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ABSTRACT

In this work, we focused on the different methods to produce zinc oxide (ZnO)
nanoparticles by co-precipitation and sonochemistry method. To improve ZnO nanoparticle
properties, boron (B) and fluorine (F) atoms as doping materials were loaded with different
concentration ratios in rage of 0-9 mol%. Zinc nitrate solution was chosen as Zn precursor and
interacted with ammonium hydroxide base-solution to obtain white colloidal solution.
Crystallinity and crystallite size of ZnO product were analyzed by X-ray diffraction (XRD)
technique and Scherrer’s equation. Optical and electrical properties were characterized by
UV-Visible spectroscopy and four point probe technigue. ZnO morphologies and element
chemical composition were monitored by scanning electron microscopy (SEM) and energy
dispersive X-ray spectroscopy (EDX). XRD patterns of B-doped and F-doped in ZnO
synthesized by both methods are in pure hexagonal structure according to ZnO XRD pattern.
Meanwhile, the increase of dopant concentration is insignificant shifted on ZnO peak pattern.
ZnO morphology synthesized by co-precipitation methed is formed in rod-like structure with
increasing rod length by loading B and F dopant. In sonochemistry method, ZnO product is in
spherical aggregated nanoparticles due to high energy from sono-probe. The interstitial
substitution of B and F atom in ZnO structure leads to increasing crystallite size by the effect
of ionic radius. The optimized condition in optical and electrical properties of B and F doped
ZnO is obtained by co-precipitation method because of rod-like shape. Especially, the
decrease of bandgap energy and resistivity is obviously occurred in F doping. In case of B
doping, high resistivity is obtained by the effect of the formation of barrier in material due to

high B content,

Keywords : Zinc oxide, Boron, Fluorine, Co-precipitation, Sonochemistry.
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anuiiniuazimeluladiiiertesiunisinionianlnidundinuvesaneenlesshlih M-zn-0
(M=F, 8) Tuguuvuraslassadrsssiuunlufenssuiunsleamataufunssuiunisaaudes sau
wlatavannis 33013 Muvsuartiafeiiiivanssudansdaanesiianiio il FautFfanzausdo
msluUszgndldnumsaUseasdildnanlu Tnswaidowuaziauelunsifiuinanulunsas
waznsulELarNaIUMSITINITAMSUENAnwI sEAUUS Y e wazIn/len YuzlAeAugIaNIsou
wumMsarasrau SluiioldlunisiauUssaviamuestanliaty Sussdilugnsussynalsl
awgnanniy TnefnguidhmneAenguinifouasinui faniundsnu lunudduilfiingme
ununsAdunsdamsed 1.1 fad
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M19199 1.1 @139 UNITATLULIIUIY

9

AvNTIU

n.A.

" sA

ua.

n.w.

Ly

n.A

. | NA.

d.a.

n.e.

2560

ANYINISLASHUATITAIDEIE FILNTEUIUNS
Toaaswdunssuiunmsndudey ngeTan
GRFIGH

2560-
2561

wisnTanurludiisivasianeenlediilniy
M-(Zn-O (M=F, B) leenszuiunisleaiaa
fufunsEUINNSAAWEY nSaufufnusa
wUsTilnansenusodnwuslasiasicuay
JUs9083aR 19U BaInsduns 1z gungdl
yinansiaaslunisnesm

2561

Anwiauuanidlaseadng autdnialwdia
auUfvIuas FuguIve) wasnTiA Iz
WBaanyesaisiesoule

2561

Anwiaudululalunisussgnaldyand
wisulaniefiundnu Wy Yaginiy
wi1u Yagdmdvdudlestunasasviouly
waduAe1Re LUusu

2561

WIHUSIHIUINY UNAHIBINTG

&l ' ar a o
1.5 Uselevinaindinazlasuainauiae

151 Whlaflandnnisuazdsnisduaseiianuiluiiiaivesianeenleduilnwi M-Zn-0
(M=F, B) InNs2 U2 UM SIaias 3uiunsEuIun1sAauLEss

= wa Y [ wa vad o o 1% a «

1.5.2 ny1ufisanividlaseadne gusne audiinnelni uazaudFduniieidesvesianoenlad

1Y M-Zn-0 (M=F, B) Taens£uiunis lwaiaasuiunssuIunIsnautdss

1.5.3 ansansivisiulsuastadedddy lumsindoudaauiluiifdvasianeentasi

WA M-Zn-0 (M=F, B) TnunszuiunsloaaasiuiunssuIun1snaudEss

154 awnsodrianfiwsonliidutaglmihluldnuiundinu wu Wuesduaseniing

wazTaniniundany

1.5.5 linanuddonlsafuinouninanmilunnsasinnsseiuununi sausinisitaue
a3 TnsluLaEiaUTEme

1.5.6 emovennudivadams 4 uasiininwensdseliiuynainsgulm dWelidaug
arwannsolun1site Favdumhddfylunstaunimdinemaniuasmeiulad

289UTENA
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2.1 lassadauaznszurunsdaunsiziianuily

Sanuazlansairounludnduiaquarinssaiafidszuulifs (Low-dimensional  system)
idasmniidmisnenmuesianuarliasaunludinsnififes ool indsdiafignirfasewing 1
fla 100 wiluimsiviny msfinuniagdanandwmalisinnseuinginssunisindeuiinigluan
uazlassaaulunndnsluanmsindeuiivesdidnaseunsluianriaieatfuuaiouialug)

Jaquarlassahsniluanunsoduunla 4 szuu muddanmameniwsauanslugy 2.1 laun

1) 'ﬁ:vuﬂuéﬁﬁ (Zero-dimensional (0OD) system)

Faquarlprssairaunlufigndiuunluszuuiesiififmenionimia 3 87 sewing 1-100
ulums fedatu ayniededoanleduarlvmfvueenledifsusadunsinay (Nanooarticle)
Wiy

2) 5£UUMEAR (One-dimensional (1D) system)

Fanuazlaseaefigniuunlussuunieddduiagwielassadefidfiivmanieninans
IRvTvunsening 1-100 wiluaes drwdnwiaiafioualugnit 100 uiluiues TnedRfidvuelng
o19veflvunnszdululasiunsudaiadang Medlasadnfiiduguwuundadd wu usunly
(Nanorod) aau1lu (Nanowire) wazviauiluy (Nanotube) iusu lnsaauiluuasviaunuilvunaidu
HIUANINA19TEUINY 1-100 WILLUAT KATEAIINETITEIAIAVEEYIBNINNTT 100 unluiums Taquas
Tassatslussuunidafinnuduiusseninednsdunnuemseidusiiugudnats (Aspect ratio)
aU3TALIY m‘sLﬁﬂgﬂ‘mLLUU'Lmﬂu’ummsnﬁwuwls’w’aaﬁaﬂsﬁ'ﬂmné’m’]mummmmmﬁumu
aAudnans frdnsidruanupnseduinurudnaann Jagvdslasiaieiiintuiisuisonniady
mnulunsovisuilusnnnitfiszduuisuly

3) syuudasild (Two-dimension (2D) system)
Tanuarlasiadaiigndunlussuvassdfdulpsaadaidifivanionwie w s

o e '

WintufignInAnauiasening 1-100 wiluwes drudnaesdfnvdelivuialugnii 100 wluwwms

v

@ =

Medraingiignuunlvszuvanslid wu Wduusuilu sy
4) sruvauiia (Three-dimension (3D) system)
Hulassadaiilsififimnmslagninfelifeglussivunlumns o19gmnofisnisiilaseadn
lugduvu 0 T 1 fdvse 2 88 wswiudutaguuslvgiifvuneglussduunlasuns Su udn

Asasa (Polycrystals)



. A £ 3
Comerishp |l Coanial Graphene-based uture 3.0
MNanagsartic e R anawires Carnposite Heteroqenesss
Nanosteud tunes

ee
W

pt ]
=D
=

- o W aa aa as
JUN 2.1 sUsedanluseduulu 0 98 1 97 2 57 ua

dunszurumamivaiedaeneitanuiluniesynaulugnimunegseidouiio
wssuayniaviatandeg Wldvuiamuisiomis mawSeuiaquilunieeyneunluamnsadiuun
18 2 wuavnandn 18un nsEurunN1saINULaEs (Top-down approach) WagnsEUIUNTSI~NENTY
UU (Bottom-up approach)

- NSPUIUNITIINUVUEEN
mawssuiaguiluvisayniauiiusienszuiumsanuuasainunseurunsinld
Yapidvuwislnauenoenifuiudng wionareifusynefifvueluszdvulumnsdmivizns
wisnounAuluiidedldiussnaniisuns Wun nisuasssus (Conventional ball milling) uay
NMSUAMEWAINUGY (High energy ball milling)
- NSPUALMIIINENTUUY
m-5Lm”%au*?a@miw%aumﬂuﬂuﬁaﬂnizmunﬁmrwéwa’fwuLflum'sﬁﬂﬁi'aq‘fiﬁ
guadng Tussfuaymenvdeluananudiiunaisifuianuisauniavuinlvg 3EAdedldinion
AUYNIAUIY LU NTTUIUNISLYR-198 (Sol-gel) nsvurunislelasinesuaa (Hydrothermal) n1s
mnaznau (Precipitation) wavnszuaunisleluadl (Sonochemical) ludu lnensiniouiaguily
v3eoun 1ALl IENSEUIUNIINUNAIEMAENTEUINNTIINE N TNULELT TngU syasdiavils
synmadsuindnasluszdvunluwesuaynunwgslaomludnuuresoyniaiidesnisi dnwue
csmqﬁaﬁ
1) sunespsiivuIadnndy 100 wiluwns
2) synadisdinisnsgnoiadiae
3) aynnAfasiisUT LAY UNTIMATIAdnmEouiy
a) ayneiiesdusznoumaeiinaslasssrmdndviloudu
5) synARaIliTINAINY

Tusrsnudazifunisduasisnianluseduunluiuesmenszuiunisana ety 3svelv
Aodueiinetpaiunsidaudwmalud



- FBnnsleaas (Sol-gel method)

mswibvansazansleanasnduniseiouasansidesnisuarnmulidiulasliindosniu
aswdeudiliaudeuiiiotsrlfansuanduaninnssasuduiusy Welwduansilainud
Fo1n13 eidasazansleanatiiduneuluniswieuasilidaen awnsavinlussuuilldssuy
aquaunalel aﬁmsmmuﬂml%uwmnm%amsl,gaﬂaﬁﬁunuﬁwLﬁam'%'U:Jam‘%‘au%aa%ﬁmﬂﬁﬂﬁﬁwms
fiesuldifuansdsduluniseiouiiduunsen i msvyuieday Msguefiou wazn1swulAioy
Husu wiaduansirulunisdaanedliegluguvomamisoymalusyiuidniifiauadianens
Taswasnalddnsan Taouiisernszurunslea-aaluduseusins q wasndndnsiannnssuiunsiea

auandluguit 2.2

Ugﬂia’ma'mm’lunivmums‘[ﬁammlsuna'ulﬂma 3 Ujisenitddny fe UfATenlelasla
Fad (Hydrolysis) Ugnimmimuuuwaqm (Water condensation) uay UFATEINIsAIUIUNTDY
woanages (Alcohol condensation) fsaun1si 2.1 - 2.3

2 2 ol o o
Ny
[\ \\ \ \ \I

At B sl

BT EUE
S

5Ufl 2.2 Bawseuansarareieitansaraeluaiag

Uiiselalaslada: M —-0-R +H,0 -M—0OH +R—-0H (2.1)
ﬂiﬁ%mmimuuﬂwaaﬁw: M—-0OH+0H-M->M-0-M+ H,0 (22)
Uifseanmsmuiuunes: M—0—-R+0OH-M->M—-0-M+ R—0H (23)
weanosod

& v o a0 w oA 1 a aqq o o ' =1
mnaumi%mulmmf]ﬁ)%wmmywawamanﬁmmjg] 381 UuAe ArAulunsa-lua

m’lt‘iﬁﬂﬂﬂ‘iﬂﬂ EJG]S’]ﬁ')'Ui‘“WJ’Wdu’WLLa“ﬂ’liﬂﬂtﬂ‘u el e EJfLJHﬂLI m\‘luuluﬁﬂﬂ’.’luLLﬁuNE]UvL‘UVlI.LF"Iﬂ'FI'Nﬂ‘I.J
ﬂzﬂﬂmamaiﬂ‘iﬂﬁ'ﬁﬂLLﬁxﬂMUW%@QWﬁ%ﬂﬂJWVILLWﬂﬁ’Nﬂ‘u (6]



- AILVIUNIIANAENBU (Precipitation) [7]
nsannznauvssnaufsvesdeiiluouneluasaraefifnufitenedl synavowded
sranasiua AL sl AR susnfusTu i sarasuarve s deii fu
DUNA LU A1TALAIUADARDYS PmeYNATEIRzNauIluaYfuA AN luNsAYANL VDA

Fadu gamgd Anududuresarsanussfin (Surfactant) uardnsdiufiansanusaiiiiiagnuanly
ansarals arnpuAniuIINNTEUIUMsTandledy (Nucleation) wasleasu GE LT ELIMGT RHY
sy daduiaadle (Nucle) uaziflofindlalnaznaifunguiow (Clusten) wagsamiuduoynin
fidunsmnmgneudu nsmnagnewthlgisnsdunssieouniafidendn msmnmeneusau (Co-
precipitation) Fwansluaunisi 2.4

msanagnausdunsruunsilAnanaisuseneusufiinnnimilaedadionisus ndaves
ansUsEnouLduAnnisnsTsiuldduansusenausiialwdifalamanis iin durawdaas
Sninaduvonvan duguluaunisii 2.5 sufiuiniinsnavansussneufinannimidwiadndieiu
Ao tan(l) lumsn (PHINO.).) warlzifioulalelas (Nal Waanisuandiuarsindaiuvesleosuarls
nanSusmdurzneuvadefie el lololad (Pbly) waslsfonlumsm (NaNo,) Miduaisazane
9INNSTUINNIANAENDUS ITLArAnnsa U PN TRvesaslslasnsildAss milulaseaing
wanlagluviliAnnsdsuasmadlesiaiiamdndionssuauniside aslessufivinannisdou
srannsonluunsnrisunuiidhundsasdnlulassasrswmdnleannnssuinmsiiaduineilouasd
nssmfunarsluouniefiurewdsfesznou lnslunuidoildininielusounazsgoniu
el luwuiisumimedfuazeandiauludsdoanieduanin

AUNTUARINITAANIIANAZNBUTIN

ABag + CDag — ADug + CBug (2.4)
WU NIRNAENDUTDIANTALAEALN?

PBINOs); o + 2Nal gy~ Pbl, (, + 2NaNOs g (2.5)



- nszuaunsloluedl (Sonochemistry)

: ':: 74 Time |
-
=
i r
- = ::i)))
i ¥y
! chermcal effects
TH 2] kM
' | 1 i
Fermation of Growth of Unstable size Coliapse of
the butible e bubble of the bubibie the bubble
SE———— | .

JUN 2.3 nsifinuazaaieveaaioinaniindy Weeiuwiedeuntoudinig [8]

nszvaunsleluedl Aa nsyurunisiifindfisemnaeiiuasnanaainnisiindsnuedumile
\des (Ultrasonic) wiszuu vitldaisaranggnnssiuadruaneiiinidurosinmeseinianisly
a1savany wadlemsludanarpatefivanduvilaidsuniountiudinalsvaanaidnesainie

gL AR undI Ut un8luY 99771900 D391N 1AV LN 991N 1ALAANISVBIURIDINLSIAULAL AR

v

ndufigauinisuansenduusingnisaifidunidt srgafin mAmdu (Acoustic Cavitation) @4

wansluzud 2.3 lnonszurumsleluaiildunszuiunisianuisonivauanudundnlalunis
duaswilasadnedyguvadaveuarlanedaased n1sldnszuiunislelualifudiainaiuar

529457 [9]

aunskaninsiialgluwail

H,0 > H+O0H (2.6)
He@ — b
HOZ. + HOQ. —ﬁ Hzoz + ()2 (28)
csa @ e g93u (Ultrasonic horn) Sianwuzidueis

nszviunsleluailldpunsaifiiunit dansn
uawiialnsu (Probe)  filvmdsaugaiugunsaifliwasudyyundulasldsansledanuain
o3 (Ultrasonic Transducers) uagviliiianasnuezaaain (Acoustic eneray) WIUEINA14T
Wuveamasuantlusuit 2.4 msldnuvessansilstia seduiiey 2 uuv [10] Ao

1. ABuNUTUUBA 893U (Conventional hor) WugUnuuilliveaaslussivainakemeans W
Ausunagavosnaumnieidssiiguaslvmdsnuiligannainnsiivaresesuiivunadn daduns
$fvinuremsina ey

2. usiwaa ga3u (Barbell horn) Lﬁugﬂwuﬁﬁmmmaqﬂawaaéu'(mani']LLUUﬂaULau%"uuaa

goiu Weltlugramnssu warlirweundyavasnduivilerdosfianaslinasuiigs



High Voltage
High Freguency
Power Supply

___ Piezoelectric
Transducers

- Titanium Horn
Collar & O-Rings

Gas Inlet/Outiet

Glass Cell

] Reaction
Solution

JUfi2.4 sUuvurenaiasleluiad uuudansilelia sesuninsldauuuuiiieledidnnin

(Piezoelectric) [11]

2.2 auvRvosdeAoanlyd

Fedponlad (Zinc oxide; Zn0) wialufifinluum “mailud”  Fudunwdiudlusn
HusmsssuminnauusaisTelud (Smithsonite) Gedponladansiiddnumydundun biaranei
Lifindu wraluiana 81.38 nfudalua AUMLILAIY 5.6 NSuADgNUIARLTURILAS JANABIIMAY
1,975 aeriwaidea gnidion 2,360 ssAnwaildea Juauwdnudosiainiy 3.4 Bidnaseuliad
(eV) duilvinin 2.0041 [12-13) Fedpaniadifuansilédusuunii3e (Anti-bacteria) laifianuidy
flvsesiine uenanauuaiieudfmietesiunassudinisulnsaduouni 5o domanad
§ei-eanlendudunilslumsiiddylunsidusndunueiite sefundusulifisuszass Snady

(A)

JU# 2.5 Tassasawdinueadsdoanlen (n) Galed (1) wEnINGe ua () Fadluau [14-16]
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annsodeaiuisddanslilowmalugi UV-A uay UV-B Tumstagmanidedoanleddniniuaisis
shUssinvdu Slasesamanuuudnlen (Wurtzite) wdninda (Rocksalt) uagfsAiuau (Zincblend)
Fa3udl 2.5 Lﬁ'aagiugﬂawﬁaﬁaﬁw%aﬁaaﬂlﬁﬁwﬁamiﬁwiu 919y Jaulfnzariuuaslan
WOUNSsuda LN SnsedoufivasdiansouR uazausowasls o gaumafivias Wuau Mg
audRiuimainsaindedeanlesdiuilduniadiudiaansaidngd a1figu P2 lwialussuas

s udamaiviananuns uazlaloaauas
2.3 lusau
Tuseu (Boron) Wusaieillunisnesn Aildydnuaifie B warliavoznoudu 5 laodusig

s

Tuny® 3 lums19s1g Fedalusmislane luseudnwuinnluusveusnd uazdl 2 lolelny dvas

v
a6 ala o W

Tusouwuvedyguasiifhniauazuuuusmanazddn duandlugui 2.6 Taudinismonmuay
lelelnuvassnlusounandlunisied 2.1 uar 22 siglusewdulanefiudann uddagluguves
Tuseuviandasinuiuszann nisiliihveslusoutuasirlwib liflugumgiivies shinudy
swmdasrlusssuyd drlvgjazeylugvesansysenevaenlenuazansuseneuislas

SUN 2.6 AnvnevnamMenmuessigluseu [17)

= ases
M990 2.1 dUUANTEN b’ﬂ"ﬁ‘\l“di]\‘IIUSQU

audAnIenIEnIW Anfidonndas
vhwinozney 10.811 amu
AVIRDILNR 2300°C
015100 2550°C
ATUAUIULY 2.3¢ ¢/cm’
Fmillooou 41 pm
lauDanTATuY +3




11

A191e7 2.2 lalslvuvassigluseu

Isotope ‘ Atomic mass | Natural abundance (%)
8 10.013 19.9
B | 11.009 80.1
Uslewivaisinluseu

1) levinlanziIadwmsunisidauniae

2) Wumgeisseulumunsaifndes Womuauuiiseiaedes
3) dulsvestuseuldnaniulave yildlavestmumilonty

8) Juarsfisiai (Semiconductor)

5) Mnauludamdiiuesa

6) wanilulaveidofldau u gamgiige

7) wAnp3aiIveassfiSenii Borocilicated glass

2.4 Wgeaiu

Wgee3u (Fluorine) usminilussests Alidydnualilu F waviiavessemiy 9 laeilu
swlumy 7 SneseglusUvesufaduuandlusud 2.7 faudinenienimaenndesfiunsied 2.3
fofuelavsuasdusaiiiuniian finwuldenisifiaufAsensavian vililinurgesiusudasslu
sssufusvsnuaglugunigeslsaiiuszaau nevgeslsdlossu (F-) Sallvurnlessulndifestiule
asonladlessu (OH™) Fufnazunuiifuldiluiisn vigeadunuunuudenlanluguveadufiie
\d08 (Halogen) HAwdnssou iHufwilraufdse uatliamisogneandleglmduuszquanls
wgeaiuiirudunsigs Jslinsdudalaorsadodldnmusitaindntasiumssilva rgeeiuee
wuldlusnerass wu nsegnuarily uiavegludnunzvssmsnaniizondn Waeelss (Fluoride)

31.|ﬁ 2.7 dnwueINen eI Iaviaeeu (18]
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= wa =
AN319N 2.3 FUUANNY ﬂ'lUﬂ']W‘UEN‘V‘JQE]E]EU

ANUANIINIBATN AfisanAdos
dwinezney 18.998 amu
UADULVAD -219.62 °C

LN -188.14 °C
AU 1.108 g/cm’
Smillooou 134 pm

laUoangLaTu -1

Uselewivaisignganiy
1) exmeugeoiuLarlianangeesugnlyd@miumsiwatattends (Plasma etching) lu

NSHARELADURNADS
2) Talunmsednnarafnyivunsalasn iy wvasu
3) Waeelingnuaandluendiu ioUeeiuiluy

2.5 NINUNIUITIUNTTY

nnNsAnwuitensduaseniamitliinlusiuas (Transparent  Conducting Oxide:
T7C0O) TassaadifmdethluldnusundsnuludlagtuiiogunineatsUssinnuar Bnsdans s
Fulunddeifteldsivsunuidedug Alainsdnui3nsduesesy salufnshludssgndld
Waidunsinwduiudseneulunisinuided sawdsnnudululduazysslonilunislioun
Yanuarlasiadieiidesnisine fsnnsmuvauuraaifenuiinmeimun TCO Tassadeiifdniu
dhiliUseAvsnmdandiiuunty o1fiy

Chih-Min Lin waz Amg [19] laviimsideuasfnwimsduasisiianlvnilisylaoanlys
(titanium dioxide: TiO,) lagldnszuaunislelasmesuen evszundlluwaduaseiindaiinddoy
lauas Tasduanihguseshliih FTO ldaslundeufnsniuuummasu (Teflon reactoranifuiiia
ihuaenUsyq 30 Sadans a1saratsnsalelasnaosn (HCL aqueous solution) At 37%
30 Haddns waglvnilipudmenled (titanium butoxide) 0.5 fiaddns ausonisuivdaunsadlv
anufoudl 150 esawaidea iunan 6-20 Falue iflersuimuanaivinisdiegiusesiilalu
UaoauUsq wavueanosadvateats wdwhnsduiedaslulasiau vanduiharsitlaldaslunde
Ufnsal uawimisifulngdu (toluene) 10 fiaddns lnnulloudnenled 0.25-2.0 iaddns
aNsavanensAlelasAaesn (ALY 37% 1 daddns) lmilsuwmaaseaaslsn (TICW) 1 iaddns
Aty 1 Tuand Tulngdu smiulinusoudl 180 ssewadoa Wunan 2-3 Falus vinisdng
Tudasnuszquasueanssed ntutwansusidléinnd 450 ssmnwaBoa Wunan 1 42l ud
WnsUsenevwaduatofindednddonluadlagldddon N719 0.3 mMm vihnrsudediluian 24
Flus uarflansazarvdidninslan (electrolyte) Fudundnsusimnnisé@odn MPN-100 1osustv
Solaronix 311 Ussweaingasuaud nauiusivitavarsesdlalulng (acetonitrile) Tudnsndsu 1:2
wariinsidouunniidy (P uugiusesiu FTO Wutiliuevimed Misufl 2.8 waildwuide
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nandsildandulvidegleeonlesfdlasiadaduwia (TIO, nanorod) ﬁ’agﬂﬁ 2.9 Taewuin le
TiO2 nanorod HAAE LR UL dmaliA s AME A mwsaduatend i iulufe (3Uﬁ 2.10)
Frenadannnsilidesloenlesiidlasiaiaduus Wadmnuemnduilwlusuiudiunm
dtoulduniuse dwaliivimanszualiiilusgunsalifutu Seelvivseansnmueaead
wasenFindatule

Synthesisof Til) nanotices Dyeboading

Pt conted FTO glass

e coated TIO,
BanGH O AITAYVS in
l : X H L " Kelox dectroivie

JSSA J0 vonmaLIge

F1O glass

Multiple Growth of TiOy, Nanorods

AN E ilumination

U7 2.8 TasEsraeadiasafinenidlyudeslneanlesndlassadraduwnatuassdlseneu

Uil 2.9 mamisiessinedagningwesiagdunssilvmilieulaeenlednilasaiaduums
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5 —e—tampled 2 um |

e 17}

<

Current Density (A em®)
a

/

0 L gmrme—— -

L W% B e R Y wnp -
0 a2 0.4 0.6 0.8
Potential (V)

= a « | " w € ¢ & ¢ a ow o 8
JUT 2.10 namsissin v iunsudliiuazanumsdndvonsaduaenfindviiaddouly
Inmiflvuleeenleanilassairaduuadussdusenou u Feulunsdunszinig 9

PT1O'DEGH.O
\ mived solution

{CRT-0 05 M {RT.0 1M1 CRT-0 150
o v . o a & o v v W W
§‘L|‘VI 2.11 Iﬂ‘idﬂ‘i’ld"um TiO, mﬂﬂ‘zluimwmmwu"uu‘uaa PTO Lmﬂman‘uman‘sxmum‘ﬂa’lm—
WosNea

Wu-Qiang Wu way Ay [20] lavhnsanwuardaaszilvmuioulnoenlenlassasniedie
nsrupunTsienszuINNslalasmesuea et luustgndldiiudseavnwluwaduasefinduin
ﬁﬁamhumﬁagﬂﬁl 2.11 Teduannldasnasiy potassium titanium oxide oxalate dehydrate (PTO)
axawlmfwaamﬂizq 2.5 Uadans uazalsanuisisia diethylene glycol (DEG) 17.5 fiaddns u
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Wunat 30 widl anduhansararowargiusesimionlildluniaufnsal aindulianufoud
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FUATILNAINATUTNTUT DI TAIFUTUANFI Y

huaziemuoa mufemseisuiuinniniddlnensuniiguugil 520 swmueadea Wuian 30
wit e liliuiannd 80 ssrwalioa wahduihluugddeon N719 aududu 0.5 fadluans
Fanauiuiviaras acetonitrile/tertbutanol Tusmsndu 1:1 Tneusuns tnsugisliidunan 20
Falus doundshuvsenouduaduasaindlavil To, Wuthuelun wazdl Pt Judaviines
anihh msEnansavaudidelnsladlelolas (/) lugunsallnefvunitufivesiliduysrann 0.16
RITIUTURLLAT DINNITVABDINUIN msiﬁw%mm‘ua&aﬁﬁu’dﬁu PTO axiluaranisnednlu
Tassadrauisunluges TO, nefivdinaanududy 005 Tuans wlslassadsauysaivuuidy
nszuasmrsuluwsdefunuduturesasaaduminiu 0.1 uae 0.15 Tuand sxvilivunnvasuis
uluiansrudiivuelugdu suilinaeduwiunluldfinrududugign Sadudunadons
AATIERAIunIN SEM uay TEM @s3uil 212 uay 2.13 dunsindszaninmuousaduaeniing
sinddoulnanisidlasaineian TiO, ImULLaﬂalu'gUﬁ 2.18 wuin flefldy TiO, nanorod #islAany
wur 7 um nelditeuls PTO At 0.05 Tuans waduasoniindarlivssdniamit 6.43%
muldnsliuaienfingsianedt AM 15 UssAvsnmifintuanunsaesunsldannUSumunuiiini
Futuuazanuauisalunisnssduas fainondeulafomnsarlunisnesudulasessuaunly
Auttasit Tubtimtae waz atug [21] lovinisAnwlazdueszvdnoanlenlaseaiisvisuily
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w3tugusesdadunszanaila Coming 1737 Swunszuiunsdnsiisordlon wniuea way 1
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Tngldufalulasiou anduvinisedsuansaduiiornduiidy zno Tagldasararsansdafuves
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Taefidn pH iy 6.0-6.5 wdRsialilkAauARASend 90 ssmiwaidua Wunar 90 uni anduida
anseadu anhydrous  InCl Immﬂ?%amwmmmLfﬂ’ucﬁuagiﬁ 13 Wedduslashwmin il pH
Usvana 5 wieldifumsawiulumsida indium (In”) asly ZnO nanorod Tagitdu Zno asgniafou
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A5199 2.5 UsEansnnreieaduaieingyusenauain ZnO AUSHIuN509949 In inneiu

Indmum content jwitx} . [mA/cm?) Vo (V) FF [ %) %)
0 2.14 0.649 33.1 0.40
1 1.73 0.609 305 0.32
2 3.96 0.716 20.0 0.56
3 0.56 0.651 44 4 016

2 wWafidudlasiwmidn  JudeuleiivansautBmalwihillanwsiuiian Inevinlisgunsaiiina
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3ai 2.4

Ming Wei Wu wae [22] anzyinisnwinmsiiumnumunudusazauifiBinavosesgiidoy
Fuadly  Fadoonled Ing33msnaguuuudou (Hot isotatic pressing Waldifutharssadures
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MuLLTD AR SusLazaNT R uA mﬁmﬁmsﬁLazmﬁﬂ%qﬁaaﬂlsaﬁLLaamSLﬁaaqﬁLﬁw’[u%déaaﬂlﬁﬁﬁ
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3.1 asiAliuazaunin

3.1.1 @15l
- Fealunsaengelawsn (Zinc Nitrate Hexanhydrate : Zn(NO5),.6H,0)
- nsaleslalelwsiaueiin (Trisopropyl borate : CoH,,BOs)
- waululiauvgealss (Ammonium Fluoride : NHF)
- 1en1uoa (Ethanol : C,HsOH)
- wanludesulansenlen (Ammoniam Hydroxide : NH,OH)
- ﬁwaamﬂixg

3.1.2 gunsal
- p3aetiEns 3 fumus
_ et Wy Snunes nsvuenma
- widastiunuansTaglduvisusivin
- Insulwluail
- Yinonludd
- ‘waaﬁmﬁqaﬂiLﬁa‘lﬂiﬂumiﬁum%mmxﬂau
- indesdumisinznau
- glnesugadudiames
- pada
- @auANIaU
- AN
- ASAUA

3.2 Yupaunseiiue
3.2.1 M3AUATIENDUNIATIABRNLTARIBNTZUIUNTTANAZNDUTIN
nsiessuansazarslaslddedlumsaluansadurosdedosnleduararsazatansales
lolglwsfnvosmvSeuosluifiougoolsd duansdfuansido ffunouniswiondsl
1) vhnswautUsmanlesou 190 faddns uazioniuea 99.9 Wedldusd USuams 10 fadans
Wameiulaglduiausiwmdnlunisniuans
2) iharsaratgleniueaun 150 Haaans laderluasausunn 0.2 Tuans wazUSuiunisilense-
loslelelnsrvaisvsonouluidoungoalsawindu 1-9 luaosidud anturinstuniu
quasazawla  wdhnsuSulsunasansaratssiensiiuindulildaisarareUsuns
200 fiaddns arndurinistiuniuansazansegrweiiiesdrandastuniuanslagldun
wimdnuiian 10 uii
3) dhansazarsiiuiudiuisslude 2) uldnruziiiodmsunsiinisanasnousiu faenis.iu
arsavanswonludvulensenledasluaisararendoudunisduniudoudmdnaudien pH
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osapusliinfy udanldnaeaussyanaielilunsdumiswenouyiuns 30 iaddns
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3.3 MIIATIEVAN BT VBIAIBENS

3.3.1 nMsnsaadeulassainnindieiimaieauuvasieiiand

(X- ray diffractrometer; XRD)

yhnsasiaaeulasiaiiendnvesndnsneidedeanledfidaasizild nieutunsrvasulass
wEnvesHAnSusiviin1sdafesinluseuuariigesiusinsiiinseairmdniviisutudsdoanled
vidolifevdnnadsivurasiifiondaunguosuand tneiansieseiifidnene Gunddluudu
AnTgiiununiauiinITinTsidoiniosioresuTv Rigaku Su SmartLab duuandluzud 3.3 14
Cu Kq Wuundsinindsdidng ffmnuenedu 1500 Swansen Tulnan theta-2-theta fausis 20
f19 80 847N PIIAUALLBEA 0.02 B9
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JUM 3.3 1ATTIATIEVIATIETINENIBNSIE 1 ULTDIT deNg v IUTEY Rigaku 31 SMARTLAB

3.3.2 N5 IATSRAUFIUINERIendesgansAUBLanasauLUUdDINS 1A
(Field Emission Scanning electron microscope; FE-SEM)
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333 N193LAI1H9AUTENDUYBISINAILIATEY Energy  Dispersive  X-Ray

Spectroscopy (EDX)
N1sATIRdeveIAUITNevLAs UMY M lua T e A saliisuluns s eild lae
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334 mymnsiaudinisnssiduaiasnisasiouvauasdioeinias UV-Visible
Diffuse Reflectance Spectroscopy
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autFvnuasuesua U3 PerkinElmer $u LAMBDA 950 fauandlugud 3.6 lughsauenindu
faust 200 F9 800 wiluwwms Inshansiegnafiddnvusndunddlugiusesiuliifuuagiingzise
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e
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Visible Diffuse Reflectance Spectroscopy U8aU3EW PerkinElmer s:u LAMBDA 950
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3.3.5  maanaziduiAnsiiiivesianainnisiaaniwanuniunelniiaemaia
4 point probe
AsesvdevaLtRauEu Ul vesansieg i s S awnsavinlasaonis
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4 point probe fMELATBINBTBILTEN Jandel Ju SE no 82500

3.3.6 myiasizdRiUAnIsaNuiauldiihvasianainnisiasisidiemaia Laser
flash analysis
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4.1.1 wan1siasiaudilaseimdnvewdniusidedoonludiidadresinlusounas
WaoaTUIINNTTUIUNTAUATIERANNANDUSIY
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FZO 3mol%  FZO 5mol% FZO 7Tmol% FZO 9mol%
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4.1.2 NaNTAATIERANGIUINEIvRIHAR T TeAoenludi TeRausnTusauLATHgRaTY
NNTTUIUNSAILATIZUANAZNDUSTIY
N13ATIVADUANYAE NN ININYINIENADIYANTIAUDIANATOULUUADINTIATDIAYN A
ereanludiinisioreluseuludnsdiusiieg dauandluzud 4.3 Tusud 4.3(0) uae 4.3(v) Wunns
funspiounadsdeanledienssuiumsanagnausan aldnuusnsduguinendueynavss
nau (Spheres-likes structure) ﬁiiuﬁ?ﬁuiﬂaﬁ%uﬂﬂmaaayﬂﬁﬂﬂixw’im 143.3 unluluns Ehugﬂﬁ
a.3() uay 4.3) udugiveesdsdeenledfidoulaiiiedeluseu 1 luawedidud wWedins
Felusoudluvlidneuzveseynadideanlsdiudsunlasluidnuus duuisisiudasuiianiy
g1veaueUszna 507.2 uiluluas uargufl 4.3) wer 4.3@) Wudugruineiwesdedeonles
Foulviidemeluseu 5 lwawesidud WovhnsidelusoudnvluSadiuntuagyinlilean was
fduuimnivdeuisuiudunduadonanls (Flower-like structure) #ifinanuenivesusisfiusyann
701.0 uluins Felvunvosunadefeenledilnafuasnadosuruinvomdnilugiu WIRKE
Usgnaunisnasivasayniavisurisisdoanladdnenszuiunisanaznausantiunannsidedly
wsaiduansmasuinisusndalidudlessunaslumsalosavluasavans dwlaslelelnsiave-
svuandaliiuluseulossuluasazansmuaunisd 4.1 waswonluiilefnaufuifinisunndaidy
wenlufloulensunazlansenledlosouluaunisd 4.2 foarsazatededluinsauazaisazans
worlundleunauiussaunss 4.3 asilvddlossusiudaiulassenledlossuindunsnouvosded
leasonlesuanindelumsafiavaneh Tnedilsnsdunnuduiurasiuseusnniuildlussuuiia
Tuseuleesumniu TneTuseulossureuinziissuny (10-10) dwavhliderlessululusudedlens
anlasiissunu (0001) iﬁMWﬂﬁuﬁﬂiﬁLﬁmL?JuLwi»ﬂﬁma%uﬁqmugUﬁ 4.3 Falunszurunismnaznousau
th dloldndndusidugdlensenlediiiannnsuandusssumiuiilwiveslo sounuaunsi
4.3 wdieslimnufoudislalensenledlossusaniieliiinludsdennledsaunisd 4.4 (28] 3nua
mafuuisuludsdesnledonnadiiuinunndefeluseuaunsoeiueaiuléinvanadsi
nsfilossuvaslusauiuansafivzidnlueglulasiairswesisdoanlasdsnnilusoulesouasiin
1‘Uag’[,uiﬂiqa%ﬁdLL‘U‘ULmiﬂisﬁ‘wdwﬂfaadwwm%aﬂ%aaumazaaﬂ?dmulaaauﬁl,ﬁuiﬂsaﬂ%'wwé'ﬂ Jetaty
yuinlooauvedlusaulu 41 Alauns vuialossuresdsrdu 74 Alawns uwazesndiauiluuis
loosudu 120 Mawns VilAlassadrandndufnnisveesoenlfilefingidelusoudluluayna
Gereanles Tvo1vvzdmaroruandninaiivytunariinuasduiaiuuniy

AUNILAAINITAANTEUIUNITANAENBUI LTI aenslusou [43]

Zn(NO), Zn""+ 2NO, + (B7) (4.1)

NH + H,O NH, + OH’ (4.2)

Zn(NOs), + 2NH; + 3H,0 ——  Zn(OH), + 2NH,(NO,) + H,0 (4.3)
A

Zn(OH), ZnO + H,0 (4.9)
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puENNTST 4.6 FsRnnsuandinaradusonluionlossunarlansanleflossu asazansderly
wsnLazarsazatsLanlilnasnanfufEun1sA 4.7 suinnisniiiuvesiilosounaslansan-



37

(n) nts

10K

n

Zn

i
Ln

=
&~

(&1

1]

-

(v)

JUN 4.5 namiuanunwsiganeg veseynadafeenlesiieme (n) luseuuay (v) Wigeaiud

AU 5 TuallasufAMIanNILUIUNITANAENEUTIN

lenlassuladunznouvestsntansanladuasindsluwmsniiazarviivantusasidsdlansonlen

P o W [V Y] o ' o W - |
fAleannnissiudrnuuedlessuluaisazaiudlisesiuidiunisivanussuiolalensenledlonay

pandieaunisi 4.8 ialvlsinandnsiludedoanles Tnensifiudnsidruaruiduduvemgesiuiu
e iiadsunnvedlansenladloeauiiivunniudmaliiawiuveslensanlemlooauniziuin

52U (0001) wnTuvh dsdlasaumnuifinduuvisionudmusuil 4.4 (28]

aun1suanmiianazuIunsaneznausuiidasengeaiy [43]

Zn(NOs), Zn"' 4 2NO, + (F)

NH; + H,0 >  NH, + OH
Zn(NO3), + 2NH; + 3H,0 ——>  Zn(OH); + 2NH4(NO3) + H,0

Zn(OH), AN > ZnO + H,0 + 20H

(4.5)
(4.6)
(4.7)

(4.8)
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4.1.3 mamsaasziesadsEnaukarUiinusnarenasuisdiendluniniudedeanlean
1W9M78519lUTIULAZNEDETUAINNTIUIUNITAUATITAANAZNDUT I
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WOUNS 1D (Bandgap energy: E,) mun1sAuiliidunes Kubellka Munk udrunluideu
waneALFLRUSSENI N (hOFR) war wdanulmou (ho) Faazanuisonienuaundanudasinulé
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£ o «
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25 1.031 1.468 1.643 2.163 1.534 4.259 3.438
50 0.956 1.384 1.523 2.027 1.396 3.847 3.068
100 0.906 1.266 1.368 1.847 1.265 3.363 2721
150 0.871 1.127 1.265 1.722 1.184 2.984 2.491
200 0.840 1.163 0915 1.573 0.896 2.706 2.208
250 0.802 1.134 1.051 1.496 1.030 2.495 2.063
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lepourarludavinenisialuszuny (10-10) dewarnliiiusinaddlessulusuddlensonloslonoud
seuv (0001) Mdunnduvilmanduurisldudnisidaidumiadoadunisiusuniunisnedaiduuva
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aunisuaninisiianszuiunsigluweiifiiofislusou [34

Zn(NO,), > Zn" 4 2NO, + (B7) (4.9)

NH; + H,0O NH; + OH (4.10)
Zn(NO3), + 2NHs + 3H;0 ———> Zn(OH), + 2NH4(NOs) + H,0 (4.11)
4Zn(0H), ) > 4Zn0 + 4H,0 + O, (4.12)
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371 [28]
aun1suansnifanszuunsteluedniadengasiy [34
Zn(NO»), 7n"t 4 2NOs + (F) (4.13)
NH; + H,0 NH; + OH (4.14)
ZH(NOQ: + 2NH3 o 3H20 _— ZD(OH) + 2NH:(NO3) + HZO (4.15)
2Zn (OH), ) > 2Zn0O + 2H, + O, (4.16)
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Synthesis and Characterization of F doped ZnO Nanopowder by Chem -3
Routes of Co-precipitation and Sonochemical Process

Chatpong Bangbai

Depariment of Science und Mathematics

Abstract.

Zinc oxide (Zn0) is an n-type semiconductor material at room temperature v
good absorber in UV region and used in many applications, such as photocatalyst z=_ _
sensor. In this work, ZnO nanopowder was syntbesized by chemical routes; co-preciz .
and sonochemical method. To tmprove ZnO nanopewder in optical and electrical pres =
fluorine (F) was doped with varied concentration from 0-11 mol®: atoms. Zinc niwz -
ammonium fluoride were used as precursor material in both processes. Ammonia solun:-
dropped in the solution relating to white colloidal sotution. Crystalling structure i hex.. -
structure of F doped ZnO) was identified by X-ray diffraction (XRD). Morphology and ¢z
¢lement in F doped ZnO were manitored by scanning electron microscopy (SEM) anc =~ -
dispersive X-ray spectroscopy (EDX). For optical and electrical properties, F dopez
particles were analvzed by UV-Visible speciroscopy and four point probe method, respa:
The preliminary result revealed that XRD pattern of ZnO structure after F doping wizs -
crystallinity was similar te pure ZnO and obtained by both processes after annealing rz- - ~
bevond specific temperature. The influence of fluorine on ZnO structure by both ¢z~ _
routes will be compared and further discussed with its improved properties.

Keywords: Co-precipitation, Fluorine doped zinc oxide, Senochemical process
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Synthesis and Characterization of F doped ZnO Nanopowder by Chemical
Routes of Co-precipitation and Sonochemical Process

Chatpong Bangbai', Titarat Thongpradith®, Wisanu Pecharapa” and Wanichaya
Mekprasart™

£ Department of Science and Mathematics, Faculty of Agro-Industrial Technology, Kalasin
University, Kalasin, 46000, Thailand
“College of Nanotechnology, King Mongkut's Institute of Technology Ladkrabang, Bangkok,
10520, Thailand

corresponding author, E-mail: wanichyva.me(@kmitl.ac.th

Abstract

Zinc oxide (ZnO) is an n-type semiconductor material at room temperature which a
good absorber in UV region and used in many applications, such as photocatalyst and gas
sensor. In this work, ZnO nanopowder was synthesized by chemical routes: co-precipitation
and sonochemical method. To improve ZnO nanopowder in optical and electrical properties,
fluorine (F) was doped with varied concentration from 0-11 mol% atoms. Zinc nitrate and
ammonium fluoride were used as precursor material in both processes. Ammonia solution
was dropped in the solution relating to white colloidal solution. Crystalline structure in
hexagonal structure of F doped ZnO was identified by X-ray diffraction (XRD). Morphology
and chemical element in F doped ZnO were monitored by scanning electron microscopy
(SEM) and energy dispersive X-ray spectroscopy (EDX). For optical and electrical properties,
F doped ZnO particles were analyzed by UV-Visible spectroscopy and four point probe
method, respectively. The preliminary result revealed that XRD pattern of ZnO structure after
F doping with high crystallinity was similar to pure ZnO and obtained by both processes after
annealing treatment beyond specific temperature. The influence of fluorine on ZnO structure
by both chemical routes will be compared and further discussed with its improved properties.

Keywords: Co-precipitation, Fluorine doped zinc oxide, Sonochemical process.
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Abstract, Zine oxide (ZnO) 15 an n-lype semiconductor material at room temperature which a good absorber in UV
region and used m many appheanons, such as photocatalyst and gas sensor, In this work. Zn0O nanopowders were
synthesized by chemical routes: co-precipitation and sonochemical method. To improve ZnQ nanopowders in optical
and clectnical properties. fluorine (F) was doped with varied concentration from 0-8 mol®. Zinc nitrate and
ammonium {luoride were used as precursor material in both processes. Ammoma solution was dropped m the
solution relating to white colloidal solution. Crystalline structure in hexagonal structure of F doped 7n0 was
identified by X-ray diffraction (XRD), Morphology and chemical element in F doped ZnQ) were monitored by
scannmg electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX) For optical and electrical
propertics, b doped Zn0 particles were analyvred by UV-Visible spectroscopy and four pomt probe method.
respectively. XRD patiern of Zn0) structure after F doping with high erystalhnity was similar to pure ZnO and
ubtained by both processes aller annealing treatment beyvond specific temperature. F doped ZnO morphologies were
formed in rod-like structure by co-precipitation method. The increase of rod length was refated by adding F doping
concentration in ZnO matrix. Meanwhile. F doped ZnO products were tormed in spherical structure with same
erystalhite size and particle size by sonochemicul method due to the effect of ultrasound energy in the system. The
improvement of optical and ¢lectrical properties m F doped ZnO was drastically obtained by co-precipitation
method. The decreases ol optical bandgap and clectrical resistivity by I doped ZnO with co-precipitation method
was oceurted at 1 and 5 mol®s F dopant. The influence of fluorine on ZnO structure was resulted i the defect level
n band diagram and rod-hke relatmg to narrow bandgap energy and good conductivity in ZnQ.

INTRODUCTION

In recently. ZnO material 1s a semiconductor materials used in many applications Le. prezoelectric,
transparcnt conductive oxide. photodetector, gas sensor. solar cell. antibactenal. photocatalyst [1-4] due 1o its
advantage properties such as direct wide band gap (3.37 ¢V). non-toxic material. high absorption in ultraviolet
(UV) regien and strong exciton binding energy [5]. Moereover, ZnO material can be proposed as low
resistivity in metal oxide material. facile control in different structures and possible induction in
ferromagnetic properties 6], Various techniques of ZnO nanomaterial synthesis have been proposed in
physical techniques and chemical process, for example, ball milling process. spray pyrolvsis. sol-gel network
and hvdrothermal method [7-10]. To improve ZnQO properties. doping with metallic and non-metallic elements 1s
one of effective method for enhancing ZnO efficiency in photocatalysis, piezoelectric, electrical and optical

properties. O.D. Jayakumar and research group reported that the improvement of ferromagnetism in ZnQ)
material at room temperature was occurred by the substitutional incorporation of manganese (Mn) atoms at Zn-
sites [11]. Meanwhile. the presence of copper (Cuj in ZnO structure obviously showed superior antibacterial

Iaternasionad Congerence on Sciepce end Tecfinofoegy of Emeeging Materials
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action and photocatalvtic activity which studied by Tamanna Bhuyan and cowaorkers [12]. In case of nonmetallic
doping. the increase of electrical conductivity and photocatalyst actis ity can be enhanced by the cooperation of
carbon in ZnO host [13]. Fluorine (F) is one of a candidate m non-metallic elements dopant in ZnO structure
because fluorine ionic radius (1.36 A) may be possible to substitute in oxygen (jonie radius 1.40 A) sites or
oxygen vacaney in ZnO structure. This phenomenon is related to the improvement on ZnO conductivity, optical
properties and morphological changing by the influence of F doping.

[n this work, F doped ZnC was synthesized by chemical route as co-precipitation and sonochemical method.
The reaction in co-precipiiation method s originated from the jon exchange between zine salt solution and
alkaline solution. The product is obtained in hvdroxide precipitate and changed 1o metal oxide phase by
annealing process [ 14]. For senochemical process [13], this process is a same reaction without annealing process
because of sutficient thermal encrgy to complete product in form of mictal oxide during synthesis. As mentioned
above. the products of F doped ZnO from two methods are compared in morphologies. optical properties and
clectrical properties by the effect of F concentration in Zn() matrix.

EXPERIMENT

Fluorine (F) doped Zn0) nanopowders were prepared by co-precipitation and sonochemical (750 Wart 20
kHz) method. For co-precipitation method, 0.2 M of zine nitrate hexahydrate (Zn(NO=2)> was dissolved in 200
ml ethanol solution. Ammenium fluonide (NH4F) as dopant precursor with 0. 1. 3 and 5 mol®s was dropped and
stirred in zine precursor solution for 10 min. After that. ammoniam hydroxide solution (NHOH) was dropped
nto the solution until pH9 10 obtain white colfloids in solution. The colloids were washed with DI water until
pH7 and dried at 100 °C under hot air oven for 24 h. Finally, F doped ZnO nanopowders by co-precipitation
method were obtained afler caleination at 308 °C for 2 h. In case of sonochemical process, the precursor
solution was prepared with same conditions as co-precipitation method. NHib at 0. 1. 3 and 5 mol® was mixed
in ZngNO:): 1 200 ml ethanol at 0.2 M and continuously stirred for 10 min. Afier that the solution was
loaded in a chamber with ultrasound probe. During mixing selution, NHiOH solution was directly dropped
under sonication by high intensity ultrasound probe for 10 min. After sonochemical process, as-prepared
precipitate was several washed with deionized warter and dried in oven for 24 h.

Characterization techniques were proposed to compare material properties with different doping content in
ZnO matrix by co-precipitation and sonochemical process. The crystalline structure of F doped ZnO powder
was analyzed by Xeray diffraction (XRD: Rigaku Smartlab) with Cu Ko (2= 0.15 nim). Morphology and element
chemical composition of F doped ZnO was investigated by field emission scanning clectron spectroscopy
(FESEM: Hitachi s4700) and energy dispersive N-ray spectroscopy (EDX; IXRF systems 5501). Optical
properties of F doped Zn() were measured by UV-Visible diffuse reflectance spectroscopy (Perkinelmer,
lambda 950 machine) in the wavelength region of 200-800 nm. Finally. clectrical propertics were studied by
four point probe technigue to verify F doped ZnO conductivity at room temperature.

RESULTS AND DISCUSSION

XRD patterns of ZnO and F doped ZnO nanopowders are shown in Figure 1. ZnO products synthesized by
co-precipitation and sonochemical methed as in Figure Ica) and 1(b) are in hexagonal wurtzite structure
compared with JCPDS No. 157724, The prominence of ZnO peaks is identified at 2¢/ = 31.7° 34.57, 36.6%
47.5°, 56.5° 62.7°, 678" and 69.0" relating to 110, 002, 101, 102, 110. 103, 112 and 202 planes, respectively.
XRD patterns of F doped Zn0O nanopowders were identical to pure ZnO pattern, No sigmficant shift and
impurity phase occurred in XRD patterns form both processes. The crystallite sizes of ZnO and F doped ZnO) by
promment three peaks at 24— 31.7°, 3457 and 36.6" were calculated by Scherrer’s equation: D = k4 ficos(/
where D s the erystallite size. £ is a constant at (29, 4 is the wavelength of radiation, /15 the peak full width at
half maximum (FWHM) and #/ is the diffracting angle [16] as shown Table 1. ZnO crystallite size synthesized
by co-precipitation method was slightly increased by increasing dopuant concentration due to the mterstitial of F
ion between zine and oxyeen sites (fluorine radius ions 1.34 A zinc radius ions 0.74 A and oxygen radius ions
1.40 Ay leading to the defect of dislocation in ZnO structure
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FIGURE 1. XRD patterns of ZrO with various fluorine doping concentrations by (a) co-precipitation method and
by sonochemical method

TABLE 1. Crvstallite size of I' doped ZnO nanopowders by co-precipitation and sonochemical method

at different F loading.

Crystallite size (nm)

F content in ZnO (%) —m———

Co-precipitation Sonochemical
== S R + = - e
1 22 18
3 22 16
5 27 7

[17]. Meanwhile. the erystallite size of F doped ZnO via sonochemical method was similar in each condition,
This phenomenon is originated from ultrasound wave 1o control its particle sizes and spherical shape.

FIGURE 2 represents FE-SEM images of Zn0 morphologies synthesized by co-precipitation method (the
insets: 100k magnification). ZnO nanoparticle in FIGURE 2(a) formed a sphere-like structure with average size
at 1433 nm. Increasing concentration dopant as 1 and Smels. they formed rod-like structure and rod length
increased from 2258 to 760.8 nunometers, respectively in FIGURE 2(b)-(¢). Owing to ammonium fluoride
dissolved in agqueous solution. it presents more hydroxide ions in plane 10001) to forming rod length increased
with zine ions [18]. ZnO morphologies doping concentration 0. 1 and 3 mol% by sonochemical method are
shown in FIGURE 3. The morphologies are in aggregated spherical shape due 1o high energy transfer between
the bubbles from sonicated probe. The particle sizes of F doped ZnO (0. 1 and 5 mol®s) are approximately 86.4,
77.9 and 80.4 nm. respectively. There are interesting change in FIGURE 3(b) at 1mol® F doped ZnO via
sonochemical process. Nanosheet structure had been monitored in this condition was revealed which respected
to low concentration of hydroxide group in (001) plane to surface energy changing and decrease rod-like
forming [19, 20]. Meunwhile. the chemical element was investigated by EDX is shown in FIGURE 2(d) and
FIGURE 3(d). The clement compositions of Zn O and F atom were detected by this technigue. For F doped ZnO
by co-precipitation method. chemical element was detected as Zn 62.35 wi"6. O 2719 wt.% and F 10.23 wi.%
in the product. While, The composition of Zn O and F atom in sonochemical methods was composed of Zn
60.22 wt."o, O 2868 wis and F 11.08 wt.”a. The chemical element of F doped Zn(} by both methods was
significantly changed in F atom. This result might be interpreted that the diffusion of F dopant in Zn0O structure
by co-precipitation method was casier than sonochemical reaction which detected high F content on ZnO
surface.
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Measurement of optical propertics by UV-Vis diffuse reflectance spectra (DRS) of F doped Zn0O at F
concentration O, 1 and 5 mol¥s are presented in FIGURE 4 and FIGURE 3. In co-precipitation method (FIGURE
d(a)), DRS speetra obviously shified to lower energy values (red shift) following the increase of F content.
Bandgap energy of F doped Zn0O was caleulated from Kubellka-Munk function [217. Graph plotting with the
relation of (F(R) hv) and hv is shown in FIGURE 4(b). The optical bandgap energy of F doped ZnO by co-
precipitation miethod was reduced to 3.20 ¢V compared with pure ZnO) bandgap energy from 3.28 ¢V, The
optimized condition of F content in ZnO was at | mol® by co-precipitation recipe. For sonochemical process,
DRS spectra of F doped ZnO as depicted in FIGURE 5(a) showed same absorption edge in range of 360 to 400
nm in cach condition ewing to similar nanoparticle morphology. However. the caleulated optical bandgap of F
doped ZnO shghtly decreased and obtained at F 1 mol®a. The result of narrow optical bandgap from F doped
Zn0 muy be resulted from lattice defect by the influence of doping impurity atoms leading to shified adsorption
cdge to red shift [22]. This mechanisim was related to the band shrinkage effect by increasing F carrier

concentrations.,
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Electrical resistivity ol F doped Zn©) nanopowders synthesized by co-precipitation and sonochemical method
1s shown in FIGURE 6. The electrical resistivity of pure ZnO powder was approximately 79.44 KQ-cm. After
adding F dopant in ZnO, decreasing resistivity of F doped ZnO nanopowders was evidently occurred especially
n co-precipitation method (blue square). Morcover, high conductivity of F doped ZnO product was obtained by
the addition of F doping atoms. The electrical resistivity of F doped ZnO were reduced to 7.93, 6,16 and 3.08
kQ-com, respectively followed by F concentration at 1, 3 and 5 mol?s.  Good conductivity of F doped ZnO
preducts due to its rod-shape structure. Therefore. clectron earviers can easily move overall the sample due 1o
the decrease of grain boundary scattering {22]. The other methad (sonochemical method) in red star, trend of
electrical resistivity of F doped ZnO was identical 10 pure ZnO. Whereas the resistivity of F doped ZnO at |
mol%o drastically decreased to 3.64 KE2-cm because of sheet-like morphology according to FE-SEM image. This
phenomenon was leading to casily free electron movement on sheet plate more than sphere and rod shapes |23

|
i

CONCLUSION

F doped Zn0O nanopowders were successfully synthesized by co-precipitation and sonochemical method. For
co-precipitation method, F doped ZnO morphologies were formed m rod-like structure. ZnO rod length was
increased when adding F doping coneentration. The crystallite size of F doped ZnO was enlarged due to thermal
energy from annecaling process and the interstitial of F atoms between zine and oxygen sites. The optical
bandgap of F doped Zn0O at 1 mol®e was decreased to 3.20 eV owing to impurity level in bandgap energy
resulting to narrower bandgap, The lowest clectrical resistivity was obtamed at 3.08 kQ-cm in optimized F 5
mol% doping because of long rod length leading to facile free electron movement. This process can be
interpreted that incorporated in ZnO» structure leading to increased cryvstalling size. In case of sonochemical
method. F doped ZnO products were formed in spherical structure with same crystallite size and particle size.
Theretore. no difference in optical bandgap and clectrical resistivity when adding F concentration was increased
due to low incorporation of F ionic in ZnO structure.
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