd (L

S29 w4 6 W1

S otdl 59y 00 dudyes ye ;0 ZNO/SNOy CunJllS 38 0350
5 8,8 15 ialesl 3)90 488 YO+ Sde & guwo V) Cslo
Canwl 045 duanles (F) (gabolso I kil b (E) (6055, (203L

ZNOISNOy y palS i oS 1 lt lete el G153 155

L
Y¥eo Youye
/
|
- <
g %
3 , L
= .
THH:
1 ]
V. Vopo Yoo Yoae Seae
(nm) ,ké
UGS Cojoeliall glaeyd ojluil mje -) S
.Zn0O/Sn0Oy
G5 55 (59057

23> > @l Jolme )3 s Bl (6398 55 slagilej]
ZnO/SNOy Bl i « AY g 5 55 o e YT ooyl
g ki Ol L (S8l Gl J b ol o b el
Yemgil 5 Ve 00 O lackle gl plie S5y 4 034
bS5 a8, Ky bagile)l S b elinl
O ML Cuss islojl ya 40 g o plosl Nawgols & g0
ZnO/SNOy bS58 (pugusr 9 48)5° )1,3 49351 19,3 Slay |l
4add VO Ot &y dmy Al yo 13 9 A 039381 Jolore s 5 cpjer D b
Gl Pl @l Byl e85 )18 See I8l o
Sl Lase 0 A Min Goe 4 CandBlS'gd (glyly Joloxo (285 g
55 55 b Sl Y] a5 03l 5 abolize (s5om (55,
Sl (ublite (300 005 gy 5 Sedygs o5 55,
oS b lp b plsl (S dge pasuie sagles 2 g
Odo 4y ol 485 cladiges ¢ oo jI 3lae dols (gloyd
Ooge 9 8,5 518 Ao TPM yod b Soudy yilo (19,5 Ve min
oy 3,5 b el +F pm &gy b3y Sl S
e b huwg bdigel ol e clale VA wad o,
28,5 )\ Lwypt 3yse UV-Vis

o g bz
ZnO/SNOy v jgmols b (lwlil
Bl ool gl (laoyd ojlul mjer Vv USS

(1) Batch

VFY

R = cole



yyas .y D)Lows Ard 8,92

(Y0&) o

(cm™) g0 3¢

ZNO/SNOy ¢ jomelS 335 FTIR i F JSu

+0OH_

(s (aq) —2Zn0O

ZnO(hvyg,) +OH{) (v)

()

Sno, (ecp )(s) +0, (44 >SN0, +0 ) (A)

o;(*aq) +H(*aq) —>HO;an) )

oA;%\f—l +OHan) — ol 4355 (glaodyel,8 (\ ~)
oAb”\ﬂ-i-H O;(aq) — ol 4 5 glaedl, § \)

2 auY1+ZNn0(hvy g, ) o = odd 48T sloodygld (1Y)

®)
oA Y14+SN0, (ecp_ ) —> 4l ials glaodygls  (VY)

ORIPl L &S cul drg 0j00 S5 pl (oages yob

DRIl S5y s i (patuie e U, clale
Olie il 4 poeie S5y clals > g GRlEIL 5 Wb
s JBesly s Jlaisl b ajos olime 09800 S5 408
o)y cnl piSly Jlaisl 5 candblS aw 59, OHT
55y adg) e Ll cpll sl Lo o5, el JsSlgn b
) osiss 181 Elgil 9 S5 sl JoSge o STy Jla!
Pedie xSy Ol GRIBL 4 e &5 A8 3L
ol Sy s 2l () chle g Rl L Hn o
YL lacdale s oSl oyl el s VY] wbe
50 by ) g b Bl b slag S o)
Bl aw 59 OH™ o Jl0dl, Wy a5
@laxd gz ool @l R0 Jeie cle b S
clale (ull b oen [YY] Cusl 5y 295 UV-Screening 5l
o IS0l Slass ¢t 5 CondlS il ule cub 5 o,

R = cole

90 aebld 5 Llio oo

O] (oond (ot diges § Lot &) il

SEM oliusd baawgy ZNOISNOy g 5008 53 _ogloolinh ¥ IS5

C -C

c

E(%)= X\ oo (¥)

B L ] e 5y L C 5 OS5, adgl chale Co o p oS
U538 (65 V] iy sloadlllas & g L
S oo oy Jol 48 e and 5N 5l s it

sk oo Jolo Ve MO/l (lyy ploj 4 sy UV-Vis il
2 il Job ;3 ZnO/SnOy CujenelSal + g jeis
DXk &S W ol e Cwl oad o lis b ISS
Job 3 plslpw 5 (Bl (23 GGl PPV M e
wps S S spige wab S5 b & i,
Al e )

5y adgf il 1
1okl b gl oo 0is oL slackale A LS gl JSS
Wy 90 ZNO/SNOy  CojerelSeil 51 pme  (slajlads

Cawl 418,53
slhcble 4l 5 oS o ol 2Bl class
clale mals b bl .cuwl odg Ve o/ S5y GBls o ol e
sl ol Bls 508 loj e STy b lis
() & (8) sboyisly udblgd suld S5, Lials
sy by sb olets VIS8 5555, p3lKe 85 w3lo

V] a3 e oLt ot sla gy

Zno/sn0, +hv—>Zn0(hvye, /SN0, (ecs_)  (8)

—Zn0,, +H:  +OH;

ZnO(hvyg, ) (s) T H(aq) *OH(aq) )

+H,0

(9) (aq)

VFY



\yYas Yy D)Lw:u' Ard 8,92

Gy doxi )3 logor (Bb Coll j8 0l Mg JeuS gy
G5y adgl chals Julibl b ppioren D9l o5 615)
sl Gl o 135y s S oad Jsuts dawly (slaosygls
b oond Ay ably dlse ol o, Jlaisl ams > s
IYY=YA] 21 2939 i i gl ol 43, sl JsUge
S ) Sy Bl i ploj D (55168 &S 290 0 023
Al o gbylie Vo MO/l m o) clale e

slachle )3 5h e (LAl ()39 (ogucme S0d (gaom
500 Gl a4y bl o 4y Voo Loy B Yemg/L o Y- N
505 4> Ver gloj 5l Oy Sl ean¥T o l38l Ao
slaglej » Bl i 45 Ll e Al (oD wia JE
S ol ol Y5k S sl o] B 5t g 9 4yl
GiSly by b Lol sl 5l oY e LIS il
aiBy Voo oloj s db sla Ly 4 g o oS ol e
g o3litl b bl ol satte oloj ol &

ZnO/SNOy cumd LS’ ylaio it

CojelSel oads lo slajlide MY U Ve b ISS 50
i 90 ok e 3l e clale I eolanwl L ZnO/SNOy
Gl 48,5 5118

Ky Bl e loj Gae pyeS & Db e ol
Cojoelol AT g dm Cojereligl Hlade ke
b oo ZnO/SNOy

3 xS ke Bl Jbb o GBI L e

Bl gloas 4 g L V] sbie ol
CojorslS gl 51«55 g e YemgiL o ¥+ A0 lacdale )

b Ol Co jarelS gl dig Hlade ylgie 4 ZNO/SNOy

S 5 A
Bl gy 4 (S5 0a VT Bls il s (gl ool
wsw)y 2y50 ZNO/SNOy CujralS ol I odlaiinl b suunJUlS g
U5 i dile SBSUsS lapiall Sl e85l
285 )5 leil 2)90 Cluy 3 0an¥T clale (Sl ol
sl amd e Ui imep ) el s 4 slaass
o8l ‘_'j Sy 4 cojeelSgl slaoyd (sojlul o
ol sl ol (6355) e GRIB] cow raw colue
‘u;’;;“Loj Sy clale adgime p gh it Sy clle »

¥O

ZNOISNOy y palS i oS 1 lt lete el G153 155

L

YA

2985 93 gl hite Yo MG/L Jolomo i b (61 put = O S
2 il 9 ZNO/SNOy CujemlS il + /0 g

C/Co

>
P
]

..

. D Yoo Ve Yoo

— =
=4
2

(min) sk

SI¥YY Sade yois p3 ol oybiie (55 UsS (gl clile il - 5 US
ZnO/SNOy Cuy 390015 il

#10mg/LMB
B 15 mg/L M8

20 mg/LMB

C/Co

30 mg/LMB

(min) bo;

DG Mo jphn 3 s e FsT Sbedile Ll Y U
ZNnO/SNOy Ca j9mlS 45

R F = (ol



yyas .y D)Lows Ard 8,92

:*'L 4033 gZn0/5n02
N 050 g Zn0/5n02
s | 0.66 g Zn0/5n02
O B %083 gIn0/5n02
o f

,/.IIIIQIIIIHIIIIHIIII“IIIIH
.

O+ Yoo 10+ Yoo Y.
(min) gb;
ZnO/SNOy Cujmlleil s5Lss s laie Wb - VY U
ol oo YO MO/L cdalé o o

N1 —_—
‘ 4033 2Zn0/5n02
B 0.50 g Zn0/5n02
A
] 0.66 £ Zn0/Sn02
Q ’/F l
o % 0.83 g Zn0/5n02
o ><;
Chi .
N
o SN T N
. D+ Yoo Y8 Yoo Yoo
(min) yloj

ZnO/SNOy Cujamleil sflss oo Wb - VY U
ol oo Yo MO/L cdalé jou o

Wy
'L #0.33 gZn0,/5n02
Ve B 0.50 g Zn0,/Sn02
) 0.66 £ Zn0,/5n02
“m < 0.83 g Zn0/5n02
S .sf
o e
®
+fr B
Q/Y - )(
,/,||||I||||ﬁ||||“||||“||||“
- I Yoo A\ 3 Yoo YO«
(min) o;

ZnO/SNOy CyjomlSeili o5Uss slaylade Wl V¥ UG
gl oliio Yo MQ/L chile jais 4>

R = cole

‘;‘3,)93 aobld 9 L;él»o Sowo

O] (oond (ot diges § Lot &) il

V0
[ #10mg/LMB
_ M 15 mg/L MB
N 20 mg/LMB
S 30 mg/LMB
O
./b:hxi
¢ ;f

(min) le;

< [PFY Jlade jpin 55 o plie 5L glacdile 5T - A UK
ZNO/SNOy Cy jenels 5l

Y
»Il #10 mg/LMB
B 15 mg/LMB
oA 20 mg/L MB
g’ b 30 mg/LMB
oF X
i
Ll op op..p
. D+ Yoo VO« Yoo YO
(Min) gloj

<IAYG Jladie jain 55 ol liie e5UsS glacdilé Wb - Q4 UK

.ZNO/SNOy Cu j9me 845
A\l
\ ; #033gZn0/5n02
/0
g B 0.50 £ Zn0/5n02
A
Tk 0.66 £ Zn0/5n02
S .sfF
s TF 0.3 gn0/Sn02
F
'/.-I Iﬁllllnllll“llll“llll“
. " Yoo VO« Yoo Y-
(min) ob;

ZnO/SNOy CyjomlSgili e5LsS slaylade Wl —Ve U
gl ol Yo MO/L clile jais 4>

V¥5



o yiolejl g (ol b on +/55G ZNOISNOy oy joalS gl
bl go 483 Ve ve gl lto Yo ML 9 Ve MO clacbile

¥V

N"‘M/H’/’?:uﬁj.éc‘gjb” AV AR .';J'QJQC‘UJL‘

Mo > il el old xSy ol Ll caw
inlejl 3y90 (sla)lie a3ga )3 ZNOISNOy cujgslS il

[1] Kuzhalosai V., Subash B., Senthilraja A., Dhatshanamurthi P., Shanthi M., Synthesis,
Characterization and Photocatalytic Properties of SnO.—ZnO Composite under UV-A Light,
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 115(1): 876-882
(2013).

[2] Hamrouni S., Hinda Lachheb, Ammar Houas, Synthesis, Characterization and Photocatalytic

Activity of ZnO-SnO; Nanocomposites, Materials Science and Engineering (2013).
aenST 69y gl alwg 4 b B 68 550 ¢ gy (65 o ¢ ol plas (ule; [¥]

AWWVVAB T (FoF) o/ o (corige 5 (cond dppad (50 yams pr 015 ConS

[4] Mai F.D., Chen C.C., Chen J.L., Liu S.C., Photodegradation of Methyl Green Using Visible
Irradiation in ZnO Suspensions Determination of the Reaction Pathway and Identification of
Intermediates by a High Performance Liquid Chromatography—Photodiode Array-Electrospray
lonization-Mass Spectrometry Method, Journal of Chromatography A, 1189: 355-365 (2008).

[5] Yang Z., Lv L, Dai y., Xv Z., Qian D, Synthesis of ZnO-SnO, Composite Oxides by CTAB-
Assisted Co-Precipitation and Photocatalytic Properties, Applied Surface Science, 256; 2898—
2902 (2010).

[6] Houas A., Lachheb H., Ksibi M., Elaloui E., Guillard CH., Herrmann J.M., Photocatalytic
Degradation Pathway of Methylene Blue in Water, Applied Catalysis B: Environmental, 31:
145-157(2001).

[7] Lin C.C., Chiang Y.J., Feasibility of Using a Rotating Packed Bed in Preparing Coupled
Zn0/SnO; Photocatalysts, Journal of Industrial and Engineering Chemistry, 18: 1233-1236
(2012).

[8] Li D., Haneda H., Ohashi N., Hishita Sh., Yoshikawa Y., Synthesis of Nanosized Nitrogen-
Containing MOx-ZnO (M = W, V, Fe) Composite Powders by Spray Pyrolysis and Their
Visible-Light-Driven Photocatalysis in Gas-Phase Acetaldehyde Decomposition, Catalysis
Today, 93-95: 895-901 (2004).

[9] Li D., Haneda H., Photocatalysis of Sprayed Nitrogen-Containing Fe;O3—ZnO and WO3-ZnO
Composite Powders in Gas-Phase Acetaldehyde Decomposition, Journal of Photochemistry
and Photobiology A: Chemistry, 160: 203-212 (2003).

way Mie b olie Yo mgiL 5 Ve A0 slackle )

&\ w

R = cole


http://www.sciencedirect.com/science/article/pii/S1386142513007208
http://www.sciencedirect.com/science/article/pii/S1386142513007208
https://www.sciencedirect.com/science/article/pii/S0921510713002845
https://www.sciencedirect.com/science/article/pii/S0921510713002845
http://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=185652
http://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=185652
http://www.sciencedirect.com/science/article/pii/S0021967308000885
http://www.sciencedirect.com/science/article/pii/S0021967308000885
http://www.sciencedirect.com/science/article/pii/S0021967308000885
http://www.sciencedirect.com/science/article/pii/S0021967308000885
https://www.sciencedirect.com/science/article/pii/S0169433209016596
https://www.sciencedirect.com/science/article/pii/S0169433209016596
https://www.sciencedirect.com/science/article/pii/S0926337300002769
https://www.sciencedirect.com/science/article/pii/S0926337300002769
http://www.sciencedirect.com/science/article/pii/S1226086X12000573
http://www.sciencedirect.com/science/article/pii/S1226086X12000573
https://www.sciencedirect.com/science/article/pii/S0920586104003268
https://www.sciencedirect.com/science/article/pii/S0920586104003268
https://www.sciencedirect.com/science/article/pii/S0920586104003268
https://www.sciencedirect.com/science/article/pii/S1010603003002120
https://www.sciencedirect.com/science/article/pii/S1010603003002120

\YﬂF‘Te,M‘T'Fa”a é‘,gbdﬁb‘égélﬁwwp U‘ﬁlww\)WSwwt\gw

[10] Yang J., Li D., Wang X., Yang X.J., Lu L.D., Rapid Synthesis of Nanocrystalline TiO2/SnO>
Binary Oxides and Their Photoinduced Decomposition of Methyl Orange, Journal of Solid
State Chemistry, 165, 193-198 (2002).

[11] Shi L., Li Ch., Gu H., Fang D., Morphology and Properties of Ultrafine SnO,-TiO, Coupled

Semiconductor Particles, Materials Chemistry and Physics, 62: 62-67 (2000).

[12] Wang L., Wei H., Fan Y., Gu X., Zhan J., One-Dimensional CdS/a-Fe,O3 and CdS/Fe;04
Heterostructures: Epitaxial and Nonepitaxial Growth and Photocatalytic Activity, J. Phys.
Chem. C, 113: 14119-14125 (2009).

[13] Wang C., Xu B.Q., Wang X., Zhao J., Preparation and Photocatalytic Activity of
ZnO/Ti0O2/SnO, Mixture, Journal of Solid State Chemistry, 178: 3500-3506 (2005).

[14] Cun W., Jincai Z., Xinming W., Bixian M., Guoying Sh., Ping’an P., Jiamo F., Preparation,
Characterization and Photocatalytic Activity of Nano-Sized ZnO/SnO; Coupled Photocatalysts,
Applied Catalysis B: Environmental, 39: 269-279 (2002).

[15] Marco S. Lucas, Jose” A. Peres, Degradation of Reactive Black 5 by Fenton/UV-C and
Ferrioxalate/H,Oz/Solar Light Processes, Dyes and Pigments,74: 622-629 (2007).

[16] Aksu z, Application of Biosorption for the Removal of Organic Pollutants: A Review, Process
Biochemistry, 40: 997-1026 (2005).

[17] Somasiri W, Li X.F., Ruan W.Q, Chen Jian, Evaluation of the Efficacy of Upflow Anaerobic
Sludge Blanket Reactor in Removal of Colour and Reduction of COD in Real Textile
Wastewater, Bioresource Technology, 99: 3692—-3699 (2008).

[18] Wang C., Wang X., Xu B.Q., Zhao J., Mai B., Peng P., Sheng G., Fu J., Enhanced Photocatalytic
Performance of Nanosized Coupled ZnO/SnO- Photocatalysts for Methyl Orange Degradation,
Journal of Photochemistry and Photobiology A: Chemistry, 168: 47-52 (2004).

[19] Kumar H., Rani R., Structural and Optical Characterization of ZnO Nanoparticles Synthesized
by Microemulsion Route, International Letters of Chemistry, Physics and Astronomy, 14: 26-36 (2013).

[20] Zhang B., Tian Y., Zhang J., Cai W., The FTIR Studies on the Structural and Electrical
Properties of SnO.:F Films as a Function of Hydrofluoric Acid Concentration, Optoelectronics
and Advanced Materials — Rapid Communications, 4(8): 1158-1162 (2010).

[21] By Ozlem Esen Kartal, Murat Erol, and Hiseyin Ogluz, Photocatalytic Destruction of Phenol
by TiO2 Powders, Chem. Eng. Technol., 24, 6 (2001).

[22] Konstantinou I.K., Albanis T.A., TiO,-Assisted Photocatalytic Degradation of Zzo Dyes |
Aqueous Solution, Kinetic and Mechanistic Investigations, A Review. Appl. Catal. B,
Environ., 49: 1-4 (2004).

[23] Mahmoodi N.M., Rayat Tari K.H., Borhany S., Arami M., Nourmohammadian F.,
Decolorization of Colored Wastewater Containing Azo Acid Dye Using Photo-Fenton Process,
Operational Parameters and a Comparative Study, J. Color Science and Technology, 2: 31-40
(2008).

URRYF = ol A


https://www.sciencedirect.com/science/article/pii/S002245960199526X
https://www.sciencedirect.com/science/article/pii/S002245960199526X
https://www.sciencedirect.com/science/article/pii/S0254058499001716
https://www.sciencedirect.com/science/article/pii/S0254058499001716
http://pubs.acs.org/doi/abs/10.1021/jp902866b
http://pubs.acs.org/doi/abs/10.1021/jp902866b
http://www.sciencedirect.com/science/article/pii/S0022459605004068
http://www.sciencedirect.com/science/article/pii/S0022459605004068
https://www.sciencedirect.com/science/article/pii/S0926337302001157
https://www.sciencedirect.com/science/article/pii/S0926337302001157
http://www.sciencedirect.com/science/article/pii/S0143720806001288
http://www.sciencedirect.com/science/article/pii/S0143720806001288
http://www.sciencedirect.com/science/article/pii/S003295920400158X
http://www.sciencedirect.com/science/article/pii/S096085240700572X
http://www.sciencedirect.com/science/article/pii/S096085240700572X
http://www.sciencedirect.com/science/article/pii/S096085240700572X
https://www.sciencedirect.com/science/article/pii/S1010603004002552
https://www.sciencedirect.com/science/article/pii/S1010603004002552
https://www.scipress.com/ILCPA.19.26
https://www.scipress.com/ILCPA.19.26
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwje-_O3wavYAhWsa5oKHUOVAIUQFgglMAA&url=http%3A%2F%2Foam-rc.inoe.ro%2Fdownload.php%3Fidu%3D1186&usg=AOvVaw2Ff8Zls7ihWpKpDyaUbKgi
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwje-_O3wavYAhWsa5oKHUOVAIUQFgglMAA&url=http%3A%2F%2Foam-rc.inoe.ro%2Fdownload.php%3Fidu%3D1186&usg=AOvVaw2Ff8Zls7ihWpKpDyaUbKgi
https://www.researchgate.net/publication/243802156_Photocatalytic_Destruction_of_Phenol_by_TiO2_Powders
https://www.researchgate.net/publication/243802156_Photocatalytic_Destruction_of_Phenol_by_TiO2_Powders
http://www.sciencedirect.com/science/article/pii/S0926337303005411
http://www.sciencedirect.com/science/article/pii/S0926337303005411
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=129383
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=129383

[24] Mahmoodi N.M., Arami M., Gharanjig K., Nourmohammadian F., Decolorization and
Mineralization of Basic Dye using Nanophotocatalysis, Pilot Scale Study, J. Color Science and
Technology, 1: 1-6 (2008).

[25] Daneshvar N., Khataee A., Rasoulifard M.H., Seyed Dorraji M., Removal of Organic Dyes
from Industrial Wastewaters Using UV/H202, UV/H,0./Fe (11), UV/H,0,/Fe (111) Processes,
J. Water and Wastewater, 61: 34-42 (2007).

[26] Ghanbarian R., Mahvi A.H., Nabizadeh R., Saeedniya S., A Pilot Study of RO16 Discoloration
and Mineralization in Textile Effluents Using the Nanophotocatalytic Process, J. of Water and
Wastewater, 69: 45-51 (2008).


http://www.jcst.icrc.ac.ir/?xid=0112010121000000204&id=107
http://www.jcst.icrc.ac.ir/?xid=0112010121000000204&id=107
https://works.bepress.com/alirezakhataee/37/
https://works.bepress.com/alirezakhataee/37/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjegLPjv6vYAhWK7RQKHbPxCTgQFgglMAA&url=http%3A%2F%2Fwww.wwjournal.ir%2Farticle_1690_5fdd10b93ff55e509f125dfcc9f44697.pdf&usg=AOvVaw1UYUNyDm8tSZ9JX1s5-WiD
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjegLPjv6vYAhWK7RQKHbPxCTgQFgglMAA&url=http%3A%2F%2Fwww.wwjournal.ir%2Farticle_1690_5fdd10b93ff55e509f125dfcc9f44697.pdf&usg=AOvVaw1UYUNyDm8tSZ9JX1s5-WiD

