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The Conversion of Propene and Ethene over AIPO,-11

Bhatia and Phillips (1) have recently re-
ported the conversion of 1-butene to Cs—Csy
aromatics over the aluminophosphate mo-
lecular sieve AIPO4-11 in the temperature
range 673-873 K. A mechanism was pro-
posed in which dehydrogenation of 1-
butene was followed by dimerization of the
resulting 1,3-butadiene; the dimer could
either cyclize to an aromatic or crack to
lighter products. The conversion to aromat-
ics was much less than that observed over
H-ZSM-5 and was attributed to the known
weak acidity of AIPOy4-11 (2). The absence
of Cy aromatics in the product supported
the proposed mechanism; steric hindrance
in the elliptical pores (0.67 X 0.44 nm (3))
prevented butene trimers from forming. To
further the understanding of olefin reac-
tions over AIPO411, the conversion of
ethene and propene has been studied.

METHODS

AlPO411 was synthesized in a Teflon-
lined autoclave following example 32 of
Wilson er al. (4) utilizing the modification
of Bhatia and Phillips (/). The X-ray dif-
fraction pattern obtained using a Phillips
1120/60 X-ray diffractometer with a Ni-fil-
tered CuKa source was in good agreement
with published patterns (4, 5) and with that
obtained by Bhatia (6), although evidence
of a small amount of noncrystalline product
was apparent. The Al:P atom ratio deter-
mined using inductively coupled argon
plasma spectroscopy was 1.01.

The catalyst (0.5 g) was supported be-
tween glass wool plugs and calcined in situ
in flowing air (CANOX) at 773 K for 4 h;
after cooling to 673 K in N; (CANOX), H»
(CANOX) was passed over the catalyst
overnight. This procedure was followed
after each run to decoke the catalyst. Gas

flow rates were controlled by a Matheson
gas rotameter (No. 7352 with 610A tubes).
After metering, ethene (Matheson) or pro-
pene (Canadian Liquid Air) passed through
a preheater and then entered the downflow
microreactor (both 3-in.-o.d. SS 316). Lig-
uid product was condensed in a 273 K trap;
after each 2-hr run, the liquid product
mass was measured and its composition de-
termined using a Hewlett—Packard HP
5790A gas chromatograph equipped with a
30-m capillary column (5 um DBI17; J & W
Scientific) with an FID. The exit gas flow
rate was measured using a bubble flow me-
ter; its composition was determined using a
1.8-m Porapak S column with a TCD. Ac-
tivities were compared with those of two
amorphous aluminophosphate samples ob-
tained from Professor J. B. Moffat (Nos. 2
and 3 in Table 1B of (7)).

RESULTS AND DISCUSSION

The effect of temperature (630-790 K) at
WHSV = 2 and 8 hr™' on the total conver-
sion and percentage conversion (mass ba-
sis) of propene to both C. aliphatic and
cracked (C,~C,) products is plotted in Fig.
1. Figure 2 presents these data as a function
of propene WHSV at 673 and 730 K. Only
~1% conversion both to Cy aliphatic and
total C¢—Cy aromatics was observed; con-
version to C;, Cg, and Cj aliphatic products
was even lower. 1,3-Butadiene was the ma-
jor component of the cracked gases; above
760 K, methane replaced 1,3-butadiene as
the major gaseous product. The major
products below 700 K were the hexene iso-
mers; all methylpentene-1 and methyl-
pentene-2 isomers were present as were
small amounts of I-hexene and 2-hexene.
Either increased temperature or increased
contact time increased the rate of cracking,
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F1G. 1. Propene conversion (mass%) vs temperature
(K): upper, WHSV = 8 hr™'; lower, WHSV = 2 hr/;

’

+, conversion to hexenes; @, conversion to cracked
products; (], total conversion.

lowering the temperature of transition from
hexene to cracked gases.

The presence of hexene isomers indi-
cates that both methyl group and double-
bond shifts have occurred, consistent with
the xylene isomerization activity of AIPO,-
S reported by Choudhary and Akolekar (&)
(both AIPO4-5 (8) and AIPO4-11 (2) having
weak acidity). Under similar conditions,
propene conversion over H-ZSM-5 results
in an equilibrium olefin distribution (9). Ve-
drine et al. (10) have proposed a conjunct
polymerization mechanism for propene
oligomerization over H-ZSM-5; 4-methyl-
pentene-1 is the dimer product which then
dehydrocyclizes to benzene, isomerizes, or
undergoes additional oligomerization. Ap-
parently, the second oligomerization step
which gives the continuous olefin distribu-
tion does not occur on AIPO411.

Propene conversion over the amorphous
aluminophosphate samples was low (~3%
to ethene and the butenes at WHSV = 1,
673 K) and decreased with decreasing con-
tact time; Fig. 2 demonstrates the tenfold
greater conversion achieved over AIPO,-11

NOTES

under similar conditions. Increased temper-
ature increased the conversion, but meth-
ane, ethane, and ethene were the major
products. That the dimerization activity of
AlPO,-11 appears to be a consequence of
its porous structure supports the observa-
tion of Bhatia and Phillips that lower activ-
ity results from poorly crystalline material
(1, Table 1).

Figure 3 presents the percentage conver-
sion of ethene to its three principal prod-
ucts: 1,3-butadiene, ethane, and methane,
as well as total conversion as a function of
WHSYV at 673 K. No butanes or C3 prod-
ucts were detected; the ratio of 1,3-
butadiene to total butenes was >10:1. In-
creasing ethene contact time increased the
yield of the major cracked product, meth-
ane. The low reactivity of ethene over Al-
PQO,-11 is in agreement with its poor reac-
tivity over H-ZSM-5 (10).

A further consequence of the weak
acidity of AIPO,-11 is the low yield of aro-
matics. The rate-determining step in aroma-
tization is cyclization which occurs on
strong acid sites (/7). Over H-ZSM-5, the
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Fic. 2. Propene conversion (mass%) vs WHSV
(hr™'): upper, T = 673 K; lower, T = 730 K; +, conver-
sion to hexenes; @, conversion to cracked products;
{, total conversion.
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Fi1G. 3. Ethene conversion (mass%) at 673 K vs
WHSV (hr™'): +, conversion to 1,3-butadiene; ¢, con-
version to ethane; (], conversion to methane; A, total
conversion.

aromatics vield greatly exceeds that of
methylcyclopentane  for  temperatures
above 673 K; however, over AIPO;-11, the
yield of methylcyclopentane always ex-
ceeded that of the aromatics. Dehydroge-
nation of naphthenes over H-ZSM-5 oc-
curs via hydrogen transfer to olefins (/0), a
reaction unlikely to occur in the uni-
directional AIPO,-11 pores due to steric
hindrance. Aromatic formation must then
occur via naphthene dehydrogenation as
proposed by Bhatia and Phillips (/). The
low conversion to aromatics from propene
is due to the cracking of the hexene product
at temperatures below which dehydroge-
nation is possible. Conversion of 1-butene
to both 1,3-butadiene and Cg aromatics has
also been observed over Zn-borosilicate
(also a weak acid) (72); the aromatic yield
maximum occurred at 850 K compared with
793 K over AIPO4-11 (/).

The production of ethane from ethene ex-
ceeded that predicted from stoichiometry.
To verify whether the H, pretreatment sup-
plied the additional hydrogen required, the
catalyst was purged for 3 days with N, at
room temperature; no difference between
results after a 1- and a 72-hr purge was ob-
served. Lack of any H, pretreatment re-
sulted in catalyst activity decreasing with
each successive run. The excess H-to-
AIPOy4 (mol) ratio was ~2.5:1 suggesting
that the H, pretreatment supplied the pro-
tons necessary for the catalysis and which
are lacking in the AIPO411 structure.
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These results demonstrate that AIPO,-11
is a shape-selective oligomerization cata-
lyst, albeit one with low activity due to its
weak acidity. It is highly selective for dim-
erization, and under properly selected con-
ditions high dimerization yields will result.
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