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In this research, the ZnO hexagonal nanorods were synthesized by aqueous
solution process on 70 -100 nm zeed zinc oxide layer. Precursor solution consisted of zinc
nitrate hexahydate and hexamethylenetetramine which diluted in deionized water. The
effect of various parameters of hexamethylenetetramine concentrations, zinc nitrate

hexahydate concentrations, the precursor concentrations and the growth time on ZnO

o

nanords growth was studied at the constant temperature 90 in air ambient. The
morphology and crystal structure of ZnO nanorods were characterized by field emission
scanning electron microscopy (FESEM) and X-ray diffractometer (XRD), respectively. The
results show that ZnO hexagonal nanorods completely grown at the ratio of zinc nitrate
hexahydate : hexamethylenetetramine is 1:1at the precursor concentration 50 mM. The
ZnO nanorods have the uniform diameter and length. Therefore, this ratio was used to be
the initial parameter preparation. Then, the various precursor concentrations in the range of
0.5 mM to 50 mM at zinc nitrate hexahydate : hexamethylenetetramine (1:1) were used to
studied the ZnO nanorods growth at 900C for 24 hours. We found that the precursor
concentration is less than 20 mM, the shape of ZnO is similar to nanowire with diameter
size 23 to 40 nm was appeared, while the concentration is more than this the whisker was
shown. Moreover, the ZnO nanorods were completely growth with diameter size from 45 to
106 nm at precursor concentration 30 to 50 mM, respectively. While, the growth times were
varied for 3 to 24 hours, we found that the diameter and length of ZnO were increased at
growth time is less than 10 hours. When the growth time is more over 10 hours, the ZnO
was decomposed back into the solution and the diameter of ZnO was reduced. The
diameter sizes and length of ZnO were increased again at growth time is more than 11
hours and the diameter size of ZnO for 24 hours is 730 nm and the length is 2.74 LLm. In
the research show that the c-plane of ZnO was dramatically growth at low concentration

and a-plane was occurred at high concentration. Moreover, all of samples were



characterized the crystal structure by XRD, the results indicated that the ZnO nanorods are
always matching with lattice of hexagonal structure and they are not depend on

concentration or growth time.
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NH, +H,0 —— NH, +OH (2.2.8)
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] | = L. . = ! \
400 W lHAUAT WAZRIHIBUESIUTIIANBILA( Visible light)Tsdanueniadulusas 400
W LUL@s 19 700 W lwluas

3. npeiasanlunmshersiaatiavesunomudedoanlad

3.1 msdnlassaiumeanialagimadaganssaidisnasanwuuudasnsa

(Field Emission Scanning Electron Microscopy)
BANNIIFNIWSNINMIBsEBIEnasaudanudidnasen ( Electron gun)

lasdidnasaudsnanaiiondy Bidnaseullgund  (primary electron) nniudLlEnasou

Ugund azefeufidiuaududnan i (Electromagnetic lens) uazgniisdinaaeng

v v
v dAda & v

and aanwdsznay 8 luruwnualatenadaInITaaIeyw MhBLanaTaRINAILANGIE

v
=l

LauALLLAAN 1NN (Electromagnetic lens) aansnadunylaasda luh

v da

1. LauﬁLszmﬁﬂleﬁmmLiﬂ (First condenser lens) iN#¥N Ua"ﬁlﬁﬂmauﬁléﬁ
ssnniludianasenlfumeRuinindaiinas

2. Lauaﬁmmﬁﬂ"l,w;%q@ﬁaaa (Second condenser lens) s nindauand
LL;J'mﬁﬂ"l,wﬂ’]q@LLiﬂI@UﬁmﬁSLﬁﬂmauLLa:ﬂ'\iﬂ”uﬁﬂmamimﬁauﬁmaa&ﬁnmaﬂﬁsﬁu
adms‘i’am@mm&imﬁn(Soanning coils)

3. Lauﬁl,mmﬁﬂ"lwcﬁﬂmﬁmu (Final lens)¥msinfilnnagsidnasanliluanum
Awestuin laaduaaiaudindn (Scanning coils) Fnwinfinsesiinaseulily e
POIT I *ﬁuﬁwaa%umuu’%nmﬁgﬂﬁaﬁaUSLﬁﬂmam:Lﬁ@ﬁ'@@ﬂm( Signal)@me]ifu
WATH sﬁoé’muty']mmiamﬁ@ﬁqmauﬂﬁmwwzé‘;Lmﬂ@mﬁ'u laziinananuanas

FUINWNAINWLATNAIINWVIDLENATaUNUanlaagaanun qﬂmtﬂém{umnﬁl

]
o v A

faos ( Detector) ninNaTadusyu s side ldszananaidunwiaasun

e { a &J v 1A a a
80N (TV Scanner) amwzywmﬁm@mu"l@LmaLﬁﬂmau"q@lsm“w ( Secondary Electron: SE)
sy wrdeilidaysineanuiudialadiuazlanasaunIzi3anal ( Back Scattered

U
et a

Electrons: BSE) amnnmmu@ﬁaﬂﬁ‘*ﬁa;&aa"'ﬂwm:mmgw‘maaﬁ'uﬁa

v
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Electron Gun
|~ Anode Plate

Electron Column Condenser Lenses

+- Scan Deflection Coils

__— Objective Lens

— / |

y
/ [ Detector Adjustable Objective

Specimen Chamber Aperture

Specimen

o [

Vacuum Pump

Awisenau 8 LLﬁ(ﬂd%é‘ﬂﬂ’ﬁﬁ’]\‘]’luﬂjadﬂﬁadﬁgaﬂiiﬂﬁaLﬁﬂ@]ia%LLﬁJUﬁ'adﬂ‘i’]ﬂ

f31: Sam Zhang . et al.(2009).Materrials Characterization Techniques.

p.179 .

LR BLANATAWN A NN NURAIRURADIANATAW NN RAILWAIVDITIN UL

liifiaduasisennuszniadiinaseulgundngniswuazdiinaseuluazaanas

Tuw navasauasnsenalfifadudiinaseun@und ( secondary electron) $afiand
(X-ray radiation)dlanasaunNiian1InIzI3InaL(backscattered  electron)  LIueH 69

= A @ aa o ' o o iy %
.ﬂ’]Wl]i:ﬂa‘Ug GIi\‘]Nafﬂ’mﬂ’]im(ﬂau@]iﬂimﬂdﬂﬂﬁ’mﬁw’]iﬂuﬂwﬂﬁﬂﬂ’]ﬂﬂ‘ﬂmz“ﬂ aﬂﬂjuﬂ’]uvL@
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17

Primary Electron Beam

] Secondary electrons
X-Radiation

Backscattered electrons
Cathodoluminescence

mMwiiznay 9 uaAINATaIawAINIINIzRINEIANATeuguNTINUaznaNAN TR
131: Sam Zhang . et al . (2009). Materrials Characterization Techniques.

p.185.

é’umﬁ%mi:ﬂdwSLﬁﬂmauﬁQﬂs’jomﬁ'uamawaq%mm R1ANIDLLI LG 2 L
) A A ' i A \ .4 & )
AUANHIZNITY A UL (Elastic) LLazLLUUVLsJsJ@mqu(lnelasnc)émmaaaanwmx

aglARy s (Signal)naztun lEanuwanenani

(1M 3zuuudansu (Elastic collision)
{ A ' o A A A Aa a .
Wangudlanasennnunasiniiiadianasendadudidnaveutguns (- Primary
electron)  annENUMLUTWNWAAMITULLLHRU Tidnsgadawasnu sanalw

aidnasauwlguniniziiseanan Sundlanataniinazidafhin backscatter electron

2myzuuuyldiantu (Inelastic collision)
nguvasdlinataulgun o Tuilazaau BTN WLAIILAAMTTILNNAINY

Wﬂ”uSLﬁﬂmauﬁagJJ"’ﬁ'ma‘Lu‘*uaaamaw%mmﬁﬁaﬁmmzﬁ DAWRIWN IR UINNTN

v

WRIINBEALATAEI aa&ﬁnmaﬂwﬁmﬂmﬁ’uﬁamﬁmml [ANRAZIIENK]] ﬂd%%d?%%xﬁﬂl‘ﬁ

Aa a

SLﬁﬂmauluﬁ'uIﬂas%Qmaﬂm mL‘%ﬂﬂ&ﬁﬂmauﬁ%Q@aaﬂmdwﬁlﬁﬂmaun@mg

a

(secondary electron) NNUUINAINTIIUFY Y BWINATIVIVBIANATEUNALN TN

u

sanuuazulsadusyamninas b



v
Aa [ 6 . .
3.2 msanslasandnlaglfinaiatdglunsefiand (X-ray diffraction)
MIBLNUNVBITIFONTG ( X-Ray Diffraction:  XRD) idwmnaiiananansals
o = ) o & o a 6 2 A~
a72370u lATIFINANlagaAERaNMTIRE L BVITIRINTHwITzu Uk lATINAN NS
o o o ~ & g o A =2
mysassanuwiduszdoudemaioauuaasisfondlulassnanazidwllaungues
wuInA (Bragg's law) Tud 1912 W.H. Bragg e W.L.Bragg Idtauaumifanmsiaeaiun
lagsafiond liinandanwaenmssaiosanduiuglasudazsufoszwiuueiasaay
(Plane of atoms)uazszwuinaniananinazriaunduiianniznulasfyuanniznuyiiny
yuEzvian aanwlsznay 10 fANNLANAITZRININNINGN(Path difference)uadadt
szvioufiagIndifsanuiidnduimaurivaienusnaiuianniznuaziliaduazian

~ o a o vt ) L A = a o A @ a
ANMIIVNULUULRIN LLﬁz‘V]']sLV\Nﬂ'J']NLTNQGT%LN@LU?UULW JUNUARWFENDILAELT €

MWU3ENEY 10 WEAIRANNIALAUUDBITIFBNGaNNHVEILLINT

‘ﬁlm: Lee,R.E.(1992). Scanning Electron Microscopy and X-ray Microanalysis.
p. 458.

A oA & 2w a g '
LN93\1aLﬂﬂsﬁ@]ﬂﬂjzﬂﬂizu’]UIuIﬂiﬂNﬂﬂ@"lEJ&PJ 0 ANANILRYIUBNIBIZUIL

NﬁﬂLLﬂz&:ﬁa%aaﬂQJ’ﬁl’lﬂIﬂidNgﬂﬁ’sEl&ql&l 0 nmwisznay 10 S9FandNannNIZNU

WLV amammuﬁ@mﬂﬁm Luuaanmﬁﬂ'ﬁwhﬁ'mﬁwmw,ﬁw aamwmaﬂﬁu

AB + BC = ni (2.3.1)
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w3 ABC = nA (2.3.2)
AB = BC =dsiné# (2.3.3)
#3143 ABC = dsing (2.3.4)

UNUFUNITN 2.3.1 aIWRNNNIN 2.3.4 3zlain
2dsin@= nA (2.3.5)
A A o o o . o & A @
e n A auaun1IvEa (Order of reflection) LﬂuLammu’mL@mNmmmm,2,3
A fa  auEMIARWTaITIRLANT

d A9 TrULWIITIRINTEIWIUNAN

A Aa X P oA o =
0 a8 1:!1]7] NAYWBITHINNJ[NIANNICNUNUICUWIUVBINRN

a o dl dl [ 7]
4. LaNAITLASITIWIVANLNYIYDI

Tuda.7.2009 uaw wasuazams' " l@ANHINITES AZO @I8NTTLIRNNTAIN
Journlwansszine lauasoy AZO NN Zn(NOs),6H,0 ANNLNTULYNAL 0.025 LU
SaEIU Al :Zn WiNAU 0% 0.5% 1% 1.5% 2% uaz 3% muday ldinaw 60 dasans
NENAL NaOH USHNasivinny 60 Uadans mwansazansliidnnuamisurakiingn i
fvazans lWHIuATTUIBMTANNTaurin IR aITme ﬁqmvxgﬁ 100 29FLTALTUR Wt 4
falug ¥ AZO ﬁ"l,@”'l,ﬂauﬁaqm%nﬂﬁ 100 asenaldos win 12 1alus Anslasonan
f83IRBNT (X-ray diffraction: XRD) WU 8aT&I% Al :Zn 1¥iny 3% Janadundn
aug‘stﬁ: AnmanudumulWiiwud samsm Al Zn eanin 2% aNuEIRI
Tfnannlaganizeaain Al 2Zn Wiy 0% Sanusummyiany 1.2x10 Tewa

12 1Y v
a2 ﬁmﬂ’m’l‘iaﬁd AZO @QNITUIUNITAINY

luda.a. 2009 Tuls uasuazane
fournlWanTszive msasdude Zn(NO,),-6H,0 taz CgHioN, seaeluinnas (Distilled
Water)daa1niiwkan  AI(NO,)»9H,0 laglwanuiduduvesssazanawiny 0.05 Tuand
i lUsunszuawnsanuseurin liznsszme ﬁqmﬁgﬁ 70 aseniaaLTs Wi 20 Talug
& AZOLLﬁaﬁwvlﬂLLauﬁaﬁqmﬁn“ﬁ 450 29FLTALTER  60009ALTALTURLAZ 800 84¢
waes win 1 Falus Uningi AzorauueudialasdSunms AlYinAL1.64 at%dins

AL FILRILUT AN UEIARY 380 %’]I%L&l(ﬂi ANIUTI D Al LYINNUA1.36 at% wae 0.72
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at% uad3unos Al Winny 1.64 at% ﬁﬂ'nwﬁ'mmuvlvdﬁwﬁﬁqm §% AZO Wasuauiiaf
gunnil 450 avemaidus USinm Alvny 1.64 at%dnianszidsuadlutisanue
Aaw 380 WIluuAT ANFALAZANE UMY 6 Lok sAﬁaLﬂummﬁmmuﬁwq@
WaRaunuySanm Al Wit 1.36 at%uaz 0.72 at% Gedanuduwmwyinny 14 lasu
WAz 755 LaruaudIaL

Tuda.a 2010 'la 209 wduazame Y lddnsinsss Zno MwnszuIums
mzmumsazmmmiﬁ'qmwgﬁ@iﬂ @300 Zn(NO)»6H,0  Waz CeHooN, axansluiin
Uaandeaudiuim 100 Jadaa3 Uaz Indium Tin Oxide(ITO) LWUHKIAITU RBINTIH
ﬁnmiazmyﬁwauﬁ'mﬁﬂﬂmumzmumia:mUmsﬁqmﬁgﬁ@:h laglfgamnd 90
pvaLaalTaE LW I 10 ﬁ'ﬁ‘[muﬁm@qmﬁgﬁadmagﬁ 80 a4FLTALTER 60 896N
LIRLTER Laz5089FLTRLTaR wudwﬁ'qmﬁgﬁ 90 asFEaLTys Wi 10 Talug Zno &
U3191d% Nanorod Aflasssanuuianazlnues ¥ ZnO Nanorod VLULLauﬁaﬁqmﬂgﬁ
80 DIALTALTE W1k 20 TAlug  608IAILTALTIE Wik 20 Talauduas5009dnLTaLToE
Wi 20 TalugauEney Wudn Zno ﬁgmmuﬁaﬁqmwnﬂﬁ 6029FNLTALTEE W 20
72la4 Lﬁ@LﬂuZnoﬁ'ﬁgﬂs’NLﬂuNanotubeLLazﬁqmﬁQﬁ 50 a9FLTALELE WK 20 T2la
Wnatdu Zno ﬁﬁgﬂiwuﬁu Nanotube tI%n% Watdw Nanotube ﬁ"[&iaugsrﬁ

Tuda.a.201008unwassuazame O ladnsInIge zn0  @IBnsTUIRIg
a:awmﬁﬁqmﬁgaﬁé‘h ﬁ'qmﬁgﬁ 80 RIFLTALTER Lo linTeang badlduLHuIaITULAY
I Zn(CH;C00),2H,0 ANMNTNTUYINAL 0.05 luaTuaz HOCH,CH,OH azanelu
Ethanol mumsa:mﬂlﬁLﬁuLf:aLﬁmﬁuuéhﬁﬁvlﬂLLauﬁaﬁqm%Qﬁ 550 BIFLTALTER
win2 galus  vmase Aladlu zno lawld  glass nurinsassy msaadude
Zn(NO,),6H,0 anuiduty 0.01 Tuand  waz CoHiN, waz AICK azansluwindaann
doau LLE\T’M’IVMN"Iuﬂi:‘i_l’mﬂﬁa:mEla’li‘ﬁlqm%{]ﬁ@%’] 'ﬁ'qmwgﬁ 80 BIFNLTALTUE Wt 2
2 lus 1 AZO Aldludsdrnsindnandaan LLﬁlaUﬁQMﬁQﬁ 50 9FLTRLTER Wk
30wl AnwsnumeAuiwes  Zno dundpIanyIABIanaTan ( Flied Emission
Scanning Electron Microscope: FE-SEM) Uiﬁﬂg’i’] ZnO ﬁgmmuﬁa‘ﬁlqm%ﬂﬁ 550 23N
waTus win 2 Tala Zno fizds191lu nanowire ATALATIRII ZnO waz AZO @ae
98N (X-ray diffraction: XRD) 91N ZnOuazAZO filasiasnsHexagonal @AnwN
Qmawﬁam‘ig}ﬂﬂﬁuummad ZnO Uaz AZO @28 UV-vis spectrophotometer ‘]Jng]’J"]
Zn0 serauuas I wr29aN8IA AR 400-700 wilwuas
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luda.a.2012 &7 18nes Ls‘fiml,a:ﬂmz(15)"L@Tﬁm:nm§ﬂgﬂ AZO lasidalulasiauas
lulu AZO dronszuiums anwiawrildmazing Uan  AZO 9N AI(NO,);-9H,0uAe
Zn(CH5C00),-2H,0 AN 50 Aadluans adluansazansianuea saaIw Al:Zn
WinNU 1.5%  hansazang lEunszuaums anusauinlimssaine laslsnszanalatl
Lﬂul,wimaa%'uﬁqmwgﬁ 100 DIAITALTHE W1 1 Talu9 RasaNTwn AZO Al ldaud
QoWnNE 350 BIALTALTHE W% 2 Falu9  1@3uy  AZO:N 90 Zn(NO,),6H,0 uaz
AINO,)5-9H,0asluasazans HMTA wudu 25 dadluans waz NaoH 28% aaman
AlZn  WAU15  at%  lfauawasiIwirniasty iasaranafinauieud i
ATTUIBNIANNTaU A FTITIAY ‘ﬁ'qm'ﬁgﬁ g0aseaaLTus win 24 Talug i AZO
Alallelddssanueauazindnaanseawihliudisamelulasaunaianiwi
AZO'lﬂLLauﬁaﬁqmﬁQﬁ 500 D9ALTAEDE WIK2 2189 SAT1ERlATNANTESITENS
(X-ray diffraction: XRD) U31ng31 AZO #ilassasntiln Hexagonal ST AN =N
AZO (AZO:N(7) W82 (AZO:Ngg) WU AZO fanunm 2.22 lulasiuas (AZO:N )8
anurw 3.911ulasuasuas  (AZO:Ngg) danunun 6.53 lulasuas ANAIAL
"imﬁ:ﬁqmauu’”ﬁmavlw&w WU N8u AZO fanudunmuyinny 1.82x10" lawu uas
(AZO:Ng ) HAMNFIUNTIULYINAL 9.58x10" lawy

Tuda.a.2013 %128 Auazame ldfnmguant@nmausuazlasiainses
ZnO I@slﬂ@ﬂZnOmﬂm:mumimmumiﬁqmﬂn“ﬁ@‘%w lrganawduuniusassy 1oy
G9duAa Zn(CH,CO0),2H,0ua82CeHp N azaneluwinnawlianudutwringy 0.01Tuas
ﬁﬁvlﬂmuﬂs:mumsa:mﬂmsﬁqmwgﬁ@‘h ﬁqmﬁgﬁ 95 aseTaEEE MYIsetiuL
Fuwaandn 4 Fuaulasdunui 1 Uan ZnO aduwn SiiZnO ‘ﬁ'qmmgﬁ 95 93¢
LERLTER Wt 1°ﬁ;’JIm %ud’]u‘ﬁl 2 ﬂ@ﬂ ZnO @78 Atomic layer deposition muu%mm%u
USN TWINUA 3 INTUINUA 2 VIJJmuﬂi:mumia:mﬁmiﬁ'qmmﬁ@%’]ﬁqmﬁnﬂﬁ 95 93¢
IO W% 4 5109 Tuud 4 1an ZnO asuw SilZnO ﬁ'qmﬂgﬁ 95 I TALTLE
Wi 5l dnngiudaSouiiouiunui 1 AUTwnud 4 Suaud 4 Sidudm
audnaayiny 40 wluiwas Iummzﬁ"'f;umuﬁ1ﬁL§uN1uﬂuﬁﬂaﬁaLﬁ'}ﬂ°u 10 W lwiuas
ezl alSHUREUT W UA 2 TUTIUR 3ﬂswng’j’1°‘§umuﬁ 2 S uaudnanayiny

103 W lLUAT LAZTUITUN 3 ﬁLﬁumuquﬁﬂmaLmﬁb 23 WIIWLUAT AR
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I A 4 a o '3 o oo A
A7 1 ﬂ']f!‘L‘LE‘EI‘LILWHUﬂW?@?WQIﬂ?\?@?’T\?“HH’Tﬂu’]cl:uﬂ.lfﬂ\'isﬁﬂﬂ’ﬂ‘ﬂﬂisﬁﬂ Tmﬂﬂmzum@muj
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' aa N 'Y 'Y
— & o 152023 zZn: A0N17 qm%{I‘N L1381 aﬂ‘.lsl'mgfﬂi\‘l anywe
R ana J095U | HMTA | 1@S5aa 0 5 '
e . °c) (hr) #3719 31919
(Ananan)
Zn(NO,), 6H,0
Shinhoo Kang CeH1Ny glass 1:1 hydrothermal 70 0C 20 Nanorod
LRLATE2009 AI(NO,),+ 9H,0
Distilled water
Zn(NO,),» 6H,0 Si 1:1 hydrothermal 100 OC 4 Whisker
Dan Wanguaeawe AI(NO;),+ 9H,0
2009 NaoH
Distilled water
Zn(NO,), 6H,0 glass 1:1 Aqueous 80 %c 2 Nanowire
Eskandari UWaeamwe CgHyoN,
2010 Al Cl,6H,0
Distilled water
Zn(NO,),» 6H,0 ITO 1:1 Aqueous 90 OC 10 Nanotube
Ki Woong Chae CgHyoN,
WacAWE2010 Distilled water
Zn(NO3),» 6H,0
Q.X. Xia hazae AI(NO;), 9H,0 1:1 hydrothermal 90 0C 24 Nanorod
2012 Zn(CH,C00),-2H,0 Stainless
CeHiaNy
Distilled water
Won Jae Lee Zn(CH3C00),:2H,0
uazAMe2013 CgHiaNy Si 11 Aqueous 95 0C 5 Nanorod

Distilled water
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25 NITANRHITWIVY

g , = & ad a A & & o
ELuu“nm:ﬂmamqﬂmmuamﬁmnmwmﬂaaﬂ"lfm AHNITUIRNNTAZANEY

miﬁqnm{]ﬁ@h I@] BNTUUTANA NN UTUUALLIRUNDAN 1 LLN&?L@?WzﬁNNﬂ’]‘ELaUIWD AN

a €6 & A o ] v a ' A A o a o ~
smﬂaaﬂ"lm@ ‘Y]VL@]%’]ﬂﬂ’liLLlliﬂ’Wl’JLLﬂi@\ﬁﬂﬂ’]’) mwmaumsmmummwa"lﬂu

1. §13LaRN 1T Iwn1Inaass

1.
2.
3.
4.
5.

Tl TaLanae laiase (Zn(NOs)y6H,0)
LaNTELNN AW AN TZLadn (CeHqoN, )
lololwsRawaanagas (CsHgO)
l@NaLaanagas (C,HgO)
isendaan (Deionized water: DI)

2. ginsatilalunimaaas

1.

9.

10.
11.

fnnasaua 250 Jadluans 100 Jadluans uaz 50 Jadluans

2. qaﬁamumuvﬁuﬂa
3. azgiiiinuwand

4. ToOUANRIT

5.
6
7
8

wilnmgyIne

. WILNRANEIRTUNINRIT
. AUNN

LONLEBANNITON

leau twnn
AANAINTU
QUu

LAIDITININDR ANNAZLALA 0.001 AN

3. ADTWNALBBITWIY

MAATNENT AUSANLIANTNT WAIINLIRLATUATINT 136



4. PRADWNITANBBNITNARDY

ae X o = A & & \ o Ada
nwittlidainsfnsinislavesdadenn lodunususasiunoyniaes
Aa 6 6 v ] 6 L a A a ] . .
Fefoanlodma iduugudnans liiiin 50 wiluiwas wiai3undn seed zinc  oxide
NIENUBYUBLHKIBITUTANEU @”@ﬁfuﬁauﬁﬂmiﬂgns}?ﬁaaﬂvlm@ﬂﬁﬁiﬂsoa%”nouﬁIuLums
2R v A a . . ' A Y] '
LUULEND INWaaIdaIaN1ILeS 8N seed zinc oxide fiaw G939 lananasia b
4.1 n1svaTuNseed zinc oxideUWLLHWIAITUTANDW
seed zinc oxide Qﬂm’%ywmmmaﬁuéﬁﬁﬂammmﬁumuguﬁﬂma 4 97 a9
Patareasy lagnauriiniTafaudasrinanuszanaunnsassudanaweslalalnina
& o N> Y A o & dl a v Aa & =
uwaanazadaiumIugliwu 1 Hrluaiadianylalasaniveuiionadiaagnfia aniud
fb’]@J’]Lﬂ’]LLﬁdﬁ"JULLﬁavLuIGISL%uLﬁEIVLdBJ%LLazﬁ’llﬁwL&iLﬁ@ﬂi’m WK WIDITUTRNaWN

fzanauad lUinRal seed zinc oxide a28ARUALAaTINElGITaw lUNTLARALAIT

Q _3
ANNAUUUZLARAL 5 X 10" Torr
a 23 6
aNNT IanAFa1snaw 10 sccm
NI IMaLAFaanglan 25 sccm
AN M lwANIIaRaY 20 wN
fadinn (DC) 150 106

1ia'le seed zinc oxide LLHKIAITUTANAWULAL ATANGalRRAUIA 1 X 1

ANTILTIALNGT LLéz”a'ﬁnvl,iJLﬁuvl,ﬂug?muqumm%u

{ a ¢ 6 [
4.2 msm‘%mamsazmﬂ‘ﬁiﬁ%ﬂﬁﬂgnmﬂaanlsﬁmmumfumm
lumuﬁﬁ'ﬂﬁg@hLﬁumﬁﬁ'ﬂaﬂﬁ]ﬁw%wamaom'mLﬂT&Jﬁumaamsa:maﬁﬁwa@ia
A ¢ vt o o & o o A= )
NILAT0ITIAR 0N M@ AN LATIRTIULUULENTE I NUoa aItlwAITaRdsVanNs1Ins Y
. . 4 = ° [ v @ A o
138971981382a18 (Dilution) T9AAa NIV IRANUTNTUVBIFNTAZALAARIIALNTLANA?
ﬁﬁa:mw%aa@éﬁgﬂa:mmao nIlwnIeaadlsznaudas é’agﬂa:mml,a:ﬁaﬁm:mﬂ
@‘ﬁgﬂa:mﬂ Aaged atatanaslaiasa (Zn(NO;)»6H,0) Uz LENTEIUAFAWAAT =1adiu
(CeH1oN,  #38 HMTA) uazaavinazans fa idsaandeau (Deionized water : DI )
Lﬁﬂdﬁ]ﬂﬂé’agﬂazmﬂﬂszﬂauﬁ’ssl Fadlularaianazlaasa  (Zn(NO,),-6H,0) Way LanD:
aa = ‘ﬁ! U a o U dl [ a v o =
WARKLAATL 18T (CeH N, TG aIdaaTaEIunmuIzaNnh uIduazyinmaasou
(Zn(NO3),-6H,0) ¢ia HMTA uuu 1 da 1 (1:1) lagyinmsiasauaats

24



1. LTNRIIAZANY Zn(NO,),6H,0 waz HMTAlARaMuiutwvinnuia
0.05 Twand annsiufisnansazanarisgasannanin v lwle zn(NO,),6H,0 da HMTA
WUy 1:1

2. ﬁ’wmma‘hmun%’maaé’agﬂa:mﬂ AUWIHITUIBNUIAVDY Zn(NO;),6H,0 21N
g
9

RUN1I N = %az‘léf 5x10°° :ﬁ =1.49 NTUUAZE WIS IWINUINVY  CgHpuN, 20

UMIN =% a2l 5x10°=-2 —0.7 n3u

3. Tag NN wImlauaziasonazasluihUsandesn wivi lkansazans
v v o . P o v A
\duiitaideanudiomsshdu hot plate wazasganndLin 60 asroaifos wiaulauris
= ) A = ' A ' @ o A A

waindnnumlinyuiianuii 50 seudawfl ddesliaunsziaduiiiadion

4. Favnsansarangldlaanudndwyinny 0.5 Jadluans 1 Jadluans 5 Jadly
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(Field Emission Scanning Electron Microscopy : FESEM)
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