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8 Claims.

This invention relates to the treatment of hy-
drogarbons and more particularly to a combpina-
tion process comprising a series of interdepend-
emb and cooperative steps for the production of
gasoline of high antiknock characteristics and
low bromine number, which gasoline is particu-
larly suitable for use in aviation fuel.

In a broad aspect the present invention re-
ates f0 a process for producing gasoline of high
antiknock characteristics and low bromine num-
ber, which comprises separating an olefinic gaso-
line into & light fraction and a heavy fraction,
catalytically retreating the light fraction in the
bresence of a phosphoric acid catalyst to pro-
duce = retrezfed fraction of relatively low
bromine number and at the same time forming
olefiric hydrocarbons which are higher boiling
than said light fraction, hydrogenating said
oleflnic hydrocarbons, and blending at. least a
portion of the hydrogenated products with said
retreated fraction of relatively low bromine
aumber. '

In one specific embodiment the present.inven-
tion relates to a process for the production of
gasoline of -high antiknock characteristics and
low tromine number, which comprises subject-
ing oil to cafalytic cracking to produce ‘gasoline,
separating the gasoline from normally gaseous
hydrocarbons and from ‘higher boiling insuffi-
clently converted products, further separating
said gasoline into g light fraction having an end
boiling point within the range of from abhout
200° to about 300° F. and a heavy fraction hav-

"ing an initial boiling point within the range of
{rom sbout 200° to about 300° F. and an end
bolling point within' the range of from about
300° to about 460° ¥, subjecting the light gaso-
line fraction to retreatment in the presence of a
vhophoric acld catalyst under conditions to form
a retreated light gasoline fraction having a low-
er bromine number and at the same time forming
olefinic hydrocarbons having an initial boiling
point above from about 200° to about 300° F.
subjeciing at least a portion of said olefinic hy-
drocarbons to hydrogenation to form paraffinic
hydrocarbons, and blending at least 3 portion of
sald parafinic hydrocarbons with at least a por-
tion of said retreated light gasoline fraction of
lower bromine number.

In accordance with the present invention, an
olefinic gasoline fraction is subjected to retreat-
ment in the presence of a phosphoric acid cat-
alyst to form a retreated light gasoline fraction
which is high in antiknock characteristics and
low in bromine number. During such treat-
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ment, & fraction boiling above the range of said
retreated light fraction is formed and this higher
poiling fraction is high in olefinic hydrocarbons.
This higher boiling fraction is unsuitable for use
in aviation gasoline because of its high olefin
content and, as & feature of the present inven-
tion, it has been found that this higher boiling
olefinic fraction may be subjected to-hydrogena-
tion to produce a substantially saturated product
which is particularly suitable for blending with
the retreated light gasoline fraction in order to
form a final gasoline fraction of desired boiling
range which is of exceptionally high antiknock
characteristics, of relatively low bromine number

" and therefore particularly suitable for use in

gviation gasoline.

The invention will be more fully described in
connection with the attached diagrammatic flow
drawing which illustrates sevcral specific em-
bodiments of the invention. It is understood,
however, that the broad scope of ihe present '
invention is not limited f{o the particular em-
bodiments illustrated in the drawing,

Referring to the drawing, the charging stock
to the.process may comprise any .suitable oil,
which usually will be heavier than gasoline, such
as kerosene, gas oil, fuel oil and the like. The
charging stock is introduced.through line { and
mey be commingled with certain recycle streams
in a manner to be hereinafter described in detail,
and the commingled streams are supplied to
cracking zone 2. ,

Cracking zone 2 may comprise any suitable
cracking system for effecting the desired conver-
slon of the oil info gasoline. While a non-cat-
alytic- operation' may be employed in certain
cases, in the preferred embodiment of the inven-
tion, zone 2 is preferably a catalytic cracking
system. The catalytic cracking process may be
of any suitable type and this may comprise the
so-called fixed bed, fluidized, slurry, other types
of moving beds, or combinations thereof. Any
suitable cracking catalyst may be employed, the
preferred catalyst comprising synthetically pre-
pared composites of silica and aluming or other
suitable metal oxides. These catalysts are nor-
mally utilized at temperatures within the range
of 800° to 1200° F. and preferably within the
range of 950° to 1050° F., superatmospheric pres-
sures of below about 100 pounds per square inch
and weight hourly  space velocities which are
usually above 1 and may in some cases be as high
as 10 or even more. ‘By weight hourly space
velocity is meant the weight of oil pér hour per
weight of catalyst in the reaction zone, The
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temperature, pressure, space velocity and the like
are correlated in this step of the process to pro-
duce & gasoline of high antiknock characteristics.
In order to obtain optimum conversions of-the
charging ofl into gasoline of sufficiently high
antiknock characteristics, the resulting gasoline
will of necessity be of higher olefinic content
than is permissible for use in aviation gasoline.

The cracked products are directed through line
3 into separation zone §, which may comprise one
or g plurality of suitable fractionating, absorbing
or stripping zones, whereby the products intro-
duced thereto may be separated into the desired
fractions. In accordance with the preferred em-
bodiment of the invention, hydrocarbons boiling
from about 360° to about 400° F. ere separated in
zone 6 and are withdrawn from the lower portion
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thereof through Hne §. These higher boiling .

products may be removed from the process or all
or g portion thereof may be recycled by way of
lines 6 and ! to zone 2 for further conversion
therein. 'Normally gaseous products may be
withdrawn through lne 7 from zone 4 and may
be removed from the process. These gases are
high in olefinic content and therefore are par-
~ ticularly sultable for use in subsequent polymeriz-

ation, alkylation or other condensation reactions.

A gasoline fraction which, as heretofore set
forth, will have an end bolling point within the
range of from about 300° to about 400° F. and
preferably in the neighborhood of 340° to 350° F.,
is withdrawn from zone & through line 8 and is
directed into separation zone §, which may be
similar to heretofore described zone 4. In zone 9,
the gasoline is separated into a light fraction
which will have an end boiling point within the
range of from about 200° to about 300° F. and

preferably in the neighborhood of about 250° P,

and a heavy gasoline fraction which will have an
initial boiling point similar to the end boiling
point of the light fraction and an end boiling
point within the range of from about 300° to about
'400° F. and preferably within the neighborhood
of about 340° to gbout 350° F', The light fraction
may be withdrawn from zone 8 through line 0
for further treatment in accordance with the
present invention, as will be hereinafter described
in detail, while the heavy gasoline fraction is
withdrawn from the lower portion of zone 8
through line 1 |- for further treatment as will like-
wise be hereinafter described in detail.

The light gasoline fraction withdrawn through
line {0 is directed into retreating zone 12. Re-
treating zone 2 may comprise any suitable sys-
tem containing a phosphoric acid catalyst for re-
ducing the bromine number of the light gasoline
fraction introduced thereto while, at the same
time, forming a higher boiling product which is
olefinic in nature. According to the preferred
embodiment of the invention, zone §2 comprises
a retreatment zone in which the gasoline is con-
tacted with an acid-acting compound of phos-
phorus at & temperature of from about 250° to
about 750° F. and preferably of from about 350°
to about 600° P, under suficient pressure to main-
tain at least a substantial portion of the material
in the reaction zone at the conditions of operation
in liquid phase. - Such & process is ‘usually con-
ducted at a weight hourly space velocity of from
about 0.5 to about 10. Batisfactory but not neces-
sarily equivalent catalysts include ortho-phos-
phoric acid, pyro-phosphoric acid, copper pyro-
phosphate, cadmium pyro-phosphate, etc., which
may be employed either alone but preferably in
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admixture with a suitable supporting material,
such as kieselguhr, pumice, bentonite, bauxite,
and other siliceous and aluminiferous materials,
to form 2 solid phosphoric acid catalyst.

Another suitable method of operation, which is
not necessarily equivalent to that heretofore de-
seribed, is to subject the gasoline to contact with
o silica base catalyst under selected conditions of
operation, The silica base catalyst may be simi-
lar to or different than the preferred cracking
catalyst employed in zone 2 and lkewise is pref-
ershly synthetically prepared although certain
natural occurring materizls may be employed but
not necessarily with equivalent results. These
catalysts are usually employed at temperatures
of between about 400° and about 700° F. under
sufficient pressure to mainteain at least a substan-
tial portion of the material in the reaction zone
in liquid phase. The weight hourly space veloci-
ties may be within the range of from about 0.3
to 5. 'The temperature, space velocity and other
conditions of operation are correlated in order to
produce a final gasoline product which is low in
bromine number. Preferably, the bromine num-

“ber is reduced to less than one-half that of the

light gasoline fraction introduced through line 10
into zone #2.

The products from zone 12 are directed through
line 13 into separation zone {4, which may be
similar to heretofore described zones 4 or 8. In
zone 14 a light gasoline fraction, which is high in
antiknock characteristics and low in bromine
number, is separated and is withdrawn therefrom
through line 15 and may be removed from the
process but preferably, in accordance with the
features of the present invention, at least a por-
tion thereof is directed through line 18 for blend-
ing with certain other products of the process in
the manner to be hereinafter described in detail.
This light fraction will have an end boiling point
within the range of from about 200° to about 300°
F. and preferably within the neighborhood of
about 250° F.

As a feature of the present invention, an inter-
mediate fraction boiling above the light gasoline
fraction withdrawn through line 16 and having
an end boiling point within the range of from
about 300° to about 400° F. and preferably within
the neighborhood of about 340° to about 350° F.,
is separated in zone (4 and is withdrawn there-
from through line (1. This intermediate frac-
tion is too high in olefin content for use in avia-
tion gasoline and, in accordance with the present
invention, it is subjected to further treatment in
the manner to be hereinafter described in detail.
Hydrocarbons boiling above the intermediate
fraction withdrawn through line 17 are separated
in zone 14 and are withdrawn therefrom through
line 18 and may be removed from the process
through line (9, but preferably at least a portion
thereof is directed by way of lines 28, § and | to
zone 2 for further conversion therein. - :

The intermediate fraction withdrawn through
line §7 is commingled with hydrogen introduced
through line 2( and the mixture is directed into
hydrogenation zone 22, The fraction supplied to
zone 22 will contain aromatic hydrocarbons as
well as olefinic hydrocarbons and hydrogenation
in zone 22 is preferably regulated in order to sub-
stantially hydrogenate the olefinic hydrocarbons
without substantial hydrogenation of the aro-
matic hydrocarbons. This may be readily ac-
complished by the use of particular catalysts and
by controlling the conditions of operation. The
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preferred catalyst comprises partially reduced
nickel supported on a relatively inert carrier such
as kieselguhr and the temperature employed is
preferably below 400° F. although it is under-
stood that higher temperatures may be employed
if the other conditions of operation, such as space
velocity and pressure, are correlated therewith in
order to effect the desired reaction.

‘Hydrogenation zone 22 may comprise any suit-
able hydrogenation system which may be of the
fixed bed or moving catalyst type. In the fixed
bed type of process, usually two or more zones are
employed with counter-current flow of hydrogen
and hydrocarbons, slthough g single zone may
e utilized when desired.

The hydrogenated products are directed from
zone 22 through line 23 into separation zone 24
which may be similar to heretofore described
zones 4, § or (4. Since an excess of hydrogen is
usually employed in the hrdrogenation reaction,
unused hydrogen may be withdrawn through line
29 from zone 24 and mey be removed from the
process but preferably af least a portion thereof
is recycled by way of lines 26, 2§ and {7 to zone
22 for further use therein. The hydrogenated
products are withdrawn from the lower portion
of zong 24 through line 2¢ and a portlon thereof
may he removed from the process while, in dc-
cordence with the present invention, at least a
poriion thereof is directed by way of line 28 into
line 18 wherein it is commingled with ai leasi 2
portion of the light retreated gasoline withdrawn
through line {6 from zone 14. It has been found
that blending of the hydrogenateq products with
the light gasoline retreated fraction, in the man-
ner herein deseribed, produces s gasoline prod-
uch of exceptionally high antiknock character-
istics and of low bromine number which is par-
ticularly sultable for use in aviation gasoline.

The heavy gasoline fraction separated in zone
8 and withdrawn therefrom through line i may
be direcied, a1l or im part, through line 28 and
mey be commingled with the final gasoline prod.-
uets In lne (6. The heavy gasoline fraction
withdeawn through line (0§ wili be high in are-
mgtic contens and in meny cases will be suffl-
ciently low in bromine numbper, so that it may be
blended without further treatment with the other
products of the procsss in order to inerease the
yield of desired aviafion gasoline, In some cases,
1% iz preferred to subject the heavier gasoiine
fraction to further treatmeni and this may be
sccomplished by supplying the same through lines
2% and 3¢ into rebreating zone 8f. Retreating

zone 8f may be similar to heretofore described

zone (4 and may utilize s similar type of catalyst.
The emperature employed in zone 31 may be the
same or sHightly higher than thet employeqd in

zone 8 in order to effect the deshed reduction. in

hromine number and other improvements.
The products from zone 3f are then directed
through Hne 32 into separstion zone 83 which
may e similar to the heresiofore described sepa-
ration Zones
ing an end hml& ng point within the range of {from
about 300° to about 400° P., which end boiling
point i1s preferably the seme 8s the end boiling
point of the gasoline in line 8§, may be separated
in zone 33 and withdrawn therefrom through line
24, A portion thereof may be removed from the
nrocess through line 88 but prefersbly all or 2
portion of this gasoline is directed through line
'34 and is commingled in lne (8 with the fnsal
gwoline product of the process. In this way, ad-

A reireated gasoline fraction hav--
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ditional yields of the desired gasoline products
are obtained.

Higher boiling products are separated in zone
32 and withdrawn therefrom through line 38 and
may be removed from the process but preferably
at least a portion thereof is directed by way of
lines 29, 6 ard | into cracking zone 2 for further
conversion 1 2rein.

The following example is introduced for the
purpose of further illustrating the novelty and
utility of the present invention but not with the
intention of unduly limiting the same.

A Mid-Continent gas oil is cracked in the
presence of & silica-alumins catalyst at & tem-
perature of about 950° ¥. and an hourly weight
space velocity of about 1.7. The products are
separated by conventional fractionation into &
light gasoline fraction having an end boiling point
of 250° F, and e heavy gasoline fraction having
&n initia! boiling point of 250° F. and an end boil-
ing point of 350° F

The light gasoline fraction is subjected 1o re-
treatment in the presence of & solid phosphoric
scid catalyst st & temperature of. 535° F. and
600 pounds per square inch, the solid phosphoric
acid catalyst comprising & mixture of ortho and
pyro phosphoric acids composited with kieselguhr.
The refreated products are separated into g light
Iraction having an end boiling point of 250° F,
on Intermediate fraction having an initial boil-
ing point of 250° F. and an end boiling point of
350° ¥., and heavier products,

The intermediate fraction is subjected to hy-
drogenation in the presence of a reduced mickel-
kieselgunr catalyst et & temperature of ahout 250°
. A light fraction having an end boiling point
of about 350° F. is separated from the hydro-
genated products and iz blended with the re-
treated light gasoline fraction.

The blended producis have & relatively low
bromine number and exceptionslly good anti-
knock characteristics. Upon the addition of 4
¢c, of teirasthyl lead, and ot"nezv additives usually
employed for the production of sviation gasoline,

3 the finally biehdéd materie! bas an ocltane num- -

ber of above 10¢ when determined according &o
the motor method.

I claim as my invenbion:

1. & hydrocarbon conversion process which
comprises fresting an olefinic gasoline with &
phosphoric acid eaialyst under conditions o pro-
duce o light gasolineg fraction of low bromine
number and s heavy olefinic {raction of higher
bromine number, hydrogenating a¢ least & por-
tion of said heavy olefinic fraction, and blending
ot least & portion of the hydrogenated products
with said light gasoline fraction of low bromine
numbper,

2. A hydrocarbon conversion process Which

y comprises treating cracked gasoline with & phos-

phorie acid catalyst under conditions to produce
s lght gasoline fraction of low bromine number
and heving an end boiling point within the range
of from sbout 200° to about 300° F., and & heavy
olefinic fraction of higher bromine numbe*r have-
ing en initial bolling point within the range of
from about 200° to about 300° F. and an end
bolling point within the range of from ghout 306°
to about £00° P, catalytically hydrogenating at
least o portion of said heavy clefinic fraction,
and blending at least s portion of the hydro-
genated products with said light gasoline frac.
tion to produce & final gasoline product having & -
bromine ‘number of less than one-half that of
said cracked gasoline,
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3. A hydrocarbon conversion process which
comprises cracking ofl under conditions to pro-
duce & cracked gasoline of high antiknock char-
acteristics and high bromine number, separating
said gasoline into light and heavy fractions, re-
treating sald light fraction in the presence of a

phosphoric acid catalyst under conditions to pro-

duce a light gesoline fraction of low bromine
number and a hezviér olefinic fraction of higher
bromine number, catalyticelly hydrogenating
said heavier olefinic fraction in the presence of
added hydrogen, and blending at least a portion
of the hydrogenated products with sald Mght
gasoline fraction of low bromine number.

4. The process of ciaim 3 further characterized
in that at least & portion of the firs; mentioned
heavy fraction is blended with the retreated and
hydrogenated products. -

5. The process of clalm 3 further characterized
in that at least & portion of first mentioned heavy

the presence of a phosphoric acld eatalyst, and
at least a portion of the ssparately retreated
produects is blended with the first mentioned re-
treated and hydrogenated products. .-

8. A hydrocarbon conversion. process which
comprises catalytically cracking. oil under con-
ditlons to produce o cracked gasoline of high
antiknock characteristics and high bromine num-
ber, separating sald gasoline into a light Zraction
having an end boiling noint within the range of
from about 200° to sbout 300° F. and o heavy
gasoline fraction having an initial boiling peint
within the range of from chout 300° j{o about
300° F. and en end belling point within the range
of from 300° to sboui 4060° ., retreating said
light fraction in the presemes of & phosphoric
acid catalyst under conditions to produce s lght
gasoline fraction of low bromine number and
having an end beiling point within the range
of from about 263° to about 303° . and o heavier
clefinic fraction of higher bromine number have
ing an initial bolling point within the range of
from ghout 200° to about 300° F. and an end
boiling point within the range of from about 300°
to about 400° P, hydrogensting said heavier ole-
finie fraction in the presence of & mickel hydrg-
genating catalyst and hydrogen, separating s
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. range of from about 300° to about 400° ¥, from

the hydrogenated products and blending at least
a portion thereof with said light gasoline frac-
tion of low bromine number.

7, A process for producing hydrocarbon distil-
late suitsble for use in aviation fuel from the
products of hydrocarbon oil cracking, which com-
priges separating from said porducts an, olefinic
gasoline fraction heving an end boiling point in
the approximate range of 200° F. {o 300° F., con-
tacting ssid gesoline fraction with a. catalyst
comprising an acid-acting compound of phos-
phorus at o temperature of from about 230° F.

. to about 758° P, and st a weight hourly space

velocity of from about 0.5 to about 10, whereby
$0 reduce the bhromine number of sald fraction

- and form & heavier olefinic fraction, separating

" said heavier olefinic fraction from the lower boil-

20
fraction is subjected t{o separate retreatment in -

-ing gasoline fraction of reduced bromine number

-and hydrogenating at least a portion thereof to
form . parafiinic hydrocarbons, and blending at

..least o portion of sald parefinic hydrocarbons
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fraction having an end bolling point within the -

- with at least & portion of sald gasoline fraction

of reduced bromine nurmber.

8. A process for lmproving cracked gasoline
which comprizes szparating the seme into a lght
olefinie frection 2nd o heavier gasoline fraction,
contacting said lght fraction with a.catalyst
comprising an acld-acting compound of phos-
phorus at & temperature of {rom about 250° F.
to about 750° F, and at & welght hourly space
velocity-of from about 8.5 to ahout 10, whereby
to reduce the bromine mumber of sald fraction
end form # hesvier olefinic Iraction, serarating

5 -said heavier olefinle fraction from the lower boil-

ing gssoline fraction of reduced bromine num-
ber and hydrogensting st least a portlon thereol
to form paraflinic hydrocarbons, and blending
regulated portions of said parafnic hydrccarbons,
sald heavier gazoline fraction and sold gasoline
fraction of reduced bromime number.

9. The process as deflned In clalm 8 further
charncterized in that sald heavier gasoline frac-
tion is catalytically treated for reduction in bro-
mine number prior $0 the blending thereof with
said paraffinie hydrocarbons snpd gasoline frac-
tion of reduced bromine nuimber.

DAVIS RBAD, Jn.



