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8 Claims.

This invention relates to a combination of in-
terdependent and cooperative steps for the con-
version of hydrocarbons into gasoline and alkyl
aromatics. )

In its broadest aspect, the invention comprises
the cracking of hydrocarbon oil boiling above
the range of gasoline primarily for the purpose
of producing gasoline, and reacting at least a
portion of the gasoline, which contains poly-
alkylated aromatics, with benzene under condi-
tions to effect transfer of alkyl groups from the
poly-alkylated aromatics to the benzene and
thereby to produce selected monoalkylated aro-

matics. ) :
"~ The invention is particularly applicable to a

Application October 31, 1942, Serial No. 464,082

(Cl. 260—668) .
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process. for the production of aviation gasoline -
and selected mono-alkylated aromatics, such as

toluene, ethylbenzene and the like. According

to one embodiment of thé invention, olefin-free °

alkylated aromatic hydrocarbons may be pro-
duced. I

In one specific embodiment, the present inven-
tion comprises subjecting oil boiling above the
range of gasoline to eracking in the presence of
a cracking catalyst to produce a substantially
saturated gasoline product, subjecting at least
a portion of said gasoline to interaction with
benzene in the presence of a catalyst to effect
a transfer of alkyl groups from poly-alkylated
aromatics contained in said gasoline to said ben-
zene, recovering a substantially saturated gas--
line product suitable for use in aviation fuel from
“the first step of the process, and recovering se-
Jlected mono-alkylated aromatic hydrocarbons
from the second step of the process.

In another spécific embodiment, the invention
comprises subjecting oil boiling above the range
of gasoline to cracking in the presence of a
cracking catalyst to produce a substantially sat-
urated gasoline product, subjecting at least a
portion of said gasoline to contact with a catalyst
to effect saturation of the olefinic hydrocarbons
contained in said gasoline, subjecting the olefin-
free gasoline fractions to interaction with ben-
zene in the presence of a catalyst to effect a
transfer of alkyl grouns from the poly-alkylated
aromatics contained in said gasoline to said ben-
zene, and recovering a substantially saturated
gasoline product suitable for use in aviation fuel
from the first sten of the process. and recovering
selected mono-alkylated aromatic hydrocarbons
which-are substantially olefin-free from the last
sten:of the process. .

The particular conditions of operation to be
employed in each step of the process will depend
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primarily upon the charging stock to the first
step of the process which, in turn, will affect
the materials to be supplied as charging stocks
to the subsequent steps of the .process, and the
operating conditions will also depend upon the
particular products desired. For example, if mo-
“or fuel is desired, the first step of the process
inay comprise a. non-catalytic cracking opera-
tion or it may comprise a catalytic operation in
which the cracking is conducted under conditions
to produce an olefinic type of distillate. On the
other hand, if a substantially saturated gasoline
product is desired for use in aviation fuel, the
first step .of the process will comprise a cata-
Iytic step in which the cracking is conducted
under conditions to produce a substantially sat-
urated distillate. - In any event, the distillate
product will contain varying percentages of aro-
matics, olefins, naphthenes, and paraffins. If
substantially olefin-free toluene, ethylbenzene,
ete., is desired, the distillate from the first step
of the process is subjected to the hydrogen trans-
fer step prior to being subjected to the alkyl
transfer step of the process. When the products
from the cracking step of the process have a suf-
ficiently low olefin. content, the second step of
the process may be omitted in cases where the
final alkylated aromatic product meets the de-
sired specifications as to olefin content.

It is understood, of course, that the various
operations herein disclosed are not necessarily
equivalent in their results and that the particu-
lar choice will depend upon the considerations
heretofore mentioned.

The invention will be explained in detail in
connection with the accomnanying diagrammatic
flow drawing which illustrates several specific
embodiments of the invention, although it is
understood that various modifications to the par-
ticular flow described may be made within the
scope of the broad teachings of the present inven-
tion. '

Referring to the drawing, the charging stock is
introduced to the vrocess through line 1 and is
directed into cracking zone 2. As heretofore de-
scribed, the cracking operation will depend upon
the charging stock and upon the type of products
desired, and thus cracking zone 2 may be of any
suitable type of known eracking processes. Non-
catalytic cracking operations are usually con-
ducted at temperatures within the range of from
about 800 to about 1200° F. and under pressures
of from about atmospheric to 1000 pounds -or
more. Catalytic operations are usually conducted

> at temperatures within the range of from about
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) 600 to about 1200° ¥. or more and under pressures
of from about atmospheric to 1000 pounds or
more. In catalytic operations the hourly weight
space velocity is usually within the range of from
about .3 to about 5. The hourly weight velocity as 5
used herein is defined as the. weight of oil per

.- hour per weight of catalyst in the reactor.

For non-catalytic operations the cracking zone
usually comprises a heater, reaction chamber,
flash chamber, fractionating and condensing
equipment. For catalytic operations the process .
'~ may be either of a fixed bed or moving bed type,
the latter being either of the fluidized type in
which the hydrocarbons move at a faster rate
within the reactor than does the catalyst, or of
the slurry type in which a suspension of oil and
_ catalyst is passed to the heating and/or reaction -
zones. It is understood that any suitable type
of cracking operation may be employed and, since
no novelty is claimed herein for the cracking reac-
tion per se, it is not believed necessary to describe
the cracking process in detail.

‘When catalytic cracking is desired, any sultable
cracking catalyst may be employed within the
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be of either natural or synthetic origin. A par-

tieularly suitable catalyst is of the silica-alumina

typbe and comprises silica composited with alu-

‘mina, zirconia and/or thoria, or the like, and

~ these catalysts may be prepared in any suitable
manner.

The products from zone 2 are directed through
line 3 into separation zone 4. Separation zone 4
may comprise one or a plurality of suitable flash-
ing, fractionating; distilling, absorbing and/or 35
_stripping zones whereby the products introduced
thereto may be separated into the desired frac-
‘tions. Non-condensible gases may be removed
from the upper portion of zone 4 and withdrawn
from the process through line 5 or all or a portion
of these products may be returned by way of lines
6 and I to the.cracking zone. This type of opera-
tion is particularly desired when the cracking is
conducted in the presence-of hydrogen or other .
gases. Higher boiling residue may be withdrawn' 48

. from the lower portion of zone & through line T
. and removed from the process. When desired.
and particularly when the cracking is conducted
in the presence of catalysts, all or a portion of the
_residue may be returned by way of lines 8, 9, 10,
"~ and 1 to the cracking step for further conversion
therein. A lower boiling recycle oil, when de-
sired, may be separated in zone 4 and removed
therefrom through line I{ and withdrawn from
the process. Preferably, however, at least a por-
tion of this recycle oil is returned by way of lines..
9, 10, and | to the cracking zone for further con- -
‘version therein. -

Depending upon the particular type of opera.-
tion selected, the gasoline fractions, which may
or may not contain higher bolling material and
thus have an end boiling point of between about

30

* 400 and about 500° F, or more, may be withdrawn

from zone.4 through line 12, and in one embodi-
ment of the invention, are directed into hydro-
gen transfer zone {3. When it is desired to pro-
- duce aviation gasoline, the material boiling within
or slightly above the gasoline range may first be’
fractionated to separate a fraction having an end
boiling point between about 250 and about. 350° F
which “fraction may be removed from Zzone 4
through line 14 and separately recovered for use
in aviation fuel. In this operation the material
withdrawn through line {2 will have an initial
. boiling point of. between about 250 and about 3560° 75

. 70

~In case an aviation:gasoline cuf is withdrawn

4

".P. and an end boiling point of between about 400

a,nd about 500° F. or more. - -
- All or a portion of the gasoline directed through

line 12.in the manner heretofore described is sub-

jected to treatment in zone 13 in the presence.
of a suitable catalyst and under controlled con-
ditions' to effect saturation of the olefins con-.
tained therein. This zone may likewise assume
any suitable form and it may contain any suit-

“able catalyst. A pa,rtxcularly effective catalyst

comprises silica composited with alumina, zir-
conia, and/or thoria, or the like, as heretofore

. -described in connection with the cracking step- )
- of the process.

However, with these catalysts,
the temperature employed. in this step of’ the
process is within the range of about 400° to .
about 950° F, and preferably from about 400° to

about 800° F. and usually at relatively low super— .
atmospheric pressures. The hourly weight space -
velocity is within the broad range of .3 to 5. The

‘reaction which occurs in the step of the process

is one of hydrogen transfer; that. is, the olefins
are saturated by the hydrogen liberated from
some of the other hydrocarbons in the reaction

‘zone. However, it is not intended to limit the in-~

vention to this particular reaction since other re-
actions, such as isomerization, cyclization, de- -
hydrogenation, etc. may also occur. The condi-
tions in this step of the process, furthermore are
conirolled so that substantially no cracking oc-
curs, and thus a high recovery of liquid products
is obtained with substantially no gas formation.
The products from zone I3 are directed through

- line 15 into separation zone 16, which Zone may

comprise one or more fractionating, distilling, or
other suitable zones whereby the products intro- .
duced thereto may be separated into the desired

- fractions. Line 17 is provided for the removal of

any lichter. products although as heretofore de- .
scribed, the lighter products will in most. cases -
be of negligible amount- and, when desired, lne - -
1T may be omitted.. In one embodiment of ‘the
invention, the products may be separated in zone -
i§ inito an aviation gasoline cut having an end
boiling point within the range ‘of from about 250
to about 400° F., and this fraction may .be with~
drawn from the process through lne-18. This -
operation is particularly. suitable when an avi-
ation gasoline is not withdrawn through line 14
in the manner heretofore described, although it :
is within the scope of the invention to utilize the
same even though the prior separation is made: -’ -
In the latter case it may be desirable to blend
the two streams withdrawn from lines: 14 and {
The remaining products are withdrawn from
zone §6 through line 19.  In. case it is not de-
sired to separate an aviation gasoline cut in
zone 6, the stream withdrawn through line 18
will contain the total products subjected to'r
action in zone {3, either with or without light
‘gases depending on. whether line (T is utilized:

through line 18, the stream withdrawn. through’ ' -
lne 18 will contain the higher-boiling constitu- - .
ents. In another embodiment of the invention,
when desired, the total products from zone 13
may be dlrected through lines 15, 20, 21 and 19

- into alkyl transfer zone 22. * As heretofore men: . B

tioned, in-cases where: the olefin content of the -
cracked - gasoline i8" suﬂ!ciently Tow, hydrogen

transfer zone 13.may be omitted and the prod- - -

ucts withdrawn from zone 4 through line lz 1
be directed through lines 2 and |9 to alky
rer zone 22
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The products belng supplied through line 9
will conteln poly-alkylated ercmatic hydrocar-
bons and are commingled with benzene in suffl-

. clent amounts to effect & transfer of alkyl groups

from the poly-alkylated aromatics o the ben-
zene, Prefersbly sn excess of benZene should
e introduced at this step of the process but there
ghould preferably be at least one mol of benzZene
per mol of xylene or other di-alkylated aromatic,
at least two mols of benzene for every tri-alkyl-
ated aromatic, 3 mols of behzene for every tetra-
alkviated aromatic, ete. Further, when the alkyl

the chains may undergo de-poly-alkylation; that
is, removal from the benzene ring and de-poly-
merization into two or more alkyl radicals, in
which cese there should preferably be-sufficient
benzene present to accept the alkyl radicals
avaliable for transfer to the benzene. The ben-
Zene may be introduced to the process through
line 23 and is directed through line {9 into zone
Zone 22 may likewise be of any suitable form
and may contain any suitable catalyst whereby
to effect the transfer of alkyl groups from the
poly-alkylated aromatic hydrocarbons to the ben-
zene. A particularly suiteble catalyst comprises
silica composited with alumina,; zirconia and/or

thoria or the like, as heretofore described. The

‘fected at tempera ‘
about 800 to about 1300° F., and preferably with-

catelyst in this Instance, however, is preferably
of synthetic origin, The reaction is usually ef-
tﬁres within the range of from

in the range of from about 1000 to about 1200° F.
Likewise, relatively low superatmospheric pres-
sureg are employed end in most cases substantial-

&

@emréting one"_or mors selected mono-alkylated

- aromatics guch ag toluene, ethylbenzene, i8opro-

" ‘pylbenzene, butylbenzene, etc., from the producis

10

-chalns on the aromatic ring are relatively long, .
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ly atmospheric pressure is utilized. The hourly .

welght space velecities are usually less than 5.
Satisfactory ;iourly weight space velocities are
within the rénge of 0.5 to 2. The exact condi-
tions of opetation to be employed in this step
of the process 'will depend upon the characteris-
ties of thie material
1% into zone 22. .

The products from zone 22 are direéted through

line 24 into separation zone 26. Likewise, zone
28 may comprise one or & plurality of flashing,
fractionating, distilling, absorbing and/or strip-

- ping zones whereby the. products introduced

thereto may be separated into the desired frac-
tions. Light gases may be removed from the
upper portion thereof through line 2¢ and may be
withdrawn from the process or, when desired,
these gases may be recycled to either zone 2 or
zone 22 in eny sultable manner not illustrated.

‘The toluene fraction iz withdrawn from .zone 28

through line 27. . Ethylbenzene may be withdrawn

in gone 4§ and removing the same by way of line
18, In this particular operation hydrocarbons
containing siz or less carbon atoms to the mole-

‘cule may be removed from zone § through line
"B while the selected mono-alkylated aromatic may

be removed therefrom through one or more points
such ag line {4. This operation is particularly
edvantageous when & substantially olefin-free al-

_kylated sromstic is produced in the first step .

of the process. In this operation the material
boiling above the range of the mono-alkylated
srvmatic will be directed through line 12 either to
zone {3 or preferably to zone 22 for conversion
therein. ' = ) _
. In still another modification either one or more

selected mono-alkylated aromatics may be sep-:
-arated.in zone § and directed through line 12 to
hydrogen transfer reaction in zone {3 to saturate -

the olefins and to subsequently withdraw an ole-~
fin-free alkylated aromatic from zone 16 through .
line 18. In this operation the higher boiling ma- -
terial will be directed, by well known means not
illustrated, to the alkyl transfer step of the proc--
ess. T

The following examples are introduced for the
purpose of further llustrating the invention but
not with the intention of unduly lmiting the

Example 1 o ;
A Gulf Coast gas ofl having an A, P, I gravity
of 30.2, an initia] bolling point of 426° F., and an-
end boiling point of 740° F. was subjected to
cracking In the presence of a silica-aluming cata-
lyst . at & temperature of 814° F. .under & pres-

. sure of about B pounds per square inch and at -

490

being -directed through line

45
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from zome 2§ through line 28. Although no} {i- -

lustrated in the drawing, other selected alkylated
aromatics, such as isopropyloenzene, etc., may be

@0

separated from the products in zone 28 ang with- ..

drawn therefrom in any suitdble manner. When
desired, & substantially aliphatic fraction may be
separated from the products of zone 28 and with-

. drawn therefrom through line 29. All or & por-

tion of this fraction is preferably recycled by
way of lines 88, 49, and | to cracking zone 2 for

@5

further conversion within the process. Higher -

S

boiling alkylated products are withdrawn from
zone 2§ through line 3§ and may be removed from
the process, buf: preferably at least g portion of
these products is recycled by way of lines 32 and
18 to zone 22 for further conversion therein,.

A modified operation which may be employed

within the scope of the present invention includes

70
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an hourly welght space velocity of 1.08 in a fluid-
ized type operation to produce 28.2% by volume
of & 300° F. end point gasoline fraction having
& clear octane number of 81.8 by the:A. 8. T. M.
method, and about 7% of naphtha boiling sub-
stentially within the range of 300 and 400° F.
This naphtha contained 78% aromatics and 3%
olefins, the rest being paraffins and naphthenes.
The remaining products of the cracking opera-
tion comprised incondensible gases, recycle stock,
coke, and loss. L

The above mentioned 300 to 400° ¥. naphtha -
was subjected to alkyl transfer reaction by be-
ing mixed with two volumes of benzene and con-
tacted with a silica-aluming catelyst at .a tem-
perature of 1922° F. under atmospheric pressure
and at & space velocity of 1 for a one hour process
cycle. 92.5% of liquid hydrocarbons were re-
covered, the uncondensed gases ameunting to 4%
and the carbon to 3.4% by weight. . Of the liquid
hydrecarbons recovered, {oluene comprised 24.9
welght per cent of the charge {o the second s':zp
of the process. An ethylbenzene-xyléne fraction
was recovered, which fraction comprised 28.3
welght percent of the naphtha charge to the sec-
ond step of the process. By recycling the higher
boiling alkylated aromatics to the alkyl trans-
fer step, additional yields of toluene, ethylben-
zene and zylene may be obtained.

Example II

A hydrocarbon fraction boiling within' the
range of 176° . to 392° F. and comprising 72%
aromatics-and 23% olefins was subjected to treat<
ment with a silica-alumina catalyst at a tem-
perature of 662° F. at & space velocity of 0.5.

.No gas was formed and the hydrocarbon recove
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) . 7 .
-ered amounted to 95.3% by weight of the charge
to this step of the process. The recovered hydro-
carbons as produced contained 1% olefins. How-
ever, by fractionating to remove the light hydro-
bons’ boiling below 167° F., which amounted to
3% of this treated fraction, the aromatic concen-
trate contained no olefins. The above fraction
may be mixed with two volumes of benzene and
subjected to contact with a synthetically pre-
pared silica~-alumina catalyst at a temperature
of about 1000° F'. under atmospheric pressure and
with a space velocity of 1 to yiel@d high concen-
trations of olefin-free toluene and olefin-free eth-
ylbenzene and xylenes. .

"We claim as our invention:

1. A combination process for the production of
gasoline and alkyl aromatic hydrocarbons which
comprises cracking g fresh hydrocarbon oil and
an aliphatic recycle stock obtained as hereinafter

5
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described, separating from the resultant prod- 20

ucts a gasoline fraction having an end point of

from about 250° F. to about 350° F, and a naph- .

tha fraction boiling above the range of said gas-

oline fraction and having an end point of from .

about 400° F. to about 500° F'., said naphtha frac-
tion containing poly-alkylated benzene and ole-
fins, converting olefins present in said naphtha
fraction to more saturated hydrocarbons and sep-
.arating a substantially olefin-free naphtha frac-
tion, commingling benzene with said substantial-
ly olefin-free naphtha fraction and reacting said
benzene -with poly-alkylated benzene contained
therein to effect the transfer of alkyl groups to
said benzene, separating unconverted aliphatic
hydrocarbons and a substantially olefin-free
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mono-alkylated benzene from the products of the

last named step, recovering said mono-alkylated
* benzene, and recycling said. aliphatic hydrocar-
bons to the cracking step.

2. A combination process for the production of
gasoline and alkyl aromatic hydrocarbons which
comprises gracking & fresh hydrocarbon oil and
an aliphatic recycle stock obtained as hereinafter
described, ‘separating from the resultant prod-:
ucts a fraction having an end point of from about
400° F. to about 500° F., converting olefins pres-
ent in said last named fraction to more saturated
hydrocarbons, separating from the resultant

40
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‘products a substantially saturated gasoline frac-.

tion having an end pomt of from about 250° .
to about 350° F. and a higher boiling naphtha

50

fraction having an end point of from about 400° -

F. to about 500° F., said naphtha fraction be-
ing substantially oleﬁnffree and containing poly-
alkylated benzene, commingling benzene with

65

said naphtha fraction and reacting said benzene

- with poly-alkylated benzene contained therein to

effect the transfer of alkyl groups to said ben-
zene, separating unconverted aliphatic hydrocar-

‘bons and & substantially olefin-free mono-alkyl-

ated benzene from the products of the last named
step, recovering said mono-alkylated benzene, and
recycling - said aliphatlc hydrocarbons to the
cracking step. .

3. The process of claum 1 wherein toluene is
separated from the products of the last step.

4. The process of claim 1 wherein ethyl ben-
zene is separated from the products of the last

step.

5. The process of clalm 1 wherein the crack-
ing step is effected in the presence of a sillca.-con-
taining catalyst.

6. The process of claim 1 wherein said reac-
tion: of benzene with poly-aikylated benzene is
effected in the presence of a sihca-contaimng ca,t-
alyst.

1. The process of claim 1 wherein said step of
converting olefins present in said naphtha frac-
tion to more saturated hydrocarbons is effected in.

‘the presence of a silica-containing catalyst.

8. The process of claim 2 wherein said step of -
converting olefins to more saturated hydrocar-
bons is effected in the presence of a silica-con-
taining catalyst. } 3

WAYNE L. BENEDICT.
WILLIAM J. MATTOX.
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