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Research Title: Synthesis of Tin Dioxide (SnO,) Nanostructures Using Natural Fiber
as A Template

Researcher:  Assoc. Prof. Dr. Wisanu Pecharapa

Faculty: College of Nanotechnology

Abstract

SnO, nanostructures were synthesized via microwave-assisted process using
natural fibers from egg shell membrane (ESM) and carbon nanotubes (CNTs) as
templates. The process used SnCly:5H,0 as a starting precursor for Sn source. H,O,
treated natural nanofibers from egg shell membrane and UV-ozone treated CNTs
effective scaffolds for SnO, formation. Effects of crucial process parameters including
surface treating time, precursor immersing time, microwave power, irradiation time and
calcination temperature on relevant physical properties of synthesized tin oxide
compound were extensively investigated. The structural properties, morphologies and.
relevant chemical bonding of as-synthesized samples were characterized by X-ray
diffraction (XRD) and scanning electron microscope (SEM) and Fourier transform infrared
spectroscopy (FT-IR) so that the important process parameters were notified. Moreover,

the synthesized materials can be applied as potential alcohol sensing material.

Keywords: SnO,, natural fibers, Microwave-assisted process
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Yunling Zou uazAme[14] lavinnisduasiedt Cuo lassasululdidulusssuralngle
wialagans1mIug Maudiduiivansnetuie 0.15 mol L 0.25 mol L 0.50 mol L™ sauandly
guﬁ' 2.3 Juansdnvaslassaiauasiuioues Cuo feseulilasldnudutureansdadusineiy
3U 23 2) wamsdnuaslasaiaasiuinnes cuo Mndesldlaglaidudy 0.50 mol L i
ﬁwﬁwmamwﬁ;w sﬂﬁ 2.3 b) wansdnwarlasiaduasiuinues Cuo fusealalaeldmnunduty

0.15 mol L ‘wmaa‘umamwaa nUI CuO fMlassasraduuvis Tvwaveandn 50-60 nm sﬂw 2.3
o) wansdnwuslasiaduasiuiives cuo nSoulalagldmududu 025 mol L "Tagld
Mdsweneamin wuih Cuo Tlassatafunenls gﬂw 2.3 d) uansdnuelpssadranasiuinue
Cuo eeulelaeldaududu 0.25 mol L™ Ingldidavenenwagsszau 1Bunisvensnaw Cuo
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aonlyd wag naeiindlna Auanslugun 2.3
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Ni“" Infiltration Calcination

in Og

NOy

JU# 2.9 wanstunaunsiia NiO Feldnwueduveszeululasandulesssuy® [16]
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N 1IATUIIUIW
3.1 ATHUATIZREITA8TTAN 9
3.1.1 msleuaaa

Fmslvana (sol-gel method) 1TuAsAIEFUMmTsmTaannldamsifimuuignige
aunsowsouiigamgiinuazannsahluussgnalunsudnuiuiauuisls nsAns iR madail
qauszasiuangadratuldldifuniaunw  Idvunvsseynianasiuiniidesnmsuaginm
anmzmsiasealiisunue asessuildiluonaliuiiudanenled (Tin alkoxide) wasiuimnsy
aaslse (Tin tetrachloride) Wasmnansusznauiiudarenlesiodhnenrudu anudouuazuann
nsruINmMsfiveznessudeshneldanneiiuiuasdesililiasmndensifutaznnslda
ilndienldanegs nsldfumnszaaslsAunuazuddamiild Deng uae Hossenloop w3eneanies
wetsl (SnO uay SnOlAeld SnCly fu NH,OH 1iiifisl NH.OH adly SnCly azifnmgnay Sn(OH), 34
avareluuald Sn(OH), (ieunalentléig SnO, [17]

3.1.2 A5anAznNau

RBaldasasudy sncl, e SnCl, ¥iufisendu NHOH 16 Sno, Wudnnuunuasd
wuias hlawnsawden SnO, AllNuiiRafigdldlaedsl desdimadauuadlfivaduqeu  giSe
(18-19]

3.1.3 A5lalaswmesusauazlvalamaiuaa

Sn0, Mwdeulngislalasmeiueaindidnuusiuwiaunlu (nanorod) Uijisenenaiiniuly
dvdefvhazanedug mswseadild CTAB (cetyltrimethylammonium bromide)duusinuy vild
Tnglaifasldgamgiigunn $5il3undh template-directed method [20-22] Sn0, Mwseulélagly
CTAB wloazany SnCl, luansazats NaOH sy Sn(OH), Jeftautmdu amphoteric hydroxide

<f

dlo Sn(OH), azaneluansazvarswuald Sn(OH),, Azfwmaiulessu CTA+ 910 CTAB finadlyd ing

Y

lopau CTA+-Sn(OH), Tudnuurlaseassuuuusdy (sandwich like structure) fp39n1eluvin
iy micro reactor Wuuraaiiauviaunly Hu uazanzld PVA (polyvinylalcohol) wnu CTAB
wagldeBuenalnmsviminfives PVA Sufumiuuuliifia Sno, lutesisswinsduvedluana
PVA Tisgatuseitusslelasiau Benigwseuilin PVA-assited solvothermal method (23] siau
Cheng wavamy tasnenumsidinduesuiia polyacrylic acid (PAA) wagliidiuvhazane du

aaa a v @ ' < ) s
wsnvesufAselealavaduoaaadatou Sn(OH).s aa1efegnTIAEINAIY. LTU SRO, B9a8TIN
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Lﬂuﬁaunamﬁaamﬁuﬁaﬂﬁﬂaaﬁqﬂ Weeymawly Tuansazasnoaasss suzfeadu Sno, 1An
Ufdumusiuny COO- Tu PAA vl Sn0, Srunumnnuinefu PAA nanewliu nanocone [24] Xia

]
I L.

wazruzlinsenlngIlalnsmesueanlildusiuuuld sno, Afidnwasidu nanorod wufy [25]

lnsnsduaswiusazifecliidulonnianssnmd wu dilelm @uleiheduwiuvuly
nMsfedvemdn  SnO, Fmminsinseulunrasifagyhlilalasadassduunluves sno, 7

LRNAGAU

3.2 AnwauiAvnalaseasne vessansusznaveenled Sno, Meduuliiaisusznevsenled Sno, i
wiealdandudl 1 luasedinseiiitodnwantinialasiaiig duguineidoiaies  Xray
diffractometer (XRD) 1384 Scanning electron microscope (SEM) waziadasdunsusnaalnsala
U masnauinansusznaveenled Sno, ﬁlﬁlﬂﬂssqneﬂ‘ﬁlﬂuﬁamaﬁmLLﬁ”a TUIANHANTEIUYBA
fauusililumsiedon Wy Shsrdusswinsansusenevsenled SnO, arlunisiries puumgliily
Tunsin esdvsenauvesasazarsuasdulosssumanldiduniuuuiifinadeaudvesansussnou
oonlesiindouiuld sntnhansussnevsenlas snO,Meseuldluussendliay nadeulnemsii

asusznousenlan SnO, Mnseuls lWussandldilufnsiatauia

anuiiimveaes:  mswieutagynduneuneaes  Inendounlumaluladwszaeuingd

aanszds antumalulagnszaoundnitnummsaansy Uy
3.3 asialinazgunsaiildlunisnaaes

3.3.1 sswniiildluntveass
® iiumaslsn ( Tin chloride ; SNClye5H;0)
e lalasiauweseanles (Hydrogen peroxide ; H,O,)
e auluiiy (Ammonia ; NHs)
° Sﬂﬂaaﬂﬂ‘ixﬁg (DI water)
e visualuArsusu ( Carbon nanotubes)

e nsaylels¥idn (Fluorosilicic acid)
33.2  gunsailglumsvnaes

e r3asmuanslaglduviauivin (Maenetic Stirrer)
. Lﬂ%’laqmgumﬁ'm (Centrifuge)

e Jnines un 250 Jaddns

® a%ida (Crucible)

o \p3nsitanseditesidon

® IAUHTENTRMRYEN
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Juasunisusuaniningatddanldalteidsnisudlalasautwasaanlad
(Hydrogen peroxide ; H,0,)

1)
2)

3)
4)

thidenlyliasumyihnsasnidesen

ddeilduninsiesetiasadsey S 3  ads aanduiidliiduini
guNNiNed

thidedlduudlalanaumnedoanles Wunan 0,4,8,12,18,20,24 4l
thideidenly AdlvieneiifomantAiiimnzauiensi lussgndldan

YUNBUATIATBUEIUTENBU SNO,-ESM

1
2)

3)

AunUSinmans sncl, finrmdidu 0.05 M

1 sncl, fimlé wmanaslutaeatsyy 100 faddns nduiasesaned
IhmilfazanelagieSeamuniu
inansazansuenlioiiensararefiasonl3 ey aunseismaudiunsa-wa
WAL 7

vhansavanelute 3) Asdeuld uvinnsteanidnudaifal fifunan 12 dlu
thansazanslude 4) ivihnsuyuvies feswiusey 5000 saursud vh
Wae 3 58U

thagneuande 5) uvhasasfoiAsomyuniy

Yudadenlefiwdoald snurluansazareiildainde 6) Wuna 24 Hlus
Widedenlufildunlilradululasnv 300, 450, 750 Sad Wuan 4,6 i
hasusznaudilalude 8) iwnflgamgil 400,700 ssrmwaidua Wussevnan 4

3l

JunaunsAssuInTaiafiwaIndanuaniivesnlediuviaunluaiiuay

1)

2)

vhiueenludinaufuveuluansuouinldnusiimieuls wawhnsueansay
Tols#adn (Fluorosilicic acid) Uszaney 1-2 viea lagvinnisaulianiu
Sransiiedealdlude 1) wmoaasuuLsuTmeasnIonlUssina 1-2 ven
wavinsieaeulagiounedsuy .

LTI LATTNMstaeEa uLds uvinsldaudeushaniediainudou
fgamadl 120 aern Wuwadealnan 5 wiil wiidllsBuitgnmgiivies

137655
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Rl

3.5 SLUUASIRINLAE

NngUit 3.3 Wuszuuasatauie FedndafiviosUftAnnT Carbon Nanomaterials Research
Laboratory Ingndsulumalulainszaaundamnszty anfuwmealuladnszaeunandinu
ysaanseds  Tasunanldlumsdnudesduielassineveuaanased Jmanisnaass
Wesuusngluunii 4

FLUK NetDAQ Logger

ﬁ&? Selenoid A
Vatve 1 d

Flow Meter

VOCs Detection 0000

liquid Chamb

Nz Scasor

OV | ]
[ Hot Plate_|
Selenoid n :_-.l__-.‘_::l
Valve 2 U Exhaust Data Acquisition System
Flow Meter

Ufl 3.3 szuuasadaufialessmevacuaanaged
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4.2.3 MFaseRlasasegensadursusaaualasalal

AsMAITIATIE FTIR  wes Megtlassaisegsansusenausenlenves Sno, il
Tassatanlilagldidulosssurionidedenlafumivuy nelddeuly msuddedentvly
anImaRIBe SNCly AdNdY 0.05 M uan 8 Flua uag 24 99l nuldruSeusieady
Lilastandadimgs 300 Jad Wunan 2 wiit wudn dnngdnvaglufienauuadeniu fe Using
Hyanuganduil 500 cm ™ fia 600 em” Fauanadsiusseanaulangesnlud Jadulasadreves
WustsEmefiufusandiay (Sn-0) uamsisnstinuaznsiieguesaynia Sno, lnedyanuinail

1 P o £ P l A P o X & <2 a o a &
anautatuiianaiildlunisudiewdonluindu uaadiiiutaSnauiliuiureeuniaes

as <

T 1o X < - ‘o -1 -
_SnOZ ANUIANLYVILWNHYY .LLaL’E“iQJ,QJ,']mmiQﬂﬂauﬂJENLEJBLUﬁEJﬂI‘U‘VI 3500 wag 3700 cm Taelins

a 3 o W X w [ 1
“wanudsuuszsewinsenludaiululasiau lasduiuamiandunsaiazang

(@)

%o Reflectance

)
/

T T T T T T T
4000 3500

! 1

T T T T T
3000 2500 2000 1500 1000 500

Wavenumber (cm™)

U7l 4.4 nwBurssaanadies SnOy/ ESM Tneldndululasianiifideliin 300 Jad 2

U Teenisudiawdenlvluasasdu snCl Wuan (2) 8 ¥7lue (b) 24 Falaa
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] (b)

% Reflectance

T v T T T
1500 1000 500

T T

T
4000 3500

T T T
3000 2500 2000

-1
Wavenumber (cm )

qUfi 4.4 (de) nswiBursusnanaFuYes SnO,/ ESM Tagldadulalasianiidndslvdln 300 Sad

2y Tnensutiiawdanlaluansaadu Sncl, Wum (@) 8 daTa (b) 24 H2lag

4.3 Msinsanudidursiasaedureiufidiadenisduasedimsusenavsenleduas Sno,

#5ilaseadeunlulaglddulesssuvnfnidawdenlailusainuy

4.3.1 n'lﬁl,ﬂﬂ:ﬁiﬂiaa%'wﬁ'wwﬁaané’aaqawiiﬂﬁﬁtﬁnG\iammudaanim

Mee SEM uandlasiasesnegnsansusznauesantasas SnO, taeldidulesssunaann
Fowenlidumiuuy  Tnensutdawdenldluansaedu snCly mududu 0.1 M Huna 24
dlae uarlvndulilasndediings 300 Yad Wunan 2 udl ﬁaLLamﬂugﬂVi 4.5 \faussuidisuiu
gﬂﬁ 42 (b) Feldrnudiuduansdsiiu SnCle 0.05 M WU Fusenledinsineduuiivende
wWienly LLazU‘%mmaumﬂﬁmzaﬂﬁﬁ'\mmﬁuﬁu %uv‘iﬂﬁaqmﬂmdwﬁﬁmnmsé’hﬁuvflunzjuﬁau
wazvunalvg waziiunsdiumeiaiuduuw udswaliuunavestaraseninaduluanas s

173 <l v LV I o o [} a 1
duleinsgauviuiududnuiunin QUNUWQE‘I'JULﬂEJEU'ﬁ'N\LU
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% Reflectance

T T T ' T T T ' T
2500 2000 1500 1000 500

T
4000 3500 3000

. -1
Wavenumber (cm )

sUil 4.9 Madmsidudsisaawnaiuves Snoy EsM Tagldadululasiaviiddluin 300

a d

06 4 ud

=1 o w P d' S s
4.5 MsAneravastidasndululasnildddentsfuassiasusznoveanlenaas  Sno,
TnelddulesssuvRannidodanluluusivuu

4.5.1 myhnieilassairafasessndasqanssaibidnaseuuuudainsia

ANENe SEM wanalassasieiiagsansusznauesnlanved Sno, Nillassasitsuiulagladuy
losssuvdanndawdenloduutuuy  aelddeuly nawy 24 Tlus AuauTy 0.05 lua
aaululasiandaiiigs 450 a6 Wunan 2 uai wun dnwusvesiueanlemduneu fiudiu
[ & [l = [ ‘ P=] 5 3 v 1 P 9/ v (-1 e‘f
Wunda unsduisunsdliudueu fvweiadn uas yualng Wulefinsdeuuiuauduie

a [ (=0 [ 1 % [ 4' ¢=l' ) = o v dll
Wentuauunuliiensserinadulsenadunanianedululasninannifuly - suvilwde

wWienlidegunsa
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% Reflectance

| T T ' |
2000 1500 1000

T T T | ' T
4000 3500 3000 2500

-1
Wavenumber (cm )

|
500

Uil 4.12 nsmiBunsusasiuna3uves SnO,/ ESM Tavldadulslasioviirdslvi 450 Sadilu

a1 2 Wi

4.6 namsnsIaufaueanasedassaisusenavsaniedvas Sno, leeldidulesssuvfanige
waanlyuusinuy

dlavhnsasiaialesuvevesusanssed Tasldansusenou Sno, Tnetdidulosssumiannide
waenldfuwsiwuuluynnsdiiwSeouls Tngldszuiitey wuiildannsansaaiald vieiliiosnan
svuuameinfifogiimendoulumeluladnszaenndraanszds  SdliaSeauysal  nanfeddl
aunsamsinfigamaiiganingumaiiviedld Sddagund Sn0, ssamnsmvhaunsIeTaufald hi
ogjfigmaiigaszana 300 svnaliuatuly  ugideiddinsduansiansusznounaunes
SnO,/CNT ?Tmﬁauﬁﬂzymﬁqndn Fudonarsusznounanved SnO,/CNT azansailuianniiain
uialsfigumgimlsanmshausaudiussning Sno, way CNT Faansduareiuaznnsnsiade

uwiaasiegluiidadnly
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wiuda Usingaseiuszuu (110), (211), mudeiu wafddinswasulasadeilddaau uwilvnai

Falulnnifusenlesniilassasrululesldidulesssurdnndadanladunsinuy

(110)

.

(211)

Intensity (a.u.)
1

—n,

PR
N
—
———
S—
o it

20 30 40 50 60 70
20 (degree)

€an
=l
=n.

4.14 anvmadevLrsiidndvatsynaiiusenledivvouTuaiusuinioulagld
adululastaniinndelnii 300 Jad 4 unii

4.7.3 msiaeilassadredieniesdunsisaawalasaladl (Fourier Transform Infrared
Spectroscopy: FT-IR)

N31MAISIATIEN FT-IR 294 fangiiusanlaaiuviouluatsusudindululasiin 300 Jaq 4
<t ' ) o a &l -1 = -1 = [%
W wud1 Usngdyanunisaanduvesfiuesntedil 500 cm 89600 e Falulaseasisves

Wusysgninsiiufiueandiauuanslviiuisnsiioguaseynia Sno,

(0
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% Reflectance

~ Y

T
4000 3500

T T

T T v T v T T T T
3000 2500 2000 1500 1000 500

Wavenumber (cm'1)

5U# 4.15 nsvBusseanlnsalalvesdaauanauniaiivesnleaiuvieunluaisusuimiey

Tneldaaulalasianiiindslvei 300 Sad 4 wi

4.8 nisAnwnandildlunisiiadulalasiandedisusenevesnlanaes Sno, Aldvieunluansuau
Wuuaiwuvy

4.8.1 midmssidnuardugiudeinioindoqanisaddianaiauwuudainsia

(Scanning Electron Microscope; SEM)

JUN 4.16 wananiwaneg SEM dauanifislassasraiieganiusenlediunauvisuilumsusulagy
mstRunatlumsiraululasn 300 Jaauinan 6 ui aewudn visunlurnsusuiinnsvInany
=4 Py aa & o o YR o & f
Wuduleitivuedu Wesnainnsiiunanlunisivrdululasvidunaiunuiy anvdwansenu
ﬁ’uviamium%uauLLaza'qwaﬁiaagmﬂﬁuaanl%ﬁﬁﬂﬁﬁmmmﬁﬂaaLﬁaLﬁauﬁuﬁnm 2 U9 WAL
vuivevisunlumsusutioeas uaziinisinizidiue ity Jadidnvuzsidunguiou viediudl

1 1 t P= ) N [~ v
gUiNlmmwu UNEIUY Uanuwnzidunau
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(110)

3: 1 ——
S0 o
> =
=
f any -
Qo —_
c ) —
_— ] (q]
N
1 I 1 l T l ) l L] l T ﬁ
20 30 40 50 60 70 80

26 (degree)

o & v ool 4 a Car 4 ¢ o a v
U 4.17 nsimsidsnuuvesSedidndueseumadiveanlediuvieunluaisueuiindeulagly

adululasianinadalusln 300 308 6 und

4.9 msﬁnmwansswwaaqmwgﬁmnmﬁaé’nwmwaamﬁJsznauaanlezm‘maa SnO, #ldviaun
Tuasvauduusivuy

4.9.1 MsmsidnwusdugudisaseindeganssaiBiinasaunuudainsa

(Scanning Electron Microscope; SEM)

sﬂw 4.18 WAAININENY SEM LLamIﬂsqamm'emamwauwuaan'lmnwauﬂumsuaulmam{m
adulatasin 300 Sad 4 il Lmemsmeammu 400 D wATYE ¥WUI Aussnleainis
ImMzuumvevisunlum$UaLINNTY aumﬂwuaanlmﬁlmmmmammmumamumﬂunamau
ey mqmumwsﬂmluuuuau Poeineserinaduledivundnag Luaamnaummawuaanlwu
aumdn vl w;mJaavnauﬂumsuaulmmnmuuamuaanlwmamuumsmwmnumunau
fouths vlliflorissewinaduly meamuamunumnmmu 700 99ALTALTYRE EWUI Vi
uluansveuiivuinduauay L‘UaEJ‘LI‘iU'SN finswneananiudududneradurnaniainniswii
auMIga LLayaumﬂmawuaanlwmmmﬁn
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4.9.2 Mslnseilaseadefaensautenuusdidng (X-ray Diffraction; XRD)

ns W XRD Gua«%’haﬂﬁai’aawauﬁuaanlqiﬁﬁwiamium%uauimEjmﬂﬁﬂ?iulmiﬂmw 300 an
Wunan 4 ui LLé’w‘hmiLmViqquﬁ 400 parwalded LU Ausanlenlilasew@daluunnse
Tnuea Fwwendnvesiveanluiiiszing 698 wiluwns Fuflevihniswn fusenlesasing
Wanulaseadis Lifinylansendanauvieny Fasnarnmsliadululasind 300 Sas 4 unii walaiil
masnillassadsvesivoanlardalinmsdsuiliauysl Tnsssnugdsnuuiiduinnngasiu
sgunv (110), (101), (211), (221), (301), (202), (321) Faduwandnvesivesnlas Lﬁatﬁuqmmﬁ
mswndy 700 s nvaes ﬁ‘ummwﬁnﬁlmgzﬁuﬂizmm 12.4 uluuns Jeszuauinuasiissuny
Fenfunseniigungd 400 esruwaides wandiiudsnndundniidduresoyneiiusenied
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sui 4.19 nsnwmnﬁmwuwaﬁq?{ténq‘iwma‘tgmaﬁuaanl%ﬁﬁuﬁauﬂiuﬂﬁuauﬁm%smiﬂﬂh'f

9
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Microwave-assisted synthesis of porous sol-gel derived SnO2 nanoparticles templated by
H,0;-treated egg shell membrane natur al fibers
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Chalongkrung Rd., Ladirabeng Bangkok 10520, Thailand.

Abstract

High porous SnO; nanoparticles were successfully prepared using conventional
niicrowave irradiation as potential heat source for particle nucleation and grain growth and
bio-natural microfibers from cgg shell membrane as templates. SnCls-SHO dissolved in
deionized water was used as a starting precursor for Sn source and H;O;-treated egg shell
membrane was utilized as a scaffold for SnO; nanoparticle formation followed by post-heat
treatment to improve the crystallinity and porosity of the as-prepared powders.  The
structural properties, morphologies of synthesized samples were characterized by X-ray
diffraction (XRD) and scanning ¢lectron microscope (SEM) while their porasities were
measured by Brunauer Emmet Teller method (BET). The XRD results indicate that the
formation of nanosized SnOs particles can be performed by facile microwave heating with
moderate microwave power and the crystallinity of the prepared product can be ¢nhanced by
calcination process. SEM results reveal the unifermly distributed quasi-spherical SnO;
particles firmly attached onto the surface of natural fibers. BET results suggest that the
porosity and active surface area.of the product can be increased by the assistance of egg shell
microfibers employed as a template and post-heat treatment process.

Keywords: SnO, Egg shell membrane fiber, microwave heating

56



The 12th International Symposium on Biocontrol and Biotechnology

Manuscript Number: 0025

Title: Microwave-assisted synthesis of perous sol-gel derived SnO2 nanoparticles templated
by H20z-treated egg shell membrane natural fibers

Date: 22 October, 2014

Dear Wisanu Pecharapa

T acknowledge the receipt of your abstract (ref. no. 0025) which has been accepted for
The 12th International Symposium on Biocontrol and Biotechnology without revision.

Sincerely yours,

P HA—1

(Assoc. Prof. Dr Dusance Thanaboripat)

Chairman of the Academic Committee Board
E-mail (kindly reply to): ksvorapa@kmitl.ac.th

57



wnanstduenasiianubdmiunislvnuiienisfinwimiiu weygslmihlulsdssleruaiunisen
lunnsallagnsau dnvieuiiludnuUaailon waznese1sddiuaiveenarsnassiinisinluly
This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



59

Dear Miss Nalita Sawangjit,

on October 15, 2014, we received your abstract, referenced below:

Title: SNO,/MWCNT nanocomposites synthesized via microwave-assisted technique

Presentation Type : Poster Presentation

Your abstract has been assigned the Paper ID: 00038 . It is now being entered into the
reviewing process.
After reviewing process, you will receive another email notifying the result and decision

about participation.

You may check on the status of your abstract by accessing the SPC2014 website and go to
Paper Submission section.

Link at the following URL:
http://www.SACT2014.thtes.org/

(You may need to copy/paste the complete URL into your browser's address/location bar, if

clicking on it within your email reader doesn't work.)
Thank you for submitting your interesting work to SPC2014.

if you have any queétions, feel free to contact us

at http://www.SACT2014.thtes.org/contactus.php

Sincerely Yours,

Organizing Committee



wnanstuenasiianubdmiunislvnuiienisfinwimiiu ueygslmihlulsdssleruniunisen
lunnsallagnsau dnviauiiludnuUanilon waznese1sddiuaiveenaisnassiinisinluly
This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



The ESM for this process was extracted from fresh eggs. The egg membrane was striped with
tweezers and then washed with deionized water. After that, eggshell membrane was immersed in
hydrogen peroxide for 12 h then dried at room temperature, to remove impurities and moisture and
to functionalize its surface. After that, treated ESM was immersed into the precursor solution for 24
h. As-prepared intermediate product of SnO/ESM composite was heated using a household
microwave with various irradiation powers of 300 Wand 450 W for 2 and 4 min. The structural
properties and formation of SnO, were investigated by XRD operated at 40 kV and 30 mA using
Cu-Ke radiation over a 26 from 20 to 80° with step of 0.02°/sec. The size, shape and morphology
of the SnO,/ESM composites were observed by SEM operated at 5 kV. Chemical bonding of the

samples was characterized by Fourier transform infrared spectroscopy carried out in the range of
400-4000 cm’".

Results and Discussion

The morphologies of as-prepared samples were monitored using ‘SEM and the
corresponding images are illustrated in Figure 1. At power of 300 W for 2 min (Fig. 1(a)), it is
unclear to observe the formation of SnO; structure on the ESM surface. After the irradiation time
increases to 4 min (Fig. 1(b)), the formation of particulated structures of SnO; in cluster form on the
surface of ESM is clearly observed However the cluster of SnO, particles was sparsely dispersed on
the surface of ESM with less uniformity. The same feature is also noticed in Fig. 1(c) for the sample
irradiated at 450 W for 2 min. In Fig. 1(d), as the irradiation time was increased to 4 min, it was
clearly seen that, the greater amount of SnO, particles were throughly and uniformly adhered and
coated on the ESM surface. As irradiation power and time increases, the greater heating energy
provided to the system can efficiently initiate the good formation and nucleation of SnO;
nanoparticles and the binding between the particles and ESM surfaces. However, further increase
in either irradiation power or time beyond this point may destroy the structure of ESM and
consequently terminate the formation of the composite.

XRD patterns of the samples synthesized at various conditions are represented in Fig.2. All
results show the noticeable diffraction peak situated at 26= 52.05° which corresponds to (211)
orientation plane of SnO,. This result highly confirms the formation of SnO; structures onto the
ESM surface. It can be further interpreted from XRD patterns that the crystallite size of SnO; is
very tiny or nearly amorphous phase of SnO,, accompanying the broadened XRD peaks.

The possible mechanisms responsible for the formation of SnO, during the microwave heating
process can be proposed as follows; First ammonia solution in water can transform to be NH;OH
that can effectively react with SnCly to form Sn(OH), intermediate product according to the Eq.1

SnCly + 4NH,OH — Sn(OH); + 4NH,CI. Q)

After heating, the intermediate product can undergo the dehydroxylation or ‘dehydration and phase
transformation to SnO; according to Eq. (2),

Sn(OH); — SnO; +2H,0. 2)
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FIGURE 3 FTIR spectra of SnO,/ESM composite obtained by microwave heating at (a) 300 W and
(b) 450 W.

The Fourier transform infrared spectroscopy of SnO; nanoparticles with different
microwave irradiation and time were conducted and corresponding results are exhibited in Fig. 3.
The characteristic peaks of SnO, appear at 400 and 500 cm™', which is assigned to O—Sn—O
stretching vibration mode meanwhile the featured peaks of eggshell membrane appear at 3500 and
3700 cm™' that would be expected to contain positively charged functional groups such as—NH; and

—~CO-N,H,—,dependent on the pH of the aqueous solution.

Conclusion

[n summary, SnO, nanostructures in form of SnO,/ESM composites have been successfully
synthesized by microwave-assisted method using ESM as a scaffold. SEM images inform that
SnO, nanostructures are attached on the surface of ESM and the uniformity and amount of SnO,
particles coated on ESM surfaces can be improved by increasing irradiation power and time. The
XRD and FTIR results confirm the existence of nearly amorphous phase of SnO, with relevant
chemical bonding of SnO, and ESM. '

Acknowledgments

Authors gratefully acknowledge the support from Faculty of Engineering, Rajamangala University
of Technology Thanyaburi (RMUTT) for XRD measurement. This work has been financially
supported by Nation Research Council of Thailand (NRCT).

References

[1] X.Lou, C. Peng, X. Wang, etal., Gas-sensing properties of nanostructured SnO,-based sensor
synthesized with different methods , Vacuum 81, 2007 , pp. 883 — 889.

[2] J. Liu, J. Huangn, SnO; nano-spheres/graphenehybridforhigh-performancelithiumion battery
anodes, Ceramics International 39, 2013, pp.8623—-8627.

[3] L. Hao, H. Liu, X. L.W. Shen, Properties of SnO> based gas-sensing thin films prepared by ink-
jet printing, Sensors and A ctuators B 166— 167, 2012, pp.110- 116,

[4] Q. Dong , H. Su , D. Zhang , et al. , Synthesis of hierarchical mesoporous titania with
interwoven network by eggshell membrane directed sol-gel technique , Microporous and
Mesoporous Materials 98 , 2007 , pp. 344 —351.

[5] J. Liu , Q. Wu , Y. Ding , et al. , Assembling Synthesis of Barium Chromate Nano-
superstructures Using Eggshell Membrane as Template , Bull. Korean Chem. Soc. , 2004 , pp.
1775. ;

[6}Z.Miao , Z. Liu, B. Han , et al. , Synthesis of TiO2 nanotube networks from the mineralization
of 'swim bladder membrane 'in supercritical CO2'; . of Supercritical Fluids 42,2007 ., pp. 3101=
315:

[7] W.T. Tsai , JM. Yang , C.W. Lai , et al., Characterization and ' adsorption properties of
eggshells and eggshell membrane , Bioresource Technology 97, 2006 , pp. 488 - 493.



[8] Z. Wang , X. Shao , X. Hu,, et al. , Hierarchically structured NiOQ/CeO2 nanocatalysts template
by eggshell membranes for methane steam reforming,, Catalysis Today 228 , 2014, pp. 199 —205.
[9] Q. Dong , H. Su, J. Xu , et al. , Synthesis of biomorphic ZnO interwoven microfibers using
eggshell membrane as the biotemplate , Materials Letters 61,2007, pp. 2714 =2717.

[11] Q. Dong , H. Su , D. Zhang , et al. , Biotemplate — directed assembly of porous SnO:
nanoparticles into tubular hierarchical structures , Scripta Materialia 55 , 2006 , pp. 799 — 802.

[12] J. Li, F.L. Kwong , Jiangtao , et al. , Synthesis of Biomorphic ZnO Nanostructures by Using
the Cetyltrimethylammonium Bromide Modified Silk Templates , § . Am . Ceram . Soc., 93,2010,
pp- 3726 —3731.

[13] L. Jin-ku , WU Qing-Sheng , D. Ya-ping , Assembling Synthesis of BaSO4 Biomimetic Nano-
superstructures though Eggshell Membrane Template , CHEM . RES . CHINESE U ., 2005, pp.
243 —245.

[14] Z. Miao , Z. Liu , B. Han , et al. , Synthesis of TiO2 nanotube networks from the
mineralization of swim bladder membrane in supercritical CO2 , J. of Supercritical Fluids 42, 2007
, pp- 310-315.

[15] D. Yang , L. Qi , J. Ma , Eggshell Membrane Templating of Hierarchically Ordered
Macroporous Networks Composed of TiO2 Tubes , Adv. Mater. , 2002 , pp. 1543 — 1546.

[16] Ashraf , S.; Khalid , Z. M. ; Hussain , et al. , Eggshell membrane-templated porous gold
membranes using nanoparticles as building blocks , Source/ReportJournal of the Chemical Society
of Pakistan , 2013 , pp. 731 —737.

[17] W. Cai, B. Zhou , Synthesis and Photocatalytic Application of Hierarchical Macroporous TiO>
with Mesocellular Foam Structure using Eggshell Membrane as Template

[18] Q. Wang , Z. Jiang , Y. Wang , et al. , Photocatalytic properties of porous C-doped TiO, and
Ag/C-doped TiO, nanomaterialy by eggshell membrane templating , J Nanopart Res , 2009 , pp.
375-384. _
[19] X. Cheng , K. Cheng , J. Liu , et al. , Synthesis and characterizations of nanoparticle sulfur
Using eggshell membrane as template , Materials Science Forum Vols, 2011 , pp. 279 — 282.

[20] M.K. Rath , B.H. Choi , Mi-Jung , et al. , Eggshell-membrane-templated synthesis of
hierarchically-ordered NiO-Ce0.8Gd0.201.9 composite powders and their electrochemical
“performances as SOFC anodes , Ceramics International 40 , 2014 , pp. 3295 — 3304.



dlng
Ny neuiandine oy
AN

THAIJOURNAL OF PHYSICS, SERIES 10, (2014)

Tin oxide-based nanostructures synthesized

via microwave-assisted route using CNTs as scaffolds.

Nalita Sawangjitl, Wichan Techitdheera', Wisanu Pecharapa 2
!School of Applied Physics, Faculty of Science,
King Mongkut's Institute of Technology Ladkrabang Bangkok 10520, Thailand.
*College of Nanotechnology, King Mongkut's Institute of Technology Ladkrabang,Chalongkrung Rd., Ladkrabang
Bangkok 10520, Thailand.

SnO, nanostructures were synthesized via microwave-assisted process using SnCly-5H,0 as a starting precursor
and UV-treated carbon nanotubes (CNTSs) as scaffolds. The irradiation power during microwave heating was varied in the
range of 300-700 W. The structural properties, morphologies and bondings of as-synthesized samples were characterized
by X-ray diffraction (XRD), scanning electron microscope (SEM), and Raman spectroscopy. XRD results indicate that the
composites are the mixture of two phases including SnO, and CNTs. SEM images indicate that the formation, size and
amount of SnO, nanostructures fabricated on CNT surfaces in the composite is highly influenced by microwave

irradiation power.

Keywords: SnO,, Carbon nanotubes, Microwave-assisted method.

1. INTRODUCTION

Tin dioxide is typically n-type semiconductor material
with wide band gap character (~3.6 eV at room
temperature) and relatively low electrical resistivity. It has
been used in various applications such as gas sensor [1],
Lithium-lon battery [2], Ink-jet printing [3] etc. The
nanostructures of tin dioxide have great potential in wide
applications due to its higher active surface area.
Meanwhile since discovery in 1991 by lijima, carbon
nanotubes (CNTs) have drawn great attentions from
scientists and technologists due to exceptional physical
properties, CNTs have been commingled various of
applications including biosensor, supercapacitor, hydrogen
storage, field emission device and effective electrical
electrode. Regarding distinguished properties of these two
materials, it is convinced that the composites between
CNTs and SnO, can be promised as novel multi-functional
materials for diversity of applications.

The methods to effectively synthesize SnO»/CNT
nanocomposites have been recently reported including wet
chemistry [4], sol-gel {5], gas-phase [6], Microwave-
assisted technique [7]. With considerable advantages such
as quick, uniform and energy efficient heating method,
microwave irradiation has been extensively used to
synthesize various kinds of functional materials such as
nanoparticles [8] and porous materials [9].

In this work, we have employed the potential of
microwave  irradiation to  synthesize = SnO,/CNT
nanocomposites via a sol mixture of SnCly,*5H,O and
MWCNTs. Effects of irradiation power and heating time on
the physical structures of as-prepared composites were
extensively investigated and discussed by mean of XRD,
SEM and Raman spectroscopy.

2. EXPERIMENT

2.1-Methods
A 0.05 M solution of tin chloride dissolved in
deionized water-100-ml. Then ammonia solution was added

to the under stirring until pH of the solution reached 7-9.
The resulting precipitate was washed using deionized water
until no chlorine ions was remained. A certain amount of
MWCNTs was treated under Ultraviolet-Ozone curement
for 40 min to modify their surfaces. The precursor solution
was mixed with treated MWCNTs in ultrasonic bath for 30
min, and then stirred at 150 °C for 3 h. After that, the
mixture was heated using a household microwave with
various irradiation powers of 300 W, 450 W and 700 W for
2,4, 6 and 8 min. Finally, as-irrediated products were dried
at 150 °C for 4 h.

2.2 Characterizations

The structural properties of  as-prepared
composites were characterized by XRD operated at 40 kV
and 30 mA using Cu-Ka radiation over a 26 from 20 to 80°
with step of 0.02%/sec. The size, shape and structure of the
particles were observed by SEM operated at 5 kV.
Chemical bonding of powders was characterized by Raman
spectroscopy carried out in the range of 200-2000 em™,

3. RESULTS AND DISCUSSIONS

The morphologies of samples are monitored by SEM.
Fig. | shows SEM images of the SnO/MWCNT
nanocomposites synthesized via microwave irradiation at
(a) 450 W and (b) 700 W, respectively. By microwave-
assisted technique, SnO, nanostructures can be formed and
coated on CNT surfaces. It can be noticed that SnO,
nanoparticles are attached on the surface of CNT and the
amount of the particles increases with the increase of
irradiation power. The sample prepared at 700 W show
better dispersibility and size uniformity with less particle
agglomeration than the composite prepared at 450 W. This
feature may be due to the sufficient energy supplied by
higher power of microwavé irradiation inducing the better
nucleation of the SnO, particles.

© 2014 Thai Physics Society
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FIGURE 3. Raman of SnOyCNTs nanocomposites

synthesized by microwave irradiation with power of (a) 300
We(b) 450 W'(c) 700 W.

4. CONCLUSION

In summary, SnO,/CNT nanocomposites have
been successfully synthesized by microwave-assisted
method. SEM images results inform that SnO,
nanostructures are attached on the surface of CNT and the
amount of SnO, nanostructures and derpersibility increase
with the increase of irradiation power. The XRD and
Raman results exhibited that as-prepared composites are
composed of two phases of MWCNTSs and Sn0O. It is also
suggested that, the good formation of SnO; nanostructures
can be obtained by microwave irradiation at higher power.
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