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ABSTRACT

Photoelectrochemical decomposition of water by the irradiation of light to the TiO,
thin film soaked in water was observed. The TiO, thin film was coated on top of SnO,
nesa glass by use of spray method and of dip—coating method. The spray technique of
SnO; nesa film production and dip—coating technique of TiO, thin film preparation on
top of the SnO, nesa film were discribed briefly. TiO, film appearance was observed
by SEM and [ —V characteristic curve were measured for the various thickness of
TiO, film. The film Thickness 1.8 u#m showed the maximum photoelectric current.

Xe—lamp was used as light source for the photoelectrochemical reaction of thin film
TiO, in acidic water(pH=1)

Bl ol 1 2] [Solar Energy] Vol. 10, No. 2, 1990



TiO, ¥ere] FH 7] shepb-go] o H.9 A=

/AEA 9

1. ME

197003t & M3 e UAE B3
713}atd U2 HBAFIE FH7]5E
3 FA4o] ZolAHTE L olf = E =Hd o
A A gxox e oA EH Al
AT8HA HAL M2 A AYE At
AfFo R ]l 23R} = 7;14 T8 T
o daiXe APBS A Fole He AR
NAAE 2z e e wFolUr). o
g 759 StUHE 7R FAHE o] &3 F e
F Ars sk dgk3- 3 Al skl Fojol 93 oy
A AAQFT 9 BH 7818 (PEC) A 2
o] &3 e ol YR 9] 5}8LA, 7] H |
2o AHFAL Ho st 77 P A
o, B A AS/HME Ao HE
W PECE¥o] 93l AT A9 e 913
2o 22 FFd W7 dojdr}. PECH
A HEFANIRE 8183 e A7y =
2 AT =d F&3A o] &5 o] FA}
e ol YA E Este &3 AR uke
o] dojdt}. SN AE A A= =&
Tz oy 318 WS e vhgo ue E

S A 42 BIAZIL

-.l—l

[=]

L

E !

-l_l

.

H,0

H, + 1/2 0,

jud

PECA 2=€d] 713 3ELsA ol &sH+&
A nd Ti0, =AY 18 ¥EdE B
£ AHae FAaVtAR BIjA7I e ol 7 &
3 FgFojth, w E U7t o) 2
Ti10, Bt A o] 23 e8] o] 8 A&
=3 2R gk FR A QA ERZ Tol] o] & F
2 Yok F A n—Ti0, A= o r}x| =

o2 AzxFHed, 9 E9 molecular
plating,’ plasma—jet spraying”’ 3}3 %7 %
27T B 279 Fo 93 A8 Zo] 9
E‘?j:["‘oﬂ _~1___ _‘____7_“1:}]9101]]0 o‘l_g_ 'L‘J
B o] dlA =22 713 Tio,

& Alxda 9 F E3ld g Ti0, #Ht
SAATe EAS nESA, Ti0, A= ¥
A

o] zAbEWS] E£W 4eiE Yo} BuA rh

GLASS /i1
SUBSTRATE 7§ i 4 %\

2. 4

ok

2.1 Al2f & 717]

Titanium Isopropoxide, Antimony trichloride
¢} Stannous Chloride & Aldnch A B Alekg,
Ethyl Alcohol Merk A 5 Al oFE,

FAFE Wako Al AlekE AA A g1t T1HZE
Abgstd . 2 23 FwaE A&
UV 2#E3 2 Milton Roy Spectronic 1201
Spectrophotometer& o}-&8to} A £9A 7
B E dotr 7] 93] JEOL. JSM-840A Scan-
ning Electron Microscop(SEM)& o] £ 3} %1t}
7|ge] 7hE ¥ & ZHLE Coring A Hot
Plate(PC 320)7} Lindberg furnace(5122)% 77}
A-8-31 5 gk Axgo) oYy W59

]

3k AL 31}

_>~L.—1'1

Ju

77l = "a‘%%ﬂw A 2tsho] A gsb k. 2
Zeo] LLES A% A E Fig. 1o YER
At
spray GUN
A —————— A ,
4
LT COMPRESSED
.',"::'.. ' @ AIR
T8
FEEERRA PRESSURE
cer INDICATOR

+ Y THERMOCOUPLE

Vo %4%::TEMP |
CONTRoﬂ

m !

SUBSTRA’I E HEATER

Fig. 1 The schematic diagram for the spray de-
position of tin oxide film

2.2 2=Z20|HE 0|88t Antimony TEE
L= EEEX] 22 Sn0, HAIEE o)
=

SI‘IOQ

=
A2 g;]
-_ =

222 Hot Plate 9ol <gtol= 2}

T3 500CE 7FE3ld  Stannic
Chloride ¢F A= &7 & 23z olr|g RAL
sty A 23Tt ol Stannic Chloride &3
Negade 0.7 M SnCl, * 5H,0, 10 M Ethyl
Alcohol® 0.02 M HCI 8l A FEe

Bl Foll 1A (Solar Energy] Vol. 10, No. 2, 1990



FA7] sheknkgol F Hyo A/ AAA 9

)

O

O

=

o
3oy

g~
>
i)
o X

o=
;-i\i’""};'

2

tlo o

AT

=
oo N

S 4 10 o
Oo—lol Er
2 1oy -

il
19 F
—
-
M
e
ofr
—_I_-l

30 E

.-
o

o
)
L
e,

I ug o ©
ilfe
ng ﬂl[O
tlo

= 4
2o
=2
g
rfir;
4
N
N,
SLE
fl
>
ﬁl‘i
"
0 o=
= 4
JU—
.

2 st ¥ojz Ti0, AFE
of @11l Potentiostat®} ,q] A
A])"E“Oﬂ Al 1Kw Xenon® ZE Ti0, A =9
Abete] Ao 548 A8 (Fig. 2
Mol A Ti0.= BAZ, PLAZ (50X25 mat)
W SCEE W A= vludgoes 247t A4
e ot

.’I:
n
o
ofo
12

£ N

[TIBM XT
Computer and
[ Recorder
T
KEITHLEY

iXenon Lamp 617
i 1Kw electrometer

T ’.4 . Potentiostat
. ! |
v g

SCE

Pt counter

/ electrode

—ty e

510,

glass lens

1

TiO4
working
electrode

Fig. 2 Schmeatic diagram for measuring photo-
electrical current

Bl %ol W1 Z] (Solar Energy] Vol. 10, No. 2, 1990

0.1
N H,50,

3. 2 If

3.1 Antimony TEI &l &t= TEI|X| @2
SnOz Ié'%
=HE A &2, SbCl, O_L_7]—O 2, 0.5, 1.0
mol%i =3 ¥ Tin Chloride £ 32 uwv &3 %

2 g} 9] 410—300nmol A =743 AL Fig.

3o WERHATE A7]elA BH ShCl; %57}

0.5 mol% 4} ShCly &N SH =7 2=
ettt =3 5HZ & Sn0, BEY w §
A= E 390, 440, 500CE 7€ 2% & %,, S

o ZA 3% A3E Fig. 49 YE A
ol AZE Sn0. 28 FREI Ao Y

=9 500C

-

LIL!

e o e

[ — ' { — t
300 320 340 280 380

410

WAVE LENGTH ( nm }

Fig. 3 The uv absorbance ot tin chloride solu-
tion
A.0 mol% SbCl;, B. 0.2 mol% SbCls
C. 0.5mol SbCl; D. 1.0 mol% SbCl,

L3 SbCLe =&

BdS & 5 Ut I=g=1
dled = E Sn0, E9 uv 3 %E Fig. 5
o] UrEM?idr

. Antlmony =3¥E Sn0, ZE
= SbCl; %7} 0.5 mol%¥w 3
12/ =4 LJrE}‘-LJ_rD} Antimony & %7} 0.5 mol% ©]
St W= uv FFE7F F7H8HY 0.5 mol% ¢

Antimony %7} S7tEFE uv F

71



TiO. ¥tere] F A7) 3l&tukgo] o3 H,o A%/ AE= 9

ABS 2.0F Lt ojuf o] Mg E o F AA FHTh (3—-40
Lol Jem) o8 A A ZFFE Sn0, BEL 1] £ oA
7} oF 3.5eVEA o] Ao BEOLZME B
Z Eajol Bol Ol%—ElUr'” 2 AgdMe ¢
vaf- 2] WAL F2t g HE7] el A who] ARRE S
=3
o 3.2 H—3aEHo 2§t Tio, M2 H=E
\ o 51}
_ Y-8 Ho A, 7|3 4 sE I
| TSN 82 53N AsE 9y oo o
FoJof st=Hol Fostth, FAE vl a2
. F 0.1pm HEe HES Al WA =, A,
| Zol&d, 7199 HHE AH AxE F 3
300 360 ato — %% 530 505 ol Al AL HEEH F7AHF 42 g
mAvE LETGTHOm : zﬂ;f;} —1}:0911:}. —ﬂ;‘; “ 91 ::;—] 3:}01 o}
Fig. 4 The uv. absorbance of undoped fm oxide 2 sebole] 2 (Talystep) 24 =4 5hal 915
ﬁ]m°w1th terrolperature. 1:510C , 2: S Ege mow Mee Adrh Lok AEA
400C 3:390C A1 F Q¥ 2 ok 2—4 centipoise B 2| 4 H
ol A& 7153t} kel 6 centipoise ©l el H
B 7& st AL & + Jd. E3 Anti- =7t HE ZARAEd HEgE ddo] A7 AY
mony %7} 57}8 4% N(Carrier Concentra- 71Ho g HE dEo] HElEe dAgo] dojut
t'on)J—}U(Moblllty)4~—t—- Z713la BEe FH L 715 3t} Ul A} #F 2t~ fdfolm kb 9
v &28kA ®rr. Axgolde 3] A ZH of Z¥HE TiO, &9 uwv FFEE Fig. 69
Sn0, &2 Antimony %7} 0.5 mol%, 7t WER) AT o710l A B Felolr b9
H AlZto]l 500CEW uwv ¥ =7 H2 Y o eEE Ti0, YERHT YA =29
ZoHHE TiO, ¥59 FHEY 5 ¢ 7
ABS, Red oA FEtolm Hotse BREe| U
‘AB(,
|
| /\//’\t
WAVE LENGTH(nm)

386 ¢ 400 Tl $0C 80:

Fig. 5 The uv absorbance of doped tin coxide WAVE LENGTH(nm)

film with SbCly concentrations. 1:0.5 Fig. 6 UV absorbances of TiO, films coated on

mol%, 2:0.2 mol%, 3:1.0 mol% the nesa glass and the slide glass

SbCl, | (1 : nesa glass, 2 : slide glass)

72 B g A (Solar Energy] Vol. 10, No. 2, 1990



= FHATIY A Sk s
< S8 WiEelet 9 A
Aol Z L 7

ack WA} Zehs
99 Tio, 2 WEL 500004 7}E

SI'H anatase TZ°|A rutile +FE Ho|7F ¥

ojub=1 o]zt dJ S TGAL DSC=E &2l3
o Fig. 77 8l YR 2t DSC=Ao] A 100

—200CAkololl A &< peak’t YEIY =

U 4y

O
=

Q)

o] A

& o] RN Bsat Wl Uojde & 4
I 300C ZAoNA 2
Re o) 2melM §7) BAY A} Yol
O
=

ATE. o] 3 peakd] YR A7

peak’} YE}=H

HEE g 493 o & e,

Heal Flowimw)

1554 °C

a 100 300 500

700 900

B,

1100

Temperature(C)

Fig. 7 The DSC curve of TiO, gel powder.

g

B9

2

L——) Weight in)

.

. . :
. 22.88% ‘\, . I -
eacy B7mae R

- - .
- -.--_‘_-_‘_,

P

11150 my)

oJ —!
|

00
Temperature(C)

Fig. 8 The TGA curve of TiO, powder

")
o
o
=
o
o,
oo

Ol

On
rir
rfo
k1
—{
)
=2
Rnd
N,

ofi

sk}

W0

B %ol 1 2] [Solar Energy) Vol. 10, No. 2, 1990

£-+ =1 Der ivalove (% /mol)

wd peak’} WEFUE
Fig. 9% 500 ol A &efol =

gl 9lo] ZogE TiO, 139 &
ning Electron Micrographs(SEM)S YERR A o]

0. £ A3S vus HY Eeolm Fepag
ol 2eE® AR WAL Faagd ZOHE

TiO, ¥5°] o deAddSE & 5 A=d o]

] \ ; ! 3 .” X s‘
5% ‘l"“}l, Y é:{;ér"' o
3 b .o" . ./ .i ,{ 4‘ » h
. f ) (! .: 1A
-. ’ L 5 ; | ny Tj‘ [

Sl s

Y

NS, I s | A TR
Py NI S
L__j P, A L A AN
i 5

i
s A

Fig. 9 SEMs of TiO, films coated on the slide
glass and the nesa glass.
(a; slide glass, b;nesa glass)

73



Ti0, #et9)

BA7) ek 9§ Hye Ax/ B 9

™

v
- ¢ L8um
&
H
1.0pum
2.3um
D3pum
1
1
E /V {SCE)

Fig. 10 Photocurrent—potential curves of TiO,

film electrode for a number of different
thicknesses

A o AN A Z-Sw 10mV/sec

o] 1—V 4% Table 13 Fig. 109 W&}
t}, ol ZAlEu] PECAR+ —1.0 ~
o) ok 1.8V oA E3}7}
10, & Pt Aol A z+2}
o} bo-7b G, Ti0, BEe F
WE, bias A7F 0.6, 1.2, 18] 1.8
) o] W& PECZHRF&2 Fig. 119 ®H.S
29 FAY 1.8um ol3tdul = & &9

2 b2 252
rLE
el
o
2 o
X g
= rr

»

41 8 < R Y oo
e O
il
O

)
~
)

N
~
N
ol
4>

i
2
g
o
g
o))
wn
2
40
2
=

-
O a
C A&7 Z718 1.8 xm ©l4o] IH

o

a2
3
N
olN
_>1_‘
ek
4
Jy
C
T
@]
)
J
)
sk
%%
L)
i
P
tlo

74

Table 1. Photocurrent—potential Data of TiO,

film electrodes for a npumber of
different thicknesses

“ m |

V mA 0.3 1.0 1.8 2.3
1.0 | -0.425 | -0.392 | -0.070 | -0.327
0.8 | -0.291 | 0237 | 0127 | -0.327

0.6 | -0.189 | 0905 | 0213 | -0.091
04 | -0.106 | 1255 | 0254 | -0.023
0.2 | -0011 | 0287 | 0391 | 0.042
0.0 | 0000 | 0246 | 0463 | 0.126
0.2 | 0118 | 0317 | 0517 | 0248
04 | 0219 | 0395 | 0602 | 0391
0.6 | 0290 | 0523 | 0819 | 0569
08 | 0493 | 0691 | 1212 | 0.851
1.0 | 0716 | 0925 | 1504 | 1.260
1.2 | 0754 | 1378 | 1.828 | 1285
14 | 0823 | 1960 | 2516 | 1577
16 | 0912 | 2213 | 2816 | 1563
1.8 | 0980 | 2341 | 3183 | 1563
20 | 1020 | 2477 | 3231 | 1568
3.6
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Fig. 11 Variations of photocurreunt with the

TiO, film thickness at the bias poten-
tial (a; 0.6 b;1.2 ¢;1.8V)
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Photoresponse of the pure CdSe films are more sensitive at lower temperature, while the impurity-
—doped films show the opposite trend. |

H, production by photoelectrochemical reaction of TiO, thin film

Jung, Hyun Chai - Kim, Ki Sun - Nam, Sung Young ‘- Sun, Kyung Ho - Yoon, Dai
Hyun
KyungHee Univ. Institute of Solar Energy

ABSTRACT

Photoelectrochemical decomposition of water by the irradiation of light to the TiO, thin film
soaked in water was observed. The TiO, thin film was coated on top of SnO, nesa glass by use of
spray method and of dip—coating method. The spray technique of SnO, nesa film production and
dip—coating technique of TiO, thin film preparation on top of the SnO, nesa film were discribed
briefly. TiO, film appearance was observed by SEM and [ —\ characteristic curve were measured
for the various thickness of TiO. film. The film Thickness 1.8 xm showed the maximum photoelec-

tric current. Xe-lamp was used as light source for the photoelectrochemical reaction of thin film TiO,
in acidic water(pH=1)

Application of Sun Control Devices and Energy Conservation(Theory and
Practice)

Hyun-Joo Han - Yil-Sik Cho* - In—Choon Song

Chungnam Nat'l University
Korea Institute of Energy and Resources*

ABSTRACT

In the present analysis, a number of sun control devices are examined for their pertormance in
promoting the interior visual environment. Two exemplary cases are introduced for their excellence
in harnessing the concept of daylighting and passive concepts. Of these, the Johnson Controls
branch office building in Salt Lake City manifests the effectiveness of light shelves and clerestory
windows in implementing these concepts. Distinct optical characteristics are found for overhangs.
light shelves, louvers, and blinds as they interfere with the path of sunlight. Substantial amount of
energy could be saved if the fundamentals of these devices are truly understood in their application
to residential and commercial buildings. Sustained efforts should be made in this regard by the

builders, architects, energy consultants, and educators who make contributions in energy manage-
ment. |
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