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This invention relates to a process for the pro-
duction of increased quantities of aviation gaso-
line from the primary products of a Fischer-
Tropsch synthesis process.

The primary products of a Fischer-Tropsch
synthesls process consist predominantly of
straight chain paraffinic hydrocarbons and mono-
olefinic hydrocarbons. The straight chain par-
affinic hydrocarbons can be tolerated in aviation
gasoline in only small amounts because these hy-
drocarbons impart low cctane characteristics to
gasoline. While the olefins do not impsair the
octane rating of gaseline, appreciable amounts of
olefins cannot be tolerated in aviation gasoline
because of their gum-forming tendencies. Ac-
cordingly, the primary products of a Fischer-
Tropsch synthests process require extensive freat-
ment to produce appreciakle quantities of aviation
gagoline.

Numerous processes have heretofore been pro-
posed for upgrading Synthine gasoline, but these
processes have been directed to the production of
high antiknock motor fuels in good yields, with
the result that relatively small amounts of avia-
tion fuels have been obtained. In accordance with
the process of the present invention, however, avi-
ation gasoline 1s produced in amounts correspond-
ing to at least about two and one-half times the
amount of motor gasoline.

In accordance with the present invention, the
primary hydrocarbon products of a Fischer-
Tropsch synthesis process are fractionated into
a €3 fraction containing a small amount of C¢'s,
& C4 fraction, a light naphtha fractlon from Cs up
to about 180° F', end point, a heavy naphtha frac-
tion hoiling hetween about 180° and about 350° P.,
and g fuel oil fraction boiling from about 350° P.
up to and including wax-like materials.

The C3 fraction containing a small amount of
Ci hydrocarbons is subjected fo catalytic non-
selective polymerization to produce gasoline
boiling range hydrocarbons. The amount of Ce
hydrocarbons in the charge to the polymeriza-
tion unit is fixed by the desirability of providing
the optimum ratio of saturated to unsaturated
Ci's in the feed to the alkylation unit. T have
found that the Cs hydrocarbons charged to the
polymerization unit usually constitute about 12
to about 15 per cent of the Cs hydrocarbons pres-
ent in the overall process. A small amount of
the gasoline boiling range hydrocarbons pro-
duced in the polymerization unit is withdrawn
for blending into s motor gasoline, the remaining
gasoline boiling range hydrocarbons beilng hy-
drogenated to produce aviation gasoline blending

stock.

&

16

13

20

25

30

35

40

45

50

L1

The Cs fraction is suhjected to alkylation to
produce motor and aviation gasoline alkylates.
Unalkylated butane consisting predominantly of
normal butane is isomerized to isobutane, the iso-
butane then being returned to the alkylation unit.

The light naphtha fraction from Cs up to about
180° F. end point is subjected to hydrogenation
followed by isomerization to produce g highly iso-
paraffinic aviation gasecline blending stock.

The heavy naphths fraction boiling between
about 180° and about 350° P. 18 subjected to hy-
droforming to produce an aviation gasoline hase
stock containing ahout 80 per cent arcmatics and
10 per cent parafiins. In the hydroforming step
there is g net production of hydrogen which is ap-
proximately equal to the hydrogen consumption
in the hydrogenation of the Cs to 180° F. frac-
tion.

The fuel oll fraction is subjected to thermal
cracking to produce Ci: hydrocarbons and Ci
hydrocarbons, & light naphtha suitable for blend-
ing into a motor gasoline and heavy fuel ¢ll, The
s hydrocarbons from the thermal cracking step
are separated and returned to the catalytic non-
selective polymerization step. The Cs hydrocar-
bons from the thermal cracking step are sepa-
rated and returned to the alkylation step,

An important phase of the Integrated process
of the invention is the interrelation of the hydro-
genation and the hydroforming operations per-
formed, respectively, on the primary Ce—180° F.
and 180°-350° P, fractions In order to prevent the
formation of benzene from the Ce¢ hydrecarbons.
Inclusion of excessive quantities of henzene in gvi-
ation fuel is undesirable because of the adverse
effect that it has on the freezing point of the fuel.
Accordingly, by the process of the present in-
vention, the fraction containing hydrocarbons
of the type which if subjected to hydroforming
reaction conditions would be ¢onverted to ben-
zene, i. e., the Ce—180° P. fraction, is subjected to
hydrogenating reaction conditions. Hydrogena-
tion of this fraction saturates the olefins con-
tained therein without converting any of the hy-
drocarbons fo aromatics. Suhsequent isomeriza-
tion of the parafinic hydrogenate thus formed
produces an excellent aviation gasoline blending
stock. Hydroforming of the 180°-350° F. fraction
converts essentially all of the olefins and a por-
tion of the paraffing In this fraction to a highly
aromatic aviation gasoline hase stock. There is
s net production of hydrogen in the hydroform-
ing operation which is approximately equal to the
hydrogen consumption n the hydrogenation op-
eration making it unnecessary to supply outslde
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hydrogen for treating the Cs to 180° ¥, hydrocar-
bons.

The only outside hydrogen required in carrying
oul the integrated process of the invention is that
needed for polymer hydrogenation. Hydrogen
may or may not be used as a cracking inhibitor
during the isomerization of the hydrogenate.
When hydrogen is needed it can be obtained from
a portion of the relatively hydrogen-rich absorber
off-gas from the product recovery system of the
Fischer~-Tropsch process.

The process of the Invention will be more
fully understood from the following detalled dis-
cussion. A preferred embodiment of:the Inven-
tion is illustrated in the attached drawing
which is a schematic flow diagram of the finely
integrated process of the invention. It should
be understood that a simplified drawing is given
for purposes of ready comprehension of the in-
vention and that in reality each block on the
drawing represents a complete process in itself.
Obviously many modifications of the processes
set forth hereinafter may be made without de-
parting from the spirit and the scope of the in-
vention.

Now referring to the drawing, the Fischer-
Tropsch primary products consisting of C: hy-
drocarbons up to and including wax-like mate-
rials enter s fractionation system (0 by line 11,
It is understood, of course, that fractionation
system (8 may comprise several fractionating
units, For instance, a preferred procedure in ac-
cordance with commercial practice comprises
separating the Fischer-Tropsch primary hydro-
carbon products into a C3—C: fraction and -a
Cs+ fraction. The C;—C¢ fraction is then frac-
tionated into a Ci overhead fraction containing
a small amount of Cs's which is removed by line
12 and & Cs bottoms fraction which is removed
by line 13. The Ci: bottoms fraction contains
a substantial amount of butylenes so. that when
this fraction is added to the butylenes from the
hydroforming and thermal cracking units de-
seribed hereinbelow the molar ratio of saturated
to unsaturated C¢'s entering the alkylation unit
will be optimmum. The Cs4 fraction is separated
into a Cs—180° F. overhead {raction which is
removed by line (4 and a 180° F< bottoms
fraction. The 180° F.4- bottoms fraction is then
separated into a 180° ¥-350° F. overhead frac-
tion which is removed by line 5 and a 350° F.+
bottonts fraction which is removed hy line (6.

The C: fraction in line 12, together with a
fractlon consisting essentially of C: hydrocar-
pons in line 17, is passed fo a catalytic poly-
merizatlon unit- {8, In the polymerization unit
the prepylenes and butylenes are non-selectively
polymerized in the presence of a polymerization
catalyst such as sulfuric aecid, phosphoric acid,
or copper pyrophosphate at a temperature in
the range of 150° to 600° F. In accordance with
a preferred form of the invention the Cs frac-
tion eontaining about 14 per cent of C¢'s is con-
tacted with 70 to 75 per cent sulfuric acid in
a reaction chamber for a peried of 10 to 20 min-
utes a2t a temperature of about 170° to 180° F.
under a pressure of about 600 p. s. i, g. The
efluent from the reaction -chamber flows to a
settling chamber where the -acid catalyst set-
tles out. Hydrocarbons withdrawn from the
settling chamber are passed to a debutanizer
where Cz and Cs hydrocarbons are separated from
the heavier hydrocarbons. The C: and Ci hydro-
carbons are then fractionated, the Cs hydroecar-
bons being withdrawn through line |8 as liquefied
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peproleum gas. The Cu hydrocarbons (chiefly
paraffins) are withdrawn through line 30 to
serve as a part of the charge to an alkylation
unit 26. The heavy hydrccarhons from the
debutanizer are separated into a heavy polymer
gasoline [raction withdrawn through line 20, a
light polymer gasoline fraction withdrawn
throuzh line 21 and a polymer naphtha fraction
boiling above about 420° F. withdrawn through
line 25. The heavy polymer gasoline fraction is
blended with thermally cracked naphthsa, heavy
hydroformate, and heavy alkylate to form mo-
tor gasoline, The motor gasoline thus formed
may. be further hlended with a portion of the

- liguefled petroleum gas introduced through line

9, the optimum amount of liquefied petroleum
gas depending, of course, upon the particular
Reid vapor pressure (RVP) desired. By em-
ploying liquefied petroleum gas instead of bu-
tane for adjusting the vapor pressure of gaso-
line I can obtein -greater yields of avietion
gasoline.

The light polymer gasoline fraction obtained
from polymerization unit (& is introduced into
a hydrogenation unit 22 by line 21, This unit
characteristically produces high yields of high
octane gviation gasoline blending stock. In the
hydrogenation unit the unsaturated hydrocar-
bons are converted almost completely to sat-
urated hydrocarbons. Substantially complete
saturation of the olefins is necessary because of
the stringent accelerated gum specification for
aviation fuels. Hydrogenation can be carried
out in fthe presence of a conventlonal hydro-
genation eatalyst such as compounds, i. e., oxides
and sulfides, of molybdenum, tungsten, chro-
mium, vanadium, tin, zinc, iron, cobalt, and
nickel. The catalysts may be used alone or in
combination with promoters and carriers, such
as clay, silica gel, aluming and the like. De-
pending, of course, upon the particular catalyst
chosen the hydrogenation may be carried out
at a temperature within the range of 300° to
T60° F. and at pressures up to 4500 p. s. i. g.
When sz nickel catalyst supported on porcelain
is used, hydrogenaiion can be carried ouft at
mild conditions of temperature and pressure of
the order of about 360° F. and 50 p. s. i. g. The
hydrogenation unit may comprise & series of six
reaction chambers, the first two of which may
contain partially spent catalyst obtained from
the subsequent reactlon chambers, In a unit
of this type the feed is vaporized and then com-
bined with a stream of preheated hydrogen.
The mixture thus- formed passes through the
first two reaction chambers wherein the feed is
freed of any catalyst poisons that may be pres-
ent.. The treated feed then passes through the
remaining Teaction - chambers. The eflluent
from the reaction system is passed through a
condenser wherein the octanes are liquefied and
withdrawn through line 24. Typical aviation
gasoline volumetric yields from a unit of this
type are above 100 per cent, usually of the or-
der of ahout 104 to 105 per cent, based on the
light polymer gasoline charge. The product ob-
tained from a hydrogenation unit of this type
generally. has a c¢clear ASTM octane number
averaging between ahout 95 and about 100.

The C4 fraction containing about 60 per cent of
butylenes-obtained from fracticnation system 10 is
passed, together with Cs hydrocarbons obtained
from polymerization unit 18, a butane isomeriza-
tion unit 31, hydrogenation unit 27, hydroform.
ing unit 28, and a thermal cracking unit 29 into
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alkylation unit 2§ to produce iscoctanes. The
alkylation reaction is advantageously carried out
in the presence of an alkylation catalyst such as
sulfurie acid, phosphoric aeld, hydrogen fluoride,
boren trifluoride-water complexes, aluminum
chloride, aluminum chloride-hydrocarbon com-
plexes, and the like. A high ratio of isoparafiin to
olefin, advantageously 4 to 15 parts of isoparaffin
per part of olefin, is preferred in that lower ratios
encourage polymerization to occur. In general,
temperatures between 0° and 150° F. and pres-
sures sufficlent to maintain the reactants in
ligquid phase are preferred. In continuous op-
eration, contact times of 0.5 to 30 minutes may
be used. According to a preferred embodiment
of the invention, the isoparafiin and olefln In a
ratio of 5:1 are intimately contacted in a reae-
tion chamber maintained at a tempetature of
about 50° F, and a pressure of about 75 p. s. 1. g.
and in the presence of 90 per cent sulfuric acid.
The alkylate obtained from the reaction chaniber
is freed from acid and then fractionally distilled
whereupon C: hydrocarbons are separated and
withdrawn through line 3§. Fighting grade avia-
tion alkylate having an end point of about 330°
F. is withdrawn through line 33. This alkylale
typically has a clear ASTM octane number
above about 95. Heavy alkylate having an end
point of about 420° P, suitable for blending into
motor gasoline is withdrawn through line 34. A
small amount of polymer boiling above shout
420° P. is withdrawn through line 36. The ma-
terial boiling ahove about 420° F. serves as part
of the charge stock for thermal cracking unit 24.

The C¢ hydrovarbons in line 36 are passed to
butane isomerization unit 31. The isomerization
of the C4 hydrocarbons can be carrled out in the
presence of any of the active butane iscmeriza-
tlon catalysts such as the chlorides or bromides
of sluminum, zinc, iron, zirconium, iln, barium,
columbium, tantalum, and boron. These cata-
lysts may be used in gratular, solid, or lump form,
or supported on a solld adsorbent, such as syn-
thetic and natural clays, silica gel, pumice, brick,
coke, activated alumina, and active carbon. If
desired, & metallic halide can be suspended or dis-
solved in an inert liguid or can be reacted with
unsaturated hydroecarbons to forta active metallic
halide - hydrocarbon complexes. Iscmerization
can be carried out in liguid or gas phase,. When
& metallie halide catalyst 1s used, isomerization
is advantageously carried cut in the presence of
a hydrogen halide promoter such as anhydrous
hydrogen chloride, in an amount corresponding
to between about 0.1 and about 10 per cent by
weight based on the weight of the Cs+ hydrocar-
bons present. The Isomerization of the Cs
hydrocaribons can be carried out at temperatures
ranging from room temperature to 300° F. and at
pressures- up to 1500 p. &. i. g, the particular
pressure depending upon the type of operation
employed. According to one embodiment, a
stream of C4 hydrocarbons in admixture with 1
to 3 per cent by weight of anhydrous hydrogen
chloride may be divided, one portion passing
through a first isomerization zohe containing a
solid aluminum chloride catalyst, the remaining
portion together with effluent from the first
isomerizing zone passing through a second lsom-
erization zone contalning an aluminum chloride-
hydrocarbon complex catalyst. Each of the
isomerization zones is maintsined at a tempera-
ture within the range of 200° to 260° F. and a
space veloeity between about 2 and about 8 is
employed. Under optimum conditions normal
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corresponding to an ultimate yleld of isobutane
between about 90 and 97 per cent. After being
stripped of hydrogen chloride, the isomerized
product may be fractioned into a normal butane
recycle stream and an isobutane produet stream
withdrawn through line 50,

The primary Cs—-180° P, fraction in line 14 Is
passed to a hydrogenation unit 27. In this unit
the Cs-~180° T, fraction is subjected to hydro-
genating conditions in the presence of a typical
hydrogenating catalyst such as an oxide or sul-
fide of molybdenum, tungsten, chromium, vana-
dium, tin, zine, iron, cobalt, and nickel. The
catalysts may be used alone or in combination
with promoters and carriers, such as clay, silica
gel, slumina and the like. The conditions em-
ployed in this unit comprise a temperature be-
tween 800° and about 950° F,, a pressure of about
200 p. s. L. g., and a space veloclty of about 1.0
to about 5.0 volumes of charge per volume of
catalyst per hour. Optimum conditions in this
unit are a temperature of about 800° F,, and a
space velocity of about 2, Under these condi-
tions substantially ali of the olefin hydrocarbons
are converted to parafiinic hydrocarbons and sub-
stantielly no aromatic hydrocarbons are formed.
Some aromatic hydrocarbons are desirable in
aviation gasoline. However, the inciluslon of
substantial amounts of benzene in aviation gaso-
line is undesirable because of its tendency to
raise the freezing point of the fuel above the
maximum of —76° F. as specified in U, 5. Fight-
ing Grade Aviation Fuel Specification AN-F-48a.
In carrying out the reactionm in hydrogenation

« nnit 27, & high hydrogen partial pressure is main-

tained by recycling hydrogen-rich gas at a rate
of abaut 2,000 to 5,000 cubic feet of gas per bar-
rel of charge. The hydrogen consumed in this
unit is approximstely equal to the hydrogen pro-
duced in hydroforming unit 28. Accordingly, the
hydrogen produced in hydroforming unit 28
passes through line 37. Hydrogenation unit 27
may cotprise four or more reaction chambers,
When four chambers are employed, two of themn
are “on stream™ while the other two are in dif-

15 ferent stages of regeneration. The length of the

pn-stream period depends upon the activity of
the catalyst which in turh depends upon the car-
bon *lay-down” on the catalyst. The products
from hydrogenation unit 27 are fractionated into
& hydrogen-containing gas substantially free of
hydrocerbons heavier than propane which is re.
cycled to the unlt; a Cs: hydrocarbon Iraction
withdrawn through line 40 to serve as part of
the charge to alkylation unit 26; a liht hydro-
genate fraction having an end point of about
300° P, withdrawn through line 38 to serve as
the charge to a naphtha isomerization unit 39;
and & heavy hydrogenate boiling above about
300° F. which is withdrawn through line &1 to
serve as a part of the charge to thermal cracking
unit 29.

In naphtha lsomerization unit 3%, low octane
number pentanes and heganes obtained from hy-
drogenation unit 27 are converted to isomers of
higher octane number suitable for blending into
aviation gasoline, The isomerization of the light
hydrogenate fraction in naphtha isomerization
unit 38 can be carried out in the presence of any
of the active isomerization catalysts such as the
chlorides or bromides of aluminum, zine, iron,
zirconium, tin, barium, columbium, tantalum,
and boron. These catalysts may be used in
granular, solid, or lump form, or supported on
a solid adsorbent, such as synthette and natural
clays, silica gel, pumice, brick, coke, activated
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aluming, and active carbon., -If desired, a metal-
lic halide can be suspended or dissolved in an
inert liquid or ecan be reacted with unsaturated
hydrocarbons to form active metallic halde-
hydrocarbon complexes. The reaction is aiso
advantageously carrled out in the presence of a
hydrogen halide promoter in an amount corre-
sponding to between about 0.1 and about 10 per
cent by weight based on the weight of the hydroe-
carbons present in the reaction zohe.

The isomerization of the light hydrogenate can
ke earried out at temperatures ranging from room
temperature to 800° F. IRowever, isomerization
at the higher temperatores is accompanied by un-
desirable cracking and other dscomposition re-
actions, To inhibit the undesirable reactions,
various cracking inhibitors may be used, such as
hydrogen, propane, butanes and pentanes. The
pressure employed will depend upon the type of
operation, i, e, ligquid or gas phase. For liquid
phase operation at temperatures betwesn 150°
and 350° F., pressures between 200 and 1500
p. 5. i, g. should be employed. Space velocities
between 0.1 and 5 volumes of liquid feed per
volume of catalyst per hour can be used. In ac-
cordance with one embodiment ¢f the invention
the Hght hydrogenate fraction from hydrogena-
tion unit 27 is fractionated into a Cs fraction and
a Co+ fraction. The Cs fraction, together with
hydrogen and hydrogen chloride,
through a reaction zone containing an aluminum
chleride-hydrocarbon complex catalyst at a tem-
perature of 212° F.,, a pressure of 300 p. 5. 1. 5.,
and a space velocity of 1. The Cs+ fraction is

passed, together with hydrogen and hydrogen -

chloride, through a second reaction zone contain-
ing an aluminum chloride-hydrocarbon complex
catalyst at a temperature of 250° F.,, a pressure
of 850 p. s. i. g., and z space velocity of 2. The
efluents from the two reaction zones are then
combined and passed to strippers where the hy-
drogen and hydrogen chloride are separately re-
moved. The stripped product is then caustic
washed and withdrawn through line 43, Ob-
tained from the naphtha isomeérization unit are

high yields, in the order of about 100 volume per *

cent based on the charge, of aviation gasoline
blending stock generally having a clear ASTM
octane number of 90 to 85.

The 180°-350° F. fraction in Iine §9 is practi-
cally free of Cs hydrecarbons and therefore can
be subjected to typical hydroforming without the
formation of benzene, Accordingly, the 180°-356°
F. fraction is passed through a bed of hydro-
forming cetalyst such a3 molybdena-on-alumina,

chromia-on-alumina, or vanadiz-on-alumina at J

a temperature hetween about 850° and about 1000°
., a pressure of about 200 p, s, i. g. and a liquid
space velocity of about 0.2 to about 1.0 volumes
of charge per volume of catalyst per hour.
Hydreforming unit 28 may be construclied
similarly to hydrogenation unit 21. These units
differ essentially in their optimum operating
conditions. Incarrying out the hydroforming re-
action, hydrogen-rich gas {s recycled at the rate
of about 2,000 to 5,000 cubic feet of gas per bar-
rel of charge. In accordsnce with a preferred
form of my invention I have found that in hy-
droforming unit 28 a temperature of 850° F, and
a space velocity of 0.5 converts essentially all of
the clefins and a portion of the paraffins in the
180°.-350° P, fraction to a highly aromatic avia-
tion gasoline base stock., The aviation gasoline
base stock thus obtained consists of about 85 to
about 95 per cent by weight of aromatic hydro-
carbons and-has an end point of ahout 300° F.

is passed -

25

G

it

75

The highly aromatic aviation gasoline base stock
is withdrawn through line 42, Also produced in
this unit is a heavy hydroformate having an end
point of about 400° I, The heavy hydroformate
suitabie for blending into motor gasoline is with-
drawn through line 43. A Cu fraction suitable
for charging to alkylation unit 26 is separately
withdrawn through line 44.

In hydroforming unit 28 there is a net pro-
duction of hydrogen sufficlent to offset the con-
sumption of hydrogen in hydrogenation unit 27.
Accordingly, a stream of gas containing hydro-
gen in an. amount sufficient to make up for the
hydrogen consumed In hydrogenation unit 27 is
withdrawn through line 37. A hydroformate bot-
torns fraction boiling ahove about 400° F. and suit-
able for thermal cracking is withdrawn through
line 46.

The primary fraction bolling above about 3507
F. and the heavy residue produced in the sev-
eral processes described above are combined to
produce a combined charge stock which is sub-
jected to cracking in thermal cracking unit 29.
This unit produces Cs; and C4 hydrocarbons, a
light naphtha suitable for blending into a motor
gasoline, and a heavy fuel oil. The C; hydro-
carbons are removed through line 17 to poly-
merization untt (8, The C: hydrocarbons are
removed through line 46 to alkylation unit 26.
The light naphtha fraction is removed through
line 47 and is blended with heavy hydreformate
obtalned from hydroforming unit 28, heavy al-
kylate obtained fromn alkylation unit 28, a heavy
polyimer gasoline fraction and liquefled petro-
leum gas cbtained irom polymerization unit 18 to
form motor gascline, Heavy fuel oll is with-
drawn through line 48. In acgordance with a
preferred emhodiment of the invention, the com-
bined cracking charge stock may be passed
through a furnace cracking coil at a tempera-
ture within the range of about 850° to about 350°
F. and a pressure between ahout 350 and about
750 p. 5. i, g. On leaving the heating coil, the
cracked products are discharged into a quench
chamber where rapid cooling is effected by mix-
ture with the cooler fresh feed. Cracked fuel oil
is saparated and withdrawn from the bottom of
the quench drum through line 48, and the effu-
ent vapor is then {ractionated into 2 pressure
distillate having an end point of about 420° F.
withdrawn through line 47, C: hydrocarbons
withdrawn through line 48, C; hydrocarbons with-
drawn through line 17, and gas oils (not shown)
for recycling to the thermal cracking unit.

It should be understood that in commercial
practice much of the equipment including heat
exchangers, pumps, fractionation equipment, cat-
alyst regeneration facilities, and the like em-
ployed in the various units herginabove defined
would be commeon to one or more of the units.

The following example is given to illustrate
the approximate yields of the various products
obtained on a continuous basis in accordance
with & preferred embodiment of the invention.
In the following example where ‘parts” is men-
tioned it should be understood that I am referring
to parts by volume.

When 1000 parts by volume of hydrocarbons
from C; up to and including wax-like materials
cohtained from the Pischer-Tropsch process are
fractfonally distilled, there are obtained 265 parts
of a C3—C+ hydrocarbon fraction about 80 per
cent of which is C: hydrocarbons, 95 parts of a
Cs hydrocarbon fraction consisting of about 60
per cent of unsaturates, 155 parts of a light naph-
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tha fraction from about Cs up to 180° ¥, end point,
and 285 parts of a heavy naphtha fraction boll-
ing between 180° and 350° F. After these ma-
terials are separated there remalns 200 parts of
& bottoms fraction bolling above sbout 350° T

When the 265 parts of C3-Cs hydrocarbons are
contacted with 70 to 76 per cent sulfuric acld for
a period of 10 to 20 minutes at 175° . and at 800
p. s. 1. 5., there are obtained 106 parts of Cs hydro-
carbons, 25 parts of Cs¢ hydrocarbons (chiefly
butanes), 29 parts of a heavy polymer gasoline
having a 420° F. end point and a clear ASTM
octane of about 80, 86 parts of a light polymer
gasoline having a 240° F. end and 2 parts of poly-
mer naphtha.

When the 86 parts of light polymer gasoline
are hydrogenated in the presence of a nickel
catalyst supported on porcelain at 360° F. and
50 p. 5. 1. g., 87 parts of aviation grsoline blend-
ing stock having z 250° P. end point and a clea
ASTM octane of about 88 are obtained, :

The 95 parts by weight of Cs hydrocarbons rich
in butylenes obtained from the initial separation
step of the process, together with the 25 parts of
4 hydrocarbons (chiefly butanes) obtained from
the above polymerization step, 152 parts of Cs
hydrocerbons, predominantly isobutane, ob-
tained from the isomerization of normal butane,
8 parts of Cs hydrocarhons obtalned from the hy-
drogenation step, 21 parts of Ci hydrocarbons
obtained from the hydroforming step, and 32
parts of ¢4 hydrocarbons obtained from the ther-
mal eracking of the heavler hydrocarhons are al-
kylated at 50° P". at & pressure of 75 p. 8. 1. g. In
the presence of 90 per cent sulfuric acid catalyst.
The ratio of isobutane to butylene is 4:1. Tpon
fractionation of the alkylated products there are
obtained 156 parts of unalkylated Cs hydrocar-
bons consisting predominantly of normal butane,
146 parts of aviation alkylate having a 330° F.
end point and s clear ASTM octane of about 96, 3
parts of heavy alkylate having an end poiné of
about 420° ., and 3 parts of polymer boiling above
about 420° T,

The 156 parts of butanes separated out of the
alkylation products are isomertzed with an alumi-
num chloride catalyst in the presence of 2 per
cent by weight of hydrogen chloride at 250° F.
and 200 p. 5. 1. g to glve 152 parts of C¢ hydro-
carbons consisting predominantly of isobutane.

The 155 parts of light naphtha from sbout Cs
to 180° P, end point obtained in the initial sepa-
ration step of the process are hydrogenated over
a molybdena-on-alumina catalyst at 800° F., 200
p. 8. i. g., and a space velocity of 2, in the pres-
ence of about 3000 cublc feet of a hydrogen-rich
gas per barrel of charge, said gas containing about
75 per cent of hydrogen whereby theré are ob-
tained 8 parts of Cs hydrocarbons, 132 parts of
light hydrogenate, and 3 parts of heavy hydro-
genate boiling above about 300° F.

The 132 parts of light hydrogenate obtained
from the vreceding hydrogenation step are isom-
erized over an aluminum chloride-hydrocarbon
complex catalyst in the presence of anhydrous
hydrogen chloride at 250° F., 850 p. 5. 1. €., and
a space velocity of 2, whereby there are obtained
121 parts of aviation gasoline having a 300° F.
end point and a clear ASTM octane of about 97.
" The 285 parts of 180° to 350° F. hydrocarbons
obtalned from the initial separation step of the
process are hydroformed over a molybdena-on-
alumins catalyst at 950° F., 200 p. s. i, g., and &
space veloclty of of 0.5, in the presence of about
3000 cubic feet of a hydrogen-rich gas per har-
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rel of charge whereby there are obtalned 21 parts
of ¢4 hydrecarbons, 121 parts of aviation gasoline
base stock having a 300° F. end point and a clear
ASTM octane of about 98, 32 parts of heavy hy-
droformate suitable for blending into a motor
gasoline, and 6 parts of hydroformate bottoms
bolling above about 400° F. suitable as charge
stock for thermal eracking, This unit produces
about 1000 cubic feet of hydrogen-rich gas per
barrel of charge. The hydrogen constitutes
about 75 percent of the gas.

214 parts of hydrocarbons boiling ahove about
350° F. and consisting of 200 parts from the ini-
tial separation step, 3 parts of heavy hydrogen-
ate, 6 parts of hydroformate, 3 parts of heavy
alkylate, and 2 pdrts of polymer naphtha are
thermally cracked at 900° ¥, and 700 p. s. i. 2.
Obtalned from this cracking operation are 30
parts of Cs: hydrocarbons, 32 parts of C4 hydro-
carbons, 116 parts of motor gasoline having a
420° P, end point and a clear ASTM ocfane of
about 77, and 36 parts of heavy fuel oil. A quan-
tity of fixed gases amounting to about 300 cubic
feet per barrel of charge is also produced.

When the 29 parts of heavy polymer gasoline,
3 parts of heavy alkylate, 32 parts of heavy hy-
droformate, and 116 parts of cracked gasoline
are blended with 5 parts of propane, there are
obtained 185 parts of motor gasoline having an
RVP of about 10 p. s. i. a. and & clear CFRM
octane of about 75. When the 87 parts of aviation
gasoline blending stock from the hydrogenation
step are combined with the 146 parts of aviation
alkylate, 121 parts of aviation gasollne from the
isomerization step, and 121 parts of aviation base
stock from the hydroforming step, there are ob-
tained 475 parts of aviation gasoline having an
RVP of about 6 p. s. 1. a. and a lean mixture oc-
tane number of about 100 and a rich mixture per-
formance number of about 130 with 4.6 cc. of
tetraethyl lead per gallon. The aviation gasoline
blend thus obtained contains about 25 per cent
aromatics, the remainder consisting of iso- and
normal parafiins,

While the invention has been described herein
with particular reference to certain specific em-
bodiments thereof by way of {Hustration, it is to
be understood that the invention is not limlted
to such embodiments except as hereinafter de-
fined in the appended claims,

I claim: )

1. In the production of aviation gasoline from
the primary hydrocarbon products of a Fischer-
Tropsch synthesis process the steps comprising
separating the hydrocarbons from Cs up to about
350° P. end point into a Cs—180° F. fraction and
a 180°-350° F. fraction; subjecting the Cs—180°
P. fraction in the presence of a normally gase-
ous hydrogen-rich fractlon obtained as defined
hereiribelow to hydrogenating conditions of re-
sction stich that substantially all of the olefinic
hydrocarbons are converted to parafiinic hydro-
carbons: separately recovering from said hydro-
genation a light hydrogenate bolling between
about 100° and about 300° F. and containing a
mixture of normal and isoparafins; catalytically
isomerizing said light hydrogenate under con-
ditions to effect substantial conversion of the
normal pareffins to isoparafins; separately re-
covering froin said isomerization a highly iso-
paraffinic aviation gascline blending stock; sub-
jecting said 180°-350° ¥, fraction to hydroform-
ing conditions of reaction such that substantial
cyclizatioh of the hydrocarbons occurs and a nor-
mally: gaseous hydrogen-rich fraction in an
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amount sufficient to -cffset ‘the hydrogen con-
sumed in the hydrogenation -of the aforesaid
Cs—180° P fraction  is preduced; separately re-
covering from said hydroforming a highly aro-
maftic. aviation gasoline base stock and said novr-
mally gaseous hydrogen-rich fraction; and com-
bining the aviation gasoline blending stock with
the aviation gasoline base.stock.

2. In the production of aviation gasoline from
the primary hydrocarbon products of a Fischer-
Tropsch synthesis process the steps comprising
separating the hydrocarbons from Cs up to
about 350° . end point into a C:—180° P, frac-
tion and a 180°-3560° F. fraction; subjecting the
Cs—180° P, fraction in the presence of a normally
gaseous -hydrogen-rich fraction obtained as de-
fined hereinbelow to hydrogenation in the pres-
ence of & hydrogenation catalyst at a tempera-
ture between about 800° and about 950° F., &
pressure of about 200 pounds per sguare inch
gauge, and a space veloeity between about 1.0
and about 5.0 volumes of charge per volume of
catalyst per hour to convert substantially all of
the olefinic hydrcearbens te paraffinic hydro-
carbons; separately recovering from said hydro-
genation & light hydrogenate bholling between
ghout 100° and about 300° P..and containing &
mixture of normsl and isoparafing: catalytically
isomerizing said light hydrogenate at a tempera-
ture between about.room temperature and about
350° ., a pressure between about 200 and about
1500 pounds per square-inch gauge, and a space
velocity between about 0.1 and 5 volumes of liquid
feed.per volume of catalyst.per hour; separately
recovering from sald isomerization a highly iso-
barafiinic aviation gasoline blending stock; sub-
jecting sald 180°-350° F. fraction:to hydroform-
ing in the presence of a hydroforming.catalyst
at a temperature between abeout 850°.and about
1000° F., a pressure of about 200 pounds per
square inch gauge, and a space-velocity between
about .0.2 and about 1.0 volume of .charge . per
volume of catalyst per hour to convert substan-
tially all of the olefins and & portion of the ‘paraf-
fins t0 a highly aromtic-aviation .gasoline base
stock and to produce a normally gaseous hydro-
gen-rich fraction in an amount suffcient to off-
set the hydrogen consumed in the hydrogena-
tion of the aforesaid C5—180° F. fraction , sepa-
rately recovering from said ‘hydroforming said
highly aromatic aviation gasoline base stock and
sald normally gaseous hydrogen-rich fraction:
and combining the aviation ‘gasoline blending
stock with the aviation gasoline base stock.

3. Tn the production of aviation gasoline frem
the primary hydrocarbon ‘products of a Pischer-
Tropsch synthesis process the steps comprising
separating the hydrocarbons from Cs. up to. ahout
350° ¥, end point into 2 Cs—180° P, fraction and
a 180°-350° F. fraction; subjecting the Cs—180°
F. fraction in the presence of.a normally.gaseous
hydrogen-rich fraction obtained as defined here-
inbelow to hydrogenation in the presence of a
molybdena-on-aluminag hydrogenation catalyst
at a temperature of about 900°.F,, 3. pressure of
about 200 pounds per.square inch.gauge and a
space velocity of about 2; separately recovering
from seid hydrogenation..s light hydrogenate
boiling between about 100° .and -about 300° P,
and containing a mixture .of - normal and " iso-
paraffins; catalytically -dsomerizing said light
hydrogenate over an.aluminum <chloride-hydro-
carbon complex eatalyst in.the presence-of an-
hydrous hydrogen chloride-at 250° P, 850 pounds
per square inch. gauge, -and e, gpace velocity of 9
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to -effect substantial ‘conversion of the normal
parafins -to :lsoparaffins; separately recovering
from :sald lsomerization s highly isopa.raﬂin‘ic
aviation gasoline blending sfock; subjecting said
180°-360° F. fraction to hydroforming in the
presence of a molybdena-on-alumina hydro-
forming catalyst at a temperature of about 950°
F., a -pressure of about 200 pounds per square
inch gauge and. a space velocity of about 0.5 to
convert substantally all of the olefins and a por-
tion of the paraffins.to a highly aromatic avia-
tion gasoline base steck and to produce a nor-
melly gaseous hydrogen-rich fraction in an
amount -suffictent to offset the hydrogen con-
sumed in the hydrogenation of the .aforesaid
Cs5—180° F. fraction; separately recovering from
said hydroforming said highly aromatic avia-
tion gasollne base stock and said normally gas-
eous hydrogen-rich fraction; and combining the
aviation gasoline blending stock with the avia-
tion gasoline base stock.

4. A process for the productlon of aviation
gasoline from the primary products of & Fischer-
Tropsch synihesis process which comprises

* separating said primary products into (1) a Cs:

hydrocarbon fraction containing about 15 per
cent of Cy hydrocarbons, (2) a Cs hydrocarbon
fraction. containing abhout 70 per cent of butyl-
enes; (3) a light naphtha fraction containing hy-
drocarbons from Cs up-to about 180° I, end point,
(4) .2 heavy naphtha fraction boiling between
about-180° and about 350° F., and (5) a fuel oil
traction: beiling from about 350° F. up to and in-
cluding wax-like hydrocatbons; subjecting frac-

5 tlon (1) together with the C: hydrocarbons ob-

taimed from the thermal cracking process here-
inafier defined to polymerization in the presence
of a polymerization catalyst; separating from
sald polymerization Ci: hydrocarbons, C4 hydro-
carbens, a'heavy polymer gasoline fraction, and
a light polymer gasoline fraction; subjecting
said light polymer gasoline fraction to catalytic
hydrogenation; separately recovering aviation
gasoline bolling range hydrocarbons from said
light polymer hydrogenation; subjecting fraction
{2) together with the C: hydraocarhons from said
polymerization and Cs hydroearbons from isom-
erization, hydrogenation, nydroforming, and
thermal cracking processes hereinafter defined to
catalytic dalkylation; separating from said alkyla-
tion.a Ci hydrocarbon fraction consisting pre-
deominantly of normal butane, aviation alkylate
having an end point of about 330° F., and motor
alkylate having an end point of about 420° F.;
subjecting said C; fraction consisting predomi-
nantly of normal butane to catalytic isomeriza-
tion; separating from said isomerization a €
fraction -consisting bredominantly of isobutane;
subjecting fraction (3) in the presence of a nor-
maily gaseous hydrogen-rich fraction obtained
from the hydro-forming step herelnafter - de-
fined to hydrogenating conditions of reaction;
separating from said hydrogenstion of fraction
(3) “Cs ‘hydrocarbons and a light hydrogenate
having an end point of about 300° F.; catalyti-
cally isomerizing said light hydrogenate; sepa-
rating from sald light hydrogenate isomerlzation
aviation gasoline blending stock: subjecting
fraction (4) to hydroforming conditions of re-
action; -separating from said hydroforming Cu
hydrocarbons, a highly aromatic aviation gaso-
line base stock, a heavy hoydroformate of the
motoer -gasoline boiling range and a hormally
gaseous hydrogen-rich fraction; subj ecting frac-
thon ¢5) to thermel -cracking reastion eondi-
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tions: separating from said thermal cracking Ci
hydrocarhons, Ci¢ hydrocarbons, motor gasoline
bofling range hydrocerbons, and heavy fuel oil;
combining a portion of the Cs hydrocarbons 1rom
said polymerization with the heavy polymer gaso-
line, motor alkylate, heavy hydroformate and
motor gasoline beiling range hydrocarbons from
said thermal cracking; and combining the avia-
tion gasoline from said polymer hydrogenation
with the aviation alkylate, aviation gascline
blending stock and aromatic aviation gasoline
base stock.

5. A process for the production of aviation
gasoline from the primary products of & Fischer-
Tropsch synthesis process which comprises
separating said primary products into (1) a Ci
hydroearbon fraction containing a small amount
of Cs hydrocarbons, {2) & Cs hydrocarbon frac-
tion rich in butylenes, (3) & light naphtha frac-
tion containing hydrocarbons from Cs up to
about 180° F. end point, (4) a heavy naphtha
fraction boiling between about 180° and ahout
350° F., and (5) a fuel oil fraction boiling from
about 350° . up to and including wax-like hy-
drocarbons; subjecting fraction (1) together
with the C: hydrocarbons obtained from the
thermal cracking process hereinafter defined to
polymerization in the presence of a polymeriza-

tion catalyst; separating products of sald poly-

merization into a Ci: hydroearbon fraction, a Ci
hydrocarbon fraction (chiefly butanes), a heavy
polymer gasoline fraction, a light polymer gaso-
line fraction, and a polymer naphthe fraction;
subjecting sald lght polymer gascline fraction
to catalytic hydrogenation; separately recovering
aviation gasoline boiling range hydrocarbons
from sald polymer hydrogenafion; subjecting
fraction (2) together with the Cs hydrocarbons
from said pelymerization and C:; hydrocarbons
obtained from butane isomerization, hydrogena~
tion, hydroforming, and thermal cracking proc-
esges herelnafter defined to alkylation in the
presence of an alkylation catalyst; separating
products of said alkylation into a ¢ hydrocar-
bon fraetion consisting predominantly of nor-
mal butane, avistion alkylate, motor alkylate
having an end point of about 420° F., and poly~
mer boiling above about 420° ¥.; subjecting said
C: fraction consisting predominantly of normasl
butane to catalytic isomerizaticn; recovering
from seid mnormal butane isomerization a Cf
fraction consisting predominantly of isobutane;
subfecting fraction (3) in the presence of & nor-
mally gaseous hydrogen-rich fraction obtalned
from the hydroforming step hereinafter defined
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to hydrogenating conditions of reaction guch
that substantislly all of the olefinic hydrocar-
bons are converted to paraffinic hydrocarbons
and substantially no aromatic hydrocarbons are
formed; separating products of said hydrogena-
tion Into Cs hydrocarboms, light hydrogenste,
and heavy hydrogenate boiling above about 300°
F.; isomerizing said light hydrogenate in the
presence of an lsomerization catalyst; recovering
aviation gascline blending stock from the isom-
erized light hydrogemate; subjecting fraction
(4) to hydroforming conditions of reaction such
that substantial cyclization of the hydrocarbons
occuts; separating products of said hydroform-
ing into Cy hydrocarbons, & highly aromatic avia-
tion gasoline base stock, heavy hydroformate of
the motor gasoline boiling range, hydroformate
bottoms boiling above about 400° P, and & nor-
mally gaseous hydrogen-rich fraction; suhbjecting
fraction (5) together with the heavy polymer
gasoline fraction from the polymerization step,
the polymer boiling above about 420° F. from
the alkylation step, the heavy hydrogenate boll-
ing above about 300° ¥, from the Cs—180° F. hy-
drogenation step, and the hydroformate bottoms
holling above about 400° F. from the hydroform-
ing step to thermal cracking reaction conditions;
separating products of sald thermal cracking into
C: hydrocarbons, Cs hydrocarbons, motor gaso-
line boiling range hydrocarbons, and heavy fuel
oil; combining a portion of the Cs hydrocarbons
from said polymerizetion with the heavy polymer
gasoline, motor alkylaie, heavy hydroformate,
and motor gasoline holling range hydrocarbons
from said thermal cracking; and combining the
avistion gasoline from said polymer hydrogena-
tlon with the aviation alkylate, aviafion gasoline
blending stock, and aromatic aviation gasoline
base. stock.
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