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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 ALO, 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.



hydrothermal
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o o d @ s a,
Huirache tazamz”” Idihmsdunszdoymam Tuismauesn laa aae75mslelas
¢ 9 ¥ v 3 ~ o 0 A
mosuea Tagldarsasduiunen Tudlonwanzisaan [(NH,),W,,0,xH,0] 1mseui
= < ¥ . = Yy = g a 1 o o
gl 200°C 1iunar 48 h vinvwh lldnp Tassasewdndromaiinnisienuuvesssd
I J 1A Y =2 = Y
@0 (XRD) Wi Iassadunanidunuenss Inueoa 90391 JCPDS Hu0iay 33-1387
a a 4 o ° @ [ a
HAANYWITNNDT a = 7.298 A ¢ =3.899 A fAnwidnyuzdugIuIngveseyniau Ty
@ J Y Y Ja g U 5
wamaueen laa (WO,  A1endodganssamismanasoutuudoIniia (SEM) in21ue1)
sz 0.1-3 Wmuagn$a  50-200 nm
. [28] IllB/ o o d o lll 4 I @
Xianghong uazamz™ ldiimsdunsigdnidauesn laauiluson uaziidau

pon lyaun Tuseaiiidensaymau Tuunnidy Taeds one-pot titeii 111z gnd 1415l udn

=1

a52990 lovoaenIuen uazmmIuea NANUTNAY 1, 5, 20, 100 uaZ 200 ppm NQUNYIl
1w @ @ A Y 9 ] 4 A 9
220°C WUIAATIIVUNAN TS 19Aedaueon leaur Tuseailonleeyniaul lu
unniin Idanisasuauesse leveseniuea wazmwmuea ldgeannissmaueon loauiu
Y
9 v 1 a (1 I~
599 UBNIINUUEITMNIDABUAUD LazAUgan 1AL IdeE19370157
a o o J o [ I < 4 @
Muhammad ttazaaz™ lawieudlduunaniaauseon lod d1nusutludumasniiosy
=} a d aa o J ) @ 1
uere Tagmaasenianaingan i ldatdames (sputtering) tazway A0, luoasiaiu 1

1 J o

Y o -3 (% d o Y YA 4
Ao 1 MeldnnuaugyINIe 5x10° mbar HaaIAMsduATIZHN T Iadauisaauoon loq

a ol o

A~ an 4 ¥ 1 =
NU1IA 550 nm TasI5n15a1laines (sputtering) TABH1UNIDUNQUNYNAII LAz 1IN
a 4 A v a3 I 2 Ao = A = 9 <3|
AATILHMI@YAVUYBITITONG (XRD) Falanyuzvodinganganazd Insaasuilu Tyl
aa v o o ~ &£ A A
AANN HAZNABOINTINTUN A tazunauey 1Nty (NH,)  G0Han1snouduoIng 7
guUngll 773 K
[30] Y o =2 < 4 o (24 (A= 9
vu wazameg™ ldmhimsAnyuduaesasiovuund lalasau uazunaimu aig
o s A g = A o 7Y an s o 1 4
naaueon lyanivene luTedioy Nduniizinie3s lalasimesvea Tasmsiiwnulases
{ a s 1 7 o 4 a s
TuTeisuniin1uusgns 99.9% uazununasesaisaauninu USgNS 99.9% vu1a 25
uaz 50 pum awdwy hudald ldvua 10x8 mm laluasazareuenTuiioutlgoo’lsa
{ o { a < g
(NH,F) iiianuduau 0.2 M maslumaou i ldwnigumngil 150°C idunai 48 h 9101l

a

o H { I . o
u'liJ'lﬂﬁﬂﬂﬁ}WQﬁIQEJHW‘IJﬁ'IﬁﬂWﬂll@@@u uaz’auﬁ’qmﬁgu 400°C 1J41981 30  min aziiiu
a d a Jda g U Ja 3
'JLﬂﬁWgﬁﬁjﬁﬂlﬂﬂUﬂﬂéjﬂ\‘lﬂaﬂﬁiﬁu@mﬂ@lﬁﬂullﬂﬂﬁ@ﬂﬂ51ﬂ (SEM), ﬂﬁjm%qamiﬁumaﬂm@u

' T ' o A Ay = A o
HUVADNIHIU (TEM) HAINNITATIVFDUNLIN ﬂ\?ﬂ'mu@@ﬂl’l‘]jﬂﬂm@ﬂ?EllluI@l'UfliJ an~ae

I = 9 1 4 =\ @ (2
L‘IJ‘L!E‘IJLL“VI\? UANUY 1.5 um IFURIFUINANN 90 nm uazumm”laqﬂumimn%mmﬁ



[ o 1] [ 1 a
laTasiou (H,) waziimu (CH,) wazdunmznumsasiviauna lalasou (H,) Ngungines

a 1 %)
uazguvgigs ldanlwnaiimu (CH,)

u U
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J ad
aUnsamazizms

UsznouaeaIu ey Agi

1.

) o a s a s A Y
duasizreyMaURsuMUnen o tazeyMaIURsMUNDN lsaitodIe
Tuledlon Taedsmlanasd lnlsasa

o o o s o s A Y
duasizreymau Tunimaueon lad tazoymau lunsmauosn lsandodie

4

TuTeion Taes lalasmaiuoa
= % o S A v S Y
ANIANHULIAWIZVDIDUMANITAUDDN 137 NFUATIZY |0

a o :
9388A2152a@ 11 (Binder)

= A 2 o ) s o S A
w3 oNTauFwresINeYNIANITALDON 194 LA o UNIANIFIAUDDN lyANiTo
Y ~ A Y 9 o o v o v o
aeluToiounanududuaiag dmsulsdluainsredunne

' < A d s A ]

naae ANV luMInoUaURIR LN FURINAUIFUIFDS NIES oy Ia

= ) a3 s A P
ﬁﬂ‘]sl'lﬁﬂ‘Hil!ZLﬂW1$GIJfJ\‘]1/\IﬁiJL°1)'UL“])'fJ§1/IL@]3leIVlﬂ

v 9
s errfSunaassames laoen lod nandeluiiod leouus

o d o d o da Ay
dunszroumamlunsanueenlya tazeymamluisaiaueonisniiined g

E]

¥
a

lulordlan saenszurumsianalsdlnlsasanvunoudaae il

Y ¢ =
1.1 Jagaunsss nazasnil

o 4
1.1.1 Ya9ginsal

- wieulananlssIn1sada31enm0s (Flame Spray Pyrolysis React

- 1i00ARAY (Syringpupm; (Iontech))

- NIZAYNION (Glass microfiber filter; (Whatmann GF/A, 25.7 ¢cm in dimater)
- ﬁmq WINA (Vacuum; (Buach, Seco SV 1040C))

- Lﬂd{iﬂﬂﬂ?ﬂﬁﬁﬂﬁﬁﬂm 4 MUNUS (Analytical balance))

- sz mMSURIas (Weighting paper)

- VIANTNET

- AZUNIITANTUNTEAIENT 09

- e

- Foudnes

- In3eua (Motar)



- AzuNIITOU

<
- VANV AT

1.1.2 a15al

1.2 195aNa1saza eI uUNIaaLoon 14

- TmRsunamau (Na,W0,*H,0)

- 1@NMUDa (Ethanal; (Labscan, Absolute for analysis))
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- MulodenlWTennonlea (Niobium (V) ethoxide; (Aldeich, 99.95%))

- upalimu (Methane gas; (Pangas))

- ufdoendau (Oxygen gas; (Pangas))

da A

AN

e luloidien

~ @ s A Y ~ A 9y 9
miEliJf‘Tﬁa3a'IEJVNfTLGIUi’JE’JﬂIlGH@V]H]’EMTJEJVlHI@L‘]JEJ?JVI?J?YJ'I?JL‘U‘JJEU‘M 0.5 mol/L Gll!

131105 100 ml #etlsznoudae InRouiimauayatelulngdu vaz luledonlvionnen

' H 2 o
Taazareluumiuea Nanududy 025, 0.50 1Az 1.00 wit% 32 Ia1TazalgnIdy 1l

Y F)
AsazatensaeanaunulusnItaIn 70:30 vol.% L IMa15azalgHaNAIAUUDINIAINL

A Ay A oA Y o o
E]E]ﬂUlclfﬂﬂmﬂﬂflﬂhluif]mﬂll‘Wﬂ'ﬂmsllllellu 0.25, 0.50 e 1.00 wt% f1ua1ny

1.3 Fuanzreumaulunismauesnlea

31./ | o J a J o a2 J
vnasazateasaugs onlaiussylalasusSuias 50 mL ndanhlasuing

1 2 a J a AAa 1% & a g 1 < a
vunnutulaud Aanszaunsesuazunssnaanudugyyina Wessumimaodu e

s o o = S~ ° Y - =
NAIVOIDUUNTADBDNBAU LASUNTUINY 7]’]ﬂ13ﬂﬂh11/‘| MNUULTURATITALANY FIT1TATA1YVE

] [ o 2] a 1 <
Qﬂwu@@ﬂu1ﬁ}38llﬂﬁﬂﬁlw9§%u (Dispersion gas) (NEDDNHLINW) NIIYDIVUIALAN (Annular

I < & 9 o 1 9% {1 A aa [ dy
gas) ﬂﬁ18l‘ﬂl!‘ﬂflﬂlﬁﬂ”] "]i\ﬂ"lf@ﬁﬁ'lﬂ'liﬁnﬂl,!,ﬂﬁﬂ'lﬂc] m@ﬂ&ﬂﬁ@ﬂﬁlﬂiﬂWTiﬁ%ﬁ PNU

2] a A d @ = o
UnaoonFRUNIUAID0NTUAUN

@ A I o s
unalmumermsyanad lidwnein

) a A g [ Jd o
unaeonFIUMLULNTATINOTTU

) a
unaoonsau luisuen

191A 1
NN
RIasT

A

2.46
1.19
4.30
3.92

L/min
L/min
L/min

L/min

o J @ J o
Gluﬂ'liﬁ\‘llﬂﬁWgﬁ@HﬂWﬂuWIuﬂ\‘]ﬁlﬂu@@ﬂllclfﬂ ’f]?lﬁ’lﬂ’liulﬁasllﬂ\‘]ﬁ'liaga'lﬂﬁ@ 5

mL/min Twvazimsduanzieymau Tuismaueen ladiidodmeluTedlon a1

o J @ { g
ﬂ']11JQ’\‘]1J531J1ﬂ! 11 cm Iﬂﬂﬂahlﬂfnﬁﬁ\uﬂﬁ13W@Hﬂ1ﬂllﬁﬂ\‘]ﬂ\‘]ﬂﬂ’\|ﬁ 4 Lﬁ@ﬁﬂﬂagﬂﬂ\i

Y 9 @ I s =R P v v W
ﬁ']iaga'IEWNGINQﬂlW']ulfﬁiJﬂgﬁa'lflﬂ'lﬂa'lfllﬂull@u@lu@ﬁ%ﬂu@u@lu@iu%gcﬁuuagﬂ'll@]')ﬂu
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I g g 1 a d o

(Coagulate) L‘ﬂumgmmnsmau mﬂuumgmmnNﬂauﬂ%xmuﬂizmumi«ﬁummmﬂﬁ'
zé a % zé 1 (% A 43 = zi

BUNTAUTDNANNY (Coalescence) m’emammllﬂmii’mmmmmgmmzmmuuazﬂﬂmum
Y aa o 9 Y A A v Y o ~
ﬂ'JEJLLiQLHJ‘LW\Iﬁﬂﬁ (Agglomerate) Ll,a%q&ﬂ%1ﬂ€l]$llﬂﬂq3~lﬂ‘l§ﬂ1ﬂ1ﬂﬂﬂlﬁuﬂjﬂuﬂﬁﬂwu‘ﬁzmﬂ

d[ = til t:'Q . g’/ 1 t:y = 1
(Aggregates) FINWUNWURNIE (Specific surface area (SSA)) §3 luvuneuas Ntz UNTNO
o . = A A Aa [ J w kS
#17 (Nucleation) ﬂJ@QVluI@L‘UEHJ 1’]Lﬂ’lﬂlﬂWg“ﬂN'JGll’EN@HﬂWﬂuWIu“ﬂ\‘lﬁmu@’t]ﬂ"lclfﬂﬂﬁ\‘liﬂ'lﬂuugﬂ

v g o @
AnnuuUnIEAENTed InsodulugymA

Cooling water in —
I ra Collector I Water out
L 1}
Giass fiber fiter,~” =

Vacuum Pump
Nb deposition on WO3
- Trap
Hucleation, Conden sation, }f I

Coagulation and
Coalescence 'Y
* 9
- "o
Droplets evaporation L p
.0 @
o' ?
o ®

Spray formation

Liguid precursor

f@W‘Tjﬁm

0,CH, Liqum__ b
T Maaz{eirnw

Syringe

; =

Waste Valve

d‘ o [ J @ J @ A a ds!
MAUN 4 ﬂTWﬂ'la’f]\iﬂ13ﬁ\11ﬂ51$ﬁ@1§ﬂ1ﬂu11uﬂ\‘]ﬁlﬂu@@ﬂqcﬁﬂ Llazaﬂymmﬂaﬂﬂmﬂﬂmu

@ d
VYUSNITAIUATIEH
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&
sualvlsnauInsaaas
(Mass flow controller)

p— S | T
- l Aoalanads (Collector)

Pi'la51d (Syringe pump) HoAIHa (Nozzle)

M 5 duilsznevvesszuiniouranalsd lnlsase

(Y] d %4 d o A Ay
mmswm)gmﬂmiumamuaan"lcm !!Z’l%i’)k!ﬂ]ﬂ‘l-!ﬂ"l-!‘ﬂﬂﬁ!ﬂui’)@ﬂ“l"‘liﬂﬂmﬁﬂ?ﬂ

ot Taadtlalasmosuea

U

J a
2.1 a@qﬂnim tazainy

[\

1% 4
1.1 Jageilnia
- 1l (25 ml)
=\ J
- Dnos (100 ml)
= 4
- PS5 (200 ml)
- dsudsues (150 ml)
- Yi0AKIAT 1S
- douAnag
< a J .
- UUNIUANUIS (Magnatic bar )
- AFEAINTON
- N (Three-zone tube furnace, (Lenton, PTF 15))
2.1.2 asal
- inlseenlessu
- P!
- nsalalasnaesn (HCI)

- Tw@ounadau (Na,Wo,H,0)
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TaReunan lsd (NaCl)

o d
2.2 !ﬂ%ﬂ?»li’)‘l%!ﬂ'lﬂﬂﬂﬁlﬂu@i’)ﬂnl"”ﬂ

1.

Na,WO,4H,0+ DIwater

& o 1 Pl Aa
FINa TPounaadiau (Na,WO,H,0) 2.215 g laluiininesuia 100 mL &
g o A I .
lsemnleeau 50 mL ¥insvyuies Tunat 30 min.
@ = 4 I = 4 Aa 2
FanweTasunoalsa (NaCl) 0.7747 ¢ lalufinnesvuia 100 mL @i
o { I .
Usenlooou 50 mL ¥n1sHyuKe4 111281 30 min
Y

Masazaiene 2 mldasluviailSuilsnasvua 150 mL a2 ldszuna

) - 2 2
100 ml Jlsu T laaSu1es 150 mL Tagms@uiialsiaoinlessy 31niiu

Y

weh liinvianes a5 s sazaneing
o =1 4 o -dl 9 ?1’1 @ 1
Wesazarwmadluiinnoivina 200 mL MNITHYUIHIE WiouNTuan
pH 1% 1ae pH = 2 Tagl4 lalasnassn (HCH) Ayt 3 M
o { 1 { a I
ihensazaen e ldlumaou uag lwnigungi 2000C Hunar 2,4 nag 6
h MuaIAY
o v ¥ v Y
asazarennsedlaelyindsiaeinlessy dazney Haleq AT

a

o A Y A <
mﬁmn”lﬂmﬂmsﬂsm"lﬂaqummu 60°C nJunm 24 h

U

o 9 = < = ]
asuualviazdea nulviseusee

NaCl+ DI water

| 4

l ’Mand Sieve
DI water (50 ml) | T

. Dried
J at T 60°C for24 h

%% T pH~7
Q Washed with

DI water

— Hydrothermal ‘ |

\ at T 200°C for 2,4 and6 h

A o o J @ J* as J
MNN 6 mwmameimmiwmumﬂuﬂum’dmua@ﬂ"lcmiﬂmﬁllaimmeima
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= % Ay = Y ada [
2.3 wsaneumansaauesnlyaiinenelulodiand eI Eoumandy
a <]
1. 1¥ladsAgaluTedionluSioniion laa [Niobium (V) ethoxide] 0.0398 mL
HENAUENIUOA (Ethanal) 6 ml IM3nyuvIes auasazatedinu Tagn?
) @ J 1 a a J [}
2. hweisaauesn lad (wo,) 1 g ldluagdiia vealulobey W diennon
J - . . o A a I °
la@ [Niobium (V) ethoxide] Masen’13 0.50 mL Aauilu 0.25 wi% inmsnayu
' Y
11289 18271913 20 min
o ?:} A ?,‘, ~ 1 = 3 a I
3. MgundeuTuas U 2 uanlasuvin 0.50 11y 1.00 uag 2.00 mL Aty 0.50
1az 1.00 wt% ANaIA
o { 2 { a I g o 1
3 hanslansuna ldeuNgamgil 80°C fuiiat 2 h miniuihwnua nazsou

a

I g
4 LWHLﬂﬁ]’l"‘]fuﬂqmﬁﬂiJ 300°C nJunm 2h

U

0. 25 “tﬂn O.blllwt o 1.00 \\% 5 Nb (OCH,CH,)s
~—CN8 -

0.0398 ml

‘Ethanol
+ 6ml

Chamctermtmn

a o A @ I Y = Y axa @
MUN 7 mwmammiLﬁ]amgmﬂmamua@ﬂ'lcmmahluiamﬂummﬁammmuw

3. ﬂmel1anymwmw1wuaaaummnwﬂﬂwwumn‘lm ﬁ Q!ﬂ‘ﬂ%ﬁl’lé{

(Y] J
3.1 aainIns wazansinil

o 4
3.1.1 Jaqginsal
A4 a ) A 1 Y v ad < . .
- IAT0IIATITHAWNAUANTAYWVUAIYTITONG (X-ray diffraction; XRD)

]
A Aa

- Lﬂ’i DUATIEHNUNHD (Bruanauer-emmeltt-teller; BET analysis)

- ﬂamqamiﬁuﬁmﬂmammudmnﬁm (Scanning electron microscopy; SEM)
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‘a [ ]
- ﬂt’{mﬁ;awsiﬁumaﬂmammuammu (Transmission electron microscopy;
TEM)
- 19191
- ATNUAEIS
- Foudnais
o
- nszanalad
- UNINBILAY (Stub)
- minmess
=S
3.1.2 a15ial

- 1®NIUDA (ethanol)

= v Y = % % a 2
3.2 ﬂﬂ‘H'lflﬂ‘Hm%IﬂﬁflﬁiNWﬁﬂslli’)\?i’)‘lglﬂ”lﬂ‘i’lﬂﬁ!ﬂui’)i’)ﬂnl“ﬂﬂ AYNAHANIILAS IV UUDI

< J

Samena (X-ray driffraction; XRD)

@

a dy 9 o = @ 9 = o S A A
mﬂuﬂuﬁl%ﬁ1ﬁiﬂﬂﬂﬂTdﬂ‘]elm%IﬂiﬂﬁiNWﬁﬂﬂl@ﬂ@lgﬂ1ﬂﬂﬂﬁlﬂuf]f]ﬂ"l%ﬂ NATYY
Y [ [ dy v ad 4 1 =~ 2 A o
Ulﬂ Tag@IFeHanNITNISIAY AU UUBITITLOND °1umuéueamimmwmmﬁumﬂmwmﬂ

@ 4 [ (] o &‘ a o o 4
nimaueen lua lsauiuuunizanglaa 19 lass Ul uAIGsUENo U tdiudnT 04

J

< Ja a s A ) a A < 1 9y (=
L@ﬂ“ﬁliﬂﬂﬂllﬂiﬂiﬁmﬁ@i INDNINITAUANITICHRNA Iﬂﬂlﬂi@ﬂﬂ%LLﬁﬂQWﬁLﬂuﬂ'lﬂ?ﬂmsllll“llﬂﬂiﬂﬁ

< o 4 S H . P E, v
wngnuyy 20 e lddoyandransaihdoyan 1alUTnszdmanyas Tnssasanan a9

Y

o v a3 s ¥ S o B4R Jd 1 9 =2 v A 4
ﬁ"ILLﬁQGIJ?JQSﬂﬁ'mﬂ%‘ﬂ]lﬂﬁ]"lﬂﬂﬂﬂﬂWa@]ﬁﬂﬁl@ﬂ"ﬁ W"Il!&‘ll'l]lﬂbluwaﬂﬁll'ﬂﬂﬂuﬂWﬂ INFLONBISHU

Y o A ¢ = Y olglysiaiagl Wi A 2 a )
WnUezaou NI ueenlsEAoUVRINAN LA IHSITONFUMNANTIAeIUY TagiinNuTLy

I=3 (9

1 QJ { 1 Q g LI 3 X o 1 ¥
annuuaz iy NANIUINegNIMI IR 8IdIvesezaaune lunan Fedwnsnideyanialil

9 a 4 9 = Y o g’u -dy v A 4 4
115 lumsansiz Tnseadnanla asingduuums@enuuvesssdongamisoven 4

[

[ o L= 9 = I = o Y
’3161§ﬂ1ﬂ1/l\1ﬁm1!66ﬂl1%ﬂ b\ ﬂymﬂﬂsmsnwamﬂmmu% Tﬂﬂmsmﬂugmmayjammgm

Joint committee powder diffraction standards (JCPDS) i@ AUIUNIVUIAUD IO HNIAN

s &

s @ . & o Ay v 2 o g
AUNTUDIUYDILIDT (Sherrer’s equation) °1Nf]'lﬁﬁlell@u”a‘1flUlﬂflﬂﬂﬂﬁlaEJ’JLUL!GU’EN'B'\‘]ﬁL’E]ﬂ‘]f NIYY

o o

dy Y dy I3 =2 A [
N3 eNUU (0) HAEANNINNV098ANTINMTEAENTUTUMTAUIUTIUANVTUNUT A4

aumsn 1

p=_ KA (1)

Bcosb




ZD-
(a0}

D ™ > A~ U
o) D Dp Dp I
© O o °
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VHIAUVDIBYNIA
1 d'dg! o =X IS ' o
APNNVUNVUYUIALASDYNIAVBINAN UAUNINY 0.89
A v A g P A= Y
AMVIIAAUVITITDNTN 1% VA NNINY 0.1541 nm
y 4 & & ~ A . ~ _
ANUNINNATINUIVDIANVINANGIFA Tunuiesiaou (Radian)

Y
YUNIDENVU

28.085

27.909

P (%>

a j’ v A’ I @ J A
MNN 8 g‘lJLI,‘]J‘]Jﬂ'I'iLaEJ’JHJWII’EN’NZTLE]ﬂG]f Gummgmﬂmamuaaﬂ"lw NAAFIFA 58U (001)

AU IUIUN 20 = 20.26

MUIUMIVLIAVDIDYN NI LDDN |57 9INANNITA 1

B=20 -20

high low
B =28.232-27.909

B = 0.323 B4A

= I =1
nlasusen iithus@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 19216

0.89 x 0.1541nm
D= =24.97 nm

(65.655 x 10” )cos(14.0425)

= &’ d‘a o v % "4
3.3 AnpnuNAIs uzveseymnlagnannisgaduuialulnsioy (Bruneauer-
Emmett-Teller; BET)
a dy Y d o o [ ] ) 4 s =
matatldyaad1svlanio819 (Sample cell) U 2 100 1¥aaANUIVTIY
@ J 1 = Iq 9 I JY Aa 1 Y Y Y !
pumanImaueen loa aaudnwaa lailurandieos nounmsnadeudeslinnuiouun
s o s A 1 dy A T a Y 1 2]
IFAgNUTIYOYNIANIAAUDN 139 10 TanNuFUNINZogUURIONNIABEN DINTUMIULNE
Y J 9 A A = A 1 o o v J =y 9%
TuTasmuwdr ) lwead doyannsesiiniinmaneainnuaudunns uazdSunavesund
= o o s 9 Ay v A )
TuTasnungngagulaseuniansaauesn laa andoyahn lainseezilszurana lnold
I A {a o 2V %
TUsunsuMmNaynI5vo3 BET Uaadnaoonu i uamuinI s ume (SS4,.,) 1NHUAIUIDN

VUIAVDNDUNINNTNINIG

6
d =
BET (p  xSGA  xmol%WO )+(p X SSA  xmol%Nb)
WO3 BET 3 Nb BET
()
A A
o d__ Ao WUIAOUNA (dy,,; nm)
[} [y 4
Po A9 ANNHULL UV INIAANBBN LuA (7.16 g/em’)
3
P Ao ANMUUUIMUUVDINANYN (8.57 g/em’)
A 1 dy Aa o . 2
SSABET o MWUNHNIVUNIE (Specific surface area; m'/g)
A J 3 H o 1% o
mol%WO0,  Ap wesigulasiminvesiiaaueen laad
A J ¥ @ a o
mol%Nb Ao wesigu lasiminveamaniiy

@ 1 o @ J
ﬁ']f]8']\‘]ﬂ15ﬂ1u3mﬁ1ﬂlu’lﬂﬂl@ﬂ@1§ﬂ’lﬂﬂ\?ﬁmu@ﬂﬂul“ﬁﬂ

SSA = 5622 m’lg
BET



unua luaums

mol%WO, 100

mol%Nb

Il
(=]

d - 6

BET (p  xSSA  xmol%WO )+(p X SSA  xmol%Nb)
BET 3 Nb BET

WO
3

6
d -=
BET 3 2 100
[(7.16 g/cm™) x (7.77m"/g)x ——]+0
100
6 -
=(————)X%X10 m

BET (55.6332)+0

d =01078x10"°%m
BET

d =01078x10"%%x10° x10 ° m
BET

d =1078 nm
BET
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J da
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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.
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®Department of Chemistry, Faculty of Science, Magjo University, Chiang Mai 50290, Thailand

“National Electronics and Computer Technology Center, Pathumthani 12120, Thailand.

IMaterials 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 tungstittgdrate (NaWO, 2H,0) and sodium
chloride (NaCl) as initial precursors and furthgrtbe impregnation method using niobium (V)
ethoxide. Phase, morphologies and particles sizéheofproducts were characterized by X-ray
diffraction (XRD), Scanning electron microscopy (&f High-resolution transmission electron
microscopy (HRTEM) and Brunauer-Emmett-Teller (B&Talysis). 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 subsequesniyealed at 43€ for 3 h in air. Atomic
Force Microscopy (AFM) was used to investigate skhieface morphology of the films. Using
Scanning Electron Microscopy (SEM) the cross-seetictructure and crystalline nature of the
films were observed. The response of YW&@nsors with different Nb loading concentrations
towards 20-500 ppm of S0n air was tested as a function of operating teaipee of 250—
350°C. It was found that 0.50wt% Nb-loaded W&2nsing film showed the highest response at
500 ppm S@ (25C°C). Therefore, Nb loading concentration can be useeffectively tailor the
gas-sensing performance of hydrothermally preps#/&d-based S@gas sensors.

Keywords: WO; nanorods, Niobium loading, Sulfur dioxide, Dried¢jan industry,
Hydrothermal process, Gas sensor
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Synthesisand Characterization of Niobium-loaded Tungsten Oxide Nanostructures
by Hydrothermal Synthesisfor Gas Sensing Applications

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

#Programin Materials Science, Faculty of Science, Magjo University, Chiang Mai 50290, Thailand.
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®Department of Chemistry, Faculty of Science, Magjo University, Chiang Mai 50290, Thailand
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In this work, the effect of Niobium (Nb) loading dhe gas sensing performances of WO
nanostructures prepared by hydrothermal synthessuidied. Unloaded Wf&nd 0.25-1 wt%
Nb-loaded WQ nanostructures were synthesized by hydrothermathsgis using sodium
tungsten dihydrate and sodium chloride as precsingsoder an acidic condition. Unloaded WO
and Nb-loaded WO nanostructures were characterized by Brunauer-Ewireier (BET
analysis), X-ray diffraction (XRD), Scanning Elemir Microscopy (SEM) and Transmission
Electron Microscopy (TEM). Nb-loaded W@anostructures were deposited on(ilsubstrate
interdigitated with Au electrodes by spin-coatimghnique. Next, the W{hased gas sensors
were characterized for gas-sensing towarg$,HNG, CHsOH, H, and NH at operating
temperature ranging from 250-380 The results showed that the effects of Nb loadin
responses towards different gases depend consligleosb the loading concentration. The
response towards ;8 of WQ nanostructures were optimally enhanced by a facfo2-4
depending on operating condition at low Nb coneditn of 0.25 wt% while the best responses
towards GHsOH and NQ were obtained at the higher Nb concentration 5fv% and 1wt%
Nb loading concentration leads to the maximizegaese towards 5 In contrast, Nb loading
has insignificant effect on the response towards. NHerefore, Nb loading concentration can be
used to effectively tailor the gas-sensing perfarcesof hydrothermally prepared W®Oased gas
sensors.

Keywords. WO; nanostructure, Niobium loading, Hydrothermal swsih, Gas sensor.
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