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COMBINATION PROCESS FOR HYDROTREATING
AND SYNTHESIZING HYDROCARBONS

Charles H. Watkins, Arlingion Heights, II}., assigner, by
mesne assignments, to Universal Oil Products Company,
Des Plaines, ili., a corporation of Delaware

Application August 13, 1957, Serial Ne. 678,019
1 Claim. (Cl. 260—449.6)

This invention relates to a combinatior_l process for
hydrotreating hydrocarbons and synthesizing hydrocar-
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bons wherein both processes are improved by being co- 7

-operatively effected with the other.

Hydrotreating hydrocarbon fractions is an extremely
valuable tool, particularly in the petrolenm refining in-
dustry. It is used for a multiplicity of treatments in-
cluding, but not limited to, hydrodesulfurizing hydro-
carbon fractions such as gasoline or heavier oils to con-
vert organically combined sulfur in the form of mer-
captan or thiophene compounds to hydrogen sulfide which
is readily separated from the liquid hydrocarbon, re-
forming gasoline fractions to produce higher quality
gasoline fractions, saturating olefinic fractions such as
cycle oils from catalytic cracking processes, stabilizing of
heavier fractions to prevent the precipitation of asphal-
tenes and other readily precipitated heavier materials by
-converting them to more stable liquid forms, hydrocrack-
iing wherein large molecules are both cracked and hy-
drogenated to form saturated lower boiling distillates
and -others. Hydrotreating of petroleum fractions has,
in fact, become such a wide-spread refining process that
a major problem associated with hydrotreating is obtain-
.ing hydrogen.

Another -useful process is synthesizing hydrocarbons
from less valuable materials ‘such as methane, ethane,
‘propane, etc. These fractions are produced in abundance
in refinery operation, both from distillation of the crude
oil -and as by-products from other processes such as
catalytic cracking, visbreaking, -coking, reforming, etc.
The normally gaseous hydrocarbons are usually disposed
of as fuel. Normally gaseous hydrocarbons can be con-
verted to liquid hydrocarbon fractions by hydrocarbon
synthesis processes which include manufacturing a syn-

‘thesis .gas conmsisting of carbon monoxide and hydrogen

from the normally gaseous hydrocarbons and syathesiz-
ing hydrocarbons from the synthesis gas thus produced.
When producing hydrogen and carbon monoxide from

-gaseous hydrocarbons an abundance of hydrogen over

that required for the synthesis reaction is produced. For
example, the reaction of methane and steam produces a

_mixture having three volumes of hydrogen per volume

of -carbon monoxide whereas the Synthine process for
synthesizing hydrocarbons employs at optimum condi-
tions a mixture of 15 to 2 parts of hydrogen per part
of carbon monoxide. Separation of hydrogen from
carbon monoxide is a difficult process on a commercial
scale since both are extremely volatile materials which
require either exceedingly high pressures or refrigeration

. in- order for fractionation to be effected. It is an object
i of this invention to integrate a hydrotreating process and
“a hydrocarbon synthesizing process thereby providing a

source of -hydrogen for the former and an improved
charge for the latter wherein both processes are benefi-

‘ciated by their coaction.

-In one embodiment, this invention relates to a combina-
tion process - comprising reacting a normally .gaseous
hydrocarbon with H,0 to form an initial mixture of hy-
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drogen and carbon monoxide, commingling liquid hydro-
carbon charge with said initial mixture and passing the
resultant mixturé to a hydrocarbon-hydrotreating zZone
maintained at hydrotreating conditions and containing
a hydrotreating - catalyst, separating the effluent from
said hydrotreating zone into a hydrotreated liquid prod-
uct and a synthesizing gas, passing said synthesizing gas
into a hydrocarbon synthesizing zone containing a hy-
drocarbon synthesizing catalyst and maintained at hy-
drocarbon synthesizing conditions and recovering a syn-
thetic liquid hydrocarbon product from the effluent from
said synthesizing zone.

Briefly, the process of this invention contemplates the
manufacture of water-gas as a source of hydrogen and
carbon monoxide for a hydrocarbon synthesizing process
and the improvement as a charge for said process of the
water-gas by supplying it as a source of hydrogen to
a hydrotreating process. The coaction and combination
of these various treatments first of all provide for the
production of a valuable salable product, that is liquid
hydrocarbons, from much less valuable and less salable
materials, namely methane or other gaseous hydrocar-
bons and water.. At the same time, the process of this
invention provides a much needed reactant for the hydro-
treating processes ordinarily employed in petroleum re-
fining, namely it supplies a source of hydrogen.  The
accompanying drawing which is a schematic representa-
tion of one embodiment of this invention will illustrate
in greater .detail the benefits and operation of the in-
tegrated process of this invention.

Referring to the drawing, water, generally in the form
of steam, and a normally gaseous hydrecarbon, in this
specific case methane, are introduced through lines 1
and 2 respectively into water-gas reactor 3. Carbon
dioxide may also be introduced into water-gas reactor 3
via line 16, however, it is not necessary for carbon
dioxide to be present for the successful operation of the
process. In water-gas reactor 3, water, methane and,
if .desired, carbon dioxide are commingled and mutually
contacted with a suitable catalyst at conditions to form
water-gas. ‘Many catalysts may be empioyed for this
Teaction, preferably supported catalysts such as nickel,
iron, cobalt, vanadium, chromium, molybdenum, cop-
per, etc. supported on porous supports which are refrac-
tory in nature such as silica, alumina, zirconia, magnesia,
etc. A particularly preferred catalyst and one showing
an unusual ability to promote the water-gas reaction is
nickel supported on a magnesia base. When employing
the nickel-magnesia catalyst, the water-gas reaction may
be effected substantially to completion at temperatures
of from 1300° F. to 2000° F., at any suitable pressure,

-preferably in the range of from about 25 to about 200
p.s.i. and at hourly space velocities up to 830 volumes of

charge per volume of catalyst per hour.

The effluent from the water-gas reactor 3 passing
through line 4 contains hydrogen and carbon monoxide
in proportions of from about 2 to about 5 volumes of
‘hydrogen per volume of carbon moenoxide depending
upon the degree of conversion and the material charged.
For example, if the hydrocarbon employed is more car-

‘bonaceous than methane and if abundant carbon dioxide

is supplied to the reaction zone, the ratio of hydrogen

'to carbon monoxide in the effluent will be lower. or in

the range of two .volumes of hydrogen per volume of car-
bon monoxide whereas if methane and water are charged
the ratio will be higher, in the range of 4 or 3 volumes
of hydrogen per volume of carbon monoxide. The water-

.8as reaction is shown schematically as being effected with

a downflow passage of reactants through the reaction

-zone, however, the reaction may be effected in a fluidized
.catalyst bed or preferably, it may be effected in a fixe

catalyst bed through which inert, heat-carrying solids per-
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colate to maintain the reaction temperature without con-
taminating the product. The reaction may also be effected
autothermically by introducing limited quantities of air
or purer forms of oxygen with the charge stock so that
part of the hydrocarbon charge is oxidized to supply heat
for the reaction of the remainder of the hydrocarbon
charge with water.

Liquid hydrocarbon charge which requires hydrotreat-
ment of some variety is introduced through line 5 and
commingled with the water-gas in line 4. The resultant
nmixture is introduced into hydrotreater 6 wherein the de-
sired hydrotreatments are effected. One particularly use-
ful treatment which may be effected is hydrodesulfuriza-
tion of the liquid hydrocarbon charge. Charge stocks in-
cluding gasoline, kerosene, gas gil, lubricating oil frac-
tions and heavier petroleum fractions may be beneficially
hydrodesulfurized by treating them in the presence of hy-
drogen and at temperatures of from about 450° F. to
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about 850° F. with hydrogen maintained under pressure -

from about 200 p.s.i. to about 1500 p.s.i. in the presence
of a suitable catalyst. The hydrodesulfurization treat-
ments are usually effected so that substantial conversion
of the charge stock is avoided with respect to all reactions
except hydrogenation of sulfur-bearing molecules to pro-
duce hydrogen sulfide and the corresponding hydrocarbon.
When a more refractory material such as gasoline is
being hydrodesulfurized, hydrotreater 6 may function at
temperatures in the range of 700 to 850° F., however,
when less refractory stocks such as heavy gas oils or

_residual materials are being treated, lower temperatures

and longer contact time, that is, temperatures of from
about 450° F. to about 700° F., must be employed to

avoid substantial destructive hydrogenation of the charge.
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Since hydrogenation is one of the major reactions effected, -

it is preferred to have a fairly high pressure, that is, from
about 200 p.s.. to about 500 p.s.i. or more and since
carbon monoxide is present, it is necessary to have a
catalytic material that is effective in the presence of car-
bon monoxide. Many catalysts may be employed in-
cluding supported metals such as cobalt, molybdenum,
manganese, iron, nickel, vanadium, tungsten, chromium,
platinum, palladium, osmium, etc. and these materials are
preferably supported on such materials as silica, alumina,
zirconia, magnesia, boria, thoria, zinc oxide, charcoal,
natural clays such as bentonite and kaolin type or any

" combinations of these. For hydrodesulfurization, the pre-

ferred catalyst is a combination of cobalt and molyb-
denum in the oxide or sulfide form supported on alumina

" or alumina stabilized with a small concentrationof silica.

Reactions for saturating hydrocarbons in a hydrotreat-
ing zone may be effected similarly to desulfurization, how-
ever, at temperatures of from about 100° F. to about 800°
F. and preferably at higher pressures, usually from about
500 p.s.i. to about 2500 p.s.i. or more. Charge stocks
which require saturation, as heretofore stated, are usually
those resulting from other processes such as the recycle
fractions from a catalytic cracker which boil higher than
gasoline or kerosene and which are not readily salable
because of their high aromaticity, low stability and dirty-
burning characteristics. These stocks become more and
more refractory as they pass through the cracking cycle
and usually are difficult to convert to useful products and
are eventually converted to catalyst-deactivating .coke
which must be burned from the catalyst in a regenerator.
Extensive hydrogenation of recycle fractions has been
found to reduec their refractivity and make them suitable,
in fact, highly desirable charges for catalytic cracking
processes so that they may be converted to useful low boil-
ing liquid distillates rather than wastefully deposited upon
the catalyst.

Stabilization of high boiling petroleum fractions such
as topped crude or vacuum residues is another form of
hydrogenation wherein unstable, unsaturated portions of
these fractions which, when heated, condense into solid

carbonagceous solids known as asphalt or coke are hydro-
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genated until the precipitatable materials lose their un-
stable characteristics and remain liquid during processing
to form more useful materials.

Another hydrotreating process which may be effected
in hydrotreater 6 is hydrocracking of high boiling pe-
troleum fractions to produce lower boiling materials
therefrom and at the same time, saturating the cracked
fragments of large molecules so that the resultant product
is not only low boiling but is stable both in storage and
in subsequent processing. Hydrocracking catalysts which
may be employed usually consist of a combination of a
hydrogenating catalyst such as the hereinbefore described
metallic constituents and a cracking catalyst such as
silica-alumina, silica-zirconia, alumina-halogen, etc. and
the catalyst preferably is an intimate composite of the
two produced by depositing the heavy metal hydrogenat-
ing component on a porous refractory form of the crack-
ing component in extended surface condition. Hydro-
cracking is usually effected at temperatures in the range
of from about 800° F. to about 1100° F., pressures of
from about 100 p.s.i. to about 10,000 p.s.i. or higher, and
may be effected with a catalyst in a fixed bed, a fluidized
bed, a moving bed or any combination of these. In ad-
dition, when hydrotreating zone 6 comprises a hydro-
cracking reactor, it may be associated with a suitable

“catalyst regenerating vessel and with the means for cir-
-culating catalyst from the reaction zone to the regenera-

tion zone by any method known to the art.
Hydrotreater 6 may also comprise a reforming process
wherein a hydrocarbon fraction such as straight-run gaso-
line or cracked gasoline or a combination of straight-run
and cracked gasoline are contacted with a reforming cata-
lyst to produce a combination of reactions such as hydro-
cracking, dehydrogenation of naphthenes to produce aro-
matics, cyclization of straight-chain molecules to produce

“cyclic molecules, isomerization of straight-chain mole-

cules to produce branched-chain molecules, saturation of
olefinic and acetylenic molecules to produce more stable
saturated molecules and others. Reforming reactions are
preferably effected in the presence of a catalyst such as

‘platinum, palladium, cobalt, molybdenum, etc. disposed

on an alumina-halogen or alumina-silica base. The re-
actions are usually effected at temperatures of from about
850° F. to about 1000° F. and at pressures ranging from
200 p.si. to about 1000 p.si. or more. A straight-run
gasoline containing sulfur and having an octane rating of
about 40 or 45 may be reformed under the above de-

- scribed conditions to result in a saturated, sulfur-free,

stable gasoline having an octane rating of from 85 to
about 98 depending upon the severity of the conditions of
the reforming.

Whatever hydrotreating process is effected in hydro-
treater 6, the effluent from the process passes through

" Iine 7 into receiver 8 which is maintained at a temperature

55

and pressure that results in a phase separation wherein
hydrogen, carbon monoxide and other normally gaseous

~ materials pass through line 10 while a hydrotreated liquid
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product is recovered through line 9. When necessary, a
desulfurizing zone 11 is employed to treat the material
passing through line 19 and this zone may comprise any
means for separating hydrogen sulfide from a normally

" gaseous stream containing hydrogen and carbon mon-
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oxide. Hydrogen sulfide may, for example, be removed
by countercurrently contacting the vapor stream with a
liquid absorbing medium such as a normally liquid hydro-
carbon or preferably by reacting the hydrogen sulfide with

" a material such as diethanolamine which is an alkaline
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material that will form a loose chemical association with
the acidic hydrogen sulfide thereby removing it from the
vapor and allowing carbon monoxide and hydrogen to
remain. The effluent from desulfurizing zone 11 flows
through line 10’ and into the synthetic hydrocarbon re-
actor 12. The vaporous material passing into synthetic
hydrocarbon reactor 12 contains hydrogen and carbon
monoxide, however, there is 2 substantially diminished
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hydrogen content over the water-gas flowing through line
4 since a large portion of the hydrogen is consumed in
hydrotreater 6.

In the hydrocarbon synthesizing reactor 13, the hydro-
gen-carbon monoxide mixture is contacted with a syn-
thesizing catalyst at a temperature of from about 350° F.
to about 750° F. and a pressure of from about 15 p.s.ig.
to about 800 p.sig. Suitable catalysts for effecting the
synthesis reaction include cobalt, thoria, copper, iron,
platinum, nickel, palladivm, eic., or mixtures usually
commingled with a porous refractory such as alumina,
silica, magnesia, and the like. As a result of the reactions
effected in reactor 12, an efiluent product flows through
line 13 which consists of syathetic liquid hydrocarbon
product, water and carbon dioxide, a reaction product
from the synthesis reaction. Line 13 discharges into re-
ceiver 14 wherein a separation is effected between the
synthetic liquid hydrocarbon product which flows from
receiver 14 through line 15 and the vaporous carbon di-
oxide rich gas which flows through the before-mentioned
line 16 and may, if desired, be réturned to water-gas re-
actor 3. '

As a specific example of the process of this invention,
a mixture of one part of methane by volume and three
parts of steam by volume are introduced through lines
1 and 2 respectively and mixed with about 0.3 part of
CO; which is the amount of carbon dioxide coming from
the subsequent hydrocarbon synthesis process. - The re-
sultant mixture is introduced into reaction zone 3 which
is maintained at a temperature of 1550° F., a pressure of
30 p.s.i.g. and contains therein a catalyst consisting of
nickel deposited on porous magnesia pellets which are
cylindrical in shape, ¥4 in diameter, and ¥4’ in length.

The effluent from reaction zone 3 which discharges
through line 4 contains about 3.1 parts of hydrogen per
part of carbon monoxide. A gasoline fraction boiling
between 175° F. and 425° F. which contains sulfur-
bearing molecules to the extent that the gasoline is 1.7%
sulfur by weight is introduced through line 5 and com-
mingled with the gas in line 4. The mixture is intro-
duced into hydrotreater 6 which contains a catalyst con-
sisting of alumina upon which 3 wt. percent of cobalt
and 5 wt. percent molybdenum are deposited. Hydro-
treater 6 is maintained at a temperature of 730° F. and
at a pressure of 350 p.si. As a result of the hydrogen
treatment, the sulfur-bearing molecules are converted to
hydrogen sulfide and the corresponding hydrocarbon and
unsaturated molecules contained in the feed become
saturated. As a result of these reactions the effluent from
hydrotreater € contains stable, sulfur-free liquid gaso-
line, hydrogen sulfide gas, hydrogen and carbon monox-
ide. The ratio of hydrogen to carbon monoxide in this
gas is about 1.2 parts of hydrogen per part of carbon
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monexide. The total effluent, when separated in receiver
8, produces a sulfur-free, stable gasoline product dis-
charging through line 9 and the vaporous products pass-
ing through line 18.

The vapors passing through line 18 are introduced
into a desulfurizing zone 11 wherein hydrogen sulfide is
removed from the vapors by countercurrently contacting
the vapor stream with a stream of aqueous diethanol-
amine. The hydrogen sulfide-rich amine may be re-
moved from desulfurizing zone 11, regenerated by re-
moving hydrogen sulfide therefrom and then returned to
the desulfurizing zoxne.

The hydrogen sulfide-free vapor stream containing
hydrogen and carbon monoxide passes from zone ii
through line 18’ to synthesis reactor 12. The mixture
of hydrogen and carbon monoxide in synthesizing zone
2 is contacted with a catalyst consisting of iron oxide
on alumina at a temperature of 650° F. and a pressure
of 300 p.s.i.g. whereby the reaction of hydrogen and
carbon monoxide to produce hydrocarbons, water and
carbon dioxide is effected. The effluent passing through
iine 13 separates in receiver 14 into a synthetic liquid
hydrocarbon product stream and a carbon dioxide-con-
taining gas stream and the latter is returned through line
16 to the water-gas reactor.

I claim is my invention:

A combination process comprising reacting a normally
gaseous hydrocarbon with H,0, thereby forming a mix-
ture of hydrogen and carbon monoxide containing ‘an
amount of hydrogen substantially in excess of that re-
quired for the synthesis of hydrocarbon from hydrogen
and carbon monoxide, commingling a sulfur-contam-
inated liquid hydrocarbon charge with said mixture and
reacting the same with sufficient hydrogen in the mix-
ture at a temperature of from: about 450° F. to about
850° F. and at a pressure of from about 200 p.si., to
about 1500 p.s.i. in the presence of a catalyst comprising
cobalt-molybdenum-alumina to desulfurize said charge
and to form a synthesizing gas of suitable hydrogen-car-
bon monoxide ratio for hydrocarbon synthesis, separating
said gas from hydrocarbon liquid product and subjecting
the same to hydrocarbon synthesis to produce additional
hydrocarbon liquid product.
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