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ABSTRACT

In this work, the effect of Niobium (Nb) loading on the gas sensing performances of WO,
nanostructures prepared by hydrothermal synthesis is studied. Unloaded WO, and 0.25-1.00 wt%
Nb-loaded WO, nanostructures were synthesized by hydrothermal synthesis using sodium
tungsten dihydrate and sodium chloride as precursors under an acidic condition. Unloaded WO,
and Nb-loaded WO, nanostructures were characterized by Brunauer-Emmett-Teller (BET
analysis), X-ray diffraction (XRD), Scanning Electron Microscopy (SEM) and Transmission
Electron Microscopy (TEM). Nb-loaded WO, nanostructures were deposited on Al,O, substrate
interdigitated with Au electrodes by spin-coating technique. Next, the WO,-based gas sensors
were characterized for gas-sensing towards H,S, NO,, C,H,OH, H, and NH, at operating
temperature ranging from 250-350 C. The results showed that the effects of Nb loading on
responses towards different gases depend considerably on the loading concentration. The
response to H,S and C,H,OH, are responding well to the intensity of Nb concentration of 0.25
wt.% while the response to H, and NO,, are responding well to the intensity of Nb concentration
of 0.50 wt.% and NH,, are responding well to the intensity of Nb concentration of 1.00 wt.%
Therefore, Nb loading concentration can be used to effectively tailor the gas-sensing performance
of hydrothermally prepared WO,-based gas sensors.

Hexagonal WO, and Nb-loaded WO, (Nb/WO,) nanorods were successfully synthesized
by a simple hydrothermal process using sodium tungstate dihydrate (Na,WO,-2H,0) and sodium
chloride (NaCl) as initial precursors and further by the impregnation method using niobium (V)
ethoxide. Phase, morphologies and particles size of the products were characterized by X-ray
diffraction (XRD), High-resolution transmission electron microscopy (HRTEM) and Brunauer-
Emmett-Teller (BET analysis). WO, and Nb/WO, films have been produced using spin-coating
technique. The films were subsequently annealed at 450°C for 3 h in air. The response of WO,
and Nb/WO, sensors towards 20-500 ppm of SO, in air was tested at the operating temperature
ranging from 200-350°C. It was found that 0.50 wt%Nb/WO, sensing film showed higher
response at 500 ppm SO, (250°C) than unloaded sample. Therefore, Nb loading concentration can
be used to effectively tailor the gas-sensing performance of hydrothermally prepared WO,-based

SO, gas sensors.
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o { a o o a @ 4
vazih ldeuNguugdl 80°C AnwianyuzdugIuInervesoymaur lunsdiauoon laq
Y Y Ja 3 1 1A ' I S A
(WO3) AYNADIYANTIAUBANATDULUUTADINT 1A (SEM) WU'J11J§1]51\‘]L1]1JLL‘IJ‘1JH1IHvl')ﬂ‘ﬂll
Y ' J =) [ = 9 =< Y
mumg{uaﬂmqﬂizmm 10 nm !,Lammamanimu"liﬂmmm ﬁﬂ‘]&ﬂjﬂ‘iﬂﬁiNWﬁﬂﬂ’Jﬂ!‘ﬂﬂ
X v ax J 1A 9 =2 3 = [
NITRYIVUVDITIFLDNY (XRD) WU'JUJIﬂ3\1’6’{51\‘1WﬁﬂlﬂulLUUL@ﬂ‘ﬂ%-Iﬂu@a PINIINY

JCPDS viungiav 35-1001
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o [ d @ s a,
Huirache tazamz”” Idhmsdunszdoynmau Tuismauesn laa aae75mslelas
¢ v ¥ v g = o o A
mosuea Tagldarsasduiunen Tudlonwanz iaaan [(NH,), W ,,0,xH,0] 1mseui
= < ¥ = Yy = g a 1 o o
garigh 200°C 1Wuna 48 h minwnh llanw Tassafanandromalinnsfenuuvess i
3 J 1A 9y =2 = Y
@0 (XRD) Wi Iaseadwnanidunuuenss Inuoa $anseny JCPDS Huoiay 33-1387
a a 4 o ° @ [ a
HAANYWIIND5 a = 7.298 A ¢ =3.899 A AnwidnbazdugIuINgIveIeynau Ty
o J Y Y Ja 3 ' =
Waauean lea (WO,)  @28nd039anssamiaianasouluudedns1a (SEM) 1a11ue17
Uszi@ 0.1-3 Wmuagne  50-200 nm
Xi . 28l ulalo o vl 11 s I ¥
ianghong tazamz " laiimsduanziiimmuoan ladur lusen uagnaday
J A A Y a o an A o Jq Y I @
pon lyau Tuseaiivoarvoynau Tuunniniy 1aeds one-pot tio1i 1 Uszgna l4ilua,
a37990 loveweniuea nazwmivuea Nanududu 1, 5, 20, 100 1Az 200 ppm NYUHLI
o o W Ay g o 4 S A g
220°C WUNAIATIIVVUNANAT19AeIdauoon ladur Tusoaiiilodlsonniaul Tu
a o 1 1 Vi, {07 J
unniniy Tdamnmsaeuauessde leveseniuea uazinivea laganisamuesn laau Tu
Y
v o 1 a [} <
TR UBNIINUUGITNNTDADUAUD HazAUgan1IziAN Ide819390157
[29] Y A a d o Jd o [ 3 4 @
Muhammad ttazaaz™ Iais sulavunaisaauesn lad dmsuiludusoinsro9u
= a d ana o 4 g [ 1
wera Tasmsmseuilauaingant i laidamos (sputtering) nazway  Ar-0, TuoasaIu 1
' ¥ & 3 o o q Y Y I @ s
Ao 1 MolannuaugyINa 5x10° mbar HaaNMsduaTIZHh 14 ladunsaauosn lad

a

A as 4 ) 1 = o
NWUIA 550 nm TasITnsaanes (sputtering) TASHIUNTOUNQUNYNAII LAZHIN
a 4 dy v aa 4 R Ao ~ ~ =\ 9 I
ANTILHEMIAAVUVDITITONG (XRD) Falanvauzvodingangauazd Inseaduilulyy
aa v o o ~ 2 A A A
AATIN LAZNABDINITIVTUN VLAY tazunauon TNy (NH,)  3NHanIsaouauIna
guUNQll 773 K
[30] Y o = 3 o o o W A v
yu wazamz™ ldiinstnyuguaesasinduundlelasiau uazunalimu dae
@ A A Y = A o s Y any J o ] J
nidauesn lyandedlslulodion dunsziaieds lelasmoinea Taemsiukunaoess
oA a ¢ ' 7 o = a 4
TuTedlenniin1uusgns 99.9% uazunurassansmauiiinu u5gns 99.9% vuia 25
o 2 o (2 1 J
uag 50 um mudwy ndalilavuia 108 mm ldluasazarouenTuiiongonlsa
{ o { a < g
(NH,F) ifianududu 0.2 M maslumlaou thldwnfgangil 150°C iHunai 48 h 911l
o 4 { a < . °
mnsesdnaleinlsiaeinleseu azeugmungil 400°C 15181 30 min uazii
a d a Ja g U Ja
AnTzimemaAlaNdpIganssmisNAToUIUDAINT 1A (SEM), Nd049aNn3sA1anasou
' T 1 o A Ay = A o
HUUARIRIU (TEM) Wa91nMiasaaounu saamueen lsandeals luTodey anywus

I = Y 1 4 =\ [ 2
Lﬂugﬂum UANUYN 1.5 um dURIFUINANN 90 nm uazumm"hqﬂumima%wLmﬁ
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o o [ ] { a
TeTasion (1) naglimu (CH,) nazdunmngnumsasiaiaunalelasiou (H,) Nguugiives

a

Y 1 [ =
HaZgUNNY ulﬂﬂﬂ?“!,ﬂﬁllﬁﬂu (CH4)

U U
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J ad
aUnsamazizms

UsznoudreaIumeg Agi

1.

o o a s a s A Y
ﬁ\i!ﬂi”l%ﬁi’]iélﬂ”lﬂ'ﬂtumEJlIL‘WLl‘V]’E)ﬂ"l“Bﬂ Lm%@Hﬂ1ﬂ31lu&ﬂfJiJLWl!Vli’]ﬂll"lfﬂTIlﬁ]@ﬂ'JfJ

Tuleon Taedsmlana)sd lnsada

o o iy s o s A Y
mmswwaumﬂuﬂumﬁmuaaﬂ"lcm Llag'ﬂifﬁlﬂ"lﬂu"IIUTIQETW]H’E)E’]ﬂllG]fﬂTIH]@ﬂ'JEJ

Tulowey Tne75 lalasmeosuea

=2 @ @ Ao N Y
ﬁﬂy'laﬂymglﬂw']$sllﬂ\‘]f)lgﬂ'lﬂﬂ\iﬁlﬁuﬂﬂﬂulcﬂ@ ﬂﬁﬂlﬂﬂxﬁllﬂ

938ua2152 @11 (Binder)

a a s d 7 1y 7 o s A
L@]ﬁEliJ‘V\lﬁhlcﬁulcﬁﬂﬁ‘ﬂWﬂfJHﬂWﬂﬂQﬁmu@ﬂﬂVl“])’ﬂ L!a$ﬂl§ﬂ1ﬂﬂﬂﬁl@]u@@ﬂ1°ﬁﬂﬂlﬂ@

Y a oA DT 9 . v qId o v o
ﬂaﬂuluiammmﬂmmwuumm mmﬂmﬂummnwuna

=] a7 3 s A Y
‘wﬂaafummmmiaclumﬁmuauawmmammWammuwmmman"lﬂ

= o a7 3 s A P
ﬁﬂmaﬂymxmwwzmmﬂamcﬁm%immﬂu"lﬂ

v Y
TaneimlSunamssamnos lasen s nandialudiod leouuia

(Y] d o d o A Ay
1. msﬂﬂzﬁagmﬂuﬂumamuaan"lcm uazaumﬂuﬂumamuaan"lmﬂm%amﬂ

Q

v
a

Julordlen saanszuumsilanan)sdlnlsasatvuneudane il

Y d =
1.1 Jaqainsas nazansnil

o 4
1.1.1 Yaqginsal

A

aa A 4 .
wseaaventlsdInlsagaSuonmes (Flame Spray Pyrolysis React
HasaRAY (Syringpupm; (Iontech))

NIZAIYNION (Glass microfiber filter; (Whatmann GF/A, 25.7 cm in dimater)
HugayaNmer (Vacuum; (Buach, Seco SV 1040C))

IATDIFIENTNANOY 4 @1ULHUS (Analytical balance))

NILAYTINITULIAT (Weighting paper)

VIANTUET

ﬁgllﬂiﬂiﬂﬂgﬂﬂigﬂ'lyﬂiﬂﬂ

~ 4

UNNBTI

FOUANES

Tn3aua (Motar)



AZUNTITOU

<
YIAUNV AT

1.1.2 a5al

1.2 essNasazagfIgunIainuean I

TaReunaaday (Na,Wo,H,0)

1®NM1UDA (Ethanal; (Labscan, Absolute for analysis))
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TuTordien 10 tennonlad (Niobium (V) ethoxide; (Aldeich, 99.95%))

uAAINY (Methane gas; (Pangas))

UATOONEIAL (Oxygen gas; (Pangas))

¢ A

Y

anaaagluleiian

G o S A = A Yy 9
msfmfm"azmamﬁmuaaﬂ”lwmﬂama"luTamawummmmu 0.5 mol/L 11!

131185 100 ml Fatlszneudae wRouismauazaieluingdu uaz luledon v dennen

'l H 2 4
Tyaazareluunmiuea NanuEuIY 025, 0.50 1Az 1.00 wit% 3% MMa1aza1gaIdy 11

9 9
fsazanendaeoInaunuluonsidIu 70:30 vol.% %"lﬁ’miazmawﬁumﬁmmmﬁmu

A Ay A oA Y g o w
ﬂ@ﬂqmﬂﬂlﬂﬂﬂﬁﬂquiﬂmEJiJ‘V]ﬂ’JﬁJLGUiJGUu 0.25, 0.50 itz 1.00 wt% f11ua1AL

(v J (% d
1.3 mm5wﬁagmﬂuﬂumﬁmueaﬂ%ﬂ

3}./ Y d' = 9Y o 1 a J A 9 o a 4
ﬁnﬂﬁﬁagﬂ”lﬂﬁﬂﬁu‘ﬂmiEJlIIlﬂu"I?J"liJiii;‘lﬁ]lGBiu%ﬂiiJWﬁ 50 mL Lm’:]l!fl“]ﬁui]’ﬂﬂ

1 2 a d a Aa (% o a 90/ [ < a
ummuﬂu"l«muﬂ ﬁﬂﬂi%ﬂﬁgﬂii’Nllu@]%tmiﬂ%@ﬂﬂﬂﬂmqtyiyﬂﬂ”ﬂ Waszyvihmasgy 1a

4 v Aa o~ ° Y LA a =
AIVONDUUNTDDNWIU LASUNTUINUY ‘Vnﬂ1§i]ﬂul‘1/‘l MNUULIURATITALANY FIT1TATANYIS

] Y A J o 2] a 1 <]
Qﬂwuﬂ@ﬂﬂ1ﬁ}38uﬂﬁﬂﬁﬂ/‘|9§%u (Dispersion gas) (NEDDNHLIU) NIIYDIVUIALAN (Annular

3 3 & 9 o 1 [ [ 2 aa o d"
gas) ﬂﬁTEJlJJ‘L!"ViEJﬂLﬁﬂ"’] G]i\‘l%fﬂ@i"lﬂﬁiﬂﬂ&ﬂﬁ@ﬂ\i@] ﬂlﬂﬂlﬂiﬂﬂﬁlﬂiﬂWIia%ﬁ AU

(44 a A g @ a J
UNEOBNFRUNTUAIDDNTUAUN

@ A A4 o o s
LLﬂﬁﬂJLVIHLWi’]Tnﬂ1§@ﬂL']Ja'J"lwc]fWWﬂﬁ‘Vl

(9] a A g Y A Jd o
UNERNFRUNIULNTATIND T T

2] a
unaoonsau lusuen

N
1N
A

A

2.46

1.19

4.30

3.92

L/min
L/min
L/min

L/min

o J @ J o
Gluﬂ'liﬂ\‘]!ﬂfﬂzﬁ@HﬂWﬂuWIuﬂ\?ﬁW]u’ﬂ@ﬂVlcﬁﬂ ﬂﬁi'lﬂ'lihlﬁam@\‘]ﬁ'liaza'lﬂﬁ@ 5

mL/min Tuvazimsduangieymaun Tuismaueon ladiidodeluTedlon nlad i

o J @ { y
ﬂ'313JQ\11J5$3J1ﬂ! 11 cm IﬂElﬂahlﬂfniﬁ\‘]!ﬂi'lgﬁﬂiélﬂ'lﬂ!lﬁﬂ\‘]ﬂﬁﬂ'lWﬁ 4 !ﬁ@ﬁﬂﬂagﬂﬂ\j

Y 9 @ I SR P v v W
ﬁ']iaga'IEWN@]T!Qﬂlpnvh’fllﬂgﬁa'lflﬁgﬂa'lfllﬂuuauﬂlllﬂﬁcﬁﬂll@u@lu@iu%gGBULlagﬂU@]jﬂu
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I 3 g 1 a d o

(Coagulate) L‘ﬂu’f]i;‘!ﬂ"lﬂﬂiﬂﬂall mﬂuumgmmnNﬂauﬁ%xmuﬂizmumwummwﬂﬁ)
Aé a [ AA 1 % A :g = zi

ayNIALTINAANU (Coalescence) L?J@L”Ja"INTL!%Jﬂ”lii”JiJ@]’J"IJ@\‘I@Hﬂ”Iﬂﬁ]%LWEJ"UHLLagﬂﬂ!‘ﬁuﬂﬁ]
Y aa o 9 Y A = v Y o ~
ﬂ’JEJLLi\TLLU‘]JV\Iﬁﬂﬁ (Agglomerate) LLﬂ%QfﬂTI1ﬂﬁ]$ulﬂﬂQ3J@1§ﬂ1ﬂTIﬂﬂl‘ﬁuﬂﬁﬂuﬂﬁ]ﬂ‘wu‘ﬁgmﬂ

é = dy ti'a . g’/ 1 ‘:91 = ]
(Aggregates) FINNWUNKWURNIE (Specific surface area (SSA)) F4 luvuaeuas Nt UNITNO
@ . = A A Aa @ J o kS
#17 (Nucleation) GIJE]\‘ILIHTE]L‘UEJN 1’]!%’E)Lﬂ']VVIW'J"ll@Q@HﬂWﬂHWIuﬂﬁﬁmuﬂﬂﬂqcﬁﬂﬁa\‘]%1ﬂuugﬂ

v 3 o &
AnnUUUNIEAENTEY InsoduugymMA

—

Coolng Waler i e e

[ - Collector _I Water out
o 1 |

[
Glass fiber fier.~” .

Vacuum Pump
Nb deposition on WO3
' Trap
Nucleation, Conden sation, }r I

Coagulation and
Coalescence

vog ®
Droplets evaporation P gt
.8° ¢ @
Spray formation ©
pray formation @

Liguid precursor

o D’W‘E}?D

O,CH, Liquid 0,

Syringe

—h 1

Waste  Valve

d‘ o [ J @ J @ A a ds!
MNN 4 ﬂTWi]'la’f]\iﬂ’]'ﬁﬁ\uﬂi'lgﬁaklﬂ']ﬂu'ﬂuﬂ\‘]ﬁlﬂu@@ﬂllcﬁﬂ Llazaﬂymzlﬂaﬂﬂmﬂﬂﬂm

@ L4
VYUSNITIAIUAIIEH
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sualvlsnauinsaaas
(Mass flow controller)

Haawa (No

zzZle)

M 5 dulsznovvesszuuniouranalsd ln1sage

(Y] d % d o A Ay
i’N!ﬂ513?1?)13!5]191»!11'147]\1%7!9]1499ﬂul"‘liﬂ !!ﬁ%i’)Hﬂ]ﬂH]IH‘VNﬁ!ﬂui’)i’)ﬂ]‘l“ﬂﬂﬂmi’)ﬂ?ﬂ

Julordien Tnad5lalasimesnoa

b

d =
2.1 Jagunsar vazansad

N

1.1 Faqqilnsal
- e (25 ml)
=1 I'4
- Tmnes (100 ml)
=1 4
- Tnes (200 ml)
- d5udsuas (150 ml)
- YapANIAaS
- deudAnas
< a J .
- LUNIUANUIT (Magnatic bar )
- NILAINNTON
- N (Three-zone tube furnace, (Lenton, PTF 15))
2.1.2 asal
- ainlswenlessu
- PNUeA
- nsalalasnaesn (HCI)

- Ta@ounadau (Na,Wo,*H,0)



Il Na,WO,-H,0+ DI water B r NaCl+ DI water ]
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- Tadeunaslsa (NaCl)

Y d
2.2 g3areuMANIaIAuean lua
@ o ' ' Aa
1. Ispeunaaau (Na,WO,H,0) 2.215 g laluiininasuia 100 mL &
%’ o A I .
semnleoau 50 mL ¥in3vyUae9 11unal 30 min.
& = 4 [ = < a 3
2. Fawaly@deunealsd (NaCl) 0.7747 ¢ lalufinnesvuia 100 mL @i
) { I .
Usenlooou 50 mL ¥nsvyuKe4 11181 30 min
Y
3. hasazaiena 2 mldasluvialSuilSuasvue 150 mL agldlszuna
d, ~ 2 2
100 ml 150l 1d5u1a5 150 mL Tasmsi@uiingdsiaein lessy 31niu
9
wen lyvanes a5 awensazaneinnuy
[ Y
4. hesazaromasludinmesvuia 200 mL imsvyumles wieunalsua
pH 1¥'1da1 pH = 2 Tagl4 laTasaassn (HC) ANuudY 3 M
o H 1 { a I
5. hmsazanei ldldlumvlaou vaz lwingumai 200°C Wlunal 2, 4 uaz 6
h uaIAy
° ¥ ¥ v Z
6. hmsazareningedlaeldindsireinlessu a1nsneu wa1eq AT

a

o AN Y A o
7. mmﬁnllﬂmﬂmsnsm"lﬂaumqmmm 60°C nJur;m 24 h

u

o Y = < Y 9
8. hasuualvazioea inulviGeusos

I | 4
l Milled and Sieve
 DIwater (50 ml) | T
‘l' Dried
Mixed | at T 60°C for 24 h
l HCI3 M T
pH~T7
€ % Washed with
T ,.O DI water
vV = Hydrothermal ‘ |

Stirred | at T 200°C for 2,4 and6 h

a o o J @ J* as J
MNN 6 ﬂTWﬂTﬁ’ENﬂTiﬁ\ilﬂi1$?‘iﬂuﬂWﬂuWIuﬂ\‘lﬁmuﬂ@ﬂ”lclfﬂjﬂflﬁ‘ﬁUlﬁiﬂ'im@iu@ﬁ
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= % Ay = Y ada [
2.3 wsaneumansaauesnlyaiinenelulodiandreIEoumamdy
Aa <3
1. 14¥ledAgaluTedon v Siondion laa [Niobium (V) ethoxide] 0.0398 mL
HEUADIONIUDA (Ethanal) 6 ml ¥IMInyuvIes audsazateinu laona
o @ 4 1 A A J [~}
2. hweisaaueen lad (Wo,) 1 g ldluag®iia vealulodenlvlenien
Lo oo . A~ v a & R
@ [Niobium (V) ethoxide] Masen’13 0.50 mL Aauilu 0.25 wi% Himsnayu
H Y
14289 1821913 20 min
o %’ A {’,‘, ~ 1 ~ I a I
3. MgunleuIUadUN 2 uanlasuein 0.50 1u 1.00 tag 2.00 mL Aalu 0.50
az 1.00 wt% aNaIa
o Ay ¥ g A a I S ) 1
3 hensh ldnavua lleuNgangil 80°C Wluna 2 h miniwhnua nazsou

a

7a IS
4 LWHLﬂﬁ"lcﬁuﬂ’qmﬁﬂN 300°C nJunm 2h

U

0.25 wteo 0.50 wtoo 1.00 wteo |
e A R ENbi(ocHcH | | EthaRel
oy Y Y e | 00398ml (& 6mi
I
Nb/WO, Nb/WO, Nb/WO,
| | I | | Mixed ‘
Dried l

atT 80°.(ffor2_ h —

Milled and Sieved Ry
C_alcinaﬁm_ls at T 300 OC;__fﬂl' 2 h L - Charactgrizati(m

— ~ XRD, SEM, TEM and BET

a 3 A @ J Y = Y axa @
MUN 7 mwmamm'mamgmﬂmﬁmuf)'e‘]ﬂ”lcmmauluiﬂmﬂumm*ﬁemmmu%u

=] v = dAo 14

3. ﬂnmanymzmmzmaaaqmﬂmmﬂﬂumumn‘lmﬂﬂmm‘nzﬁ"lﬂ
d =
3.1 Yaqaunsas nazansnil

3.1.1 Yaqgunsal

R-

a J Y a dy 9 v A a 4 . .
- IATDUATICHAUNAUANTIAYIUUAYIINLONY (X-ray diffraction; XRD)

]
A Aa

- IS0 NATIZHWUNAD (Bruanauer-emmeltt-teller; BET analysis)

Ja g ' . .
- ﬂﬁ'mqamiﬁuamﬂm@mmuammm (Scanning electron microscopy; SEM)
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‘a [ 1
- ﬂt’{mfgamiﬁumaﬂmﬂmmuﬁmwm (Transmission electron microscopy;
TEM)
- 190U
- ASAUAES
- Foudnais
4
- pszanalag
- UNINBALAY (Stub)
- minnesm
=
3.1.2 @151A3

- 1©MUda (ethanol)

=® (Y] v = % Jd v a ;
32 Annanvazlassadiwdnveseymanisamuesnlen dramatiams@eanunves
w d
Samonas (X-ray driffraction; XRD)
a d’l Y o v K o Y = o S A A

madtallddmiuAnuanyus: Taseadwanveseynianidiauoon laa Mason
o @ 1 (% < 4 U 2 A o

18 TavorderanmInsifenuvess d@onsd ludiuveinswssuruauizuINieynIn

@ o [ [l L i’ a (% o 4
naauoon laa lsauuuvunizanalaa 19 lassunuiumdFeuianony udnindunsod

J

<3 Ja a s A o a A I 1 9y v A
Lﬂﬂ%tiﬂﬂﬂllﬂiﬂi@]mﬁﬂi INBNINITAUAITICHNA Tﬂamiawmﬁmwagﬂummmmmﬂmﬁ

S Jdo 4 5 L =~ P » v
wngnuyy 20 e lddeyaudraunsahdeyan1d hmanzdmanvas Tnseadwan ¥

RY

o v a3 lAY Y A voad o 9 = A
ﬂu!ﬁ\?eﬂﬂﬂﬁx‘lﬁmﬂc}ﬂﬂﬂﬁ]Tﬂﬂﬂ@ﬂNa@]ﬁﬂﬁl@ﬂ“ﬂ NTU!T11ﬂ1uwaﬂﬂlﬂQ@1§ﬂ1ﬂ INAIDNHYIL VU

Y o A @ = Y o q Y A d Y a 2 ~ )
wnUezaeuNiueInszneuvsdNan ua 1S TenFUMNANT@AeIUY Tasiinuy

= v

1 9 v Y
annunaz lyuiaenuivuegiumssaisesaivesezaoumeluwan Feeansmihdoyamanil
a o v & 2 @ 3 J
Tl T unsansigd Inssaswan 18 auiugduunisidenuuvessidondamsoven|d
[ [ L= 9 = I =1 ] Y
Neymaniaaueen laa anvaz Inssaiunaniuuunla Tasdisuiugudeyamasgiy

Joint committee powder diffraction standards (JCPDS) i@ ZATUIUHIVUIAVD J9UYNIADN

s &

s @ ] & o 9 Ay v 2 v g
AUNTUDIUYDILIDT (Sherrer’s equation) “]f\‘lf)TF’fEJ“llfJiJ"ﬁ‘lflhlﬂ*mﬂfﬂi!ﬁﬂﬁlﬂuﬂlﬂﬂiﬂﬁlﬂﬂcﬂ YU

o Jd

dy Y dy 3 =2 %%
N3aeNuU (0) HAEAUNINNVOEANTINMTRAEAVUTUMTAIUIUTIUANVTUNUT A4

aunsn 1

p= KA (1)

BcosO




ZD-
[e2}

O™ > R U
D) D) D) D) D)
@] @] ()] ()]
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VHIAUVDIBYNIA
1 d'dg! @ =X A Y
APNNVUNUUYUIALASDYNIAVDINAN UAUNINY 0.89
A v A g P Y A Y
AMVIINAUVITITDNTN 1% VAN 0.1541 nm
e e . ~ _
ANUNINNATINUIVDIANVIINANGIFTA Tunuiesiaou (Radian)

Y
ERPIGIR ST,

28.085

27.909

~_ /28252

28.0 28.8
26

~ 2 v ag J @ J A
MNN 8 gﬂLL‘U‘UﬂTﬁLaEJ’JL‘UH"’II’ENN?(LE]WB eummgmﬂmﬁmuaaﬂ"lw NAAFIFA 58U (001)

FUNUIYNINT 20 = 20.26

AuramvaveteynIniamuoon lud 9 naunsi 1

B=20 -20

high low
B =28.232 - 27.909

B =0.323 8471

= I =
nlasueemn iidus@eu (Radian)

0.323T
180

= 5.655x 10" ° 151981

20 = 28.085 DNfIN
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_ 28.085

0 =14.0425 93

unua luaunsn 1 9216

0.89 x 0.1541nm
D= =24.97 nm

(65.655 x 10” )cos(14.0425 )

= &’ d'q o v K% 4
33 ﬂﬂ‘HTWHT’IN35]1!W13sllf’)ﬂf’)Eﬂ1ﬂiﬂﬂ‘ﬂﬁﬂﬂ]iﬂﬂmﬂ!!ﬂﬁquiﬂilﬂu (Bruneauer-
Emmett-Teller; BET)
a tﬂy Y d o o [ ] ) 4 s =
!ﬂﬂ‘l‘lﬂuﬁl“m"ﬁaaﬁWﬁiUiﬁﬂﬂ@ﬂWQ (Sample cell) MUIU 2 L¥Q A UIVITITY
@ Jd 1 2 Jq 9 I JY A ' Y Y Y '
ﬂuﬂTﬂﬂQﬂl@uﬂﬂﬂq"ﬁﬂ ﬁ’mﬂmcﬁaaiﬁmﬂumaamﬂm ﬂaumi‘nﬂﬁau@ﬂﬂwmmi’ouuﬂ
7 o s A 1 j‘ = ' a Y 1 2]
l,clfaawmiﬂqmgmﬂmﬁmumm"lcm L‘Wi’]]’laﬂfﬂll%u‘ﬂLﬂ1$@§ﬂﬂﬂ?ﬂi§ﬂ1ﬂ@@ﬂ D UUNIULNE
9 ) A A Ve =] A 1 1] o v J = (3
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Development of Niobium-loaded Tungsten Oxide Film for Application in Sulfur
Dioxide Gas Sensor with Dried Longan Industry

Viruntachar Kruefu,® Pusit Pookmanee,” Anurat Wisitsoraat,® and Sukon Phanichphant®

#Programin Materials Science, Faculty of Science, Magjo University, Chiang Mai 50290, Thailand.

(e-mail: v_viruntachar @hotmail .com)

®Department of Chemistry, Faculty of Science, Magjo University, Chiang Mai 50290, Thailand

“National Electronicsand Computer Technology Center, Pathumthani 12120, Thailand.

dMaterials Science Research Center, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand.

Hexagonal W@and 0.25-1.00wt% Nb-loaded W@anorods were successfully synthesized by a
simple hydrothermal process using sodium tungstate dihydrat&V@ia2H,O) and sodium
chloride (NaCl) as initial precursors and further by the impregnation method using niobium (V)
ethoxide. Phase, morphologies and particles size of the products were characterized by X-ray
diffraction (XRD), Scanning electron microscopy (SEM), High-resolution transmission electron
microscopy (HRTEM) and Brunauer-Emmett-Teller (BET analysis). Nb-loaded (0.25-1.00wt%)
WO:; films (WOs:Nb) with thickness ranging between 4 nm taré have been produced using
spin-coating technique. The films were subsequently annealed &€ #&%03 h in air. Atomic

Force Microscopy (AFM) was used to investigate the surface morphology of the films. Using
Scanning Electron Microscopy (SEM) the cross-sectional structure and crystalline nature of the
films were observed. The response of Y\@nsors with different Nb loading concentrations
towards 20-500 ppm of SGn air was tested as a function of operating temperature of 250—
35C°C. It was found that 0.50wt% Nb-loaded \A&&nsing film showed the highest response at
500 ppm SQ@(250°C). Therefore, Nb loading concentration can be used to effectively tailor the
gas-sensing performance of hydrothermally prepared-déSed S@gas sensors.

Keywords. WO; nanorods, Niobium loading, Sulfur dioxide, Dried longan industry,
Hydrothermal process, Gas sensor
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In this work, the effect of Niobium (Nb) loading on the gas sensing performances of WO
nanostructures prepared by hydrothermal synthesis is studied. Unloadgdn@vQ.25-1 wt%
Nb-loaded WQ nanostructures were synthesized by hydrothermal synthesis using sodium
tungsten dihydrate and sodium chloride as precursors under an acidic condition. Unloaded WO
and Nb-loaded W@ nanostructures were characterized by Brunauer-Emmett-Teller (BET
analysis), X-ray diffraction (XRD), Scanning Electron Microscopy (SEM) and Transmission
Electron Microscopy (TEM). Nb-loaded W®@anostructures were deposited on@lsubstrate
interdigitated with Au electrodes by spin-coating technique. Next, thg-hE€ed gas sensors
were characterized for gas-sensing toward$, HNO,, C;HsOH, H, and NH at operating
temperature ranging from 250-380 The results showed that the effects of Nb loading on
responses towards different gases depend considerably on the loading concentration. The
response towards ;8 of WO; nanostructures were optimally enhanced by a factor of 2-4
depending on operating condition at low Nb concentration of 0.25 wt% while the best responses
towards GHsOH and NQ were obtained at the higher Nb concentration of 0.5 wt% and 1wt%
Nb loading concentration leads to the maximized response towardis ebntrast, Nb loading

has insignificant effect on the response towards. NHerefore, Nb loading concentration can be
used to effectively tailor the gas-sensing performance of hydrothermally preparcad&d gas
sensors.

Keywords: WOs nanostructure, Niobium loading, Hydrothermal synthesis, Gas sensor.
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