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Synthesis of rare earth doped zinc oxide nanostructures

used for photocatalyst
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Abstract

In this research synthesis of the photocatalyst nanostructures by ultrasonic method.
The effect of Ho, Eu and Cd doping on photocatalytic properties were studied. The phase,
morphologies and optical properties of as-synthesized photocatalysts were analyzed by XRD,
Raman spectroscopy, SEM, TEM, SAED, HRTEM and UV-Vis spectroscopy, respectively. The
photocatalytic activities of as-synthesized samples were investigated by degradation of

methylene blue under UV light radiation. It found that the metal doped ZnO has a higher
photocatalytic efficiencies than ZnO.



GUETL]

AnAnssuUsENA

UNANED

abstract

a3y

sy

AU LHUNIN

a13UYMI5 1

dydnwallazdnuyige

unit 1 un
1.1 enuddauasfinnvesdymiivhniside
1.2 TngUszasAvadlaseniside
1.3 ngui] AuyAgILLALNTOULLIAIINANYBILATINITITY
1.4 MINUNIUITIUNTIN/ANTaumaTiiedos
1.5 1ona199198394lATIN1TIvY

12

unil 2 MmIdauaTgiuagnsdnuuzianizvesilii fisomnuasd sdeenludiiie
mglaaiey
2.1 mawspudsaeantan (ZnO) wazdsrsanlys (ZnO) Wesmslsadoy (Ho)
2.2 HANINAABILALBAUTIENANITNAADY
2.3 19NaN5971989
unil 3nsdaATIEiLaE NMId NNz AATe LT sdeanledTiTad e
glailey
3.1 nswseNddeanles (ZnO) wazddeanlen (ZnO) Wemeglsiey (Eu)
3.2 HAN1IVNRDLALRAUTIUHANITNAGDS
3.3 1ANANT971984
unil 4 mM3FuaTeilaznsmansusiansresiusiuiitomuaddoanludiiie
P TR
4.1 nswseudanoenlas (ZnO) wasdersanlas (ZnO) Wasrmesuandew (Cd)
4.2 HANINAABILALBAUTIENANITNAADY
4.3 1BNaNTen98e
undi 5 d3Unan1Ivnaeg
5.1 @sunan1ivnaey
5.2 finydkavreside
5.2.1 HAUANUNIUINTATIYINITTLAULIUIYA
5.2.2 tiauenauluiszyAvmsseiuunund
AANWIN N NANUANURNIIYINTT

v o
NUIMN

L B ROV L D X2

N = e

—_
—_

13
15
20

22

24
30

32
34
a4q

a6
a6
a6
ar
a8


https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&ved=0CEgQFjAE&url=http%3A%2F%2Fthai.alibaba.com%2Fproduct-gs%2Fholmium-nitrate-ho-no3-3-with-purity-99-99-99--479618264.html&ei=7mgAU66FOYe0kgWh4ICADw&usg=AFQjCNGHPSnlpmf3G67NpHn__bpczDTQUQ&sig2=vLqvPuZXCPCnKeaMsAAN6A&bvm=bv.61535280,d.dGI
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&ved=0CEgQFjAE&url=http%3A%2F%2Fthai.alibaba.com%2Fproduct-gs%2Fholmium-nitrate-ho-no3-3-with-purity-99-99-99--479618264.html&ei=7mgAU66FOYe0kgWh4ICADw&usg=AFQjCNGHPSnlpmf3G67NpHn__bpczDTQUQ&sig2=vLqvPuZXCPCnKeaMsAAN6A&bvm=bv.61535280,d.dGI
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&ved=0CEgQFjAE&url=http%3A%2F%2Fthai.alibaba.com%2Fproduct-gs%2Fholmium-nitrate-ho-no3-3-with-purity-99-99-99--479618264.html&ei=7mgAU66FOYe0kgWh4ICADw&usg=AFQjCNGHPSnlpmf3G67NpHn__bpczDTQUQ&sig2=vLqvPuZXCPCnKeaMsAAN6A&bvm=bv.61535280,d.dGI
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&ved=0CEgQFjAE&url=http%3A%2F%2Fthai.alibaba.com%2Fproduct-gs%2Fholmium-nitrate-ho-no3-3-with-purity-99-99-99--479618264.html&ei=7mgAU66FOYe0kgWh4ICADw&usg=AFQjCNGHPSnlpmf3G67NpHn__bpczDTQUQ&sig2=vLqvPuZXCPCnKeaMsAAN6A&bvm=bv.61535280,d.dGI

1.2

1.3

1.4

1.5

1.6

2.1

2.2

2.3

24

2.5

2.6

2.7

3.1

3.2

3.3

3.4

35

3.6
3.7

L%

GRENVTAL
Zn0 crystal: wurtzite structure, hexagonal close-packed arrangement of
O atoms with Zn?* in tetrahedral holes
nalnuasnisiinnszuiunsinlnaznzlada
TEM images of (a) 1% Au-Zn0O, (b) 3% Au-Zn0O, (c) 1% Pt-Zn0O, and (d)
3% Pt-Zn0O. The darker spots on the TEM images (a and b) are Au deposits
and (c and d) are Pt deposits
Photodegradation of MB in the presence of pure ZnO, Au-Zn0O, and Pt-
Zn0 (error of measurement was +/- 2%)
TEM images of E. coli a) control, b) ZnO powders, ¢) ZnO nanorods and
d) ZnO nanoparticles
TEM images of B. atrophaeus a) control, b) ZnO powders, c) ZnO
nanorods and d) ZnO nanoparticles.
g‘LJLLUUﬂmgmwusuaa%’aﬁLaﬂ% (XRD pattern) vesanswansnsiiaesls
aUnA15197 (Raman spectra) UedasHaANSnsiTw3ule
3U SEM 983 (3) 0 %, (b) 1 %, (b) 2 % wag (d) 3 % of Ho doped ZnO
U TEM LLazgﬂLmeiLgmwumm%Lﬁﬂmauiuu'%nmﬁtﬁaﬂ (SAED pattern)
94 (a way b) ZnO wag (c kaz d) 3 % Ho doped ZnO
NsAANAUKAURIENTaraly MB solution lagldfusaufjisen (a) ZnO wag
(b) 3 % Ho doped ZnO iievinisansuas UV oy kansing 4 fu
UsgdvBamnisdesaatsansazany MB laglddnissufizen zno finside Ho
funnenei
nalnnistesaatsansazaty MB laeldfusefAzen Zno Ain1side Ho 7
WANAIANU
gULLUUﬂmgmwusuaaﬁaasm ZnO fiFesy Eu 71 0-3 % 71 20 = (a) 20°-
75° uay (b) 30°-38°
579uanAs1 (Raman spectra) 28368819 ZnO Tidede Eu 71 0-3 %
A1 SEM w84 () 0 %, (b) 1 %, (b) 2 % and (d) 3 % of Eu doped ZnO
U TEM LLangLL’uumiLgmLuuﬁua“qLﬁﬂmauiuu%nmﬁlﬁaﬂ (SAED pattern)
984 ZnO
5U TEM LLaz‘EULLUUﬂ’]’iLgﬁnLUWU@@Lﬁﬂ@]iauiuu%nmﬁllﬁaﬂ (SAED pattern)
YD 3 % Eu doped Zn
anms1 XPS 484 3 % Eu doped ZnO ¥89819 (a) Zn (b) O uag (c) Eu
NIRANAULAIYBIENTArA1Y MB solution laglddiseslfiisen (a) ZnO uax
(b) 3 % Eu doped ZnO iavhnsanswas UV oy baneing 4 fu
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(a) Uszdvsnmnisgesaaisuay (b) nalnnstesaaisvesaisazaly MB lay
Tdusauiisen Zno MFode Eu mnududiusing 9 fu
sUsuuMaBsIuTesidionduosansiieteiidunmeild

AT SEM 984815679813 (a-c) ZnO wae (d-H 3% Cd-doped ZnO fidaAsnz
1§ oy dwenefiuansei

N (a) SEM 9998136178813 3% Cd-doped ZnO Kag W EDS mapping U84
519 (b) Zn (c) O waz (d) Cd vesansive1e 3% Cd-doped ZnO

719 TEM Waw SAED Uasansfetng ZnO fidaaszsils

A1 TEM wag SAED wesanssnegafidunszild (a) 1 % Cd-doped ZnO
ey (b-d) 3 % Cd-doped ZnO

N5MHANITIATIETEWATA Raman vasansiiognafidunsg
Ine59ansluila

FTIR spectra vasansinagnafidnnszeils

XPS spectra ¥83a15610¢74 3 % Cd-doped ZnO aei (a) Zn (b) O uas (<)
Cd

(a) UV-visible spectra uae (b) WOUNSI LA BIUTeIanTEeg 19 Tidanszi
e

Usganinmniseesaasddou (a) MB waz (b) MO Taglddatsaufisennels
Wes UV

dnsINsERTaagddan (a) MB uar (b) MO lagldsusaujisennelauas UV
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Msmseudereanlen (ZnO) Wemelaallioy (Ho) laenssuiun1seansiladia
nswsEugareanten (ZnO) Wemeglsiiey (Fu) lnenszuiuniseaniileila
Msmsendereanlen (ZnO) Wamauantileyl (Cd) lnanssuiun1seansiladia
U3unas ZnO i3 Cd 2 mol% lnedssandluin

U3y ZnO fidase Cd 1 molos Taeissansleiia

U3unas ZnO e Cd 2 mol% lnedssandludn

U3unas ZnO e Cd 3 mol% lne3ssandluda
Tnuan15dulasead19a15819819 ZnO waz Cd doped ZnOTiduaszvidag
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Hyanuallazanysen
X-ray diffraction
Scanning electron microscope
Transmission electron microscopy
Hish  resolution transmission electron
microscopy
Selected area electron diffraction
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