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Abstract

We report on synthesis of ZnO powders via sol-gel method. The
prepared powders were calcined at the temperature of 300, 500 and 700 °C for 1 h
with the heating rate of 10 °C/min. The microstructures of the fabricated powders
were characterized by XRD, SEM and TEM techniques, and the results show that all
samples were the agglomeration and spherical shape and reveal only the wurtzite
phase. The photocatalytic activities of the powders were also tested via the
degradation of methylene blue (MB) solution under UV irradiation. Finally,
antibacterial activity efficiency was evaluated by the inactivation of E.coli. It was
observed that higher calcined at the temperature gives better photocatalytic and
antibacterial activity. With the highest calcined at the temperature investigated in this
experiment (T700 condition). the powders show photocatalytic and antibacterial

activities of 80.06 and 99.00%, respectively.
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1.1 anuddnuasinnveslasiniside

Saraanles (Zinc Oxide, ZnO) WuagiléiunsAnwuazn1sideiluetig
wnlugalagiu mmaeﬂusﬂmmwaumma“mwummauLaﬂﬂmamwmmmaﬂlusumum
Tulng LuaqmﬂmﬂaaﬂlmuauummLﬂuaﬂ‘wmuLawnvmuawamaumm mﬂaanlszjmmﬂu
A TiTverintvaaUNgIY (Energy band gap) ABUY1INT mumag‘m 3.37
iannsaulian amwﬂﬁﬁa\‘i (Georgekutty et al., 2008; Kittisittipong et al,, 2013;
Suwanboon, 2008; Welderfael et al, 2013) Feoanledilaseairdnidunuuienes
Tnuea (Hexagonal closet packed structure) uawilnanaluseuasgs Fsfinniddeanled
Tusggndldlunududidnnselind lulasdidnvseind wdloganead e Wuwes uaz
aﬂﬂsmmmaq (Kolekar et al,, 2011; Kuriakose et al., 2014) 1¥ugiu \osanflantiialy
Fumsgaduias uaraniRdunssjisediouas vie Wlauanzladin (Photocatalytic)
(Elamin and Elsanousi, 2013; Kaneva et al.,, 2013; Nirmala et al., 2010; Welderfael et
al,, 2013) Tues dwiunmsdaanzioyniaderesnlensyauunluaansasudunsiivaiy
35 wu nsmnmenau (Precipitation) (Bagheri et al., 2013; Hsieh, 2007; Radzimska and
Jesionowski, 2014), lea-laa (Sol-gel) (Anas et al, 2010; Jianxun et al, 1998,
Suwanboon, 2008), waliaaiUsdlnlsada (Spray pyrolysis) (Ghaffarian et al, 2011;
Panatarani et al., 2003) Judu wardaiizaug ﬁawmsaé{’qLﬂswﬁaqmﬂizé’um‘[waq%
sroonles  asluaBnnseney wanil 35n1slea-laa Ty goariinisldednantsvinaluns
Fuaswveynindsreanisnszauuily isradiaimsildeunaisdeanlesiifimuuignd
GR LLaum’lmma’l,umsmt,uuﬂﬁm (Anas et al., 2010; Suwanboon, 2008)

Fau anadeluediilifunsdunseieynindsdeenledsyduunludie
F3nslea-a udnilleniigamadl 300-700 sernieaidea Maamauumaqmﬂmﬂaaﬂlw
Tuszduuluilalunsamdnuvazianssne smeirdesouasimaiamadngimans liun
nsLaEULYessdiond (Xray diffractometer, XRD), N@BaqanssALLUUALINTIA
(Scanning electron microscopy, SEM) uwag ﬂﬁa\‘i’«aamiﬂﬁuuudmmu (Transmission
electron microscopy, TEM) 1Hudu wiourailunadeunisdesaansarsazaawiiduya
(Methylene blue, MB) titaAnwuisetnlauangladin waznaaeuantRnissueslala
(Escherichia coli w3e E.coli) nmelsuae
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1.2.2 AU fsetnlnuanglafnneliuasyIveseynatefoanlad
1.23 Fnwautianisdudaie £.coli melduagivaseyniededoanlen

1.3 ¥9uLUAYRdlATINITIY
msdaupszieyniadedesnledsziuuludieiinslea-ea udahlueny
gamadl 300-700 ssrwaldua ndsniutheayneddesnledtuseAuinluilalunsam

9 Y
LY 1

Snwazianieane Mensesdouazinailamainerrans Toun XRD, SEM uag TEM (udu
wiouvahluneaeunisdeaaneansasapwiiduya wefnwujiselnlauangladin way
nagauantRn1sEnde £.coli nelgiag

1.4 o] FULAgIN LAZNIDULUIAINANYELLATINITINY

1.4.1 %’agmﬁaaﬁumaq%eﬁaan‘lﬁﬁ

Sadeenles 1uasuszneuiiemnsanuiuldlusssund uazdauddglu
5ﬂwmzﬁLﬂui’aqﬁaﬁdﬁwﬁﬂﬁ (p-type . semiconductors) uaz/vM3e  wdaBu (n-type
semiconductors) TneflautAimaduliiaasmeuaeddsuuvasiegneunn Weiduans
Uigniviewletiansiiavusge nsasuutasiviuazihunduiugiulunisldoy 3.
Fonnelusaiuies lneiisadeanlsdaziinunitwesdesiiuaundsauiining (Wide
bandgap) Uszanas 3.3-3.4 Bidneseuliad Ssesiirdtesinaunundsau 3.3 difnnseuliad
TlgnmpiivoaasiiaUszana 3.44 3idnnseulaadin 4 esrnimaiu Tlassaiauuunedeled
(Wurtzite structure) ﬁagﬂﬁ 11.1 wazilamefinaniis e a = b = 3.24 Svanseu wag c =
5.20 Ssansou Saunadina Ao 0.24m, way 0.59m, §wsudiannseudazlaa suaau Al
anwadeslunisiadoudivedidnaseu (Electron mobility) 28/5¥1319 100-200 cm NV uag
Aanmpaaslunisimdeufivadlea (Hole mobility) #1180 cm’AV, wialuiana wirfiu
81.389 mnudiTUNTIETIgUMgiieafe 5.642 g/em® anuudausdlugda whiu 4 qa
Vaeuwial AU 2,250 ssraaiu waslianmnisiiaauieu iy 0.006 cal/cm/K Bu
fu (Fonud, 2548)
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U7t 1.1 Taseadsiuuesalasivesdedoanled
(wm http://en.wikipedia.org/wiki/Wurtzite_crystal structure#med|aV|ewer/a‘UﬂmuVl
25 &wAu 2557)

1.4.2 Ufiseinlauansladn

ujsenlilauanzlafnaunulag Fujishima o aL1967 1 HUUFATNT
AnaINNSNIERUAILLENE] Imamu‘lumammﬂu’lﬂimLLﬂmvaam mquammas”luﬂamawn
fimoudnines (Semiconductor) T,memaﬂmimmﬂi’mgmsm’TWImme%amnmwa%aammu
mmamivﬂmLLﬂcﬂvaamﬂniumumaLLawvﬂmuwamummumamﬂmwLmu‘um'mwaamu
m’LwaLaﬂmau‘luLmuLaLauezmﬂﬂsvmuu,auaauﬂsﬂmmulﬂaaiuuaumsm danaliluunu
niaudiinuguussquan (h) Fu LuaauNaﬂummmumammna‘lmnﬂlamaﬂ%aLsmﬂaa
(OHe) LLauezJULﬂaiaafﬂmmLimﬂaauaulaaau (0, ) (548, 2556) GN’i‘U‘V] 1.2

Conduction band (cb)

hv

M\‘”"

Valence band (Vb) R-H + OH’ CO,t H0

OH"*

Uit 1.2 Yjiseinlauanyladin
(#an: https://www.teicrete.gr/cmtl/cematep/html/photocatalytic_materials.php duru
Ui 25 davnew 2557)
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finufa warlpslanizTaniideanisaiuuiandge laemilnszurunislea-aa Wu
nsgurumMsasuanuganveunaiNiiendt “lea” Sediuunnegluzuvesansuviuaseid
. = & o a '« y @ =
yumeynAUszanm 0.1-1 luaseu (Micron, um) iuvesudenienin “9a” dauanslugud
1.3 Ingufjseddglunszuaunislea-ea § 3 UJATe7 As Hydrolysis,  Water

condensation a¥ Alcohol condensation §iaun1s9 (1.1)<1.3) Inafitadedfyniinase
SasmsiAaufAsenldun pH fisaiser snsrdwluavesiuarlany uazgumgll \Judu

Y
o/

Fafunseuaudadowanil ludaameisnaiuagylvleauasianlitiaud@inunnsieiu

Hydrolysis: M-O-R+H,0 ~ —~>  M-OH+R-OH (1.1)
Water condensation: M-OH+HO-M --> M-O-M+H,0 (1.2)
Alcohol condensation:  M-O-B+HO-M -- >  M-O-M+R-OH (1.3)

dle M unulansgléun §8mea (Silicon, Si) waslasiiley Zirconium, Zn) n
ey (Titanium, Ti) pygiitles (Aluminium, Al Ay (Tin, Sn) Bideu (Cerium, Ce) wag
OR unungueananda (Alkoxyl group) Tunszuaunswamananeiiiulva-aa Lﬁm%'wqi
nszuun v lRuisaglindn dastlugUuuunieg wiu @ule (Fiber) welsiaa (Aerogel) @ls
198 (Xerogel) W3 (Powder) uae Wdupday (Coating film) WuingAvdwmivgmamnssy
8uq slelu (n, 2547; Brinker et al,, 1990; Carp et al,, 2004) fwansluzuit 1.4
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(@1 http://phys.suwan.ac.kr/jgyoon/lab/solgel.html duAuiui 25 ey 2557)
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1.5 uddeiinendes

mATeedastunmsdunszieunedeeanledsziuunluy  de3inis
T9a-198 S8y Suwanboon (2008) FaAsizyinsdervantaaszauuluiigisnislea-
13a lagld zinc acetate dehydrate wagz polyvinnylprrotidone (PVP) Duansmady Feagld
gamgilunisinedadosnledil 600 sswniwalded naniveaesnyil TuARANTiA LYY
45 1w lues wazrunneynIAYszatal 100 Wiluwns 3nn1saTIadeumemalia XRD uaz
TEM auasiu (gﬂﬁ 1.5) LLazgiJi'NﬁmmﬂLﬂuﬁmsmmwial,ﬁu%u dlefnmsuiuifiuy3unnves
PVP Laznideraanlefasuaniuautaeinamdaanusening 3.222-3.237 didnaseulian




U 1.5 am SEM uaz TEM vestsTsdeanted nun1svaassues Suwanboon (2008)

Rani wazAng (2008) siilumsduasizieynadsdeslenmeisuuulea-
w8 Tnefnwiieaiuan pH Anareruiandn uarlassaisveseynieddesled dewmaie
XRD, TEM uag SEM AMla19iu Han1sNnaasnuidn ?Jmﬂmﬁﬂmaaaqmﬂ%aﬁad%ﬁﬁﬁaLﬂiwzv‘l
Fu foundsrana 14 wilues Faduruieiidniigadield pH lunsnaaeaviniu 9 gy
7 1.6 uaz Ristic wazaniz (2005) Fdunszvinsdadonnlenmenseuiunisiea-ioa lagld
zinc 2-ethylhexanoate, 2-propanol wag tetramethylammonium (TMAH) Lﬂuaﬂs&gw’\’u’lu
Msdaase nammeasmuln sUevesymafidnuasiduuvie (Cylinder) uaswa XRD
wanalinsuiwunaeynadiauszann 35-45 unluiums Tuduwes TEM wanuwineynin
Ustanas 25-50 wlums (U7 1.7) uenaniinanimasssdiannsaagulsh wumeyme
L asuwlasmuuSinafiinsuusiuees zinc 2-ethylhexanoate



Ul 1.6 N TEM vesaymaedoentenil pH iy 9 amn1smnassves Rani uasae
(2008)
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JUN 1.7 7w TEM ‘uaqaqmﬂ%qﬁaaﬂlsaﬁ AUNITVNABIVDY Ristic tazAy (2005)

Chu waraady (2000) ladansnevinsdedeenlodmenssuiunislea-iaa lng

19 zinc acetate dihydrate, ethylene glycol, n-propyl alcohol wag glycerol L{'Ju"i’aa
Sugulumsdauaseyt udnhndadeanledildluiefigamail 900-1,200 ssriealdea Uu



nan 2 Falus wiesAnwdnvarlnswed ity wavaudinienuliih nanimeaes
WUt wedafeenled AHunmsmnfigamgll 1,100 sswnwailed wanswuineyniafidniian
Falawiiiu 2 unlues (GUT 1.8) wazkansaudinsulnihadfgauiu

UM 1.8 2 SEM vaseynaBefoanlen mun1sveaassves Chu wazmmy (2000)

vennemATefifstesiunmsduasizieynededeanlensigisnislea-
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uanglafnluniseosaaneanssngg 8ndne 19U Benhebal wavany (2013) naaeuufisenlv
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nsruaumslea-aa Tnsnseuaumsiniounsdadoontes ald zinc acetate (Huansesiu
LagiiiEnsviatuneudal 11 zinc acetate nanAU ethanol Uinms 300 faddns udwh
nsmunaslidfuneldgnmgl 60 ssrnwailea Wuian 30 undl nFaRInTuNaNnsn
oxalic asluaghedng udmusieludn 60 wiil udnhlueuliusiigamgil 80 esmieaidoa
Hunan 20 T anduiweitllusnilgamai 650 ssrnieadea Wunan 4 $alus ud
ihlunsieasudnvazians nieumaaeuuszdvsamves fseinlauanzlainlunis
govaany phenol Wwag n3m benzoic Aald nan1snaaenud HedsAeenleniidnwazns
imenguiy wasdigusrmsana (Faguit 1.9) uasdsvdnsnimves fisenTnlauamsladinly
mstleti@ans phenol uag nn benzoic Aty 60 wWasidud aeliuasyd 120 Wi

‘U‘ﬁ 1.9 a7 SEM "UENEJUﬂ'\ﬂ‘U\‘iﬂ@E]ﬂl‘dﬂ RININAFDIVDY Benhebal wagang (2013)

Xie warAny (2011) ﬂﬂngﬂimIWT,mmmvlamﬂmaammﬂaaﬂlﬁmwmﬂsw
Aunnsnetu Fanandimsedouiiuandstutuies manmsmmaaawmﬂ Uszdnsanues
‘U{]ﬂiEJWIWIGlLLﬂCﬂu‘l’ﬁ(ﬂﬂiuﬂﬁﬂaﬂaaﬂﬂ’dﬁauaﬂ&l methy orange muaanmﬂiﬁwaaaumﬂ/
nedarpanlasfidauaszitu IﬂasﬂﬁwmmmﬂaaﬂmLLammiﬂm 1.10 uaﬂmﬂmm%
494 Benhebal uazAue (2013) kazaudwees Xie LAZAGLY (2011) @ FafiSnansAded
Yraula An T894 Saravanan  wazAg (2013) #9 Saravanan uazane (2013) 161
Wisuleuuszansnmuesujiselnlauansladnlunisdesameasaraneiuiiduyanield
LLaagﬁcuaam%qﬁaaﬂlsdﬁﬁlﬁmﬂmim%uﬁqaﬁ%miﬁumr\m\iﬁ’u oA 33n1slea-1aa, 35015
ANAENeY uaz 35 thermal decomposition WANTVARBINUIT JUTHMIBINBUEOYNIATEY
Ferponlesidunseituidnuazuandnafiy (g‘dﬁ 1.11) ilewnanidnswieudiunneng
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1.11 AW SEM vee0yn1adeRennles nun1vnaedues Saravanan uazAne (2013)
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nATedifunmsduasseyniadadeenledszduuilusigisnislea-aa

a

uwdthlunfigamgdl 300, 500 waw 700 ewwalua ndnuutheyaaseroenled
ATITIANEAEIANIEANGY Mendediouavinaianiginemans lawn XRD, SEM way TEM
wiouviailunageunsdeameasazaniiduya iefnwufiselnlounnsladn uas

nagauanURnIsENYe £.coli nelauag’

2.2 Januazansiall

mssuilumsenddeesldansaiinandniutesufuin Seensiedivas Tag
wane dmdunisnduauiseiisd Zinc acetate dehydrate (Zn(CH3C00,).2H,0) way
Sodium hydroxide (NaOH) 97 1afifust (5uf 2.1)

JUT 2.1 ansiadidmiumseniliunuiay

2.3 nsdunseindsdoanlun
Fupzveyniadersenlesiussduulumedsnislea-iaa duliunislag
Faulasiniseues Suwanboon (2008) 13usuti Zn(CH,CO0,).2H,0 USined 2.1949 a3y
panfUtNgL USins 50 fiaddns niuansazatesieLadesnIuuriulindnsieauga
1,000 SUABUTT FUATU 15 W ﬁqmmﬁﬁaa wadANaNsavans NaOH 0819119 (NaOH
U3y 1.6 ndu wandutingu Usines 50 Hadans) ndennntiu nuansazatesieiaieniu
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wiasindngieemida 1,000 seusiounit auaTu 45 Ul Aigumgiivies (SU'VI 2.2) u,mm
asavanslunsnaniunIzn1Ensos (S‘U‘Vl 2.3) Wl ndudne $1uau 3 ade ndaenduth
msm‘léﬂﬂaulmmqmmmawaﬁu‘mu 60 asrealdoa Wunan 24 $alus wdnimedlaly
LN’](’TJEJLG\’]LNﬂ‘W‘WWﬂ’]EﬂWﬂ’]’JuUiiEﬂﬂ’]ﬂﬂQﬂJﬁQN 300, 500 waz 700 eI NTALTYa FIg
Smsnainvesgamgll 10 swwadeadiout #al% ammﬁﬁ"’u Huan 1 Falus e
z‘*’luaﬂns“‘u'mmim]v‘lﬂmmﬂaaﬂlmwmumimeaiumumm (Sangchay, 2015) la
é’maﬂwmmmamsuminsﬂ,uﬂsw 1ufl T300, T500 wag T700 dwiunadsroonleniisiu

o

muququu 300, 500 wag 700 DI LTALTYA AIUAINY

guﬁ 2.2 asasaneued Zn(CH,CO0,).2H,0 nauiyu NaOH

gﬂ*ﬁ 2.3 A3NTEANTAZAEYBY Zn(CH5CO0,).2H,0 waufiu NaOH
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2.4 MIATIVFBUANANL

2.4.1 X-Ray Diffractometry (XRD)

waila XRD (3u X’Pert MPD, PHILIPS, Netherlands) Anwlaseasnananves
la LaseuaIUNATaIKEN T susasIaTAnTure B sdaanled Tngldaunns Scherer
(Khatamian et al., 2009; Sangchay, 2014) é’aaumsﬁ (2.1)

1:0.91/,6%056’3 (2.1)

Sls t Ao uievewdEn Wnluwng), 4 Ae ANdeIAdUYesIdang (CuKy
= 0.15406 unluns), A Ao Line width at half maximum height (i5\ieu) waz 6 Ao 3y
aviiou (99A7)

2.4.2 Scanning Electron Microscope (SEM)
AT1aglasEasganiaiuiIvesddoanlen (ju Quanta 400, FEI, Czech
Republic)

2.4.3 Transmission Electron Microscope (TEM)
pI9RIUUazLIRe YN AYeNHEABBNlY (3u JEM 2010, JEOL)

2.4.4 Ultraviolet Visible spectrophotometer (UV-Vis)

TngymsanuirIaneIAaY 200-800. Uluwms LLav’a'mU%mmmmw’J'uﬁ
YeATATABIAUUY mamumim"dgﬂimmsﬂsvmum&JLLaqsn (LLaamummmaﬂauaa
Tusing 310-400  wluiums) Iﬂmaanmmsmﬂauw 660 uluwns sadumnugnadud
miasﬁmaLwauuqmmiﬂ@,mﬂaﬂm (GENESYS 1OS)

2.5 nsnadeuufizenInlauanslaiin

W3HUANTAYALNINTFIY Lﬁaa%’wﬂsmmmsgﬁﬂumﬁLﬂiﬂw‘ma JELREEY
a'\savmaLuwauuammwmuaﬁlu‘m 0.5x10° fie 3x10° Twang i’mmsmné‘uuaaﬁw
\Aeq UV-Vis Tugaemanugnandu 200-800 ululuns LazdenmueIAiY 664 UTUNAS
lumsiarmsaaniudvesansasanoiiiduug dwiumsvadeuufiseinlauassladinlu
miaiaaamamsavmﬂmﬁ%uuaw‘lﬁm%aﬁaaﬂlﬁé Wiafu 0.0375 N3 Rednsazansluiia
wugAaNdu 1x10 > Tand Uues 10 Naddns mmmﬂaanlemu,a“msawawLwauua
’la’luvraawwammq’[ummﬂunm 1 Falug Lwaammsmﬂauammmsmasm Maaﬁmuu
uﬂlmw‘lumwaiuLLm&J'mu'm 50 Saf 19 11 vaen ALY 3.89 mW/cm” (3U
7 248) Tawmuenedugiugd (310400 wluwnd) Wunan 6 Falue  guifiusiedna
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asazatofiduug  ynq 1 9alus wdnhlutadanududuresansazansdfiduyail
Wasuulasaaios  UVVis  uwdidufinuadieAnwndnsinisanaswasaanududuves
asavanefisuugrsednmstesaaearsazanamfiauug (C/C,) (Sangchay, 2013) e
nanfiuty naaesEnMzay 3 Meg MsrwINTWeIduRnsesaany (Percentage of
degradation) asagatsuAiauLg Iﬂﬂ’i%'gmﬁqaumsﬁ (2.2) (Sangchay et al, 2013;
Sangchay, 2014; Sangchay, 2015; Sangchay, 2015)

Percentage of degradation = 100x(Co-C)/Cy (2.2)

dlo ¢, Ao AnududuEudu way C Ae Aududu e amaaey (lunis
naaosll Tdmheaduluans)

SUT 2.4 SRewase’
Y9 Y Y

2.6 manedauniseindie E.coli

gunIalineg Lastriasdiedmiumsnndeunssinide £.coli dwiunisiniiiy
mATeluned LLamG'fagﬂﬁ 2527 dilswaniBoauaziuneylunsaidueudil Budui
deldadlunasaiiflownsiven (Tryticase soy broth) wanhluued 37 ssrwaea Hu
van 26 9l nesntududsuuaiSeady 0.85 Wedud NaCl (9 faddns) lneld3s
Serial dilution wdaluluneauuaimsuds Macconkey Tagldinalla Spread plate waItdu
*\i’wmuv“zjva'raulﬁ'«i’wmuﬁaaEjlu‘d'm 30.400 s niinsuanududedaduuds dnterilaly
w3l RlEUSines 10 faddns Ssesimudududeussana 10° CFU/ml wdhne@sdonn
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s 1w 0.05 ndu wldludinde Eidernududu 10° CFU/mL S1usu 10 faddns ) 7
wsauaauiu mﬂi‘fuﬂﬂlﬂ%’uuaaq‘? U0 50 398 97w 11 vaes Wunan 0, 5, 10, 15
wae 20 WA WiiegadeunMsukaiiasngg 1uau 0.1 NadanT NeRauU IS
wiatodealy wdwhmanaglidenssaeihuuauniside udnhlutad 37 eswaidea
Wunan 24 lug mwé’aﬂmt,é'ﬂﬂiaﬁmaw'ﬁyaLmﬂﬁﬁ;&mLﬁzyuuaﬂMWiLg&JaL%Ya Nt
ﬁwnwiﬁuﬁnmaiﬂamsdwsﬂLLavﬂ’UﬁwmuLﬁaﬁmﬁa lagnagauAILas 3 MaY1e WAL
iwamuwamummaa (Sangchay, 2013; Sangchay, 2015; Sangchay, 2015) ?Jaaamwmisam
mmamja E.coli (N/Ng) Ltavmasmummuaamwsaﬂ’ﬁmwawna E.coli mmmsa
mmmlmmnqmmaumsm (2.3) (Deng et al,, 2007; Sangchay, 2013; Sangchay, 2014,
Sangchay, 2015; Sangchay, 2015)

E.coli killing percentage = 100x(Ng-N)/Ng (2.3)

o N, A9 9 uu@esediu uag N Ao 91uude u namedeu ((uns
-y | [ =
naaedl Tomialulalall)

JUN 2.5 gUNIINNNe Fwsumsvaaaunsenide E.coli

]
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UNN 3

Nakazn1sanUsIgna

a o

mumﬂﬂlﬂumsé’qLfmuﬁauﬂﬂﬂ%aﬁaaﬂlﬁﬁsuﬁuuﬂuﬁaa'i'ﬁmﬂfda \98

=y

LLa’Ju’]‘lULN’WIE]mVIﬂM 300, 500 uaw 700 paraLIdea Maqmnuumaumﬂﬁmaanlm

Y
i

ATIVVNENYULLANIZANY waaumuﬂﬂmaaumiaaaamamia“msLuwauua [afn
Ufisewlauanglain wasnaaevaniRnsaEde £.coli melfuay

3.1 HANTIIATIVFDUAMANBAUTAINY)
amsmmaauiﬂsqaiwLWammmumaqmmﬂaaﬂlmwmumsmeammu
300, 500 wag 700 BIFLALTYE A8LA3D9 XRD u,ammgﬂw 3.1 ﬂ’]ﬂgﬂWU’J’]NQ‘?NﬂEJE)ﬂl‘Uﬂ
ssfnmaisanagadeanlesvintu Tnaiafiszuiu (100), (002), (101), (102), (110), (103),
(200), (112) uag (201) MuNWI§IU JCPDS (card number 36-1451) (Ozcelik et al,, 2014)
Famunefanavesdedeenleniugl Wurtzite (Ozcelik et al, 2014) Lﬁ'aﬁ'rﬁauamnms
#529d8UA28 XRD mmu’;mm‘ummwaﬂmaaLWamﬂaaﬂlsmwLﬂmumuaumsmaa Scherer
smmszjmaanlsmwmumsmmqmmm 300, 500 waz 700 @A waLTYd AAWVINAU 28.3,
22.5 Wag 12.5 fua1nuy wudw‘ummﬁ‘umﬂLﬁﬂauﬁmﬁmammnmuﬂmm Faduwauan
BNINAVDIGEUNYI] muummmasﬂlmwamwnﬂumsmwmmﬂaaﬂlﬂmmammmmaﬂ
Imwwaﬂaaﬂlsnmmmumilmﬂamwﬂu 700 aeALwaLed (T700) mmcﬂmaﬂmaﬂwam

T700

T500

T300
El
2
g
8
k=

e —— WNM_,JU E
10 30 30 70

Position (2 Theta)

U7 3.1 wa XRD vesms@sroonlen
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wamimwaaué’ﬂwmsgﬂiﬂwmm%qﬁaaﬂ‘l,suﬁﬁmuﬂmmﬁqmuqﬁ 300,
500 way 700 ey LEaTua feolATes SEM Afidsvenewiiu 30,000 Wi way 50,000 i
LaAndagUTl 3.2 nramsAsIRdeUnUIUIneuNAvesdsdoanledeglutawunn 250-
500 wiluies wariinssunguiy  Inensdsdoanledfiimunisiwiioamgil 300 o
waldva Tgusafuwiy dunddesnlesfiiunmswnfigamgil 500 esrieaidea figuin
Huukuwauiuzusenas uasnedsdoonlediiumsiniigamall 700 swrieaidea figing
naw satuanunsoaguldhgamgiinldlunsuniinasesusicvemaddesntes Tnugamgiily
nsuniigedalisusnseymeiidnvazidsunngususiudugusuney (Hairui et al,
2015) uBNIINKARIN SEM UEI JUT 3.3 UARINANIIATITABUIUINOYATIALAZFUSININ
W399 TEM fifdsvenswihiu 20,000 1w Inguanisasisgeunuindanadesiunased SEM
il qquﬁ’lumiLmﬁgmdqwa‘lﬁgﬂé’maqmﬂﬁé’ﬂwmzLﬂé‘aumﬂgﬂ'ﬁ"\uwiul,ﬂugﬂs'mau
wazyuImaynIAYDIITfeantedatlutiavuin 250-500 Waluins

sl 0w

gﬂﬁ 3.2 W@ SEM vaaadanaanlennnnasweie 30,000 wag 50,000 win
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3.2 uan1svagauuisenwlauansladin
Usgansnmaasufisetnlaunnslafinvesmdedeanien dwiuaiidelu

adail 'ﬂvswamuwaLi‘Juﬂ'wmé’msmws&iaaamamia“mt-JLuﬁﬁuuawaqm%ﬁaaﬂlmé aeld
uasgIfiasngg TasranisAnwuanideguil 3.4 wuidasinisdesaaarsavanemiia
uuamaqmmﬂaaﬂlwmLLu'ﬂumwu maazwnﬂumnmmuawu (Hairui et al., 2015) lag
mmﬂaaﬂlmmmmsm'mammu 700 saLalded (T700) dnsINsEegaaleansazany
wiiduugiiange Sidesnandvinavesgaumgiilunawn dwalvivuendnvesnadsdioen
lesvunidnuaziigusanas Imaﬂgﬂi&ﬂi‘vﬂmmeJLamﬂﬁwuuaaﬂu*uumwaﬂmuﬂuuamaa
uay3UIN9Te98YNIA smmammmmaﬂamamauiﬂswLﬂumanamm’lwuwuwmlumim
Ujiseniiunniu mmiwuﬂsuammw“nawgﬂi&ﬁiﬂimmelamiumsaaaaaw

asazanewiauugng

1.0

< 08

=

S 06

[

[~

g

£ 04 R

B g2 { —=Ts00 =,
0.0 — A/

0 1 2 3 4 5 6
UV irradiation time (h)

JU# 3.4 Smsnsteramuansazarfiduuguesadefeanlen

UBNIINAITANYISATINTEEARBaTar A fiduug leasule
Uszvisnmuesujisetnlouanslafinuds Tumsnassssilfdumbunefidudnisten
ameansazanswiiuugiindudn fuandugud 3.5 andeyadndrimudt Wesidusinis
dovaanuarsazansiduuguasksdedoanledneliuagiidunat 6 Falus e
42.10, 60.01 wa 80.06 \Wediiud dwiunsddeanlediinunsuniiaamad 300, 500 uaz
700 perniaiBea mudiy uaswursdsdoanlenfiiumsiiigamgl 700 swrnieaifua
(T700) azuansinivosifusinstesameansarmoiwiiduugiiniig vionanlésndenden
wamaUszAvsnmveaujiseiinlaunnyaniidfigatiuies
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100 7

OT300 mT500 &8T700

The % degradation of MB

Y2 3 MY\ 6
UV irradiation tim (h)

Ul 3.5 Weildudnstesaaeasazaisnfiduuguesdioenlun

3.3 wan1svngauNsEinlda E.coli

nsAnuUsyanSamnIsEde £ coli nimaaausienadadeanlesitiiuns
wlgaumgdi 300, 500 uag 700 swriaaded nvelfuasgiinansneg LARIFIgUT 3.6 B
Wunsmiuansauduiiusssuinedasnssentinveades £coli funailunisléfuuacy’
21n3UNUIEnIINIsseadinasude Lol anas denanlunsléfuuasgiinugu 3
@0AAABINUUITVBILNITENRATE) ynuiliagladnesn (Ravichandran et al, 2015;
Thabitha et al., 2013) LLaz'WU'a"]Lﬁat,ﬁuqquﬁ“luﬂmm avdaalisnnIsentinveude
E.coli anas Fawaazasnndastunaujiselnlauanglainlunisdevaarvarsazansiuid
uugAaildnaIua Jedwmaliuszavsamlumsyianeidefiade (Ravichandran et al,
2015)

dmsugud 3.7 wanadefidusnismevande £.coli vdmadeusonadede
anledt Mngunuidlenalumsiffuuasyiiinty dwaliuefdudnismevente £col
wnu ewnanuavesfiseinlauanglafinfidtuies uasilefiugamaiiluniswing
fhethe ldnsmereade E.coli iatuudioatu ieuninuavewjidolnlauansla
finii daaliluvhanentuvadveadelddtu (Bhadra et al, 2011) Wonluwaduesdogn
vhaneiazdetialuiian Tasiesidudnmanevents £.coli ndmaasusensdsdioanlys
melduasgTifunan 20 wdl fidwviiu 83.33, 93.33 uae 99.00 Wedidud dwiunsdsde
anleAfiiunsNTigamadl 300, 500 wag 700 swrwalivd mMuSAU kazwuIHEIdeen
ledilinumsiniigmgdl 700 esrmiwaidea (T700) anansUseAvsamnssinde £.coli A
e waznmdnesuulalad (Raunq) vauidie E.coli fisontin ndmnaasusionsdsraen
lasmelduasyTiine 0, 5, 10, 15 waz 20 w#i uamedsgUil 3.8
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Abstract The Zn() powders were prepared by sol-gel methad. The prepared powders were calined at the temperature of
300, 500 and 700°C for | b with the heating rate of 10°C/min. The microstructares of the fabricated powders were
characterized by SEM and XK1 techimigues: and the results show that ali samples were the agplomeration and spherical shape

and reveat only the wurlzite phas

_The antibacterial activity efficiency was evaluated by the mactvation of £ coff 1t was

observed that higher calined at the temperature gives better antibacterial activity. With the highest calined at the temperature
mvestigated in this experiment { T700 condition) the powders show antibacterial actvitics #1059.00% for under UV irradiation

24 rn.

Kevwords  Antibacterial activity, ZnQ powders, £ el Sob-gel method

1. Introduction

Zinc oxide {(ZnQ} Is an inportant inorganic matenal.
which has multiple properties. such as semiconducting
properties, antibacterial activity and growth promoter {11 h
s widely applied in the field of optoclectromics [2-3}
pharmaceutics {41, cosmeties [5-6) food science [7-81 and
agriculture {171, The antibacierial activity of ZnQ) has been
widely explored 1. 9-11]. 1t has been documented that
concentration. size and healing temperature can affect the
antibacterial activity. ZnQ as ap inorganic anhbactenat
reagent is more stable than the organic reagents [ 1]

Up to now, a number of chemical routes have been used to
synthesize ZnO powders such as hydrothermal method
[12-13]. spray pyrolysis [14-15] and sol-gel method [16-17],
Among these methods. sol-gel shows many advantages over
other technigues such as its simplicity and low equipment
cost. Therefore. in this study we had concentrated the effect
of calined temperature on controfling the structural and
antibacterial activity of ZnQ) powders by sol-gel method

2. Experimental and Details

2.1. Powders Preparation

ZnO) powders were prepared via sol-gel method {16].
Firstly. 2.1949 g of zine acetate dehydrate (Zn(CHC OO0
2HLO) was dissolved in 30 mi distitled water and mixture

* Corresponding auther
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i
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the vigoroush strred st room temperature lor 13 mw
Finally. 1.6 g NaOH that was dissolved m 30 mi distilled
water was stowly added to the zine precursor solution. The
white precipitates were achioved and were then vigorously at
room temperature for 43 min before filtering, rising with
distilled water. dryving at 607C for 24 h and calcined at the
temperatures at 3000 300 and 700°C in air for | h with a
heating rate of 10°C/min

For this work the Zn0) powders calcined at the

temperatures ar 300, 00 and 700°C were designated as 1300,

T300 and T700. respectively,

2.2. Powders Characterizations

The tarphology and narticle <ize of the fabricated
powders  were  characterized by Scanning  Thectron
Microscope (SEM-Cuanta 4007, The phase composition was
characterized using an X-ray diffractometer (XRDY (Phillips
X pert MPDL Cu-K). The crystallite size was caleulated by
the Scherer equation. Eq. 1. [18]

D 094f
where [715 the average orystallite size, J is the wavelength of
the Cu Ka ling (0.15406), 8 is the Bragg angle and B i the
full-width at half-maximum (FWHM) in radians.

feostil h

2.3, Antibacterial Activity Test

The antibactenal activity of powders against the bacteria
Escherichia coli (E coliy was studied. Aliguots of 10 ml £
coli conidial suspension (107 CFU/mi) were mixed with
0.05 g of powders. The mixture was then exposed 1o either
UV irradiation {eleven 30 W of black tight lamps) for 0. 3.
10,15 and 20 min. Then. 0.1 mf of mixiure suspension was
sampled and spread on Macconkey Agar plate and




2 Weeraeha! Sangchay

mcuhated at 37790 for T4 h
vigbhle colomes of £ cofi on each Macconkey Agar prate
was observed and disinfection efficiency of each test was
calculated 0 comparisan 1o that of the inital or control
INSNGH L T8-19], Percentage hacterial reduction or £ cofi kill
percentage was calenlated according o the following
equation. g {23 [18-19].

B 000N NYN; [

Where E is the percentage bacterial reduction or £ cofi
kil percentage. N and N are the average number of five
bacterial cells per milliliter in the flash of the int 3
control and  powders finishing agent or weated  fabr

respectively

3. Result and Discussion

3.1 Powders Characterizations

500

After incubation. the number of

Antibacterial Activity of Zn() Powders Proparation i Sel-Gie! Method
i

Figure 1
thi gl

Intensity (s.u)

16 30 30 70
Position (2 Theta)

v

alosned ai the wmpe ates o

Figure 2. AR a Zat powd

v

BB a0

€

The surface morphology was observed with SEM. Figure
1 shows surface morphologies of Zn() powders, 1t was seen
that for all powders. the agglomeration and spherical shape
with inereasing calcined temperatures at 300 w0 7007°C

From the XRD study as shown in Figure 2. it was found
that ZnO powders calcined at the temperatures at 300, 300
and  700°C reveal only the ZnO phase. The peaks
corresponded to the (1003, (D02, (1011 (1023 (11030103,
(2003, (1123 and 201 plans of ZnO in the wurtzie structure
correspondence with JOPDS card number 36-1431) 6]
The crystallite size of nanocrystalline £n0) powders which
was calenlated by Scherrer's formula gave the values of
about 28.3. 42.5 and 42.5 nm for calcined at the temperatures
at 300, 300 and 700°C, respecitvely
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3.2, Antibacterial Activity
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Figure 3 displays the 20 cofi survival rate (N7 after
testing with UV illumination on 7ZnO powders. The result
shows that the #, endi survivals decrease with UV irradiation
time. It also indicates that the ZnO powders caleined at
700°C exhibit higher antibacterial activity compared 1o the
Zn0 powders calcined at 300 and 300°C, respectively.

The £ cofi kill percentage of ZnO powders under LV
jrradintion is shown m Figure 4. it is found that the £ coli
kill percentage of ZnO powders under UV irradiation for 20
min are 83.33, 93.33 and 99.00% tor ZnQ powders calcined
at the temperatures at 300, 500 and 700°C, respectively. in
this research. Researchers have studied the influence of UV
disinfection affecting £ cofi (case no Zn0) powders) from
testing found the £ cofi kill percentage infection wus very

[}
Pt

fow  The percent mortality was only 5% under UV
feradiation for 20 min. so the Taciors that atfect she £ oo ki
percentage infection for this research came from the

influence of powders

The photo of viable bacterial cnlonies tred spotsh on
fabricated ZnQ) powders and the control treated with LV for
20 min are illustrated m Figure 5.

4. Conclusions

n this work, Zn0) powders were fabricated by solegel
method. The effect of caleined at the wmperatures at 300,
300 and THOTC on microstruciure and antibacterial actvity
warg investigated.and concluded as followings:

ZnO poweders reveal only the wuetzite phase and surface
morphologies was found thas for afl powders. the
agglomeration and spherical shape was observed and
the purticle size increases with increasing calcined
femperatures.

The antibacterial activities of Zn(d powders increases
ing calcined temperatures and thus, ZnQ

i

with inor

powders calcined atthe temperawres at 700°C (1700
exhibits hugher antibacterial activiies under UV

irradiation with [ cofi kil percentage of 99.00% for 20

min

Fignee 3. Photo of viant
£t} poswaders calosned at
At conpl vomditon
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