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This invention relates to the treatment of hy-'

drocarhons and relates more particularly tc cata-
lytic methods of treating petroleum fluids such as
straight run and cracked gasolines, pressure dis-
tillates, naphthas, polymerized gasolines and
natural gasolines, such petroleum fluids being re-
ferred to hereafter as gasoline stock.

This application is a division of my co-pending
application, Serial No. 104,304, fileq October 6,
1936, now U. S. Patent 2,206,921.

In g more specific sense an object of this in-
vention is a process for treating such potential
motor fuel components in the vapor form over a
catalytic material to remove the organic sulfur
compounds which are so deleterious to the octane
number and lead.response of such fuels. '
~ Another object of this invention is a process for
treating gasoline stock in the vapor form over a
catalytic material to reduce.its sulfur confent
and simultaneously increase its octane number,
. improve its antiknock characteristics and other-
wise produce desirable refining effects.

A further object of this invention is the marked
improvement in quality of the gasoline stock with
only a small decrease in volume of product boiling
within the same range as the untreated oil. This
is in coniradistinction to the large losses which

occur in such conventional operations as thermal -

reforming of such ofls.

. A still further object of the invention is the
production under certain conditions of a gasoline
stock with both & higher specific gravity and a

fuels were published in an article by Schulze and:
Buell (Oil and Gas Journal, vol. 34, No. 21, p, 22

~ (1935)), - Organic sulfur compounds of different
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higher octane rating than the untreated stock, -

whereas cracking of oils in the established man-~ .

her produces higher octane products but of lower

specific gravity. - : o
Another object of the invention is the produc-

tion under certain conditions of a by-product gas

35

relatively rich in hydrogen, such gas being quite -

useful in hydrogenation process as well as for
many other purposes. ) L

It Is well known that motor fuel specifications
- call for much higher octane ratings now than
- formerly, and gasoline stocks are being subjected
to extensive refining ang. reforming operations.in
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order to meet these more rigid specifications. -

_Since the advent of “Q” gasoline several years

types exist in varying percentages in all gaso-
line stocks and are present in unusually  large
amounts in those from West Texas and certain
other regions, The form of combination of the
sulfur alse varies, e. g., mercaptans, alkyl sulfides,
thiophenes and thiophanes. Some of these com-~
pounds are much more deleterious than others to
the octane number and lead response of the mo-
tor fuels; hence the magnitude of the reduction -
in sulfur content may or may not be a criterion of
the improvement in antiknock characteristics. . .
Schulze and Buell in an application, Serial No.

756,142, filed December 5, 1934, describe certain
catalytic processes for removing these impurities
from sulfur bearing petroleum oils, thereby ob--.
taining marked improvement in octane number
and lead response of such products as natural
gasoline and refinery straight run, cracked and
vapor recovery gasolines.

I have now discovered a rather superior cata~
lytic material for effecting the decomposition -of
the deleterious organic sulfur compounds in hy- -
drocarbon oils and gases.. Solid adsorbent cata-~
Iytic material consisting of zirconium oxide either
alone or, in admixture with alumina causes rapid
decomposition of mercaptahs; organic sulfides
and the like to hydrogen sulfide when hydrocar=-
bon vapors containing such impurities are passed -
over these contact masses. The zirconium oxide
may be synthetically prepared or the naturally
occurring minerals may be used, the latter not
being quite as effective as the former. The zir-

‘conium oxide gel may, if desired, be mixed with

other metallic oxides or impregnated with solu-
tions of salts which may be subsequently reduced
to the oxide form. . . .

A typical process for simple desulfurization of

gasoline stock consists in contacting the gasoline

stock in vapor form at a temperature in the range
of about.-500° to 800° F'. which eliminates a part
or all of the sulfur from mercaptans, alkyl sul- ‘
fides, ete., as hydrogen sulfide. ‘'The hydrocar-

bons are then freed of hydrogen sulfide by a caus-

. tic wash or other suitable means.. Completely

ago, large quantities of tetraethyl lead, also, have = .

been added to.gasolines to raise them to 70 oc-.

tane number, the rating of the average house-
brand gasoline at the present time. All of these
practices are quite expensive, © - '
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sweetened products can be obtained in this man-
ner. The following example is given as merely
illustrative of the results obtained by this inven-

- tion and shall in no sense be interpreted as a limi-

-More recently certain results showing the de~ -

leterious effects of impurities of the sulfur type
on the octane number and lead response of niotor

&5

tation of the invention.,

Composite cracked gasoline from Panhandle
topped crude was contacted with zirconium oxide
catalyst at a temperature of 735° F. and & flow




_ rate above three liquid volumes per hour per vol-

ume of catalyst.  For comparative purposes, an-
other portion of the gasoline was treated under
similar conditions with bauxite. A considerable

improvement in lead response resulted with the

bauxite treatment but the zirconia gave even a
greater one. The decomposed impurities were

removed in each instance prior to determination -

of octane ratings.

. Bauxite | Zirconia
S~ . Undesul-
) : desulfur- | desulfur-
. furized ized zed
A, B.T. M. octane number (0 cc. S
) 7) SR SR 58.2 58.8 59.9
-A., 8. T. M. octane number with
0.5¢c. TEL . cummeeeeeem 62.2 63.2 64.8
A. 8. T. M. octane number with .
10ce. TEL ... 65.4 87.0 68.4
A.8.T.M. octane number with : .
2.0cc. TEL_______ ... 69.5 e - 72.4
Sulfur content....____ . ooce.- 0.096 0.083 0. 061

I have discovered also that still greater im-
provement in antiknock characteristics can be
obtained when the gasoline stocks are treated

under the conditions specified below. In addi-

tion to the removal of the organic sulfur impuri-
ties which are so deleterious to the octane num-
ber and lead response of the gasoline stock, or
the motor fuel made therefrom, certain reactions
which involve still other deleterious impurities
and/or low octane number compounds are made
to take place while in contact with catalysts com-
prising zirconia; therefore, the treated product
has an octane number considerably higher than
that produced merely by the removal of the or-
ganic sulfur, )

In one specific embodiment of this process
which - ylelds the combined advantages noted
above, the gasoline stock is passed in the vapor
form over g well dehydrated zirconium cgtalyst
at a temperature in the range of about 900° F.
to 1200° F. and at a flow rate of 1 to 100 liquid
volumes per hour per volume of catalyst. For
example, at a lemperature of 1000° F'. to 1025° F.
the preferred flow rate is of the order of- 1 to 10
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there is no appreciable change in the charac-
teristics of the gasoline stock. Furthermore, the
improvement which results from the treatment
with zirconia cstalysts under the conditions men-
tioned is not due to an accelerated reforming

similar to that occasloned by -the presence of

adsorbent porous material sometimes referred to
as material of the clay type. For example, when
the same gasoline stock is contacted at these.
temperatures above 900° F. with fuller’s earth
under identical conditions of temperature, pres-~.
sure and contact time the improvement is almost
nil as compared with that obtained with the
zirconia catalysts. ' ) ’

In the operation of this process high pressures
are not needed, extremely goed results being ob-
tained in the range of atmospheric to 100 pounds. -
Higher or lower pressures may, of course, be em-
ployed wherever economic conditions warrant
them. In practice it is usually desirable to use
pressures somewhat above atmospheric so that
the vapors can be conducted -directly to a frac-

- tionator or to-treating tanks for final processing.
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_Following the treatment of the vapors over the
catalyst the decomposed impurities and light gas
fraction are separated from the gasoline hydro-
carbong by fractional condensation or any other
conventional means. If desired, the uncondensed
light gas fraction may be passed through a vapor
recovery plant of the absorption or other conven- .
tional type whereby the hydrocarbons other than
methane may be recovered and made useful for
other purposes. Also the decomposed impurities
may be removed by chemical means in a step
apart from that of removal of the hydrogen and
low boiling hydrocarbons from the gasoline hy-
drocarbons. : ’

A typical example of the operation of this proc-

© ess above 900° P. is given as illustrative of the
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liquid, volumes per hour per volume of catalyst.

At higher terperatures shorter contact times’

are sufficient; therefore, flow rates as high as
100 liquid volumes per hour per volume of cata-
lyst may be employed. ) i

I have discovered that in treating gasocline
“stocks in the vapor form over zirconia catalyst
there are ,specific temperature ranges for the
reactions involving the decomposition of those
compounds responsible for the low octane rating
of the gasoline. As stated above, at temperatures
of 500° to 800° F. the organic sulfur compounds
such as mercaptans, alkyl sulfides, etc., are de-
composed into hydrogen sulfide without any sub-
. stantial decomposition of the hydrocarbon con-
stituents, at temperatures in the range of 800°
to 900° F. there Is little or no additional improve-
. ment in octane number over that obtained in
- the simple desulfurization treatment, but at tem-

. peratures above 900° F. a second serles of reac--

tions takes place as evidenced by the formation
of large quantities of hydrogen gas and by the
marked increase in octane number of the treated
gasoline stock. » : '

This marked improvement in octane number
which results from the treatment at tempera-
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tures above 900° F. is not due to.“cracking” in "

the usual sense of the word, since in-the absence
of the zirconia catalyst and under otherwise simi-
lar conditions of temperature and contact time

results which have been obtained in the treat-
ment of various gasoline stocks, but this example
ig in no sense to be interpreted as limiting  the
invention. - .
_Refinery high end-point straight run gasoline
from Panhandle crude oil was contacted in the .
vapor form with dehydrated zirconia catalyst
maintained at a temperature of 1000° F. and a
flow rate of about 2 volumes of liquid gasoline
per hour per volume of catalyst. After removal
of the decomposed impurities and the light gas
fraction by fractionation or any other conven-
tional means the following remarkable improve-
ment was noted. o . '

Before After
treat- treat-
ment ment
A. 8, T. M. octane number (0 cc, TEL)-.. 46.8 57.3
A. 8. T, M. octane number with 1.0 ce. :
L3 3 R 55.7 67.9
A. 8. T. M. octane number with 2.0 cc. .
TEL N 60.9 73.7
A. 8, T. M. octane number with 3.0 cc. | ~
EL 65.1 76.8
percent_. 0.075 0.027
.......... . 7351 . 7368 -
............... 7.80 9.76
i mol percent.. 0.2 6.4.
‘Engler distillation: '
10% evaporated. ... .ccccaemionanan °F._| . 166 151
. 50%, evaporated.. . . o.oooooceen SF..{ 255 246
95%, evaporated_. ..o .. oo °F..| 394 305

The fixed gas formed during the treatment of
this gasoline amounted to 235 cu. ft. (S. T. P.) per
barrel of gasoline charged. The analysis of the -
gas was as follows: hydrogen, 71.4 per cent; car-

. bon monoxide, 2.1 per cent; methane, 14.6 per

8

cent: ethviene. 1.9 ver cant: ethane. 3.9 ner cent:



propylene, 2.7 per cent; propane, 3.4 per cent,
and upon substantial removal of these hydrocar-
bons heavier than methane by essentially any
suitable process or system, such as by the con-
ventional absorption system, the residual gas
contained 81 per cent hydrogen. The hydrogen

amounted to 168 cubic feet per barrel of gasoline.

- and the methane to 34 cubic feet, a hydrogen to
methane ratio of 4.9. The gas loss calculated as
weight per cent of the gasoline charged was only
2.18 per cent. The total loss in volume of £aso-
line boiling within the same range as the un-
treated was about 3 per cent. By this treatment
the gasoline was made into & 70 octane number
motor fuel merely by adding 1.33 cc. of tetraethyl
lead (TEL) per gallon whereas the untreated
gasoline made only & 65 octane number motor fuel

with the addition of 3 cc. tetraethyl lead (TEL)

" per gallon. _ :

I have found that in the treatment of gasoline
stocks in the vapor form over zirconia catalysts
in the temperature range of 900° to 1200° F., as
shown in the example given above, considerable
dehydrogenation of the hydrocarbons occurs.
There Is only & very slight amount of cracking,
as evidenced by the small proportion of methane
. in the gas, providing, of course, the temperature
_and contact time are properly chosen, since it is

obvious that substantially long contact times at

temperature of 1100° F. and above will produce
cracking. With proper choice of the tempera-
- ture and contact time, however, it is possible by
means of this invention to substantially avoid
the formation of methane and other products of
.cracking. Hydrogen to methane ratios as high
as 30 to 1, and sometimes higher, can readily be
obtained. - _ :

I have found that although dehydrogenation of
certain of the hydrocarbons occurs during the
treatment of gasoline stocks with zirconia cata-
Iysts at temperatures above 900° F., this dehydro-

genation is only one of several reactions taking -

place. It is evident from the results such as
tho§e given ahove that an improvement of 10.5
octane numbers could not have resulted merely
by the conversion of 6.5 per cent of saturated ali-
phatic hydrocarbons to simple unsaturated hy-
drocarbons of the olefin type. Neither can it be
accounted for on the basis of the amount of
hydrogen formed. While I am not certain of the
exact changes which occur during this treatment
. of gasoline stocks. over a catalyst of the peculiar
‘nature of zirconium oxide, I believe the remark-
able improvement in octane number results from
several concurrent reactions, namely, (1) decom-
position of deleterious organic sulfur compounds
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. confum salt, usually converted to the oxide in a
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subsequent step, has high activity.

Synthetic zirconium hydroxide gel usually con-
talns & large proportion of water which is driven
off by heating at elevated temperatures. In the -
practice of my process for the treatment of gaso-

. line stocks to obtain desulfurization, dehydro-

‘genation and the like concurrently, best results
are obtained with rather thoroughly dehydrated
zZirconia catalysts. The first step in this process
usually consists, therefore, in dehydrating the

- zirconia, preferably in situ, by raising the tem-
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perature gradually to the temperature of opera-
tion or higher while a slow stream of air or hydro-
carbon gas is passed over it. Vacuum drying may
be done, if desired. This step of passing air or
hydrocarbon gas over the catalyst can obviously
be omitted in practice, and the gasoline vapors
started immediately over the zirconia. Much of
the improvement in the gasoline stock will be
lost, of course, during the first few hours of op-
eration in this manner, or until the working tem-

" perature has been reached and the catalyst has-
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. passage over the catalyst.
“should, of course, not be allowed to pyramid too
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to hydrogen sulfide which may be removed, (2) -

decomposition and subsequent removal of im.

purities other than the sulfur type, (3) dehydro-
genation of hydrocarbon constituents, and (4)
changes in molecular structure of certain of the

60"

hydrocarbons. The extent of the improvement , -
from each of these sources varies, of course, with -

the gasoline stock being treated. , :
In the practice of the present invention the
zirconium oxide or the zirconia like. material is
crushed to a suitable size; usually 10 to 30 mesh,
If desired it may be diluted with active or inac-
tive substances.
masges may be prepared from intimate mixtures

65,

Particularly active catalytic -

of zirconia and alumina gels. Either.one of these . :

gels impregnated with a salt solution of the other

gives on drying and on conversion of the salt to
the oxide form a very satisfactory catalyst.
Bauxite impregnated with a solution of a cir-

l

-lyst towers,

been dehydrsated. ‘ A

"It has been found that the zirconia catalysts
gradually lose their catalytic activity with use
but they may be reactivated indefinitely by burn--
Ing out the carbonaceous residues in situ with
‘steam and air, or an oxidizing gas, or by burning
in a furnace. _

"It hag been found that the hydrogen-bearing
gas which is formed during the treatment of
gasoline stocks according to my invention may be .
recycled through the system by adding such gas,
or a portion of it, to the gasoline vapors prior to .
Such hydrogen gas

much or the reactions may be unfavorably in- .
fluenced. Also in processing gasoline stocks con-
taining appreciable quantities of sulfur com-"
pounds, the hydrogen sulfide should be removed
from the gas prior to recycling.

Obviously the hydrogen gas produced as a by-
product in my process has considerable eco-

5 nomic value. A gas containing more than 80

per cent, and up to 95 per cent hydrogen and the
balance methane can be readily obtained by ap-
plying simple extraction methods for the removal

-of the small amount of hydrocarbons higher than

methane. Concentrations of hydrogen higher
than 95 per cent can be obtained by more elab-
orate extraction methods. In any event hydro-
gen for hydrogenation and/or other purposes can-
be obtained in this treatment of gasoline stocks
over zirconia catalysts at extremely low cost. A
very distinct advantage of my process is the for~
mation of relatively large quantities of hydrogen,

-from such hydrocarbons as those of the aliphatic .-

serles with methane being the only impurity In
appreciable amount.  Obviously this.gas can be
utilized for many purposes where the more com.
mon mixture of hydrogen and carbon monoxide
cannot be tolerated at any cost. . :

. It desired, the gasoline stock vapors may be .
given two or more Successive treatments with the -

zirconia catalytic materials in a series of cata-
or the vapors or any fraction thereof
may be recycled with the fresh vapors through
the catalyst tower. Some additional heat, also,

- may be supplied to the vapors prior.to the second
. and/or successive catalytic treatments. . -

"The gasoline stocks after treatment at desul-
turizing temperatures of 500 to 800° F, may or

""may not need g subsequent treatment to remove

76

colored and gum forming constituents. At tem-
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peratures of 900° to 1200° F. whereby desulfur-
ization, dehydrogenation and the like are ob-
tained concurrently, the stocks usually require a
subsequent treatment to remove small amounts
‘of colored and gum forming constituents in order
to make them suitable as motor fuel. This final

purification step may be carried out in conven-

tional manner.

The foregoing specification and examples have
disclosed and illustrated the invention, but since
it is of generally wide application and the num-
ber of examples of results obtainable by its use

" might be multiplied greatly neither is to be con- -

strued as imposing limitations upon the scope of
the invention. The term gasoline stocks as used
herein includes natural gasolines, refinery
- straight run, cracked and vapor recovery gaso-
lines, polymerized gasolines, naphthas, pressure
distillates, and/or mixtures or blends of any two
or more of these or of similar hydrocarbon mix-
tures. Light gases associated with such stocks
may be-treated along with the hydrocarbons boil-

ing within the gasoline range, or, if desired, such:

gases may be treated alone.
I claim: )
1. A process of improving the antiknock char-
acteristics of a gasoline stock, corhprising con-

tacting said gasoline stock in vapor form with a

dehydrated solid adsorbent catalytic material
consisting of zirconium oxide and bauxite at a
temperature in the range of 900° to 1200° F.
under pressures between -atmospheric and 100
pounds per square inch and at a flow rate of
about 1 to 100 liquid volumes of gasoline stock
per hour per volume of catalyst, separating the

decomposed impurities and the light gas fraction’

high in hydrogen gas from the hydrocarbons
boiling in the gasoline range, and thereby ob-
taining a gasoline stock with an equivalent boil-
ing range having improved antiknock charac-
teristics. . '
2. A process of improving the antiknock char-
acteristics of a gasoline stock, comprising con-
tacting said gasoline stock in vapor form with
a dehydrated solid adsorbent catalytic material

consisting of zirconium oxide and alumina at a.
temperature in the range of 900° to 1200° F.-

under pressures between atmospheric and 100

2,337,003

pounds per square inch and at a flow rate of '

_about 1 to 100 liquid volumes of gasoline stock

per hour per volume of catalyst, separating the
decomposed impurities and the light gas fraction
high in hydrogen gas from the hydrocarbons
boiling in the gasoline range, and thereby ob-
taining a gasoline stock with an equivalent boil-
ing range having improved antiknock charac-

~teristics.
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3. A process of treating petroleum hydrocar-
bons boiling within the range of gasoline which
comprises catalytically increasing the anti-knock
value of said hydrocarbons, without substantial

-alteration of the boiling range thereof, by pass-

ing said hydrocarbons in vapor phase at a tem-
perature of the order of 900° F. over a catalyst
consisting essentially of zirconium oxide.

4. A process of treating petroleum hydrocar-
bons boiling within the range of gasoline which
comprises catalytically increasing the antiknock

‘value of said hydrocarbons, without substantial

alteration of the boiling range thereof, by pass-
ing said hydrocarbons in vapor phase at 2 tem-
perature between approximately 900° F. and
1025° F. over & catalyst consisting essentially of
zirconium oxide.

5. A process of treating petroleum hydrocar-.

- bons boiling within the range of gasoline which .

comprisescatalytically increasing the antiknock
value of said hydrocarbons, without substantial

' alteration of the boiling range thereof, by pass-

ing said hydrocarbons in vapor phase and at a

. temperature . between approximately 900° and
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1200° F. over & catalyst consisting essentially of
zirconium oxide.

6. A process of treating petroleum hydrocar-
bons boiling within the range of gasoline which

_comprises catalytically increasing the antiknock

value of said hydrocarbons, without substantial
alteration of the boiling range thereof, by pass-
ing said hydrocarbons in vapor phase and at a
temperature in the range of 900°-1200° F. over
a catalyst consisting essentially of zirconium ox-
ide, removing colored and gum forming constit-

uents from the hydrocarbons so treated, and

recovering a gasoline stock having improved
antiknock characteristics. -
: WALTER A. SCHULZE.



