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This invention relates to a process for the selective
hydrogenation of diene-containing hydrocarbon oils.

Products from the severe cracking of hydrocarbon oils
ordinarily contain sulfur compounds and considerable
quantities of gum-forming dienes. Dienes in gasoline
have a pronounced tendency to polymerize, particularly
under the influence of air and light, to form gummy
materials which deposit upon feed lines, carburetors,
valves and the like when the fuel containing them in used
in internal combustion engines and thus interferes with
the proper operation thereof. Removal of the dienes by
ordinary chemical and clay treating processes usually
results in large losses of valuable antiknock fuel ingre-

ients. Removal of the gum-forming dienes by polym-
erization even under optimurmn conditions tends to result
in volumetric losses up to about 209%. Therefore, a
preferred method of securing stabilization of a cracked
product is one wherein the diolefins are selectively
hydrogenated without substantial loss of fuel ingredients.

It is known to hydrogenate selectively a diene-
containing gasoline in the presence of hydrogen at an
elevated temperature over a catalyst comprising nickel
supported on alumina. A catalyst comprising nickel
deposited on a carrier having lower cracking and polym-
erization activity than gamma-alumina has also been
proposed. The proposed carriers include the oxides and
carbonates of calcium, magnesium, strontium, and
barium, silicon carbide, quartz, diatomaceous earth,
carbon, and pumice. However, these catalysts are un-
satisfactory from the standpoint of activity, mechanical
strength, difficulty in preparation, and the like. For
example, barium oxide is practically useless as a carrier
since it partially melts during catalyst preparation which
thereby adversely affects the pore structure.

An object of this invention is to provide an improved
method of treating unstable light hydrocarbon oils which
are difficult to refine by ordinary chemical and clay
treating processes without incurring large losses of valu-
able ingredients. A further object of this invention is
to provide an improved method for improving the sta-
bility of a diene-containing gasoline by an improved
selective hydrogenation treatment. More particularly, the
object of this invention is to provide a process for im-
proving the stability of diene-containing gasoline by a
low temperature catalytic selective hydrogenation treat-
ment.

It has now been found that the dienes and other highly
reactive unsaturated compounds such as occur in light
hydrocarbon oils obtained by cracking can be hydro-
genated in a particularly selective manner to form alkenes
by using a cobalt or nickel catalyst supported on an
alkali earth metal sulfate as catrier. Other favorable
properties of the product are not adversely affected by
this selective hydrogenation but are even improved in
certain cases. By light cracked hydrocarbon oils it is
meant ~hydrocarbon oils having a final boiling point
(A8.T.M.) of not more than 375° C. which are obtained
from cracking processes. Unstable very reactive unsatu-
rated compounds occur in relatively large quantities in
gasolines and kerosines obtained by thermal cracking,
particularly at high temperatures and short contact time.
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The present process is particularly suitable for the
treatment of gasoline or fractions thereof obtained by
thermally cracking in the presence of steam a hydro-
carbon oil with a final boiling point of not more than
approximately 250° C. ‘These gasolines are extremely
unstable owing to the presence of a relatively high con-
tent of highly unsaturated hydrocarbons. However, these
gasolines have a very high octane rating owing to the
high percentage of aromatic compounds and alkenes which
are in themselves stable motor gasoline components.

The highly unstable steam-cracked gasolines ar¢ pro-
duced by thermally cracking at a high temperature in
the presence of sieam, a hydrocarbon oil and preferably
a hydrocarbon oil relatively rich in aliphatic hydro-
carbons. Cracking in the presence of steam is usually
effected at temperatures between approximately 550° C.
and 900° C., preferably between 750° C. and 800° C,
and generally under a pressure below approximately
5 atm. abs. The quantity of steam employed is usually
0.1-10 parts by weight, preferably about 1 part by weight
per part by weight of starting material. Cracking in the
presence of steam is mainly applied for the preparation
of lower alkenes, in particular ethene and propene, which
are used as starting materials in the chemical industry.
During the cracking treatment, which is generally car-
ried out in a pipe still, usually more than 50% by weight
of the starting hydrocarbon oil is converted into com-
pounds having four or fewer carbon atoms in the
molecule. The by-product formed during the cracking
in the presence of steam is the gasoline which is refined
by the process of the present invention and which usually
contains more than 30% by weight and often more than
60% by weight of aromatic compounds and has a con-
siderable content of alkeues with a relatively high octane
number. In addition, a relatively large amount of highly
reaciive compounds, mainly dienes, inter alia, those of
the cyclopentadiene type, are present. It is also of advan-
tage that in most cases these gasolines are. practically
free of sulfur, ie. they have a content of sulfur com-
pounds (calculated as elemental sulfur) which s con-
siderably lower than 0.1% by weight. These gasolines
usually contain little or no naphthenic hydrocarbons.

The process of the present invention enables the
unstable compounds present in such gasolines to be con-
verted into more saturated compounds by means of
selective hydrogenation, whereas the valuable alkenes are
hardly, if at all, affected. The process of the invention
is also suitable for use with other djene-containing
gasolines such as those produced from high temperature
short contact catalytic or thermal cracking of gas oil
fractions. The diene content of such gasolines, while
appreciable, is usually less than that of steam-cracked
fractions. Moreover, the process of the invention is
suitable for lower boiling hydrocarbons such as a Cs
fraction containing diolefins such as methylacetylene and
propadiene. ~Such low boiling fractions may be treated
per se or combined with diclefin-containing gasolines in
the process of the invention.

The course of the present hydrogenation is greatly af-
fected by the nature of the carrier on which the nickel or
cobalt catalyst is supported. 1t was found that the use of
alkaline earth metal sulfates as carrier gave surprisingly
suitable catalysts with which particularly selective hydro-
genations could be carried out. The alkaline earth metal
culfates can be employed as such or in the form of mix-
tures with other carrier materials. Only those alkaline
earth metal sulfates which are jnsoluble or substantially
jnsoluble in water are suitable for use as a carrier since
the catalyst is usually prepared by impregnating the car-
rier with an aqueous nickel or cobalt salt solution. In
such a case a water-soluble alkaline earth metal sulfate,
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for example magnesium sulfate, is manifestly unsuitable
since the structure, which is very important for the action
of the catalyst, will be affected during the impregnation
treatment by the partial dissolution of the alkaline earth

other than aqueous solutions, would be unsuitable for use
with water-containing feeds or would require expensive
means to dehydrate the feed,

The nickel or cobalt component of the catalyst is de-
posited on the carrier in an amount (calculated as metal)
from about 1% to about 25% by weight, and preferably
from3% to 10% by weight, based on the tota] catalyst,

The selective hydrogenation is carried out at average
Catalyst temperatures of not more than about 169° C, and
preferably at average temperatures in the range of from
70° C. to 130° C,

To ensure satisfactory hydrogenation a quantity of hy-
drogen is employed which is at least equal to the theoretical
amount required for the complete conversion of the reac-
tive compounds present in the gasoline into more stable
compounds, such as the conversion of dienes into the cor-
responding alkene. In order to maintain the activity of the
catalyst over longer periods, however, it is preferred to use
2-5 times the theoretical amount of hydrogen.

The gas employed may be hydrogen or a hydrogen-con-
taining gas mixture, for example a mixture of hydrogen
and light hydrocarbons. When using an excess of hydro-
gen it is of advantage to recycle the hydrogen used, pref-
erably after the previous removal of undesired components

The gases employed should Pbreferably contain more than
Very suitable are, for ex-
ample, the hydrogen-containing 8ases obtained in the cata-
Iytic reforming of gasoline fractions.

The liquid hourly space velocity is usually 0.05-5 kg.
and preferably 1-3 kg. of hydrocarbon per hour per liter
of catalyst, i io i

sure) of gas per kg. of hydrocarbon oil.

Although according to the present process the catalysts
can be used in a fluidized or suspended state, a fixed bed
of catalyst is preferably used, Since,

i.e. as to more than 50% by weight and pref-
erably as to more than 75% by weight, in the liquid phase
without the need for excessively high bressures, the
“trickle” technique is particularly suitable for this pur-
bose. According to this technique which is described in
.Hoog, U.S. 2,608,521 (issued August 26, 1952), the start-
partly in the liquid
phase and partly in the vapor phase, is allowed to flow

process of the invention wherein temperature is
not more than 160° C., hydrogenation in the liquid phase
usually proceeds at bressures between 10 and 60 atm, abs.,
preferably between 20 and 40 atm, abs. Because of the
exothermic nature of the hydrogenating reactions there

heat of the liquid .there will generally be smaller rises in

temperature than when operating in the gaseous phase.
The following example is illustrative of the practice of

the invention and should not be considered a limitation

thereof,
EXAMPLE

The starting materjal used was a gasoline obtained as
a byproduct in the preparation of ethene and propene by
cracking in the presence of steam a straight-run hydro-
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carbon il having a final boiling point of 230° C. This
gasoline was free of naphthenic hydrocarbons and con-
tained 11% by weight of dienes, 10% by weight of
alkenes, about 36% by weight of aromatic hydrocarbons
and about 43% by weight saturated hydrocarbons, The
sulfur centent was less than 0.01% by weight, Recause
of the high diene content, the gasoline was very unstable,
as shown by an induction period of only about 9 minutes
without the addition of an inhibitor.

Other properties of the gasoline were: boiling range
41° C.-180° C. (ASTM); McIlhiney bromine number
52 g./100 g.; and an Ellis and Jones maleic anhydride
number of 112 mg./g. When all the unsaturated com-
pounds were completely saturated the hydrogen consump-
tion was 90 liters (S8.T.P.) per kilogram of oil.

The gasoline, substantially in a liquid state and in the
presence of 200 liters ( S/T.P.) of hydrogen per kilogram
of gasoline, was Passed over the catalyst (3 x 3 mm. pel-
lets) at an average catalyst temperature of 100° C.,a
bressure of 40 atm. abs. and a liquid hourly space veloe-
ity of 2 kg. of gasoline per hour per liter of catalyst.

Under these conditions three experiments were con-
ducted in which the catalysts used were:

Catalyst A—nickel supported on barium sulfate (nickel
content 4.8% w.)

Catalyst B—nickel supported on barium carbonate( nickel
content 4.8% w.)

Catalyst C—nickel supported on barium carbonate (nickel
content 10.0% w.)

The catalysts were prepared as follows. The carrier
material was impregnated by mixing it in powder form
with a nicke! nitrate solution to form a paste. To this
end the Dbarium sulfate was mixed with a nickel nitrate
solution containing 7.5% by weight of nickel (calculated
as metal) and the barium carbonate powder was mixed
with nickel nitrate solutions containing 5% by weight
and 10% by weight of nickel respectively. After sepa-
rating the excess water, the resultant material was dried
at 120° C. and then compressed with stearic acid as
lubricant to form 3 x 3 mm. pellets. The stearic acid
was burned off in the presence of oxygen and the cata-
lyst was then calcined at 500° C, Finally a reduction
lreatment was carried out by passing over the catalyst
hydrogen at a rate of 400 liters (S.T.P.) per hour per
liter of catalyst for 3 hours at 400° C. and under a pres-
sure of 40 atm. abs, Catalyst D was prepared by mixing
barium suifate powder with a cobalt nitrate solution con-
taining 48% by weight cobalt (caleulated as metal) to
form a paste. This catalyst was dried, pelleted and tested
with the same feed and under the same conditions as the
nickel catalysts.

The data are given in the following Table I

TableI
HYDROGENATION OF UNSTABLE GASOLINE

Product Obtained With

Catalyst
Feed —
A B C D
S L R N A
Specifiegravity__._______ 0.7510.75 | 0.76 | 0.76 0.76
romine number, g./100 g 52 19 52 48 49
Maleic acid anhyq 12| 8.9 94 | 107 36
Hydrogen consumption [liters (S.T.P.) .
per ke, of gasoline] 50 1 6 7
Weight ratio of conju
atkemes.________ 7T 99 2 62| 110 15
I~1-11% octane number. .. ---| 99.5198.0199.2 100,01 go. i]
F-2-134 octane number.__-7I1ITTITT 84.4187.5) 8481845 85.2

The octane numbers after the addition of 11 cc. of
tetraethyl lead per U.S. gallon are determined according
to the AS.T.M. method ‘DS08-58 and the ASTM.
method 357-58,

The superior hydrogenation activity of the nickel cata-
Iyst supported on barium sulfate is shown by the figures



3,116,233

5

for the hydrogen consamption ard the decrease in the
maleic acid anhydride number, which is a measure of
the alkadiene content and the stability of the resuitant
product. The selectivity is indicated by the figure show-
ing the ratio of the quantity of conjugated alkadienes
to that of the aikenes. The lower this figure, the rela-
tively larger is the quantity of alkadiencs hydrogenated
and the amount of unconverted alkenes which are im-
portant for the octane number of the gascline.

1t should be noted also that the sensitivity of the gaso-
line is greatly improved by the selective hydrogenation
over nickel supported on barium sulfate, whereas it is
little affected by the other catalysts. The term “sensi-
tivity” is a measure of the sensitivity of the gasoline to
changes in the operating conditions of the engine and is
determined as the difference between the F-1 and F-2
octane rating. A low sensitivity is desired in gasolines
for the modern high-compression ratio engines, and par-
icularly a low sensitivity gasoline with a high F-1 rat-
ing. The barium suifate supported catalyst was particu-
larly effective in this respect in that the F-2 rating was
raised from 84.7 to 87.5.

We claim as our invention:

1. A process for the selective hydrogenation of diene-
containing gasolines which comprises contacting said gaso-
line with hydrogen at a temperature of about 70° to
about 130° C. in the presence of a catalyst comprising
a water-insoluble alkaline earth metal sulfate on which
is deposited a metal se ected from the group consisting of
nickel and cobalt.

2. A process for the selective hydrogenation of diene-
containing gasolines which comprises contacting said
gasoline with a gas containing at least 60% by volume
hydrogen at a temperature of from about 70° to about
130° C. in the presence of a catalyst comprising from
19 to about 25% by weight of nickel deposited on a
water-insolubie alkaline earth metal sulfate.

3. The process according to claim 2 wherein the gaso-
line has a sulfur content, caleulated as elementel sulfur,
of less than §.1% by weight.

4. A process for the selective hydrogenation of diene-
containing gasolines which comprises contacting said gaso-
line with 2 gas coniaining at least 64% by volume hy-
drogen in the presence of a catalyst comprising from 1%
to abont 25% by weight nickel deposited on a water-
insoluble alkaline earth metal sulfate, said selective hy-
drogenation being carried out at a temperature of from
about 70° to about 130° C., a pressure of between 10
and 60 atmospheres absolute, a liguid hourly space ve-
locity of 0.5-5 kilograms of gasoline per hour per liter
of catalyst, and a gas 1o gasoline ratio of 50-300 liters
(measured at stand ard temperature and pressure) of gas
per kilogram of gasoline.
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5. A process for the selective hydrogenation of diene-
containing gasclines which comprises contacting said
at least 60% by volume

asoline with a gas containing
-4 =] ) .
of a catalyst comprising Irom

hydrcgen in the presence

3% to 10% by weight nickel deposited on barium sulfate,
said selective hydrogenation being carried ocut at a tem-
perature of from about 76° to about 130° C., a pressure
between 20 and 40 atmospheres absolute, a liquid hourly
space velocity of 1.0-3.0 kilograms of gasoline per hour
per liter of catalyst, a hydrogen to gascline ratio of 50—
300 liters (measured at standard temperature and pres-
sure) of hydrogen per kilogram of gasoline.

6. A process for the selective hydrogenation of diene-
containing gasolines which comprises contacting said
gasoline with a gas containing at least 60% by volume
hydrogen at a temperatore of from about 70° to about
130° C. in the presence cf a catalyst comprising from 1%
to about 25% by weight of cobalt deposited on a water-
insoluble aikaline earth metal sulfate.

7. A process for the selective hydrogenation of dieme-
containing gasolines which comprises contacting said
gasoline with a gas containing at least 60% by volume
hydrogen in the presence of a catalyst comprising from
1% to about 25% by weight cobalt deposited on a water-
inscluble atkaline earth metal sulfate, said selective hydro-
genation being carried out at a temperature of from
ahout 70° to about 130° C., a pressure of between 10 and
60 atmospheres absolute, a liquid hourly space velocity of
0.5-5 kilograms of gasoline per hour per liter of catalyst,
and a gas to gasoline ratio of 50-300 liters (measured at
standard temperature and pressure) of gas per kilogram
of gasoline.

8. ‘A process for the selective hydrogenation of diene-
containing gasolines which comprises contacting said
gasoline with a gas containing at least 60% by volume
hydrogen in the presence of a catalyst comprising from
39, to 16% by weight cobalt deposited on barium sul-
fate, said selective hiydrogenation being carried out at a
temperature of from about 70° to about 130° C., a pres-
sure betwesn 20 and 40 atmospheres absolute, a liguid
hourly space velccity of 1.0-3.0 kilograms of gasoline per
hour per liter of catalyst, a hydrogen to gasoline ratio
of 50-300 liters (measured at standard temperature and
pressure) of hydrogen per kilogram of gasoline.
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