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2 Claims.
€ 1 : :
‘high-~gctane: leaded gasolines from therma,l ‘gas0-
‘line:stoeks.

Notwithstandingthe publicity: and 1mportance
rof "eabslytic methods the most important means

(Cl 196-—50)

Lk

“This ‘invention -relates 'to ‘the production of

of producing high-oé¢tane gasolines.is by thermal :

methods; that is, by ‘the ‘thermal cracking of
‘higher :boiling ~¢ils (Dubbs, - De Florez, Cross,
“Hélmes ‘Manley, ‘T, V. P..processes) and/or the
‘thermal:reforming oflow octane gasoline stocks.
These processes give highly olefinic gasolines hav-
"ing octane-numbers-generally between about 65
and-74. "These octane ratings are not sufficiently
-high'to produce the maximum quantities of fin-
‘ished gasoline meeting the present requirements.
(The octane number requirements for most auto-
mobile motors has gradually:increased and is now
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.about 75.) Thermal stocks of higher octane num-~ .

ber could be.produced: by these thermal methods.
.However, production costs.are greatly. increased
.and-the yields of gasoline.per barrel: of crude.oil
_sharply decline with. each additional octane num-
.ber increase -beyond .the present range of octane
numbers of these stocks. Consequently,.it is the
practice to:obtain .the required octane rating of
these stocks by the addition of tetra ethyl lead
(T. B, I.). In‘general, the desired octane num-

:be‘x‘}it)ﬁis . usuaili? ‘reednunended to-effect :the hy-

drogenation at a‘relatively high temperature:to
.obtain a certain.amount of: catalytic reforming
-simultaneously with -the :hydrogenation. ' How-
ever, hydrogenation ~at reforming -temperatures

_isiecoupled with:short.catalyst-life and greater ex-

~pense-and-is-not entirely. satisfactory.
. +It has been found-that:in the refining of thermal

.gasoline-stocks. (i. :e. olefinic; gasoline stocks pro-

-duced by-thermal:-methods:such in particular as
ithermal-eracking-and thermal reforming): by hy-
-drogenation . the octane:number-of .the product
_goes -through-a maximumas-the ipercentage of
-saturation - (i..e..the.percent: decrease in ‘bromine
number due to hydrogenation) is:increased: and
then declines 2at -a relatively rapid :rate. This
point of maximum octane number occurs at:a rela-
itively :low.;percentage :of saturation. The hy-
.drogenation -eanbe -carried :out .to -this point of

20 .maximum- octane number *and :the ‘octane num-

Jber-of .the-refined product increased to the de-
‘sired.level:by the addition of T.-B. L. ‘It has now
‘beenifound, however, that -this method of. oper-
ation-is not.the:most:advantageous. It has been-

26 .found:ithat the optimum: saturation to be effected

ber of the leaded product is appreciably above the

‘octane rating of the markéted gasoline in-order

to compensate for a certain amount of blended °

low-octane components, :such “in :particular as
straight-run gasoline. The amount and quality
of .the. low-octane components -to be blended

therefore largely control the .octane number re-
.quired of the leaded thermal gasoline :in-order

to-meet the.prevailing octane.-number-specifica-
tions.

These thermal:gasoline:stocks-are quite highly
unsaturated and require considerable refining be-
fore they can be leaded. and blended. They may
be refined by any one of a number of refining
treatments such as the ‘conventional treatments
awvith: sulfuric acid .or clay, but these treatments
ineur:large:refining losses.

tion. A hydrogenation treatment destroys the
small amounts of diolefins and other gum-form-
ing constituents with substantially no treating
losses. While very mild treatment has been quite
successful in some cases it has been frequently
reported that refining by hydrogenation results
in an excessive depreciation of the octane num-
ber of the stock. This has been postulated to be
due to the hydrogenation of olefins. In order to
counteract this depreciation of the octane num-~

A-preferred ‘method
for refining such thermal:stocks is:by-hydrogena-
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.by-the-hydrogenation:treatment is a’function of

-the :desired  octane rnumber:of:the ‘finished pro-
:duct-and-does-not:correspond: to this maximum
octane-number, . -

- According:to the,process of the present inven-
mon thermal:gasoline:stocks:from petroleum are
‘hydrogenated toran.optimumssaturation which is
- :function -6f ‘and -dependent ‘upon the desired
.octane number:of-the:leaded product. Stated in

5 another way, the hydrogenation: is:carried out to

a specific degree of saturation which allows a
refined product of any given desired octane num-
ber-to ‘beiobtained ‘with :the minimum amount
Of:T, R, 1., ‘The' reldtionship between the opti-
‘mum: perecentageof saturation (S) and the de-~
:gired oétane number:is:given. approx1mately by .
‘the: following formula

S=11+H4T(N*"—N) £5

5 ‘Wherein 'S-is the percerit. saturation as hereinbe-

fore.defined, "N’ is:the desired 'ASTM octane num-
“ber of the leaded product, N is"the ASTM octane
number of the thermal stock treated, and x5isa
small allowable variation to allow for slight dif-
ferences between different feed stocks.

In order that the invention may be better

- understood, reference is had to the attached draw-

ing wherein there is shown by means of a graph
the change in ASTM octane number of a 400
end point cracked gasoline from Dubbs cracking
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of West Texas oil (bromine number 75) at vari-
ous degrees of saturation (unleaded). The hy-
drogenation in this particular case was carried
out with a tungsten sulfide catalyst promoted by
2 small amount of nickel sulfide at a temperature
of 800° F. and a pressure of about 750 p. s.i. The
bercentage saturation was controlied by control-
ling the liquid hourly space velocity and the par-
tial pressure of hydrogen. Referring to. the
graph, it will be seen that the octane number
- rises relatively sharply to a maximum and then
drops sharply with increasing saturation so that
at complete saturation the octane number has
fallen over 18 points.  Similar curves can be deter-
mined for leaded gasolines produced from such

cracked gasoline stocks. However, the maximum -

points of the curves for various particular maxi-
mum octane numbers, corresponding to minimum
T. E. L. requirements, shift to the right with in-
creasing octane number-reguirements. - The path
of this shift is expressed by the above-given
formula. N ' ‘ :

The process of ‘the invention is generally ap-
plicable for the production: of leaded gasoline from
thermal gasoline stocks such as described above.
Such stocks have bromine numbers.of at least 50.

The hydrogenation of the thermal gasoline
stocks may he carried out with any of the hydro-
genation catalysts commonly used for the hydro-
genation of petroleum -fractions. Particularly
suitable catalysts are tungsten sulfide, nickel
sulfide, molybdenum :‘sulfide, tungsten sulfide
promoted with a sulfide of iron, cobalt or nickel,
and cobalt molybdate. Various other suitable
catalysts are discussed 'in . U. S. Patent
No. 1,890,434 and British Patent 335,511, -

The hydrogenation may be carried out with the
gasoline stock .in the vapor phase, in-the liquid
phase, or in mixed phase, and under various con-
ditions of temperature, pressure and space velo-
-¢ity commonly used for hydrogenation. .of gaso-
line stocks. The temperature, for example, may
be advantageously between 400 and 850° F. and
the pressure may be advantageously between
100 and 1000 p. s. i.
may be controlled by control of -any one or com-
bination .of ‘the operating variables such as the
catalyst activity, space velocity, temperature and
pressure. A preferred variable.for control is
the liquid hourly space velocity either alone or
in combination with hydrogen pressure. The
conditions, in any case, are so controlled for the
individual catalyst, feed stock and desired octane
number that the bromine number is decreased
by an amount satisfying the above equation.

Example I

A California pressure distillate fraction boiling
essentially between 110° F. and 210° F. and having
a bromine number of 92 was hydrogenated with a
nickel sulfide-tungsten sulfide catalyst in which
the nickel sulfide was the predominant consti-
tuent. The temperature was 700° F.; the pres-
sure was 700 p. s. i, and:the molal ratio of

recycled gas (largely hydrogen) to hydrocarbon 65

feed was about T:1. The liquid hourly space
velocity was varied between 10 and 55 to obtain

The degree of saturation:
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the desired percent saturation. The origingl
ASTM octane number was 73.8. The maximum
clear ASTM octane number occurred when the
saturation was carried to about 89%. However,
for a gasoline of ASTM octane number of 77 the
optimum saturation was found to be about 27%.
For a gasoline of ASTM octane number of 75 the
optimum saturation was found to be about 149,

Exzample II
A thermally cracked gasoline boiling essentially

, between 200° P, and 300° F. and having a bromine
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number of 87.2 and an ASTM octane number of
70.4 was hydrogenated at temperatures between
700 and 800° ¥, pressure between 426 and 625
P. s. i.,, molal ratio of recycled gas (largely hydro-
gen) to hydrocarbon feed of about 7:1 and liquid
hourly space velocities between 2.0 and 27.4 to
control the percent saturation. It wag found
that the maximum clear ASTM octane number
occurred . at- about. 99 saturation. However,

-when'a gasoline of 75 ASTM octane number was

desired it was found that the optimum satura-
tion ~was about 32%. When a gascline of
73 ASTM octane number was desired the optimum

- saturation was found to be about 21%.
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I claim as my invention:

3. In-a process for the production of a leaded
gasoline having an improved ASTM octane num-
ber from a thermal gasoline stock having an
ASTM octane number N by hydrogenation of said
thermal gasoline stock and addition of tetra-
ethyl-lead, the improvement which comprises

-carrying -out the hydrogenation of the thermal

gasoline stock under conditions to effect such a
percentage saturation of the stock S that

S=1144.T(N'—~N) =5
wherein N’ is the desired ASTM octane number

‘of the hydrogenated and leaded product.

2. Process dccording to claim 1 in which the
hydrogenation is carried out at a temperature
between about 400° F. and 850° F. and the per-
centage  saturation is controlied by varying the
space velocity.
T ROBERT M. COLE.
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