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This invention relates to a process for the con-
version, by an alkylation reaction in the presence
of a liquid catalyst, of relatively low-boiling
hydrocarbons to higher-boiling hydrocarbons,
More particularly, it relates to the efficient uti-
lization of a comparatively inert hydrocarbon
stream containing a relatively small proportion
of olefins as a source of olefins for use as the
alkylating agent.

Prior to this invention, the feeds to practical
hydrofiuoric acid alkylation processes have com-
prised relatively large proportions of reactive in-
gredients; for example, the feed used for the
alkylation of isobutane with butylenes ordinarily
contains a total of fifty per cent or more of iso-
butane plus butylenes. Heretofore, a feed having
a relatively high proportion of inert diluent ma-
terial has required equipment of excessive size.

An object of my invention is to provide a rela-
tively simple, low-cost hydrocarbon-conversion
process wherein a relatively inert fluid stream
containing comparatively small proportions of
olefin hydrocarbons may be utilized efficiently
as & source of alkylating agent for converting
relatively low-boiling hydrocarbons to higher-
boiling hydrocarbons.

A further object of my invention is the elimina-
tion of large volumes of relatively inert material
from an alkylation process in an early step, there-
by increasing the capacity of the equipment.

Further objects and advantages of my inven-
tion will be apparent from the following descrip-
tion and the accompanying drawing.

Olefin hydrocarbons are very soluble in con-
centrated or anhydrous hydrofluoric acid, and
polymerization of olefins in concentrated hydro-
fluoric acid occurs rapidly at atmospheric tem-
peratures. Consequently, in the prior art of al-
kylation of hydrocarbons, there is a theory that
the olefins must not come in contact with hydro-
gen fluoride except in low concentrations of ole-
fins and in the presence of a large excess of
alkylatable material; that is, the olefins or other
alkylating agents have usually been added slowly
with vigorous agitation to a mixture comprising
hydrogen fiuoride and an alkylatable hydrocar-
bon under alkylating conditions. I have found
that, in a process for alkylating saturated hy-
drocarbons with olefin hydrocarbons in the pres-
ence of concentrated or anhydrous hydrofluoric
acid, the olefins can be advantageously absorbed,
under certain specific conditions which will be
described hereinafter, by hydrofluoric acid prior
to contacting, under alkylating conditions, with
an alkylatable hydrocarbon. The resulting acid
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solution, when used as an alkylating agent, pro-
duces in high yield a product of high octane num-
ber suitable for use as aviation-grade motor fuel.
I have found that objectionable polymerization
of the olefins absorbed in the hydrofluoric acid is
averted effectively by controlling the acid-to-ocle-
fin ratio, the temperature, the acid concentration,
and the period of residence of the olefin in the

“acid prior to the'contacting with an alkylatable

hydrocarbon under alkylating conditions. Hence,
by the process of the invention disclosed herein,
hydrocarbon streams comprising relatively small
proportions of olefins may be utilized advanta-
geously as a source of alkylating agent in a proc-
ess for the conversion of relatively low-boiling
hydrocarbons to higher-boiling hydrocarbons,

Understanding of some aspects of my inven-
tion will be aided by reference to the accom-
panying drawing, which is a schematic flow-dia-
gram of one arrangement of apparatus for prac-
ticing the instant invention.

A liquid or liquefied hydrocarbon stream con-
taining small proportions of olefins (for example,
one to ten per cent of propylene and/or butyl-
enes) is admitted through inlet (i having valve
12 to mixing chamber 13, wherein it is contacted
for a short time with concentrated hydrofiuoric
acid, admitted through valve 14 and inlet 15,
and/or valve 16 and conduit 17. The mixer may
be very simple; for example, 2 small chamber
having several baffles, a length of pipe with or
without baffles, 2 small pump, or a small zone
through which both streams are made to pass at
a high rate; in some cases, sufficient mixing and
efficient absorption of olefins is obtained without
a separate mixing apparatus by simply passing
the two streams through the same or closely ad-
jacent inlets to a centrifuge or other separating
means.

In the embodiment shown, the effluent from
mixer (3 is passed by way of conduit i8 to cen-
trifuge 19, wherein it is separated into two liquid
phases. The resulting hydrofluoric acid phase,
which contains dissolved olefins, is forced as by
gravity or by pump 23, through conduit 24 and
valve 25 to alkylator 26, wherein it is rapidly
mixed with g reactive parafin hydrocarbon, such
as isobutane or isopentane, admitted through
conduit 27 having valve 28. Instead of centri-
fuge 19, it is possible in some cases to use g simple
separating tank wherein separation is effected
by gravity, or both centrifuge 19 and mixzer (3
may be replaced by a Podbielniak-type helical
supercontactor. However, the arrangement shown
of a small mixer and conventional centrifuge is




2 R ,
- usually .preferred because the absorption and
separation is accomplished much more rapidly
than could be done with 2 gravitational separator,
and the apparatus is simpler and. less expensive
than & Podbielniak-type contactor.

The other or. hydrocarbon phase from centri-
fuge (9 which contains small proportions of or-
ganic fluorides and dissolved hydrogen fluoride, is
passed via conduit 26 and valve 21 fo acid washer
22 In this washer, it is distributed by suitable
means 29 near the bottom of the washer, and it
rises, by virtue of its relatively low density, coun-
tercurrently to downwardly flowing substantially
pure concentrated hydrofluoric acid, introduced
near the middle of the washer through inlet 30,
valve 81, and distributing means 32. The or-
ganic fluorides are absorbed from the hydrocar-
bon phase by the hydroflueric acid, which, after
a short settling period in space 33 at the bottom
of the washer, is passed through valve {6 and con-
duit IT for use as olefin-absorbing liquid in
mixer 3.

Although, as the hydrocarbon rises through
the bottom half of washer 22, the countercur-
rently flowing concentrated hydrofiuoric acid ex-
tracts organic fluorides, appreciable quantities of
hydrofluoric acid remain dissolved in the hydro-
carbon. . The hydrocarbon continues rising in
the upper half of the washer, wherein it-is con-
tacted with a2 countercurrently fiowing aqueous
phase, introduced as water or as a dilute solu-
tion of hydrofluoric acid of up to about 40 per
cent in strength, preferably a constant-boiling
mixture, through valve 34, inlet 35, and dis-
tributing means 36. The water or solution ex-
tracts the dissolved hydrofluoric acid from the
hydrocarbon phase. The hydrocarbon phase,
after a. short settling period in space 37 at the
top of washer 22, wherein it is separated from
the aqueous phase, is withdrawn through outlet
38 having valve 39; if desired, this material may
be passed to a fractionator, not shown, to re-
cover iscbutane for alkylation. -

The quantity of water or aqueous dilute hydro-
fluoric acid introduced is preferably about one-
twentieth to one-tenth of the volume of hydro-
carbon treated; s much larger proportion intro-
duces excessive amounts of water into the sys-
tem, whereas a much smaller proportion does
not effect substantially complete recovery of
hydrofluoric acid from the hydrocarbon. The
quantity of -concentrated hydrofluoric acid in-
troduced at the middle of the washer preferably
is from one-fourth to. two times the volume of
hydrocarbon treated; and should be at least five
times the volume of aqueous solution introduced
ab the top of the washer. Smaller amounts do
not always completely remove alkyl fluorides
from the hydrocarbons or are diluted too much
by the aqueous solution from the top of the
washer, whereas larger amounts produce an un-
necessarily high ratio of acid to hydrocarbon in
the alkylator.

In some instances, when the concentration of
olefins in the feed is relatively high, and/or when
the acid-to-olefin is low, the femperature of the
extraction system is raised appreciably by the
‘heat of solution of olefins in the hydrofiuoric
acid. Preferably,; in such cases, cooling to about
atmospheric temperature, to decrease the solu-
bility of hydrogen fluoride in the hydrocarbon
layer, may be practiced. A suitable cooling
means, for example, consists of one or more cold-
water coils situated within mixer (3 and/or
washer 22, ' B 5
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The preferred time interval for passage of ole-
fins and “hydrogen fluoride from the inlet of
mixer 13 by way of conduit 8, centrifuge 19,
pump 28, conduit 28, and valve 25, to the inlet
of alkylator 26 isin the range of 5 to 60 seconds;
the preferred temperature is in the range of 30
to 150° F.; end the ‘preferred ratio of hydrogen
fluoride to olefin is in the range of 10:1 fo 50:1
by weight or more. These variables are mutu--
ally interdependent; for example, at the lower
temperature and the lower acid rate or longer
time interval, approximately the same results are
obtained as af higher temperatures and a higher
acid rate or-a shorter time interval. Good re-
sults can be obtained outside the ranges given,
but these ranges are preferred for practical rea-
sons, as follows: The preferred time intervals
are obtainable with conventional equipment, es-
pecially centrifuging equipment, whereas shorter
time intervals require more. costly equipment;
the preferred temperatures are near atmospheric
and are therefore obtainable with little or no re-
frigeration; the preferred acid-to-olefin ratios
are suitable for operation of the alkylation step.
The exact optimum conditions for any particular
case may be readily determined by trial.

Tn alkylator 26, under suitable alkylating con-
ditions, such as 30 to 150° F., a pressure sufii-
cient to maintain all components in the laquid
phase, and for a time of about one to thirty or
more mintues, the olefin-in-acid phase is agitat-
ed with an alkylatable hydrocarbon, such ag iso-
butane or isopentane, introduced through conduit
21 having valve 28-in an amount of about two to
ten times the amount of olefin by weight.

The resulting mixture passes asthe efiiluent from
alkylator 26 through conduit 48 and valve 81 to
separator 42, wherein, by cooling and/or gravita-
tional or centrifugal means; it is separated into

40 {wo liquid phases.
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Of these phases, the lighter or hydrocarbon
phase is passed by way of conduit 43 and valve
44 to fractionation unit 49, in which' it is sepa-
rated by fractional distillation into the following
six fractions: (1) A relatively minor fraction of
noncondensable gases, which is removed through
outlet 46 having valve 41; (2) a relatively minor
fraction, comprising an azeotropic mixture of hy-
drogen fluoride and light hydrocarbons, such as
propane or butane, which passes via valve 48 and
conduit 89 to separator §8; (3) a comparatively
large fraction, comprising unreacted readily al-
kylatable hydrocarbons, such as isobutane or iso-
pentane, which is recycled via conduit 54, pump
52, valve 53, and conduit 27 to alkylator 26; (4)
g fraction comprising relatively difficultly alkyl-
atable hydrocarbons, such as normal butane,
which is withdrawn through outlet 54 having
valve 55; (5) a substantial fraction of highly-
branched paraffinic reaction products boiling
within the gasoline range, which is withdrawn
through outlet 56 having valve 57; and (6).a
high-boiling bottom fraction, comprising heavy
polymers and other by-products, which is with-
drawn through outlet 58 having valve 59.

The heavier or hydrofluoric acid phase from
separator 42 is recycled to mixer 13 and/or wash-~
er 22 by way of conduit 60 and valve 6} and/or
valve 62; respectively. Preferably, however, 2
part of it is passed through conduit 63 and valve
68 to acid-fractionation unit 65, wherein it is
saparated into the following four fractions: (1)-
A minor fraction, comprising an azeotropic mix-
ture of hydrofiuoric acid and low-boiling hydro-
‘carbons, -such as propane or butane, which is
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passed through conduit 66 having valve 67 to
separator 56; (2) a major fraction of substan-
tially pure anhydrous hydrogen fluoride, which
is recycled through conduit 68 and valve 69
and/or valve 10 to washer 22 and/or mixer 18,
respectively; (3) a fraction, comprising a con-
stant-boiling mixture of water and hydrogen
fluoride, which is passed through conduit T¢,
valve 712, and inlet 35 to the top of washer 22,
wherein it is used to extract HF from the olefin-
depleted hydrocarbon phase as already described;

10

(4) a bottom fraction, comprising hydrocarbon _

residue and high-boiling by- products, which is
withdrawn through outlet 13 having valve T4, 1If
desired, any excess constant-boiling mixture may
be withdrawn from the system, as through out-
let 18 and valve 80, ang this excess may be treat-
ed, in a separatlon step not shown, for the re-
covery of hydrogen fluoride.

Separator 80 is shown as a separation means, in
which, by cooling and gravitational or centrifu-
gal means, the azeotropic mixtures of hydro-
fluoric acid and low-boiling hydrocarbons from
fractionators 45 and 65 separate into two liquid
phases; the lighter or hydrocarbon phase is with-
drawn through outlet 15 having valve 16, and the
heavier or hydrofluoric acid phase is passed by
way of conduit 771 and valve 718 to fractionator
65. Alternatively, instead of going to separator
50, either or both of the azeotropic mixtures may
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phase. Preferably, therefore, so that relatively
low operating pressures may be used, the average
boiling-point of the oleﬂn-containing feed is of
the order of, or higher than, that of butanes.
The specific olefin in the feed, in accordance with
the prior art of hydrofluoric acid alkylation, is
preferably one having three to flve carbon atoms
per molecule or a mixture of these. Although
pure propylene is a relatively low-boiling hydro-
carbon, it dissolves readily in, or is readily ex-
tracted from a gaseous mixture by, relatively
higher-boijling hydrocarbons, siich as normal bu-
tane, normal pentane, normal hexane, or the like.
Thus, a solution of propylene in g higher-boiling
hydrocarbon may be advantageously used as a
feed to the absorption step of this process, thereby
eliminating the necessity for using a high operat-
ing pressure to maintain propylene in the liquid
phase.

To illustrate some of the many aspects of my
invention, the following specific examples are
glven:

Ezample I

A butane fraction containing 11.2 per cent of
unsaturated hydrocarbon is contacted, at 71° P
and at sufficient pressure to maintain the liquid
phase, with concentrated hydrofluoric acid in &

" small mixer; the resulting mixture is centrifuged

30

be recycled to alkylator 26, by means that are .

not shown but that can be readily supplied by
those skilled in the art; this alternative is pre-
ferred when the low-boiling hydrocarbon in the
azZeotropic mixture is a relatively easily alkylat-
able hydrocarbon, such as an isoparaffin.

I have found that the rate of polymerization of
olefins in hydrofluoric acid is reduced consider-
ably if some water is present in the acid. How-
ever, although alkylation with hydrofluoric acid
containing up to about 10 per cent water pro-
duces in high yield a product of good quality. both
the quality and the yield may be somewhat in-
ferior to those obtained by alkylation with acid
containing less water. Therefore, it is advan-
tageous to have a higher concentration of water
present in the acid phase of the olefin-evtraction
step than in the acid phase of the alkylation step.
This desirable end can be attained in a modifica-
tion of my process in which the hydrofiuoric acid
introduced in the absorption step is of relatively

-
&

to separate out an acid phase containing dis-
solved olefins, which is immediately passed to an
alkylator, and a hydrocarbon phase from which,
first, organic fluorine is recovered by washing with
counfercurrently flowing concentrated hydroflu-

5 oric acid, and, second, dissolved hydrogen fluoride

is recovered by washing with a countercurrently
ﬂowil‘ag aqueous solution of hydrogen fluoride.
The effluent hydrocarbon stream is free from un-.
saturates and contains less than 0.002 per cent by

40 weight of organic fluorine and less than 0.02 per

o
£

cent by weight of dissolved hydrogen fluoride.
The acid from the washing operations is added
to the mixer, thus preventing the loss of fluorine
as hydrogen fluoride or as organic fluorine in the
hydrocarbons from which the olefins have been

. extracted. The total average time of mixing,

i1}

lower concentration, such as 65 to 90 per cent by °

weight, the balance being water. and in which a
proportion of substantially anhydrous hydro-
fluoric acid large enough to raise the average con-
centration to the desired value, at least to 90
per cent and preferably higher, is introduced in
the alkylation step. This modification is advan-
tageous, for instance, if means for carrying out
the absorption and separation steps within the
preferred short time interval are not available.
Usually, however, in order to simplify the opera-
tion and to maintain a high acid-fo-olefin ratio
in the absorption operation, it is preferable to in-
troduce all the hydrogen fluoride, in concentra-
tion sufficient to obtain efficient operation of the
alkylation step, into the washing or mixing steps,
and to depend upon control of the time, temper-
ature, and acid-to-olefin ratio to avert undesir-
able polymerization reactions.

The olefin-containing feed to the absorption
step of this process should be liquid, and the pres-
sures and the temperatures in the mixing, centri-
fuging, and washing equipment must be so con-
trolled as to maintain all components in the liquid
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centrifuging, and introduction into the alkylator
is about 15 to 30 seconds. The alkylating condi-
tions are: 95° ¥, five minutfes contact time. pres-
sure sufficient to maintain the iquid phase, and
rapid agitation with excess isobutane. The efflu-
ent from the alkylator is separated by gravity into
an acid phase and & hydrocarbon phase. Half of
the acid phase is recycled directly to the mixer,
and half is passed to an acid-fractionating unit.
From this unit are withdrawn a substantially an-
hydrous hydrofluoric acid fraction and a con-
stant-boiling water-hydrogen fluoride fraction;

-these fractions are recycled to the first and sec-

ond above-described washing operations, respec-
tively. ‘The hydrocarbon phase is fractionated to
recover isobutane, which is recycled to the alkyl-
ator, and relatively high-boiling hydrocarbons
suitable for use as motor fuel.

The relative proportions of materials in the
various steps are as follows: Acid-to-olefin ratio
in mixer and centrifuge, 15:1; isobutane-~to-olefin
ratio in feeds entering alkylator, 8:1; acid di-
rectly recycled from slkylator to mixer, 50 per
cent: ratio of concentrated acid in first washing
operation to aqueous solution in second washing
operation, 8:1.

The yield of debutanized alkylate is about 167
per cent based on ¢he weight of olefins in the feed.
Upon rerunning, 96 per cent of this alkylate is ob-




4

tained as sn aviation-gesoline cut’ having an
octane number of 91, which is raised to about
100.2 by the addition of one cc. of tetraethyl lead
per gallon of gasoline,

Ezample I1

A process similer to that described in Example
¥ i carrled out with the following changes:. A
simple gravity settling chamber is used instead
of the centrifuge. The temperature of miging
and absorption is 35° F. instead of 71° ¥. The
average time interval for mixing, separation, and
introduction to the alkylator is about two minutes
instead of about 15 to 30 seconds, One and one-

half times ss much acid is used, of which one-.

third is introduced in the washing steps and two-

5

10

15

thirds in the mixing step. A yield of debutanized .

allzylate of 155 per cent by welght of unsaturates
in the feed is cbtained. Upon rerunning, 94 per
cent of BY octane aviation gasoline is obtained.

It will be evident to those skilled in the art
that my invention effects a substantial reduction
in the size of equipment required for hydrofiuoric
acid slkylation, or & substantial increase in the
capacity of existing plants. My invention makes
possible the recovery -and utilization as alkylat-
ing agent, of olefins present only in small pro-
portions, such as five per cent or even less, in
hydrocarbon streams. - My invention provides for
substantially complete recovery from the olefin-
depleted hydrocarbon stream of dissolved hydro-
gen fluoride. '

Obviously, there are many variations and modi-
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fications .of my invention, only & few of which .

are described herein.” For example, washer 22
may be replaced by a series of washers in which
the olefin-depleted hydrocarbon effiuent from
mixer §3 is contacted in succession with concen-
trated hydroflucric acid, one or more agueous
acid solutions in the order of decreasing concen-
tration, and finally, if desived, pure water. An
acid effiuent from one washer may be used as the
extracting liquid in a washer using & more con-
centrated solution of acid. The one or more con-
centrated acid extracts, which contain dissolved
alkyl fluorides, may be passed to mixer (8. If
desired, the one or more dilute acid ‘extracts,
“which are substantially pure agueous solutions
" of hydrogen fluoride, may be passed to & frac~
tionating unit to be separated into a constant-
boiling mixture, which may be recycled to the
appropriate washer, and into the component in
excess.

In another modification, part or all of the
aqueous acid solution introduced into washer 22
through distributing means 36 may be with-
drawn, by means not shown in the drawing, at &
point just above distributing means 32, and may
be recycled to distributing means 36 or passed
to an acid fractionator, such as fractionator 65,
for separation into substantially pure hydro-
fluoric acid and & maximum-boiling aqueous solu-
tion. Fractionator 65 may be any system ca-
pable of producing the separations indicated. ‘It
may, for example, comprise the following: A first
column from which high-boiling organic material
is withdrawn as a Kettle product and from which
the overhead effluent is passed to a separator for
separation into two liquid phases; and a second
column, in which the hydrofluoric acid phase from
this separator is fractionated into an overhead
efffuent of substantially anhydrous- hydrofluoric
acid and a kettle product of 8 constant-boiling
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pumps, valves, fractionators, coolers, and the like,
such as are well known in the art, may be used
wherever they are desirable or convenient. Itis
intended that the foregoing specific examples and
description of particular apparatus and. operat-
ing conditions shouid illustrate the principles of
my invention angd the preferred modes of prac-
ticing it, but that the scope of the invention
should be limited only by the following claims.

I ciaim:

1. In a process for alkylating a low-boiling iso-
parafin with a low-boiling olefin, the improve-~
ment which comprises contacting an olefin-con-
t{aining hydrocarbon mixture with liquid agque-
ous hydrofiucric acid having & hydrogen fluorids
concentration in the range of 65 to 90 per cent
by weight and with e ratio of hydrogen flucride
to olefin of at least 10:1 by weight, separating a
resulting liquid hydrofluoric acid phase ang & rs-
sulting hydrocarbon -phase containing minor
amounts of organic fluorine compounds and free
hydrogen fiuoride, successively contacting said
separated hydrocarbon phase with liquid hydro-
fiuoric acid to remove said organic fluorine com-
pounds and with highly aqueous hydrofiuoric
acid to remove free hydrogen fluoride, adding re-
sulting extract phases to the first said aqueous
nydrofivoric acid, admixing with the first said
resulting liquid hydrofluoric acid phase sufficient
hydrogen fiuoride to raise the hydrogen fluoride
concentration to an alkylating strength above 90
per cent by weight and also admixing a Iow-Dboil-
ing isoparafiin, maintaining in an alkylation zone
the resulting admixture under alkylation condi-
tions to effect an alkylation of said isoparafins
with olefins dissolved in said aqueous hydro-
fluoric acid, and recovering from effluents of said
treatment 2 hydrocarbon fraction containing al-
kylated isoparaffins so produced.

9. The process of removing olefins from a-hy-
drocarbon material containing low-boiling olefin
and paraffin hydrocarbons, which comprises con-
tacting such an olefin-containing hydrocarbon

. mixture with liquid aqueous hydrofiuoric - acid
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having & hydrogen fluoride concentration in the
range of 65 to 90 per cent by weight and with a
ratio of hydrogen fiuoride to olefin of at least
10:1 by weight, separating a resulting liquid hy-
drofluoric acid phase and g resulting hydrocarbon
‘phase containing minor amounts of organic fluo-
rine compounds and free hydrogen fluoride, suc-
cessively contacting said separated hydrocarbon
phase with liquid hydrofiuoric acid to remove
. said organic fluorine compounds and with highly
.aqueous hydrofiuoric acid to remove free hydro-
gen fluoride, and adding resulting extract phases
to concentrated hydrofiuoric acid to form: the
aforesaid aqueous hydrogen fluoride having a
concentration of 65 to 90 per cent by weight and
recovering as efluents of said process an olefin-
free hydrocarbon material and an aqueous liquid
hydrofluoric acid containing dissolved olefins.

3, In a process for alkylating a low-boiling

" jsoparaffin with a low-boiling olefin, the improve-

65
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aqueous hydrofluoric acid, either or both of which .

may be used as already‘describevd. Additional

75

ment which comprises intimately contacting at
§ temperature in the range of 30 to 150° F. an
olefin-containing liquid  hydrocarbon - mixture
with liquid aqueous hydrofiuoric acid having a
hydrogen fluoride concentration in the range of
65 to. 90 per cent by weight and with a ratio of
hydrogen fluoride to olefin in the range of 10:1
to 50:1 by weight, separating a resulting liquid
hydrofluoric acid phase from unabsorbed inert
lquid hydrocarbons, admixing with said aqueous
hydrofivoric acid phase sufficient hydrogen fiu-
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oride to raise the hydrogen fluoride concentration
to ahove 90 per cent by weight and also admixing
a low-bolling isoparaffin, mainteining in an alkyl-
ation zone the resulting admixture under alkyla-
tion conditions to effect an alkylation of said
isoparafin with oleflns dissolved in said agueous
hydrofluoric acid, and recovering from efiluents
of seid treatment s hydrocarbon fraction con-
taining alkylaied isoparailins so produced.

4, In a process for alkylating e low-boiling
alkylatable hydrocarbon with & low-boiling olefin,
the improvement which comprises contacting
en olefin-containing hydrocarbon mixture with
liguid aqueous hydrofiuoric acid having a hydro-
gen fluoride concentration in the range of 65 fo
9C per cent by weight and with a ratio of hydro-
gen fluoride to olefin of at least 10:1 by weight,
separating a resulting liquid hydrofluoric scld
phase and g resulting hydrocarbon phase con-
taining minor amounts of organic fiuorine com-
pounds and free hydrogen fitoride, successively
contacting said separated hydrocarbon phase
with lguid hydrofluoric acid to remove said or-
ganic fluorine compounds and with highly aqueous
hydrofluoric acld to remove free hydrogen fluo-
ride, adding resulting extract phases to the first
sald agueous hydrofivoric acid, admixing with the
first said resulting liquid hydrofluoric acid phase
suficient hydrogen fiuoride to raise the hydrogen
filuoride concentration to an alkylating strength
above 80 per cent by weight and also admixing &
low-boiling alkylatable hydrocarbon, mainfaining
the resulting admixture under alkylation condi-
tions to effect an alkylation of said alkylatable
hydrocarbon with olefins dissolved in said aqueous
hydrofluoric acid, and recovering from efluents of
sald treatment a hydrocarbon fraction contain-
ing alkylated hydrocarbons so produced.

5. In g process for alkylating s low-boiling
alkylatable hydrocarbon with a low-boiling ole-
fin, the improvement which comprises intimately
contacting at a temperature in the range of 39 to
150° F. an olefin-containing liquid hydrocarbon
mixture with liquid aqueous hydrofluoric acid
having a hydrogen fluoride concentration in the
range of 65 to 90 per cent by weight and with g
ratio of hydrogen fluoride to olefin in the range of
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10:1 to 50:1 by weight, separating a resulting

liquid hydrofluoric acid phase from unabsorbed
inert lguid hydrocarbons, admixing with said
aqueous hydrofivoric acid phase sufficient hydro-
gen fluoride to ralse the hydrogen fluoride con-
centration to above 90 per cent by weight, and
also admixing a low-boillng alkylatable hydro-
carbon, mainteining the resulting sdmixture
under alkylation conditions to effect an alkyla-
tion of said alkylateble hydrocarbon with olefing
dissolved in sald agqueous hydrofiuoric acid, and
recovering from efluents of said trestment g hy-

50

55
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drocarbon fraction containing alkylated hydro-
carbons so produced.

6. In a process for alkylating & low-boiling iso-
perafiln with g low-boiling olefin, the improve-
ment which comprises intimately contacting at a
temperature in the range of 30 to 150° ¥, an olefin-
containing liquid hydrocarbon mixture with lig-
uid aqueous hydrefluoric acid having & hydrogen
fuoride concentration in the range of 65 to 90
per cent by weight and with & ratio of hydrogen
fluoride to olefin in the range of 10:1 to 50:1
by weight, separating o resulting liquid hydro~
fluoric acid phase from unabsorbed inert liquid
hydrocarbons, admixing with said aqueous hydro-
fluoric acid phase sufficient hydrogen fluoride to
raise the hydrogen fluoride conceniration to above
90 per cent by weight and also admixing g low-
boiling isoparaffin, maintaining in gn alkylation
zone the resulting admixture under alkylation
conditions to effect an alkylation of said iso-
parafin with olefins dissolved in said agueous
hydrofiuoric acid, the time interval between the
initial mixing of said clefin~containing hydrocar-
bon mixture with said aqueous hydrofluoric acid
and introduction of the resulting aqueous hydro-
fluoric acid phase to said alkylstion zone being
between about 5 and about 60 seconds, and recov-
ering from effluents of said treatment g hydre-
carbon fraction containing alkylated isoparafiins
80 produced.

7. In 8 process for alkylating a low-boiling
alkylatable hydrocarbon with a low-boiling olefin,
the improvement which comprises intimately con-
tacting at a temperature in the range of 30 to 150°
F. an olefin-containing liquid hydrocarbon mix-
ture with liquid aqueous hydrofluoric acid hav-
ing a hydrogen fluoride concentration in the range
of 65 to 90 per cent by weight and with a ratio
of hydrogen fluoride to olefin in the range of 10:1
to 50:1 by weight, separating a resulting liquid
hydrofluoric acid phase from unabsorbed inert
liquid hydrocarbons, admixing with said aqueous
hydrofluoric acid phase sufficient hydrogen fluo-
ride to raise the hydrogen fluoride concentration

*to above 80 per cent by weight, and also admixing

a low-boiling alkylatable hydrocarbon, maintain-
ing in an alkylation zone the resulting admixture
under alkylation conditions to effect an alkylation
of sald alkylatable hydrocarbon with oleflns dis-
solved in said aqueous hydrofluoric acid, the time
interval between the initial mixing of said olefln-
containing hydrocarbon mixture with said agque-
ous hydrofluoric acid and introduction of the
resulting aqueous hydrofiuoric acid phase to said
alkylation zone being between about 5 and about
60 seconds, and recovering from effluents of said
treatment & hydrocarbon fraction containing
alkylated hydrocarbons so produced.
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