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Thesis Title Titania doped Tungsten Oxide Thick Film Gas Sensor for Ammonia

and Ethanol Gas Detection

Author Mr. Sawang Kengkriangkrai

Degree Master of Science (Materials Science)

Supervisor Asst. Prof. Dr. Darunee Wattanasiriwech Chairperson
ABSTRACT

This research was aimed to study effects of operating temperature, calcination
temperature and mixing ratio on sensitivity of ethanol and ammonia detection of tungsten oxide
(WO,) mixed with titanium oxide (TiO,) thick film gas sensor prepared by separated
precipitations. Tungsten oxide synthesis was achieved by precipitation of ammonium tungstate
((NH,),,W,,0,,-5H,0) with nitric acid to obtain tungstic acid (H,WO,) as a product. Titanium
oxide was obtained from the reaction in a fume hood between titanium tetrachloride (TiCl,) and
ammonium hydroxide resulting in titanium hydroxide (Ti(OH),) as a product. Thermal analysis
by TGA and SDTA techniques showed that tungstic acid exhibited 3 weight loss steps before it
was transformed to tungsten oxide at 500°C. Titanium hydroxide showed 2 weight loss steps
before it was transformed at 410°C to titanium oxide. The XRD results for tungsten oxide
calcined at 500 and 600°C for 30 min indicated that tungsten oxide was crystallized in a
monoclinic structure with specific surface areas measured by the BET technique of 22.58 and
9.61 mz/g respectively. Titanium oxide calcined at 400, 500 and 600°C for 30 min was found to
be tetragonal anatase with specific surface areas of 122.5, 81.02 and 56.38 mz/g respectively. The
sensitivity measurement for ethanol and ammonia detection was performed in the concentration

range of 500 - 2500 ppm and 400 - 3200 ppm respectively. The results showed that among



200, 250 and 300°C operating temperatures, the most effective ones for ethanol detection were at
300°C and at 200°C for ammonia detection. The calcination temperature which gave optimum
sensitivity was at 600°C for WO, and 400°C for titanium oxide. Finally, the best mixing ratio for

ethanol detection was at 92.5:7.5 and for ammonia detection was at 95:5

Keywords : Tungsten oxide / Titanium oxide / Sensitivity / Gas sensor / Thick film
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Type Classification Phenomena Materials Gases

Gas adsorption Semiconductor  Surface conductivity  SnO,, ZnO, V,0, LPG, alcohol

Bulk conductivity TiO,, CoO, 0,
MgO-CoO
Surface potential Surface potential Ag,0, Pd-TiO, H,, CO
Humidity Conductivity Zn0O, MgCrO,, H,0
AlLO,
Other Piezoelectric Polyimide U4 H,S, NH,

quartz oscillator

Gas reaction Catalytic Combustion heat Pt wire, Pt, Flammable
combustion Pd+Al0O, gases

Potentiostatic ~ Electrolytic current Gas eletrode  CO,NO,, S,

Galvanic cell Cell current Noble cathode O

2

(Pt,Au) and base

anode (Pb)
Selective  Solid electrolyte EMP Zr0,-CaO, 0,
membrane PbCl,, PbBr,,

4
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MaUy (Valance band) Tﬂmmmuq%umm (Conduction band) (Tianshu, et al., 1999) aUN
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Resistance (KQ)

100 150 200 250 300 350

Operating temperature ( °C )

(Yu de, et al., 2001)
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(Martinelli and Carotta, 1995)
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vouhmdumesmlszanganiveonlad
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4
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Rl L] G

Y <3 sa a o 4 3 = a a
ﬂqﬂLWULmﬂﬁﬂﬂﬁxﬂyiﬁnﬂ ﬁ!@lu@@ﬂhl"]fﬂ NNANTNATDINUINFUIFDTHUTEANTA NS
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aovuaueddauaN luleaANgaNguMYl 300°C 1M TULNTONIUDD WUIUFUILDS N

Usz@ntamnsaovauesdnqafiguyigil 250°C
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Labidi uagaaz (2006) MINIANYIUTLANTAINAIABUAUDIABIBNIUBAVDA

o s a o A a o - A Pz an &
Llﬂﬁl‘i‘]ﬂulc}fﬂiLL‘lJ“lJ‘V\lﬁiJ’HHTVI‘]JiZﬂHii]'lﬂ‘l/]\‘lﬁmu@@ﬂll“l)'ﬂﬂﬁ\uﬂi1$ﬂIﬂﬂ’JﬁlI?Ji%LViEJ HIA

a
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U
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a

Y o 3 ard A a o s A °
ﬂ')ﬁll!ﬂﬁ!ﬁ]fuL“]ffJﬁLLU‘]JT\IﬁiJWuTﬂﬂiZﬂ‘Hjﬁﬂﬂ‘ﬂﬂﬁmu@@ﬂVl“ﬁﬂ ‘qumﬁQﬂJ 250 300 itae 350 C
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TagHaNIINAARINLIUTULFDINYAIH N 300°C NlszANTAIWMIADUAUDIANINYUNYN

U

250 uae 350°C MudRY  lagdszaniammsneuaueddeNIUeaANUINIY 1000 ppm

= a o, A1
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9 a s <3 4 % 4 [
Gopal Reddy sagaaie (2003) llﬂﬂﬁzﬂ‘klﬂ!kﬂﬁl%uLﬁﬂﬂﬁﬁnﬂﬂ\iﬁlﬂu@ﬂﬂq“ﬁﬂwaﬂﬂﬂ

= J Y [ 1 1 o o = Jd
ul‘Vl“I/HL‘L!EJ?J’E)’EJﬂlIG]J’ﬂﬂ’J‘c’JfJ@]'i”lﬁ”JuﬁZ‘ViTN‘I/IQﬁ’mu’l’)@ﬂll%ﬂﬂﬂllTlVHL‘HEJiJE]fJﬂll“]J’m‘]Ju 90:10
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T@ﬂumuﬂu,aza@1Jﬁ3m/rﬁmwmﬁﬂ'e)‘uﬁummmmmamuaammﬁu%’u 1000 ppm ﬁqmwgu

9 1 1
o 1 ) <3 o a A '
Aaua 120 - 260°C 1IR3 NgaUNYN 160°C HilszdnTnwnsaouduoIAviONIUDARTAA

G

Tasflszanimnmsnouaueosllszana 21.6

Tomchenko tazamtz  (2003) laviimsAnlsz@nsnmmanoudusaone
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~ Y g A A ° < s
LL@?JIIJLHEJ?‘ITJ”IIJHHJ%U 25 ppm VIQTM‘H{]&J 200 uag 300 C mmmummmﬂﬁmmmﬂam
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@ A a 1 4]

Srivastava and Jain (2008) ‘1/1ﬂﬁ@\nﬂﬂﬁﬁ’ﬁ"Vl‘ﬁﬂTWﬂ'lﬁ@ﬁ]‘]J’(?fuﬂﬂ@ﬁlllﬂﬁllﬂniﬂlﬁﬂ
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Y

a A { a o o A 4]
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Ivanov, et al., 2004) uazmswaueas Inmuiisuoonladaslyluamsisawuoon ladeeld
Uszaninmmsaeuauesseunaeniuea laanguugiidias (Gopal Reddy, et al., 2003)
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a
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:j =\ Aa A 1 4] =~ slcscs'l a o & o
Gmmﬂauuuuﬂizﬁmm‘wmimruauammmmmﬂmuﬂ"lmmmqmwgu 300 C 9N UNH
Y1 ax LY o an qg: =1 a A 1
Vl,ﬂ’J1’J"ﬁﬂ15’ﬁ\ilﬂ51$W1ﬂ8ﬂ1§ﬁﬂﬁ$ﬂﬂullﬁ3’)‘51“]161-@61uuuﬂigﬁﬂﬁﬂWWﬂ1iﬁﬁlUﬁu@Qﬁ@

aA a 9y 14 1 o [ 4] 3 o A a 4 =
LLEHJINLHﬂ@ﬂﬂfﬁﬂ@mﬁ{]ﬂﬂﬂuﬂﬂ\?ﬂ’J'N !Lﬁﬁ'ﬂ’iiﬂllﬂﬁlcﬁul“]ﬁﬁ]iﬂﬂ53@‘14;@%1?!“11/]1/]']&1!EJ?J

9
1A ] a

Jd v a A { ) ]
pon leaiununilszaninmmsaouausslaanaisguugi 250°C Tae linusieaums

o 3 @ 4 @ a A 1 ] ~ Y
‘H1f;ﬂi‘1/]Qf;’f@\‘13J1NﬁﬂJﬂuLﬁ@ﬂﬂﬁ@U’Jﬂﬂi%ﬁﬂ‘ﬁﬂ1Wﬂﬁﬁ’é]‘Uﬁuaﬂﬁﬂllﬂﬁllﬂhimuﬁl mﬁqﬂ“lu

A
ANTNN 2.5

M99 2.4 1W5suMeunavelszansmumsnoUauUIABLA dENIUDE

(7 < 4 a Y 9 Aa A Y A
unadues  quugl  ANUUNIY  UszanTam 1PNITO NI
0 MIABVEAUDY
J
WO,(anaznou) 250 1% 10 WU AIYNTANA Loy

ansaquns qInsuy

(2544)

WO, (anaznou) 300 2% 36 Labidi ttagnale (2006)
WO,(anaznou) 300 1000 ppm 9 Ivanov tiagame (2004)
TiO, (MAPLE) 350 100 ppm 11 Rella staza (2007)
WO, + TiO, (W&d) 160 1000 ppm 21.6 Gopal Reddy tiaznme
(2003)

* MAPLE f1® Matrix Assisted Pulsed Laser Evaporation
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d’ = ~ a a 1 %) ~
AN 2.5 L“]Jiﬂ‘]JL‘VIfJ‘]JNaﬂlﬂﬂﬂigﬁ‘ﬂ‘ﬁﬂTWfﬂi@]ﬁ]ﬂﬁuﬁlﬁﬁlﬁlllﬂﬁuﬂlﬂmuﬂ

[ < L4 a Y 9 Aa A 9 a
unaFUeres  gungl  AnuuNTy  Uszansam 1BNAITO NI
0) NIADVAUDY
J
WO,(anazNaY) 300 1% 9.5 WU ATgNTANA LAz

ansgquns qInsuy

(2544)

wo, (Twa-19a) 200 25 ppm 1.43 Tomchenko LasAYE
(2003)

WO3(T“I$a—Lfﬂa) 300 400 ppm 1.3  Srivastava and Jain (2008)
WO,(#77) 220 100 ppm 9.0  Siciliano azAML(2008)
TiOz(ﬁ‘i‘j@m@éQ) 250 500 ppm 7.0 Karunagaran LIag AU
(2007)

2.5 NaaAueanlua (Tungsten oxide: WO,)
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’a < 1 =] 9 [ YR o Y Y] Y] 1
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@ [ 1 dyd 1 [ o = <3 9 =} Id o
TAgTEAUNEINUEDEH UANULANANYDITLAVNAINUNUANUDEIUHN WY UNE 991U
1 d' =K A 1 [
AOLDY AUTINIUWDUNAIU (Energy band)
ad ] I Y] { 1 (%
dlanasouAedodluszAuNaI I UNULUOU MUMANWIA (Pauli  Exclusion
. . £ adg 1 1 1 o o M Y Aa g
Principle) 491ANAT0UIT0YF0II15ZHINTZAUNGIU 1 18 mshdianasounszTaain
(% (% z:! [T (% [ ti! Y Y 1 ] 1 d' = 1 1 [ @
seadunasnuni lddidnsedundsaunialddo i use1319N15 8071 ¥ 19NAIUY
% 1 ] ] 1] Y] I~{ 1 [ ] a r'd ] [
(energy gap) HA1F¥0IITTAUNGINUTUANRIIZVRILAAz AT 1FU Nveen lyAli¥oadne
o = E= W 1 @ I Y
WA Uszuna 3.6 eV Tnnudlouson lealroandsnuilszana 3.2 ev itludu

@ I 3 £ o o a 4 IR 1 @
naaueen lsatluaisnadnisiay (n-type) UMFDIINNAIOULD VT ZU

=

% I a ) ) = £
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= o s A a o & o o J a A
Lﬁﬂﬂiﬂ\iﬁl@]u@ﬂﬂqcﬁ@ﬂgﬂlamﬂ@ﬂcﬁlﬂ%u!ﬂu 6 ﬂ’lﬁu’lhh/\lﬂ'l"ll@\ﬂ/l\iﬁlﬁuﬂ@ﬂ]lc]fﬂlﬂﬂEl]'lﬂﬂ'lﬁﬂ

4 Y
a a o Y a [] 1 a [ Y
pongu loooume lUvnnuaaiai1liinas1991900nFOU (Oxygen vacancy) U AIHU
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o =< 9 A = I A YA Aad Y]
Meaueatlagurnau®n 6+ 1 4+ e Iniisesqauga Tagnaanaseuveanaamay
J IR aAa g 1 ag @ J IR ' o
pon ladiaud 4+ JaianasouunnoanaseuveIRIaALoon IsAI1auUE 6+ 0g 2 A2
adg { a Y 1 QSJ‘ ad v o I @
sranaseuinuuniiazin llegludusianaseudain (Donor level) Tuiluaunaldiamu
I wva [ £ o o . o rf:ll
pon lyaliantianuiluaisnadini (Supothina, et al, 2007) Tagaisnaamauesn laaiy

4

o 4 1 A o w P a
annsorh 1 19se Tend ldvannaie Tasmmngednvamstinisaaueon ladived sz aug
I o g I . = v o vy 1 I
Wuupaduaes (Solis, et al., 2001) Faenu1soasriauna lavaredsznn lidazdly e

A A & Y w o o N Y Y a
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[ =1 o Y] 4 A =\ o I 9 o 4
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09: = Y Y 42’ LY 1 a 1 d‘ 1 a 1
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17 - 320°C SigduuniaseadradulyTunddin dwaaslugdi 2.10 n5e Nguugiiuinnii

720°C Syt Tassadrauilueass Tnuealudu ez ldnanluideda’ly

Unit cell contents:
Wot: 8x(1/8) =1
0% 12x(1/4)=3

(Whittingham, 1993)
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. , Y o = AdA ~
Pintér (azaAe (2001) "lmnmiﬁﬂymammqmﬂgmmmemirﬂaﬂuuﬂm

o 4 A 1
Tnseadvosiimauoon lag (Wo,)  Tagnan1inaaouaainayeIguugininenis
wasunlasavesisaauoen lad Idasdinsnei 2.6

a AdA A @ J
AN 2.6 Nﬁﬂl@ﬂqmﬂﬁﬂﬂuﬂ@ﬂTilﬂﬁﬁlullﬂﬂilwﬁﬂlﬂ\?‘ﬂ\iﬂ'mu@@ﬂq“ﬁﬂ

¥0 Tasedsng %19gaHnl (°C)

WO, wase Inuea >720
o a

B-WO, GRERNPRENIR 320 - 720

Y-WO, TuTunailn 17-320

8-WO, lasadin -40- 17

£-WO, TuTunailn <-40

(Pintér, et al., 2001)
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