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1. & B # &

Table 1 List of new series of supported metal catalysts

Number Mark® Metal content Preparationb Material
No. 10 JRC-A4-0.5Pt(1.0)° 0.5 wt% IMP(ads) HyPtClg
No. 11 JRC-A4-0.5Pt(0.5)° 0.5 IMP(ads)  H,yPCl,
No. 12 JRC-A4-0.5Pt(0.1)¢ 0.5 IMP (ads) H,PEC1
No. 13 JRC-A4-5.0Pt(1.00° 5.0 IMP (dry) H,PCl
Ne. 14 JRC-A4-5.0p£(0.2)° 5.0 1MP (dry) H,PCl
No. 15 JRC-A4-0.5Rh (2)% 0.50 {0.035)°  IMP(ads) RhC1,
No. 16 JRC-53-0.5kh 0.49 (0.060)°  IMP(dry) RhC14
No. 17 JRC-A4-0.5Ru 0.38 (0.040)%  IMP(ads) RuCl;
No. 17-2  JRC-A4-0.5Ru(2)2 0.49 (0.15)% IMP (dry) RuCl
No. 18 JRC-§3-0.5Ru 0.51 (0.13)° IMP (dry) RuCl,
No. 19 JRC-A2-0.5Pd(2)% 0.48 (0.050)%  IMP(ads) pacl,
No. 20 JRC-83-0,5Pd 0.52 (0.080)%  INP(dry) pdC1,
No. 21 JRC-A4-30N1 28.72/63.47 DEPOSTN NiSO,
No. 22 JRC-A4-SONL a8.44742.980 DEPOSTN NiSO,
No. 23 JRC-53-30Ni 26.,46/60.98" DEPOSTN NiS0,
No. 24 JRC-53-50Ni 43,20/41.38" DEPOSTN NiSO,
No. 25 JRC-A4-5Ni 5.0 " IMP{dry) Ni (NO,)
NO. 26 JRC-8345Ni 5.0 IMP (dry) Ni(NOS),

a: Ad and $3 in the catalyst mark stand for JRC-ALO-4 and JRC-SI0-3, respectively,

used as supports. b: IMP(ads), Impregnation (adsorption from solution); IMP(dry),

Impregnation (evaporation to dryness); DEPOSTN, Deposition on support by Na2c03.

d: Second batch. f: NiO/A1203 or
10 to 14 were prepared in Univ. of Tsukuba, No. 15 to 20

in Nippon Engelhard, No. 21 to 24 in Nikki Chem., and No. 25 and 26 in Tokyo Inst.

Tech.

c: Expected dispersion.
NiO/SiO2 by weight. No.

e¢: Content of chlorine.

Table 2 Property of supports
chemical composition (wt%) surface pore
. area volume
5102 AIZO3 Fe203 NaZO SO4 Ig. loss (/) (cmslg)
JRC-ALO-4
(2lumina) 0.01 0.01 0.01 N.D. 174 0.66
JRC-510-3
(silica gel) 95.78 0.55 0.065 0.305 0.030 2,52 183 1.702
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Fig. 1 Flow schematic of an example of apparatus.

1, gas selection valve; 2, stop valve; 3, flow meter;

4, flow control vaive; 5, trap; 6, thermal conductivity
detector; 7, injection port; 8, sample isolation valve;
9, guick connector; 10, sample cell;. 11, pressure meter;
12, soap-film flow meter; 13, furnéce; 14 sheath of
thermocouple. '
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€O ADSORPTION MEASUREMERT

CO Adsorbed

No. Catalyst pmol/g ml-STR/g : CO/M -

1 JRG-AL-0.5Pt 23.5 (10.8, 11.6%) 0.527 (0.242, 0.260%) 0.91 (0.42, 0.45%)
2 JRC-A4-0, 5Pt 20.1 (17.4, 17.6%) 0.451 (0.390, 0.395%) 0.79 (0.68, 0.69%)
3 JRC-44-5,0Pt 190 (120) 4.25  (2.68) 0.73 (0.46)

A JRC-52-0.5Pt 5.46 (3.72) 0.122 (0.128) 0.21 (0.22)

5 JRC-5AH-0. 5Pt 14.2 (12.3) 0.317 (0.279) 0.43 (0.38)

6 JRC-SAL-0. 5Pt 13.6 (12.3) 0.304 {0.275) 0.36 (0.33)

7 JRC-Z1-0.5Pt - {-) - (-}

8-2  JRC-A4-0.3Pd 34.7 (13.5) 0.777 €0.302) 0.75 (0.29)

9 JRC-A4~0.5Rk 66.3 (44.3) 1.49  (0.992) 1.36 (0.91)

10 JRC-A4-0.5Pt(1) 16.2 (17.6) 0.363 (0.394) 0.64 (0.69)

11 JRG-A4-0.5PL(2) 16.8 (15.7) 0.377 (0.352) 0.65 (0.61)

12 JRG-A4=-0.5Pt(3) 6.76 (5.87) 0.152 (0.132) 0.26 (0.23)

13 JRC-A4=5,0Pc{l.0) 178 (129) 3.99 (2.89) 0.69 (0.50)

14 JRC-A4-5.0PE(0,2) 25,4 (18.9) 0.568 (0.423) 0.099 (0.074)

15 JRC-A4~-0.5RR{2) 50.3 (58,0} 1.13  (1.30) 1.04 {(1.20}

16 JRC-53-0.5Rh 11.4  (13.2) 0.255 {0.296) 0.24 (0.28)

17 JRC-A4-0.5Ru 4.60 (22.0, 22.4%) 0.103 (0.493, 0.502%) 0.12 (0.58, 0.60%)
18 JRG-83-0. 5Ru** 1.22 (2.75, 2.27%) 0.027 (0.062. 0.051™) 0.026 (D.055, 0.045%)
19 JRC-A4-0,5Pd(2) 31.7 (23.5) 6.710 (0.526) 0.70 (0.52)

20 JRC-53-0.58d 4.82 (5.03) 0.108 (0.113) 0.099 {0.10)
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1. 7 CHARACTERIZATION OF PLATINUM ALUMINA
CATALYSTS BY SURFACE REACTION,

JOSE 0. HERNANDEZ,EDUARDO CHOREN,GEOMAR ARTEAGA,LINA EL CHAAR
LABORATORIO DE SUPERFICIES,FACULTAD DE INGENIERIA.

45%) UNIVERSIDAD DEL ZULIA. MARACAIBO.VENEZUELA.

69%)

Since the mid 1950'5, a number of chemical methods have been propo
sed for the determination 6f the fraction of exposed metal in supported metal
catalysts, ~specially platinum on alumina.

The most-frequently used are the C0 chemisorption, hydrogen chemi-
sorption, and the titration of oxygen with hydrogen, even though severe objec—
tions can be made con all of them. The CO chemisorption which, it appears, is
gaininpg preference because of its simplicity, is affected by the undetermiﬁé—

cy caused by the coexistence of the linear and bridged forms in unknown pro-

portions, this is aggravated by the fact thal the metal despersion favours’
the bridged form (1,2}. The titration of oxygen with hydrogen (3) is objec-
ted because the oxygen chemisorption does not follow the metal surface chan-
ges (4). Einally, the hydrogen chemiscorption requires a careful surface clea-
60%) ning and lacks, as the €O adsorption, of a defined stoichiometry H:Pt (4,5,6).
.045%) Moreover, this variability could be due to activation of the support {7,8).
The gfeatest weakness of this approach is the fact that the se -

— arched properties are not those of real interest. For example,to calculate the

2 turnover number for.a given reaction, the necessary quantity is the number of
active sites, veather or not they belong to the metal, and notthe number of me
tal atoms exposed to the reactor atmosphere. This is so . because neither all

T of them are necessarily active nor all the sites are on the metal. The quanti-

ty to search should be the specific number of active sites (per gram of cata-

lyst, per gram of metal, etc.) created by the metal presence during the pre-—
treatment.

In 1968 Boudart et al.‘StPESSEd that "for systematic studies of
catalyst reactivity it is essential to use a test reaction which is not de-
manding" {9). {The underline is ours}. A reaction which fulfill the condition
of being not demanding andleasy to perform by the pulse method is the ethyle-

ne hydrogenation (8). The hydrogen chemisorbed at high temperature {during
the reduction process) is titrated with ethylene pulses at room temperature;

a part of ethylene is hydrogenated to ethane, another part is adsorbed on the
metal armda third one remainé adsorbed on the alumina. Later, a sequence of Ey
drogen pulses are sent over the catalyst, always at room temperaturg. This hy

drogen reacts with de adsorbed ethylene arfireplaces it over the active surface.



E ti H =
T reaction: 2 H(s) + 2 02H4 czr{(5

HTE reaction: C H (s) + 2 1, 2 6t 2 H(s)

+ C H {s}

1f a second titration with ethylene is performed, less ethane is
prodruced, but the quantity adso;bed is identical with the former, and the se
cond hydrogen titration repeats the values of the first. If the cycle is repea
ted several times, the reproducibility is better than 5%. Tﬁe difference betwe
en the ethane produced during the hydrogen titration ardthe total hydrogen con
sumed reproduces the HC {in pmel‘tof Hz) if this was determined at the begining
of the run over the clean suface.

Some of the advantadges of the proposed method are the following:

- The product of the titration, ethane, is quantitatively collected
and measured. l

- No hypothesis is necessary either on the reaction stoichiometry or

on the nature of the active sites {on the metal or on the support).

- The only supposition of the proposed method is that the sites
which are active at room temperature will be active at the reaction temperature.

-~ It is not necessary a ecleaning of the surface after the reduction.

The method was applied on the samples number 10 and 11 of the Commi

ttee of Reference Catalyst of the Catalysis Socety of Japan.
. The determinations were carried out with a measuring set up desig

ned por pulse experiments. The reactor used was a U-form Vycor tube (7 mm 0.D.).
The gases used were: dry and filteread air, hydrogen, Lynde, UHP, 99,999+, ethyl
ene, Lynde, CP grade, 99,5+ and CO, Merck, 99.0 % without further purification.
As carrier, He, Lynde, chromatographic grade, 99,9099+, and Ar, Lynde, UHP,
09.999+ were used with a train of purification. A column was placed between re-
actor and detector to separate ethane and ethy%ene. It was also found that it was

able to separate partially CO and Hz.

CO chemisorption: 250 mg of catalyst were placed inthe reactor and

pretreated following the Committee instructions. With a flow rate of 35 cm /mln
of air, the reactor was heated at 10 K/min uplto 673 K. After 15 min the gas
was switched briefly to Ar and then to Hz. The flow of hydrogen was about éO
cm3/min,and hold at 673 K for 15 min, finally, after a sweep of 15 min, the re
actor was cooled to room temperature (25° C) in Ar. The Co pulses were of 8.26
umol (a calibrated loop of 0.185 cm3 STP and zero valve dead volume). The resul
ts of this trial are presented in Table I. ‘ -
The detector response for hydrogen in Ar is 2.70 x lO5 counts per
pmol, and for o, 2.46 % 10 counts per pmol. The CO displaces hydrogen, a small
quantity of displaced hydrogen adds a great quantity of counts to the peak. This




'as

explain the results of Table I. Then, Ar was changed for He. In this case the -
signal of CO is fifty times greater than the hydrogen one. So, the liberated hy
dregen contributes only as a small error in defect.to the measurement. The ob-
tained values for both catalysts were far from the predicted. See Table II. The
previous cleaning of the surface by heating to desorb hydrogen did hot give re-

liable results, either.

Table 1 RUN 1 RUN 2
. PULSE _2 -2
0 t 10
Detector response to the counts x 1 counts x
first and second pulses of 1 4330 4468
CO0 with Ar as carrier, -
Sample 10. 2 1915 19
Table II SAMPLE RUN nl /;gt CO/Pt
Chemisorption of CO on :
samples 10 and 11, (1) 33.6 0.29
10 {2) 34,3 0.30
(3 79.9 0.70
11 {4} 84.9 0.74

(1) After the standard pretreatment the sample was cooled
at room temperature and immediafely heated in flowing Ar at 10 K/min
up to 673 K. Then the reactor was cocoled again at room temperature and
the CO chemisorption measured.

(2) The sample was treated as (1) but after the firstcycle
of cooling and heatiné, it was cooled again and confined overnipght in
by-pass. After this the sample was subjected to a second cycle of hea-
ting and cooling before the CO adsorption.

(3) New sample, standard treatment, but He as carrier.

(4) Standard treatment, carrier:.He,

Ethylene hydrogenation: After the determinations of CO chemisorp-—

tion, the‘samples were pretreated as before with the complete sequénce of 15 min
of air, 15 min of hydrogen and 15 min of Ar, at 673 K. At room temperature ethyl
ené was sent through the reactor with the same loop used for CO to determine
ethylene titration (ET), that is, the quantity of ethane (EtE) produced by the

chemisorbed hydrogen. The Number of Active Sites (NAS) is calculated as the num

ber of active hidrogen atoms per total platinum atoms:

NAS = 2EtE (umol) / Ptigeqg (umol)



After taht, HTE, the hydrogenation and replacement on the surface

of adsorbed ethylene, by pulses of hydrogen is determined. The difference be-

tween the total hydrogen consumed (HTE) and the ethane produced (EtH) in this

step gives the chemisorbed hydrogen. The ratio H/Pt is given by:
H/Pt = 2 (HTE- EtH) / Ptygeq)

This results are shown in Table IIIX.

The NAS values are very sensitive to the catalyst pretreatment.

Table III shows the increase in active sites created by the metal by the sup-

port by spillover.

: Time of NAJS

Table 111 SAMBLE hjidrogenation s H/Pt

Ethylene hydrogenation hour sites/Pt . | atom/atom
on catalysts 10 and 11,

0.25 1.2 0.83

10 1 2.6 0.84

10 4.3 0.73

11 " 0,25 0.91 0.87

ACKNOWLEDGMENTS

THE authors are indebted to Prof. Carlos Vinantes for

many helpful discussions.

This work was partially supported by CONICIT (Venezuela),

through Proyecto CONICIT-LUZ S11-~198.

REFERENCES

(1) GRUBER, H. L., J. Phys. Chem. §§, 48 (1962}; Anal. Chem. 34, 1828 (1962).
{2} EISCHENS, R. P., "Advances in Catalysis". Vol X, Academic Press, New

York, 1958.

(3) BENSON, J. E., AND BOUDART, M., J. Catal. 4, 704 (1965},

(4) WILSON, G. R. AND KEITH HALL, W., J. Catal., 17, 190 {1970).
(5) SPENADEL, L., AND BOUDART, 4., J. Phys. Chem, 64, 204 (1960).
(6) MEARS, D. E., AND HANSFORP, R. C., J. Catal. 9, 125 {1967).

{7
(8)
(9)

SINFELT, J. H., AND LUCCESSI, P. J., J. Am. Chem. Soc. 85, 3365 (1963}.
CHOREN, E., HERNANDEZ, J. O., AR?EAGA, G., ARTEAGA, A., To be published.
BOUDART, M., ALDAG, A. W., PTAK, L.'D., AND BENSON, J. E., J. Catal, 11,
35 (1968).

— 22—




’s

1. 8

Tt ®uENifatkaoc , 0%

(&% T) O T, nEM B, Hr WE

B RERBENEY R cw, WREE  RIR,
R LS TRCG-A4~30 N (Ne.al )

TRG-383 -3 N ( No. a3 ) :
MRTE TODELERAR=LERERBL o v 2EBE® 0 ZHREAT- |

ER BT wgrzheoBAERTF L LATER n st ER 24 TIPS
vl B PRABEPX70R oY T3 —e@ v 2FEYEE.F® LEY, Ho, o, NO

Al S
NE R e r s KEE W 0rd wl , Nok e AR
A036s Nt ER UMV RETHE }*&
2RoR. LEM 2T 2 A VEBBE oY
s nﬁp%luomsooug SN0 e R oA l.om?,om&z-iﬁ
>k,

Fmmass  BEefEReesbLBo b,
W% o FREFRRIHRoOBERTI, MR
PR -Es%nt > o XN R o BmnER:
D, 2BDEER LRSS MERL &> wds 2
BEETOS. Wl o Hs Heleth ) TRE
BRBE R s REERTY, o, woRE MR
5 49046 'C 0 B 2047 5 T

hLERT oBEr, 250, 30, 450, F2F,
ocasE =Lk,

BREE onrwlabstiloky oA
EFrEnaEaohMmERl, GarciL k.,
R frash et HaET £ T0 FRBIT L A
=% 3.

AT AL T ERFI R ENN Ty
PR EREYRENE) AR BER Yy
vieh e 3,

N 2k ess aWh t 450 ¢ kMK
PG ZL O AMP B nEa, o
Ere e m il BoRReirn T O3,

B bron2 @b et n. T RE

BRES teeb e 0B B,

CO adscrbed [ mifg 2

[mifgl

NO adsorbed

STl RETE LIHPE OBL, 00K

&60r ("
® JRC A4 30 Ni o
L0t 157 mg °
O JRC S3 30 Ni
250 mg
o]
20t
| - m/l A=y N
ot 400 500
Hy Reduction temp. [%c1
@ 1. cw %
I~
e JRC A4 30 Ni 17.9 mg
DIGF © 53 JONi 278 /
Q\ |
<
Q081 . ]
Q
[o]
/ o
. . o
17 . . .
fresn 11 200 400 600
H; Reduction temp. [ °c 1
Ba. " fo epE
w<B D)

om@Ea st n @it a B aerh o, £, co s 0k

I
LI

ALk <

1{1bh




1.0 SwREscds AR EENE

(XRIRA) O—FRF# Ha 3H
g8 %

1. &

CONLAE RS DIRESEROHARE T, B nBhERERNHAZ . Pr. WL A
Ao wTEwEREER, LPLTIRD. M. R0 0F. 7 LR e o £
RIFL. PEOTHBREBIIL. BIL v S BABRRFEI N0 A,

$ 17 ReFEREER .S EREIY 2 as EEAR T L ims ). BREAERE
AR B2 LERMK,

R . ARH A

Figl k&4 & 277w HE ABRELE <. s BERE DG 1 0T aHLSE
CBUHMRF3 00T o RELE.

Bt BB LS A BT, X-ALaDo - S RVIMERLKBELE Flv 2 WEXEE TS
YARL .

WROE . B Melal - SR-T - L LIRFHRL &,

|
|
|
I

MIX_GAS o SAMPLE PLACE

OVEN

CLALT? FTIRS  BATT HIT od I




3. ARGX

ERATY
35 K . CO )

v Ak B Er AR L A R
ln £ /7, JRC- A4 -0.5 Ru 0.32 38.1 0.07T6 63
%8 ? 18. JRC -S3 - 0.5 Ru 0.0k 4.7 0.03T 37
A o JRC-A4-05Ps)| 045 | 78 0.063 | 7T

11, JRC-A4 05 Pr() 0.40 69 0.048 59

(2 JRC-A4-05Pt®@| 0.10 17 0.013 |6

25. JRC -~ A4 —- 5N 6.56 3 0.451 16
2S& 51 JRC - A4 - 30N (1.4 3.2 0.814 7
s b |72 JRC - A4 —50N:| 9.4 5.1 \. 208 5

RO &S K !
4. EE

ARGREADE. Pc>wR . COBRBES RALHEHRFV-BERL DV A
Ll . R N BEMERWIT. BEAETRZCE, 202, 2afadn. AR
S ES 2 ath. AEHRLAE) BRKE AN 0 BAGIAT - I K
Tin S HET23 T 0,

SalB e 52 8. ARRROREINACA DM AT ERAT - I LB LADY
TEAIARM.



1. 10 A ﬂﬁ?‘%gﬁ&i@%ﬁﬂi — BHEN RO 2 —

 BAB , REAB, AoR= (2EMk BET)

, f#fwt%% M. lf~N026

BIREE (T BHRAFEAE)

ACYELYEE fd’*o\U'?ﬁ’/ﬁ"?Kt)l/l-7“/7%1/0/6‘3%%/* rxtB o, Tite

ﬁlﬂi’&»’i”mvﬁ& ~N)GOR BT, EIBIERRFE QR E, 271y
WAL BE M o TEM ) AE R RN3,

A 2038 . |
HF 500°C 369, 1 A 1% He F S00°c 1" d0 % AR%0EBI1£ BB R AT,

BIEFEE

1) 8B 8%0 7 BB R@ 1 17T,

2 ETLFUEr 0T 5 co, Ha, Ol kbR E I 1ndea R,

DR (BR)ER A3 cOBRERFFREE 2057,

P E2, B3 1z 02085 F o LR IR HIGIE (HE 2T FE 7), 084 o BRI
* TRTIF T,

%R |

N oREH R, Ak ds ToRE-JA K EC B3, 13 70 > 70 o,
Ot 5 T FHRATCHAR G 7=V " & T, Hat COX TR TS A,

) AR WA R Vawt) ENCE R K L EER 2B nn g 34 T
E it JoNL T TRA (1% 5’01\/.,&/7!. AT CERING. = o rhBI1241E F
$EFERA) A 1REAERT A K o 7= 12 R S 3 (38 1B 1 Fm3d"),

DHre B ER)BR ey ) BEENERI, KB EE U, BRA BRI
BB H 1AL, FREBBELE L3> 5 ) > P a i ants
VRIZFJRE BN REIRIAT RIS,

4)02’"'1&%‘&’4’ Wl%a?"' B/E I RV R LTa N LA R s 12, —F Mo BEEC
M IBAol T PtRACEY tAS e ELohIa T , /ﬂigfq SEoh bal,
a DAY IHT T BR R EAWR U433 D,




‘DE/G)

Ry

\ ﬂlﬂ/

57
oF
3*\’"‘),

ot

"3

213

a Oy

soml/nenz

¢ )AL A E R E1E
£2 COoogh B, AfnrHiB/E 1RG4 (misg_cat)

SR B RN ALY 27
A et P,
g iz
£ - i s ':II.| HEA
ET- 1] (!
‘i ; = e = : ‘ L \'-5_:
£E1 BfEH'Ran8 B & (mlfg-cat)
A *"'}’ cCo Haz Oz
No.2| JTRC-A4-3oNy 5.6 ((5.5) 2.7 (2.97) (6.6 (16.8)
22 A4~ SON, 5.9 33%23 267 15.8, 1479
23 S3I-30N, 094 (2.8) 091 (072) fd (26)
24 S3-soN;, | 157150, 233" 2.6,2.8 /0.1
25 Al- 5N Ly a4 04§
24 S3- FmM 025 o.15 o075
CO; £64"Z2 o.5mi/nnz ay 1ml /o X
Hat 9.3%Ha /N, 2.5 mi/lrPik b) aSml/pez ) 2a5mi/ oz
Oz} 19.3%0. /He

oM 400°C #50°C s00°c

No.xl JRC-A%-30N, 2.33 %51 5.60%
2 TRE-S3-%0N, 2.02 /.28 1,57
d) fmi/nwz

i o, 5wl /g



g2 on2fe B3EoERRIE |
w7 2 BRI L= s w0 ¥ L4 B
iR M k0% x [y > He £30% x/ 4.
sz v O (BIRIRER, 014K Lhe)
' -V)?aﬂ-ﬂ'— - 0.?-»10\{'3(//2&}5‘&1) . L

s s
] % .

| T
o) pat
3
>
"E_‘”é’“
an
§ -

ef

a,l.z. oi 2 a1£ ai? /.Ia P8 :

ez /BH & 0:5ENE (ma)

B3 0084438/ (h1st2

-3

,,,,, 3ol
e
>
R
o {
wol . ‘
o _
S @ won 7BEE
4 e p-deny)
O @ R senmy T
L tthred s}

© 1RFR 1 0s 145y,
fme

@ #snIT 2 Mlorxded
o . Medmtxidep

o 1 I 1 !
00 -Jv +fo > 00

4 .
1B BA )

|
;(_\_ — 28—




1.11 SEABE IR

B « SRR Gbark, Aagd, RHEHN, taBE

. NihRag
1. AREHM
11 N ABERE M2~ No2t ‘
12 % ¥R :
A-30Ni, A4SONi mﬁfz}% SO "% vy, CORE NBIESF 12 Ni(CoJe ¥ E B L L
EFHCELEVCwIRABELE, 20, SRy oRE By rHliBE= v
yVERMRL T (lenfkit o8Bl omE A ®r ), Niowsl 758 ¢ 28%

% ( kNA=1), 50% o (KNA-2)T B Y , S free nNi-AkOs BB EIRE L Tx~ 7779
N¥- 23 Jeff - o

2. BHRF A

2l Ersei

AeERY Y- 7L 9 TRTGOARE ), BRtEKE e & 2 ENEERD
o RD e REA L RE 0 alin , 3/ﬁzlizo°c/mn Thd.
22 nsrfﬂ

i 8
23 BAEIR
BENECER e Avriifirsns ), REIRRRAH v T, ORE -T2

REWIHELRE. 48, 0oitPdA Y IARE CHARME L TR EE
- 9wdBEnsi vt Knr. BHoNREINENBE TISHMN L
Er (R Dnfnin) LIk, FIRET T MR L 12,
24 CORE

ERELY IS N-RAAe) F - IMPe-]l 2 AV, BB Hw TOREY
L, 0F0wE T AR L oA BRSURL Enr. HHOHGLE 0T
ISEHEBELL A, FIRE T HSHMBR L
3. BRHS CAR
3 BwBRHoxxI7799% -39 >

WAL 20 B A EHL KR LE, KNA-213300°c AL TER S WDdA =9

Tt 500°C HETERIRBB= o LR Y, AMSONNETECEML T v,

~X . KNA-1 BB=9 5 W THY, =2 FWEATR2AIN L3 RA-> 1t
A THD LD D,

TEMR & OBEL AT 0%, R, Rotbo KBS @2 v4R 7T 4
ARGE>T R BPREARKELH, XBERNF Rz rveP LT IRAL
TR PPV P RMUAT () FERLT 0B XD, & BT

PERN F3CL, W THAL, HALL LY, WO HIM,



BV TEEIFARETTALC, 703 TRIARVAREST e L TERY
Tvbe =OHIENRSY ., TOHBRULEBHEIRS ¢5 ), AL
NoBFARLIAY. Fr,EDREY oSMRE ] ) ARONR S I
BLT WA, wma’f)ﬂ'*f}llﬁ'p TH ’)N:'tr'Afzo.N:é'f7 TwaHLEL G
Be F[, PLITARIANAKET OMBIKKEF LE->T 00 204
AaiNA-l tBS RV AN EWETE L Ao K0 E FE D 21D
"o

Xe, B6ERLESE IR, WAZFONIO BHFREF B> THY), X0V
LA AGNCAERT B, 0S5 IENO BEERRE= y FuLRRL TS
SWONO cBMILEDNCHES LS, TIWITLNA 797758 yINEL
LiGv tELoWBe S 08T KKNA2, M-3oN, MSONER LMD ENTST
wEIrfFEROKIKONOEFRA= v vTHY, ErkiiinEL<>9
Ny Tdhe -F, HIeBELTERTENOCOEIRTRITELDA 2977
30 vOBRMNOTB=9F L ThHY, tOBETHIHT LY 2A8EE AT B
Be DY, TRITRIARHITLE FORMRBET A=Y Ly,
vy FRIFARE HYHT HELTERTILE= 9T hd. EDI4Y
FndaB=of vRTFaRIED, KNA-I nBbB= v wrr20mioh, b=
wivtie A< S VTR, ~EHEBZ 9T LORINI VRIRADET T ho.

DL‘ KNA-2

8]

KNA- (Bssfth) 0 TEMAR.

g 2.




E5. JRCA-30N; (AR ATEMR. Bl 6. KNA-2 (FERI)DTEHIR




32 WEF -9
Rl Hi%E, 0Bf¥, f:&vwﬂitTEHﬂ\vihf‘Mfi}ﬁ"fﬁﬁﬁ
LEo BTrREAP)I-I-w3XNROREABcdsEolike, 7=, @
§rads B Fricyy Knrodld cofbeiLE, '

£l AkBoi, orkE, HECNEIIAZ
Rt ta o Ho deyes®  diyren

i o “a nm hn
S$3-5Ni 4460 0.18 L28 0.14 8 3~40
S3-JoN; v 6.2 784 o8 6 e
S3-5oNi g 7.8 482 191 /6 4~6
A4-5NF \ 0.99 358 o028 3 3~ 5
A4-30Ni 4 4.75  FRFAD
Ad-5op; ‘ 419 L
KnA -1 500 618  13.28 047
KNA-2 4 589 1378 043

@ NMaEa¥spohel Tith.
b Nz ER L BRATFEIE Y 0T,

~~—— §3-30Ni
~—-— Ad-30Ni
KNA-1

—— XNA-2 150

150

100+

1007

501 50

o1 0.2 0.3 0.4
Adsorption amount { mmol/g }

Differential heat of adsorption ( Kjoul/mol }

2. cxnﬁjﬁ%ﬁ Z'ﬂt%i% f)“ﬂﬁ&. 9.8 COdlj%ig&:EinJEYﬁ\
o ERAB KTy 300k E
Brars& nl:0EAE




TEMOABEN L A LD €, Ni-SOHS 4R v A4-5N AN o Ky 313§ — 5P
SCReEN BET -9 LTEMORRL AORRBATIS S L ATt ) Cha.
EEL, SN ERVECOEBES TR BERETAD LHE (aNsEDT
twdegBimvn, Exdeipog v L (COBEELSKpNEEFTA KL,
TEM P XoEIRL ERLRS) REWEVECL S, F4a0%, Cadh:
AL, T A TBBRLIvwAINEHRTIER o0 edAL (vH e
ZKBe LAUVERY, KL T ISSHN , MSMFoNidthedbvird< 1%
%, S3IONM, SFEN] TWHOZICWA - R—FELTVwIATITwrLEHL 7
Qn

~X, Nicont. 0% wN-ALGROSREED A, B, BOB= 2T L AT [24),
BE T - TENABEERET 2RI, B o FWaRBAWH L E SY, ¥
FRELETRIZ L ZVWFIBISCARIAT VS,

I Prifsg
1. #FERH
No.10 ~ No. |2
2. BEX R
BAOFERS VYL M 8 2 R HSoo BRABEERI L VBR LR,
3 HR
@9~ BRENTEMRERLE.

B9 No.lo  JRCAF-O5PF (# AEL) OTEMIR



Bl Noi2. JRE-AGOSPH (AGHL) n kB R DERAFIEE

ﬁﬁ:/&ﬂ%@ﬁnﬁﬁhh?‘v AT B, ﬁrfﬁrrﬁﬁ-}ﬂwﬁt 7 -0t t &I,
CIREBHoRTELET.

5% AR
Lok E, Re, B8, 14 BEBHREFTRETH, 01982)

.—34_




1. 12 VA CO oJ bRz~ 7 VL ( FT-IR)
hXBE ¥ RAEN F4 FR

{ XAEBE M. 2 TRC-A4-05pt, Ne. 6 TJRC-SAL-0.5Pt
No. § TRC-A4-0.5Rh, No. 8 TRC-A4-0.5Pd

2 PIEEE AAEIRFT- IR (JTIR-40X)

3 FAREFA BB eRIIR, 20ma? T4 R 7 IKZ L. i situ #E2
BT S, CReRARMRR ¢ Hz ER (400°C, 15min , 20Torr ) 1%
wBRA (4oo°c, | hs), EBRACT we)T2, Bz ivy7 77>
FeplEE cozdx. FBroamBCOX~N 7L WeRIET 2,

)]
4 BEROAEE B[ BBBancoamBTrid,
@ PRH(No.2,6) AT
No.z ¢13 LEwifhehs 51 BEEEracoRET ¥

", No. 6T BEL A, Linear® (L) Bridge® (8)| Twin & (T)
B/L i EFw it 1 ¥ Pt |2000 ~2070| smold
FseFroni, v Rh ~2060 ~1900| 2100, 2030
13, WE R oaBy 2 Pd  |1980 ~2080|,800~1900

BN % . Bo Y S
AEn1i LB L ENS, No6 o zzz7enila - 713 H e BRI XT
sHuBeRbco vay BE~anBcorFrol,

- @ Rk (p.9) - A3
i Rk @ lior . L, BRroT2eRBab#s, FAre) LES-7 »F)
' T3% 05 L2 RIFBREZL NS,

EEN T

L @) Pk (No.®) - 124
Ly Mhker L, BESENLN3, H-BFe 53 Rk (o) RE (M.9)x
o WBT 2 e pEawdrHu, T XM et BT 3

Horv IUH

i



1 No.2 A4-05Pt |
W V%CO4 Torr

2054 Mi
: 35Min W 4 Torr
. Vac. |
] i SMin J\fJ i Torr
! C,
! VaaTorr
’ ) " 10 Torr
- 4 Tort

i(B>

1 - 1 Torr
' \ B

(L) , 2063 1867
— —_ 2069 2227
7 e 't?éu 1wl tue whe | mEo i%a | 3z 10
B 1 7 2

vac,
Vac.
QO0STor
\SCCMTorr

Vi
?g‘orr W
4Tore 5
o .ﬁzﬁ%?yﬁzﬁ%m
Read.Q.2Torr {Va:o aTort
1 4Torr
——"—\ M1 Torr

| No.8 A4-O5Pd

:

\vac.

S
2100 2033
/7

w (B)
T —T—T T T —T 2080
o Tz efa | tmee | 1 2% zobg 'l.séu T Tiedy | ks

3 2 4
ﬁ%canquzw7Lw

XK

O KR L, E® 18 ,3001(1980); BE, HRE , ivid, 28 757 (1980)

@ ¥z msspiehtet s




3. BrAE

R P S

7))

XL
i
2)

.13 N Bttt Eoynfd CONTINBYRAN T M

(BRL) AREFP &, M igh—

No. 21 JRC-A4-30Ni, No. 22 JRC-AL-5ONi,
No, 23 JRC-S3-30Ni, No. 24 JRC-$3-50Ni.

FT-IR (a4st., FT/LR-3)
FT-IR WA RESHE ( BAa%, FDR-5IH)

| /. EHOBEEEZOIZIOTET. RIT H.F AT

§30°C, /.54 ET.
2. FDRENLY ¥ . H AT, 450°C, 0.5 A E T
3. BB A% . Ha BT Back Ground FiE™
4. COICILR (20wl x2) SENYE . R4l ¢ i
x B E 8 256 @ (F/24)

Figs. [~4 |

I5E 0 £ (Vo) , Kubelka -Munk #E#L, X FEOLD ITES
TWEBHER, C, IS S0 T, KMAN 7 HV RBEME 0
BRBANT M- rEReT A.

Fly =z lel - & o

REL. kITOBER, S RELFRTHE ., 3£, Yo I RETEER
BIBMHBRIETHA N, T T TR (o533 RIS/ Back Growd
REFE) XL T $(re) 2518 | &,

OB UK 2R S ML/S5102 (23,24 > Ni/AL0s (21,22) TH B,
Ni/ALO3 HABRL 2 0T, T0EEER Lol T F T30 FaA
THA.

Linear / Bridge L 'R NL/S102 > Ni/AL03 THY | $£. 2%
HEBINET L BT AEAEAHS. THSIXENER L -RT 5,
TEMOAERE ) . THS @l il free VU NBPFERP D, 4.
froe NURSHTEIT 29027 5 Te NEE M T > 5%, Free
MR 229 YL 7L T | 3. AR AN AN 815 L O2E <
S5 TEBHSMTOB LT HIT, Ll EE=ITR TS,

EE fwEyY . &£T. /8, 301, 357 (/580)
L, B, 8, K4 RSEEAMEERRA S, P46 (/782)



0.0025
4 0.94
I
-~ 40.95
<
K \ &
10,96
'_‘0197
URN/LJ \jr0.98
0 1 3 | : 1 131,00
2300 2000 1600
Fig, } No.2l JRC-A4-30Ni
- 0.004
M —0.92
\ 10.93
K o
= -10,94
(W
10.95
0,96
40.97
0 1 1 1 1 -‘1.00
2300 2000 1600

Fig, 3 No.23 JRC-8§3-30Ni

-~ 0.0025

) -10.94
i

iG]

s 10.95
g

&

10.96

b 0|97

\ﬁ | 40,98

0 \_ T i I 1 L 1.00

2300 2000 1600

Fig. 2 No,22 JRC-A4-50Ni

0.02
I A\ |
|I —OISS
el \
~+ 3
\ J0.90
VRN
v {0.95
0 ' L 2,00
2300 2000 1600

Fig. 4 No.2h JRC-S3-50N1




1. 14  Ru, Ni ZB¥oTFD, TFR, RTDHR
(2382 % phmi) “54 B, a H=
1. WEHY Ru G ( .A/o.. M), N ER (No. & .23
Z. BIEHF R |

() TPRAAE < No. mrwl )
O BRI —— BHAE /ong cFEREE: F 48
R

@ WEEFE  —— e Qif ( /5 mikin ) H . BB (R0 c & 30mindETF )
@ —7"/577 ——  £0°C T PER (Fy 20mh )
@ .ﬁﬁ?’m —— #z ShADR ( He/t7 >R ) EWYIEL s0°C P25 FOC

7% zo c/win & Fifl
GEHasT e Me = 2 (H), We =1 ( #o) EE

@ COBERME(rnZE) Wo-2, BEARD
O B —— MHE s0sy EEFREGEE

) .
@ M —— He G (seo whn ) P Ffl ( HESE & s0mm FH D
e
@  BI  —— A HFEC 35k em ) 7Y R AW T R (K 5es )

Z

@ cOWNR— EFFeHco vz /[ ml £ 4BMULTLTDOEHE D
=

® coBERLNY —— Flho 2l /on R 2 FiAfs FAMEE cOENE e T

gEH Tt il

@ co2TPD., RTOHEB M. 17, BHE)D
O ffity —— HHE 500y BHFRLFF F28

@ s —— Kz g1z ( Zo eSmin ) @ ﬁfﬂ ( £50% & Fown fF1F D
@ I {w TP DG He = w18 4Py
' G RT O : fla = FFFE7

Ve Tad, ek o 9D




@ <O LT ——/00".:3-';,‘{6_0 7 /5/‘13. g 4@/»//,7(/1/,4;;5@ﬁ>

® £ ——JOOC PE BOCF L ROCn EFH L MA S S ERL D
) {ri) TP O M = (cO), # (coz) EFE

HRTPOEG . Me =15 (ctp), 77CC), #3(G) EPE

3. YRGBT

WO LEFE (V0.2 ) 2 TFRAGHEEH) #. FE OGS B 42
FREr FIHE( No-=l, 22 DELIZr T ELHE,

Kﬂf_ﬂ'ﬁf@ﬁ( e 17 s VN - LZ@/Z}/&I )2 60,7557'19.9/ P T em
BHAcH3 L HE.

4+ A7

W G AEE T WESE AR PER k> TEE K Y  E N0 LB -
DT - Mo FRIF T IS Wz GRF e TPREAGE AT D2
BE . F 2k 7 FFo~ 30 Ck sooc B~ o 55 LTI,

LGB ber . W BrRc Bz cOBEF oA 1T -5, &

Zaf o ot BT L EBHY b AT i< . s Er L ERL
. GRS S e . TPR TG 05 sk 2 F R
LEHPELA kI BT LT NI P FEIRI B GELN . Rliefngs
ctwe Wa Yy BY T OEBEEALTNE g tELLRT o

@ Ru HIER . IR CEY T MI IWFEGY R O o K
Hi LBt s s BnE AT koL I kTS, Dol L CO K
TPE . RTEMRFcsi>rme 9588 B3afr 2r A0 v 100 = 181§
LER B ffirfs e cOb )L cor ' B</HELZ 5. 202 LRk
Mt b Na O fheFrEBY . C-OBBIFEL AT NS S -1 A KT
Sa LFBRE COPFHfr f>8 Cr b3 ta i3 R 22 7TF
PRBELEMLTHY . M0 Fv N0 Lo Ru 8. B Ru 2 rfn =
L EF I HSZ . FE. cOr o LR e~ 77 l7. £ Py, fes/AlG P /5 0re
AN R A SR R T AR

— B T CO d REER EHOERG  JPAE NS LS R CIED

BiEs 534 . SRR coBERT ORI, F. —aHE H3 24
Sia. BE co @ Hr GAEFatpos AT b, e TS e BP0 &
E.AEFA LT O RuD . Je Re 85 HHE z 6 (‘,;yﬁ(zl}[f.@ﬁ,’@z/{'gg
G BT 5 AR RT DSl & 102 LR 9 b G E 9 £ BEH # %7
o E. 15m. coffffe coBETPOEBG . FRELAF ST IFECL cO T
HAPEHEL . o202 ERFF EREHJT I E. T2 (O oK ENF A e fU
Z - B o G Gk E LB B3 LR . &Y B¢ co s LT
fiffo Fr EHNGEE Lt jrflz 1135,




T Moz e T ]
R / \
! \
Q f"\ j’ 3\
) [ / \
g ! ‘\ /’ \
\"\“ { \‘ 7 \\
o 5
I ‘s \
i Ay
| \
| N
[ A
,'
/ N
M [/XID?'/O?J/,"'J . \\""--._.
e T Bl HORBBEE (M2 AN TIRAR R
L ’(’- 1 1 L " L 1 " 1 " | I
a7 zoe oo 00, see soo goe
a8  30°¢

52 & COBEF [par ] |
A2 32 € || e | o’ | s32%
z/
z

Addons | BaF | r257 | 593
330N | 235 ) A7 | 53

(ﬁf—j‘;?lbz 2D, A2, S¥PC 9)
MR AR T TE '

C CC/j-ca_t ] -
3

co BHEY
o

L3 /A\\
/ "'-\
rd \\
7 "~
/s .
Fd ™~ -
// \A
rd
/
//
-/ 2. NowEFile cofEE (AEET AR
. 22 A./ - 1 i l
b T s 750 2o

Ve B TBR 1



Co R
H

P ]

H i 1

|

1

i

_rﬂs.' KuTBHFEL - coé&,sf /52 ,?T&Aai‘.l,fa% _

gff;ff, coBE TFP Do U lcodBs kTP
AR | . g g
' Ao Tl i : ’ T - T
. | f !
: : —— A5 (1)
' i : —== zeen
%Jl}"’—‘ﬁ'ﬁ o off t i l —— L)
(a‘#}ﬁ) . § ?
3 A ?
N L A/I‘\'\.k
e 2 50 ge0 S g w0 Zo o 4o
Tfenp el Femp (%]
. gk
— S
—-"Zreen
Re/50e | poze ¢ 1 ? —— #(&) ,
(/K:t/f ™ R !
TReGraRf, 3 b '
g g
P Ly
~ger D
MO o jdo  ao  Fmo gm0 gee /m: OO oo gpD
Femp (0] Temp (2] _
» VR
|
|
Ru/atz | asss R
sz x
_ N — )
(Jfr—,#a;& s coz T —-" e
®
: §
X
co
T e 7"«;\9 479’ oo L Je0 ”;\; ;éo e -
Jemp L[7a1 Femp [=£2 :




1.15 BRI LR 7Lzt B ek A LG Lo
32 -2 7 IEl R ‘

X7 o PR T, 18470, §%E

NI, EHSESHEwiE A\ 2, BRISRYRB Y B 1,379 s LA
K2VTERTE TN, AL T4 Po BRI R A EF T - T Tn, 1K, SN
M LIEEE Byedn 4 L 7 4 SKEAPETIEN B AT 3 2-2-7F > 0 K F R A
.o thniGEtBE4R, '

Y5 )

) s

Q) BRBWLE ; 20T ) hBAA, TBRT U KRR, P TK) 1. 0omH3 2
Dol & WG ( P - NEHT< & WHIE) |, 120 Bt iy - %,
b) YHIEZE w31 T ALOL- 0.5 Pt ot 2 ( Mebr O AHIREE . 27 )~ 4K
ALD AV gL A G L1855 4, 11070 28001\ F AR 200C 3 h
VRNt a) 5 A) eRUaBETeTw L 1<, 260%,] h & Higitba T8
BI 0 ERE B ¥ Ok
2 Bk S WAt
Bretsy 0. /8 ©#40c 5 0.5M B0z ( RO soln) EKITLB , Xits Hinilik
3 2-2-7F VM2 omHy , O] 0.0 omHy | He 16 omHy 7205 BARE 57 EIB | TI
BBt sy, v, 180, BHH2w,. |, RRBEaot] e, aio B
30~ 0B FEACEE jo U TRATFE L, ERIE DA IR LAY TRENT
T2tk , AN N D4 BRI s 18R ., R0V, U AReiaBat
7012 NEFRC T b IBE 7,
B 5§ BR)
| 0.5 N D SoussRE s B A F el n 7V
FEE I EFIEARe A | T EGE 0 v BZAN T B, 130y 2 KEL
A, LR BT vo R 79 S EFEL s, HIDEBEA R D
w5 L0 B VBRT 2 R THE DN DT, FERATIEE n2 R W TR
t=. BeE 13 TRC-A4-05 P LR B | 12, Baa2B 3 A L EAaE L2 AL, T a
A L LT,
) THOTR &9 1mA & TBEeTEA T L,
W) TR 8 -lwa aﬁb‘$ﬁ%%ﬁ.?"§:’1 155,
W) AT DRpAIFAIDET G,
Wh 458, RPN BRI 3 A BE BB Y AvBBeard, 1vnZatki gy
heELlGo, % CRL)

tos |, EXEZRLGLI T hanb N, A @) 3 203800) & 258209 0 o 41F42)|
TH, 2o IBRE, BHth FRFES v P00~ p 208y | KHSLBRINE.

Tooaeds, L3I0 HE, TROETHET



21 BkaB Luc ot s 508

=iz F22s

YE IR M () Fack #55rn, 81 b)

‘X
(md fomty g-in)  n-pgy PGy A2IFs (K )ﬁ A4 512 AT
Rz 9or x 107 9.6 2y 134 v AL AL
PEatEA I )14 x g0 297 2.3 e S Lhw, Wamits
A i Jobx jpF 3.0 2.4 1%/ 1. »A5BFEERL X
A 203 2.93x% 07t 924 2.4 202 13.] PSEBIFESCA

Fig! (a) pretreated

(b) nontreated

ERE AN

5§10 HE b 4 % 120053

% O:c-2-c; I <, ARk O
At t=2=~ - -

60- q P T 5o b 2L 2T

4 1 . 4 Bgu. s 21 3%
QI ER LRt AT g Erg

40 [

20+

2 #EEX

P e N . -1 N e . ;ﬁvﬁc %Po (,)
B REBE e 2-2-PT 2o HE 1Y, TLEMEL»EE AN VR,

TROIND, f BlIBEL R/ Ro 1227 T AN AN AR BBE I~ E T b, £ SEEE
BFTavIho b 2) EHUIN, Dt PR BRCER ., 0 >t B Ts Bl
Lisav LNk,

3 AR
(2)KvEEFEEHLILT T, % I
Ehogatitats  dp ¥ ARk AR ) Bk

KEDT 5 RS
" RENE 23n 1T TRC-A4-0LPR(1)
EoT VG0 Mad  TRC-AOSPE)
BRe > 0T GBI L0405k 12
LR AT b,

Chag

(nd fonty g7i0) n-pgs ¥ty 297 (4D
J2ix07" RO 29 Je.f ",/
LoSx o7t Foob S0 1.4 4 ¢

£.68%/07% W R 4k 2¢b (2.2
(097x/57%)

(39exs0?y P23 (& /6.2 (3.9
¢ >R ELFAT ml oty g om?

4 Btk ‘

BRAEET , AFACER e fodo n-T2 Y g3 POl \ | B R 9 15 >
7 A2 b0 B, B tafERNNE B AL -t R3R B, T,
22-2-7F 2w d WFNRCES B REPEE =7 L To e % 2 Sh B,




-

*

5 #XEZR

A ERPE T GG KR T Wos 4o oL AT\, TRC-AL-05 P (D), ALDG -0 £PX (42,
Ehagv ThodGL 81 (a) i \ 1K PA R oNTL, 974 1\°7— >t F4Tn
Y, T 2L T T 7T PR T b et A > NE | 17T > A
/uo SUANABLE A oNE, 1 322-2-75 13 &), ﬂryl-Q—;m?ELE%fm\le Ay~ e
a2 b3 LB hWETHR ML £ D1 ;&’?ﬂl’,i‘i@?m D& 3 e an
BN BN VR-2-F v 5% t;wmm»g hE 7 wh, 2N Lo BT
DO BB CH b,

1 NN B(Iﬂﬂb’%? m@ivk? ffd) &7 DN { deuterium nwmben, fﬁj‘}‘%‘]é?—?ﬂﬂé
Lﬁ&)@ﬁmr e % ENELRp R 1E2hs BAL LA | A 2L R
1 b, BEErRb s BEERE o Fod 4a< M@méélé‘ +L0<t —OE A (A2
£9% P:V ARG BAER) =l B« HEBLF b LT

& L
gy, % n-7gy  1-T7L A-2-7Ts Bz ACE (4)
TRC-A4-0-5 Pt (1) & ¥ 4o 2.9 (o~ 28
7 % b 2.7 2.4 73/
TRC-A4-05P13) e b 3./ 2.7 3.5
ALOG-0-S Bt [t 2 b.2 4 2.3 j2.2
£h 8% 6./ 2.2 2.4 Y

PR S & XU

) EBEM  wBEE AR |, $o QSBRESHRAER, P2 (1151).
2} M. Kifa ., N kubota and K. Shimazu , Electuclimien Agte , 2&, 1180 (/957D

BIR & menibn ATH TS,
/7{ 2 m‘ﬁfMW? 14 ‘K?7 |
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—CRFVY ABEL LU AREREME—
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1, BE2BMBoRCEMLET 22BN EREM o MR . BUBRENRZ o Rl < B
Bl TS hn TR ARBRET 84, NE DS Q. Pr/AL BI: £ 5 GHBILRIS 1
BT, EEIMEE o BRA Lt cr g TA o> BEANERESE
BEHE, S5 k. RRTZAP o BEE CERLRMBEL Y. Eésr0d 2 L LR
T3 e RulBlEe., AFETHE. 8P /A0 M > 07, BMEME& S rfHAL
BUANMRR I VAR CRETIICEEHS < LE,
2. — o BBPL/ALG BE(No.1~ 3, No. [0~ O FR I ALD-2 e 1B48 © L 22 PtERTE (R1288),
ZH., YA KIS I ATIvE TEBEBBEAC N4 ~NT) 220 TRELE. GHs B
fCRici. AR o BERRABAEMRREB R o 140, &, KieH AEAET. G 10
do. OB/I% & VN 6l.0% TBY. BBoISARECIOM/mn MEFTFFI029TH, 2.
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AR WOARFoTF-9 e Ao, BARREBoRVBOTA R, 5. LEEE R
R7— 49 (XA Q) « F4 B2EARATBLTA) M 0 Turnover Frequency (TF)EBIE L . F7
PEALAE (M), HaBE B (HAt =D) w5 R sy Bl LE, dw=1135/D
3. ERBMENe2(05weh Pt/ALD- D AREBE T 2842 o MES EHIE2RT.
RTZECREEeL S HOCTIIEMAFE. REAELETFTISICHI Weod 24K
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Fresh B 70T RIGH R 450°C <138 £ S5 7> ~r AMEHE s M2 R 7T. &5
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BAYHREC-HTAFT -7 0@ N, —i# g BEP/AL: BB < 2 o TEM CBREA LA
HE. 3~ BBoRRAAPA0CKHETL ZF Y VA SRCAY, EEAREEM 2
BT CHFOE, e 0N EEMAEmE e TR, BEE T I TKE hbt
ESHA TE . CLRFYYABEABEANI AT, ABRERES. BEMHRKEeRT. T A UL
B ovEBROE Tt RMSSFELGAEEKEeF L, RE0ER 2. BF o
Bo Hall L & PL/ALO: GRRACE. Neobead L) 0 AT v KRR <« — K T4, $Eokpd o win. &
B L00C~TU50°C TAVE L BRAATE (1L 2 B AL QYT E L NI C A ARG 2 AN, KA
AEFALRFIVZAREBERT. &1, Y9 . VATNWET . TAZ4F £ BH% < L PLER
No4~T) T LT Y A BEAEBMTH AL, Lo XLOHBE 5. Pt- - Akl oR 1
RALBEL RN D Y MFRBAT NG,

EMEcH o (. SMUCBuBegn RCER : AFE L Arhenius 70 b 07— 4 & BE.
M3, 200°CTo TF (seDoPtlERAM e BBLAE. EARKBMERI IS 2T FEDS
WA O, PLRABOA: D BCHAM FEBNT 3 vurFo R v —RTAHE5EHNE.
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1) FRE. AL MPER. RBMIE FESA. BAMCTA R (179 U2), 1646 (1979),

2)

K. kunimori, T Uchijima, M.Yomada, H. Matsumoto, T.Hatrori. Y. Murakami, Applied Catalysis,

4, 67c (1952,



2.7 N 3 F

Catalyst - Alumina@  Alumina®  Alumina®  Alumina€  Alumina®
Mark - JRC-ALO-1  JRC-ALO-2  JRC-ALO-3  JRC-ALO-4  JRC-ALO-5
Composition (wt®)

Ig. loss 4.1 .

Fes0s 0.03 0.03 0.0 0.0 0.68

$i0; 0.03 0.22 0.01 0.01

Hag0 0.03 0.04 0.3 0.01 0.02

Ti0n 0.07

sf 0.05 2.00 N.D. N.D. 0.57
Pore volume (cm3/g)  0.67 0.72 0.51 0.66 0.41
Surface area (m?/g)¥ 176 298 128 174 253
Remarks ny-A1205"  n-Al205"  Y-Ala03"  v-Al205°  n,Y-Al205"

a: prepared by tableting gibbsite produced by Bayer's Process and by calcinating
at 973 K. b: prepared by washing precipitate from sodium aluminate and ajuminum
sulfate and by calcinating at 723 K. e: prepared by tableting and calcinating
powders of y,p-aluminas and gibbsite to form y-alumina and by calcinating again
at 973 K. d: prepared by tableting and calcinating boemite powders to form
y-alumina and by calcinating again at 973 K.  e: prepared by drying desulfated
aluminum hydrogel produced from aluminum sulfate and by calcinating at 823n873K.
F: measured by N. Nojiri, M. Nakashima and N, Ii {Mitsubishi Petrochem., ref. 3).
g: Surface areas of.ALO-1~ALO-5 were determined by the project mentioned below.
h: determined from XRD patterns by K. Mukaida (Muroran Inst. Tech., ref. 1).

The other data were given by the makers. '
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B iR - K BFFRA LEHES, HREE

¥z OREHRIGETSBA T, TRCALO-I 1N TRCALO-5 a 58BN T LS TR2vwT , B
RS VBRULABRERE VA, 1 off, REFPFESE AR LT, AR olBs
%), RETSEROTANERRE) 77050 t nBFWEHARSY, FHIY
RERGERR LR 29, RRATET )7 - KTIZ0, BBRAT, sa v, N
BRI VTN T ORWBERKIZENEC T r AL,

1. A4
ABZWHToo HERAHTRB (4R 0.2m) ERV, WRBE zooky K TR LTS .
BEAR O RIBART AR & AT - 2%
2. Hk
2.1. JRC-ALO-1
BIRRLRS )R, ¢~ 5 moRdaadl 5 BRIk R X 0 A FHE , 200
~500 i f8 T NEERE L 59 T RBERL ARy, By 7o 0Bt e
WiRLTve, ZaBHBATTIIIRIOAM AL TR, VATV
STRBHLEEOL OFHEB- (voZtvbrsd,
i, Rl o REBAL LR AMO I ERTI L, B2- &, PRRLRESIR
B, BRKKAREY , AHOEARRY S - R A3 CRAE)TH. S
SRGRR Fa HEAFIREKTH ), SR, S h 50 REBHEBBRE > TIFI L T
WERHTHD . G, Cnt3BIRAN BRI 6RAT HNTvdH .

2.2, JRC- ALO-2

A7z Tdeoum EREEIWRRITA Y, oA RFALEBRIEAS LR
SRS, BMEMEZNXS S oRFrERRAI T ), BMEEARSITNRT
IRTEHBRLT VS, So-FEl)RRRLEBIRI 2 ¢, EPmaf F 38K
BRET (B jozm, FW: 20~30m) £RELTTCIROATHY I L bz,
FHbYy, A7 LT OAGERES, PEEEFFRELT TSI Zmn {7 o A7
L, LENRTORTGE-TvH. S0l 3$LAFIBRErzo0-7
ozt -&ELT v,

2.3. JRC-ALO-3

AT LS 713 TRC A=V EPIER S 74 4 eshiiomsa L TR 7wy T TP
1y, EAMCBEGES RIS RELCBNLTH Y, AEREF tEIE
CER TTelL, 8P AXE
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RELTES ik KB F XS QIRCALO- cFIERE Th 22, FIERK T
T~ lomOBe b HEPPRENTHZ.

2.4. JRC-ALO4.
ATRFLREIE, ATV T 0~ BRI SR /0 mil, RII 20 ~40mmdE £ W

W - B EO-T 0D, faory, TRINBRELITHBRINDI7 oR7PE

ROFTLITRENIDEY 5% - TEBFED IV ITTUH D,

2.5. JRC-ALO-5.
AT ¥ Tidfoov30onm KL BRINWLEF TH Y, oA REELIE 3 LR
SWBL) R=FBEE > TR DD . ERYFHPPARCA-2 KRS
WESHER7OR7RELT, BREI B L KB CZ-Tvwd. &
oo BHIE T o7 A KAB T ERURES RIRCAO-Z L BAD LV CELRIH D
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2.2 C0,~IRMAG$3ITLITREEEE UBEE OH Y () o K
PIFBVE, Fo3 VB BR¥M E 2- 77 / - LRPKRM 0 BB
T |
(fx- ) & &8 TEg-
BH: JRC-ALO-1 ~ 5
BBE ¢ oTorr o 0, LEB (20°¢) ¢ 1 RIBERIE, R S UHEEBR (Te) Eo i T
LRMRIEo IR 2 7 kLt ), BhE AR . MR - BEnE,
3Tk B R0, FoRY 450°C < 12 R, BB FAY 1507 £ el h HiguR,
IR e F iz, 400°C ¥ 265 (~10° Torr ) FEthi,
R AR
1, C0, AR (EAE ) o A"
@ Y3EC0,0 IR R A2 b (B4, £1)

xr

Table . IR-bands of €Oz adsorbed on aluminas after evac. at 293 K.

absprption hamds/cm'I

ALD-1
3605 1644 .
ALD-Z} * .
ALO-4 1480 1241 1455 1765 :
3605, 1650, 322
ALO-3 1480* 1240 1450 1760 1603
3608 1645 : 1270
ALD-5 1477 1238 1422 1760 1677 171%
1., .
dis. 13- —
X 473-523 433 383 473 383 443 == .E |
Carbon- HCDa- free linear ? bidentgte ? unidentate 2 A HCDE ) A A
ate 2= (0 - 2- . -
speciesa) L €05 €0y . @ B: f:'-ee .CDSU
3350 1697  1420- 1260-1270  1300-1370 C: linear €0,
13318 1211 147G 1590-1630 1470-1530 e . , .
! 1
a) Ref, 2. *, shoulder. 38040 3406 1808 -1 1200
wave number fcm
Fig. 1. IR spectra of COp adsorbed on ALD-4
a) in the presence of 70 Torr {02
b i ti' ‘ﬂ%& b} after evacuation at 353 K
Alo-4, 2, 4 HCO‘;
. - 2-
ALD-3: HCOy > free COy
- - - 2-
ALO-5: HCO;™ > free C0,2™ > bidentate CO;
-yt P .
C. HOO, FEER T3 IBER B otion of Soste 08 (o
A - ! Table 2. Strength Distribution of Basic OH (DH,) Sites
BRARERC (3770 0w ) o £ G OHF " Tase strenath TR e B
3 ase streng sites™ ' /fumol g
d. TWERE o AU ( SER Ea) - :
3 R 8 T4H03 VK pig1 ALO-2 ALO-3  ALD-a ALO-S
Xx) < 293" st 163 1;33 73 2290%‘” 22¢)
- B ~ 2 > 293 08 122 83 (197 145
2% o BEBAE (Ta) & ) 3@ . 3 38 Mg 65 48% 101 {eg) §9°)
- - . - > 413 32 17 18 23 (25 10
HCO; > free CO5 > bidewtate CO; >473 B Q0D 5(7) 0
iy Ciraperee TR IRTTISLEICEP I PEPPRPRL LI SO o
e 3R 2R BRNLY (TR 8 0 he g s w3 o 0 60
%Ji'— L ) &) Evaluaced from the peak absorbance at ~1650 cm—l.'
- b) In the presence of 70 Torr COz at 293 K. - -1
ALD-3: (663 L1322 e, ¢) Evaluated from the peak absorbance akt ~1240 cm .
. - d) By T. Aradi. .
ALO-5; 1710 et ®) K. Kunimori et al., SHOKUBAL, 23, 365 (1981).




2. B OH £ (OHg# 4 b) 2 BESF— Hoy foa HEREAD
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§1%=

~72Y

OHg B : Heo, 38 o 1650 I £ &3 1240 ! P e - 7BYA L YIS IFIB

i BSEE  Hepy B SAREERR Ta Gtegy) UAR,

EI DR

HoHg® ¢ To Towr L0z 2 OHp /Y v F

a. OHg +1to EEHT (K2)
@DHB T4 %
ALO-4 > -1 5> -5 >-2 > -3
ek BE IEE '

ALD-4 2 -4 5 -5 X -2 = -3
b, AoHg B L S0, AF
S0 AR RTBRE (AOHC1¢-5¢D)
AoHlg T +E B
e X X I F
(ALO-3 1 63Y7}) |
¢.. OHg 1 br LERE o T F8UR, Rk
O IEER A
oHg *+ 4 } 1 LIRE 12 PhIE

¥R Ry BB
© oHg~ b 3, Pyl EFK, NHy, P2 —iLa BA

ELfik, LAEE L a Py, NHy, PaIL
»" oHp LBEIER

@ 50427 oy F (~ 13600}
oL £ 2 k2< BIER Lok, (oathE T
% GU, (sod Ea 2. LELEEAS
W oseer Tty o
(EF —{sog/ i

Az 543,

® P‘VV&-H"\S 2 /wf: W;ﬁ
Bimean €O, Cbﬁiftcozs — H:&Z'
& F @ ik
SoHgE/BLEEE (B/A), A3

oftg 4o LIRE £ AP ooh ER(R T BY
VIFEF, Thht, L-oky orve L Fosl
Wi, - ALO4 > -1 Y-2 5
1),
3. 2-7"9 iU BRSKEEE L EIE'IE-’%“‘%"!'X

LEIE %0 TF o LEREAAEN (H2, £3)
L-0Hg # 1+ 50 TF o LESEARIZ4E (3)

References

T K EERE K

Table 3. Probability of Pairing of L-Site with
OHg-Site, and Relative Unmodified TF (per i-
Si%e with A Given Acid-Strength) for 2-Butanol

Dehydration at 413 K

. ALO-4_ALO-1 ALD-2
Total OHy 25}3 273 254 163
Total L = {A 289 416 412
. Probability, B/A - 0.96 0.61 0.40
(L-OHg pair site, relative)
Unmodified TF (relative)  1.00 0.46 0.23

a) In the presence of 70 Torr CDZ' in umelfg

b} Td(PyL) > 313 K, In Hmol/g

10 T ¥ T

-1
o
T

2
E
=
10k
—
o
= o
= =20 & ALO-1 0.3 -
o
o -2 0.3
[+] -4 0.3
. T - 1 ] L. L
130 140 150 160 170

alLy) 7k mo1”!

Fig. 2. Dependency of turnover frequency {per
L-site) for 2-butanol dehydration at 414 K

upon L-acid strength

10 T T T T
in 0 4
5
E.
2
~ -0 ]
o ,
=
~20- [ -1 -
= _20 ALO
0 -2
o -4
-3 \ t 1 t
130 140 150 160

CaiLy) /9 mol ™)

170

par)
4

Fig. 3. Dependency of modified turnover frequency

{per L-OHg site) on L-acid strength

1. K.Nakacho, J.Take, Y.Yoneda, &47th CSJ Meeting, 3M28 {Kyoto, Apr. 1983)

2. N.D.Parkyns, J. Chem. Soc. (A), 410 (1969), dJ.
Adv. Catal., 25, 234 (1976}

3. K.Kunimori et al., SHOKUBAI, 23, 365 {1981)

4. J.Take et al., SHOKUBAI, 25, 142 (1983}

Phys. Chem., 75, 526 {1971);
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2.8 RNIXFAFER-NHRR - S MO g ukity | | 9B
e = RE B M- (BR2)

J.RREA ALO-1,2,3,4%.5. M-ALO-1, 8-4L O~
4. PR %

NILPRTER G 4603 2R ey itttk couhHd
2D TRECHY) | 400°cr ) bhr BRI 11K L BTG R oMa
LEY0 Ny b SHYLERZEIY FTaxr s T2y )EGe s BR
$3 .10 JUAARORBERA T, 46:05 LB T EF2 (BEHS) ¥3)
35 B I ‘ -

FrEA v g %W go0c  PLT S 20 m8 s Rt (1,

N XFPAPEe RN EReN> 1~ B )BR2EHr (244 68)
b ERNTLT I TN LEXNTE (onf,38) .21 =t 749K
£r5,91 108 BAsKkD,

PR 3 3

Amount of product /umol

ERB e ch i KR eE R CRELER PSS kDO F -
FbEMEtR L, cofR FBaSof, BOT b voTAh s b))
Ry BEYEGR Y500 cvehe i p2 R R ro ML 2,
Ja (/e v

' Tal, AbO;ka ~>71-) £B8

benzoate

2 -1
1.6 e C) catalyst S.A./m".g /1014cm 2
,,(:r'J:) ALO-1 160 {49. 2.2 2.}
O ' -2 285 gk, 1.2 s
PhCHO -3 123 |7 2.3 23
1.2k -4 177 b6 2.2 2.9
-5, 233 239 1.9 9
'O 0.044NaaALOl 160 2,2
0.022NaALOl 160 2.1
0.01NaALOl 160 2.1
8 |- 0.05BALOL 160 0.7
I 0.1BALOL 160 0.2
PhCN KHD-400** 169 2.1
-600 136 2.4
5 -800 89 2.4
4 | -1000 32 1.6
-1200 5 2.2
hCH *Atomic ratio Na or B/AL
3 J **Calcination temp in °C
0 = DN
1 2 3 4 5 & 1 2 3
B.A. pulse No. NHz pulse No.
Fg.l. E Q¥
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2.0
g T I :
; |
110 -
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R Na, B Az d &
Lo l o ﬁ?fz'Pﬁﬁe
0.1 0.06 0.0z G 0.2 0,04 Ji,
B/Al +— —ia/Al
6. F%

roRE ¥2eins v, Sof  BY GrgfrArrndHE MK,
R3PL - VERAA-R . 23202¢ 0t mirH S L oliiERrogtEk , ol
EB LA UCA-7-ThHY), HICOE QT oWk Y4 FF ™, 0 TY I,
I IRTEL LIS ISR TR RS AT VSRR I S ¥ I
Cros, 1, AR M0 G sud ER R A U E L
r2s,

sy EE S by HoBRET I L O RR WF L] by
tBA N (0E9TH Y ol b ,&@@ﬁi@ﬁﬁ? b7791 bl
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2. 4 FAFERMEDOL-TF v B LYY AT v REIEE . B
(LETK) BHEF. FREE. OFABS

1. EEORERELSOHMRBEC LI >TH LN TnLH. s AELHOF—RIE&ETTO
MERRERIE LA CRE TR T AL, T3 FOMBBEARNECE > T2 DT,
STy REAOBACRA LA IVOERARETZEFTLONE, FHRE TR BERELRIGH
HMEOHEERANETZINLTNWETF YRR TFAINREBELTTAHIFERMEOB .,
EREXBES LB LI RBR/EEIDEXEDEOFBE LRI %,

2. AMBIT16~322 v v RMEEETDH L RGP T650°C T2hi R L. KIGE MM
EwE ( RAMESML)Y ML 77 v E50nmHg KISEE25°CTH o %o

3. (1) S¥EHE SME0l-77 > (1-BLEE) RMEEBEEER1IKEA LR, ALO-
PERrrsrliarady7eds sy PrbRBLATAVI FE2ERT D, BHES &0l
it LTEE LT ZREEORTR & Lfﬂi#iiﬁﬁmﬂm&%m%?‘xm&fﬁz)

A0 ETEA LA, BAMKEE TALEMBEOESEFIIR ALO-1% ALO-3 >>ALO-4 > ALO
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Table ] Catalytic activity on Propyleneoxide Isomerization

{React.temp.:300°C, Wt,:8.3 mg, Pulse size: 5x10°' mole)
Sample Calc.(qc) Surfac% Conversions (%)
Area(mZ/g) FA

Temp, AC PrOH AA PLM Total

JRC-ALO-1 1300 6,7 0.9 2.1 0.0 tr 16.4 19,4
-2 1300 9.8 17.3 4,7 2,0 14,0 6,9 44,9

-3 1300 5.5 0.0 1.0 0.0 0.0 15.9 16,9

-4 1300 4.2 22.3 4.3 0.4 9.2 11.3 47,5

-5 1300 4.7 25.8 1.8 5.8 9,2 14.0 56.6
JRC-TIO-1 1300 1.8 19.7 3.5 0.2 9.4 0.0 32,8
JRC-510-1 800 122.9 39.3 3,9 3.9 17.5 11.0 75.6
TiOZ(Kanto) 1300 1.4 8.2 2.6 0.1 5.5 3.4 19.8
SiOz(Kanto) 800 446,5 21.6 1.6 1.1 21.9 0.2 46,4
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Comparison of Stationary Conversion over ALO-1,2,and 3 T.t.

calcined at 1100%C{React. Tomp. : 300 °¢ )

’. oy
Stationary Conversion (%)

Sample 210 o
Temp. ("C) Tpa aG  PzOH AA  PLM  TOTAL

JRC-ALO-1 1100 i7.6 18,3 3.0 0,5 40,6 100.0
JRC-ALO-2 1100 56.6 14.8 6.5 1.6 20.3 100.0

[ . ), [l 1
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JRC-ALO-3 1100 16,8 7.8 1.0 4.6 35.8  66.0  pp oo or py adsorbed on JRC-ALO-3
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