Preparation of synthetic steamcracker feed from cycloalkanes (or aromatics)

on zeolite catalysts
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Methylcyclohexane is converted into a high-quality steam-
cracker feed over acidic zeolites with appropriate pore
systems, thereby opening a new route for the utilisation of
surplus aromatics.

Steamcrackers! are widely employed for the production of
ethylene and propylene from naphtha,2 ethane or similar light
hydrocarbons. One of the by-products of steamcracking is
pyrolysis gasoline which is rich in aromatics. Given the
forecasted growth in the worldwide demand of ethylene3 and
propylene* from, respectively, 57 x 10 and 30 x 106 tonne
yr—1in 1990to ca. 140 x 108 and 75 x 108 tonneyr—1in 2010,
the production of pyrolysis gasolinewill necessarily increase as
well. Up till now, pyrolysis gasoline has been used as an
aromatics-rich and, hence, high-octane petrol component. With
the so-called Auto Oil Programme of the European Community,
the aromatics content of petrol has to be diminished from 45 to
<42 vol% until the year 2000, and to <35 vol% until 2005.5
Therefore, new outlets for surplus aromatics are urgently
needed. We report here on anovel catalytic chemistry by which
cycloalkanes (or aromatics, since these can easily be hydro-
genated into cycloalkanes by state-of-the-art processes) are
converted predominantly into light linear alkanes (ethane,
propane, n-butane and n-pentane) the mixture of which is a
premium steamcracker feedstock for high ethylene and propyl-
eneyields.e

Previous work on ring opening of cycloakanes mostly relies
on hydrogenolysis over noble metal catalysts designed predom-
inantly to yield branched alkanes.”-° Such hydrocarbons are,
however, less suitable as a steamcracker feed, since large
amounts of undesired methane will beformed. Only few reports
deal with cracking of cyclic hydrocarbons over acidic zeolitesin
an excess of hydrogen,10-12 and yields of n-akanes during the
conversion of cycloalkanes or aromatics with seven or more
carbon atoms are reported to be low.

On zeolite H-ZSM-5 at 400 °C, methylcyclohexane is
converted!3 with ayield of 70.6% into ethane (9.4%), propane
(47.7%), n-butane (12.4%) and n-pentane (1.1%), seeFig. 1 and
Table 1, whereas on zeolite H-Y, much lower yields (42.8%) of
these desirable products are obtained. On H-ZSM-5, the most
important by-products are branched alkanes, viz. 17.6% iso-
butane, 6.2% isopentane and 0.6% isohexanes. Whereas on
H-ZSM-5 virtually no aromatics are found, the total yield of
aromatics on H-Y amounts to 15.9% (benzene 2.2%, toluene
6.4%, Cg-aromatics 5.6% and Cg-aromatics 1.7%). We tenta-
tively attribute this difference to the lower activity of the larger-
pore zeolite for cleavage of endocyclic carbon—carbon bonds.14
The difference in selectivities becomes even more pronounced
at lower conversions (Fig. 2) or at high times-on-stream (Table
1, entry 7). The deactivation observed on zeolite H-Y correlates
qualitatively with the massratio of carbon inthe coke formed on
the catalyst5 and in the methylcyclohexane fed (Table 1, entry
8).

The pronounced differencesin the catalytic behaviour of both
zeolites can be accounted for by introducing the so-called
cracking mechanism ratio,’® CMR = (Ymethane + Yc, hydrocarbons)/
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Fig. 1 Conversion of methylcyclohexane on H-ZSM-5 at various tem-
peratures.

Yisobutane (Table 1, entry 9 and Fig. 3), which is considered as a
quantitative measure for the relative contributions of mono-
molecular Haag—Dessau cracking®? versus conventional bimo-
lecular cracking. In the narrower pores of zeolite ZSM-5 and
with increasing temperature, Haag—Dessau cracking, which
produces large amounts of ethane and propane, isfavoured over
the spatially more demanding bimolecular mechanism which
leads predominantly to isobutane. In line with this inter-
pretation, much more hydrogen isincorporated into the cracked
productson H-ZSM-5 than on H-Y (Table 1, entry 10): Clearly,
H, can be activated on acidic zeolites, as demonstrated
pre\/iougy.12,18,19

In conclusion, methylcyclohexane can be converted over
acidic zeolites with suitable pore systems into a high-quality
synthetic steamcracker feed consisting predominantly of eth-

Table 1 Conversion of methylcyclohexane at 400 °C and 30 min TOS2

Entry Catalyst H-ZSM-5 H-Y
1 Xm-crx (%6) 99.9 99.5
2 Ymethane (%0) 4.0 0.6
3 Yh-aikanes® (%0) 70.6 42.8
4 Yi-alkanes (%0) 24.4 39.3
5 chcloalkan& (%) 0.2 0.8
6 Yaromatics (%6) 0.7 159
7 Yrn-aik.P(440 min TOS)/Yp.ak. (30 min TOS)  1.00 0.84
8 Mc aodMemcrc (%) <005 176
9 CMRd 0.76 0.15

10 H, incorporatione 2.3 1.2

aTime-on-stream.b Yield of n-alkanes = Yethane + Ypropane + Ynebutane +
Yn-pentanes the individual yields being defined in the usual manner, e.g.
Yethane = (2/7) X (Nethane, out/MM—chix, in)-¢ Mass ratio of carbon in the coke
formed on the catalyst after 500 min time-on-stream and in the
methylcyclohexane cumulatively fed within the same time.d Cracking
mechanism ratio, see text.€ Ny, consumed/NM—cHx, fed-
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methylcyclohexane conversion on zeolites H-ZSM-5 and H-Y after 30 min
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Fig. 3 Cracking mechanism ratio (CMR) after 30 min TOS as afunction of
temperature during the conversion of methylcyclohexane.

ane, propane and n-butane, thereby opening anew route for the
utilisation of surplus aromatics. Instead of hydrogenating the
aromatics to cycloalkanes and converting the latter into light
n-alkanes separately, one can use a bifunctional form of the
zeolite, such as Pd/H-ZSM-5 or Pt/H-ZSM-5, and produce light
n-alkanes directly from aromaticsin asingle reactor. Such work
is under way in our laboratories.

404 Chem. Commun., 2000, 403-404

Notes and references

1 Insteamcrackers, hydrocarbons are thermally cracked in the presence of
steam as diluent.

2 Light petrol, especialy hydrocarbons with five and six carbon atoms.

3 T. Chang, Oil Gas J., 1999, 97(13), 50.

4 J. Cosyns, J. Chodorge, D. Commereuc and B. Torck, Hydrocarbon
Process,, Int. Ed., 1998, 77(3), 61.

5 W. J. Petzny and C.-P. Halsig, in DGMK Tagungsbericht 9903, Proc.
DGMK Conference: The Future Role of Aromatics in Refining and
Petrochemistry, October 13-15, 1999, Erlangen, Germany, ed. G.
Emig, M. Rupp and J. Weitkamp, DGMK, Hamburg, 1999, p. 7.

6 C. Dembny, ref. 5, p. 115.

7 R.J. Schmidt, P. L. Bogdan, L. B. Galperinand J. S. Holmgren, USPat.,
5 831 139, 1998.

8 G. B. McVicker, M. S. Touvelle, C. W. Hudson, D. E. W. Vaughan, M.
Daage, S. Hantzer, D. P. Klein, E. S. Ellis, B. R. Cook, O. C. Feely and
J. E. Baumgartner, WO Appl., 97/09288, 1997.

9 K. J. Del Rossi, D. J. Dovedytis, D. J. Esteres, M. N. Harandi and A.
Huss Jr., USPat., 5 334 792, 1994.

10 M. Chareonpanich, Z.-G. Zhang and A. Tomita, Energy Fuels, 1996, 10,

927.

11 F. Hernandez, L. Moudafi, F. Fajula and F. Figueras, in Proc. 8th Int.

Congr. Catal., July 2-6, 1984, Berlin, Germany, Verlag Chemie,
Weinheim, 1984, vol. 2, p. 447.

12 T. Sano, K. Okabe, H. Hagiwara and H. Takaya, J. Mol. Catal., 1987,

40, 113.

13 ThezeolitesY (ns/na; = 2.4, obtained from Union Carbide) and ZSM-5

(nsi/na; = 20, hydrothermally synthesised after S. Ernst and J.
Weitkamp, Chem.-Ing.-Tech., 1991, 63, 748) were ion-exchanged with
aqueous solutions of NH,NO3 and pre-treated in a flow of nitrogen for
12 hat 400 °C to yield the Bransted-acidic forms. The experimentswere
performed in a flow-type apparatus with a fixed-bed reactor. The mass
of dry catalyst (particle size between 0.20 and 0.32 mm), the total
pressure, the partial pressure of methylcyclohexane at the reactor inlet
and the WHSV amounted to 500 mg, 6.0 MPa, 65 kPa and 0.68 h—1,
respectively. Product analysiswas achieved by high-resol ution capillary
gas chromatography.

14 J. Weitkamp, P. A. Jacobs and S. Ernst, in Structure and Reactivity of

Modified Zeolites, Sudies in Surface Science and Catalysis, ed. P. A.
Jacobs, N. I. Jaeger, P. Jirl, V. B. Kazansky and G. Schulz-Ekloff,
Elsevier, Amsterdam, Oxford, New York, Tokyo, 1984, vol. 18, p.
279.

15 The carbon content of the used catalysts was determined by elemental

analysis with an Elementar Vario EL instrument.

16 A.F. H. Wielers, M. Vaarkamp and M. F. M. Post, J. Catal., 1991, 127,

51.

17 W. O. Haag and R. M. Dessau, in Proc. 8th Int. Congr. Catal., July 2—6,

1984, Berlin, Germany, Verlag Chemie, Weinheim, 1984, vol. 2, p.
305.

18 K. Ebitani, J. Tsuji, H. Hattori and H. Kita, J. Catal., 1992, 138, 750.
19 J. Meusinger and A. Corma, J. Catal., 1995, 152, 189; 1996, 159,

353.

Communication a910284l



