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ABSTRACT

The oligomerization of ethylene into gasoline- and diesel-range
products over nickel catalysts at high pressure (35 bar) and Tow
temperature (120 () s described. The catalysts used were
obtained by nickel(II)-exchange or impregnation of two
differently prepared silica-alumina supports. Under the above
reaction conditions and at an MHSV = 2, conversion levels between

98 - 99% were obtained with the products formed having aimost
exclusively an even number of carbon atoms, Ca - Cz0. The
percentage of Cio. products varied from 22 - 41% by mass,

depending on the type of catalyst used. Most significantly, the
catalysts are extremely stable in use, showing no detectable drop
in conversion after 40+ days on stream. The wark has been
extended to include propylene as feed for the oligomerization
reaction over these catalysts.

INTRODUCTION

Propylene and other olefins of higher molecular weight can be
easily oligomerized over a wide range of acid catalysts, both
zeolitic and non-zeolitic (1). In the case of ethylene, however,
only very low conversions can be obtained over this class of
catalysts. In contrast to the situation found with acid
catatysts, the study of supported nickel catalysts for the
dimerization of ethylene, where use is made of amorphous or
crystalline aluminosilicates and silica as supports, s well

documented (1-3). O0f interest to us was the mobilization of
ethylene as an additional source of automotive fuel by taking the
reaction beyond the dimerization step. Avoidance of the

acid-catalyzed route would also result in a less-branched
product, as anticipated from the reaction mechanism of ethylene
ol igomerization over nickel catalysts. In our previous work
(3,4) we have shown that nickel(ll), supported on
ion-exchangeable carriers such as silica-alumina and zeolite Y,
jeads to highly active catalysts for the oligomerization of
ethylene into gasoline- and diesel-range products. It was found
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that for these catalysts -0 pre-reducticn &% NRCESSAry  iS
vaquirec  for Lhe Ni/5 Qa-type catalysts ([5-7). The reactians
avar t7e nicke -exthanged sitica-aluming catalysts, carried out
at low pecssure (11 bar} and high temperalure 1300 C) (3,8),
werg, however, characterized by rapid deactivation of Lha
catalysts. Sinilar zeactivation patzerns were observed with the
Wi¥ zystem studied =y [far et al. (%). Qur studies cn the
oligomerizalion ¥ ethyTene over Ni¥ at low temperatuJres showed
—hat this syster alsa ceactivabted rapidly {4;.

In this paper we will repert an & neovel  heterugengaus
nickerl-based systam (catalyst  compositian and  reactiar
cund iticns)  under wnich athyleme ol igomerization into products in
-he gasolime- and dizsel-ranges can be carried gut over exiended
periods of Lime without catalyst deactivatian. Furthermare,
havirg shown previously (3) that the oTigomerization activ'ty is
a runction of the &cid s-rencth of the support, we examined in
~his study the use of two different silica-aluminas as support
material. lne was a specially prepared high-acid-strength
sifica-alum’na  [SAIl, as determined using a catalytic test
reaction {3}, and CLhe other was prepared via conyent ional
procedures and reagents to give a material of Tow acid surength
(SATEY). Alsa dimciuded will be soma of our results an  the
oligomerization of propylene aver these rickel catalysts.

EXPEREMENTAL
Preparation of the sjlica-aluming supports

The Fiwst type of silica-alumina, SAL, was prepared by gelling &n
aguenus  mixture of tetrapropylammenium aluminate and silicic acid
fpllowec by grying and calciring at 530 € {3}. This supporT hac

a 5i0z/81=0: ratic of 72 and a surface area of 450 m™/g.

The second type, SAIL, was obtained by the co-precipitation of
sodium  aluminate and sodium silicate saolutions Lhrough  the
atdition of 1 M nitric acid (3). After gelation, the material
was Lthoruughly washed with distilled water until tne “iltrates
hadt a sodium concentration of not more than 10 ppm. "nis was
followed by drying at 110 "C and calciration at 550 C.

In ration irk

SAT was  impregnated with an aguecus solution of nickel nitrate
which, after evaporatisn of the solvent, resulted in a nicket
loading of 3.84% by mass. This catalyst will he designated as
hiSA- TA. The ion-exchange equlvalent of this catalyst, NiSA-IB,
was prepared by refluxing SAD in a rickel nitrate stuton for
fFour hours. After filtrabion. the solids were extensively washed
with disLilled water and then oried at [10 . The product had a

~ickel content of 0.73%.
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SAIY was  ipr-exchanged with an  aguecus solitian contatning a
i-molar excass of nickel chloride hewahyerate, o2ased on -he
nunber  of theoretizally exchargeanie aluminiun sites. The
mixture was stirred for Five FPours at reflux.  The solids were
the- fiitered anc extensively washed wilh disLilled water urt']
the filtrates were Tree o7 calc-'de ions. as detected oy the
addition of silver ritrate. A7ter dryirg at 110 L, the catalyst
had a nicke? corzent of [.56% Ly mass.

tatalytic experiments

The catalytic experiments were operformed ir g #ived-bed flow
reactor which has been described previousiy (4}, &<ter the
reactor had beer charged with the catalyst (1.3 g}, the sanple
was freed from adserbed water at 3C0 C For three hours under a
fiow of UHF nitrogen. The reactor was trem allowed to ool down
inder 3 Tow nitrngen “low. In the experiments in which catalys:
activity was measured as a fuection of veact:on temperalure, lbe
reactor was  heated incremenlally and it was meintained at =ach
temperature for at Teast 45 minutes oefore a sample was taken for
analysis by gas chromatcgraphy {FID, BP-1 cepillary column). All
ol igomerizatios reactions were carriec out at 3% bar and an MHSY
= 2.

RESULTS AMD D1SCUSSION

The catalytic activizy of the two types of WiSA-] rfatalyst, as
we:l as that 37 tre support itsetf, for ethylene conversicn to
products of higher molecular weight as a funciion of reactian
temperature i3 skown in Fig. 1, The siliva-alumina shews 7o
appreciable conversion betow 230 I, With the 2irkel containing
catalysts, two distinct tempsrzture regions of high catalytie

activity arc obse-ved. One is at a low ifemperature (a
volcano-type <curve around 120 C) and the otner at & higrer
temperature {around 320 (). The results alsc show that the

contribution  of the nickel +tr ethylene conversion in bcth
temperature regions it definitely more significant tham that of
the sapport.

ihe characterist‘cs of the reactions are, howevar, differenil in
the Lwe Lemperature regions. At the Tow temperature, the
reaclien 95 highly se ective, resulting almost exclusively in
praducts with an  even nugber of carbon atoms fsee Fig. 2}, and
tan thus be rconsidered as "true" nligome-ization, i.8. the
products., Ca - Czo, are ‘ntegral multiples of the moromer.
Tke amount of products with an odd number of carbon atoms was
1.1% for the HNiS4-JA and 2.4% for the NiSA-IB catalvsis at 97.7
and  99.3% canversion respectively. The high-temperature reqg on,
an the cther hand, s characterized by a high conceniration of
products with an odd number of carbon ztams, the amounts af which
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increase with increasing temperature (see Table 1). The results
in Fig. 2 also show that the product distribution pbtained at 120
¢ is dependent on whether the nickel is incorporated by ion
exchange or impregnation. An examination of the product spectrum
obtained with the impregnated catalyst shows a decrease in
concentration with increasing molecular weight. With the NiSA-IB
catalyst, both a higher concentration of octenes relative to the
butenes and hexenes and also a higher amount of products with a
carbon number greater than nine are obtained. The Cie+ Or
diesel fractions were 41.1 and 22.1% for the jon-exchanged and
impregnated NiSA-1 catalysts respectively. It thus appears that
the nickel is more effectively used in the jon-exchanged
catalysts. Also, the nickel content of these catalysts is
considerably higher than that employed in our previous studies,
0.3% (8).

The most significant property in terms of industrial importance
exhibited by these catalysts is shown in Fig. 3 where percentage
conversion is plotted against time-on-stream. The results show
that the 19n-exchanged catalyst is extremely stable in use {at 35
bar, 120 "€ and MHSV = 2), showing no detectable drop in
conversion after 22 days on-stream.

Having established therefore that the above reaction conditions
(and catalysts) allow for the highly efficient and stable
heterogeneous ol igomerization of ethylene, we subsequently
examined the use of a silica-alumina which could be synthesized
via the use of more conventional reagents and procedures (SAII,
see Experimental). The product spectrum obtained with the nickel
catalyst prepared from this support, NiSA-II (1.56% nickel), is
shown in Fig. 4. It can be observed that at a conversion of
99.3%, the amount of Cios products formed (30.4%) with this
catalyst is approximately 11% lower than that obtained with the
NiSA-IB catalyst. Using a NiSA-II sample with 0.76% nickel, a
99.6% conversion was achieved which yielded a Cio. fraction of
28.6%. The amounts of Cio« obtained with the NiSA-1 and
NiSA-I1 catalysts are in agreement with our previous conclusions
(3) that the oligomerization activity of the nickel catalysts
increases with increasing acid strength of the support. The
influence of the difference in the surface areas of the supports
cannot, however, be excluded.

The stability of the NiSA-II catalyst was also examined as a
function of time-on-stream (see Fig. 5) and it was found that,
under  the above-specified reaction conditions, the catalyst
showed no apparent loss in activity after 44 days on-stream.

Experiments on the conversion of propylene over the NiSA-1I

catalysts have also been conducted. Under the same reaction
conditions as for ethylene, 90.7% of the propylene was converted
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TABLE 1

EFFECT OF TEMPERATURE ON THE AMOUNT OF
PRODULTS WITH AN ODO WUMBER OF CARBONS

TEMPERATURE CONCEMTRAT ION
{ C) . [mass %}
125 I.]
21E ¢.h
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Figure 3. Plot uf % eLlhylene conversion  versus

time-on-strear for Lhe NiSA-IB catalyst {at 15
bar, 120 C and MHSY = 2).
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Figure &. Product spectrym obtained with the NiSA-11 catalyst
at 35 bar, 120 C and procpylenc MHSY = 2.

to dimers anc otber higher o1igomers, with the Cie~ fraction
gmounting to 24.8% (see Fig. &), Catalyst stabilitles were
similar to taose chserved in ethylene ol igomerization. Further
details of odr work on propylene conversion will be given in a
lazer paper.

CONCLUSTONS

We have therefore shown for the first  time  that
siica-alumine-based nickel catalysts (of relatively high nickel
contents) can be used at Tow temperatures and high pressures for
Lhe highly efficient and szzble hetervceneous ol igomerizasion of
ethylene. The amount of Cio+ products formed waries from 22 -
41% by mass depending on the type of catalyst ased; this
therefore offers some flexib?1ity in the type of product that
can be obtained via the Jjudicious chcice of support anc metrod
of catalyst preparation. The Teng catalyst lifetimes observed
for botr types of catalyst indicate that the reaction conditions
are more crlcial  for catatyst stability than the choice of
silica-alumina  support. Qu= results =iso show trhat the
catalysts can he wused successtully for the canversion of

ETORYeng,

LITERATURE CITED

{1 D'Comnor, C.T., and Kojima. M., Catalysis Today, &, 228
(1580) .

{27 Cai, F.X., Lepetit, C., Kermarec, M., and Dlivier, DO,
J. Mol, Catal., 43, 53 (1987} and weferences therein.

120




(7}
18)
(9)

Espincza, R..., Sne’, R., Korf., C.J.. and Micolaides,
Z.F., App-. Catal., 29, 235 (1%B7).

Jeveling, .., van der Beek, A., and de Pender, M., Appl.
Catal., 42, 32k [19BE).

Bommeviot, L., Clawse, ©., Che, M., Manceau, A, and
Dexperz, H., Cata'ysis Tocay, B, 38 {19835,

Bonneviot, L., Llegendre, 0., <ermarec, %., Olivie-, o,
and Che, M., J. Colloid Interface %ci., 134, 534 {1990},
tepetit. C., Rermarse, M., ant CPivier, D., J. Mol
Catal., bl, 73 [1BED].

Espifora, R.L,, Nicoizides, ©.P., kerf. L.J., and 5nzl,
R., Appl. Catal., 31, 25% (1887).

Déaz, &.C., Ortiz, 1., and ¥illegas, F.. PREPRINTS, Div.
of Petrol. Chem., ACS, p. 1194 (197B).

Financial support  from  the Foundation of Research and
Development. CSIA  and the Mattomal Energy Council s gratefully
acknow edged.

171



