ACTIVITY OF DIFFERENT STRUCTURAL TYPES OF ZEOLITES IN OLIGOMERIZATION
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The posseibility of using X and Y zeolites and mordenite as catalysts for the oligomeriza-
tion of C,-C, olefins was established even in the early years of development of zeolite cat-
alysis [1-3}. More recently, we have shown [4, 5] that the oligomerization of lower olefins
proceeds vigorously on zeolites of the Pentasil type at comparatively low temperatures. The
present work represents a comparative study of the activities of the Pentasil TsVK* and zeo-
lites of other structural types in the oligomerization of propylene and isobutylene.

EXPERIMENTAL

The zeolites used as catalysts and certain characteristics of these zeolites are listed
in Table 1. All of the decationized forms (with different degrees of exchange) were obtained
by decomposition of the corresponding ammonium forms by heating in air at 400-450°C before use
in the experiments. An exception to this procedure was made in the case of the L zeclite, the
ammonium form of which was decomposed at a temperature below 400°C in order to avoid breakdown
of its crystal structure.

The experiments with CsH, and i-C,Hy (purity approzimately 997) were performed at temper-
atures up to 350°C, 0.1 MPa, and molar rates of olefin feed (U) from 1+10™° to 5¢107" moles/
seceg, The procedures used in performing the experiments and analyzing the reaction products
have been set forth in [7]. The catalyst activities in the reaction were evaluated on the bas-
is of the liquid product yield and alsc on the basis of the initial oligomerization rates
(ro7) [5], which were determined by graphical differentiation. The stability of operation of
the zeolite catalysts was tested in extended runs for periods up to 4 h.

DISCUSSION OF RESULTS

In Fig. la we present data on the temperature dependenece of the liquid product yield in
the conversicn of CsHe and i-C,He (in the case of the i-C,Hes, the liquid product yields at
temperatures below 200°C practically coincide with the total conversion of the original ole-
fin). It will be noted that temperatures above 200°C are required to give any conversion of
CsHe to liquid products on any of the four zeolites investigated (Fig. la). These products
consist of complex mixtures of alkanes and alkenes in the C¢-C,o range, both straight-chain
and branched. No selective formation of CgHe dimer or trimer is observed. As we have report-
ed [4], when using the Pentasil HTsVK in the 200-300°C interval, liquid products in this comp-
osition range are obtained as a result of isomerization, cracking, and other conversions of
oligomers of lower olfefins [4].

In contrast to CsHe, the more reactive i-C,Hg is converted to liquid products even at
40-60°C (Fig. 1b)., Below 200°C, with any of the zeolites that were investigated, i-C,Hs is
selectively oligomerized, forming dimers and trimers, including 2,4,4-trimethyl-l-pentene,
2,4 ,4=trimethyl-2-pentene, 2,2,4,6,6-pentamethyl-3-heptene, and 2,2,6,6-tetramethyl-4-methyl-
encheptane. With increasing temperature, the content of i-C,Hs trimers in the products in-
creases; on all of the zeolites, the yield passes through a maximum in the 90-130°C interval
(Fig. 2). Above 200°C, no i-C,Hs trimers are found in the reaction products. The highest
yield of trimers is observed when the reaction is carried out on the L zeolite, in connection
with the wvery high activity of this zeolite in i-C,Hg conversion.

And indeed, the oligomerization of i-C,Hs proceeds most intensively on the L zeolite,
even at 100°C, the oligomer yield is greater than 90%, and it remains at this level all the

*TsVK is a Russian acronym denoting a high-silica zeolite — Translator,
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TABLE 1. Certain Characteristics of Zeolites

Type of Code Degree of ) Size of aper~
zgglite designation - ex%hange s % S10:/ALOs tures, A [g]
L HKL 82 5.2 71
Y HNaY 80 5.8 7.4
Mordenite HNaM 94 10,0 6,7X7,0
Erionite HKE 97 7.0 3,6X%5,2
Pentasil HTsVK 100 60,3 5.4X5.6
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Fig. 1. Temperature dependence of liquid product vield in con-
versions of CsHe (@) and i-C,Hs (b) on zeslites HKL (1), HKE
(2), HNaM (3), and HNaY (4), and HIsVK (5).

way up to 200°C. With further increases in temperature, the vield of oligomerized products
drops off rapidly. From the data presented in Fig. 1lb it can be seen that the activity of

these zeolites in i-C,Hs conversions below 150°C decreases in the following series: L >> erion-
ite ¥ mordenite > Y ® HTsVK. This order is maintained when the zeolite activities are compared
on the basis of the initial oligomerization rates (Table 2). According to these data, the L
zeolite has the highest value of r 7, more than 7 times the value obtained for zeolites of the
mordenite and erionite types, and 12-15 times the value obtained for the Y zeolite and Penta-
gil, Further study will be required to determine the reason for such a high activity of 1
zeolite in the reaction of i-C,Hg; oligomerization.

As can be seen from Fig. 1b, on the L zeolite, an overall conversion of i-C,Hs (or liquid
product yield) equal, for example, to 50%, is reached at approximately 60°C, i.e., some 50-70°
lower than on the cother types of zeolite. Therefore, in order to compare the i1-C,Hg conver-
sions at identical temperature and identical conversion (for example, at 100°C and 307 con-
version), experiments were performed at different molar rates of clefin feed. Here it could
be expected that on the narrow-pore zeolites such as Pentasil and erionite, the formation of
branched trimers of i~C,Hg should be hindered, and the reaction products should be enriched
in dimers of the original olefin. Instead, according to the data that we obtained (Table 2),
the ratio of trimer to dimer concentration in the reaction products (T/D) has the greatest
value (1.1) in the case of the zeolite with the narrowest pores, the HKE, whereas in the case
of the wide-pore HNaY zeolite, this ratio is only 0.5. These results, in combination with
data on the adsorption of variocus hydrocarbons on zeolites of the Pentasil and erionite types
I6, 8], suggest that the dimers and trimers that are found in the reaction products are formed
primarily on the external surface of the crystallites, since if they are formed within the
pores, such bulky molecules will be unable to diffuse into the gas phase. This is further
evidenced by our data reported in [9] indicating complete suppression of the catalytic activ-
ity of Pentasil when its surface is selectively poisoned with 2,4,6-trimethylpyridine at temp-
eratures up to 200°C. ‘

For further confirmation of this hypothesis, we performed experiments at 100-200°C with
i-C.,Hs on samples of erionite and Pentasil HTsVK that had been pretreated by passage of CsHg
at 200°C, As previously noted, in experiments with C;He¢ at this temperature, no liquid prod-
ucts are formed. However, the passage of this olefin over fresh samples of the zeolites is
accompanied by a significant increase in temperature, which, according to [10], is due to pro-
cesses of chemisorption and oligomerization of the alkene in the channels of the zeolite. 1In
the current work, we found that the presence of presorbed CsH¢ in the pores of the HTsVK or
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Fig. 2. Temperature dependence cf
yield of i-C,Hy trimers on zeolites
HKL (1)9 HKE (2), HNaM (3), HNa¥Y (&),
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TABLE 2. Compeosition of Products from i-C,Hg Oligomerization
on Zeolites of Different Structural Types (100°C, i~C,Hs con-
version ~30%)

Composition of liquid products, % i
ol \
2,4,4~TMP* °

Zeolite s[é:: moley/ other Cg . c /D moles/
"8 - 2 products i“‘nner& 2 sec-g
HKL 5-10—4% 3914 15.8 1.7 43.4 0.77 16.3
HKE 6-10-5 32.7 13.8 09 52.6 i1 2.2,
HNaM 1-10-3 37.9 144 40 43.7 0,78 2.2
HNaY 1-40-% 489 16.0 1.3 33.8 0.52 1.4
HTsVK 1-10-5 458 151 0,4 38.7 0.63 1.1

*2,6,4-Trimethylpentene,

HKE does not interfere with the reaction of i-C,He oligomerization on these zeolites; oligomers
are formed with the same yields as on fresh portions of these catalysts.

In experiments with i-C,Hs at 200°C with a molar feed rate of 19107° mole/secsg, the L
zeolite, mordenite, erionite, and Pentasil manifest satisfactory stability: Over an operating
period of 1.53-2 h, the product yields change very little (Fig. 3a). The most unstable of the
zeolites proved to be the wide-pore HNaY zeolite with an 80% degree of exchange. This is prob-
ably a factor in the observed low activity of this zeolite in i-C,Hs oligomerization.

With increasing feed rate of the original olefin, the stability of operation of all of
the zeolites drops off, and they become deactivated quite rapidly. This can be seen with par-
ticular clarity in the example of the Pentasil HTsVK, which is usually distinguished by high
stability in compariscn with zeolites of other structural types. As can be seen from data
(Fig. 3b), at 200°C with U = 1,00107% mole/seceg, the yield of oligomerization products on the
HTsVK remains constant at approximately 60%Z over the course of 4 h. An increase in U leads to
rapld deactivation of the zeolite: The yield of oligomers drops to approximately half the orig-
inal level In 3 h of operation. The rapid deactivation of the zeolites at 200°C with high
values of U can be explained on the basis that the branched molecules of oligomers that are
formed under these conditions can undergo cracking, isomerization, and other conversions only
te a very slight degree. Hence they are retained in the channels of the zeolite and are sorbed
on the active centers, blocking these centers., In favor of this hypothesis is the fact that
narrow-pore zeolites of the Pentasil and erionite types that have been deactivated in this
manner can be regenerated by heating at 250-270°C in a flow of inert. gas containing no oxygen,
This results in breakdown and removal of not only the products of i-C,Hs oligomerization that
are adsorbed on the external surface of the crystallites, but also oligomer molecules that are
formed and strongly sorbed within the channels of the zeolite. We made an analogous observa-
tion previously under conditions of conversion of Cs-C, alkenes at a somewhat higher tempera-
ture on 2 sample of Pentasil modified by vanadium [11].

From the data presented in Table 3, it can be seen that the breakdown of oligomers of C,-
€. olefins sorbed on the surface of narrow-pore zeolites of the Pentasil and erionite types
gives an identical set of alkanes and C;~Cs alkenes. It is interesting to note that upon re~
generation of HIsVK zeclite that has been deactivated by products of oligomerization of vagi-
ous olefins, definite differences are observed in the distribution of the products from break-
down of the oligomers, However, these differences ave far greater for breakdown of oligomers
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Fig. 3. Timewise variation of liquid product yield in i-C,Hg
conversion., a) On zeolites HXKL (1), HNaM (2), HKE (3), HTsVK
(4), and HNaY (5) at 200°C with U = 1e107® moles/secsg. b) On
HTsVK zeolite at 200°C with U = 1s10=% (1), 2.410™% (2), and
6.2¢10"° moles/seceg (3).

TABLE 3. Composition of Products from Breakdown of Oligomers
of Various Clefins, Chemisorbed on Narrow-Pore Zeolites

Composition of breakdown producis, wi. %
| Originai
Zeolite f
olefin G C:Hs CsHy #CHe | a-CiHp GH: | 2Cs
HTsVK CoH, 17.2 6.0 22.6 10.5 25 19,5 217
CsHs 118 7.5 15.8 18,5 3.5 23,1 19.8
n-CyHg 6.9 3.9 13.0 10.8 7.4 30.2 278
i-CyHsg 14.0 43 21.6 84 3.4 31.2 20,4
HKE C;He - 08 14,0 9.3 9.6 488 17,7

of one and the same alkene sorbed on zeolites differing in structural type. For example, the
gtructure of the oligomer molecules is determined primarily by the parameters of the zeolite
pore structure, and to a smaller degree by the nature of the original olefin,

The temperature at which we initially observe rapid breakdown of oligomers filling the
zeolite channels (250-270°C) coincides satisfactorily with the start of the temperature inter—
val in which there is a rapid increase in CzHs conversion and in the yield of liquid products
from conversion of this clefin (Fig. la). In this specific temperature interval, apparently,
Cs¥s molecules obtain access to active centers in the pores of the zeolite that were previocus-
1y blocked, active centers on which both the oligomerization reaction and other conversions of
the original clefins and its oligomers can take place. Consideration should alsc be given to
a pessible increase in the rates of desorption of branched products of reaction with increas-
ing temperature. As regards i-C,Hs, in this temperature interval on the Pentasil, we also ob-
serve an appreciable increase in yield of liguid reaction products. As can be seen from data
obtained by selective poisoning of the external surface of the Pentasil by 2,4,6-trimethylpy-
ridine, the main contribution to the catalytic conversions of i-C,Hs at temperatures above
250°C is likewise made by active centers localized in the channels of the zeolite [8]. The
results we have obtained are consistent with data reported by other investigators {10].

The authors wish to thank I. V. Mishin for furnishing the zeolite samples and for extreme-
1y valuable assistance in discussing the results from this work,

CONCLUSIONS

1. On zeolites of the L, mordenite, erionite, Y, and Pentasil types at 50-200°C, iso-
butylene undergoes selective dimerization and trimerization, whereas oligomerization of prop--
ylene on these zeclites is observed only above 200°C and is accompanied by isomerization,
eracking, and other conversions of the oligomers that are formed.

2. The highest activity in isobutylene cligomerization is manifested by L zeolite, the
lowest activity by the Pentasil type zeolite, which also loses its stability of operation
(characteristic for Pentasils) when the molar rate of olefin feed is increased.
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3. On narrow-pore zeolites (Pentasil and erionite) below 200°C, isobutylene is selective~
lv dimerized and trimerized mainly on active centers localized on the outer surface of the
erystallites, since the zeolite chamnels are blocked by strongly chemisorbed oligomers.
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CATALYTIC CONVERSIONS OF Cs CYCLIC OLEFINS IN THE PRESENCE OF Ni(0) COMPLEXES.

COMMUNICATION 1. {n®*-METHYLENECYCLOPROPANE)BIS(TRIPHENYLPHOSPHINE)NICKEL:
CATALYTIC ACTIVITY AND ROLE IN DIMERIZATION AND TRIMERIZATION OF
METHYLENECYCLOPROPANE

D. B, Furman, A. V. Kudryashev, UDC 541.128:541.49:546.74:541,64:547.512
L. S. Isaeva, T. A. Peganova,

A. 0. Ivanov, S. V. Zotova,

V. S. Bogdanov, O. V. Bragin,

and D, N. Kravtsov

In the catalytic cycle of dimerization and trimerization of methylenecyclopropane (MCP)
on Ni(0) complexes, including complexes modified with phosphines [1-3], n®-methylenecyclopro-
pane complexes of Ni(Q) have been suggested as the primary intermediates [4, 5]. However, no
direct data have been available for confirmation of this hypothesis,

Here we are reporting on a study of conversions of MCP in the presence of (n?-methylene-
cyclopropane)bis (triphenylphosphine)nickel (Kt-1), the synthesis of which was described in
[6], and also an investigation of the behavior of the Kt-l itself under conditions of cataly-
gis, with the aim of elucidating its role in MCP conversion reactions,

DISCUSSION OF RESULTS

In the presence of Ni(COD), —-Pgﬂ‘Rg_n {COD = 1,5-cyclooctadiene; n = 1-3; series of
compounds includes PPhy), MCP is subjected to dimerization, trimerization, and oligomeriza-
tion, trimers or oligomers being formed preferentially [3].
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