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Abstract

Ammonia sensor plays an important role in the applications of industrial
process, environmental sensing and control and medical engineering. For
example, the concentration of ammonia in the environment must be controlled
under 1 ppm, and monitoring the concentration of ammonia in the breath of
human (1~2 ppm) can be used to indirectly diagnose the end-stage renal
disease. In this thesis, Pt and Pt-Ir with high electrochemical activity were
prepared on Pt (sputtering)/porous ceramic plate by the electroplating
controlled at potentiostate. The amperometric ammonia sensor based on the
preparing Pt (electroplating)/Pt (sputtering)/porous ceramic plate and Pt-Ir
(electroplating) /Pt (sputtering)/porous ceramic plate as sensing electrodes was
also assembled to detect the low concentration of ammonia in the liquid and
gas phases, respectively. The characteristics of the prepared sensing electrodes,
the sensing properties and the aging phenomena and mechanisms of the
sensing electrodes were also investigated in this work.

In the liquid phase, with the Pt (electroplating) / Pt (sputtering) / porous
ceramic plate as sensing electrode, the sensitivity and the response time of the
amperometric ammonia sensor for monitoring 0 ~ 186.6 ppm NHs; in 1.0 M
KOH solution were obtained to be 8.3 1 A ppm™'cm™ and 1min, respectively,
when the agitation rate was controlled at 300 rpm at room temperature. Using
the Pt-Ir (2.1:1) (electroplating) / Pt (sputtering) / porous ceramic plate as
working electrode, the sensitivity and the response time were found to be 7.8
¢ A ppm'em™ and 2min, respectively, in the same conditions as described

above.
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The sensitivity of amperometric ammonia sensor based on Pt-Ir (2.1:1)
(electroplating)/Pt (sputtering)/porous ceramic plate was higher than that of Pt
(electroplating)/Pt (sputtering)/porous ceramic plate for the sensing system in
the gas phase. Using Pt-Ir (electroplating) / Pt (sputtering) / porous ceramic
plate as electrode, the sensitivity and the response time of the amperometric
ammonia gas sensor were 1.14 ¢ A ppm 'cm™ and 5 min, respectively, for the
concentration of ammonia in the range of 0 ~ 9 ppm at 0% R.H., and in the
same concentration range of ammonia, the sensitivity and the response time
were increased to 12.06 y A ppm'cm™ and 24 min, respectively, for
increasing the relative humidity to 97 ~ 98%. The sensitivity of the
amperometric NH3 gas sensor in the relative humidity of 97 ~ 98% was 10.6
times greater than that of 0% relative humidity.

Keywords: amperometric ammonia sensor, Pt, Ir, sensing properties, aging

properties
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Bz R - PR kITBRFHF 27 ALFEAUEZFTELN  BREAALT
AR - R & ks P2 2B WS @ FETHERE AV EALF
R AFTRTRS THEENTERRT[6,7] @ #rik* 2
fﬂﬁ«?ﬁ?“ﬁ%’l LS Rz B3 et A7 F TR R
FRGE R FOE TR R 2 2RA[T]) FRTRAE AL
TRET THREFHF RBYE Jf&,ﬁt’ﬁ’fﬁi&ﬁﬂﬁf@v—ﬂkn‘v’g?%?ﬁ'ilj =
SR R



1-3 5 AR BB * ¥ A REeE 5 2 4R

F TR P Epe & Mefh T W A2 (micro fabrication technology )£ 3t 5L
ATk T AE Y 2t F AR Rl A 47 1 o 1335 Manolis #ra & 2 v/gkiﬁ LI
NF AP 2 e A g opd ko HY X5 E e
o Ap B e[8] 0 A MR P Y ARAFI LELFHR STV UEF
“%@%ﬁﬂ*wﬂ’W&ﬂWﬂ%dﬁﬁ&Wﬂiﬂiﬁﬁgiﬁax
8 ] B )?5&: A BB ORR 2 }’%% o B4o A P L_‘}%ff\}]‘;‘ii 2wk g W BRI F A
WB9HH'ﬂ_?ﬁ@@47d$ﬂMﬂ®a$uuou@$ﬁmr@‘
%;é;i;\#,».ﬁ—\r}m,wjﬁe:vpgﬁi,ﬁ@ B F AR AT AT E e
N FREBES A { PHEMATZZHRSRE A D HEFHT o AR
’ “fﬁiﬁ%'ﬁ_iﬁﬁf}%%ﬁiﬁ'ﬁ;"ﬁﬁ%ﬁ%&éﬁiﬁ_lﬁ~5ﬁ° m
i eM%gvi';?r‘ WA N 75\37- B > TR A H A R § 0

SRR AR M T w AT 2 I

¢ =

2
b
i‘l

rﬁ@\*.‘ﬂ “J

i F
1-3-1 % Hes f 20 5 2 W
W

Mg e ATE R Lf?fﬁfﬁzﬁ_ﬁ»m%z&mqpx+ﬁfﬁ}}%°—ﬁ;’tﬁ’§ W
FRBARRRE LT F Y RITIRBIRAR LI I A 2Pk
B % 5 10-50ppm[89] - & # i p B F H F F Y F @k R N G
samwmmmoA%mAﬁéiﬁmiﬁﬁﬁﬁﬁa’ﬂW@ﬁ%Tﬂﬁ
ﬁ%ﬁﬁ%iﬂ’ﬂéwé%%%i&‘“%iﬁﬁﬂiz, #110] o
oAy TR FERLERECTFIAMLGE o & ?%R%
E/)}rﬁ S %g)%‘/f@_gm], Gldrn EERBE T 2L- T LN E & 47
I EAG VR EF S SEE A 34 0 4o Tablel-3.1 #7170 3 0 Brgen
HREESUEF 2R R B ETRESFER  RALFSF Y
ﬁﬁﬁ”i'/‘%fi ﬁrﬁ;ﬁi-v’l’g‘ i“]’fﬁ?ﬁ.%‘i’uﬁ’»ixw/r’°

WU B ke f ol AR TR BH A fd NO 2 k&
EF AR -RAT T F Ay Y NOZRR KL 5-8ppb v @ F o &
—:ﬁ\:i;r; ? NO kR % 5 80-100ppb[9] -

B R T

P@_ RS SN SS = mff& RO 4
PFAFmiz e X4 < L > % e i A
PR B end & R Bps g [12] 0 I
R kP o

R R ] G o e
iﬁ F/’)/wE‘*F'“ o Bt L};ﬁ/'g 8 /?.Ju;-n;ﬁ
ok Ff“%“"\’f‘r s ILAT A R AR gy AL

(@) F-2 " ABH %3 BFUCREF R LDy Fao o =it o
(aminopyrine) & L L4 > B F L 1 Rl T g g s PCr e - F 0



BERIFRPIFLFT -2 ASHARLF R R L F LR
# ° o Anne Witschi & A [13]%dg &1 » 4= 394 1+ —"‘Ff He 3¢ 737 AMA
(antimitochondrial antibodies) > it #- 7 7 BCH w2 KICA (2-kito[1-'*C]
isocaproic acid)## # = = ¥ it B o

(b) ARt B %A %J”—'/F“’Ji?fri’f—'g RN S P T R
quﬂ;ﬁmgﬁ,kp,.f;ésb/,,\ﬁ*, R J SRR LA T

# 4c[12,14] -

agpgﬁﬁ ;;’;5

PLESLXERF AMaZLAR iﬁ"'@ €7 ¥R 8E B ko E R A fE g A
# AR 12)0 T R LS BCk = 22 = fed %
o g ? 2 PCR g 2 —iﬂﬁ,%%*—&ﬁﬁ4°kﬁ’¥%
&Q1ﬁ$w€#’d%%iﬁﬁﬁbﬂﬁ%’ﬁﬁk%ﬁ@ﬁ&ﬁﬁi
FrEd o BHer g ¢ F§ 7 BB - A F[12] - Watanabe, Taku, %
Nakamura Teruo # A [15]4p 1 » **i2 § & 60-300 ~ &&p > % R ﬁ,—‘ﬁ
(pancreatic insufficiency) # v :} LN FES . :f:~ 9.5ppm(i& & {4 180 &
d8) 0 f- 4 A 2. 457ppm(iE & 18 180 ~ 48) 5 %



Table 1-3.1  Clinical use of Breath Acetone Measurement [8]

Serum glucose conc. Breath acetone nmol/L Diagnosis Treatment
Greatly increased Normal (10-50) Overeating Less food
Greatly increased High (>50) Insulin insufficiency More insulin
Not greatly increased High (>50) Carbohydrate insufficiency Continue diet if wt. Loss is the objective, or reapportion
diet by adding more carbohydrate
Not greatly increased Normal (10-50) Good metabolic control Continue same treatment




o4z 7 2 & ¥ (Malabsorption)

L] Rk A RS RAT  RIPER G 4 £ Ak S A 2

g IReE e SR TR BT PR R el R
R R ) PCR 2 e@  d ot g9 7kl
D F A R oA et g0 s g B 2 PCH w2 - § 1 g[12] - Lin
See;r» AR & F e F R AT R RS i % K (rotavirus
gastroenteritis) s 4 2 5“4 =%t 7 % g Kk ( lactose malabsorption) » # v¥ § ¢
i §FkRFBGE 25-190ppm[16] « @ King % Toskes[17]R] % M & F ot 4
FEREFAEE BB LG RERZMG LT MBS R AT AL
FL=Y/ R S

ad

m by ey Y
N e

ult (v |

T O

TR

BT L RT 90% M R E T “"iﬂ“f}%‘iﬁ'ﬁﬁ* , %“uﬁ%#?}c/} .
CfRE o g T HRA D 0 fE 5 A T %05 (End stage renal disease) © % f£ R
E(Uremia) o fe& g B F Bof @ 2 9 02 = 9 k2 FR K- KA F
FRT 1w ””Z‘»Ef? kR g T '% o Narasimhan, ¥ 4 #7 7 45 I SE R T
ME Y & 4 kR € d 1500 ppb— 2000 ppb % I 150ppb — 200ppb[18]- Davies

i ;@m?‘w’/ﬁa&‘ﬁ:ﬁ“ﬂf\ﬁ“ “fi (isoprene)shk & ¢ 4 89 + 36
%3 184 + 95ppb[19] «

g § i § it (Lipid peroxidation)

TR & A5 R 3 & frfg ik i (polyunsaturated fatty acids, PUFAs )R
PR D Rensc® @ g F LSS 4 (lipid peroxide ) -
EEF BB A E G S RPN L34 hlne o Table 1-3.1
s FEF AL LR HeEF Y AL L RE 8 H[20]

A F d P ST R (alcoholic liver disease)z »# § # MRl 3]k R &
1.72+0.7pmol/ml 2. ~ = ’#.E‘r B AT F Ay Y 75 3.4240.68pmol/ml
Zo Az b AT d k& g g (cystic fibrosis)Z g —‘F*{ Het 57 o p 7
6.75+0.89pmol / Kg / min 2.2 f& > 12 %2 6.33+£0.19pmol / Kg / min 2. ~
R NG ?,—"z Het g ¢ ARER G5 0.3-15nmol/L[20] -



Table 1-3.2 % {FiE s t2 Hgpr Hder g ma it &2 B i%[20]

Gk &3 il I it T
FHE *F(alcoholic liver disease) Ethane and pentane
f & 14 %k (cystic fibrosis) Pentane and ethane
% X (inflammatory bowel disease) Pentane

K & b & JE (rheumatoid arthritis) Pentane

% M 74 % (acute myocardial infarction) Pentane
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-4 23 RREFH X 22 RAMLEL L
APF AN F R E AR R FE T E s I e RS
7 VR g Rt o Mg s w1 ffﬂngﬁi%lg o FRA o — (e 4k HL &
GEHELBERE ERHRE B2 AMESFRELGE o Fx 5t R
Iﬁi%f“ BAZE 600°C Rl § 2 2 W% § & 25§ 7 FHAE 15%~20%
RS EEL U RN L e LR ES S

Rp AR FEFHNALSIEITF A3 EF 2 (AR 91
gyggiﬁﬁﬁﬁé1@M%%%4%%ﬁ&ﬁi%§§*f63§
Jk B 25-50ppm ;s 4e % kAR S B 1 2500ppm P A B L BAER 0 B € iE
g\:,’,‘;«:o ;Fgf,lil,\wic,,lgjyz‘c’\ﬁ- féﬁi)i7]%jfo“$’] l:%,,v},;:;g )
A I F IR T

-
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{
Oswin % Salomon # 4 1 5 2 & § 139 ¢ v £T &t )50 &2 &y

$oo B F RN e [21]

NH; + OH™ + Pt 2 Pt-NH, + H,O + e ~

(1-1)
Pt-NH, + OH™ 2 Pt=NH + H,0 + ¢’

(1-2)
Pt=NH + OH" > Pt=N + H,0 + ¢’ (1-3)
@ & 1970 # > Gerischer % Mauerer R4t 11 % ¢ v £ Rt 2 * 53 &
B2 ¢ BASHNH, ~NH > H2¥F2I4p8sx24 4§ §[22] a
FRF 2 ENg PIFIG E i+ 8 R2IpREA <5 § - 25
Ttp e ™ -
OH- > OH’-+ (1-6 )e (1-4)
NH; > NH, (1-5)
NH, ,+OH’ ;> NH, +H,O0+de (1-6)
NH, ,+OH’ ;> NH_+H,0+d¢ (1-7)
NH2,ad * NH2,ad > N2H4,ad (1'8)
NHZ,ad * NH,ad ~> N2H3,ad (1'9)
NH,, +NH, > N, H, (1-10)
N,H ,,+nOH"" >N,  +nH,O+nde (1-11)
NH_,+OH’ > N_ +H,0+d¢ (1-12)

P 1994 & 5 KT L F S F A wpF TSRS E > Wasmus®E X F R
32270 FF F ¥ ERF ¥ F 050 wNO N0 2 47 ([21] -
HRPET NI § P B LTAERRS a BT BRIERR
FNO N0 v 7 et thic™ ¢

NO;™ + 5H,0 + 7¢” + Pt > Pt-NH, + 8OH"
(1-13)
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NO;™ +4H,0 + 6e” + Pt > Pt=NH, + 70H"

(1-14)
NO,  + 4H,0 + 5¢™ + Pt - Pt-NH, + 60H"

(1-15)
NO,  +3H,0 + 4¢” + Pt 2 Pt=NH, + 50H"

(1-16)
Pt-NH, + H,O +e¢” =2 NH; + OH™ + Pt

(1-17)
Pt=NH + 2H,O + 2e¢" - NH; + 20H™ + Pt (1-18)
Pt-NH, + 20H™ - 1/2N, + 2H,0 + 2¢” + Pt (1-19)
Pt=NH + OH™ - 1/2N, + H,O + ¢  + Pt (1-20)

1-5-2 RPITIHERZEH

PHATIS 2R RIFELF g 2k TR VIR AR E ¢ 8
2 7 & ([25, 26,27,28] - Wasmun® £ v £ iF 5 R B R & > 0.5SMKOHR
R o MERRIAE VETHRLNLT ML AL ERALG ]
CRELEF NG EEEAL L E R P 131
A 21 JI* 2 fm 220 & mfﬁp-}‘,m_gfé chi 1B 3 JLPY(1,0,0)
So i fPF 12 B & ([25] 0 & 503K § R (1.5 M Pa)sNaOH% i (pH=12)
B A AR F 2 2R FR[26]: (1) M Ru~PdE EE £ R
5 (0)= £ BEM) 5 ¢ 55 (medium weaker)z 4= (M-0) » H %5 § i 2 %
BoE iR Qhikitdny 0 & (NHy)aE et 45 (NHy )%
% 5 (3)7RuOL/ALOs 5 R 42 F et d» A A5 ANy @3 2 &
NO; 4 & o @ Mishima% A [27]R] %0 & 2 -~ & 4n-4k & & (Pt-In)% & *

(R EF E2AM Y N HELIRBPTR - FPRYE TIEY PEIN 5] 5 31
B-i‘: ElOMKOH?ﬁ*/ﬁﬂ » ¥ ﬁ»"&},@/?'}/@;gla’ &%EEZ@%?

I B K Sl ot g CL it
i igﬁﬁéﬁ-‘*ﬁ@”‘%\ £ > NayoE A Mk Hi g 4 F%i 72
frooar s ity ﬁ’*iw»wﬂ?*f%&*m@ﬂii’%méﬁ
BT A 0.1V(Ag/AgCUKCHPE » 7 @ 5| - P B2 4 § 1 LI o

CEF R LERY BAF IR ELFE (NHu)
v Fmé_*" |28 ITFE,«%(Nads)m"" ,L%*§[2529] ’%’}E'x“%'fb
%?(Nads)igjﬁﬁl}""lﬁﬁ’ ¢}§1'§’,’]‘EF’&7‘V)&1T%“JF5§ “—»Ru>Rh
>Pd > Ir > Pt >> Au, Ag, Cu’ 4% 2 Au, Ag, Culfnl,é,/?Jm’ffE H T

Nads B 2. > IT’J Pl o BER AR # % F]Nags 2 it F 5y -3 o
Au~AgdCui £ BTt BT AS 25 2k 2R 4R RER
=@ & E 4 2 NH,gs 20 NH.a4s [29]° ¥ — > & » Ru~ Rh# Pd > B %] ¥ Nags

" e
]
b= &
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ZEH SR FEALITHLR N AP A B EE s g
VI % o AL UIrAPt: 7 R R TR d 2 ""ﬁ o
1-5-3  Z R RE

PR ERRIERRARRAILL BV A 5 T2 %4

S S WA

\_1-'

’E%‘};\i}&@ pp’g,'\;l"]w %—3{-*‘:)- ITM: 4 —l?rr}*’”?ﬁ"/\ l‘]’é{ & > FI%
mﬁ‘#’?p% TRAELE TR TR f | J,LLVK“ITE‘ZW‘JPI% v B MR P& 2
RE FIEFHEILF A IVHI T I 2 BRE I BRELCELT L
k2 H? s Bl A B F R s BoeteR 2 B R 0 FIR R R R B AR

/?J 7L4 ]J' l' o

Kobayashi % 4 [30]F A F REF ' p T =7 § AH DT RS 7
o B MR RRY02VE D LOV(s. SEC)R - B Renif 4 in #HiH
DEDESEDIFE S LR A iR qkqg%"f e A
Pﬁm’“t?@""gﬁﬂ‘;ﬁr“xﬁb‘arnr?’lé,ﬂ/}’ HHAL R KR 2
BREEDESE L R >F Yo

2001 & Jin B2 A[BII R F WL EABFTHAE - L5505 5 2R
B> HRRlZERRZ ¥ d 180ppm T 18000ppm > ¥ A ipvlflp\ 3 g
ERBER P T 2452 MMM e Fig.1-5.1 977 » H B 258407

log(Ln(A/A,)) = 7 loga + v logN (1-21)

;u TR AR FE Ao AL R ER AL BRANZE F TR KR
PR EEFERE Eh AR kR 0% LB L 154 -

2003 # Christie % < [32]91* T B &2 W& B ¥rew > 3 5 Q2
B E R - RENFFERE  RAAHERG 50%\&91@&1
F o WRIFER G 60400ppm - B RIBEEFRF NG 5 24k kF N §FE
BB RIAEEF FEAET D EIRMM % 4o Fig.1-52 %77 » 2 & - 2
Pod Ao
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;_%’3&,?3&3 ET R B llxi"l:} R R
ZoMEL e - w3 0 HRROM BN

G= oA/L (1-22)

BY G LiTE oS REREKAZELT R H L ZET Y
Al F MR R R TR TT R LSS RE
(nonfaradaic process)&® i 5 4ot B H\% B3P €T 2 RN G AT
PR "RIHFE - FRENZFREPEI S ETEZ AT BEHEE B M
LN TR [33343536]*”4?1313;# v 4 [37,38,39] 1F & B Bl 2 % 12
FToaAwEY 2 kA #FER(0-2000ppm) > e kR LR P EE &5 2R
2 M

1999 & Lin% A [33]1 v &£ 2 3 § v £ 2 9 # & % (polypyrrole,
Ppy) & % ¢ % fi} (polyvinyl alcohol, PVA)4§ & *-(Ppy-PVA)2 T & & iF‘J 1
F o R Rl B 5 50-150 ppm > fe ;pa@ BRI EAGEEFRES R
M % 0 4oFig.1-5.3 #7 » ﬁxl 2R R EAR G 128 mQ ppm f,(%
SRR Y L 1 Mﬁ Pk v 2 BT 0 UPpy-PVAG &5 BRI & F
2 E %”f HABEEFRBPEEF T %o S5 - £2E > ©Ppy R
BEARY %%i"xstﬂﬂ'“ig todm AOETR D o BT 2 A Ppy-PVAAE & iR
Ppy“‘?—iipé{ ¢ & R R o

B AR L EE H‘}f & 0 1999 & Aslam% A [37]R] 12 4 f'Z’ng
ZnO vt fpm PERLZ LI FREREF l“*'#’ﬂ Foed ”*"T‘c*“ZnO% B
RuO,#ZnO% & - & @ #] 1000ppm% 5 # G d B Kk A B 4 2 2 7002
1.5 ﬁﬂ T 440(F 5t R =(R-Ro)/Ry): 4 st #ZnOT 5 - B § 4¢ & 46 2 203
By DAREHE 7}@@;1;‘}7%&(5 B ~3 F 2NOY™ &5 2 4 eniEH M
Ra PRI AR T (300°0)Hk it o ﬁ‘iﬁ‘i?" Y

2000 # Galdikas% * [38]r2 i 5 i f i2 #-Cu SE & * F e Fwt » o
BELEBLFTRPE F > 7> E AR S 291K2Z %8B ™ R B 10~5000ppm 2
éf,%’}ii?i%&%ﬂﬂ%}§ REFRFEYRPER Y |3 - o4 R R
25 § kR E @L“R%(Rg%/R | e B &rFlg 1-5.4 #7570 £ H &
Mk R F(10~100ppm)pF » & o SR 2 Mg L 5 PR -

¥R E R RE A F (zeolite) 1T R B2 E T*iﬁ'%”r Moos % «
[40]11 i%nfp&/? \ﬁg'k"l‘ ;Igll% %.\. %[&’P g },’L/?#%]
~ 100 ppm PF > RIS E FERE G L2 MM G boFigl-5.5 oA
BB R e ® R 420°CTRB T M T R R AR
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NH, , ppm
Fig. 1-54 Cu,SE Bl B 5358 & 7 L& 2 B % o 5 H[38]
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10 ppm //f
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g l 40
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CAPIEEA 3 ),E, S

Lumjéﬂsgm%& '3 '\‘KL——l |r§%§+ o P @ é’“@ﬁﬁ ﬁ?/PJJ}T i
7@V*@%’$W T L £ AL LR R b1 TR B
TR PE(F ST TT AR - B 53 FHATHE U sp Wi 5)
TRE-HH T RL B PEZRF BT om A2 BUT IR G
HA HiNdeT

Lim = nFD(A/L)C (1-23)

2 ’Inm‘f:»fx’é‘??ﬁ ’nﬁ ﬁ,*ﬁﬁ&ﬁi Fp/z‘a("‘” '#'ﬁ' ,Dé.:}}%%;(f/‘f
AN FIER T T RN T R S N
5?‘]%’?&2}%& s FHRE DA AERET AR BRT MR RE Y F W
EREAPM G RN EREREBLE LA BT ERRIAIISET LS A
*'}éﬂ;$}g’1’7;ﬁr5\ #[42,43,4415 1 & 2 R PIT & o

1998 # Mishima® * [27]#% 2 R 482 Wi £ BT 4> kR 1.OM2
KOHF f3;% ¢ T % R BlZ o U ¥ i a 7 #&(reversible hydrogen electrode,
rhe) s %4 7 4& > % 0.05V(vs. rhe)z & = # # Ir black® & - Pt black &
BEPHIrR 18 o F £ JETR R F 2 R L ?t&é* 1.0M KOH3 % # ¥ i 5
Z2fF A M it 251 iFT R B M TR 82 A 058V
v 4% 2 (iridium black )% v % -4&(platinum-iridium) 2 1 T & 2 A % § in
TR A2 B 0.60VE 055V iF # M Pt-Ir(fe it 2 75:25)% 1
T T2 NFEELFTRE 0.6V (vs. the)ie TP & ’»Fé
Bl T AR B EAR .67y AppmT cm? ; H 2 % 4oFig 1-5.6 71 7 0 iR
POk BT RIPE(50~200ppm) + b E TR £ LKA P T L SULH G

2000 EAa L ErRFANT-TE - 22 BR2EREE2AF T L 8
FARM T B FRBEMI B E I Rzl s ERRFEETTE
# % 2 Pt/Nafion® & 5 M 22 78] & 2. R 433 F 2 §57 A 5 60.2 mA
M' > RS 129 ) a%:»iaqzﬁtw“%l%\m& & 57 —%f’**é’ ¥
?g »b4 ardE 2l oo @ 0 R ARE ‘@lvﬁw £ 7 ’l‘é}_),i B % 5{« ’ @Eﬁ/?]x ¥ /%)i%
I 3%~100%1ﬁ§£% C AR BPIFEACAE S 01921 A %o

2000 # Lahdesmaki% 4 [42,43]7 B vtet /v £ THRp BZ 7 > LR 3
& % 5% (polyphenol film) 2 Nafion®*- 13 & H rek /v £ R4 ¥ &2 2 &2
ol A Y Uw 2 (10.80V)Hemt et T R &30 £ KM > JI* TR A
* 2 Bk /e £ T P B A&ERES T ERBEARAR:E 197
Appm'ecm™ o

Heiduschka % A [44]R[ % 02 Bovev S M2 5 RBIEF 5 Flz 2
EREArA L FRPERIFARRE B A B FEUEEEEF I AR R e
AT e

§ ook g g b v M ERRE R RFGE kB RY F N
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27 5(23,24,25 28] Hp et S LHEHF BZAY C F BB HL T
B2 75 5 Mayo & A[28]f ¥ g7 R T|idp hdgt T R RIE 0§ 2
5 +0.1V(vs. Ag/AgC)pF » d 3t § it T80 - B4p A &5 > PR E
T2 RRE - MMM
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1-6 &5 4 $ 527 p i

FkR N e 2

£ BFo1kx 2 F o miby #
iﬁr;__x/’ o A HITE KYE
rl: s

£

i%%ﬁmﬁ#%ﬁ’%%ﬁf%%
AR RS %‘rf"*‘r ik R Rt L el
1%ﬁ~*¢F’ L pen %% B2 5 *%@’ﬁfwzﬁ%%m
%ﬁﬂwHéﬁuéiﬁw%%%%@L.ﬁm’%ﬂ P RF R B AR
BT RBRAHBERL LA BT 2kt LRFC SR FRT

S

’fq-‘b%\ JiJ? ' & /\%‘ﬁffiil’f"’i%iﬁigﬁ‘?fﬁﬁr Tablel-5.1 #f5 » p @ ¢
fLéﬂ%ﬁﬁJﬁi:Iﬁa,nﬁP’f ks HERE > RS EHTERL A
EH%§§®5E'1$ od MR E R BN EERT R R 'ﬂﬁtﬂ\lﬂi
BUEF PRI FEN-RTNSTCELFERE "‘f”l?rﬁzﬁ*]?‘
Fop o A e 2 g ,f;)i:(lOppm~20ppm) b ATER N F AL F R
%’zié{fp‘%ﬁi?(IOppm) i Lﬁlbgf.\'zﬁ HFw J%’ia)}%&,l.ﬁ,[’*
AN SR | E ol ~}.E~,/EJPP’E”§77‘$* o TR R R
DR e ETHERT SRR B TRMGE -

TR P TR B REL Qi&ﬁwﬂ@ﬂ’ﬂ”'?ﬁ%ﬁ
FOR R OERIREKER 2R o B XFIECHERET AERT
14%’f_@ﬂmak&f&ﬁ$4%’@mw A4 E[44] 0
EA R S ﬁﬁﬂ LREEBETEERR 2 AARA TR NT

odo& R R AR %#B“xﬁf‘ai\ RI41] > 2 g Rk R R 5
3%~100% 5 7 Ml MER 2 5 ¥ HIFT ﬁ’f&ﬁ’%‘ﬂ*ﬂki
EHRTHERAAZE P2 WG By ZRmBRER S B A
’"T%’L-ﬁj\ F] E TR AR, %o /P'JLr-?fé ﬁ&;7 E A ﬁ}:&/ﬂ%\ 2w 4
AR TREES A CREREF DY RNEFIREERE ZER -

Tablel-5.1  »& § fd 5 ~ )k & & 5 o 2 M 1%:[9,10,15,16,18]

P B hE N F AMAEE A f MER
Ve P il 50-400 ppm

BT A R 0 E & F 25-190 ppm

W, B T i 9.5-14.9 ppm

TR B i i F 1.5-2.0 ppm

F vh -5 vy 80-100 ppb

23



2-1 F %R E

APy R E2

RE LA A 5L
& BB R JFC-1200
SRR QU T o CHI-604A
CHI-611A
CHI-614A
ERERTREE B KEITHLEY 237A
ERE - 1 DM-3000
R R EYELA PS-60
TR I WISOOM
FHTEZLER SIERRA 840L-2-OV1-SV1-EV1-S1
FHTFE I ESLHE PROTEC PC-540
B R NEY 3-130
W 5 YAMATO SCIENTIFIC CO., LTD DX31
% f AND GR-200
A F A eEE BRANSON 3200
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2-2 R %

o

e

AR TR Y BRI RF RS R AT

& R R H @R
@ 3 i 47 (KOH) SHOWA REL R 85%
% "K(NH3) SHOWA FEwHF B 28.0~30.0%
+ % 40 p& B (H,ClgPt -xH,0) ACROS ca.40% Pt
= % i* 4& (IrCls « xH,0) BHREILE ca.53% Ir
A e (HNO3) Wako HE- 60%
# p& (HCI) Merck GR 37%
ik (H2SO0y) SHOWA BE- & 97%
¥ F (N2 ZAgiva 99.9%
% F (NH3) ZAmit 3 400ppm
% F (NH3) ZAmit 3 100ppm
z ’7% 3 Eastman Molecular

chemical weight =1700

g 4 Big porcelain  AARDVARK
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9 % A2 5
2-3-1 # =z W &

AT R TR 2 T BEHE A A WS IR E 2 (porous ceramic
plate )~ MRz Mo £ WF T ML AM L Pt (R / SR A
F)o LR ’ﬁpﬂ%Ptth“PM&ﬁﬂiﬂﬁiﬁﬁi’ﬂT
A W] A S o

A, (itmETAF2ZHIT

BB R G 0.65mm 2 R > F 2 HEE 6.0cmx6.2cm 2 ¢ 3 HZ o
Bt P 22 R N O F T R Rl b oo

Poip £ 2 Ao~ EAEORG B

MR BEZRIERERFEEY CHF RGO ZHRET S IR
f@&%’f¥7u%¢%7%44%0

LW[\)»—A

5. EAHHAERIME AR THE > mFEBEY 22 ED -
6. T R B4 o g 2 A H L 3.0cm x 3.lem % ) PG ff o
T B Zp P T2 L RS RGP F N CEAER R
B ® 1 Table2-1 enfg & & (7 /& %
Table2-3.1 %3t/ 2 A2 2 2R
2R (°0) gk (°Cmin™)
25~100 0.8
100~400 2.0
400~600 0.8
600~900 2.0
900~1100 1.0
1100 adE 2 pE
1100~200 3.0
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B. @l# Pt(R4E)/ 53 BEALAF T
B-1 &45v £

LR PFPEEU TR R F > 1 iFF J@M 5 0.64cm’ - T &
2 H A5 024em’ £ F T2 G S 0.16cm’ E BT HEBENRGE S
% = B2 & ¥ (shadow mask)z. # & -

2. % 2 mwﬂ Ml PR R 2-3-TA A B Bl A E L S REAK L o
3. BWHE N RERY REY £ BERFT L 2044 0 = Pt (RE) /
VS A2 fiF o BT & B4 Fig2-3.1 #7 7 o

AA

B-2 *h gL 2 AL

1. B"ii‘i CR2ZESOFI Y AR RERARE D W F T2 PR
/ 53 % A2 % e (Fig. 2-3.1D) -

20 MY S ARERERIP (R / SR AF R S0°CLEHY
gz 12 ] PE o

3. BAUCES o HTRE Bk AAREE o B 50°C Y Wit
12 /] p&F o

}qw

B3 2 'Ts”&\
L P i ﬁ”&ﬁ*ﬂ%ﬂﬂ » 4e# 3 140°C -

2. Heboath g B-2 ¢ rE AL Pt (RER)/ FIRIAKY SN
(Fig2-3.1 2. E) ¢ &% fk2 ¢ ¢ 40 )

%
F\'
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D rops
E
=
& A C
®
« —

0.8cm 0.2cm 6.3cm

A: Working electrode
B: Reference electrode
C: Counter electrode
D: The contact point

E: The immersed zone

Fig. 2-3.1 The pattern of the Pt (sputtering) / porous ceramic plate
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C. @& Pt-Ir (R 48) /Pt (B4E)/ s MELAF T

TRAE

B

A 2R EEF Pt Pt-Ir 2 R4 = = /G Pt-Ir (% 48) /Pt (R
)/ $IHMEAAFTIERE Pt(T4)/PL(RE)/ I HLAFTR 29
% A Y Bl4e Fig. 2-3.2 7 #75p o3t AR %P > 1 * B AT REHTCE AT
®(CHI 611, CHI614)? 2 F R =272 &2 WH o

F ok AR
b-1 ¥4 Rz WIF

T d THe2 KB Bl Fig2-3-3B #r o1

1. A 0.I33M2 BEZR PEFEL>»THE T4 (the) 257 -
2. 00 0.1335M 2 B L T fER > v ﬁ.ﬁ,ﬁ‘:éf%’}@;’?ii T i
20mA RRATfE RTEERETEK AL R RLTF

b-2 12T AEix Al & Pt-It &% Pt Pt (R4g)/ 53 ML A4

. g B2 FHMME=F V> N @I kARSI ZER R
WO0°C ks P BB RAEBR T 2RAMG @0 AR HBZRTTE

i

B 16m1ﬂ}5‘? 1@ 97Ae 2 ® 4R > 1 3 2-3- 1Bcl AR 2t (B4R /

5 AK D ’fﬁ’llmf‘; 2.25 cm?z v EF EHT

YA FRb-1 ¢ T2V E e 2 TR

3. A60°CZ kit BB »XITLTHEL =2 005V(VS.the)r HE T E
SA0 R 50 %0 £ B ETHELIIET R CH T % 4-Fig2-3-3A -

4., B"ﬂ!?ﬁ"“?@i?’fﬁf@ 'li&ﬂ/ﬁtﬁgfﬁglﬁ‘lmm’]ﬁ’xfifﬁ%Nﬁ.éﬁ/l’? °

5 REARERZ S F ML ZF MERT R L4 1++l’75l*F2~4,1 3
Pz Pt-In(R48) /Pt(R4E)/ S ML AF T wS PR 48)/ Pt
(Beg)/ 53iBEAAFTIE-

g
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m wm tm wm m mm m

Tl (e

CH Instruments, Inc
611A
A

o el

A. Potentiostate
B. Water bather

C. Electroplating cell

Fig. 2-3.2 Schematic diagram of the electroplating system
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porous ceramic plate
b. Reference electrode

‘ a. Pt (sputtering) /
c. Counter electrode

a C
— B
(A)
> Pt wire

Pt black

(B)

Fig. 2-3.3  (A) electroplating cell (B) reversible hydrogen electrode
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2-32 1 TR T FEEG
THRAE

e ﬁEW§mwmﬁﬁ%ﬂa-ﬁ“%ﬁg}mwﬁ’ﬁﬁ%
% B BlArFig. 2-3.2 %7 > B¢ BEREFHNFTED - A j\—ﬁ%\;:’,{:k«f
BAZTREFT P ELAT R EFRRREFT R BT TR HPTF
/r't}—mfﬁ °

b. ¥ %k THRE

1. 4P~ 97% ik Fips » fel 2 1000ml 2 0.5M 2 Fifidi3 ik

2. P~ 100ml 47 > B % Fpfz 0.5M Ffei3 ik S0ml> %% &Y 4o
Fig. 2-3.1 #7775 » mfeaiR® » D P T HE 2 M3 R5 L -

3. MH B2 2 T AN EF KR EL Fig. 23297 @k F o

4. febe TV F A 47k (CHI-604) Mgl KX F % FH > T =2fFHh £
-0.2~03V > H ¥ F 5 1lmVsec o

2-3-3 ghpAp kY 2 R EF RERRER

FTRER

F R f ke Fig. 2-32 7 o HLA SRR L TARE 0K Y 0 TR
TREER BB T AR R BRI EN B I FRATZEELS R

BRAATCEF BRI TR i R R

B ik TS

. % 22 TMBREANTHITHRY Mo £HEHBE THE 75
i W 20mA TR R 2R R RV EITHETMEK ALY B2
TRz WH o

& % 3 IMKOH 3% ¢ » 2§ =+0.6V(vs. Pt wire)

. U Pt-Ir(F 48) /Pt (R4E)/ 53 B L AF T &S Py(T 48)
/ Pt (R 4E) / i it ﬁxé%ﬁmﬁiml FTHR> 0 £NZHHTE 7Y

bl %2 3 1“8 F fusris

1. BET 8 245 R(CHI-611A) X T § 2 Fh FREFfd 5 1
BHRREFZRRE A PES TR ZF B

2.Wﬁ?ﬂ%&ﬁ%@ﬂ%HM’%$F@%%’¥%%ﬁ%iiﬁ@?
MBI RF BT FHAHELRELT L ALV EFLE
fLd Ao

b-2 2 1R R
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#Fig.2-327 2 E R kK ERIBIHEE N E L RA LS
R FE Y A2 RFERZE TR FF 2T
FEALERT ZRBIT N

2-3-4  FMFAR kY 2T F R RER R
T RER

B g 42 Pt-In(T48) /Pt (B4E)/ 53 BELAF TS PU(T 48) /Pt
(R éx) / *ﬂ%ﬁ&%%ﬁﬁ@ﬁ“““‘@iJ?ﬁiﬂ?’%uﬁm
Hog 2 8 ﬁ”ﬁﬁwﬁ%F@234%T°&ﬁ % ¥ » § % (Fig. 2-3.4
Ay Bl F MiEd - £ E (Fig. 2-34 E)id » § 3 » #9042 4 sHiedp
B i lem A F B2 SR B F2l i &5 F o 5 ¥

’f?g\'i?,ﬁ;n"ii L REREAIY - REZ R F(ERLG loem)iz »
- £ W& 5 2em-s lomZ Wi o EONERI A P U HEgEr - HF o d
RYWE > F R IMKOHE LI R @R3P v F 40 4 59 R a2 niko

BAARY EHNH; 2 Bl AT A S A BMA I H - L FA¢ 3 51
}\Z% R G 0% 2 F R & Sd4cFig. 2-3.5 %977 5 ¥ —;5}3}{5;7@:

GBI R G 80%2 97~98% > H F & & FAoFig. 2-3.6 A7 o B4
F%lﬁﬁ*T’+W‘d%ﬁﬁa#ﬁ%Jmﬁﬁﬁma’ﬁﬁﬂ%%iNm
ERZE T EARENT RS BT L IR EHLTINE
St 2 BRI TR S 5 331 & WA rE R 1 TR 4EE TP
THREPIRIE S 2T T REPHITERY S BRETF2LPte AFT%HY » 2
AETRRPIZ F AR L F R EFRAME 99.9%2 F F 0 F Sk Fa4p
HiRAE L 0% 80%~97~98% A L 2R o

b. F%F TR

1Ll T @2 gl T 4% » 4 Fig. 2-3.4 22 BBl F B » ¥ #%H 4o Fig.

2-3.5 #pon 4R R N R R] kS e

zﬁﬁ$@ﬁﬁﬁﬂﬂm’fﬂ FoAMEE FoF LR EIIF
\%; /&fi"t"ﬁ Mg o

3. %ﬂggﬁ@’Py;&%ﬁ@?&’ﬁﬁﬂé%iiﬁﬁﬁmﬁo
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y N
A 4

A. Gas chamber

B. Rubber gasket

C. Sensing electrode

D. Liquid electrolyte chamber
E. Gas inlet

F. Gas outlet

Fig. 2-3.4 The reactor for sensing NH;in the gas phase
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A L CH Instruments, Inc

Bl 6114

(N I I

A. Potentiostate

B. Power supply (for gas flow rate control)
C. Mass flow rate control valve

D. NHj; gas sensing system

......... Gas pipe

—— Electric circuit

Fig. 2-3.5  Schematic diagram of the sensing instrument in gas system for
0% R.H.
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CH Instruments, Inc

611A
........... .
— -
B
A. Potentiostate! a1

B. Power supply (for gas flow rate control)

C. Gas flow valve
D. Sensing element
E. Water bath
......... Gas plpe
— Electric circuit
Fig. 2-3.6  Schematic diagram of the sensing instrument in gas system for
80% and 97% R.H.
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2-3-5 THEM R T A

AETP R RN S BRRHATEI AR ERE £
o ifi« »f1* XRD HF3 T HA > &8 I T MFERP LT RS
ALz & > A% ESCAAL T E o Rtk m 2 e i o

g P FHE AT MRS TEL G 24

AP U R YT S & s (scanning electron microscope, SEM)
ﬁ%ﬂﬁ(&@Wu%ﬁw%ﬂwﬁﬁﬁ?ﬁ?Pﬁwawu%ﬁﬂi
PTHAAFTIERZ A EL o v HZ FRAFRALRT RS ZHF T
TOMERRE LR gkl AR BT R A
Wiz o FHFJT SEMEF L B EEF -

b. X %k #it ik

x% R ,‘_F'_f{lg«’\ SEM % 4% 54 e —»’}l] * X ,IC&;{_R,T fi(X—Ray diffraction
spectroscopy, XRD)#L % Pt-Ir(F 48) /Pt (R 48)/ 5 M LA ¥ &2 PY(3
) /PL(REE)/ FIRIAFTEL HAEHE -

c. T MEF R

AR ¢ U R 3 cdE & (electron probe micro-analyzer, EPMA) A 47 T &
PPt Ir oz et b o HOBR P IR iE e

1. BT 4 TE 2 Pt-In(R 48)/Pt(B4E)/ 3 'BELAF T ®E PY(T
)/ Pt(BEE)/ I BIAAFRTRUEZA KRR ARAT B ‘}?‘-
EFCRVAY - I

2. BERTRRRENVEARY URKLFRART T EI A -

3. T EE ‘/-\#L‘/i’ﬁaéﬁj\ﬁiaqzﬁ»ﬁfxpzmS/v\'ﬁL"

4. BT HEENEg Y wigHE oo

d. XkkgFaw#Hsr&k (XPS)
Fl* XPS A7 F s Rttt 2 B2 fAag2 81 o

I BT bt o 2 HBAERZLE R * o

7

2. HRBITHEFAD LAY N PPHIER L 0%ZEBET KR T F 2
?,«,‘g;\ 100ppm 2. 4 @ Hie {74 2% i“F g » fE.A FHER

9T AR OPES LR
3. AwMM%&ﬁ%?ﬁﬁﬁ@ﬁ» TR ELAG A
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31 £ 3 P REMA T 2T EF B

Er PEFEY O TRMERYF BLFEL G B LR DEE
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B 0.0IMeAKOH K iz i @ » 1% ik R& 72 G-k ? 4 27 F
MR R F R L e BT fEE S RF R B g ok
(ammonia solution, NH3) » ¥ 5 54 & 3+ 2. K Jh > @ 3% ¥ 5 2 kA& 5

2800ppm ; # T fiiz 3 0.0IM KOHig i » hsi i i ™ » & < {17
'T;' Tg_r‘\-éc I,()J‘El "p—‘]g/%/féﬁl ”ﬁ“‘c)\r‘i’lg J\ aKAq\gl‘lgéq\—;‘_Li'JFi:
F At J\//p* i

NHj3 (aq) + H,0O n © I\IH4Jr + OH" Kb:l.6><1075 (ZSOC) (3-1)

#9¢ [OH] = 10°M > Fitea k2 TfERT RBR ‘:‘;NH3(aq) 2 kR G
2800ppm’ @ [NH;]% 0.165M » 2+ 5 @ [NH,] 5 2. 64x10-M - RIS

o -

’}53]“%?.:}-7 f,g'/,\é{?”‘r‘é‘:)\\_i Ql'lé/w\——l-i‘_";']ﬁ:];é_o

3-1-1 % e £ T 2T HF BEFE

Fig.3-1.1 % 2 0.0IMKOHZ f2;%® » 11w £ % L1 ¥F &> 9
T, Ag/AgCI/3MNaClz %4 24 > 4 # F 5 -0.8V ~0.7V
i F 5 20mVs o ST 2 IR KA Fd B o BLEFig 3-1.1 >
PR o R A-03VE - Sﬁ}ﬁ/ﬁ»‘lﬁt"”ﬁ*Flg-:;llg]ﬂﬁﬁ‘g
% 2 0.0IM KOH#H f5 S & [----]8H A& » ¥ § %% 3 2 F 4
EECR U T RPN W 3 IOA\ﬁ_K$—i kYA %éi%fiﬁilk—w‘wﬁﬂ ’
2-03Vie2 BRET P AREGR S - HPL-BFF2LRRATLERLBR

-

R N R

AR A e

By
- =

.
[a—

—

~

P F BRI F o RFERBRL A F FEF 10448 T 502V
et e FRRE G SRR EAGF PP RR

(AT 3 Jm’% kg 2 5 kR G 2800ppmPEF o G (74P Fe F
2 KL R AT & =-0.15V(vs. Ag/AgCl/3M NaCl) & ”;\xﬁuﬁ -
‘?A/”\:*i'Ldi‘lé"ﬁ ?"i&ﬂ?pi’:’},%! Fhzo 23 “HFRAEAGET P E
i RRT AF P ARG AR RS B AS R BTG
1§f LB RS T RE FGRE S o BT 7 2800ppmz. ZoRBRFRTEZ
BT IE R R |i'f(0.15V vs. Ag/AgCl/3M NaCl )*r{#z2 3 * % § 7
(7 %2 00IMKOH-kZ)tnip » v @11 &5 51 f’réﬁféfﬁ? z
0.0IMKOH3 iz ® § it 2 kg« 28 % 205 pAcm? o
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7 %73 4200IMKOH kipirsr@2 ¥ FMF LT £ THMFEL EEApr

o FRLEY T RFABHFY ZRBRAAET T 3 ENHLFR BHY

@REE2F o AP S RS -0.2V~ 0.6V e 0 T
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’

BEREANOSV L G R Ry PR S RS TR K
A5 F -

Mg k4o r B o BRY F 2 kRS 5 2800ppme F ® =5 0.117V
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300 [

150 |

0
—~ -150 |
c :
< 300 [ ] .
! /
450 P~ / .
i A -' [NH,]  (ppm)
-600 [ "\ __/ —— 2800 (with N,, purge) 1
I / ------- 0 (with N, purge) ]
E \ — - 0 (without N, purge) |
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
E(V vs. Ag/AgCl/3M NaCl)
Fig. 3-1.1 The cycle voltammogram of anodic oxidation of ammonia on Pt

foil electrode in 0.01M KOH with and without ammonia

WE: Pt foil, CE: Pt wire, geometric area: 0.64cm2, RE:
Ag/AgCl/3M NacCl, electrolyte: 0.01M KOH, room temperature,
sweep rate: 20mV s™', sweep range: -0.8V ~ 0.7V
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30_111||||||

£
(@]
!
_15'....|....|....|....|....|....|....|....
-0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6
E(V vs. Ag/AgCIl/3M NacCl)
Fig. 3-1.2  The cycle voltammogram of Cu foil electrode in 0.01M KOH

with and without ammonia

WE: Cu foil, geometric area: 0.64cm2, CE: Pt wire, RE:
Ag/AgCl/3M NacCl, electrolyte: 0.01M KOH, room temperature,
sweep rate: 20mV s, sweep range: -0.2V ~ 0.6V
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3-1-3 % “RuO/Pt(R4E)/ i HELAFTER 27 P8 F BEFRE

ZAETFERRUO M FRALBZHAE T E L2BIL AR 0 TN
RuO,/Pt(i4x) /% i ML AF = 2 T3 RIFHEF 3 2 ARKREFhH
B 3% 4oFig. 3-1.3 #7717 o v % F & 2800ppmNH3~E%‘]€" g I&é T e
%-0.20V ~033Vpr > H 3 it T iKW NH:; 3 T2 F B3 R
FlrLag a3 a2 F MR Une 0155Vt - F C M b B H
oo P o iFH B L 372;/,Acm'2°

3-1-4 £ e PtIn(R48)/PtGR4E)/ 53 M AL AF 12 T VB F i

Fig.3-1.4 % % 0.0IM KOH® f2/% ¢ » 2 7 42 #Pt-Irfl & >t 5 }\l‘%
AHP @2 TmE AR AL M# o BEFig 3-140 § 2 ¢
-0208\Kvs_AghAgCU3NINaCHﬂ% A

THF 2 EE TG 2607l g Acm” e

e \1

g b 4 R iFR R RE 2T IRE A > 4o Table3-1.1 47
T ¥ &R IL@\A\” mT o w4 Pt-Ir k2 ”ﬁ o2 a4 o Juip|H
RFIF R A T TR RFI LT ST R
LG fE o T LT AT é%ﬁiiﬁélﬁi%’iﬁwﬁﬁﬁi
WoAEY > ET R FEHRRIZPE LA FTHET B AR ERSEY
BBl 244 ;¥ ¥ SEM~XRD 2 EPMA> A5 248312 45 &
s HABHE TEES
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I(mA cm™)

[NH] (ppm)

Fig. 3-1.3

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5

E(V vs. Ag/AgCl/ 3M NaCl)
The cycle voltammogram of RuO; electrode in 0.01M KOH with
and without ammonia
WE: RuO, geometric area: 0.64cm®, CE: Pt wire, RE:

Ag/AgCl/3M NacCl, electrolyte: 0.01M KOH, room temperature,
sweep rate: 20mV s, sweep range: -0.5V ~ 0.5V
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40""I""I""

[((mA cm'z)

-04 -03 -02 -01
E(V vs. Ag/AgCIl/3M NacCl)

Fig. 3-1.4  The cycle voltammogram of electroplating Pt-Ir electrode in
0.01M KOH with and without ammonia

WE: Pt foil, geometric area: O.64cm2, CE: Pt wire, RE:
Ag/AgCl/3M NacCl, electrolyte: 0.01M KOH, room temperature,

sweep rate: 20mV s, sweep range: -0.8V ~ 0.3V
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Table 3-1.1 The net current of 2800ppm
different electrode

ammonia anodic oxidation on

Electrode Peak potential (V) Peak current ( A cm'z)
Pt foil -0.15 205
Cu foil 0.117 12
RuO; -0.155 372
Electroplating Pt-Ir -0.208 26071

45



TR 2 247

TREREHEL AR R gt BRlERE AEg
Y fiﬁxk—zz,z&ﬁ A2 T * XRD ~ SEM » EPMA
FEARTERAANL &AL S e

3-2-1 Rtz R BFEEG f R
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Rl i RIAFCSIHFILTE FELEFZF RS f e

]
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)

A

"’[EJV"J#FIL'"}- IR A ;’i;" 'L?.,’E\'}_% r'r'}mﬁ"ﬁﬁ"‘ﬁ/{ﬂ
0.21mC cm™ [45] - Fig. 3-2.1 5 fI* Pt(®4g)/ 3B EALAH Z 1 FT &4

"z ﬁﬁlk&%ﬁ#ﬂ‘;} ° ifg;ﬁ@ 3 0.14VEE s B R R IAEE R 'ﬂﬁ-é =
?’ﬁ%ﬁvmiﬂﬁ B R RN AV ,_?_,’]‘}E?}%' k4 ":\‘i’iﬁ B PR lﬂ‘,’ﬁ«iiﬁ
s e T i iE-02VALT 2 B kP 0175ﬁ’¢m FE o 1§
LA S Ay £ TR 2 l‘fﬂhi?ﬁsit it 2 H" 2 FI@;&,,. o 2+ ¥ Fig.
3-21 ¢ TRFRS-019 ~ 007 VR F 3T & 2 &5 0890%107
coul(Table3-2.1) &} & & "f MREBERTEFEG 2 R#021mC
mﬁ’?’mmwwﬂ/ia%%éﬁmﬁf’ﬁﬁmﬁmﬁ’ﬁm;4m
cm?e A AR EAM L 29 £8P e 5 0.640m> F B R4 20 A 40T
2 Pt(R4E)/ S HIAAMTRL AR S 6.625 -
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60 T T T T

I(uA/cm?)

-150

0.10 015 020 025 0.30

-180 ' '
-0.20 -0.15 -0.10 -0.05 0.00 0.05

E(V vs. Ag/AgCI/3M NaCl)

Fig. 3-2.1The cyclic voltammograms of the Pt (sputtering)/porous ceramic
plate electrodes in 0.5M H,SO4

WE: Pt (sputtering)/porous ceramic plate electrode, geometric area
of WE = 0.64cm?”, RE: Ag/AgCl/3M NaCl, CE: Pt wire, electrolyte:

0.5M H,SO4, room temperature, Scan rate= 1mV sec”, Scan
range= -0.2V ~ 0.3V

Conditions for preparing Pt (sputtering) electrode:
Substrate: porous ceramic plate, geometric area of WE = 0.64cm”,

sputtering time = 20min
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Fig. 3-2.2 The cyclic voltammograms of the electroplating Pt/Pt
(sputtering)/porous ceramic plate electrode in 0.5M H,SO4

WE: electroplating Pt/Pt (sputtering)/porous ceramic plate
electrode, geometric area of WE = 0.64cm”, RE: Ag/AgCl/3M
NaCl, CE: Pt wire, electrolyte: 0.5M H,SO4, room temperature,
scan rate= ImV sec™', scan range= -0.2V ~ 0.3V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE =
0.64cm”, CE: Pt foil, RE: rhe (with 0.133M HCI), electroplating
potential = 0.05V, temperature = 60°C, [H,PtCls]=0.07564M
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Fig. 3-2.3 The cyclic voltammograms of the -electroplating Pt-Ir/Pt
(sputtering)/porous ceramic plate electrodes in 0.5M H,SOy4

WE: electroplating Pt-Ir/Pt (sputtering)/porous ceramic plate
electrode, geometric area of WE = 0.64cm”, RE: Ag/AgCl/3M
NaCl, CE: Pt wire, Electrolyte: 0.5M H,SO4, room temperature,
scan rate = lmV sec™', scan range = -0.2V ~ 0.3

Conditions for preparing Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE =
0.64cm”, CE: Pt foil, RE: rhe (with 0.133M HCI), electroplating
potential = 0.05V, temperature = 60°C, [H,PtCls]=0.07564M,
[IrCl3]= 0.06317M
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Table 3-2.1  q and electroactive area of the prepared electrode

Geometric area of WE = 0.64cm’, RE: Ag/AgCl/3M NaCl, CE: Pt wire, electrolyte: 0.5M H,SO, room temperature, Scan rate= 1mV sec’!, Scan range=

-0.2V ~ 0.3V
Electrode q (coul) Electroactive area (cm?)
Pt (sputtering)/porous ceramic plate 0.890%107 4.24
Pt (electroplating)/ Pt (sputtering)/porous ceramic plate 0.508 2418
Pt-Ir (electroplating)/ Pt (sputtering)/porous ceramic plate 0.395 —
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Fig. 3-2.4The SEM photographs of the Pt (sputtering)/porous ceramic plate
electrodes

Conditions for preparing Pt (sputtering) electrode:

Substrate: porous ceramic plate, geometric area of WE = 0.64cm?,
sputtering time = 20min
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(b)
Fig. 3-2.5The SEM photographs of the Pt-Ir (electroplating)/Pt (sputtering)
/porous ceramic plate electrodes (a) 1000X (b) 5000X

Conditions for preparing Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE =
0.64cm?”, CE: Pt foil, RE: rhe (with 0.133M HCI), electroplating
potential = 0.05V, temperature = 60°C, [H,PtCls]=0.07564M,

[IrCl3]= 0.06317M
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Fig. 3-2.6The XRD spectra of the (a) porous ceramic plate electrodes (b) Pt
(sputtering)/porous ceramic plate electrodes (C) Pt (electroplating)
/Pt (sputtering) / porous ceramic plate electrodes
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Fig. 3-2.8  The XRD spectra of Pt (electroplating) /Pt (sputtering) / porous
ceramic plate electrodes
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Fig. 3-2.9 The XRD spectra of the (a) Pt (electroplating) /Pt (sputtering) /
porous ceramic plate electrodes (b) Pt-Ir (electroplating) /Pt
(sputtering) / porous ceramic plate electrodes
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Table 3-2.2 The XRD degree of Pt-Ir and Pt electrode

Electrode 20

Pe-Ir electrode 40.1 46.5 67.98 81.82
Pt electrode 39.92 46.26 67.76 81.78
JCPDS-Pt 39.763 46.243 67.454 81.286
JCPDS-Ir 40.661 47.304 69.136 83.414
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Fig. 3-2.10 The SEM photographs of the Pt-Ir (electroplating)/Pt
(sputtering)/porous ceramic plate electrodes (a) 1000X (b)
4000X

61



Table 3-2.3 The EPMA analysis results of 4.49Pt-Ir

Weight composition %

Atomic composition %

Original Normalized®
Run Pt Ir Pt Ir Pt Ir
! 90.791 8.050 91.856 8.144 91.7434 8.2566
2 90.182 8.171 91.688 8.312 91.5733 8.4267
3 90.411 8.023 91.849 8.151 91.7366 8.2634
Average 90.4 8.1 91.8 8.2 91.7 8.3

* The weight compositions are normalized to 100%.
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Table 3-2.4 The EPMA analysis results of 1.20Pt-Ir

Weight composition %

Atomic composition %

Original Normalized”
Run Pt Ir Pt Ir Pt Ir
! 65.516 31.313 67.611 32.339 67.3339 32.6661
2 66.865 32.175 67.513 32.487 67.1847 32.8153
3 66.521 32.021 67.505 32.495 67.1722 32.8228
Average 66.3 31.8 67.5 32.4 67.2 32.8

* The weight compositions are normalized to 100%.
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Table 3-2.5 The EPMA analysis results of 0.57Pt-Ir

Weight composition %

Atomic composition %

Original Normalized”
Run Pt Ir Pt Ir Pt Ir
! 65.301 31.795 67.254 32.746 66.9242 33.0758
2 64.748 31.305 67.409 32.591 67.0799 32.9201
3 64.441 31.598 67.099 32.901 66.7689 33.2314
Average 64.8 31.6 67.3 32.7 66.9 33.1

* The weight compositions are normalized to 100%.
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Fig. 3-3.1 The cyclic voltammogram of NH; aqueous solution on
1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic plate

WE: 1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic
plate, geometric area of WE = 0.64cm?, CE: Pt wire, RE: rhe
(with 1.0M KOH), electrolyte: 1.0M KOH aqueous solution,
room temperature, sweep rate = 2mV s™', sweep range = 0.1V ~

1.5V

Conditions for preparing 1.20Pt-Ir electrode:
WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm’, CE: Pt foil, RE: rhe (with 0.135M HCI),

electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M, [IrCl3]= 0.06317M
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Fig. 3-3.2  The cyclic voltammogram of NH; aqueous solution on

4.49Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic plate

WE: 4.49Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic
plate, geometric area of WE = 0.64cm?, CE: Pt wire, RE: rhe
(with 1.0M KOH), electrolyte: 1.0M KOH aqueous solution,
room temperature, sweep rate = 2mV s™', sweep range = 0.1V ~
1.5V

Conditions for preparing 4.49Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm’, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtCls] =
0.1135M, [IrCl3] = 0.02527M
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Fig. 3-3.3 The cyclic voltammogram of NH;
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E(V vs. rhe/1M KOH)
aqueous solution on Pt
(electroplating)/ Pt (sputtering)/ porous ceramic

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm?, CE: Pt wire, RE: rhe (with
1.0M KOH), electrolyte: 1.0M KOH aqueous solution, room
temperature, sweep rate = 2mV s™', sweep range = 0.1V ~ 2.3V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm?, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C, [H,PtCl¢]
=0.07564M
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Table 3-3.1 Effect of working electrode on the peak potential and current of
the anodic oxidation of ammonia

Electrolyte: 1.0M KOH, room temperature, sweep rate = 2mV s™', geometric
area of WE = 0.64cm”

Working electrode Peak potential (V) Net peak current (2 A cm™)
1.20Pt-Ir 0.85 6500
4.49Pt-Ir 1.15 10710
Electroplating Pt 2.10 28840
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3-3.4 The IE curve of ammonia oxidation in the aqueous solution on
1.20Pt-Ir (electroplating) / Pt (sputtering)/ porous ceramic plate

WE: 1.2 Pt-Ir (electroplating)/ Pt (sputtering) /porous ceramic
plate, geometric area of WE = 0.64 cm?”, CE: Pt wire, RE: rhe
(with 1.0M KOH), electrolyte: 1.0M KOH aqueous solution,
room temperature, agitation rate = 300rpm

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtCls] =
0.07564M, [IrCl3] = 0.06317M
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Fig3-3.5 The IE curve of ammonia oxidation in the aqueous solution on

1.20Pt-Ir(electroplating) / Pt (sputtering)/ porous ceramic plate

WE: 1.2 Pt-Ir (electroplating)/ Pt (sputtering) /porous ceramic
plate, geometric area of WE = 0.64 cm?®, CE: Pt wire, RE: Pt
wire, electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtCls] =
0.07564M, [IrCl3] = 0.06317M
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Fig. 3-3.6 The IE curve of ammonia oxidation in the aqueous solution on Pt
(electroplating) / Pt (sputtering)/ porous ceramic plate

WE: Pt (electroplating)/ Pt (sputtering) /porous ceramic plate,
geometric area of WE = 0.64 cm?, CE: Pt wire, RE: Pt wire,
electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm?, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtClg] =
0.07564M
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Fig. 3-3.7 The response currents of the anodic oxidation of NH; on
1.20Pt-Ir (electroplating) / Pt (sputtering) / porous ceramic
plate for various concentration of NHj3

WE: 1.2 Pt-Ir (electroplating)/ Pt (sputtering) /porous
ceramic plate, geometric area of WE = 0.64 cmz, CE: Pt wire,
RE: Pt wire, electrolyte: 1.0M KOH aqueous solution, room
temperature, agitation rate = 300rpm

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of
WE = 0.64cm?, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtCl]
=0.07564M, [IrCl;] = 0.06317M
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Fig. 3-3.8  Effect of the concentration of NH; on the response current of

1.20Pt-Ir (electroplating) / Pt (sputtering)/ porous ceramic plate
electrode

WE: 1.2 Pt-Ir (electroplating)/ Pt (sputtering) /porous ceramic
plate, geometric area of WE = 0.64 cmz, CE: Pt wire, RE: Pt
wire, electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm’, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtClg] =
0.07564M, [IrCl3] = 0.06317M
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Fig.3-3.9 The I-t current of the anodic oxidation of NH; on 1.20Pt-Ir
(electroplating) / Pt (sputtering) / porous ceramic plate

WE: 1.2 Pt-Ir (electroplating)/ Pt (sputtering) /porous ceramic
plate, geometric area of WE = 0.64 cm?®, CE: Pt wire, RE: Pt
wire, electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtCls] =
0.07564M, [IrCl3] = 0.06317M
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Fig. 3-3.10
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The response curve of the anodic oxidation of NH3; on 1.20Pt-Ir
(electroplating) / Pt (sputtering)/ porous ceramic plate
regeneration electrode for the concentration of NHj; of (a)
31.1ppm (b) 62.2ppm (c¢) 93.3ppm (d) 124.4ppm (e) 155.5ppm (f)
186.6ppm (g) 217.7ppm

WE: 1.2 Pt-Ir (electroplating)/ Pt (sputtering) /porous ceramic
plate, geometric area of WE = 0.64 cm?®, CE: Pt wire, RE: Pt
wire, electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtCls] =
0.07564M, [IrCl3] = 0.06317M

83



2500 T T T T
2000
g 1500 -
o
2
1000 -
500
I Y =3.125 + 9.9X
! r2 =0.999
O 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 50 100 150 200 250
NH, (ppm)
Fig. 3-3.11 The correlation curve between ammonia concentration and

response current of 1.20Pt-Ir (electroplating) / Pt (sputtering)/
porous ceramic plate in liquid phase by reactivate procedure

WE: 1.2 Pt-Ir (electroplating)/ Pt (sputtering) /porous ceramic
plate, geometric area of WE = (.64 cmz, CE: Pt wire, RE: Pt
wire, electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm®, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtCls] =
0.07564M, [IrCl;] = 0.06317M

84



3-3-2-2 0 Pt(F48)/ PtGR4E)/ 5 M AL A 21 (TT ez BRI
A v RFEFERFEZFRCR

Fig.3-3.12 53 &3 R 2 k& © > H L+ @ F 5 300rpm> & A i » NH;
#7182 -tH) - LB Fig. 3-3.12 jf » NH3# 2k & 4 % 5 Oppm ~ 31.1ppm ~
62.2ppm ~ 93.3ppm ~ 124.4ppm ~ 155.5ppm ~ 186.6ppm » H 7 i T fr#r
ES: S IR A

T

Bt B2 E AT IREER TR T E AR FAY Z BB KD
# e 4oFig. 3-3.13 #7177 » T 4&PtT & & L.OMKOHR f3ir ¥ B R4 A+ 2 &
AR 5 827 Appm’ ecm” o

L EEHRAELEF

v

ey

4ol 3-3-2-1B&drif > W4 - RE2Z R 2R TIRE LS ’?"f—ii
CERETA SR AETERY 2Ny PHRETIEBBZEE TR THEY £T &
2 it MmFig 3-3.5> 2 A EH-023VE F 7= 2 1.0M KOH: #

s B AR F L 300rpm 0 W RF - (023V)13Lf’“°§. TR
» NH; f%f@ﬁé CPIRIRE A & S T i L S i*‘:{?/pu %= 1.0M KOH - i
TRELE-08Vo R B OISR TR F A ZA P TN FRARER
L d L FEt2Z A A RFELAF I EHH LA 1 FF 2-023V
AR A REERZNHy S48 F P2 BREFETEE AT ERZM G

y

»

*

(m

=y Y

BFig. 3-3.14 #r7 3 5d F Rt 2 BA B MEZERRE Y SLEF > 2
Pt (R 48)/ Pt(R4E) I REALAF T EEES L & A\—? 2 ﬁaz&:m% T
iR R RERAES  HEL 001lmA ppm’ IR
PRORAG PRI ATES 24 P ?’?(Nads)’ ffé EPt-Ir 7 & v 42
Roh2 ey o A R BRI e

HE 3-3-2-1 &g 3-3-2-2 2. % % o % A& & Table 3-3.2 0 A T 4
Rigd 22 A8R 0 F h L20Pt-In(T 4%) /PLORER)/ F i A AF & F L
P(R4)/PL(RE)/ FH LAY » HRARTRAGRELALA AT L
FAaARE  HESHT AT LA F2F R o TREY AL F BT
(Nags)# 1 T 185 g%i/”:*’xk)iflt\rﬁ‘\“k’@ FH T PFRAXE S FE S
£$~éﬂﬁ%’ﬁ%?&ﬁﬂ§%¥%mﬁﬁuiﬁm4&mfﬁo

85



I(uA cm)

Fig.

-1000 F——m—

3000 ————F——————T T
2500 [ .

2000 .
- [NH,] : 186.6ppm]

1500 -
C 155.5ppm i

124.4ppm

1000 F

I 62.2ppm ]
500 [ PP .

-500 |

1500

2000

2500 3000

0 500 1000

t (sec)

3-3.12 The response currents of the anodic oxidation of NHj3; on Pt
(electroplating) / Pt (sputtering) / porous ceramic plate for
various concentration of NHj3

WE: Pt (electroplating)/ Pt (sputtering) /porous ceramic
plate, geometric area of WE = 0.64 cm?, CE: Pt wire, RE: Pt
wire, electrolyte: 1.0M KOH aqueous solution, room
temperature, agitation rate = 300rpm

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of
WE = 0.64cm2, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls] = 0.07564M
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The correlation curve between ammonia concentration and
response current of Pt (electroplating)/ Pt (sputtering)/ porous
ceramic plate in liquid phase

WE: Pt (electroplating)/ Pt (sputtering) /porous ceramic plate,
geometric area of WE = 0.64 cmz, CE: Pt wire, RE: Pt wire,
electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C, [H,PtCl¢]
=0.07564M
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The response curve of the anodic oxidation of NHj3 on 1.20Pt-Ir
(electroplating) / Pt (sputtering)/ porous ceramic plate
regeneration electrode for the concentration of NHj; of (a)
40.0ppm (b) 80.0ppm (c) 120.0ppm (d) 160.0ppm (e) 200.0ppm
(f) 240.0ppm (g) 280.0ppm

WE: Pt (electroplating)/ Pt (sputtering) /porous ceramic plate,
geometric area of WE = 0.64 cmz, CE: Pt wire, RE: Pt wire,
electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm?, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtCl¢] =
0.07564M
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Fig. 3-3.15 The correlation curve between ammonia concentration and

response current of Pt (electroplating)/ Pt (sputtering)/ porous
ceramic plate in liquid phase

WE: Pt (electroplating)/ Pt (sputtering) /porous ceramic plate,
geometric area of WE = 0.64 cmz, CE: Pt wire, RE: Pt wire,
electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C, [H,PtCl¢]
=0.07564M
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Table 3-3.2 Effect of regeneration process on the sensitivity of the anodic
oxidation of ammonia by different working electrode

Geometric area of WE = 0.64 cm?, CE: Pt wire, RE: Pt wire, electrolyte:
1.0M KOH, room temperature, agitation rate = 300rpm

Sensitivity (1 A ppm™' cm™)

1.20Pt-Ir(electroplating) / Pt Pt (electroplating) Pt

(sputtering) / porous ceramic (sputtering) / porous

plate ceramic plate
Without regeneration 7.8 8.3
With regeneration 9.9 11.0
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The IE curve of the anodic oxidation of NH; on 1.20Pt-Ir
(electroplating) / Pt (sputtering)/ porous ceramic plate in gas
system

WE: 1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic
plate, geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE:
Pt (sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 0%,
background gas: N

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCl]=0.07564M, [IrCls3]= 0.06317M
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The I-t curve for sensing ammonia on 1.20Pt-Ir (electroplating) /
Pt (sputtering) / porous ceramic plate in 0%R.H. gas phase

WE: 1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic
plate, geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE:
Pt (sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 0%,
background gas: N, applied potential: -0.40V

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm’, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M, [IrCl3]= 0.06317M

98



o LA B | T T T T T
800 |- .
[8N0H3] ]
ppm
80ppm
80ppm
600
(\I‘/'\
£ 400+
2
200 |
: N2 N2
0 8 -
NZ
S S T S S S NV S S AN S S S SR BT S S S S S S S S S S S S S B
0 1000 2000 3000 4000 5000 6000 7000

t (sec)

Fig. 3-4.3  The I-t curve for sensing ammonia on 1.20Pt-Ir (electroplating) /
Pt (sputtering) / porous ceramic plate in 80%R.H. gas phase

WE: 1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic
plate, geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE:
Pt (sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 80%,
background gas: N, applied potential: -0.40V

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm’, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M, [IrCl3]= 0.06317M
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Table 3-4.1 The degradation of sensing current on 1.20Pt-Ir (electroplating) /
Pt (sputtering) / porous ceramic plate electrode in the presence
and absence of water vapor

WE: 1.20Pt-Ir (electroplating)/ Pt (sputtering)/ porous ceramic electrode, CE:
Pt (sputtering), RE: Pt (sputtering), electrolyte: 1.0M KOH, room
temperature, gas flow rate: 200ml min"'

Run No. R.H. (%) Sensing current (¢ A cm'z) Fading rate (%)

0 119 —
1

80 667 —

0 72 39.50
2

80 602 10.04

0 45 62.18
3

80 540 19.04
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The I-t curve for sensing ammonia in 0% RH gas phase by using
1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic plate as
sensing electrode

WE: 1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic
plate, geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE:
Pt (sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 0%,
background gas: N, applied potential: -0.40V

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCl]=0.07564M, [IrCls3]= 0.06317M
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Fig. 3-4.5 Effect of the concentration of NH; on sensing current in 0% R.H.

gas phase

WE: 1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic
plate, geometric area of WE = 0.64cm?*, CE: Pt (sputtering), RE:
Pt (sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 0%,
background gas: N, applied potential: -0.40V

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm’, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCl]=0.07564M, [IrCls3]= 0.06317M

103



100_----|----|---'|'-'-|----|-'-'|----|'_

80 [ .
i [NH,] : 8 ppm :

I(uA cm™)

8000 10000 12000 14000

4000

6000

-60 L
2000

t (sec)

Fig. 3-4. 6 The I-t curve for sensing ammonia in 98% RH gas phase by using
1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic plate as
sensing electrode

WE: 1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic
plate, geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE:
Pt (sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 98%,
background gas: N, applied potential: -0.40V

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCl]=0.07564M, [IrCls3]= 0.06317M
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Fig. 3-4.7 Effect of the concentration of NH; on sensing current in 98% R.H.

gas phase

WE: 1.20Pt-Ir(electroplating)/ Pt (sputtering)/ porous ceramic
plate, geometric area of WE = 0.64cm?*, CE: Pt (sputtering), RE:
Pt (sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min', relative humidity: 98%,
background gas: N, applied potential: -0.40V

Conditions for preparing 1.20Pt-Ir electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm’, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCl]=0.07564M, [IrCls3]= 0.06317M
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Fig. 3-4. 8 The I-t curve for sensing ammonia on Pt (electroplating) / Pt

(sputtering)/ porous ceramic plate in 0%R.H. gas phase

with —0.23V working potential

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm”, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 0%,
background gas: N, applied potential: -0.23V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential 0.05V, temperature 60°C,
[H,PtCls]=0.07564M
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Fig. 3-4.9 The I-t curve for sensing ammonia on Pt (electroplating) / Pt
(sputtering)/ porous ceramic plate in 80%R.H. gas phase
with —0.23V working potential

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm”, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 80%,
background gas: N, applied potential: -0.23V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M
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Fig. 3-4.10 The I-t curve for sensing ammonia on Pt (electroplating) / Pt
(sputtering)/ porous ceramic plate in 80%R.H. gas phase
with —0.30V working potential

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm”, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 80%,
background gas: N, applied potential: -0.30V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M
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The I-t curve for sensing ammonia on Pt (electroplating) / Pt
(sputtering)/ porous ceramic plate in 80%R.H. gas phase
with —0.32V working potential

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 80%,
background gas: N», applied potential: -0.32V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm®, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M
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Fig. 3-4.12 The I-t curve for sensing ammonia on Pt (electroplating) / Pt
(sputtering)/ porous ceramic plate in 80%R.H. gas phase
with —0.35V working potential

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm”, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 80%,
background gas: N, applied potential: -0.35V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M
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Fig. 3-4.13 The I-t curve for sensing ammonia on Pt (electroplating) / Pt
(sputtering)/ porous ceramic plate in 80%R.H. gas phase
with —0.40V working potential

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm”, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 80%,
background gas: N, applied potential: -0.40V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M

113



Table 3-4.2 The degradation of sensing current on Pt (electroplating) / Pt
(sputtering) / porous ceramic plate electrode in the presence and
absence of water vapor

WE: Pt(electroplating)/ Pt (sputtering) / porous ceramic plate electrode, CE:
Pt(sputtering), RE: Pt(sputtering) , electrolyte: 1.0M KOH, room temperature,
gas flow rate: 200ml min"'

E (V) RH (%) Run No. Net current (¢ A) Fading percentage (%)

1 222 —
023 0 2 136 38.74
3 98 55.86
1 621 —
023 80 2 532 14.33
3 461 25.76
1 741 _
-0.3 80 2 740 0.13
3 704 4.99
1 401 —
2032 80 2 381 4.99
3 369 7.98
1 268 —
-0.35 80 2 254 5.43
3 229 14.55
1 30 —
-0.4 80 2 22 26.67
3 18 40.00

114



3-4-5

pas)

1;iaggam&wamw%mwﬂW§%ﬁ%ﬁiigw
R

Bl =y

&)

Ry &2 8% hfp i APFRER-03V L1 FT 2 L&
ji—if%'fg'iPt?"}ﬁ’,ﬁpH}&,E]a% B = )@-ézimm B> m " ttlfl‘_ll‘t’-’g:
BT el AR A o R A RE R A
Rr R F kR "“fﬁ—ﬁ)@kémm AR 2 B R H B % 4o Fig
3-4.14 %77 o LB Fig3-4.14 £ 2 T PLIr T8 F 4 § 2 B 5 o B
g ~2. % F kR 5 lppm PF o A A og ,«iljigp‘iitiyiqiﬁ,h

BIE R F)F g Pt Rt 2N 3 FI L ERERT A Pt TR
i ? i @'ﬁﬁ*?ﬁ Pt-Ir ?_,’]‘@_'fl; » e ?_‘ff;: Pt-Ir ";E vfé;}?g;}, ﬁ/& % 2 ]g‘ /?J—r (B

B 24 LREDRIARPIT 2 0% FRF L REFT > B
Pt(Z 48) /PtGR4E)/ I M A AM 21 TR BEBE F B REBRTE LR
2 B #44cTable 3-4.3 577 » § k& 4 2ppm# +c 3 12ppmps » B & 5 pr ¥
"TE FORRARE  TZ 2P RARE - %5 FEAY 2ppmiI 12ppmz ¥
T2z kAR d 12ppmig b 3 2ppm;ﬁ%3§ m)ﬁé\ﬁjﬁh’ifg;};)ﬁf%rﬁ,

$5 %deFig 3-4.14 997 2 kA B L FRE S 9.020 A mm m?; A
EFERERTEZBET AL 89A ppm! cm? s A X ﬂ%«’oﬂ
é%&@ﬁ%@i%%&@%f?%%@@&,?ﬁkqﬁmﬁﬁﬁﬁ&

5

2 Nags i 2 eh s BARBRAE L 2 > L7 LHEE .
FOOORERFRAEHEREARLBE L bRk R 2
T E F 2 F A E S 150mlminT'¢ 250 mI min™' > # 2 % 4cFig
3-4.16 2 Fig3-4.17 i » A W #- 2 2P A E T T @24 F FAERE
mm:r@pmg34m Fg3418\3%£yT,§§'ym§¢uugw0ml
min' ~ 200ml min™! ~ 250 ml min ' pF > FRPIBZFAREASH 5 494
8.93 2 531 uA Wm*mﬁ’ﬁﬂgﬁfg 200 FFml min™' > & B
Rz RgRBEET o HPAERFFFHITE ) AT RA R TS 2
FRUBIOEESLE > FRFAIEF H A AR RBETRETRAF - F 51
B e 0 BEART URES F MBI LER > FRETBES > TS F
62 1.OMKOH /K3 i #4c: T2 ko83 3 F 5 74 &2 84
U FAERE DOF IR T R IFITE R RR kA B SR A
HRTHRAGZAATERS d 2B EAE T RAG Z K

=R

A

EHEREZGRRAPELAE LLAZEACRTBEAG ZRERIENAAT
% oo

115



140 — -
120
100
80

60 |

I(uA cm™®)

4000

6000

-20 L

0 2000 8000 10000 12000 14000 16000

t (sec)

Fig. 3-4.14 The response curve of different NH3 concentration and response
current on Pt(electroplating) /Pt(sputtering) /porous ceramic
plate electrode of 97% RH

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min', relative humidity: 97%,
background gas: N, applied potential: -0.30V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm’, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCl]=0.07564M
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Table 3-4.3 The response and recover time for sensing NH; on Pt

(electroplating) / Pt (sputtering) / porous ceramic plate electrode

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
room temperature, gas flow rate: 200ml min™', relative humidity:
97%, background gas: N,, applied potential: -0.30V

NH; Net current* too™* Net current® t@

(ppm) (1 Acm™) (Min.) (1 Acm™) (Min.)
0 0.00 — 0.00 25.8
2 13.05 18.0 20.44 17.4
4 31.02 8.7 37.01 12.6
6 50.05 7.0 54.62 11.2
8 68.38 4.4 69.05 18.9
10 88.46 5.9 89.50 14.6
12 107.49 1.6 109.24 —

* I Response time (90% the steady state current)

@ : Recover time (the time to steady current)
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Fig. 3-4.15 Effect of the concentration of NH3; on sensing current in 80% R.H.
gas phase on Pt (electroplating)/ Pt (sputtering)/ porous ceramic
plate

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm”, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 80%,
background gas: N, applied potential: -0.30V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M

@ : increasing the concentration of NH; from 2ppm to 12ppm
/\ : decreasing the concentration of NH3 from 12ppm to 2ppm
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Fig. 3-4.16 The response curve of different NH3 concentration and response
current on Pt (electroplating) /Pt (sputtering) /porous ceramic
plate electrode of 80% RH

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 150ml min™', relative humidity: 80%,
background gas: N, applied potential: -0.30V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm®, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M
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Fig. 3-4.17 The response curve of different NH3 concentration and response
current on Pt(electroplating) /Pt(sputtering) /porous ceramic
plate electrode of 80% RH

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 250ml min', relative humidity: 80%,
background gas: N, applied potential: -0.30V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm®, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential = 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M
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Fig. 3-4.18 Effect of the gas flow rate on the response

120 ————

100

<

N

T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T *

gas flow rate (ml min'l) -/
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150 e Regr Y = -9.72 + 4.94X /0/
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[NH;] (ppm)

10

current on Pt
(electroplating)/ Pt (sputtering)/ porous ceramic plate electrode
for various gas flow rate

WE: Pt (electroplating)/ Pt (sputtering)/ porous ceramic plate,
geometric area of WE = 0.64cm”, CE: Pt (sputtering), RE: Pt
(sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, relative humidity: 80%, background gas: N,
applied potential: -0.30V

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt foil, RE: rhe (with 0.135M HCI),
electroplating potential 0.05V, temperature = 60°C,
[H,PtCls]=0.07564M
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Table 4-1.1  Effect of working electrode on the sensing properties of NH3 sensor

Liquid phase Gas phase

Sensitivity( « A ppm™ cm?) Response time (min) Sensitivity (£ Appm™ cm™?) Response time (min)

Working electrode
Without” With’ Without With R.H. =97~98% RH. =
regeneration  regeneration  regeneration regeneration R.H.=0% RH.=  97~98%
0%
1.20Pt-Ir(electroplating)” 7.8 9.9 1.9 2.2 1.1 12.1 5.0 24.0

Pt (electroplating)” 8.3 11.0 0.9 1.4 — 9.0 — 7.6

* Regeneration condition: E = -0.8V(vs. Pt wire), electrolyte: 1.0M KOH

# All of the working electrode are prepared on the Pt (sputtering)/ porous ceramic plate
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Fig 4-1.1 The scheme of sensing electrode in the gas phase system
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4-1.2  The response currents on Pt (sputtering) / porous ceramic plate

for 80ppm NH;

WE: Pt (sputtering) /porous ceramic plate, geometric area of WE
= 0.64 cmz, CE: Pt wire, RE: Pt wire, electrolyte: 1.0M KOH
aqueous solution, room temperature, agitation rate = 300rpm

Conditions for preparing Pt (sputtering) electrode:

Substrate: porous ceramic plate, geometric area of WE =
0.64cm?, sputtering time = 20min
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The response currents on Pt (electroplating) / Pt (sputtering) /
porous ceramic plate for 80ppm NH;

WE: Pt (electroplating)/ Pt (sputtering) /porous ceramic plate,
geometric area of WE = 0.64 cmz, CE: Pt wire, RE: Pt wire,
electrolyte: 1.0M KOH aqueous solution, room temperature,
agitation rate = 300rpm

Conditions for preparing Pt electrode:

WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm’, CE: Pt foil, RE: rhe (with 0.133M HCI),
electroplating potential = 0.05V, temperature=60°C, [H,PtClg] =
0.07564M
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Table 4-1.2  The sensing current and fading rate for sensing NH; on the various electrodes in the gas phase

Geometric area of WE = 0.64cm?, CE: Pt (sputtering), RE: Pt (sputtering), electrolyte: 1.0M KOH aqueous solution, room temperature, gas flow rate:
200ml min™', relative humidity: 80%, background gas: N,

1.20Pt-Ir (electroplating) Pt (electroplating)
Run
Net current (1 A cm'z) Fading rate (%) Net current (1 A cm™) Fading rate (%)
1 667 — 741 —
2 602 10.04 740 0.13
3 540 19.04 704 4.99
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Fig. 4-1.4  The IE curve of the anodic oxidation of NH3; on PANi (5cycle) /

Pt (electroplating) / Pt (sputtering)/ porous ceramic plate in gas
system

WE: PANi (5cycle) / Pt (electroplating) / Pt (sputtering)/ porous
ceramic plate, geometric area of WE = 0.64cm?, CE: Pt
(sputtering), RE: Pt (sputtering), electrolyte: 1.0M KOH aqueous
solution, room temperature, gas flow rate: 200ml min™', relative
humidity: 0%, background gas: N,

Conditions for preparing PANI on Pt (electroplating) electrode:
WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt wire, RE: Ag/AgCl/3M NaCl, sweep range:
-0.3V ~ 1.0V, sweep rate=20mV sec™', sweep cycle=5cycle
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Fig. 4-1.5 The I-t curve for sensing ammonia on PANi (5cycle) / Pt

(electroplating) / Pt (sputtering)/ porous ceramic plate in

80%R.H. gas phase

WE: PANi (5cycle) / Pt (electroplating) / Pt (sputtering)/ porous
ceramic plate, geometric area of WE = 0.64cm?, CE: Pt
(sputtering), RE: Pt (sputtering), electrolyte: 1.0M KOH aqueous
solution, room temperature, gas flow rate: 200ml min™', relative
humidity: 80%, background gas: N, applied potential: -0.35V

Conditions for preparing PANI on Pt (electroplating) electrode:
WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt wire, RE: Ag/AgCl/3M NaCl, sweep range:
-0.3V ~ 1.0V, sweep rate=20mV sec™', sweep cycle=5cycle
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The IE curve of the anodic oxidation of NH3; on PANi (10cycle) /
Pt (electroplating) / Pt (sputtering)/ porous ceramic plate in gas

system

WE: PANi (5cycle) / Pt (electroplating) / Pt (sputtering)/ porous
ceramic plate, geometric area of WE = 0.64cm?, CE: Pt
(sputtering), RE: Pt (sputtering), electrolyte: 1.0M KOH aqueous
solution, room temperature, gas flow rate: 200ml min™', relative
humidity: 0%, background gas: N,

Conditions for preparing PANI on Pt (electroplating) electrode:
WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt wire, RE: Ag/AgCl/3M NaCl, sweep range:
-0.3V ~ 1.0V, sweep rate=20mV sec™', sweep cycle=10cycle
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The I-t curve for sensing ammonia on PANi (10cycle) / Pt
(electroplating) / Pt (sputtering)/ porous ceramic plate in

80%R.H. gas phase

WE: PANi (10cycle) / Pt (electroplating) / Pt (sputtering) /
porous ceramic plate, geometric area of WE = 0.64cm?”, CE: Pt
(sputtering), RE: Pt (sputtering), electrolyte: 1.0M KOH aqueous
solution, room temperature, gas flow rate: 200ml min™', relative
humidity: 80%, background gas: N, applied potential: -0.30V

Conditions for preparing PANI on Pt (electroplating) electrode:
WE: Pt (sputtering)/ porous ceramic plate, geometric area of WE
= 0.64cm”, CE: Pt wire, RE: Ag/AgCl/3M NaCl, sweep range:
-0.3V ~ 1.0V, sweep rate=20mV sec™', sweep cycle=10cycle
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Table 4-1.3  Effect of the cycle no. of PANi / Pt (electroplating) / Pt (sputtering) / porous ceramic plate electrode on the sensing current and

fading rate of NH3 sensor

Geometric area of WE = 0.64cm’®, CE: Pt (sputtering), RE: Pt (sputtering), electrolyte: 1.0M KOH aqueous solution, room
temperature, gas flow rate: 200ml min™', relative humidity: 80%, background gas: N,

PANI / Pt (electroplating) / Pt (sputtering) / porous ceramic plate

0 cycle (Fig 3-4.10)* 5 cycle (Fig 4-1.2) 10 cycle (Fig 4-1.4)
Run Net current Fading rate (%) Net current Fading rate (%) Net current Fading rate (%)
(1 Acem™) (1 Acem?) (1 Acm?)
1 741 — 1070 — 32 —
2 740 0.13 1032 3.55 16 50.00
3 704 4.99 952 11.03 10 68.75

* Sensing electrode: Pt (electroplating) / Pt (sputtering) / porous ceramic plate
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Pt=NH, Pt-NH,

A

Path 4

Side reaction (Regeneration)

H,O0 +Pt - Pt-H '

Pt=N
Path 3

NH; +Pt —» Pt-NH, —» Pt=NH

N> N>

Fig 4-2.1 The diagram of reaction path for NH; oxidation
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Fig. 4-2.2  Survey scan XPS spectra for new and poisoned 1.20Pt-Ir

(electroplating) / Pt (sputtering) / porous ceramic plate
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XPS Pt 4f spectra for new and poisoned 1.20Pt-Ir (electroplating)

/ Pt (sputtering) / porous ceramic plate
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Fig. 4-2.4  XPS Ir 4f spectra for new and poisoned 1.20Pt-Ir (electroplating)

/ Pt (sputtering) / porous ceramic plate
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Fig. 4-2.5  XPS N Is spectra for new and poisoned 1.20Pt-Ir (electroplating)

/ Pt (sputtering) / porous ceramic plate
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Table 4-2.1  The binding energy of various componts on electrode

Binding energy (eV)
Components New electrode Aged electrode Date from
Perkin-Elmer corporation

Pt 71.2 74.4 71.0,71.2

PtO 74.4 74.2 73.8,74.2

Ir 60.8 63.2 60.8, 60.9
IrCl; 60.4 62.8 62.7
Nitride — 397.5 397.4
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Table 4-3.1 The sensing properties of the ammonia sensors

Sensing Sensing Electrodes (or Electrodes (or sensing Sensing range Sensitivity Response time  Ref.
principle phase sensing materials) preparing
materials) method
Optical Gas PANI Chemical 180~18000ppm Log[In(A/A,)]= 15 sec [31]
polymerization 0.07141log[NH3] -0.51
Conductivity Gas Zeolite film — 0~124ppm Sz = (R-R,)/Ro=78 Few seconds [40]
Gas PANI/Au  Electro polymerization 5~2000ppm Log[In(R/Ry)]= 2 min [34]
0.54log[NH3] +1.12
Amperometric Liq. Ir Electroplating 50~200ppm 0.3 £ A ppm'cm™ 1 min [27]
Pt-Ir (31) 50~200ppm 1.67 U IAppnjl_lcnjl'2 1 min
Liq. Pt/Nafion T-T method 17ppm 3.5 Appm’ <5 sec [41]
Gas Pt/Nafion Sputtering method 3%~100% 0.1921 1t A% <5 sec
Liq. Ppy/Pt Electro polymerization 0~5.3ppm 1.97 1 Appm™'cm™ <30 sec [43]
Liq. Pt Electroplating 0~186.6ppm 11.0 £ A ppm'em™ 1 min This
Gas Pt-Ir (1.2:1) 0~12ppm 12.06 ¢ A ppm™'cm™ 24 min work
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