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#1 FH_TFRBOFTFAALRNYFE vy TUEHR

TI0-1 | Tio-2 | T10-3 | T10-4 T10-5 UFP-TI0
s eV | Ea/ oV | Ea eV | Eas eV | BaiseV | EgareV| Ee/eV
* A E 3.57 | 3.49 3.40 3.42 | 2.83 | 3.08 3.48
S00CH® | 5.50 | 3.46 | 3.42 | 3.50 | 2.83 | 3.08 3.33
500°C #E R 3.54 | 3.47 3.32 3.50 2.93 | 3.09 3.34
mEm®M | 3.54 | 3.48 | 3.40 | 3.48 | 2.80 | 3.10 | 3.23
BEREED | A A R A R; 93.9% Amor. |
A;>300°C

~1)500°C —=RT, 02(100 torr). 2) A7 F Y —¥, RILF N, Amor.i7TBAT ¥ R

$ PUFP-TIODHR, RILBER K VENBELUTVEH, ZhBUFP-TIONRAETRY
ELTFAEHY, 0CHETCTF Y —PROBRMAERZTLEREUTVAEEEDD
3. HRECEOBMALOVWTY, KMBOABTULNLFA3.0eV, 7T 5 —HE3.2eVE 0
SEBECHAVWOIATWEHD, R1OERLRZLRGHEBOMBILTUOHET
1% b JLF LT ETI0-3(3.40eV), TI10-5(Eg,=2.93eV, Eg.=3.08eV)T 3 Y, TI0-50H
S EHOEREV. $R7F Y — B TETI0-1(3.5TeV), T10-2(3.49eV), T10-4(3.42
eV), UFP-TI0[500°C —RT,0,1(3.23eV)& B o THBY, 500C—>RT, MEABRIVT T ¥ —
EHEREBURURP-TION 7+ —EOXRMERLELZ EBbD B,

MEDES, AR CHMELLL2BMES XVHXREBUBRRTFFIZTO
Fe®, DRSHELORET AL ELE» RN, COLS RBHOELLERTF Y -TH
B ol HE (GRS, THPOHE LR, B, BRWERLE) rOoRMERHLH
wT B, FERIIBUNESEORFBLLBDREOSBRORETH 5.

BEXW

1> B. Karcaly, |. Hevesi, Z. Naturforsch., Teil A, 26, 245 81971).

2) "y Y—", HUGERKE, KRHEFP LT+ T 2 2 (1882), p.26.
3) M, Neam=, €33y ¥ A, 21, 326(1986).
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ACl:e | R, T. 44.5 10.3 34.4 38.3 1.8
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HaT EE B
FHFE—A  Ti{0Pr}. NIRSHE(dtE) 20t 18.5
TE A (&) 242 20.0
TiCl, [l CEHEME) 264 8.6
Ti(804)» _[E(90°C, i) 254 4.5
LF1 TiCl, 5] (BEfE) 107 13.4
Ty AL TiCly Rl () 78 9.8
2 3 BETIOD
Sample Surface Number of Density
area{m?/g) hydroxyl(g~'] (hm-2)
Anatase P-25°4 40 1.9 x 102¢ 4.6
Idemitsu 112 E.8 x 102! 16
do. ! 112 1.3 x 102t 12
do. "2 112 9.6 x 102¢ 8.6
TP-2 17 1.2 x 1022 7.1
do. "? 17 4.0 x 10'¢ 2.3
Aldrich 11 1.5 x 10'¢ L4
Merck 12 2.8 x 10"® 2.3
Kanto 12 4.4 x 101® 3.6
U JRG-TIO-2 18 . 4.9 x 0% . 2.7,
Rutile  Aldrich 2.4 1.5 % 10'° 6.4
do. "5 2.4 1.4 x i0*® 5.7
Furuuchi 2.9 2.3 x 161® 8.0
JRC-TIO-3 40 1.2 x 102@ 3.0
JRC-TIO-B 2.8 1.6 x 10'® 6.3

x|, Outgassed for 1 hr.

%2, Outgassed for 3 hr.

*3, Oxidized in oxygen at 400 C.

%4, P-25 is identical with JRC-TIO-4.
*5, Reduced .in hydrogen at 700 C.
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Y
fh

3 ¥ ) 3 BIRTi0,0f
Crystal Sample Surface Sacrificial reagent,
form area(m?/gl  CH0H  CoHsOH
Anatase P-25 40 628" 485

TP-2 19 526 531
Aldrich 11 202 170
Metck 12 90 86
Idemitsu 112 i2 -
MCB il a0 -
JRC-TI0-2 18 62 41
Rutile  Aldrich(98.9%) 2.4 580 530
do. (99.99%) 1.6 1 -
Katayama 4.8 290 -
Furuuchi 2.1 632 570
TP-3 4.3 95 -
JRC-TIO0-3 40 188 -
JRC-TI0-5 2.6 350 -
F4 MEESSRKEE SORBRERYERITICST 5THIR
HBEUBEBTI O, OFEM (2 0%ENT £ )7 —{FH)
Sample (iaelEm  Semele (wiifih)
Anatase Rutile

Aerosil (P-26) 4.2 Aldrich(99.9%) 31.0

Fuji{TP-2) 1.7 Aldrich(99.99%) 3.2

Merck 1.0 Katayama 18.0

MCB 1.8 Furuuchi 30.0

Aldrich 1.1 Fuji (TP-3) 6.6

Tdemitsu 0.1 JRC-TI0-3 2.0

JRC-TI0-2 0.9 JRC-TI0-5 20,4

‘.
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Surface area {m%g)

oL 1 | ; Q L0 10

0 200 400 s00 800 1000 1200
Calcination temperature (°C)
Ti (i-0Pr) s ST L1 7 4 7 — A0 C O Rk
B LURERORRES KT

&1

T T T
.(500)

60

3
o

[
[=3

Ha evolutlon rate {pmele/hr)

1
00 200

| | 1 .,
400 600 800 1000
Calcination temperature (°C)
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2. 3. TBEMEYAMI CHEXOHRUMAOWEEE Table 1
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(NaOH)) . BEWOPpHMEFET S &hd. RMOKE A
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bﬁb#~pHﬁK%hE&ﬁﬁﬁﬂﬁ?%Afﬂﬁmkb
oo TOp HiKFEEW. WK T 02 (Merck) 200
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Ti0-1(NaOH)
TIOo-2
T10-3
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HEEROIEF ETE—HU k.

AV UHBRIGOBEORE £Fig. 2R
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TIO-1. B REEETS > ko .
TI-1 2OV T BRISER Sample Reference

ALk : el
HEREPRBRISZVEE Ozone Absorber o one anciyzer

OonmtE) . WFhDTiOT  Air__ N Ozone
A YRRMERMAURN. Reactor Decomposer
TI0-1., 2. B E&HENRTEK Generator L Reference
BEEETH ok e N4

LI RT AN — B oniS %é =

P, REMOIECBAL B,
—F T4 ALY —BHLRLT §
BELEEULLIES (BE20 i ‘ .

& (KE290mBLE) . TIO-
3. 4. BLUBOFEMMIEE Fig.2 Apparatus for 02 decomposition experiment
AEETULURZVLOEN
L. TIO-1. 2. #® 100
1/3READPU R
AV Y. 25 4&um
13 o ¥ & O % BN
ULTHRTZDT. 7
AN —2HWRWE
Gl AV EHEBOD
XREDEZ sh B,
ZhiHU, TiO2u

50F £
25¢
HAOOMUTORE 0 :

BN BDTC. NA4L _an'UOJ 2 3 4 5

vy AEBIETHIER Fig.3 Decomposition of 0z by Ti0z catalysts.
B¥h3d, Thaond ' .

e, TIC-1. 2OEEXBHBOLAMETE. AV EAOEREESBOSIENREL
. TIN-3. 4. BLULSOEARWR. TiO:OXMEBL VMBI INE (KBESH
B) PREGEUDZZENDP ok, COXBEAREHEZ DV TTiIO0HELOH
BEFNRDIE. THY AR EZTE2ETTIOWRBENKL. VFLEREZEGTERR
HBEEBREVZEFDODPo k. Zhid. THERILF IV OBELBETS > ke & .
TI-127L0AHVERTRE. BRIETUETIO-1I LHRTIELE BEBEXBHOEBAST
H 1.5 FREEESBAUEY, N4Ly 7 ABBXTRELALELURD > 2. U
o T, BREWEAAAWE BREIS (MRIR) PERXIBEHEYS I MK
RREBBEAEEERZSZARVWEEL 6N S,

after NaQOH
75 _treqtment

0, Decomposition/ %

1) Hik, 1884, 246; J. Chem. Soc., Faraday Trams. 1, 1985, 81, 61. 2) J. Phys.
Chem., 1989, 91, 3550:. 3)7—F 434, 1989, 98.
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¢*C. N. R. §.) P. Pichat,* H. Courbon,* J. Disdier*

1. BEEFIY YR ZOERTHBEFTVEROLDEAMBELUTELECAL RS OTREY
REWTVE. 122 LHU. BEFIVOAMEBESMBOLOBRRBATTIRENT
VWEPEMUTULAT LR ERR V. COFRAQOI 2 UTHBVWOIIhIRIEFY Y
OWUFE (HLE) BThFLhERILLATOBRKEY A POy I I FVVE~VEY
BRLTRVWIENS 3. ARRTE. BRIEF I VOAMBFIREL IR T IBEBFERT S
MB35+ 2EHYEL. SRENPELZIZ2BRLEF I CBBORIALIZI YRR
OEREBUBOFARRBLIUCORIMALIZYEYARTO~-TEUTEHORBER
EOFEKELXETSEHRCDVTRHELEZ.

2. AVEABLF I UMBEXSLVRBIh S ERIEF Y Y MR TIRC-Ti-2, -3, -
1, BLUJRC-Ti-5 OABBFOHNEROBILF Y Y TH 5. Cho4HWOMILFY YD XE
RREGIRCHEETATVLIREY TH S, © MBERFEOEETHRRELABEHANERL
THOE., XMERSER 298K BVWITMBLtEHETROKERET LYY (FL X))
PRAUVKESI YT (A>280nm) THREBEBUTHT k. RALTORELRITHE
MPOLEE. BRILFY Y LAOREWOEMILI298KT. AXOHMELT?TK T -
ke ESRE77KRTHELR. RBAEOFNURARTHELLEVTH S, 8-

3-1., RCBRELVELIOSCABOEBBRILF Y VORWEBEHIKRIALIZIVEYR

(F¥) OB JRC-TI-5 > 2> 4> 3 OMMTH ol LT ARNEORIFL
JRC-Ti-5 MERHVELEKORMLRELE., HIBRBRLF Y VORACRBTEAR
NOOEEEREUADBOTH 5. 1 (a) oMM UMEPN00ENTRNEOR
MErduLHKTh. (b)) »oFMnELX
EPKOEMTHRBINAIZIZIEBME., ML
ANOREEMBLO.- BOEHRBESREH
WTR., shMEPIOEFBITRETN:O
B—BAMTITEDS, BMBREIZAXOD
HHPREBIECHGE UL IS>EENPORYS
A BEHEGCORF_BMNORBOE S 52 20
L9 5. rdead layer models T WEADE

500
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400

7Y / mV
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i (Lot SN I —
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S HEEE_—EEORROTENE LR EEE
Fig. 1. Effects of the addition of 03 (a)

TEULBT  EFLOAMBEZYVBCRYHE  and of C4Hg (b) upon the photoluminescence
of JRC-Ti-5 at 77 K.
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FADw I REEEPRLARUETOERN _EBOREORXPERVET - Eﬂmﬁ%
EVBERBLRICIERZEZ. =T BA1OHRY. RIELF Y VY OFREH TORBR= iﬁo
EEoOo®XHE JRC-Ti-3 >4 > 2> 5 OMTHA3CLEFRBLTVS, BEEERAUER
CHEGA2EEMRBOERBUAXRYORER L REROHECUHERTEY. B loRED
THPREMBPLLEETZIOEEXIN B,

BMEFY DR AERFIEFORTOEL YR Z7EFLYRPOTHMTEILKESLNA
LABH TS REAREAFERETI2RMEARFLIBRENET I, B2 B8ETH
MELEXEFOXMBAELERSOEELLEWOSIFOEEF YV LOBRERLED
OTH3. BB FrhchatdWEEMLEBR

AHNEh3MEFY Y HBORKBEONMO K & & | (1 3butadtene) |
EAXIRKFYY v LOBMBORER TV 5. 8 o5 e £ ¢
OMORERENMLELEPOLFLRFIY e 3 3% 4 (l-butyne) &
MEVEAECRE, ChREBLRES R 442 ) | (1-propyne) Y15 &
ERFIVVYYABDMEVERETONF Ay I RE :?0.2— (Cata) <
BOLBHBEBERSCELMET 5. 2 UhBsT S 7 (CoHy)| g
B2O0FRUEA A VEEEF VS ABPAILLEETO (H;O)o,s
NFAZY I REHOERNEBRLAWEAMER ol
RHETLBVWIELERBTIbDTH 3, ‘ p—— EO
BEF9 Y EE2-T75 Y2 BAUREHT 3 & - L. P, ev
FTRERYERE YA e— S Y AONME RN KRG T8, 2. Effects of additive ionization

Eotential ugon tge Ehotolumigescence
ETF 5., 1 UAMBERERECBT 5 AMMO carorori) foarand the rate of photes

atalytic hydrogenation reactions (R).

MEFY OB LEBREZEBUTRURDOTSER, 1 ~-7T7R2ERRE (KI51)
RBUGIEME JRC-TiI-4 >3 > 2 > 5 OMR. FPI3YA-2-7FEHERE (KK
2) KBS AEMWE JRC-Ti-2 >4 > 3 > 5 OMAREFT T 3. % 1-Calla/trans-Calle
O (RIREE) 2 JRC-Ti-4 > 3 > 5> 2 OMTHVFBHEsoOBMLEaMEdtERS

hitb. ZEMgs OMBLPERVELYH

£1. YA-22-TFUVORBERBHELERE BTR1-T7FVEBRORRENO.1 ~
BMEAUAAZBREC ST 2 E2HERILFF 0.3 MEvH. RILFIYTHL -7 F
MtoEHtokE (RIEEK=298K)

oot SERE- 298K VEBROBRENTRAZE Mo R,
T e 3 s 1oy TUMER (2HMOATHBY) MMLEL
RIS (2) 3.30 4.95 1.50  1.38 HRBURZ1:0: ¥'20: ORNHEERR
B 2.83 0.50 2.50 9.73 Bl (ZXH) OBRLTFELE. RTBERS
QO e0L) 44.0 31.4 OEEW RC-Ti-2 > 5§ THoh,. 2THhd

%%ﬁﬁ&ﬁﬁﬁﬁﬁk&bfﬁﬁféo

1) =R &, Mesdi) GReRE) . BN - 52 - FHEE (1988).
2) M. Anpo, Res. Chem. Intermedi., 11, 66 (1989).
3) M. Anpo, M. Tomonari, M. A. Fox, J. Phys. Chem., 93, 0000 (1989) (in press).
) RES. E62EMEHES (A) (h8) . BEESE. p. 230 (1989).
5) M. Anpo, M. Kondo, et al., J. Amer. Chem. Soc., 111, 0000 {1989) (in press).
6) M. Anpo, M. Sunamoto, M. Che, J. Phys. Chem., 23, 1187 (1989).
7 A, B. Ellis, et al.; TPhotochemistry on Solid Surfaces) , eds. by M. Anpo and T. Matsuura,

(Elsevier) (Amsterdam), p. 388 (1989).
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ggt‘-&%j’%b‘ T&%o jj.\
EEHEMUTURYVTIFIF G

BrEfEROTISATAEORRE
LEVBBESNMFASHEI LD ES
AHh B,
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Table 1. Surface properties of Ti0z

: E PSS | IEPGODY | OOz uptake
Tide g XRD /gt IAPCOD®! |/ pmolgt!
JRC- VAL An® 1 727 1 53 - 1 116
TI0-1 ¢ 821  An L 68.8 | :
M- P A P A 14t - 30 12
TIO-2 { B An i 18.8 :
Re- b4l m® 1 iz0 67! 174
T3 P B R 855 ! :
JRC- ' A ! An‘RusBO40 ! 48.3 } 6.3 4.0 ! 9.6
TI0-1 | B ! AnRu=61:38 | 47.7 | ;
RC- A iAmRu= gl o220 - - i 04
TIO-5 ¢+ B :AniRu= 8:92 @+ 3.2 ;
UFP- & A ¢ Amorphous :100.7 } 5.1 4.4 1
Tie 1B ¢ An P7LL Y BT 5.7 207
Nl §An'ku=35:65 i 28.8 ¢ 3.3 ;
P25 | A | nReGTiss | 50 | 6.2 o108
' B rAnIRu=67:33 : 50 '

without calcination. 2)catcined at 773 K for 2 h.

3ycalcined at 1073 X for 2 h. 4)Anatase. 5)Rutile.

G)Surface area. 7)lsoelectric peint. 8)Isoacidic point.

Mo(3d)/Ti(2p)

e}

4

Q: JRC-TI0-4 pH 5.95
: JRC-TIO-4 pH §.72

0 1 2 3 4

impregnation time / h

Fig.1 The relation between impregnation

time and Mo{3d)/Ti{2p) ratio,




Table 2. Surface properties of Me0s/Til02 catalystis

MoOs/Ti0z
— { Final . ' cio 1 Initial rate®!
TiG: Nu: b h : XRD : Mo/ Ti | / 10-%g-!
IRC- 1 {7 2.39 ¢ in+Me0:(s) | 0.83
THO-1 2 % 4.58 :  An+MoD:(s) | 0.68 |
3 1 5.99 An booD.19 2.76
1 ! 7.38 | An i 0.16 !
5 1 8.96 An 0.1
JRC- I 2042 An+MolOs(s) i 0.99
TIG-2 2 0 5.00 ¢ An+MoO:(s) ! 0.82 !
3 1 5.96 An pooo0.17 1.29
4 7 T.42 ¢ an C0.15
5 1 9.08 | An P12
JRE- 1 ¢ 2.13 !  Ru+MoOs{s) ! 0.88 |
19-3 2 % 4.11 % Ru+MoOa:{w) i 0.28
3 7 5.90 | Ru .20 ! 2.37
4 ¢ 7.89 Ru p0.15
5 1 9.12 | Ru Poo0.14
IRC- 1 ¢ 2.32 ! An+Ru+Mo0:(s) .77
TIO-1 2 ¢ 4.75 ! An+Ru+Mols(s) | 0.49
3 ! 5.95 ! An+Ru boo0.22 2.78
4 1 7.38 An+Ru P 0.20
5 i §.72 i An+Ru ; 0.19 3
IRC- L ! 2.90 ! Ru+An+MoDs(s) ! 1.60
[0-5 2 1 4.81 | RutAn+Mo0:(s) | 1.13 !
3 : b5.85 Ru+an ! 0.26 ! 0.35
O S Ru+4n b0.24
5 ¢ 9.03 Ru+An boop.22
UFP- [ ¢ 1.04 :  An+#Mods{(s) ¢ 0.93 !
Tioa 2 ¢ Z.56 ¢ An+MoO0:{w) | 0.42 !
3 1 3.35 ¢ An#Mo0:{w) + 0.26
£ ! 5.91 ! An T0.23 1 2.89
5 1 7.27 An C0.19
6 ! 9.07 ! An i0.16
P-25 { 1  1.24 : An+Ru+Mols(w) '  0.26 !
2 1 2.62 AntRu v 0.200
3 @ 3.98 An+Ru C0.20 ¢
4 5.72 AntRu 0,20 2.76
5 + 7.28 An+Ru ! 0.18 !
6 1 9.89 An+Ru po0.07

S and ¥ stand for the sirong and weak.respectively.
1)Intensity ratio of Mo{(3d) and Ti{2p) which determined by XPS.
ZYtnitial rate of methano! oxidation over MoOs/Ti02.

D3N £ FTH ES8O RS 4022(1986)
2)ang,L..amnd Hall.¥W.h.. . Catal.77,232(1982).




1 4 Reference titanium oxides as the support of Vo0 catalyst

(Nadoya Univ.)OYe Daiqi., Atsushi Satsuma, Tadashi
Hattori and Yulichi Murakani

Ti0y has attracted much attention as the support of V,0g catalyst, since the
spreading of Vo0g over Ti0, leads to modifications of the physical-chemical

properties and to an enhancement of catalytic properties.

By using reference Ti0o, precise discussion leading to a.

better understanding of catalysis is expected to be
developed on the basis of a common background. In this
report, reference Ti0p as the support of V05 catalyst has
been studied.

Supported V,0g catalysts w1th several different V,0g
contents for each type Ti0» were prepared by the
impregnation method. The active surface area Sgygr 1.e..
the number of surface V=0 species was determined by using
the NO-NHz rectangular pulse(NARP) technique.l’

Reference TiQy supports X-ray diffraction of five TiOp
supports, shown in Figure 1, confirmed that TIO-1 and TIO-
2 are anatase type, TI0-3 is rutile type. and TI0-4 and
TI0-5 are the mixture of both. Rutile content are
determined from X ~(1+(15/17)/2.18)71, where I, and I are
the Intensities of the (110) and (101) face reflections of
rutile and anatase respectively.?) For TIO-4, Xp=36%; for
TIO-5, Xp=94%

Table 1 shows acid/base strength measured from the
change of color of various indicators adsorbed on Ti0s.
In general, the TiOy supports with large surface area tend
to have stronger acid sites than those with small area,
though TIO-4 did not exhibit acid color of indicators. As
for the base strength, all the samples did not give basic
colors of indicators, indicating that basic sites of all
the Ti0, are almost the same, The amount of NH3z desorbed
In TPD and Sggt of Ti0z can also be seen in Table 1.

Figure 2 is the spectra of TPD of NH3. All of them
start the desorption at 300K and complete below 700K,
Ti0-1 gave a shoulder peak at 590K, indicating the
presence of strong acid sites. On TIO-3, a shoulder peak
appeared at lower temperature than that on TIO-1,
indicating that the strong acid sites on TIO-3 are

slightly weaker. On TI0-2 and TIO-5, no shoulder peak was.

observed, indicating the absence of strong acid sites,
These results agree with the acid-strength shown in Table
1. The TPD spectra of TIO-4 shows a shoulder peak.

TI10-1
Anatase

Ti0-2
Anatase

Al i

TI10-3
Rutile

4 TI0-4
W% Anatase
36% Rutile

Al

TIO-G
94% Rutile
6% Anatase

60° (20} 40°'(2e) 20°
Fig. 1. XRD diagrams



Table 1, Surface area and acid/base properties of the reference Ti0p

. JRG-TICG1 JRCFTIO-Z JRC=T10-3 JRC-TIO-& JRC-TI0-5
Spey (M2/g)° 71.08 15,68 48,58 50,18 2.468
-8.2 +/~ - - | - -
-5.6 +/- - - - -
-3.0 + ' - + - -
1.5 + +/- - - -
Titrated by 3.3 + +/- +/- +/- -
var ious Pkal 7.1 U +/- + +/- +/-
indicators 9.3 +/- - - - -
15.0 - - - - -
17.2 - - - - -
18.4 +/~ - - - -
26.5 - - - - -
The amount 0.2130 0,0870 0.2240 0.2800 0.05¢P
of NH ‘
desorBed 3,00¢ 5,58C 14,54C 559  (24.10)
a: by traditional flow method, pretreated at 773K in flowing of 0y for 0.5 hour,
+ color changed: -: unchanged; +/-: slightly changed; U: unusually changed.

b: in mmol/g; c: in x10~®mol/mZ surface.

though the indicators did not show the presence of them. 1t may be concluded
from the TPD spectrum that TIO-4 has strong acid sites.

Exposure of active surface of Vp05/Ti0p Figure 3 summarizes the SpgT and Sgig
of all five types Vo0c/Tilp. The active surface area Sppg was calculated from
the number of V=0 species measured by NARP, since the surface density of the V=0
on the (010) face of V90g is known as n,872nm2, With the high Spgy type Ti0y as
supports, i.e. TIO-1, TI0-3 and TI0-4, the Sppr decreases seriously with the
initial increase of surface V,0g concentration from 0 to 107> mol/m2, then, it
decreases slowly with the further increase in V005 concentration. For low Spet
type Ti0y as supports, Sgey Of the catalysts decrease very slowly, almost keep to
constant with the V,05 concentration, As for Sgjg of every type, initially, it
increased with increasing surface V05 concentration, and then it decreased
gradual ly, giving a maximum numper of surface V=0 species,

Figure 4 shows the ratios of Spjg/Sper of all types catalysts. The
Sg1o/SpeT indicates the fraction of the (010) face of V05 on the surface of
catalyst. The ratios of Sgjo/Spey increased as the Vp0g surface concentration
increased, then attained the maxima. For anatase as support, the maximum ratio
was obtained at 107> mol/m2, but for rutile, at about 3-5x10"3 mol/m2, Forthe
mixture of anatase and rutile(710-4), the ratio has two maxima at the surface
concentrations giving the maxima for anatase and rutile, respectively.

These results may lead to the following conclusion.3) The crystalline
structure of Ti0p may influence the exposure of (010) face: The maximum exposure
can be obtained at lower surface concentration on anatase than on rutile, maybe
due to better crystallographic fitting. And, the acid property of TiOp also may
influence the exposure: Only TI0-1. TI0-3 and TI0-4 with the stronger acid sites
gave higher maximum exposure, maybe, due to stronger interaction between Ti0; and
Vo0g-precursor in liguid phase preparation. ‘



TCD Response

— et —p b N S T

3 4 s 6 7
TEMPERATURE / 100K

Fig,2,. TPDof NI-I3 on reference TID_2

100
A6 a8
ve - / \A
-~
5 bﬁg*..'_o
€ 50 /O/O
-
o C L AsTIO-
01 T10-2
ke [+ T10-3
‘ Vi T10-4
i T10-5
1 I 1 1 1]

0 2 4 6 8 10
SURFACE. CONCENTRATION / 10™Hmo) i

Flg- 4, SOIU/SBET of V205/T102} i.e.,
Fraction of (0I0) face of V205

80
~ 1]
NEGO N L_I\ TI0-1
Suo
& (58\..1:‘“'--—-_13
220 - / O——0o—_——"—" "3
T — 0
=
0 o T T T T T T L]
T8
~°1P00 0 o O
Elz A
£ o \O"‘-Oh-——-o—-———____-_-_-\
qg J O
o4
a / Jio-2
0 Q' T T T T T T T T [ R
50 4
N \ 110-3
=~ 30 7 E“""‘-—-g
2 o] ===
520 \Q\D‘“—-——D
o -0
glﬂ'
a
Y] T T T T T T T
-'B-50 -
B E\D\j 104
530 - \
g 0 O-—
B2 4 o ~~—— (m] '
= Q0
A10 4 o o)
0 T L} ¥ T L}
N: 25-{0—0—o— 00— HU———p
~ 2.0
g, o
CR R Qo—0O—0 )
g 1.0 o/ .
= 0.5 / J10-5
0 L T 3 L ] ) L2 4 1 ) ¥
1] 2 ] B 8 10

surface concentratlon 107> mat a2

Fig. 3. Surface areas of V205/7102
L Sges O Sp10

REFERENCE

1. Inomata et al, J. Phys. Chem..
85, 2373(1983),

2. Criado et al, JCS Faraday Trans. I
79, 2765(1983). ,

. Ye et al, Annual Meeting of Catal.
Soc, Japan, Nagasaki. 3B21, 1989,



JLFILBL, F s — EFARIT i O 35 Xk TR
1 5 FEIE WV, O A K D T RR N D B
(BHAT) OFY %, AEEHR, LFRE, €0 #F

(X - EE) X¥ &, #ux—

=
CTi0: BAFN - 7HE-FRIC K MEETE
FREDZEFMBATVS, TR VRIS &
YRREOBWAE S MR- TWB. £2TF, &
BTiO.® WF-7Fa—¥OBWICEIER
E, BXUERBHEV.0./Ti0, MEDVEIL
BEEC L RTREORWEE Y Y yBBI LY
BHLE,
=2 B
Hikr UTBEZELERTiI0. (JRC-TI
O—3NFN, JRC-TIQ~4T7F3—¥) %
Auwik, RATyosniifl, mEESILDHE
EOBETKAEL LS, KREABCEYTIO.
HAEHOOHLLVOC L, HRLE1E, 31
SEEEEEtTRRBEEH M EWBULE, H
nWEMEESsRICRLE, ThE¥hORBET23
KTHMFELEZL LAY, AL TEY Y VBRI
$HLEk REXEEOBEELASEY, WikonA
O, LEOKBLEMALEY, H40BETH
ANERLTRACHEDREOR R 2MH LMY
L, CUYYORFERZETITY, IRARD B
WEREL .
FE R 2 iy Em

T23KTHIAELES, 47 3KTALA L
LEENBRGKBECREOEVWRERK, E8T
HRELECUTYOIRARIRVERLICRL E.
A2007TH, W/ ABELRRLEY YUY Y (L
Py) k2B AM*1604, 1678, 1482,
l440cem 'iKRbh%, 1BVMETIEEaE
—KO¥—YH1610em v 7hL, 7Ly

AF v KA EOFP YTV (BP y) MR —

#1 MK

mg A KAE/K RE® 0 0VHE

3vaz200 - A 473 41 3
1VA200 A 473 36 1
A200 A 473 46 -
3VR200 R 473 a8 3
1YR200 R 473 39 1
R200 R 4713 47 -

', A JRC-TIO-4; R JRC-TEO-3
AR15640r16840cm 'HbhE., IFM
HTH, BPyDOE—IRAELHBURAFIITALN
BRACMELTWAZLERLTWS, R200
(JRC—-TIO-3) 2AVWELEOHERLAN
KELERLTWSAEERROERERL TS,

]0.\ r-L L_“-1 A

Absorbance

w00 B0 100
Wave number / cm™’
Bl CUSUERDIRARY bW
(AYJRC-TID=4; (B)JRC-TIO=-3; (al}Til;;
(b) 1 V205/Ti0z3 (&) 3 FV20:/Ti0;

ZIDHRDE, FEENLLVB, BOEIVI, AREVEL, FE0EHL, BERTIAHIT



H2778-ERMELCEYV V2 EETH
%&.ﬁ#wﬁ&?ﬁﬂéﬁkﬁmBPytLPy
OY—-7 ORSBIAE YR LE, BPyik473
KTCEEMNERT2HALPy WS 73 KTHRELT
BEURELLTALE L AbAE. LFLETER
273k, 7HE—VIVLBREORER SRS
EHao

VREDLDWHEBRIVEAREFIRLYES
OBRELERTHIZ L FELWH, V,0,LTLP
YRBRBUBPyWELT B, £2TC, H5MLD
EUSyeBELEMBECIROKREREMAL,
BPy@D1540cm 'ORROWHINFEIHTALL
Pym1440com '0thD#IEORERDE.
TORBEEEILRLE., COERMSEAERD
K, LPy {(1440)/BPy (1540), i
1. Or#HEEhE ZofRBERORBEI VS L
hE N,

CUV v BREROBREFRBROEISHEBLE
HMBEOUMETERYVONALR, TLYAFy KR
EOREER2ICRLE., TrHE—¥RERINLFN
BIydvs AREREL, TV ATy FRAED
W HE .

FRYLOLPy®8a®—KH1604cm™?
i, NFVIALDERK1IE10em'itdh B,

5 . B L
1540 cm~ 1440 cm=

L) I~

BAE/Arb. units
)

—_

0

0 37 413 573 6730 373 473 573 613
Temperature / K

M2 BPy*LPyOHSREOTIL

00, 4200; A A, LVA200, 400; O @, 3VA200, 400

OGRE /Arb. un
8

BESROEEEREVAE, "B8aT—KoAvK
¥200&BA A EOBERIAZ 2RO -J K
SRTLHZLFCEE. FOKE, WFV, TT4
—¥ebi, IPHMBTIE, TiBIUVVLOLS
xﬁﬁﬁ%h%nzO%tso%,lgﬁxfus
O%AVERAO0%DNTI LTHIZ L Hhh- .
SEOPFATIE, 38, LEMELbIBEDR
B, RTOABEOBEOEE LT T Ty,
THE—€ELOBEORER, VFLEDEZRAOYH
L. SfETH-7=. 7H2—EMBITF MR
HATRBETHEZZLAMBRTVEHR, BAR
EORVWHAEBIAE{HELTWALELLLS,

B(1540cm)

o
T

L{1440¢cm-)

H.0 %5E ./ rwmol

B3 3VA400LuBm¥LEYYY YO
NRYyFOXKELOBAL X554k

#2 TiO:BLUV,:0:/TiOkD

L, BEaM

BEM/ nm-?
¢4 WA A TLvAF oK
aVA200 019 0.10
1VA200 - R 0. 00
A200 0.58 0. 00
3VR200 0.07 0.01
[YR200 0. 20 0.03
R200 "0.35 0. 00

1) Miyata et al.Appl.Spectrosc. 43, 522 (19389



1 6 HEFP LR OBRALTE M & P DD BUE DHME

(K72 y 27 BELAHEK) OFHHEIW. #ME 5
!_ ﬁ%‘

JRC-T10-4, -58BIFJRC-ALO-12MnTHFZEP tMBTHNEL,
coBrXUC :HsnM i ELBLL 274 CONRNVAERUMEXBENTEL & »
THEROPLtOSHEELTMEL A
2. S= BE&

{1) W

MEOCANEEEHL CF L%z, PtEBERT D Cl‘ctraanine Pla.ntinul(ll) Nitra.te)

sPyivHES(IDEREEAL ZoRBFHEDPLEL '

kY -—2mMACRALLSG MB/LTANE ® E ®
FRr2¢n PLOERBRIwtXELL &KW —(%)
T, Wi, S500C-Z2ZhofERzEa-oii * % (k251

HEHRTA400C—2hoBEMEET -2
MR EE2E20mm,
Loy biETSEREL LM
BEMELCHEE LA
f#d., Pt /KRS
(2) COMUREmE LFC  HoBE HIBHAS
EmiciBgoRmEd®ARBHERA VL
COmHEHIFPCOT=y—-ickhH, CsH:DH
HIEFIDHAAZO by 2200k, MK
BAOD MO AoAEEZHEL £FhER
OBLFEEIRBLE COBLIUC:HDBER
Rt ®l cRT,

(3)YCOonMilAiE

NLAEEAREET (AAEHHRE) 24
W, BEZLSEAMEFRLAEROP L HRE
e aThCH-T, MEOCOGRERZ

#% e

ESSmmoMHEHEN
10~20mes hiZh
FMLABE TR LI

(PtiEf#R1wt%)

500°C-2h

400°C-2h (ARREWS)

10~320 aesh

M1 mfgHMoO7o-¥—F

#1 CORLEISSEITC HBILRIENRM

BeElLs HMEERX100 1EACOON

b ARIZO.20lk L7,

4 ) ¥k X 38 [ 3

MO N IMHFALH - L w2 A(1L2KW)
BESBRER (HBECu) AW, 50kV
~160mA, EEXEL /nORFETHE
L.

o>z 805 bhr2AHL

C ORMER IGsRE

CoH B bt

MR 2wl

MR Ial

ZEME 10500007
#AMM® CO 3000 ppm
0 17X
N B

KR 960000t
HRME Calla 1300ppm
=n B




3. #5 SH

HHEPLMESICOBIER CH:BiEfZrhrhE2 H3iCxALAL COR
ftEgEIE 2w, Pt/JRC-TIO-4, -G KEE (Te) #¥¥H100CEHE
M, FRIDEBUNTIRPtLt/ IJRC-TIO-S5H#LIHERTH-L. ZhH0M
B3Pt/ JRC—-ALO-1:HEBLT, T:TH20C, COBLESOXOMERA
ONEE (Tse) BIUCOBELBIO%OMBEBMADBRE (Tee) TA40CHULEELHEH
Thoft (Z2), CoH:BELERQOBELBELTE MEAREEFSO0TTHEIRL
b, *RLTFToAESCHE*F-%. Pt/ JRC-TIO-4, -SHEREBRAFT
Hok, chbMBTETwII360CTTHY, Pt/ JRC-ALO-1®DTse(47
0C) :HBLT100CLH LLERTH»%, CONVPAERIZPLIABEOHER
BrFr&3IEELAE, PLAIJRC-ALO-1kHE®LYTY Pt/ JRC-TIO-4,
-5NPLtOSMERFELLEY, Pt/ JRC-TIO0O-4LPt/JRC-T10-
SLOLBTH, PtobEEWEoFHEL R, WIFHORBIEALTLIERP L
MEOERLPLtOARELOMEE— AN AME LS, ERECBEGFIOTHD S 2
BPtEAEZOFL LI TILEN DI L EFML AL,
HILREEXBRAFH»LP+t o (111) BOLBEKHIRLIIRODLAPLAETFRENIALT
L&, Pt/ JRC-ALO-1TEXBREFRTRPLEBRUTEIESFTE Lo,
Pt/JRC~TIO0O—-4, —-SOPtORFREIZO2VT, COMNAATEXBERER
FaMEFHNRBE #HBELRIZEFNKEW TRBCOMNNAETHEBEWRTRRD
RoTPLtEFORHNLBMAREZ 0 LT, XBERTHBBEOP tEMES T,
—EOREIPDICRELAPIREFOAFBEIERZALDHBTH A I,

100 100
- O PL/IRC-T10-
a0 30 80F & pt/ine-1io-
® PR— ; 0 PLAIRC-ALD«]
; 60 A PL7IRE-T10-5 s o0
o O Pe-AL0-1 £
& 40 :_.‘E 401
o m
[ 8]
O o9 20F
(] . ; 0 o ; :
100 200 300 200 400 600
MBEAOERE (C) MEEAOBEE (C)
H2 ERP LMD CORLIERE E3 Pt MO C.HaM{biEE
%2 HHPiMEOCORLER #3 cguwz&t;aptwﬁﬂxsxv
X#BEF L5 P Lt ORTE
it i Ta (*C} Tsa (°C) Tee {C)
COMNAE - X Er
Pt/JRC-TIO-4 110 139 159 i B
N b b Pex Go_ga (1) [878 ()
Pt/JRC-T10-4 8.6 108 890
? gﬁggé%mﬁﬁllm‘a}z Pt;JRc—TIO—E 1.2 805 : 1106
Pt/JRC-ALO-1 33. -
Tos BHER O O %OMIEAA X ’ »




1 7 co*mzmemm B Ti0 Hitho B
(FWA .B) 0% ik

| BES Gk ATPERZIC I VRS ¢ h kM EBIT (VR Fe) s’ COKEM
Fde cBackmr L, ERthaBGaBF e AT B L EBE LR, v A&
s RBAT Lo LB EREMETLE TG > ¢, Yoy COKRER
REBEEFTHER> Uz B L A,

2. PR E EBEEY o UFP-Fe ( Lot Mo. 2220, H2GH4E 86 20mm  H & 4" Lot .
2292 , 89 j0am) & EARMR o Te02 (TRC-115 Hay AL Bz R W7 r9- £R) TR
Shte K¢ RE L BY L f, HEY L 7 BHE G ) B o Batkh3 <7 X 84 F (3
HiE &¢10mm) 3B L k. 0V aFOx, HeroBedh sr e Bic KeCOskBtz
BE  BNE(OC)T BFETHK Ao R, oo*ﬂzﬁﬁra%zﬂﬁi%x@ﬁ&?fﬁizrﬁ
Wz, EAG1c 14 260% , 5 Bg /e, COMz=1 & 28 RpFeii-Te. LBt a7 4"
RO bk 73 7024 L 20 ,

3. Fha NP mB, BFBH b v WWAGHRG 2t~ 6Aalo TOLEAVE TS
UEP-Fe (10%)/ TiQz Rt » & COKBARF B e wBR 2R ILAT, ZFr5E5H
Aovih, © SC28 8o B v JRC-TIO-] & 2 $M v 7 4A8¥H o Te0z 12 sl Vv 2 CO R f
M EFT, @ CHe, Con s B EF0MERBas , TAANLK o RERIH I X
BENAtLTrn, QAT B EEBARETE > L4 8 Bo TIO-S -t Bu Gty 74 7
FM 521D 8T8 B,

FoeFLRESIR. Cnks GARAR AV s FFaBde ~BHBARrE, ko VY
b4 i & 9 (Cog /Co-a) iz RAFEI 1 B BB 9, TIO-58 BB MG v HFBx
BURET p 7o G (Cis/Cz-4) B2 FeodifBic b if L  ME R0 FA BV E
Lak, Miad&s> 6l Fslufiddic > 7 L 0B §8& T e, £FE. Fals A
bz lh, oo BBy vt CHAMALL 2o HHATBE N (C2-4 [C)ie KT s B
241k, 2t FEBU UK Y V4 F R TOaRER|E WL Y RED:S

Table 4, CO hydrogenation over UFP-Fe(10%) supported by various kinds:ofTiogﬂ)

Symbol _Typeb} W/F co 0, Hydrocarbon distribution(C-wt%)

conv,., yleld c.

+ 24

(g-h/mol) (%) (%) C, G Gy C, O Gy
JRC-TIO-1 & 30 &1 - - - - - - -
JRC-TIO-2 & 25 21.5 7.8 9.8 1.6 17.9 13.6 47.1 21
JRC-TIO-3 R 21 47.3 2041 10.2 12.3 20.7 16.8 40.0 12
JRC-TIO-4  A. 21 48,8 21.5  13.9 14.0 20.2 14.8 37.1 '8
JRC-TIO-5 R 23 41.6 18,3 10.8 11.2 19.4 15.3 43.3 35
WAKO A 25 48.6  21.1 7.5 11.5 17.0 16.2 48.0 18

a; t = 250°C end P = 5 kg/cm?
b) A ; anatase type, R ; rutile type

te A Uk LT



Table 2.

Effects of properties of Ti0, supports on CO hydrogenation over

potassium-promoted(KQGOB/F3=6%} UFP—Fe/TiD2 catalystsa)

Symbol Particle W/F co Co, Hydrocarbon distribution(C-wii) Surface
gize of 4eld oo area of
UFP-Fe | fonv. yie , + —2=4 Ti0»
nn (gh/mol) % 4 €1 8 Gy Gy G5 Opy nfyg
JRC-TIO-3 20 19 5.4 34.6 5.5 8.6 14.2 14.2 57.5 42 40
JRC-TTIO-4 10 16 88,9 44.0 9.6 11,1 19.2 16.7 43.4 15 50
20 18 69.3 31.7 6.5 8.0 15.1 13.6 56.8 39
JRC-TIO-5 =~ 10 - 21 78.6 38.5 6.5 10.0 16.0 15.6 51.9 86 2,6
20 22 64.3. 32.1 7.1 160.0 14.3 13.3 55,3 94
Wako 20 20 74.5 36,5 7.8 9.7 15,9 14.8 51.8 72 10
a) t=250 oC and P=5 kg/en”. |
1og T T T T 100 T T g T
© oo,
(a)
8o - J
-
S
T 60 - 4
- -+
d &
X ~
"‘I?LO B ] u? -
N temp /o0 W/F({g.h/mol) &
® 250 16
o 250 9.1
20 . & 250 6.5 - ~
& 275 10
e 300 12
b 1 1 I 4 0 t 1 [} 1
0 20 40 &0 80 10 0 20 40 60 80 100
€0 conv. /4 GO conv. /%

Fig. 1 Correlations between CO conversion ang 03_4/02_4
reaction conditions. K2003/Fe=6%, P=5 kg/cmz. (a)Fe(10

1, Fe(20 nm)/TI0-3; curve 2, Fe(20 nm)/TIO-5.

#L T b, (CaufCri)o bbbt Bz Bsngr, i

(=1

values under various
nm)/TI0-4, (b)curve

Httd COBMF & (C4/Con) o BIRET L LT B4, TIO-4 @rvrbifx &
£ &1 (054 Coplt Bt shkdy T3, TI0-3(b-1) T4 BlEsAE»" RS 34, TIO-5
th COBu®i:Bac GeFnwtimt, >, > FRas7T,

T2 85 s 38 WABEAER E 340k r LT A5 A T L 3EA,

ZHE T o tGER 1 H,

BRFr e > SMSIBRE L 55, Tizotto B ®EAIB220782,
BIBRB e ER 3 (Cin/Critie Bbh httaras e, PetlbaF T AR ML Ehix .
FHrk 2% L ERE 7t VSN B-HMT 2 06 RAFEZT S0 RS> T A
b TA N T Ay GRS RE T DY LR, c MEBRBMLL s o ¥ o Fa
LBhET S REKF oA e B0 R FBL 5830 £ Bbhd, TIO-58E3E,
HORAIMBERr e sy BEXRoRBvdMIIwL C2iiay . B v 7 >F 0K
th2 2 por ¥R b3 By Refle a3 Y AP v B,

X #

D B-T. CHANG , S5-7. KIM and P.-B. HONG,

Chem, lett., 1989, &95,

2) R.C. BRADY H and R.PETTIT. J. Am. Chem. Soc., 102 . 618) (1980) ; 103, /1287(1781).
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(BRERT) OFHEESF - FHREX - SFHE

1. AEMEHNIMET EZ7EIHBBRAFL (M) O F 0 F 4 ERENKELKE
Co/SiOeMiER kB a,B-FHUZAFE Y RFHIM7Z L2 — A0 BRTKRLRKD
BEU. Fe/Sil: MBI EIZ Iz L7 FLYOBAAELRENY. FhETh £2KO
HETERICLORBRKEMNENT 3 structure sensitive BRRIETH3.'7% £ T 5
H SSOTiRHEEEUTARETHMEUAMREAVCZIABOREEITY. Ti0:0
HESMEBOEEPBRERS IR THBE DV THN LR,

. ZXBWEBMBETIOs S L ILIDEMITSU UFP-Ti0: (HMAREW) BB 4R
O (MBMETRETBRE) KEHMRISTIRRS. NaCOKBRMEMTUTHREYE. Filh
Kk, EME BI/hOKERFFTHEQCRETERTULTTIERAEMR (aRKEFK
CEESONE%) L. REEHSBZIRT DR BRI TR Ni/TiMREFD
(R,R)-BEMKEE (83°C, pH=5.1) & 1.5h My R EAVBHUTHL., EHMP (3-
ARVBEBEATFL) ORXED SRERE (0V) 2RO>TERBEOREE LR, REIT
HEEE0OR ST 3FMMTLA—LOEBEB(Suad)%. REIUTEERMABI0% 50%.
WOBLBHFBAFL Y OEME(Sie,550,50) KD THRU . MENEROBTH G
FMEGTOLMOFHBELTEOOEELEDL, TGA, XRDTHEU k.

3-1. REIeNT2EHN/TioMEORRER. F2RRTLIIRTiIC-0OMMAR
FDAKESBRRY. JRC-TI-IRBREVOIWLRLFARD > . ZhBEERDFTHPS0:
OERTH Y. BLEENEVESHIBMETTLSDOLEL S0 5, 300CEAM
B T2 ELOYR 5 E 5 JRC-TIO-4t. 400CERRULTHIEN - BRUERA LS I VEL
URVOWH L. (DEMITSU UFP-TiD TR MM BTIEEE LW S L 0VHFULUIMRU N
NiZSiCo M OEN - BRUEREVESS > h L ZORKBE. NidObehR2OVWEOVHE
KT B EBMOAT VS, Ukd-T IDEMITSU UFPTHRE 1 R R MW ER OB
¥EPPoIT. HELHEEALHUSNCTRRRETHEC L ONIEBL0CTU+RER

R1. UCOEEEMIES & U RIS

RISOHNE B i e RIGHR A BUSEE KRE

I B-7NIAFAOLTYFAE WEREN 300C,1h MAA EBTFL 60T  1.0Ma
BAPKEILRG (rgXAREY  Ni/TI0e  400C,1h : _

I a,B-TRE7LTEFD Co/Ti0e  350°C, 1 yuby  xFJ—k 0T L.0Wa
RIRAPKIALRIS (LRI FAFEL

W 7% OESKRILRIE Ni/Ti0:  300C,th  Jx=A x¥/—L 30T  0.1a

BREIS) o FRFLY

Co/Tite  350°C, 1h Jzol  xZF-A T 1.0Wa
. FEFLY

Fe/Ti0z2 500°C, 1h Tz LN 60°C 1.0MPa
7EFLY

oWV Z - VBEDEULSEF-ERBELDS



2. Ni/Ti0MEC X 5 7€ BB FLOL ;O FAEEBIRRILRIG

ik pi- v De/mm ra/mmolemin™teg”! ov/3
IDEMITSU UFP  300°C,1h  26-28 0.0 28.0
JRC-TI0-1 300C,1h  21-23° 0.17 =14,8
JRC-T10-4 300C,0h 2428 0.51 0.9
JRC-TI0-5 300C,1h . 31-34 0,05 31.7
IDEMITSU UFP  400°C,1h  26-27 0.62- {48.5-
JRC-TIO-1 400°C, 1h 28 0.02 333
JRC-TI0-4 400C, 1h 31 0.51 41.8

Ehikd NOWBTEAHNIVH-CWRD, 0VH
BALRELOEBHHETE S, JRC-TIO-SWLREM BN
XANICOWMEFEANELAERVRYD. BT#O MM
FOIHARELRY, ~HEVEMHULDREIRD 2 k.

3-92., EHEOIOEE CoDlet KEVWET T AL
- L AOBHRERAELRB T EH Co/Silell Db
THRXA TV S, Co/Til:MBOFHEBRER =
ILFTESR, TitOBBlL IV KREIELL 2. W
WHOBTEWIOCHUTTELAERT T B IRC-TIO-3&
JRC-TIO-5T i CoDDcHM A XL RV BEFEHTHEI N R
PRGN B> e ThEH LT, 1DEMITSU UFP
~TiO Tl Co-BHEMBEREREUERTR T VWA
AR5 5kEH. TOBRLLOERT I MERCoOHRET
OBLET. BHUBRINBREVET IS0 %
2oh3. CORRTHE. MERTREESRRET I L
BRRERHERBULLBRTZIZIERDP TS LN
2T THEELTEEEZEET S JRC-TI0-4HWT
ERULEMESEEMSEVBREETRULEOE. TOH
FHEOBEETHLSTBENS 3.

3-3. RIEDEHNT3Ti0HEEN ,Co,FeiFD R
SEAELF U R, Ni/TiOTll. WBowrLho HE
VRBiEYr. FTH®WELUTS0:2ELIRC-TIO-IRAVWE
BMEORRUENELR>TB 0. Fe/SilcDFAEMH
. BERBROFRIRE L

Ni

IDEMITSU

IDEMITSU

l
. TIO-1
)
i
1 TI0-5
i
1
| | { F I I
100 300 500

Temperature / °C

BE1. TiD:38&Ni,Co,Feli¥d

DT GHi#E CHe e

crdbh ok, TOMOME  R3. Co/Ti0MENTES YT Y7AFE FOBRIKELRE

T, DeREHRTIO O MM Atk WAL Do/om Sun/¥ Ssa/%  re/mmobeminleg!
kDI A M RRHERXEE  IEBMTSUUP  350C,h 17 15 1l 8.1x10°!
. 2= JRC-TIO-3 30C,1h 25 24 9 7.8x10°2

ETH oo KR MBEE pro 30C,1h 17 25 10 2.7x10°}
EEEEATORREBE A JRCTIOS 3BOC,h 28 20 - 3.7x10°2

—45—



4. Ti0:488 Ni,Co,Fe MUEIZ & 57 2 o7 F L Y OB KTLEE

JEREE iBiE Do/ re/mmoleminTleg? S1a Sse Sea
Ni{NDa)=  IDEMITSU UFP 28 8.7x107? 87.0 83.3 86.9
Ki{NO3)2  JRC-TIO-1 22 5.9x10°1 92.0 92.1 9.5
Ni{NOs)=  JRC-TIO-4 24-28 9.0x10°! 38.0 88.9 87.7
Ni{NO3)2  JRC-TI0-5 31-31 2.6x107} 88.0 88.5 B87.7
NiS04 |DEMITSU UFP 25 3.7x10! 95.8 93.7 92.9
NiS0a JRC-TI0-4 18 4.2x10°} 94.2 93.8 93.4
Co(NOz)2  IDEMITSU UFP  13-16 2.8x10"¢ m™m.5 173.8 -
Co{NOs)2  JRC-TIO-1 18 »5,0x10°? gi.1 90.3 -
ColND3)2  JRC-TIO-4 16 4.7%10°1 - 76.8 -
Co(N0s)2  JRC-TI0-5 3 <5.4x1074 *57.5 - -
(oS04 |DEMITSU UFP  12-13 >5.5x%1073 94.5  82.0 -
Fe(NOs)s  JRC-T10-4 »>50 T.3x10°4 80.4 - -
Fe2{S04): |DEMITSU UFP 20 5.0x10°4 92.0 - -
Fee {5042 JRC-TI0-1 39 9.0x10°¢ 94.3 - -
Fe2(S04)s JRC-TI0-4 29 6.6x10°4 91.8 - -

oL B Dok, CORBE. Fe/SI0:0EARBFcONBEIELRIERRELN
A+ B EERELHUTWS N, NMBIIHU T structure insensitive TH 3 &%
A oh 3,

COREOBRRBEC NI 2REHRBEOEOY R U Co/TiOOWALHHEU K X v
Fe/Ti0:TH R dhbe WIHhOBEAL D, WEE_-_SLrBRESIEAVTIAMULE
Fe/Sit it O MR REIRERL Y. BENEORVEBRMENB SN, RILRI0HD
BATLHEEIVETURD . —H. ThoOoOMBORHEY. MREOFELZHNDOSY
Ni/TiGa>>Co/Ti02 > Fe/Ti0e T H o ke Lo T, M= LR RC-TIO-12 HWT
HAPLLEHREESIONI/TICHMEN. SHOTHVERIEENIVERELEYSE
HUuMBTH»sEEbh %

DEORETHWRN CoFeSHOARMBOBRINFEET L. Ni>Co>FeD TS Y,
A—aRieow T, Tit:OBER LY, JRC-TIO-3<JRC-TIO-5<JRC-TIO-4<JRC-TIO—I
<mmwwmemmﬁﬁ—ﬁﬁﬁﬁﬁﬁﬁEﬁﬁﬁﬁﬁﬁﬁb~ﬂi%hm<<mof
V5 TORER TiOBBMRLIVEAROMBETOLROIPHERTFESTHRRY,
structure sensitive BEISR AT I FEHORAUEBER > TL BT EHhh o k. £ ks
Tig: FOTHPOHREL»ERT AT, & r JRC-TI0-1W & % h St RIE W & - TEA
FHROWREBRTZIENDD o ks

(BE£XR)D
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