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Mo-AlL O, Ml o] AlEHiiikel =& BEXHYel B(LE Uotu 7] st pyridines] REFR &
Hl7E st o7, probe reaction®. A olAZ 2 U3 FMREERS BITaldcl AFsel
el wet oAz ey 3o BARGIEES 4L, BAKRE S E4-S Mt
7} adte e et £§ pyridined] BER L AFEF R MMl wat Fasigick

oleldl ERER T2 Re AFHl =t Molybdena- Alumina Afiff o) Besid = 2H43-g dUch

Abstract—In order to study the acid-base properties of the cesium-containing molybdena-alumina catalysts,the
amount of adsorbed pyridine was measured and the decomposition of isopropyl alcohol as a probe reaction was car-
ried out. As the cesium-content was increased, the dehydration activity of isopropyl alcohol was decreased and the
dehydrogenation activity passed through a maximum.

Adsorbed amount of pridine was increased with increase in cesium-content.

These results suggest that cesium additives lead to decrease the amount of acid sites.
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Coordination (Mo (T)) 2.2 #x#fs| 2, I o|Ale &
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Table 1. Surface area of the catalysts’

Catalyst symbol Surface area

(m*/g)
n-ALQ, 227
Mo-AlL O, (0 )** 200
CsMo-Al,0, (0.41) 194
CsMo-AlL O, (0. 85) 189
CsMo-AlL0, (1. 54) 186
CsMo- AL, 0, (2. 89) 177

*All catalysts except 7-Al,O, contain 7.6 wt%Mo.
**Number in parenthesis refers to Cs/Mo wt. ratio.
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Fig. 1. X-ray diffraction patterns for the cata-

Relative intensity

lysts employed.

Pott 9} Stork(16]+= 800C o] 4ollA] 3}iA]7l M-
y-ALO, (M=K, Rb, Cs) & ZulolMz Jle]F
43} of2u)1}o bulk crystal & KAIO,, RbAIO,
E£& CsAl0, o] #&57 @okchn B wsigict o
L& o] AL K, Rb, Cs 0|9} o] &ut7o] 27]
w] F-of] &} 2u|1}9] tetrahedral ¥ Octahedral hole
o #tAtxje] JF 8l R3}y) wlFolelx A=t
ok, a2z & Ay ALy HoiEL vlaH
ge 2% (500C) ol AR dtHeS
ZoA 1A 2 Adgol Hd & nejsd 4F
vluhsh bulk crystal & FA 5 R AL HF 7
A3 Aoz Az olg} o] dFulty T2
Wz A5z £ Agel, JA B EAdte
molybdenum species 9 #5&S Bl 3l AL vn
A folg Ao dasy & XAAAE °|F
Z3lz 9ith. Lycourghiotis® (6] 4A3 UNa
nm-3) o]4+e] Nao] #7tsl= Na,MoO,¢] ¥AH
thn Agtstich ey 2 Al AHEE Eo)
%o CsMo-ALO, (2.89) Zuie} Afole 2 o4
2] Csgk(eF 7.8Csnm-2)°] A7lE Lol ET
33 bulk crystal o] &7 & Hoz =&
Bol 4AH Yoz vlmd e dAHHRXES
E 4 9oy ez e Aok Algol F9i
= 8] molybdena cluster(1,26) ¥¢2icte E3u
dlFol g5 oAl e ¢Fut Ed F(un -
covered alumina portion) ol BIRA 22  impregna-
tion 5l &l A Aoz AL

Zal o} Abed 7| A& 24387 $ % probe reaction
(17~19) &2 IPA L34 & 243k &M
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Fig. 2. Dependence of IPA Decomposition acti-

vity over various catalysts on reaction
temperature :
LHSV~'=7, 684 (g-cat. hr/g-mol)
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S Fig. 20 Yellolch 400T ol 4He) 2o
A2e IPA S #o#E5 A2soz £ A4
£ 330TC oWl e LEw Yol RibHES BASA
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Fig. 3. Catalytic activities of a series of cesi-
um-containing Mo-Al, 0, catalysts for I-
PA decomposition as a function of cesi-
um content; T, is the activity given as
the temperature required to achieve 10%
conversion with all other conditions co-
nstant.
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Fig. 4. Dependence of conversion and yields on
cesium-content : Reaction temp. =350TC.
LHSV~'=7, 684 (g-cat hr/g-mol.)

Aoz noleh, AAZ H3EE Cs/Molbol whe}
FAsA Hastn o} (Fig. 4). Fig. 4 ol vehd
uho} 7o)l T2 4 (propene) & & (Yp) € xipa 9
AR 7 8E Boli o}AlE (acetone) & F¥ (Ya)
2 AFgArteko] we} Fosiclrt gaste Folz
¥+ %AE el 9l IPA 9 BARE (229
ERRIE) e 009 AbHo] AP oz Feigch
£ RICHME A A3 ofe] d7H 7 (20~22)8 0
Fol £ o, ol 2@ QJA4FEdolele AFe
ZuAb "o HE poisoning ¥ L& AlAFSHE Zeolch
w3 A % 9371 A4 (acid-base pair sites) ol FA|
ol TIPA 7} h#& slofof Kt o] A8 =l chE concerted
mechanism¢ &3l oz ez (18, 19, 23)
IPABRRRIG o Ll ot B2l o] AlF
gkoll ube} of = x Frslchrl e de HAbolA
E olop7 e 2dS vyl £ 4 Ut F, YA
o| Algel A7td w7z (Cs/Mo=0.9) AlFL &
ol 2] # A2 blocking 3] BES 4R =

Al 7 concerted mechanism& 2FEA1 L 4+ 9

A (53] geometric condition) & =4 8ted AR
[Go] &A1s]v], = o|Ae] Bol Htswd Bik %
BikERIGA L2E74% B Bt 43 #
45o] Za@ b ol olMES €= L
e ez Ao olxE RMe =2 of
A& RRFE HE Ao M U
Ack oFME 9] AR E (Sa)& 0.9 ]38kl Cs/Mokt
e FA3] Frhsln 2 olFedMe $utyt F
7 Boly i e AL (Sp)e 2 Wl
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Fig. 5. Dependence of selectivity of propeneand
acetone upon Cesium-Content:Reaction
temp. = 350C.

LHSV~'=7, 684 g-cat. hr/mol.

78S dolx 2k (Fig. 5). Eucken(24)2 o
7] SF4A8HE oo o8 @ EEeukgo]
g ool BAERIGA Y AAEE FRE 4+ ¢
BAAE Astsdel, o] Aol st ol o]
ubd el 21 FFEA AL F45A L2 (4
oz oleidt ol G714 e] 27 Fojor})
A gaubgel Aoz APt A
AR e et =7 Krylov(14): &8 - %% M-
0) #&hel T ZT5AE Zujolde L3129
Bk ddssh 23 M-0 Agado] o3 =
ol M= BRERIG) Afdoz NP5ty F
Fabadeh, & A"zl oidt AgAss ol 59
AtE FAAA B, A=rsl dn o] Eubrd o]
Z Algol H7ksld Mo-ALO, Zuiel 73d M-04
(53 AILOAF) o) FalAA dr)del ZFAH
234 ofdE] Adrrt Frksle Hez & &
Ak ol el e Axs7] Y8  Sanderson
scale(25) ol 23 AlgA 7ol WE Folo AzH
E4 W3}E dolrgich(Table 2). A # 2 Table
29 dlolete Agastol wet A3k M-0 #& 9
AR =7t AL dAZ oz HA=Elmzq M-0 A
gt o] §§{b sl #H FAH 7)1 ¢ A = (Intermediate ele-
ctronegativity) 7} 7814 o] AxlA oz g7
Aol TAEE @& dstn ek o] WAL &
Folgoluvt SjudEre 453 2 g B
of 7]alshe Rez yalrh

& Witol Ny IPABIAKIGHE (Y,) 2 R &AL

@ ° odr 2

ox

o

o

Table 2. Effect of Cesium content on the ele-
ctronic properties®.

Caalyst O o clestyonegasiiy

Mo-ALO, (0 ) 0.310 3.74
CsMo-ALOQ, (0.41)  0.320 3.69
CsMo-Al, 0, (0.85)  0.331 3.64
CsMo-Al,0,(1.54)  0.348 3.56
CsMo-AL 0, (2.89)  0.366 3.47

*Calculated by Sanderson scale (25)

olo} JAE HEF7] Yl pyridine o Foi g
A WERS AwE Rl @} Fig 60 £4
39lch. Pyridine o JRa[¥RER 02 Z2A % Zo)
o] Az o] A Y, E{ho} olAx ML A
< vebz oleh webA FE5ASE S o acidi-
tyoll A& index 2 de) o)&=5l3 Y&(17~19) I-
PA &4, & Y, 9 pyridine IR&F & ol g 34
AL Ay E AL vl dd Aoldh Y, Efk
£ pyridine IRE B -3 AAAAE A 23
2 FAAMY 23 o8] FA| 753 BAE FA5)
3 U} (Fig. 7). Pyridine & Brgnsted & Lewis
base & fEF & Aol Ml Brgnsted ¥ Le-
wis Bgioll IRE Y Zlelch 2oz F XM=
pyridine 2] IRFE S & WK B4 (amount  of
acid sites) o] W3} index 2 A8l A} dlc}, o]g
g BAolA £ ol Y, 9} pyridine §2HEF 7] FEEM
EHsMES IPABKRIGS] 1&iEe] 24 Zelabdd o

:
1
w

(,ul/g'-—cat)
(=)

Amount of adsorptionx10?

o~ Pyridine

1.0 7.0 3.0 7.0
Cs/Mo(~)

Fig. 6. Dependence of adsorption amount on

(=]

Cesium- content.
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Mo-Al, O, (0/°
CsMo-Al, 0, (0.41) .

CsMo-Al, O (1.54 )«

Dehydration activity (Y5s)
)
(42

CsMo-Al, O, (0.85)

CsMo-Al, O, (2.89)~"
0 :L/AT( " "
0 5 10 15 20
Amount of adsorbed pyridine over various

catalysts (X 10%ul/m?-cat.)
Correlation of dehydration activity with

Fig. 7.
amount of pyridine adsorbed.

Bolut A=slE Ao ohja}, el b A,
E3] AbA <] 345 (strength) o] J A E fa od3
S et AE dvlEe Aoz AZHn oz
He —F & (Cs/Mo=0.9) °] FilE w7z A
2 A g HHA) A Fin 23 Eubg
470, 2 ol4e Aol Artsld AR
€ FE A=H3E 48 deE AR F
2% 4 gich ol¥ AAY AEwidte FuiAz
Aol cesium acetate 8°0¢] pH &] oj3ke g U Fn|
1} # ol octahedral coordination® ©|Fi Sl
Za]v iy} cluster(l, 26) 9 437}
coordination &2 A= £l (6) 7laldte]  doind
4= glow =@ A4 FHFM Mo-ALO, 059
d3ojuy FHFo] FrdlFe] @] AU o
2. #B{ (uncovered alumina portion) ol Al o] AH
2 © 2 impregnationE o] &Ful} Fdol EAF
& Brgnsted ¥ Lewis At & blockingd} 749l
gME dojd 4 Y& Aelch 28y HES
7 8-} 7o) symmetryd] Hilzb A2g AF(6])el
AE 2oA 24 FYEuEEiEdd dHAHSS
g o2 gFoli}e] FA o] dry impregnation A A
o) & A2 Fg Aetetd, € dFoNA AER
Zoje AL3nE A2z & o7k USE
o} 4 i}, 29} o] dry impregnationFik& At
£% u]& impregnation medium 2.8 2:olE £
o) oko] z7) wiFof wlmH & buffer capacity &
ZE GFo) (5, pH 6~8)9 oz &
2oy 29 77 Rel M+ pHoL A5 EhA Aot
ojg)§t F¥AQ pHAG o2 ¢Fuv Fdol 7

tetrahedral

stEtEs M4 I1I32 19864 63

A= EYudl g symmetry 7l #H3siAl =
HF27). 22z & ATl AHEH Fel: FHR
EHiko g A2% Mo-ALO,A 8ol AL dry im -
pregnation Al Z1 7] wF-ol] o472 symmetry o =
= AL ZdE 4 ek walA Ay e
e BB S 8 oprgida & 4+ 9l
ol olu] dFgh ukel o] XA3]|AAFe oA
E orAx 52 gleh

LEEe ZE HRBE FEd g, AlF2 Mo -
AL O, Zcll9] otZu} FHe)| A 22 impreg -
nation ¥/} Br¢nsted % Lewis# 5 S blocking
o2 AR el BE A4AAL EE AmEY EiL
£ 72 E FAlCl ol M-OEE NS §LAl
A A& FAAI e dEE e Aoz & 4
et v & R E Mo-AlL O, Wi o) BaE(L
ol EA S ¥ Aoz HEAd Yl e KA o
olmz ofof it A&l A7t a7Hch A
M o] SEELAl A RS} T Ut

4. & R

¥ ATl vehd KRE AN et 2
o,

1. IPASBRIGM S 281 o2 Aol o
8 QA8 Bage

2. A%e IPABARIGE A7, A
Fhepol Frhehd wadge e o g Baoh

3. 2%l A4S =0.9)¢] 5T PABYK

KRG ol A5}, 2 ol Aol e Mgl
AeA o ag,

4. ASTHIR thel Zreel BREE 74
e RE, oldEe AdEE Mo,

5. AsAzieel get aole] BAKE A4A
22 FasE AL wolt YW, MAKK X
1t 7} ol A gich,

REFERENCES

1. Segawa, K. and Hall, WK.: J. Catal, 76,
133 (1982),
2. Suarez, W. : M.S. Thesis, Univ. of Wisconsin-




10.

11.

12,

13,

14,

15.

. Ramaswamy,

Zeluo-dseld Zolol A4 HA £ (1)

madison, U.S.A..

. Seo, K.T., Kang, S.C., Kim, H.J. and Moon,

SK.: Kor. J. Ch. E., 22), 163 (1985).

. Newsome, D.S. : Catal. Rev. Sci. Eng., 21,

275 (1980),
A.V., Sivasanker, S. and
Ratnasamy, P. : J. Catal., 42, 107 (1976).

. Lycourghiotis, A., Defosse, C., Delanny, F.

and Delmon, B. : J. Chem. Soc., Faraday
Trans. I, 76,2052 (1980),

. Kordulis, C.,Violotis, S. and Lycourghiotis,

A.:J. Less-common Met., 84, 187 (1982).

. Hombeck, R., Kijensi, J. and Minowski, S. :

Studies Surf. Sci. Catal., 595 (1979).
Scokart, P.O., ‘Amin, A., Defosse, C. and
Rouxhet, P.G. : J. Phys. Chem., 85, 1406
(1981).

Pines, H. and Haag, W.O. : J. Am. Chem.
Soc., 82,2471 (1960),

Figoli, N.S., Hillar, S.A. and Parera, M. :
J. Catal., 20,230 (1971),

Scharme, L.D. : J. Phys. Chem., 20, 2070
(1974).

Lycoughiotis, A., Defosse, C., Delannay,
F., Lemaitre, J. and Delmon, B. : J. Chem.
Soc., Faraday Trans. I, 76, 1677 (1980),
Krylov, O.V. : “Catalysis by Nonmetals,”
p 70. Academic Press, New York, 1970.
Ratnasamy, P., Sharma, D.K. and Sharma,

17.

18.

19.

20.
21.

22,

23,

24,

25.

26.

27.

201

L.D. : J. Phys. Chem., 78,2069 (1974),

. Pott, G.T. and Stock, W.HJ. : “Prepara-

tion of Catalysts,”
Amsterdam, 1976.

Ai, M. and Suzuki, S. : J. Catal.,, 30, 362
(1973), .

Ai, M. : Bull. Chem. Soc. Jap., 49, 1328

p 537. Elsevier,

(1976).

Ai, M : Bull. Chem. Soc. Jap., 50, 355,
2579 (1977).

Murakami, Y. : Shokubai, 5, 192 (1963),
Kagel, R.O. : J. Chem. Phys., 71, 844
(1967),

Sedlacek, J. and Kraus, M.& : React. Kinet.
Catal. Lett., 2,57 (1975).

Tanabe, K. “Catalysis Science and
Technology”, vol. 2 (Anderson, J.R. and
Boudart, M., eds.), p. 231, Springer-Verlag,
Berlin, 1981,

Eucken, A. and Heuer, K. : Z. Phys. Chem.
(Leipzig), 196, 40 (1950).

Sanderson, R.T. “Chemical Bonds and
Bond Energy”, 2nd Ed., Academic press,
New York, 1976.

Wang, L. and Hall, WK. : J. Catal., 66,
251(1980),

Jeziorowsky, H. and Knozinger, H. : J.
Phys. Chem., 83, 1166 (1979),

HWAHAK KONGHAK Vol. 24, No. 3, June 1986



