March 30, 1943. < M WATSON 2,315,144

TREATMENT OF HYDROCARBONS

Filed May 11, 1939

CHARGLE

CATALYTIC

DEHYDROGENATION
ZONE

- 4
- SEPARATION |
-] HYDROGEN
7 FRACTION
- 5
HYDROGEN
DESULFURIZATION
ZONE
NORMALLY
9 GASEOUS
- | HYDROCARBONS
11~ HYDROGEN AND
- 10 HYDROGEN
- | SuLFIDE
SEPARATION -
13~ .12
HYDROCARBONS : '
| HEAVIER THAN - GASOLINE
GASOLINE
INVENTOR
KENNETH M. WATSON

BY
ATTORNEY



Patented Mar. 30, 1943

r

2,315,144

UNITED STATES PATENT OFFICE

TREATMENT OF HYDROCARBONS

Kenneth M. Watson, Chicago, XL, assignor to
Universal Oil Products Company, Chicago, 111,
a corporation of Delaware -

Application May 11, 1039, Serial No. 272,950
(CL 196—24)

2 Claims.

This invention relates to a process for convert-
ing hydrocarbon oils of relatively high sulfur
content into valuable hydrocarbon oils of rela-
tively low sulfur content and which, in addition
to being substantially sulfur-free, are also sub-
stantially olefin-free. The gasoline obtained as
a final product or contained in the final prodyct
is particularly valuable for blending in aviation
fuel because it contains predominantly aromatic
and paraffinic hydrocarbons.

More specifically, it is concerned with a process

which involves a novel sequence of steps wherein

10

provisions are made for subjecting the hydrocar-

bon oil to dehydrogenation treatment followed
by desulfurization treatment by hydrogenation
to produce & product substantially free of sulfur
and containing predominantly paraffinic and
aromatic hydrocarbons. |

Various processes have been proposed for treat-
ing hydrocarbon oils of  relatively high sulfur
content, a satisfactory one being the hydro re-
fining process. This process involves contacting
the hydrocarbon oil with hydrogen in the pres-
ence of a suitable catalyzing agent at relatively

high temperature and superatmospheric pressure

whereby the sulfur, present either in a combined
or & free state, is converted to hydrogen sulfide
and the hydrocarbon molecule Is substantially
completely saturated with hydrogen. The proc-
ess when used alone, however, is relatively ex-
pensive to operate, partly because of the high
cost of hydrogen and because it reduces the
~octane number of the finished gasoline produced
‘unless severe operating conditions are employed
and, in this case, the yield is materially reduced.

In the present invention in order to produce a

~ valuable product substantially free of sulfur, a
“dehydrogenation treatment which involves the
conversion of paraffins to olefins and/or conver-
_sion of naphthenes to aromatics, the former cor-
responding to the removal of one molecule of
hydrogen while the latter corresponds to the re-
‘moval of three molecules of hydrogen, is com-
bined with the hydro refining treatment which
involves the removal of sulfur as hydrogen sulfide
by.hydrogenation using the hydrogen produced
in the dehydrogenation treatment. |

_ In one specific embodiment the invention com-
prises subjecting hydrocarbon oil to dehydro-

genation treatment to convert a substantial por-

tion thereof into unsaturated compounds without
materially altering its boiling range, subjecting
the dehydrogenated products, together with the
hydrogen produced in the dehydrogenation

treatment, to desulfurization treatment by hy-
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drogenation in the presence of a catalytic mass
and under selected conditions of temperature,
pressure and contact time whereby the sulfur is
removed as hydrogen sulfide and whereby only
partial hydrogenation Is effected so that the re-
sulting treated hydrocarbon oil is predominantly
aromatic and paraffinic.

The term “dehydrogenation treatment” as used
throughout the specification and claims refers
noth to the conversion of paraflinic hydrocarbons
into olefinic hydrocarbon and to the conversion
of naphthenic hydrocarbons into aromatic hy-
drocarbons. For example, a paraffinic hydrocar-
bon, such as normal hexane, may be converfed
to its corresponding olefinic hydrocarbons by the
removal of one molecule of hydrogen, the result-
ing compound having a single double bond in its
structure. This reaction may be accomplished
in the presence of the same catalyst and under
substantially the same conditions of temperature
and pressure as the reaction which involves con-
verting cyclohexane to benzene, which reaction
involves the removal of six atoms or three mole-
cules of hydrogen, the resulting compound hav-

5 ing three double bonds and retaining its cyclic

structure, |

The dehydrogenation treatment will ordinarily
produce relatively large quantities of olefinic hy-
drocarbons, the presence of which is undesirable
in an aviation gasoline because of the relatively
high acid heat test of the gasoline and bhecause
of the poor lead susceptibility of the olefinic hy-
drocarbons. On the other hand, gasoline con-
taining predominantly paraffinic and aromatic
hydrocarbons, even though the octane number
be lower than the olefinic gasoline unless iso-
meric compounds are present, has a lower acid
heat test and good lead susceptibility. I have
found that I can obtain & gasoline product hav-
ing the properties desirable in an aviation gaso-
line by subjecting the products of dehydrogena-
tio to desulfurization treatment under selected
temperature and pressure conditions and in the
presence of selected catalytic masses whereby the
sulfur present, either in the combined or free
state, is removed as hydrogen sulfide and the

 olefinic hvdrocarbons are hydrogenated to par-
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afins, while substantially no hydrogenation of
the aromatic hydrocarbons is effected.
‘Hydrocarbons heavier than gasoline, which
may be included in the charging stock to the de-
hydrogenation treatment, may consist of hydro-

carbon oils, such as, for example, cracked or

straight-run kerosene or gas-oil fractions, which
after desulfurization and hydrogenation are par-



| '  - _ticularly valuable because of their saturated. -
.. .character, since the- Diesel fuels derived from
- gaid gas-oil fraction are or relatively high cetane

_' " number. .
 In the accompanying diasrammatic drawing,
.'in order to illustrate the process of the inven-

" . tion without complicating it with unnecessary

details of each specific step, the general practice
of illustrating each specific step in detail has
been departed i.'rom and the flow: diagram used

- instead. )
Referring to the accompanying flow diagram'

-~ the hydrocarbon oll charging stock, which may
consist of straight-run or cracked or reformed

- gasoline, cracked or straight-run kerosene, or

gas-0il fractions, or, when desired, a mixture of
~ the above named fractions, is introduced through
line | to dehydrogenation treatment in zone 2

 wherein ‘'a_substantial portion of the hydrocar-
- bons are-converted to unsaturated hydrocarbons
 consisting essentially of olefins or aromatics or

‘both. In the dehydrogensation treatment naph-

~ thenes are converted to aromatics as well as par-

affins to olefins simultaneous to the production

- .of hydrogen which is used in the desulfurizing
treatment, and in subsequent steps of the proc-:
‘ess conditions are preferably regulated so that

the aromatics remain as such in the final
product.

Catalysts which have been found to be highlyf'-‘

9,815 1“

line § to zone & and when desired fresh hydro-
gen introduced throush line T may be commin-

gled with the hydrogen separated in Zone 4 in
line 8. The dehydrogenated products are sub-

‘Jected to contoct with a sultable catalyzing

agent in zone 8 in the presence of hydrogen to

~ convert the sulfur to hydrogen sulfide and, in

addition, to effect hydrogenation of the olefinic

hydrocarbons to paraffinic hydrocarbons while

10

employing selected" conditions so that the aro-

- matics remain unafected.
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.. Catalysts which may be emmoyed in the de-
sulfurizatlon of hydrocarbon oils consist in gen-
eral of the oxides of molybdenum, gluminum,
chromium, tungsten and vanadium, the sulfides
of molybdenum calcium, and cobalt, or mix-
tures of these compounds. In addition such cat-
alysts as metallic nickel or copper, either alone

~or mixed or as promoters on suitable supports,

may be employed. The preferred catalysts, how-
ever, consist essentially of the sulfides or oxides
of molybdenum, because it has been found that
the oxides after prolonged contact with hydro-
gen sulfide mixtures are converted to the sul-

fides and - remain active for a considerably longer

period of time than some of the other catalysts.

~ It is to be understood, however, that the cata-

efficlent in the dehydrogenation of paraffinic or

— of magnesium oxide composited with a chromate

of a metal selected from the group consisting of

~ lead, zinc, magnesium, cadmium, fron, nickel,
 cobalt, .copper, aluminum, sand the alkali me-
. tals, and/or a metallic oxygen-containing salt
- selected from the group consisting of sulfates,

nitrates, and acetates of zine, copper and alumi-

- naphthenic hydrocarbons to unsaturated hydro- .- -
carbons consist in -general of pellets or granules

lysts referred to above are not intended as a lim-
iting feature for other catalysts capable of pPro-

“moting the desired reactfon may be employed
j within the broad scope of the invention.

When using the preferred catalyst, tempera-

. tures on the order of 750 to 1000° F. may be em-

. ployed with a superatmospheric pressure rang-

35
~more per square inch.

ing, for example from 750 to 5000 pounds or

- The desulfurized products from zone 8 con-
- taining hydrocarbons bolling in the range of gas-
- oline and heavier unused hydrogen and hydro-

40 gen sulfide are directed through line 9 to Sepa-

B num.- Although these catalysts are the preferred

‘catalysts they are not to be considered as & lim-

.. " iting feature, for catalysts, such as, for exam-
¢ ple, those consisting of alumina or other inert

- siliceous - and refractory materials composited

ration zone §0. Separation zone 10 will ordi-
‘narily comprise a fractionating zone wherein
hydrocarbons boiling in the range of gasoline
and normally gaseous hydrocarbons containing

43 hydrogen sulfide and unused excess hydrogen

' - with compounds of the elements selected from
. the group conaisting of the elements in the left

N ~ hand columns of groups 4, 5, and 8 in the peri-

~ odic table, and others known to those skilled in .'

. the art may be employed within the broad scope

.of the invention. ' Temveratures ranging, for ex-

SR ample, from 750 to 1400° F., but preferably from .
. . :hydrogen. sulfide, in the case here illustrated, is

- 800 to 1100° F. may be employed when utilizing
atmospheric or sub-atmospheri¢ pressures to 100

A pounds or . more per square inch /supcratmos-i_ -'

_pherie.

... ‘The conversion products Irom zohe 2 tozether,,-
~_ with the hydrogen produced therein, are direct-.

- .ed through line 3 to separation zone 4 wherein

-+~ the hydrogen and. any normally gaseous hydro-'_
.. carbons present are aeparated i.'rom the normal |
e -‘ly liquid conversion products.

are separated from the hydrocarbons of a higher
—average bolling point than that of the gasoline
fraction, and condensing and collecting equip-
ment wherein s fraction consisting predomi--'

‘nantly. of: hydrogen sulfide and excess unused

" hydrogen from zone 8 is separated from the de-
sired gasoline fraction. The fraction containing

directed through line 11 and may, when desired,

“be treated for the removal of sald hydrogen sul-
‘fide and the unused’ hydrogen returned to zone 8,
by well known means not shown. A gasoline
fraction is directed’ through line 12 to cooling
and- storage or to further treatment as desired.
“The heavier hydrocarbon oil fraction, whose
-_i_average boiling point. is ‘above that of the de-

-~ slred ‘gasoline fraction, is directed through line :

- When desired separation. zone 4 may be dis-_

e --pensed with and all of the conversion products’
~=:"_from zone 2-introduced directly to zone § for

S e "-'~-'desuli.'uriaation treatment However, since the
U7 desulfurization' treatment is ordinarily .carried
w2 - out’in a plurality of reactors and since the prac- .
Sk tice i to. introduce ‘hydrogen between the vari-
L nt ‘ous. resctors; the preferred method is to ‘sepa-
~no vl rate the hydrogen as previously described. The
S @ oo -conversion products from separation zone 4, in
. = .+ .. the case here Illustrated, are directed through
soE v )ine - B to: desulfurization treatment In zone 8.
IR N ;Hydrogen senarated in zone l is directed through

13 to cooling and storage or may, when desired,

- ‘be.subjected to further separation in a second

fractionating zone, not shown, to separate de-
sirable fraction,: such as,. i'or examlale kerosene_
and Diesel fuel.. L

The i’ollowlng is an example of one specinc

- ‘operation of the process as it may ‘be accom-
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o Plished when using the preferred catalyst and

- the preferred temperature and pressure condi-

*tions It is not, however, intended as a limiting

feature for various other catalysts well known
"~ to those versed in the art may be employed with-

75 in the broad scope oi' the inventlon and the op-
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and aromatic hydrocarbons. The final product

ergting conditions adjusted to produce the de-
sired result. ‘

The charging stock, a 65° A. P. 1. gravity
straight-run gasoline of 50 octane number and
with a sulfur content of approximately 0.3, was
subjected to dehydrogenation treatment in the
presence of a catalyst consisting essentially of
magnesium oxide admixed with minor propor-
tions of lead chromate and zinc sulfate at a
temperature of 932° F. and at substantially at-
mospheric pressure. The normally liquid con-
version products from the dehydrogenation
treatment, corresponding to approximately 90%
recovery, was subjected to contact with a desul-
furization catalyst consisting essentially of mo-
lybdenum disulfide (MoS2) at a temperature of
approximately 850° F. and under a superatmos-
pheric pressure of approximately 3000 pounds
per square inch in the presence of hydrogen

produced in the dehydrogenation treatment.

The products from the desulfurization treatment
had a sulfur content of approximately 0.03%
and contained saturated aliphatic hydrocarbons
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had an octane rating of approximately 60 (mo-

- tor method).

I claim as my invention: -

1. A process for improving hydrocarbon oil of
relatively high sulfur content which comprises
subjecting the oil to contact with a dehydrogen-
ating catalyst at dehydrogenating conditions to
form olefins and aromatics therein with the si-
multaneous production of hydrogen, and sub-
‘ecting the sulfur-containing dehydrogenated

hydrocarbons to hydrogenation with hydrogen

formed in the dehydrogenating step a a tem-
perature of about 750 to 1000° ¥, and under a
pressure of about 750 to 5000 pounds per square
inch, thereby converting the sulfur to hydrogen
sulfide and effecting substantial saturation of

the olefins.

2. The process as defined in claim 1 further -
characterized in that said hydrocarbon oil com-
prises gasoline fractions. |

" KENNETH M. WATSON.
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