v

d' A a a d a A =y 1 a a J
PIDIINENUNUD E’J“I/l‘ﬁwasllﬂﬁﬁ’ﬂﬂgﬂ”l'iL@]iﬂllﬁ’f)ﬂWiL@]UIﬁﬂJ@Q@HﬂWﬂ%’Qﬂ@@ﬂ

lyanduniizd 1aeds 1 lasnu-lalasmesuea

S Y
AE wigalnns ylule

=i

Seyan Memaasuiiuma (1ni)

da (= a a J A w 4
ﬂ1ﬁ)1iﬂl‘i’lﬂiﬂy13ﬂﬂﬁ—!wuﬁ 7. U1 NIY
o
UNANED

Howundedoen lodgnduniizilasdd luTasnleTasmesusagegriniouun

ad

uruudalefile (1T0)Tavdsqu I alsd InTs lagafiguuail 80 oemusaFoauayns 1

Q

9 T A a 4 a A = 9 I
ﬂ’ﬂiﬁ@uiﬂﬁlfﬂiLLWiQ’L‘TUhJTﬂil’J‘V\I C]Nﬂ"lummuazLaﬂ%mwaaummzuugﬂhzﬂu

3 Y { Y 1 o o 7 a
’ff'liaga']ﬂ@]\‘lﬁuﬁlﬁ%ﬂllclul’)ﬁl%aﬂ’]ﬂclﬁﬁﬂ’ljgﬁ']\in] memmiZ‘Tﬁmiwwﬁqmﬁﬂu% RN

U

a =

a < ) ° ' ' A <
Lcﬁm%mﬂunm 4 Gmhlmazm"lﬂwmﬂszmumiauaau‘nqmwm 400 EN?(H%@L"BEJE‘TL']JH

G

o P o a a o JdAy Y o o
a2 Glf’ﬂiN Tﬂﬂﬁimmzamgm’m&nmmwammmwmmﬁzﬁmlﬂaﬂm"lﬂmaﬂymzmww

u

J @ I 4 Ia I 1
Tﬂﬂﬂ”liLaEJ’.]L‘]J‘LlGU@\15\1?ﬂ@ﬂclﬂ,mgﬂé}’f]Qﬂﬁ‘ﬂiiﬁuﬁ"lﬁﬁﬁﬂmﬂ@ﬁ@ullﬂUﬁi’NﬂiWﬂ E‘LILLTJ‘Uﬂ"Ii
dy v ad oy o Jo 9 a o o 9
Lﬁﬂ?!ﬂuﬂlﬂﬂﬁﬂﬁlﬂﬂ“}fﬁﬂwu‘ﬁﬂ‘UIﬂSQﬁ'iNGlI?N”]Nﬂ@ﬂﬂqqﬂﬂiullﬂﬂﬂlﬂy‘ﬁ JCPDS viNeay 80-

A A o 1 a < SAN Y P} ' A o s A
74 “BQﬂMﬂH?W“ﬁﬂﬂﬂﬂﬂq“BﬂﬂllﬂiJIﬂiQﬁ'ﬁ"IQLL‘UULﬁﬂ“l%IﬂUﬂﬁ meumuﬂumﬂeaﬂulcm uy
o a Y 1 s)d' =S ~ 1 [ as 4 A A
ﬁﬂ!j}'l1!'3°V]fﬂﬂﬁTt’Jﬂ%leGUﬂﬂﬂ@ﬂvlil‘l/lﬁﬂ13$ﬂ1§'!,@]3fJiJ“VILL@]ﬂﬂ'Nﬂ‘L! 'J‘ﬁﬁlﬂﬁﬂlleiulﬁclfﬁﬂ

1 am o

o 1 1 [~} J @ [
@ﬂﬁTﬁQUﬂQWNL%}N%}HQWQq YUIAVBIABNANNIULASUNITUANHANINNINITIN A 1SV

9

= Ty A IS a 4 9 A = A ! (%
!G]‘iEliJIﬂEJﬂTiL!Wi\iﬁ]’llﬂﬂil")wuﬁmﬁ1u’3ﬂEﬂﬂa1ElﬂfJﬂlllﬁflfffﬂ1’33ﬂﬁmiﬁm‘ﬂuﬂﬂﬁNﬂuuﬁg

a o 9 A a J a SN o 1 d a J J
ﬂ?ﬂﬂ’li’)!ﬂi’lgﬁjﬂﬂi% EDS LW@@?’]%ﬁﬂﬂﬁ’l@]cﬁﬂﬂlla$ﬂﬂﬂGﬁLﬂUﬂUuﬂu’ﬂlﬂucﬁﬂﬂﬂﬂﬂqcﬁﬂ



Thesis Title Influence of Preparative Conditions on Particle Growth of Zinc
Oxide Synthesized by Microwave-Hydrothermal Method

Author Mr. Natthaporn Manojai

Degree Master of Science (Chemistry)

Thesis Advisor  Dr. Nawee Kungwan

ABSTRACT

ZnO nanorods of thin film were synthesized by using the microwave-

hydrothermal method. Films were deposited on ITO glass substrates using the dip-
coating method along with the spray pyrolysis method at 80°C and were heated by

using microwave irradiation. A combination of zinc nitrate and hexamethylene

tetramine was used as the precursor solution. The solution was taken in hydrothermal

vessels under different conditions and synthesized at 90 °C for four hours. The ZnO

thin film nanorods were obtained following an annealing process at 400 °C for two

hours. The structure and morphology of the synthesized products were verified by X-
ray diffraction and scanning electron microscopy (SEM). The X-ray diffraction
patterns showed that this diffraction pattern perfectly matches the crystal structure for
ZnO (JCPD file No. 80-74) which confirms that the obtained ZnO possesses a
hexagonal structure. The ZnO nanorod exhibits a flowerlike cluster in the precursor
solution. During spray pyrolysis with a different ratio of precursor concentration, the
flower cluster ZnO nanorods, having smaller sizes and morphology, are broken more
than the dip-coating method. The seed ZnO prepared by using microwave irradiation
exhibits the flowerlike cluster under the different condition. The EDS analysis of

chemical elements Zn and O clearly confirmed the ZnO nanorods.



