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3 Reaction pathways in the formation of minor products.
The spectrum of minor products observed suggests this
generalized pathway for their formation from n-hexene.
A definite progression of dehydrogenated species toward

aromatic product was noted.

CRACKING—= Ol efins

N cmuzlmon
onocyc i -—nauvnaossnmou< —
Aromatics ALKYLfTION 0
yerelic CYCLIZATI ON

y -—
B e, ~—DEHYDROGENATI ON < | —

Monocyclic

Polyeyelic
Oefins

©gr=

/

1C =05

N
&%

C)Gﬁ’ C’:g,c, TC-5
- /

m j’,!ﬁ,w“‘MI““""‘“!“l‘»w.M

10 20 J0
RETENTION TIME (mn)

AL

K4 Gas-phase chromatograms of solvent ex-
tracts obtained after dissolution of the zeo-
lite by hydrofluoric acid. The formulas of
the main components are indicated.
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X6 Analysis of the soluble coke HNMR:
Change in the percentages of aromatic pro-
tons (H4g) versus the coke percentage (%C).
USHY (@), HMOR (%), HZSM5 (*) and
HERI (A).

# 1 Formulae of the main components of the coke soluble in methylene chloride.
Main components
Caoke
(wt%) Main families Formuia bpreo Size A
0.5 CaHzamiz @@a CyHio 240 6x7
. n 6.5 x 8.5
3
CaHan-1a 9 CisHz 340 6 x 9.5
2 © )
1. CoHzn-1s SONOE) CiaHio 340 6.5 X 8.5
and 5
6x95
CaHan-2a 0003 CyaHia 450 6.5 x 12
CaHzn30 0009@ CazHa 450 8.5 x 13.5
©
CaHanezs ee@@@ CasHis 450 8.5 x 15
CoHazn-16 @.e R CiaHyz 300 6% 95
CaHzn-22 @1 XoIo3+ CigHia 375 8.5 x 12
CnH2n-28 R @.eee Caztie 8.5 x 15
CaHzn-34 a g.eeee Cagtis 450 10 x 15
CrHan-ao a a.eeee@ CaoHao 13 x 15
(o)
6 CoHznera CE® @) Crathio 340 6.5 x 8.5
6 x 9.5
CaHan-za ) 0@ & CigHiz 450 6.5 x 12
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X7 The relationship between coke yield vs.
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BI8 Formation of the coke components:
Reaction scheme.
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X9 Reaction rate for odCB conversion at
643 K on different zeolites as a function of
aluminium content: (@) HZSM5; (A)
HMOR ; (O) HBETA; (@) HOFF.
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10 Activity k relative to initial activity k°
as function of time on stream ¢ for different
zeolites. Cracking of n-hexane at 773 K;
(W) HZSM-5; (O) HY(2); (0) HY(8); (&)
HY(42); (@) HY(130).
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11 Relationship between Al/Si ratio and
coke content over various AE-ZSM-5 and
ZSM-5 zeolites. (O) MgZSM-5; (D) Ca-
ZSM-5; (@) Sr-ZSM-5; (@) Ba-ZSM-5; (A)
ZSM-5.
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12 The relationship between initial yield vs. strong acidi-
ty. (a) H(X)-NaM catalysts; A=initial aromatic yield; O=
initial coke yield; O=initial total (aromatic +coke) yield.
(b) H-type zeolite catalysts (HX, HY, HZ, HM); A=initial
aromatic yield; O=initial coke yield; OJ=initial total (aro-
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matic + coke yield).

Strong acidity(mmolig)

%2 Main components of the soluble coke for low and
high coke contents; size and boiling point.
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X 13 Different patterns of coke deposition.
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X 14 TEM micrographs of coked H-ZSM-5
crystals from the front of the catalyst bed,
19% (w/w) of coke, sample A, methanol
feed. The arrows indicate the boundary
between zeolite and coke.
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15 Modes of deactivation of a zeolite with
interconnecting channels and without cavi-

ties (e.g. HZSM5).
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16 Schematic representation of coke location in the H-OFF zeolite
for (a) low coke content (0.2 wt %), (b) coke content between 0.2 and

4.5%, and (c) high coke content.

17 Modes of deactivation of a zeolite with
interconnecting cages with large apertures
(e.g. USHY).

18 Mode of deactivation of a zeolite with
non-interconnecting channels (e.g. HMOR).
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Deactivation of Zeolite Catalysts

Takao Masupa and Kenji HasHiMoTo
Department of Chemical Engineering, Faculty of Engineering, Kyoto University

Zeolite Catalysts has micro pores within their crystallites, the diameters of which are almost
equal to molecular sizes of lighter hydrocarbons. Therefore, the catalysts show high shape



an Vol.11 No.1(1994) 17

selectivity. The deactivation mechanisms of the catalysts are largely different from those of
usual metal-oxide catalysts. In this paper, the deactivations of the zeolite catalysts caused by
coke deposition and sintering are reviewed concerning with the pore structures of the zeolite
catalysts. In the deactivation due to the coke formation, the deactivation is described in view
of the coking reaction, the effects of temperature and acidic properties, the location of coke
deposition, the mechanisms, models for the deactivation and the during reaction of coked
catalysts. Coked catalysts are usually regenerated by burning off the coke. During this regn-
eration, the catalysts are exposed to high temperature and steam atmosphere. Under these
conditions, the sintering proceeds and the dealumination is accelerated, leading to irreversible
deactivation. This paper referrs to the sintering mechanisms and methods for reducing the
sintering rates. )

Key words: Zeolite, Deactivation, Coke, Diffusivity, Sintering.





