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_ Frederick E. Frey, Bartlesville, Okla., assignor to
~ Phillips Petroleum Company, a corporation of

Delaware ’

Application February 21, 1942, Serial No. 432,679
(CL 196—10) . : -

'8 Claims.

This invention relates to the conversion of hy-
drocarbons. Mure particularly, it relates to the
production of motor fuel from realtively low-
boiling hydrocarbons by a process in which hy-
drofluoric acid is used as a catalyst. This appli-
cation is a continuation in part of my copending

as distillation, to recover the free hydrogen fluo- -
ride, and/or thermal decomposition and distilla-
tion, to recover the organically combined fluorine
as hydrogen fluoride. o

I have now found that spent.or partly deac-

* tivated hydrofluoric acid from the alkylating step

application, Serial No. 315,063, filed January 22,

1940. (Patent No. 2,322,300); and Serial No. 426,-
627, filed January 13, 1942. ‘ .
An object of this invention is to convert rela-
. tively low-boiling normal parafin hydrocarbons,
such’as normal butane and normsdl pentane, to
higher-boiling saturated hydrocarbons,
A specific object of this invention is to produce
. a motor fuel stock from relatively low-boiling
parafiins by a process in which used hydrofiuorie
- &cld catalyst from an alkylation step is used as a
catalyst for isomerizing normal paraffins to the
isoparaffins required for the alkylation step.
Other objects and advantages of this invention
will be apparent from the accompanying descrip-
tion and discussion, ) ' ’
In the prior art of hydrocarbon conversion, it
hag been shown that isoparaffins of relatively low
molecular weight, such as isobutane.and/or iso-
pentane can be reacted in the presence of con-
centrated hydrofluoric acid at a comparatively
low temperature, for example, in the range of
. 0.to 200° ¥, with alkylating reactants, such as
. olefins having 3 to 5 carbon atoms per molecule

and corresponding alkyl compounds such ag alkyl’

halides, alcohols; esters, ethers, and the like, pref-
erably those of secondary or tertiary structure,
to produce motor-fuel hydrocarbons that “have

high ‘antiknock values and that are suitable for

‘use in aviation gasoline. Normasl paraffins, such
&8 normal butane -and/or normal pentane, can
also be alkylated, but only under considershbly
more- diastic conditions, so that the product ob-
tained by alkylating normal paraffing is of lower

_ quality in respect to octane number, and is pro-
duced in lower yield than that obtained by al-
kylating the corresponding isoparaffins.

In such’ alkylation processes, the hydrofluoric
acid-eventually becomes so spent or deactivated
by acid-soluble organic and fluoro-organic ma-
terial that it 1s unsuited. for continued use; the

. .Spending or deactivation is especially rapid at

elevated temperatures, such as those required for

the alkylation of normal paraffins. - Disposal of
the spent.acid is & considerable problem, because
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can be advantageously used as an isomerizing
catalyst to convert relatively low-boiling normal
parafiing, such as normal butane and/or normal
pentane, into isoparaffins, such as isobutane and/
or isopentane. I have also found that the effiu-
ent from such a conversion can be used as feed to

" an alkylation step, wherein the isoparaffins are
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converted to higher-boiling motor-fuel hydro-
carbons, Furthermore, I have found that the
acid from the isomerizing conversion can be puri-
fied in a relatively simple manner so that it can
be re-used in the alkylation step, - .

An understanding of some aspects of my in-

'vention may be aided by the accompanying draw-

ing, which is & schematic flow-diagram. of one
arrangement of equipment for practicing the in-
vention. : : . .

In the alkylating step of this invention, a suit-
able hydrocarbon material, for example g mixture
of normal bhutane and isobutane, is admitted to
alkylator (4, as through inlet 11, valve 12, and
pump 13 and/or through conduit 710 and pump
20. In alkylator (4, it is mixed under alkylating
conditions with an alkylating reactant, which -

“may be admitted through inlet {8, valve 16, and

33

pump 7, and with concentrated hydrofluoric
acid, preferably anhydrous, which may be ad--

‘mitted through inlet I8, valve 18, and pump 20

and/or through conduit 10 and pump 20.
In the feeds to this alkylating step the weight

" ratio of isoparaffins to oleflns, or other alkylating
.- reactant, preferably is in the range of 2:1 to0 20:1

40

or more, and the weight ratio of hydrofiuoric
acid to total hydrocarbons preferably is in the
range 0.2:1 to 4:1. The olefin preferably is in-

+troduced into the reaction mixture under condi-
" tions of high turbulence and/or in multipointwise -

48

of the corrosive nature of the acid; .furthérmore, -

heretofore no use for the spent acid hag heen

known, Therefore, in commercial alkylation, it

. 18 necessary to provide acid-recovery steps, such

\

‘fashion, so that it is rapidly mixed with the iso-

parafiin reactant. This. procedfure is advanta-
geous in -order to favor the desired olefin-iso-
parafiin junctures, or alkylation reactions, and to

" hinder undesirable olefin-olefin Junctureg, or poly- -

merization reactions. Suitable operating condi-
tions in alkylator 14 are a temperature in the
range of 30 to 150° F., a pressure sufcient to

. maintain all components in the liquid phase, and

- & time of about 1 to 30 or more minutes.

- ‘The resulting mixture passes through conduit .
2l and valve 22 .%o separator 23, wherein s
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separated into two liquid phases, as by cooling
and gravitational or centrifugal means.

- Part of the heavier or hydrofiuoric acid phase
may be recycled through valve 41 and conduit 42
to pump 20; preferably, however, most of it is
_passed through valve 43 and conduit 35 to pump

33 for use as catalyst in an isomerization step
to be described. ’

The lighter or hydrocarbon phase from sep-
arator 28 is passed through valve 24 and conduit
" 28 to fractionating means 26, in which it is sep-

arated into the following six fractions: (1) a rela-~
tively minor fraction of relatively inert and dif-
ficultly condensable gases, which is removed
"through outlet 27 having valve 28; (2) & fraction
comprising propane and hydrogen fluoride, which
is passed through conduit 28 and valve 30 to
separator 31; (3) one or more fractions compris-
ing isoparafins, such as isobutane and/or isopen-
tane, and at times also some hydrofiuoric acid,
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which are recycled to pump 13, as through valve -

32 and condult 33; (4) one or more fractions
comprising normal paraffins, such as normal bu-
tane and/or normal pentane, which are passed
to pump 36, as through valve 34 and conduit 35;
(5) a fraction of highly branched paraffinic re-
action products boiling within the motor-fuel
range, which is withdrawn through outlet 31 hav-
ing valve 38, and (6) & relatively high-boiling
hydrocarbon residue, which is withdrawn through
outlet 39 having valve 40. Fractionating means
26 comprises whatever distilling columns and aux-
{liary equipment are necessary or convenient for
effecting the separations indicated, as will be
readily appreciated by those skilled in the art.

In separator 31 the fraction comprising propane

and hydrofluoric acid is separated into two phases .

as by cooling and gravitational or centrifugal
means. The lighter or propane phase may be
withdrawn through outlet 44 having valve 48;
the heavier or hydrofluoric acid phase is passed
through valve 46 and conduit 35 to pump 36. It
desired, separator 31 may be by-passed, the hy-
drogen fluoride and the propane then passing
';I;rough valve 47 and conduit 35 directly to pump

In the isomerizing step of this invention, thé
materials from the alkylating step that come
to pump 36 through conduit 85, that is, & mixture
of normal paraffins, such as propane, butane, and
. normal pentane, with used or spent hydrofiuoric
- meid, 18 forced by pump 36 through heating coll
48, valve 49, and conduit §0 to reactor 5. ‘

In the feed to reactor §i, the ratio of hydro-
fuoric scid to hydrocarbon is preferably in the
range from about 0.2:1 to 4:1 or more by weight;
usually, operating with an acid-to-hydrocarbon
 ratio within this range will effect the maximum
‘conversion of normal parafiins to isoparafilns,
These proportions are ohtained by controiling the
relative proportions of spent acid from separator
23 which pass through valves 41 and 43, respec-
tively. Also, if desired, additional normal peral-
fin and/or hydrofiuoric acid may be adrmitted te
the system, as through inlets 52 and/or 83 and
valves 54 and/or 85, respectively,

The reaction temperature in reactor $i may
be within the range of about 250 to 1600° . A
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ment and operating costs, to use a pressure in
the range of 250 to 1000 pounds per square inch,
The reaction time may be within the range of
¢rom about 1 to about 300 minutes, depending .
chiefly upon the temperature, since the time re- .
quired decreases with increase In temperature.
If the reaction time is very short, such as 1to5
minutes  the reaction can be completed in coil
48 or an extension thereof; whereupon reactor
51 may be by-passed or removed from the system.
Preferably, the reaction zone is packed with a

~contact mass, such as steel turnings,. alumina,

or other material resistant to corrosion by hydro-
fAuoric acid and suitable for aiding the reaction
and heat transfer.

The resultant mixture from reactor 51 may be
passed through valve 56 and conduit 87 to partial
condenser 58, wherein, by a suitable cooling
means, relatively high-boiling material, such as
hydrocarbons boiling above about the pentane
range, water, acid-soluble material, and the like,
are liquefied. Suitable conditions in the partial
eondenser are a temperature in the range of 125
to 400° . and a corresponding pressure in the
range of 15 to 400 pounds per square inch. The
optimum conditions for any particular case are
readily determinable by trial and/or from well-
known vapor-pressure relationships of the vari-
ous constituents. Conditions outside the ranges
given above may ‘be used, if desired or necessary.

The resulting mixed-phase mixture from par-
tial condenser 58 is passed through conduit 88

and valve 68 to separator §f, wherein it is sep-
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temperature within the range 400 to 800° . is -

usually preferred; at low {emperatures the rate
of reaction is low, and at high temperatures some
cracking and carbon formation occurs. The
pressure may be within the range of atmospheric
to 5000 pounds per square inch or more; ususlly,
it 18 preferred, for reasons of economy in equip-

(f]

arated into g gas phase and a liquid phase, as
by gravitational or centrifugal means. The tem-
perature and pressure conditions should be, as
nearly as possible, the same &s in partial con-
denser 58. The liguid phase, which comprises
mainly hydrocarbons and acid-soluble substances
boiling approximately in the hexane range and
above, is withdrawn' through outlet 2 having
valve 63. The gas phase is passed through valve
84 and conduit 85 to condenser and separator 66.

In condenser and separator §8, the gas phase
from separator 8! is cooled and liquefied. The
resulting mixture of acid and hydrocarbon phases,
which comprises the isoparaffins produced in re-
actor 5t, is passed through valve 69 and conduit
78 to pump 20 for use as feed in the alkylation .
step. Incidental noncondensable gases may be
removed from condenser 66 through outlet 67 hav-
ing valve 8.

The above method employed for the separation
of the efluents of the isomerization step has the
advantage of simplicity while, a the same time,

‘heavy impurities are removed from the catalyst

and from the system. The material passed
through valve 69 and conduit 19 to the alkylation
step therefore contains isoparaffins and also con-
centrated hydrofluoric acid in a purified state
suitable for catalyzing. the subsequent alkylation
reaction. In some instances it may be possible to
pass 2 portion, or all, of the isomerization effluent
directly to the alkylation step, as through con-
dult 78 and valve 14, with valve 56 partially or
completely closed. Such a procedure may be fol-
jowed when the impurities in the efluent from the
isomerization are small, or negligible, in amount.
Af other times it may be desirable to subject the
isomerization efluent to more complete separa-
tion, obtaining thereby in various separate frac-
tions low-boiling isoparaffins, unreacted normal
paraffins, hydrofiuoric acid, impurities, and the
like. This may be done by passing the isomeriza-
tion efluents to other, or additional, separation
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equipment, not shown, as will'be appreciated by

- those skilled in the art.. Any fraction so recov-
ered may be used in other steps of the process,
and may be introduced thereto through one or
more appropriate conduits.

It is contemplated that the hydroﬂuoric acid
can be, and in many instances will be, the isomer-
ization catalyst, and I have obtained satisfactory
isomerization and disproportionation of aliphatic
hydrocarbons using hydrofluoric acid as the sole

" catalytic material. However, in the broadest con-
cept of the present invention, it is to be under-
stood that the isomerization may be carried out
in the presence of other material in addition to

“hydrofiuoric acid. Such other materials may
serve to enhance the catalytic activity of hydro-

fluoric acid, such as material which provide large -
surfaces, to promote the activity of hydrofluoric .

_acld, or to cooperate with the hydrofluoric acid,
members of this latter group having, themselves,
independent isomerization catalyzing activity.
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Included among these groups, for use together .

with hydrofluoric acid, are the oxides and halides
-of beryllium, sulfur, tungsten magnesium, alumi-
num, zine, titanium, thorium, iron, copper, tin,
) vanadmm, antimony, arsenic, chromium, molyb-

25

denum, manganese, nicke] and cobalt, their salts -

of difficultly volatilizable acids, either synthetic
or natural. Of the naturally occurring materials,
I prefer those of large surface such as various
clays, bauxite, brucite, etc.
charcoal may also be used to advantage. These
various materials, or various ones of the materials
mentioned may be used in granular form, &s &
powder, or may be pelleted, as may be found found
most effective or desirable in any particular in-
stance. .

A few of the many aspects cl my invention are
illustrated by the following example, which is
illustrative but not necessarily limitative of the

- invention.

Inan arrangement similar to that illustrated in
. the accompanying drawing, normasl butane is

Sometimes activated.
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suitable for use as aviation gasoline, Concen-
trated hydrofluoric acid used as a catalyst in one
step (alkylation) is used subsequently as catalyst
in another step (isomerization); it is then freed
from material boiling above about the pentane
range by partial condensation, and is returned
for use in the first step without being subjected
to a separate acid-recovery fractional-distilla-
tlon step.

There are numerous modlﬁcations of my in-
vention, which will be obvious to those skilled
in the art of hydrocarbon conversion. For ex-
ample, if the hydrocarbon feed material com-
prises relatively large proportions of normal par--
affins and only small proportions of isoparaffins,
1t is preferahbly introduced to fractionating means
28, as through inlet 71 having valve 72, instead
of directly to alkylator {4; whereupon the isopar-
aflins are separated out and passed to alkylator
14, and the normal paraffing are passed to the
isomerization step. In another modification, the
paraffinic feed material, instead of being ad-

-mitted directly to alkylator {4, or to fractionat-

ing means. 26, is admitted through inlet 52, valve
84, and pump 38 to the isomerization step; this
modification is particularly advantageous when
the feed material has mostly low-boiling normal
paraffins but practically no low-boiling isopar-
affins. Additional pumps, valves, conduits, cool-
ers, fractionators, and other equipment, such as
are well-known in the art of hydrocarbon con-
version, may be used wherever they are necessary
or convenient. The scope of my invention should
hot be unduly limited by the numerical values
discussed herein.

I claim:

1, In a process for alkylating an isoparafiin in
the presence of hydrofluoric acid, the improve- -
ment which comprises mixing a normal parafin
with used hydrofiuoric acid from an alkylating
step, subjecting the resulting mixture to isomer--
izing conditions in an isomerizing step, and using

. &t least part of the efluent from the isomerizing

charged to the isomerization stage, as through -

inlet 52; normal butylenes and concentrated hy-
droﬁuoric acid are separately charged to the al-
. kylation stage, as through inlets {5 and 18, re-
spectIVely. All of the acid used in the alkylation

- step 1s passed as catalyst to the isomerization -

step.

The alkylating conditions are approximately
- .a8 follows: temperature, 102° F.; pressure, 150
pounds per square inch; time, 5 minutes. isobu~
tane-to -olefin molal ratio (in the incoming ma-
terials to the alkylation reactor), 11.5; hydro-
carbon-to-acid weight ratio, 1.0: and mpid mix-
ing to maintain intimate contact between the acid
_and hydrocarbon phases.

The isomerizing conditions are approxlmately'

ag follows: temperature, 850° F.; pressure, 2,000
pounds per square inch; time, 10 to 30 minutes.
- From this process, there is produced in a yield
of about 160 per cent, based on the weight of cle-
fins charged, an avlation motor fuel which has a
clear octane number of about 90, ' ]
In this process, the acid efiuent from the alkyl-

~ - atlon step is used as catalyst in the isomerization

step; 1t is then purified by partial condensation,
as in condenser 88, and is returned to the alkyla-
tion step.

My invention provides a process for utluzing

normeal paraffins, particularly low-boiling par-

affins such as normal butane and/or normal pen-
tane, to produce relatively high-boiling saturated

&0

step as feed material in the alkylating step.

2. In the process of claim 1, cooling the efiu-
ent from the isomerizing step to remove by par-
tial condensation material which boils above
about the pentane range prior to using said efflu-
ent as feed material in the alkylating step.

‘3. A process for producing motor fuel, which
comprises: alkylating a low-oiling igoparaﬁin of
four to flve carbon atoms per molecule with an
olefin of three to flve carbon atoms per molecule

" In the presence of concentrated hydrofiuoric acid
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in an alkylation step; separating the efluent from

-sald alkylation step into a hydrofluoric acid frac-

tion, at least one low-boiling isoparafin fraction,
at least one low-boiling normal paraffin fraction,
& motor-fuel fraction, and a heavier-than-motor-
fuel fraction; removing from the process said
motor-fuel and heavier-than-motor-fuel frac-
tions; recycling said low-boiling isoparaffin frac-
tion to the alkylation step; passing said hydro-
fluerfc acid and low-boiling normal parafin frac-
tions. to an isomerization step in which such
conditions are maintained that normal paraffins
are isomerized to a substantial extent by hydro-'
fluoric acid into isoparaffins; freeing the result-
ing effluent from the isomerization step from ma-
terial -boiling above about the pentane range by
partial condensation; and passing the thus freed -
efluent to said alkylation step.

4. A process for producing normally liquid iso-

" paraffinic hydrocarbons from lower boiling nor-

hydrocarbons of high antiknock value that are 75

'

mal paraflin hydrocarbons of at least four carbon
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atoms per molecule, which comprises subjecting

such a normal paraffin to catalytic isomerization

"“in the presence of concentrated hydrofiuoric acid
to produce a low-boiling isoparaffin hydrocarbon,
reacting said isoparafiin so produced with an
alkylating reactant in the presence of concen-
trated hydrofluoric acid as the alkylation catelyst
to produce normally liquid isoparafiins of-higher
molecular weight, separating from effluents of said
alkylation a hydrocarbon fraction containing lig-
uid isoparaffins so produced as & product of the
process, separating also from effluents of said
alkylation & hydrofiuoric acid fraction, and pass-
ing said fraction to said isomerization.

5. A process for producing normally liquid iso-
paraffinic hydrocarbons from lower boiling nor-
mal paraffin hydrocarbons of at least four carbon
atoms per molecule, which comprises subjecting
such & normal paraffin to catalytic isomerization
in the presence of concentrated hydrofluoric acid
ag the isomerization catalyst to produce a low-
boiling icoparaffin hydrocarbon, reacting said iso~
parafiin so produced with an alkylating reactant
in the presence of concentrated hydrofiuoric acid
as the alkylation. catalyst to produce normally
liquid isoparaffins of higher molecular weight,
separating from effluents of said alkylation a hy-
drocarbon fraction containing lquid isoparafiins
so produced as a product of the process, separat-
ing also from effluents of said alkylation a hydro-
fluoric acid fraction, and passing said fraction to
said isomerization as the isomerization catalyst.

6. A process for producing normally liguid iso-
paraffinic hydrocarbons from a mixture of low-
‘boiling isoparaffing and normal paraffins of at

least four carbon atoms per molecule, which com-
prises separating an isoparaffin fraction and a
normal paraffin fraction from sai@ mixture, re-
acting said iso paraffin fraction in an alkylation
step with an alkylating reactant in the presence
of concentrated hydrofiuoric acid as the alkyla-
tion catalyst to produce higher-boiling isoparaf-
_fins, separating from efluents of said alkylation
higher-boiling isoparaffins so produced as prod-
ucts of the process, separating also from effluents
of said alkylation an impure liquid hydrofluoric
acid, passing said liquid hydrofluoric acid  te-
gether with the aforesaid normal paraffin fraction
to an isomerization step to isomerize sald normal

10
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parafiins and form low-boiling isoparafiins, and
recovering low-boiling isoparafling so formed and .
passing same to said alkylation step.

7. A process for producing normally liguid iso-
paraffinic hydrocarbons from lower boiling paraf-
fin hydrocarbons, which comprises subjecting &
low-boiling normal parafiin hydrocarbon of ab .
least four carbon atoms per molecule to isom-
erization in the presence of hydrofinoric acid as
the isomerization catalyst at a temperature with-~
in the range of 250 to 1000° F. and & super-
atimospheric pressure to produce low-boiling iso-

" paraffins, subjecting the effluent of said isom-
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erization to cooling and partial condensation to
condense material boiling above pentanes and
removing material so condensed from the system,
subjecting uncondensed material to further cool-
ing and condensation to condense hydrofiuoric
acid and low-boiling isoparaffins, separating ma-
terial so condensed from uncondensed gases,
passing the last said condensed material to an
alkyletion zone and reacting isoparaffins con-
tained therein with an added alkylating reactant

in the presence of said hydrofiuoric acid and as

the alkylation catalyst to produce normally lig-
uid isoparaffins, separating from the effluent of
said alkylation a liquid hydrofiuoric acid phase,
and passing said hydrofluoric acid phase- to said
isomerization. ' . .

8. In a process for producing parafin hydro-
carbons boiling in the motor fuel range from
lower-boiling parafiin hydrocarbons, the improve-

. ment which comprises subjecting a normal paraf-
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4n an alkylation step with an

fin of four to five carbon atoms per molecule in
an isomerization step to catalytic isomerization
in the presence of used nydrofluoric acid obtained
from a subsequent alkylation step, separating
from effluents of said isomerization a low-boiling
isoparafiin’ so produced, reacting said isoparaffin

' alkylation reactant
in the presence of concentrated hydrofiuoric acid
as the alkylation catalyst to produce paraifins
boiling in the motor fuel range, passing effluents
of said alkylation to & separator and effecting &
separation between a hydrocarbon phase and &
hydrofiuoric acid phase, and passing at least a
portion of said hydroflucric acid phase to said
isomerization step. : .

FREDERICK E. FREY.



