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Carbon deposition in a IO-ring zeolitc was trarcd with radioactively labeled mixtures of 

hexane and aromatics and was compared with earlier results on 12-ring structures. Although 
coke yields differed by 1 to 2 orders of magnitrlde between the two structural classes, it was 
shown that the origin of the carbon deposits in both was strikingly similar, involving nearly 

eql~al participation of both paraffin and aromatic. The data supported the assertion that coke 
results from the transformation and reaction of alkylaromatics, those transformations being 
sterically inhibited within the restrictive dimrnsions of a IO-ring pore. 

1NTI:OI)UCTION 

Using the convc>rsion of Cs paraffin iso- 
mers, bcnzenr, and tolucnc as a probe to 
examine a range of common zclolitc cata- 
lyst,:, it’ was shown that systc>matic rcla- 
tions exist between sorptivc propert& 
pore structures, and selrctivitics for hy- 
drocarbon reactions, including coke fornra- 
tion (1, 2). Those catalysts exhibiting xhapc 
selective act)ivity also showed low coking 
and aging rates, and it was pcstulated 
that’ coking reactions may be spatially 
demanding and t’hat intracryst’alline coking 
(aging) rates may be intrinsic properties 
of zcolitc port structure. 

Radiotracer studies with large-pore, 12- 
ring zcolites (mordenito and Y) using the 
hydrocarbon mixtures cited above showrd 
that bot’h aromatics and paraffins partici- 

pate significantly in carbon deposition (3). 
At. lower temperatures or with catalysts 
of higher framework aluminum content, 

aromatics dominated, probably dur to 
solcctivc adsorption effects, but when 

thrse effects w(‘rc climinatcd, a marly 

clqual paraffin-aromatic participation in 
coke formation was found, suggesting 
aromatics alkylation as the key step in 
the cvcnt,ual formation of cokr. 

Publication of the structure of a IO-ring, 
shape-s&ctivo zcolite whose pores admit 
aromatics (-6, 5, i”), prcscntcd an opportu- 
nity to tclst these suggc>stions. In the 
following pages, the origin of coke deposits 
in this zclolitc, designated ZSM-5, is cx- 
amined by radiotracer techniques and is 
comparcld with the results reported carlicr 
on mord(lnitc and on Y. 

D&ails of the catalytic cxpcrimcbnts and 
of the radiotracclr analyses w(lrc drscrjbed 
earlier (3). Reaction conditions were varied 
abcut a ‘(base case” of 36O”C, 200 psig, 
Hz,!HC = 1.4, WHSV 6, 3 hr on stream. 
Conversion of n-hcxanc was held constant 
(so far as possible) and was in t,he range 
of 73-907,. 

Radiotraccrs w(xrc obtainrd from Cal 
Bio Kuclcar, and their distribution in the 
products was d(+clrmincd by combustion 
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to CO, (S). Product liquids were frac- 
tionally distilled and showed no carbon 
scrambling between benzene and hcxane 
feed components. 

Two samples of zeolite were examined, 
both having crystal diameters of about 
0.3 pm, and were designated ZSMd(72) 
and ZSM5(25), the numbers in parcn- 
thesis representing Si0,/Al,03 mole ratios. 
Each sample was calcined in nitrogen to 
5OO”C, treated with NHB, and exhaustively 
exchanged with aqueous (NH4)$01 to 
remove sodium. Zeolite samples were sized 
to SO/SO mesh and were calcined to 500°C 
overnight prior to use. X-Ray diffraction 
showed retention of crystal integrity during 
exchange and testing. 

RESULTS 

coke came from benzene with a 1: 1 feed, 
59% (vs 67yc theoretical) with a 2: 1 
mixture. 

(b) The proportional contribution of 
aromatic and paraffin to carbon deposi- 
tion is unaffected by H, partial pressure? 
by temperature, or by aromatic reactivity. 
Aromatics cont’ributed 47-497, of the coke 
with benzene : hexane mixtures, 47% with 
the 1,2,4-trimethylbenzene: hexane feed. 

(c) When the framework aluminum con- 
tent of the ZSM-5 catalyst was increased, 
a decrease in the aromatic cont’ribution to 
coke was found (a distinct contrast from 
the observations with 12-ring zeolites). 

(d) In no case did aromatic cont’ribute 
significantly to light gas fcrmation. 

DISCU8SION AND CONCLUSION 

Data were obtained with benzene: n-hex- 
ane or 1,2,4-trimethylbenzene: hexane mix- 

The results reported earlier for the 

tures and are summarized in Table 1, with 
large-pore mordenite structure (3) showed 

the following observations : 
a. progressive increase in coke yield and 
in aromatics contribution to coke with 

(a) With the high Si0,/A1,03 sample increasing framework aluminum content, 
benzene and hexane participated equally a trend attributed to preferential adsorp- 
in coke formation, a result which could tion of aromatic at low temperatures 
not be attributed to residual, sorbed hy- (SSO’C). ZSM-5 shares some structural 
drocarbons. Forty-eight percent of the and compositional features with mordenite, 

TABLE 1 

Product Origina 

1 2 3b 4 5 6” 7” se 

Run condition 
Aromatic/hexane ratio 1 1 1 2 1 1 1 1 

Label NC6 A6 A6 NC6 A6 86 NC6 NC6 
WHSV 6 6 6 7 7 21 7 19 
Hz (psia) 123 120 125 115 30 120 125 145 
HC (psia) 90 95 90 100 100 95 90 70 

Derived from aromatic 
Coke (5%) 49 47 51 59 48 54 47 30 
Light gas (c/c) 3 2 1 0 0 3 2 1 

Coke yield (g/100 g of conversion) 0.23 0.24 O.l:, 0.33 0.27 0.16 0.51 0.22 
-_____-__ 

* Benzene:+hexane feed, 36O”C, HiOJA120, = 72, unless not,ed. 
b Catalyst treated 3 llr, 3OU’C, in flowing N2 to remove any sorbed hydrocarbons. 

c 454°C. 
d 1,2,4-Trimethylbenxene :n-hexane ; coke origin on molar basis. 

e SiOz/A120, =_25. 
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despite its differing pore size and its 
characterizing X-ray diffraction pattern 
(5). Bot’h structures are based on 5-ring 
building blocks and contain the TsOr6 
units described by Rrcck (6), and both 
have similar void fractions, 2f3~o for 
mordenite and 29yC for ZSM-5. Both 
structures can exist in a broad range of 
high Si02:/A1203 ratios, mordenite by de- 
aluminization and ZSM-5 by direct syn- 
thesis. Mordenite contains about 17 tetra- 
hedra per 1000 8”; ZSM-5, 18. 

Using this informat’ion, and the data 
reported earlier for mordenitc (3), coke 
origins and yields can be compared b+ 
tween ZSM-5 and mordcnitr samples of 
the same framework aluminum content’. 
as follows : 

Zeolite Al,‘1000 A3 Coke Coke yield 

of from km0 g 
framework aromatic con- 

(%) version) 

ZSM-5 0.7 48 0.23 

1.9 30 0.22 
Mordenite 0.7 49 8.5 

1.9 59 10.8 

Almost IWO orders of’ maydude distinguish 
coke yields on ZSM-5 from those on 
mordcnite catalysts, despite the fact that 
the origins of the carbon deposits at low 
framework Al density are virtually iden- 
tical. Furthermore, as the ZSM-5 framc- 
work bccomcs more aluminum rich, par- 
uff;n (rather than aromatic) contributes 
increasingly to the coke produced. 

Since composition has been normalizcld 
in the above comparison, the significant 
difference between these mordenite and 
ZSM-5 samples must lie in the size of the 
pore, ZSM-5 being a lo-ring, mordenite, 
a 1%ring structure. Diffcrenccs in coke 

yields between the two structures arc 
readily understood in terms of spatial 
constraints, the alkylaromatics, once 
formed, being prevented from reacting 
further to produce coke (by cyclization, 
hydrcgen transfer, repclated nlkylation, 
etc.) in the smaller 2811-5 port. 

Regarding the variation in origins with 
framework ,41 content, in a IO-ring struc- 
ture, whose pores cannot accommodate a 
concentration (preferential adsorption) of 
aromatics, it is proposed that an increase 
in acid site density leads directly to an 
increase in parafhn cracking fragmonts 
(carbonium ions) within the pore system 
and thus to the greater paraffin participa- 
tion in coke. The key obscrvat.ion, how- 
ever, is that the gross differences in coke 
yields betwren lo- and 1%ring zrolit’es 
are not the result of differing basic origins 
of that coke, but that they must arise 
from structural const,raints on the reactions 
of the same intermc~diatos in the formation 
of that coke. 

Thanks go to li. 1:. Jones for his technical 

assistance in the catalytic testing and to P. J. 
Chutoransky for the sample of high Si02/Al&, 
ZSM-5. 
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