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The present invention relates to the treatment of hydro-
carbon oils ‘and is particularly concérned with the pro-
duction ‘and -treatment -of liguid fuels of lower volatility
than motor gasoline.; . -

Ordinary automobile and aviation engines of the spark-
ignited Otto cycle type operate more efficiently on light
comparatively volatile liquid fuels in the gasoline ‘boil-
‘ing range. . For this purpose hydrocarbon- distillates in
the gasoline range are preferred which are of high octane
rating. . Such high octane. qualities obtain as a result of
particular-types ‘of hydrocarbons present in the gasoline,
which may ‘be further supplemented by knock-reducing
compounds, among -which the more familiar are the
tetra-alkyl lead compounds.. The presence of increased
proportions -of -aromatic  hydrocarbons: and highly
branched chain aliphatic - hydrocarbons in.the gasoline
generally favors good . anti-knock  qualities. Various
methods have been:extensively developed and employed
in the art to obtain gasoline ‘of improved octane quality
and. to {reat gasoline and naphtha of poorer anti-knock
quality to enhance the octane rating thereof,

In oil-burning engines other than the - carburetor-sup-
plied: spark-ignition type, fuels less volatile than gasoline
are ordinarily. employed and methods of production and
treatments favoring the obtention of higher octane motor
fuels afford no-advantage or perhaps are even disadvan-
tageous as applied to these less-volatile fuels.

The present invention is particularly concerned. with
the production of fuels of such less: volatile type in in-
creased” yields and/or of improved: qualities for their
intended use. " Such fuels lying in a boiling range generally
above . that of gasoline (although they may include lower
ends within the gasoline:range) are particularly suited
for use in compression-ignition engines such as those of
the diesel type, and in continuous combustion  engines
such as jet propulsion devices of the simple tube or turbo-
jet type. . These types:of engines can be made to operate
on a wide variety of fuels including for instance kerosene
and sometimes low grade gasoline and on higher boiling
liquid  fuels up to heavy fuel oils, but not necessarily
at equal or desired operating efficiency. Smooth burning
is ‘an important consideration 'in engines of this type
which ‘are “often more sensitive to the ignition charac-
teristics' of -the fuel than the ordinary spark-ignition
engines. . For maximum combustion efficiency coupled
with high. caloric’ content, freedom from carbon residue,
economy of fuel consumption, as well as-low volatility
and safe flash point to better assure freedom from fire
and vapor lock hazards (particularly in connection with
jet fuels. for aviation engines), exacting standards and
requirements must be met.  For use as diésel fuels, par-
ticularly in high speed engines, oils having an API gravity
of about 30-45° and boiling" in the range of about
350~750° F. are generally preferred. Cetane is the refer-
ence standard for diesel fuels and the-ignition quality is
generally given in terms of cetane number (or sometimes
in terms of diesel index.which is a function of the gravity
and aniline point of the fuel). ‘
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For use in “turbo-prop” and “turbo-jet” engines, good
grades of kerosene have been generally considered accep-
table except perhaps in cases where lower freezing point
requirements prevail, but increasing demands for this type
of fuel cannot be met by present methods employing
catalytic cracking of hydrocarbons except at the expense
of distillates required for other uses including motor ‘and
aviation gasoline.

From the standpoint of the hydrocarbon composition of
the fuels, diesel .and jet fuels can be distinguished from
‘gasoline by high paraffinicity, low aromatic content and
minimum possible unsaturation of the former. By usual
commercial methods of catalytic' cracking, the production
of  higher yields of ‘aromatics is favored by increased
cracking severity, Tesulting in degradation of components
desired for diesel and jet fuels.

The present invention is based on the discovery that
by controlled methods of cracking under high hydrogen
pressures and in the presence of catalysts having both
cracking and hydrogenating activity, a highly: saturated
synthetic crude is obtained, which atthough rich in naph-
thenes and having a fairly high content of aromatics, can
be tréated to separate out high vields of fractions having
characteristics -and- qualities desired for diesel and jet
fuels.. It was also discovered-that with increasing boiling
range of progressive cuts of the synthetic crude from such
hydrogenative cracking, there was an unexpected. and
striking: increase in normal paraffin content and a corre-
sponding” decrease in iso-paraffins; a similar change in
normal:to iso content with increasing boiling range is not
found in liquid products from the usual catalytic cracking
process.

In accordance -with the present. invention a hydrocar-
bon charge stock boiling above the range of gasoline,
and preferably a heavy gas oil cut from a petroleum crude,
is subjected to hydrogenative ‘cracking in the presence
of -a cracking catalyst having ‘composited thérewith a
minor quantity of a hydrogenation-dehydrogenation pro-
moter compound. . The operating conditions employed in
the conversion include temperatures in the range of
700-900° F., pressures of from about 1000-3500 pounds
per square inch gauge, there being added. to the reaction
at least 3 mols hydrogen per mol of oil charged. Al
though space velocities above 3 to 4 volumes of oil (as
liquid) per hour per volume of catalyst can be employed
with tendency to increased yields of products-in the gaso-

* line boiling range, lower space velocities are preferred
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for reasons hereinafter appearing. The ‘effluent is con-
densed and fractionated. into cuts at points depending
largely upon the boiling range desired for the jet and/or
diesel fuels to be prepared therefrom, but in any event
the cut points are selected to-provide on the one hand
a fraction consisting of, or rich in normal paraffins (which
might also include the monomethyl substituted normal
paraffins), particularly suitable for use as a jet or diesel
fuel or as a high quality blending agent for such fuels,
and on the other hand in a cut including hydrocarbons
in the gasoline boiling range which is of superior -octane
value,

. In a typical operation in accordance with the invention,
for :example, :the product from hydrogenative cracking
at the selected conditions stated, can be fractionated into
cuts including ‘a. cut boiling up to about 200° F., a sec-
ond cut -boiling in the range of about 200—-400° F., a
3rd cut boiling up to about 650° F., and a 4th cut (bot-
toms) comprising the products boiling above about 650°
F. The first cut (which in some instances might be car-
ried up to about 220° or 230° F.) which ordinarily will
constitute about 25-35% of the total liquid product in
the gasoline boiling range, is of fairly high octane quality
and the ratio of iso-paraffins to normal paraffins in this
cut is exceptionally high, being generally greater than
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5/1 and often as high as 10/1 or above.. The next higher
boiling cut  (up to about 400° F.), while it has an in-
- creased content of aromatics, the considerably lower ratio
of isosparaffins particularly in the higher boiling portion
of this cut, largely accounts for the relatively poor octane
vafue. ‘Moreover, the - iso-paraffins - present are pre-
ponderantly of the monomethyl- and dimethyl-alkane type,
which' have. relatively low octane numbers; hydrocar-
bons containing quaternary . carbon, which would have
high octane numbers, are not present in any significant
amount. - Because of the kind and quantity of naphthenes
-contained in this cut, however, it can be readily up-graded
by known methods of reforming, such as by dehydro-
genation. The . up-graded fraction thus obtained can
then be blended, if desired, with the lower boiling gasoline
of the first cut.- The third cut can be employed directly

-as a diesel :fuel, since it will have a satisfactory cetane

nAumber (45-50-or above) and shows very good motor
performance characteristics. This cut, or at least a lower
boiling portion thereof is also suitable for use in-jet fuels
in the. JP 1 or in the JP 3 boiling range. It is preferred,
however, in the. practical application of the invention, to
subject this: third cut to treatment improving its value
as a diesel fuel: This cut is therefore best treated to sep-
arate out a fraction consisting of -or rich in normal
paraffins suitable as such or as a base stock for high
quality diesel fuel, leaving behind a raffinate fraction
comprising mainly naphthenes, aromatics and some iso-
paraffins. This raffinate fraction provides an excellent
charge stock for further hydrogenative cracking and can
therefore be effectively recycled to that step in the opera-
tion, thus producing additional desirable products in the
gasoline boiling range. 'The normal paraffins, pursuant
to this embodiment of the invention, can be removed
from, the third cut by selective extractive fractionation,
for instance by treatment with urea, -as hereinafter. de-
scribed. ‘The- bottoms cut, boiling above about 650° F.,
can-be -recycled to hydrogenative cracking or otherwise
cracked-or treated as desired.

Instead ‘of reforming the second cut, that is the higher

Jboiling :gasoline fraction up to about 400° F., this cut can

e -subjected to selective fractionation, for -instance by
treatment with urea, to separate out the normal paraffins

(including ‘some monomethyl paraffins), thus providing

“-a raffinate of increased value on the one hand, and a

straight chain paraffinic fraction which is suitable for jet
fuels -of JP 3 specifications, or -as a light additive to
improve the .quality ‘of diesel fuels. In some instances

the second cut may be carried to a somewhat higher boil- -

ing:point as up to about 450° F. -

In operations wherein the ‘production of increased
yields of high iquality diesel fuels.are-required rather than
-greater yields of gasoline, the higher boiling portion of
the second .cut .may be -combined -with -the third.cut-or
with' the lower boiling portion of the third cut and the
whole subjected to a single extraction with wurea; the
raffinate being recycled to further hydrogenative cracking.
Thus the initial effluent:-from hydrogenative cracking may
" “be fractionated to. provide a gasoline cut boiling up to

-about 350° F. and a diesel cut boiling thereabove up to

- about:650°-F., which latter is subjected to urea extraction.
The portion boiling above 350° F., even though ‘it is
highly aromatic, has ‘been found of low octane value, be-
lieved ‘largely -due ‘to- the low ‘ratio of iso-paraffins -to
normal -paraffins -therein (less than  1.5/1). Advan-
tageously, for preparation of -a superior jet fuel, a nar-
rower cut ‘is ‘subjected to urea treatment, such as one
boiling in the range of 350-450° F.

“The ‘low. octane normal paraffin -fraction or fractions
abtained ‘by urea extraction, as hereinbefore indicated,
are particularly suited for use in jet and diesel fuels.
Since. .this fraction contains :substantially only straight
chain paraffins, it.can be readily fractionated .by distilla-
tion to provide.individual normal paraffins of high purity,
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for use as such or as starting materials for the produc-
tion of desired industrial chemicals.

The following experiment will serve to illustrate:the
adaptability and flexibility of the present invention.

A heavy gas oil (440°-950° F. boxhng range) com-
prising ‘the fraction obtained by removing from an East
Texas .crude. oil the initial 56%. of lower beiling ma-
terials and heavy ends up to 23% of the crude, was sub-
jected to hydrogenative cracking for three hours over a
catalyst comprising synthetic silica-alumina

- (87.58i02/12.5A1203)

impregnated with 2% nickel, at 825° F. under a pres-
sure of 3500 pounds per square inch, and at a liquid space
velocity .of two volumes of oil (as liquid) per hour per
volume of catalyst; six moles of hydrogen being added
per mole of charge. The gasoline obtained (Cs+) was
divided jnto a number of cuts which were examined for
properties afnd, analyzed “for -types of hydrocarbons
present
t was found that the fraction boiling below 220° F.
(U‘d constituting about 30% of the total gasoline was
of satisfactory motor fuel quahty, having a high ratio
of iso to-normal paraffins (above 10/1) and an octame
umber above 72 (CFR-M clear). The middle portion
of this cut particularly had a fairly high naphthene con-
tent, so that the cut can be brought to even higher octane
number, if desired, by known methods of reforming in-
cluding hydroforming. The next higher fraction boxhng
in the range of up to about 370° F. and comprising 50%
of the total Cs+ gasoline, contained increasing amounts
of normal paraffins and had-a relatively poor octane
value, averaging less than 55 for the blend. The content
of normal paraffins was slightly less than that of the iso-
paraffins. ‘The poor octane values may ‘be accounted for
y- 2 fairly high content of methyl-paraffins and to.cer-
tain substituted naphthenes.  This fraction can be up-
graded by known methods. of reforming.
A sample of the total hydrogenatively cracked gasohne

‘was fractionated to -provide a 180-420° F. cut, which

cut -was separated by silica gel :chromatographic adsorp-
tion into ‘70 -volume -percent. paraffin-naphthene fraction
and a 30 volume percent aromatic-olefin fraction. ‘The -
paraffin-naphthene fraction was then further divided into
cuts including 220-300° F., 300-370° F., and 370-425°
F. portions, respectively.. Each of these portions was sub-
jected to urea fractionation to separate out fiormal paraf-
fins-in-the following manner: -

Each portion was mixed with 2-5 times 1ts Welght of
urea ‘and a few milliliters-of methanol. - The mixture was -

cooled in -an ice ‘bath with occasional stirring and filtered

through “a. Dry-Jee -coeled Biichner funnel. The iso-

paraffing and naphthenes ‘were recovered in the filtrate,

and the solid urea -adduct constituted by n-paraffin-urea
complexes ‘was decomposed with water for recovery. of
the normal paraffins. The quantity of normal paraffins
separated out from each cut is shown in the following
table (on a loss free basis) and the calculated ratio of
normal paraffins to iso-paraffins in each of the cuts is
also reported.

‘Paraffin-Naphthene Cut Oalclﬂg}t%lu}t’ercent
Fracti Yol | puots ‘
r%cFl?n' nPe;fgfI;{n i-p'l‘;'gcf%lil 1 n-paraffin | i-paraffin
P naphthene
220-300. . ..o 5 95 4 46
300-870. e vl 25 75 18 24
B70-425_ s 41 59 25 9

The important discovery that the normal to iso-paraffin
ratio increases with the boiling .range of the hydro-
cracked fraction is contrary to expectation particularly in
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view of the fact that additional isomers are possible for
the larger molecules of higher boiling point.

A sample of a 410-635° F. cut from hydrogenative
cracking (constituting’ about 42%  of the cracked:liquid
effluent), was inspected. for - diesel : fuel - characteristics
with the following results:

Aniline point. . ..olo il il SRR SRS °Fi...148.5
CAPIL SR g1 §2.45 294
. Dieselindex....o_... oLl %-4&1

Cetane NO._ - o iooi il
Motor performance characteristic.._. :
Since the above sample contains a high ratio of normal
to iso-paraffins in the lower boiling portion of the sample,
which normal paraffins have cetane numbers in the order
of about 80 and above, and fairly high amounts of Cie-}-
normal paraffins ‘which have-a cetane number of about
100, by urea extraction of the sample there is obtained
a paraffinic fraction having properties closely approaching
that of cetane, being of superior quality for use.in diesel
fuels or for upgrading diesel fractions of poorer quality
by blending' therewith. " The cétane number of the nrea
extract will, of course; depend on. the boiling range of
~ the fraction so extracted.. In’any event, urea extraction
‘of hydrogenatively cracked fractions boiling above not-
mal heptane (which has a cetane number: of about. 57)
will provide paraffinic extracts of high cetane number.

Obviously many modifications and variations .of the
invention .as hereinbefore set forth may be made without
departing from the spirit and scope thereof, and therefore
only such limitations should be imposed as are indicated
in the appended claims.

I claim as my invention:

1. The method of preparing liquid hydrocarbon fuels
of high paraffinicity and having a cetane number of about
80 and which comprises-the steps. of subjecting a crude
- oil fraction boiling above the range of gasoline to hydro-
genative cracking in' contact with “a” catalyst composite
comprising ‘a predominating proportion of a cracking
component and. a minor proportion of a catalytic nickel
material having hydrogenating activity, effecting conver-
sion of said fraction in contact with said catalyst at. a
temperature above 700° F. and under a total pressure of
at least 1000 pounds per square inch, at least three mols
of hydrogen being added to the conversion reaction per

mol of oil charged; separating the reaction products to
" provide a fuel cut boiling above 300° F. of high normal
paraffin content, subjecting the fuel cut to selective treat-
ment to separate out-a portion’ thereof having  an-in-
creased concentration of normal paraffins.

2. ‘The method according to claim 1 wherein' the cor-
version products are fractionated to provide a diesel cut
and the latter-is subjected to selective extraction to sepa-
rate out a portion thereof ‘having  an increased concen-
tration of normal paraffins. '

3. The ‘method according to claim 2 wherein such se-
lective extraction- includes: the step. of treating the said
diesel cut with urea, thereby forming a solid urea addi-
tion complex of the normal paraffins present-in the cut,
separating the solid comiplex from unreacted liquid; and
decomposing the solid -urea complex to recover normal
paraffins, :

4. The process of preparing high quality jet fuel in
accordance with the method defined in' claim 1, which
comprises separating .from the reaction: products. in the
catalytically converted efffuent a  fraction substantially
free of products.boiling below 200° F. and of products
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boiling above :650° F., which fraction contains compo-
nents boiling in the range of 350-450° F., and selectively
treating said fraction to decrease the proportional con-
centration of iso-paraffins therein. )

5. The method according to claim 1 wherein the efflu-
ent from the defined catalytic conversion is distilled to
provide an intermediate cut containing components boil-
ing in the range of 400-650° F. and substantially free
from components boiling below 200° F., recovering by
selective treatment of the said intermediate cut a frac-
tion predominating in normal paraffins. !

6. The * method - which . comprises. hydrogenatively
cracking ‘a mixture of a recycle stock and a heavy gas
oil in the presence of a catalyst composite comprising
synthetic silica-alumina gel containing a small amount of
nickel having activity in promoting cracking and hydro-
genation respectively, " effecting - such - hydrogenative
cracking at a pressure.of 1000-3500 pounds per square
inch while feeding said gas oil at a space rate of not
more than three volumes of oil per volume of catalyst
per hour, together with at least three mols of hydrogen
per mol of oil, fractionating the hydrogenatively cracked
effluent to provide at least three cuts including a gasoline
cut, a diesel cut, and a bottoms cut; recycling the bot-
toms cut to-further hydrogenative: cracking, -and treat-
ing at least a portion of the diesel cut with urea and an
alcchol and cooling to separate out a fraction thereof
having a cetane number of about 80 of increased normal
paraffin concentration recovering a fraction of the. diesel
cut of very low paraffin concentration from said treat-
ment with urea; and recycling said low paraffin fraction
to further hydrogenative cracking.

7. The method of preparing a diesel fuel having-a
cetane number of about 80 which comprises: passing a
mixture of a recycle stock and a hydrocarbon stock: boil-
ing above the gasoline range over a cracking catalyst com-
prising nickel within the temperature range of from 700
to 900° F. at a pressure of from 1000 to 3500 pounds per
square inch and at a hydrogen to hydrocarbon mol ratio
of about 3, and at a space velocity less than 3; fraction-
ally distilling the effluent to recover a fraction boiling
above the range of gasoline; subjecting said fraction to a
selective ‘extractive fractionation with several times - its
weight of a urea and a small quantity of an alcohol; cool-
ing the thus treated: fraction; filtering - the cooled frac-
tion to obtain a liquid filtrate providing said. recycle
stock; and decomposing the normal paraffin rich, high
cetane number diesel: fuel from the urea-complex.
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