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ABSTRACT

The photocurrent vs. potentizl characterisiics of the TiQ; ceramic electrodes have beca investigated as functions of

numerous variables, including sample purity, hydrogen reduction condition and pH of the electrolyie.

The difference in photoresponse between 99.999% and 98.5%
As the hydrogen reducing temerature of TiOj clecirodes were increased,

certain conditions and then decreased,

‘These results can be explained by the behavior of oxyeen vacancics.

[ H:

o '%@iiHONiﬂ—a&ﬂ“ﬂzu%%¢i
S Az sHte]l & <+ 2lvds Fujishima 9F Hondal
d Fd AAg el eldAE e o Frt sz
shet. 9] E‘i"“{_‘ 1} A#E G777 Aol = Butler®
5 g A6 2] E)le] Schottky barrier

A

=

=

RasA 294 vk gles] ejn] EEA P oodFASe
=

o
I,
it
e
il

L

55, 73 Fad TA s HTA R4 3
AT el o] o} Alw gl=dl mEA e g 3’&{'—
A% Aokl 2THE FAOE AAY wla
eVBg<{2.3eV)3} o A48, 2oz 7
ofA ek A Zol o,

B A 717 ‘Fl‘r‘-ﬂ]'}?% AFAgz TiO(Fe=3.02
eV)STD, SiTiO, (Bg=3.21eV)®, BaTiOs (Be=3.3
e¥)I0, Sn0;(Fp=3.5¢V)1V, WO;(Bg=21.7eV), a-Fe;
Q3(Eg=2.2¢V)12, CdS(Eg=2.4eV)1, GaP(Eg=2.25

12
ih

Ti0; electrodes was due to eleciron trapping effect.
the photocurrent was alsa increased 1o

ww&aﬂwo%@ﬁw0%&MMﬂ
=] v FHFelA e, ok Qug
of eohd Kk el vlad =9 vzka g
e EAE cv—Fezos = AR zef, CdS}
GaP & $45l4 walde A0 2tk olejw A4
Aee zaks B Ee] B0 e mas

glew, A7 A z#ste Az A A5

2o 7
g AsErl Sold T A=k (rutlle) ASE A
dle] 5. $d=A % pH Aol we aslse
SAE m=etaa) gl
2.4 #

A=Alzel A23 TiO(rutile) e T

A e ulgizge] £E 99.59% (WE mEw

{ 256 )

Tabie 1 <
sate 7



A B LD A H TiOs M) AT 54

Table 1 Tmpurity aralysis (pom)

Ti0e (89.559) Ti02(98.5%)

Eleinent | Concentration | Element !Conccntration
\

s 68 Pb 50 |
e 13 Fe 80
Sulfaic 1000

a)sh £ 98.5% (YE BEGH(R) A5E 483
fov) %o AzAAe F
TiQy 295 %4 5} press {Carver Lab, Co.) &
ARaste] 600Kg/em?9] gFe e A ldmm, T 5
mm ] 9378 A9E JFshe] Az HellA 2447
2 =5 & mullite boat o] Fax #H A 25e] A A<)
el 200°C/hr &) AR LR R 1250°C 717 #Hg gl 90
LE HAE F AW,
cutter 2 1mm -7l 2 A-E5 SIC paper(# 800, 1000,
12000 2 A ebale] 0.25mm >y} 5 5 53] cthanol
3 2H52A ﬂ]?‘:lfﬂ‘ 5 A=A, o Ad
] AR 1P A 3R ]ﬁE_U} =4 eFL manometer
£ o]-%3} lccf’senr_ DA fRa T P
2 700°CEE 1000°C Wl A el 1 a2k Eek °ﬂ

245 252 diamond

o =
& i

B9 Ade THFE AAST AzAAF A4
o gh#w]o] Agcement (2R F3AAY (F)EF Exd)
z ALY EAL Fadges Addss AF
& gr] gate] W] =4 FEaE @¥ S ocpoxy

2) 27

BAF B I A (P E. C o)V 3T47 % L5k
o B3 WFETFoR T (2x 2em) o W FAS
spot-welding 5te] A Astgd o] ZlEHFeoez: 5. C

E (Beckmann Instrumsent Inc.) & A2k o,

FAZ 2 242 5AFA SEke] Fig 19 22
A3 % AFate Agetdc), #ale 2 150 watt W
Halogen Lamp{HManimex projector lamp, W. Germany)
% AHeErgen] Lamp Asle] Al filter 24 o]
9em &) Waler bath!® g 83 ale] av] quartz plate &

Fo) Aol =ATRE T,
A B G S A A = A0S W

Fal A 8 CoEd w9

Z Tila 01::-'-_?,]- u1] A Ty %

TiOy A5 A4S EFel
.ﬁ.rﬂ 3 =789k

A 209 A 4 Z (1883

Variakle powser supaly

Ab/ |

- %
Ai

oo

150w~ Halogen

[:g Lamp

Fig. 1 FExperimental cquipment for measuring photoel-
ectrochemical properties of the n-type TiO,

Aguanys electralyte

clectrode
Turrent{mA]
114 o [ pH=1T ) T /n
O R (99 95%0] R Lahk
oo 2200L 198 5% /
2
P
O/D
O/
/ Lo
/° Lght 0
a‘" :1,,/
U%/
/
o ,_g/t Dir:—j
hat =
e g °
}u" " e
i/ .\xa’:n_:ﬁﬁn-a—r;r——eﬁ } }
) -00 -1 0 07 s

Patenhal (V vs SCE}

Fig. 2 Cwrent vs. potential curves for n-type TiOg
electrodes

meter(Jokn Fleke Mg Co. lac) 24 73T el on AL
23 A&de IN-NaOH(pH=13}°] ¢, A4 pH
W IN-H,S0s80 IN-NaOH & A+885 2w ol
pH meter(Beck_maum Instrument Inc.) =4 23R4

= '5—] /)k

a z=n 4 oz

== =

Ha78 L= F71E) 1
A gAMez Az A8AL 45 2 5 J,ls;lt}.
ol A& Aid] A2TAE EFIL
charge balance S )& Ti*? o] &S] Ao 444
Pee el E A¥FaAes

Q21205 VO 20 - rmmerramrenrinnes ey
'1"14‘4+E<‘.'2Ti+3 ........................... (2
ol=], ol=A A4Y AR FE
P GGk B 9

pxdE & A

we} A A
5]

(357 )



S R o R e

Fig. 2= x4 izl 800°Colq 1 A% #H9
A A5 FRAFAGFANG, Sz A glo]

J‘Currenf [md}
- o

anodic AF7E et AdE oF —09Vealw] dark Pl ey . %
A el m k8] R ROV A4 & 30pA) S = I :
AdE AL A ballery T A 9§ Aol /g/n//”j::a/ //Q
& 4 sldleh g, TiO, B AT 447 an e Lo, - A
Codic AFoF AFEE A9 pHﬂ3o]x1 —l.ov o] / e | “
B A8 TiO, 24 A 59 —08Vam B ; /,,/ /u/m/ﬂ/“ /-//
zE i), A8 vl oﬂ 43} al=1 5k Hel= AA //;// /%/:Tf"‘ J—
el A A7) = disorder %= pore 1} grain boundary gﬁgg "’ -t : + . —
AT A Geletm i o - Sammennauv e SCE)
Fig. 2¢4 24 BAFE TRt Soheke] wiel '
saturate 5= A %2 He] v o] photond] 2] L Curreni(mA )
A AdE e FAA—A g dAAg AEe] e,
98,50 8] AL 0999% AT we] o 13 AE Fe .
g AE FAFE BTy o7 o) Ze] 49 fmfrT“f;:‘_’::/:if;
T ¢ g}, Grant®s o] glsha Ti0; 9 Si //,-;:_—/"_”/f#/’/ﬁ
BB TiOY ZEEE 27145 Fohwm oy, s :J//f:ﬂﬂ_r-.r—a-' |
Juliao®= Ti0y WA Fe E-<4-Eo] photon <] 2]F 4 Wﬁﬁ! * 24 3 . 1

3 05 J
Prtartial | YV vz SIC)

A AR5 g3l trapping &S §E b} 98 5% samples
Arg »aspdeh wjwla] 9999% A A5 RiE Fig. 3 Current vs. potential curves with varying the
TER d AZFEERY EFREsrt 98.5% A5 hydrogen redaction femperalure in IN-NaGH
v ahe] A& ok Fe BBl ¢ trapping &A% (pH=13)
A& e G 98,50 A So A= cleks] Fe Z<sZe] g (a) 9999t saraples (b) 98.5% amples
8] photon o <] A5 A A—A F4-%50] trapping
sel AZ LI FAHE BATAA R & PV W ()
< slel o128 Fe o] &of o) g 42 trapping 77 2 A T e g dRA, e WFH AL 6.aS
= H1BF/m), Np e 29 FE, VE 999
Fetdq g FPetdmrann ) Ve flat-band 239 Z velyich
ER SIS A5 SARNE S0AT Lok FADA
gH, 98.5% Age] e o= sulfate = A gt (Dalat ()24 B 5 2l Fe] 21e] wxrt 2
A ZwrEeld zelr], Pb gy <did wEAe 0 cHAzR A (5)41011 Sis —‘BL-“{.J.%—(depletiou
ob mmd o fes B ARAAE mHe Rk lavens] So| Zasha elecuic fold 7 F45A %
4, weh photons] 94 49 A4 T4 0151@-1—
Fig. 3 & A= £ g FAF—AGELE Fo1E electric ficld of ¢ 5he] T o2 oo o
dedgdth, Fig. 3 a) 99.99% A5 O Aes T w5 335 oM & 4 gl @,
BUAS) 2 WOCAAL St g 00°C 1) g %W%J TR e BAR
A ANANE G AaslE AGE wedF 6] 99 A4D DaTAoh el Aelrieh LaFe At

o, trap &1} Tecombination -—b—f’é oR EFEHe =l

A AsdlelA F3] & (dopletion layere] 2L FA—FF42] AAESEA SAE AEeg A3
W:(;’f\?b )Uz(v_vﬂ)lm ......... ) ﬂ.ﬂ ! ?ﬁ%:ﬂ}% §Ubbr:00 ]le:ﬂ%f & ¥ 0‘21‘%‘:}‘

b Fig. 3 )= 98.5% A8 BHen 944 94 &

ol e, =7F FA e 11}1—]- A FE e “GODC"P’\]E

9] & (depletion fayer)u] ] electric feld & Frhatel whA zhade A FE ne Fvh 99.99% A

(358) LT



A7 2

r\"
[L fal

Currant | mA)
=0 pH=13 (1IHz0m)
C--2 pi=llB
O
amt er= 311 hoSG, )
&
T
e
e o
// /
; 4
i z/
/ I
/ i
‘i A
,
o S~
.
I/ o I
et i i g
L9 -6 -3 b 03 66 I

Potenitlal (V vs SCE]

Fig. 4 Elfecl of pH on curreat vs. potantial cmve for
§9.99% sample reduced at 800°C

RE ER R O 31—1:—119'23) 93%0] 74 Fe g
8 2529 irapping F4 1% camier FE; A
foe v e e Beshde ¥ 5 g

T -a-}tﬁ A4 o] pH
=13(IN-MaOH)ell 4] pH=1(IN-H;S09) 2 3 &3]
WE BAF—AgEAE Vel Ao, pH 7
Fol e} anedic A5 vEb s WA k] A4
Fig. 3<] m=Agb4d

o
S
s
1‘1!‘
w H
D
o
=]
e
R
rﬂ,
Jjt
|2

B QFRE & slen] oF

-

0
— :
rel o ¢ 5995%
o (it 985 %
"
= :
) e =060 VA
= AN
&G-05 .
S S,
O ",

\n..}
b
™,

} |
| g
i i Lt ! i
07 L & B B 1 %

G

Tig. 5 Variation of the onset potential relative to a
S.C.E with pH

A204 A 4 £ (1983

= glat TiOs Ak 459 54

271 el = onse
1534 5. o &

‘IE.A)C'

—+
o,
do,
>4

Fig. 5o 2= anodic W&
pH 2 69mV 4 29 A=
B2 25°CH) A pH sl w2
V=const. —0.039pH:--:-- (6)3‘-_' EAF" pHZ 59
mV A el ol L A8 2se AL 2%

B $F Lg% Tio, AT FI9AE L AR

44 et

4. 3 =

FA9 TiO, s, FE=7]
Z pH Pile] u Bt A
g3 e A8

(1} znodic A FE pH=13 ¢ Lo+ =X 37|

Rlo] —0.9V ol 4 A

25
2 gEdl et RAFE T Aelok vEted o
£ Az 23 FoRsl 252 tapping 440

Folek F 4 vt

(3) A9 Lxe wel 99.99%¢1 A4 800°C,
98.3% 9l S 900°C AF] FAIEST oA 2y
T abagele] g felel i

W) Wl 9% —60mV/pH A4 o B

AR 9 LU B A
S

1} A. Fujishima and K. Fouda, “Electrochemical
photolysis of waler at 2 semiconductor electrode’,

238(7), 37-38 (1972}

2y M. A. Butler, “Photoelecirolysis angd physical
properties of the semiconducting electrode W05,
F. Appl Phys,, d8(5), 1914-1920 {(977)

3 B H, Wilson, “A model Tar the current-voliage

Natore,

curve of photoexited semicondnctor electrodes™,
K. Appl. Phys., 48(10), 4292-4297 (1977)

4y A, I Mozik, “Photoelectrochenusiry : Application
Lo spiar encrgy conversion™, Auw. Rev. Phys. Chem.,
29, 189-222 (1978)

5) K. H. Yoon and 5. Q. Yoon, “"Photoslecirochemic-
al conversion by polyorystalline TiOy electrodes™,
J. Kor. Cer. Soc., 20{1), 31-30 (1983)

6) M. 5. Wrighton, et al., “Swontium titanate pho-

{ 350 )



n

8)

9

10}

11)

14)

N

toelectrodes effecignl photoassisted electrolysis of
water at zero anplicd paleniial™, J. 4nr. Chest. Soc.,
98(10), 2774-277% {1576)

J. L. Desplai, “Mear-UV photon efficiency in a
TiC; electrode: Application lo hydregen produc-
tion from solar encrey”, J. Appl. Plys. 47(11),
5102-5104 (1976)

I T. luliae, F. Decker and b1, Abramovich,
“Pholoelectrolysis of waler with natural mincral
TiQ rvtile eleclvodes™, J. Eleetrochen. Soc., 127
(103, 2264-2268 (1980)

5. I, Bublarao, ¢t al., “Compariscn of the pho-
toelecitic properties of the system TiOsz—. with
system TiOa—. Fx*, Mat. Res. Bull, 13(12), 1461—
1467 {1978)

I. H. Kennedy and K. W, Fresz, Jr., “Photo-oxida-
tion of water at barium iilanate electrodes™, J.
123(11), 16831686 (1976)
M. 5. Wrightoen, et al., “Photoassisted clectrolysis

Electrochem. Soc.,
of water by ultraviolet irradiation of an anlimony
doped stannic oxide electrode”™. J. Am. Chem. Soc.,
O8(1), 4447 (1976},

R. K. Quinn, R. D. Masby and R. ), Bavghman,
“Photoassisied elecirolysis of water using single
crystal FesOs anodes™, Aar. Res. Bulf., 11(8).
16111017 (1976}

C. C, Tsou and J. R. Cleveland, “Polyerystalline
thin-film CdS liguid junction photovoltaic cell”,
Lo Appl. Phys., 51(1), 455-458 (198 0%

M. A. Batler and 3. 3. Ginley, “Surlace treat-
ment irduced sub-band gap photoresponse of
CaP photoelectiodes, J. Elecirochem. Soc., 138(3),

153

16)

7

18

19)

M

213

24

{ 280 )

A5

T12-714 (19231

P. A. ¥ohl, 5. M. Frank, and A. J. Bard, “Semi-
conductor eiectrodes XY, J, Electrockem, Soc.,
124(2), 225-320 {1977).

Y. Matsumoto, ot zl, “Pholoelecirochemical
proparties of polverysialiine TiC: doped with 3d
transition melals”, . Flectrochens. Soe. 128(5),
1040-1034  {1981).

K. H. Yoon. et al,, “Electrical property of BaTiO;
ceramics(l)”, Yonsei Ergineerg Reperis, 12(2),

219-222 (198G}

W. W. Duag, Y. Aidawa, and A, J. Bard, “Semi-

conductor electrodes MXXV™, J. Electrechem,
Soc., 128(1), 222-224 (1281).

R. G. Breckenridge and W, R. Hosler, “Electrical
properties of panivm dioxide semicendector’,
Phys, Rev., 914y, 792-802 {1952},

T. 5. Tayadevaiah,
mierface cevices for selar encrey coaversion”,
Appl. Plys. Lerr., 25(7), 399-340 (1574).

L. A. Harris and L. H. Wison, “Semiconductors

“Semiconductor-clectrolyte

for photociecliolysis™, Ann. Rev. Mater, Sic., §
59134 {1978).

F. A. Grant, “Propertics of ruiile (Titanium dioxi-
de)”, Rev. Mod. phy., G46-676 (1959}

F. P Kollyberg, “Photoclectecls sis of waler on

l

semicenducting crude elecitodes”, 7. T, Cerarm,
Soc., 48, 1-6 (1979,

T. Watanabe, el al.. “PH dependence of speciral
scusitizalion at semuconductor elecirodes”, Bull,
Clem. Soc. fpu.. 49D, 8-11 (1976},

25198 A



