pulbbaogil

AL Sl | 052 50yLais | 199 Sl

35k 15 EU gAg dinrgd (S20g,S il duilie
ZnO by dlyin] 5l CunlilSsxigil

L gl (S L9557, 93 (5 3y SR U

TIFE N crode | TUle patlyldascs | Vel lanie S

Oliow oBls B 5 s ¢ o  rdigo 008315

OhRS s 5 59 9l 5 pole (sl Aumsse cCuilame 5 S5y (agh 09)S okl ¥
Oliows 0l 518 s ¢ o  sdigeo 00Kl L ¥

ol ol el collad o Sl )b slaJol> gy
S5 y5baie & e Plpl Sy 308 oo cge |y Ly
sloogS b ol 03 @90 codle ol ullSzd 5Slas
Slgi o candBlS ] 08 g [V Few! il
Sk Grals g oad slul )b sla Jols s s cge
55, dlge i 3 iS5z 3, Slas Sgups Lzt o bl
D lohSes 5 Kosy KaSol [18].55,5 b sl 31 ]
5 Eu Jgo ) 7 b osds g0 Zn0 il 48 w505
Cod Sy (sl B9d 3)Slas < a9y 02 gy w0
oy 00 o olis 3g3 31 jald jei 0 s ZnO
63559y (3L 2 0y Ciggd Bl (e L VI 0K 5 2055
61855 3 Shas Wils5 o o 45 Aiblyd ZnO. cay)ilS

S 90 (sllae Kb ) g9y S

st g ¥

52 g dlgo

o 9y ol Sesjl b cundilpbel juw ¢y
LST g Zn(NO,),"#H,O (sigmaaldrich) , (>3A%)c<]
AgNO, 0,5 wlhis g(Merck)(>%32) EuOy «pgugyss
005 dasre lawgs a8 Sliadz 5o L cuwl ol ooliiwl (Merck )
>S9y ST ) 0 Hle digy - ad el pllSen
Bgad ool )0 .0g0 £S5/ dgdnyd uJlilSexs slacalad
) )8 59y STyl )3 (e 10)d S b0y sla sl
gy Z00 &3 Blbl s palls )i ©)50 4 0xile (Bb
mol b odds 90 Zn0 cundblSsud  Blys| s 5 A0S o
ol (b () i pS 0 5 085 whis p)S /Y o 1,07
/A Cuoglio b ogiignd Ol Yol 5 Sy il ojlad 1 )

S

®

2SSy @3k p By Agsle cugd il dllio ol )
P3x29)92 (J90 AL g9y ManSTOl)d L cawl 0l gy ZnO
i Sh3PL B35 5 )Soe 2508 093 0,85 (359 4V 9
o 5o YATRBICS) Copss b o (Blasl by 4 o
Xeay L ool jw ohdgh ksle Jlols .cal 3
wygo (SEM) iugy 9yl CoSuwgySio ¢ diffraction
UV - 506151 cand 51858 (6,85 cline (pp sl - 88
@hd aS ol Hlas odel cuwd 4 guls b eolawl Visible
Cuald )3 (6355 20yd PV b pgragys b o G50 (55y A
32 0ys bodd g0 whd b s gy 0Sdes caiB)
5519 g3l (oK) (6,55,

ewusgﬁés.?l} XKW <9 dl.ba”f;‘ :‘_;.\.3150@3‘9
ZnO

doddo )
3 Zn0  cundbllys 5Slee o glodginS adlas
Gliseo glgl . cusl oad plol Gilise 5y glaslxe
o s Sib old @hdgl gezan Zn0 (slaykislugls
sl oai¥T o5 50 canbls ol (slaylislogil /9)Se
&) BB LN g9 sbluyews ZnO . ol azsy )5 & K,
yasio Sluogad JJo 4 g9y STl .[N-Flewl Y/ VeV
S cdlad YU olewd (L aen (635 4
o gl 0328 ookl (3 g 9 by Cenrd AL
w2 [Aldglxe Blisl pozmen alise by by [V]ewl

st (Sl [Whiaww 3t gy [V ] loysgydum zeadili [A] 2 gmoy
Syl a8l 488 15 ooliwl 3ys0 ZnO lydgils

* oLl Jgtae Juool: Olya-me@icre.ac.ir

1o


www.sid.ir

[l

Amgnsls 58, Koo o3 LY g

T J5Jo 5 uu.:b OSRAM NOW ogu> UVg.;qu) w‘j
I cuddbled o Sles objyl sl 09 (YOY/Y nm
odlaswl (UV-Visible(CECIL  _Lgiy S yiogid gyiSium]
Sohyile Glaisyse diges < Sloj o3l y 53 jslaie (ol 4
03 (S 03 yrogigSpl bawgs yo3 il i 5 0
B o3l K5y copsiongl o KOy cdale as alaly . cul

129 o duwlore

CR(%):%XIOO (v)

0
B3 0lej 30 9 Adsl S5 )3 > a3y 4 C 5 C oo
5l ploxl YYC slod o coliolel aulS .15l _o (5 oy

CovyEl Y

Sl oLl

5B oaiad glis ¥ JS& 50 @lydgsb XRD bl gk
S5y eS| 4 late &S sl JUSTSa bl b
Y¥/55¥V/Y Carbye ;0700 adli 955 sladls. sl o
(Vor) Clois dwd @ basye asyd 05/ Vg ¥V /59 Y5 /Yy
—ee=e55F) enylS oylais b aS witen (1) (V-Y) (04)) (V)
(39 OZ y3) cingd Swlyldde Jdo 4 .o)ly cdllas (--
oS 5 005 Juols ald oo )5 (¢pss XRD (slaoSl o
591 cdillhs Zn0  Jluw S jlid ko b aiges 90 2 XRD
S jlid o )3 085 slaes] Mol Jds & o) (g5l diged
B o 4 05 alls o ppins « Jgo oy S b ol
G lg e ly dld ol (a0 YA 039050 10 ) Cuwl saaline
ol 35 ol s (g5 dpmST bl o a8 S5 )18 el s
9y STl Lo (JI (gliad oolad &S dragd (g3 o0 dged
38 3145 0,85 disis g cawl sl Ll 0,5 (gl o3l lansgs
deaST b3 e )3 il @y 4 Glpel ) Jols (ol
(¥ JS) sloss JSas s,

pulbaogil

WAL Gl | wlez $0yLedi | 190 Jloww

& Gl cigw glyie 4 S5/ N0g 08 Jsloxe ol
AW 5,08 L g98,50ko rlel i 5 0 0538l (Bs3 Jalo
sy Ciged byl diged ;3. c8)S ygo Jole 3l
Jslo 5o dele Jolome el )5 e g j2aS (Jgo oolie 5
<93Zn0 . sl ollae  ublSgid 035L (<h1>ZNO bjue
9SS poaigysn p)S+/ ¥V 5l oolisuwl b 35 Eu Y Zmol b odis
b4 aolie (Bl e 45 4] G 9y s p50

Zn0/ ¢ ZnO/Ag 5 ZnO cla)lidle wyp jslaie
SoySI CsSwgySae o8uwd lawgs  SEM yuglas Eu
X an ool Sl wi gy VFOBVP (LEO) s,
L Cu-Kat (A= 1,0¥-05 A°) il )0 ol i Lgl.a:ddj.o}
0315] lawgie . ui Bloul dxy3 AL Ve 51 VO cunsls 4l
.0 dwles Scherrer aolss 31 ooliiw! b (nm) Jlww S
ool zee sb A c(m) Jliuw)S bawgio o35l dyy &S
bals o icab oy By Sl cuslss 4l 6 CuKa
Cuns +/ A lAdo dez(w oS canl (c0bk 5 poiSle ol

Q)

g g0 0013

ool g,

IR [ C JEVCR

5l 63 S5y eanblss 65855 Olise (oupn sl
lses! (Meghmani, India) ( A max=5+-nm)\A¥ ol 5,51,
i by ,xST, 51 Groles] ol yo (V JK8) Lo
5 Jogd potmogll sy b (VA x Veex $10 mm) drsls
oo olsis 4 FYemm Jsbs o YY mm jlad b lsS dlg) S

bS53 (oo 98N SaseSSlyn sy 0 u~°b &
NaD)S\El NH; DHNID!b\
NaOs5

SOMa N
o N e

Na0,SOH.CHLC0.5

A b a8, ) vl (4 US

0¥



www.sid.ir

pulbaogil

AL LY 37 BNy wlez $0yLes| 190 Jluw

RB &K i UlS3id 50
Jsloe coy5 b Zn0 /Ag 5 Zn0 /Eu g )5lS35 i,
e didy A 1Sy ¢ley ;omg LYY+ RBAAY )

D gy NS o5 oS

Comn U592 595 ,51
Hlde ohlKen g soljdee wliidss gols ywlw! p
DAlasb o +/V0 mg. L ZnO/Ag cundblS digy 599

590 b 655, LngJa:»Lo}T Zn0 /Eu dig jlado 8L (gl
A ploul calises (gl cud B

233b »Zn0 y3 00 9 Ymole ZEu e85 59 3]

(+/2g LY B o/o¥ gl 31) calises 350 g 40 (55,
Sy Al Slynis o1 5 B JSib b g CennalIS
@2 oo Job weuiSle) £eonm zgo Jsbo 55 STy oloj )3
e il o] a8 Calise glngsd )3 (RBAAY (S5,
g ljBl crgo Wilgi o (2STy 53 o3l 3)90 CunJBLS
255193 09290 CanndBlS e ali31 g 95 canJllS’ JIsb
DNJss bl el 2alS 5 5SSl cnge
o @ L) CandbIS il ol L aSams o ol golis
3l ome 5 Wbioe Gl candBS (685) woyoce /¥ g L7
Bl ol - doled o 208 & £9y8 (edlo e b 0]
ledale plo a4 cous ) 0,Sles poyipo o/-Vg L clale b
cedale il 50 ZnO/Eu wldgliaas o plis 2e3

Aol cand 48B3 A loy 10 (6550, duoyd FY L dizslys

100

& -
40 4
m -J I
0 A T T T T
004 005 Q.06 a7 o9

Catalyst dosage (g.L%)

Decolourization (2

SySSy 1a0yd pZNO/AY canndblid dale 5\ (40 Jss
(A.B..;s; N- U"“:S\S o\a) 9 X. mg .\__1 &) A.:),\ CAhLC—)

5 ZnO /Eu (@) « (¢.4)ZnO /Ag « SEM,s5lzs
0a>7n0 (e)

4y Jss

aoles 51Zn0 /Ag 5 Zn0 /Eu  Jlis,S aSuis ojlus] lawgio
o ol del Cawd 4 FY /S m o ¥+ /Anmcusys 4 scherrer
Lo )3 Jgo 203 SH B o) gl jgiax oS cusline
S (G ytdiy (5)S Ay 9 (a5 ol sl ljae 480t
odid lis SEM joglas cuwl 0dds pangyon (s9l> diges 4
710 3ol lysl gl zays 5l Jols xainl ksl
Sieedyge odimd lis ZnO /Eu yuglas .cwl ZnO /Ag
o 53 95290 i (F JS) asb o 03l ol 5 S0
cosds S5y slasSge (ol Al & Cavge oIS oy
05,8 0 03lo |t B35 o B Dgaps g0

m—TnO AT

.

1L
|| S

T
10 20 30 40 50 60 70 20
26 (degree)

03 Juiw (S\a 4503 XRD @\1’» R

nnnnnnn

00 |


www.sid.ir

Zn0 /Eu canblSyzd oS oy las odel cawd & zols

ob 9551y (219 S5y 50 Gyt Sbes «(6p:55) dopd FY L

30 A8 A oyl )0 (61S5y doyd ¥5 L ZnO /AE 4 o
AV JSe) ety dalgs jnaild e

Sz f
LD i u§|)2.>| U9y 4Zn0 /Ag 9Zn0 /Eu lydesls
Sl le slaals snias las ond slol )3 LXRD (oSl
o35l (ghls Ages 90 4 W39 ZnO JUSIKa  Jliws)S
s s A3903 SEM yuglas . aiib o Fenm g Jbiws S
olio 1y wlhdel i gesd 3 6L wSTie slaodgs codis
o 5k saund B8 53, Sloe Zn0 /Eu wily 393l . a0
50l s g 08Ty o531 o0 Ky (6955 4 ZnO /A 4

~ @cj

®
( |
\ Zn0 )
I ITO
e
\
T 3 H'+OH
fﬁ‘:‘i?)?:’\:’ 0 095 Bl gid 5 lae rﬂ\g_n 4 U<
100
- 710/Ag
- %1 & ZOEu
£
5
3
g
g
&

Time {min)

G0 2 Pongye 9 08 Gl cagd Ml awolia T4 A J5o
S adgl ey Guisal B )5 53 (69 eS| canndl5ib (5,55,
+/-NZnO /Bug L wlale cands A Sl olay Xemg L™

(+/\0ZnO /Agg L

pulbaogil

WAL Gl | wlez $0yLedi | 190 Jloww

Cannd G558 3 Sl 05,5150
933 ol )0 Zn0 gl pgysll as 4SSl b
cods Jisio CundUlS cad)ls g 4 sl les 51 Lo gyl
Sk 398 e Sl cudils jlss )3 opas et plea 4
sy ol ST gilo o olol his Sl Cgllaals
Po9)92 02 90 b w3 oo (IS CuyS (a3 ol
215 20 55y dmST o aseSSl s 9yl ey a1 )3 055 9
slelel> Sk olime (B b g 0ad Jaie cupgs il
sadlosl) (F Jsi) - b dgme cundlilSgad 3 )8as b
bl 00,8 o]y 0y s o olol (OH) JuuaSgyen

S e e (See dlge 4
ZnO +hv —=>ZnO +h* +e” (Y)
Eu™+e —Eu"™ (%)
Eu™ +0,—Eu™ +°0," (¥)
Agr+eT—>Ag (¥)
Ag+0,—>Ag" +°0, (Q)
H,0 +h*—> *OH +H* (A)

denST 048 495 ST g g JeSoyien o IS0,
i g sleis 41555, JTolge oS

S5y Joglro 5 59581y 30 ZnO/Ag ¥ W caunilSgxd 51
O b e/ g L7 candBlS 590 50 ¢ it Olialeyl aslie
ced)S ploul uaily e

Eu g Ag o Ciygs 3,es dulio

oloy als cage Lluyes jlidle 4 cayso o538l
(sS85 Sl 390 ol s o g i (398U Sy
eSS @98 e wazeed (laytebl olie coly0 90 o0
odd 090 (g2 S5y aw CunBge (e Hlid e jo cangd
9 Bluynsd cud)ls o il slayles (g5) e 4 o
o 51 b ipgd gl 51 (A Blayess Sholsingn i
& By (st U823 0,8 d9s0 ilee 2 50 slayiel)ly
Dafal oo lads

105



www.sid.ir

pulbbaogil

AL Sl | 052 50yLais | 199 Sl

[1] E.S. Jang, J.H. Won, S.J. Hwang, J.H. Choy,
“Fine Tuning of the Face Orientation of ZnO
Crystals to Optimize Their Photocatalytic Ac-
tivity”, Advanced Materials, vol. 18, no. 24,
pp- 3309-3312, 2006.

[2] T.J. Sun, J.S. Qiu, C.Liang, “Controllable Fabri-
cation and Photocatalytic Activity of ZnO Na-
nobelt Arrays” , The Journal of Physical Chem-
istry C, vol. 112, no. 3, pp. 715-721, 2007.

[3] C.H. Ye, Y. Bando, G.Z. Shen, “Thickness de-
pendent photocatalytic performance of ZnO
nanoplatelets” The Journal of Physical Chemis-
try B, vol. 110, no. 31, pp. 15146-15151, 2006.

[4] J.G. Yu, X.X. Yu, “Hydrothermal Synthesis and
Photocatalytic Activity of Zinc Oxide Hollow
Spheres”, Environmental Science and Technol-
ogy, vol. 42, no. 13, pp. 4902-4907, 2008.

[5] ZW. Deng, M. Chen, G.X. Gu, LM.Wu, “A fac-
ile method to fabricate ZnO hollow spheres
and their photocatalytic property”, The jour-
nal of physical chemistry B, vol. 112, no. 1, pp.
16-22, 2007.

[6] F. Lu, W.P. Cai, Y.G.Zhang, “ZnO Hierarchical
Micro/Nanoarchitectures: Solvothermal Syn-
thesis and Structurally Enhanced Photocata-
lytic Performance”, Advanced Functional Ma-
terial, vol. 18, no. 7, pp. 1047-1056, 2008.

[7] N.Elamin, A.Elsanousi, “Synthesis of ZnO Na-
nostructures and their Photocatalytic Activi-
ty”, Journal of Applied and Industrial Sciences,
vol. 1, no. 1, pp. 35-32, 2013.

[8] R. Kumar, Ahmad Umar, G. Kumar, M.S.
Akhtar, Yao Wang, S.H. Kim, “Ce-doped ZnO
nanoparticles for efficient photocatalytic deg-
radation of direct red-23 dye”, Ceramics Inter-
national, vol. 41, no.6, pp. 7773-7782, 2015.

[9] M. Kahouli, A. Barhoumi, A. Bouzid, A. Al-Ha-
jry, S. Guermazi, “ Structural and optical prop-
erties of ZnO nanoparticles prepared by direct
precipitation method, A Review”, Superlattic-
es and Microstructures, vol. 85, Pages 7-23,
2015.

[10] Adrian Mihail Motoc, loan Albert Tu-

dor, Mirela Petriceanu ,Viorel Badilita, Elena
Palomo del Barrio, Prasanta Jana, Vanessa
Fierro, Alain Celzard , Radu Robert Piticescu,”
In-situ synthesis and attachment of colloidal
ZnO nanoparticles inside porous carbon
structures” Materials Chemistry and Physics,

vol. 161, pp. 219-227, 2015.

[11] P.C. Nethravathi, G.S. Shruthi, D.
Suresh, Udayabhanu, H. Nagabhushana, S.C.
Sharma, ” Garcinia xanthochymus mediated
green synthesis of ZnO nanoparticles: Photo-
luminescence, photocatalytic and antioxidant
activity studies”, Ceramics International, vol.
41, no. 7, pp. 8680—-8687, 2015.

[12] M. Anpo, P. V, Kamat, environmentally be-
nign photocatalysts, application of titanium
oxide-based materials, 2010.

[22] M.M. Hossain. B-Ch Ku, J.R. Hahn,” Syn-
thesis of an efficient white-light photocata-
lyst composite of graphene and ZnO nano-
particles: Application to methylene blue dye
decomposition”, Applied Surface Science, In
Press, Available online 3 February 2015.

[13] M. Faisal Ahmed A. Ibrahim Farid A. Harraz
Houcine Bouzid M.S. Al-Assiri Adel A. Ismail,
“Sn02 doped ZnO nanostructures for highly
efficient photocatalyst”, Journal of Molecu-
lar Catalysis A: Chemical, vol. 397, pp. 19-25,
2015.

[14] A. Omidi, A. Habibi-Yangjeh, M. Pirhashemi,
“Application of ultrasonic irradiation meth-
od for preparation of ZnO nanostructures
doped with Sb*ions as a highly efficient
photocatalyst”, Applied Surface Science, vol.
276, pp. 468-475.

[16] Y.Zong, Z.Li, X.Wang, J.Ma, Y.Men, “Synthesis
and high photocatalytic activity of Eu-doped
ZnO nanoparticles”, Ceramics International,
vol. 40, no. 7, pp. 10375-10382, 2014.

[17] H.Bouzid, M. Faisal, F.A. Harraz, S.A. Al-Sa-
yari, A. A. Ismail, “Synthesis of mesoporous
Ag/Zn0O nanocrystals with enhanced photo-
catalytic activity“, Catalysis Today, vol. 525, pp.
20-26, 2015.

oy,


www.sid.ir

pulbaogil

WAL Ol | wlez $0yLedi | 190 Joww

[18] S. Mohammadzadeh, M.E. Olya, A.M. Ara-
bi, A. Shariati, M.R. KhosraviNikou, “Synthesis,
characterization and application of ZnO-Ag as
a nanophotocatalyst for organic compounds
degradation, mechanism and economic
study”, Journal of environmental science, vol.
35, no. 1, pp. 194-207, 2015.

[19] Y. Nian Tan, C. Leng Wong, A.R.Mohamed,
“An Overview on the Photocatalytic Activity
of Nano-Doped-TiO2 in the Degradation of
Organic Pollutants: A Review”, ISRN Materials
Science, vol. 2011, Article ID 261219, 18

AAAARRN/

"
1

([ad i m W
VVWYVV.OlI'LJ. 1

oa |



www.sid.ir

o o Nanoscale

. . .
o wvuu.nanorﬁeqhyag.lr | Vol 2 [No.4| Winter 2015

Performance Comparison of Ag and Eu Dopants
to Improve Decolourization Efficiency of ZnO
Combustion Synthesized Photocatalyst

L.Montazerghaem® | M.E.Olya*" | B.Zarenezhad*

1.School of Chemical, Petroleum and Gas Engineering, Semnan University, Semnan, Iran
2.Department of Environmental Research, Institute for Color Science and Technology, Tehran, Iran

Abstract The effect of Ag and Eu particles on photocatalytic performance
of ZnO was evaluated for degradation of Reactive blue 194(RB.194). 1
mol% Eu and 2 w% Ag doped ZnO nanoparticles have been synthesized
via microwave assisted solution combustion method. According to
the obtained results in a batch nanophotocatalyticreactor(under UV
irradiation), ZnO/Eu was more effective than ZnO/Ag for dye removal
of the azo dyes.
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