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This invention relates to the production of
paraffins from isopentane and more particularly
to the production of isobutane and paraffins
heavier than isopentane from isopentane. .Still

more particularly, it relates to production of iso~-

butane and paraffins heavier than isopentane
from isopentane by a process involving simul-
taneous disproportionation and alkylation of iso-
pentane with a low-boiling aliphatic olefin hav-
ing at least 3 carbon atoms per molecule and with
a catalyst consisting of liguid substantially an-
hydrous hydrofluoric acid either alone or pro-
moted with up to 10 per cent of boron fluoride
based on the total weight of catalyst.

This application is a continuation in part of
my co-pending application, Serial No. 467,872,
filed December 4, 1942, now Patent 2399 368
issued April 30, 1946. . .

The principal object of this 1nvent10n is to in-
crease the total yield of higher-boiling and nor-
mally liquid or gasoline-range paraffins produced
from a given weight of an olefinic reactant in
hydrofluoric ' acid-catalyzed conversmn of iso-
pentane to heavier paraffins.

Another object is to produce high yields of
isobutane and isohexanes from isopentane and
an olefin in the presence of liquid substantially
anhydrous hydrofluoric acid alkylation catalyst.

Another object is to provide a process of the
foregoing type wherein isoparafiins heavier than
. isopentane and having high octane rating are
produced in greater overall yield from given
guantities of isopentane and aliphatic olefin.

Numerous other objects of the present inven-

- tion will be apparent to those skilled in the art

- from a consideration of this specification taken
in conjunction with the accompanying drawmgs
wherein

Fig. 1 portrays diagrammatically one arrange-
ment of equipment which may very advantage-

" ously be employed in carrying out the present in-
. vention, and
- PFig. 2 portrays a modlﬁcatlon of the reactmn
. vessel wherein the reaction is carried out in a
combined reaction-fractional distillation column.
T have now found that by the employment of
suitable proportions of reactants and of suitable
- reaction conditions which are fully detailed here-
inafter, a highly desirable sidereaction whichnor-
mally occurs not at all or only to a very minor
extent in the conventional alkylation of iso-
pentane with clefins may be selectively encour-
aged. This side reaction results in disproportion-
ation of isopentane to isobutane and isohexanes
(primarily the methyl pentanes), For-example,

E
53

10

15

20

25

30

40

. preferably is at least 7:1.

(Cl 260—683.4)

2

under certain conditions a surprisingly large
proportion of the isopentane is converted to iso-
butane and isohexanes concurrently with pri-
mary alkylation of a minor proportion of the
isopentane, so that yields of hexanes and higher-
boiling gascline hydrocarbons of at least 400 and
even as high as 500 or more per cent by weight
of the olefin charged are obtained.

The isobutane produced by the disproportiona-
tion may be used as feed stock for other processes,
as for a process in which it itself is alkylated. I

“have found that in the interest of an increased

vield of higher-boiling or gasoline hydrocarbons
(Cs and heavier) from the disproportionation-
alkylation, it is preferable to remove the iso-
butane from the reaction mixture as soon as pos-
sible after its formation, and that it is preferable
not to recycle the iscbutane to this particular
process. ‘On the contrary, better yields of higher
octane hydrocarbons are obtained if the iso-
butane is alkylated with an olefin in a separate
zZone,

Substantnally immediate removal of the iso-

‘butane as soon as it is formed may be accom-

plished in any suitable manner. For example
charging and withdrawal rates and residence
time in a continuous process may be so adjusted
that the reaction mixture is promptly withdrawn
from the reaction zone and passed to suitable
steps for the rapid removal of isobutane. It is
desirable to avoid alkylation of isobutane in the
disproportionation-reaction zone. Removal of
isobutane from the reaction zone is additionally
desirable because it facilitates the desired re-
action, namely, disproportionation. In many
cases it will be found desirable to effect substan-
tially immediate removal of isobutane from the
seat or center of reaction by conducting the re-
action in a fractional distillation column.

The molar ratio of isopentane to olefin charged
to the reaction zcne should be at least 5:1 and .
It may range as high
as 10:1 or even higher, up to 20:1. This ratio has

" reférence to the external feed, i. e., to the total
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" isopentane and olefin introduced to the reaction

zone. 'This is to be distinguished from the in-
ternal molar ratio, i. e., the molar ratio of iso-

‘parafin to olefin in the reaction zone itself. As

will be obvious to those skilled in the art, because
of very rapid consumption of olefin, the internal
molar ratio of isoparaffin to olefin may be ex-
ceedingly high, for example as high as 100:1 or
even 1000:1. In the case of continuous operation,
the external molar ratio of isopentane to olefin
may be determined from the relative amounts of
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isopeniane and olefin charged at any instant. In
2 hatch type operation, where the olefin is usually
added over an extended period of time to the
reaction zone containing the isopentane and the
hydrofiueric acid catalyst, the molar ratio re-
ferred to akove is that of the total isopentane
charged to the total olefin charge.

The amount of hydrofuoric acid employed as
catalyst may vary within wide limits. Ordinarily
it will be such that the volume of hydrofluoric
acid is at least equal to that of the hydrocarbons
present in the reaction zene. Usually the hydro-
fluoric acid will be present in such amount that
it will form a separate acid phase, thereby re-

quiring provision of suitable means for -agitat-"

ing and securing intimate contact between the
hydrocarikon phase and the -catalyst phase. "The
volume ratic of hydrofiuoric acid to hydrocarbons
may range from 1:10 up to 2:1.

. The reaction temperature may range from 40
to 300° F. Temperatures below 40° F. are dis~
advantageous and are seldom employed. 'The
preferred temperature range is from 100 fo.200°
F. Employment of temperatures within this
rahge gives considerably higher yields:and is pre-
ferred.

The pressure in the reaction zene should be
sufficient to maintain the hydrocarbons and the
hydrofiuoric acid in liguidphase.

Ordinarily I employ a catalyst consisting of
substantially anhydrous hydrofluoric acid. This
catalyst should preferably not contain more than
a few per cent of water, say not cver 5 per cent.
If the hydrocarbons available contain entrained
or dissolved water to any substantial extent, ap-
propriate measures should be taken to remove
such water prior to :charging the hydroearbons
to the reaction 'zone, so that the hydrocarbons
charged are essentially anhydrous. This pre-

vents fhe accumulation of water in the hydro- 4

fluoric acid which has g very great affinity for
water. Accumulation of water in the catalyst.is
undesirable because it destroys its aetivity and
requires that .an objectionably large proportion
of the catalyst be continuously rejected from the
system since hydrofiucric acid and water form.an
azeotrope which cannot be resolved economically
in-any way now known to theart.

In some cases, it may be desirable to.employ a
eatalyst consisting of substantially anhydrous hy~
drofluoric acid promoted with o minor proportion
of horon fuoride. For example, the amount of
boron flucride employved may range from o trace
up to but not exceeding 18 weight per cent of the
total catalyst.
tion of hydrofluoric acid and causes the reaction
to proceed somewhat more expeditiously. How-
ever, the expense connected with the use of boron
fluoride and recovery thereof may make its em-
ployment unwarranied. :

As the olefin T may use any low-boiling ali-
phatic clefin having at least 3 carbon atoms per
‘molecule. Thus I may use any of the C; to Cs
olefins including propylene, any of the butylenes
and any of the amylenes. Mixtures of any two or
more of the C3 to Cs olefins may be used.

The reaction time may vary within quite wide
limits depending upon the conditions under which
the reaction is carried out. Normally the reac-
tion time will not be less than 5 minutes nor
greater than 1 hour. 'The hydrocarbons should
be held in the reaction zone long enough to ac-
eomplish substantially complete consumption of
the olefin ‘and formation of the desired products
to the desired extent. It:isbelieved:that the olefin

Boron fluoride promotes the ac- -
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is consumed substantially entirely by alkylation
of a minor proportion of the isopentane. The
reaction is characterized by the formation of
isobutane from isopentanse in an amount egual
to at least 150 and occasionally as high as 250
weight per cent of the olefin charged. It is fur-
ther characterized by the formation of Cs and
‘higher paraffins from isopentane to the extent of
at least 400 and occasionally as high as 550 or
more weight per cent of the olefin. The yield of
-pentane-free liquid hydrocarbons produced by
the process of the present invention is at least
130 weight per cent and often as high as 200 or
even 230 weight per cent of the theoretical al-
kylation yield. In most cases at least 30 volume
per ceut-of the Cs and higher paraffins produced
by the process are hexanes (isohexanes) which
are very valuable. In addition my process yields
substantial percentages of each of higher
branched chain paraffins, namely, hepfanes, oc-
tanes, nonanes and decanes and heavier.

The major reaction occurring in the process of

‘the-present invention is disproportionation of the

isopentane- to isobutane and to
heavier than isopentane.

isoparafiins
A minor reaction is

‘the alkylation of a portion of the isopentane with

the olefin employed. The olefin acts to alkylate
a minor proportion only of the isopentane. The
disproportionation of the isopentane takes place

very expeditiously inthe presence of the reactants

and catalyst and under the conditions employed
in ‘the alkylation of the isopentane. My inven-
‘tion is based on the discovery thiat alkylation of
a minor proportion of the isopentane with the
olefin in the presence of hydrofluoric acid pro-
‘moies-the disproportionation of the remainder of
the isopentane to a very pronounced degrae.
The process of my invention may very advan-
tageously be carried out in a combination reac-
tion-fractional distillation column to which the
isopentane and the olefin in the proper external
‘molar ratio'may be charged continuously. ILiguid
substantially anhydrous hydrofluoric acid may
be injected continuously at a point or several
‘points of the column. This hydrofivoriec acid may
serve as the reflux for the column. The bottom
.of ‘the column is reboiled in the usual way. The
olefin may be introduced with the isopentane or
at another point in the column. Tt may be in-
troduced at & multiplicity of points dlong the
column. Since the olefin is substantially imme-
diately consumed by reaction none goes out in
the overhead wvapors. The overhead from the
column is an azeotrope of isobutane and hydro-
gen fluoride. This mode of operation is especially
advantageous because the isobutane formed by
disproportionation is immediately removed from
the zone of reaction by fractional distillation.
The overhead vapors of isobutans and hydrofiu-
oric ‘acid may be condensed and the resulting
liquid condensate :subjected fo layer formation.
The isobutane layer is withdrawn from the sys-
tem and may be passed to a serarate alkylation
step wherein it is alkylated with an olefin. The
acid layer is recycled to one or more points of the
column as a source of hydrofluoric acid for the
reaction and as -a reflux for the column. The
column may be operated under any suitable low
superatmospheric pressure which is svficient to
hold the ‘temperatures in the column at the de-
‘sired level. The zone of the bulk of the reaction
should be between 40 and 300° F. and preferably
between 100 and 200° F. The top temperature
‘of the column will be the boiling point of the
isobutane-hydrofluoric acid azeotrope under the
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‘column pressure. The bottom temperatiire should
be at least sufficiently high to insure substan-
tially complete removal of isopentane from the
withdrawn kettle product so that the isopentane
charged to the column is not allowed to escape
therefrom but is held therein until it is converted
to higher and lower isoparaffiins.

Where the reaction is conducted in a fractional
distillation column in the manner just described,
the amount of hydrefluoric acid present must be
sufficient to form a separate liguid acid phase in
the major reaction zone in the column. Although
at times it may be desirable to provide special
means for attaining intimate contact between the
acid phase and the hydrocarbon phase wherever
they are present in the column, ordinarily the
bubble trays or column packing will provide the
necessary intimacy of contact. However, if de-
sired, additional provision may be made for ob-
taining such contact. The selection of suitable
means for accomplishing this result will be obvi-
ous to those skilled in the art.

The hottoms product from the reactor-frac-
tionator is treated in any suitable manner to re-
cover the valuable products contained therein,
namely, the paraffins boiling above isopentane.
If an acid phase is present, this bottoms product
is passed to the usual settler where the hydro-
carbon is drawn off separately from the acid
phase, which is recycled to the column.

In Fig. 1 of the drawings, isopentane is chargsd
via line ! to reactor 2. Olefin enters the system
via line 3; hydrofivoric acid enters by line &.  If
it is desired to use a small amount of boron
fluoride as a promoter, it may be fed in via line 5.
The olefin may bé admixed with the hydrofluoric
acid prior to .entry into 2; but preferably
it may be fed in separately as via line 8§
or it may ke fed in admixture with the isc-
pentane as via line T. Reactor 2 is provided with
the usual means for maintaining the desired tem-
perature therein and for chtaining the desired de-
gree of contact between the acid phase and the
hydrocarbon phase. The reaction effluent is
passed via line 5! to settler 8 from which the hy-
drocarbon layer is fed via line 82 to deisobutaniz-
ing column 8. The acid layer is withdrawn via
line E3 and recycled via line 84 to reactor 2.
Ordinarily a suitable portion of the.acid layer is
continuously rerun as in unit {8 pricr to recycling.
The portion to be rerun is passed via line 5§ to
rerun unit 18 (which is of known type) and the
rerun HF is returned via line 86 to line 4 and re-
actor 2.

The overhead fraction from deisohutanizing
column § may be passed directly via lines 87, 58
and 62 to a separate alkylation unit {{ wherein it
is alkylated with an olefin using hydrofluoric-acid
as the eatalyst. Ordinarily this overhead frac~
tion will contain substantial proportions of hydro-
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fluoric acid. Removal of such hydrofluoric acid |

is not necessary prior to-alkylation in unit 4. If
desired, however, the overhead from column &
may be fed to unit {2 and/or unit 13 for removal
of hydrofiuoric acid and light gases such as.pro-
pane and lighter, respectively. Hydrofluoric acid
separated in unit {2 may ke recycled via line (4.
The thus purified isobutanes may be fed to alkyla-
tion unit 4.
tageous to do so, there may be occasions when i$
will be desired to recycle the iscbutane derived
from the overhead of column 8 to the reactor 2.
This may he done by means of lines 1% or 16,

The isobutane overhead fraction from column,

9 may be passed via lines 57 and 59 to unit 12

65

While it is distincily disadvan-

70

75

6
wherein hydroflucric acid may be removed in
known manner. The thus purified isobutane may
be fed to alkylation unit {i by means of lines 69,
61 and 62. The separated HF is discharged from
unit {2 via line 62 whence it may he discharged
from the system via line 65 and/or recycled to re-
actor 2 via line {4. Alternatively the isobutane
leaving unit {2 viz line 69 may be fed via line 53

“into separation unit {3 wherein light gases name-

1y propane and lighter are separated in known
manner. The light gases are discharged from
unit 13 snd the system via line $8. The so puri-
fied isobutane leaves unit 13 via line 87 and is fed

‘thereby and by line 82 to alkylation unit ¢1{.

If desired the iscbutane cverhead fraction from

‘column 8 may be passed via lines 58, 8¢ and §3 to

unit 12 for the separation of light gases only, the
resulting isobutane free from such gases as pro-
pane ang lighter thence being passed via lines
67 and 62 as before.

Extraneous HF is fed to alkylation unit i via
line 68 and olefin is fed thereto via line 63.

The bottoms product from column 9 is fed via
line 18 to deisopentanizing column {7 which re-
moves overhead the unreacted iscpentane. This
isopentane is withdrawn via line Tt and may he
recycled to unit 2 via line 18, If desired a portion
of the overhead from column {7 may ke dis-~
charged from the system via line ¥2. The bot-
toms preduct from column {7 consists of paraffins
heavier than isopentane and contains not only the
alkylate formed in unit 2 but also the T and
heavier paraffins formed by disproportionation of
isopentane therein. This product may be treat-
ed in any suitable manner %o recover its com-
ponents, for example, it may he passed via lines
73, T4 and 75 to fractionation system {2 for sepa-
ration into several high octane fractions as indi-

‘cated. TIf desired, a portion or all of the Cs and

heavier bottoms fraction withdrawn from col-
umn 17 via line T3 may be withdrawn from the
system via line 76. In many cases it may ke de-
sirable to pass the bottoms product from line 73

"through lines 14 and 77 to a columnn 28 wherain

the isohexanes are separated overhead via line 78
from the heavier material which is withdrawn
as bottoms product via line 7%. This bottoms
product may conveniently be fed from line 78
through line 71§ to the fractionation system (8
for further resolution into the desired fractions
thereof. -

If desired, the isohexanes fraction separated
as overhead in column 28 may be fed via line 78
to an alkylation unit 21 wherein it ig alkylated
with olefin introduced via line 83 using H¥ intro-
duced via line &1 as the catalyst.

The alkylate-containing hydrocarbon mixture
formed in units 1 and 24 may if desired he fad
vig lines 22 and 23 respectively to the common
fractionation system 19.

Fractionation system {8 is of a type well known
to the art and may conveniently comprise a series
of fractional distiliation columns. If the iso-
hexanes were not previously removed by the use
of column 22 they are separated in system 49
as a fraction withdrawn via line 82. The isc-
heptanes may similarly be withdrawn as a sepa-
rate fraction via line §3. The octanes and heavier
may be withdrawn via line 84.

In Fig. 2 of the drawings, there is porirayved
equipment for carrying out the reaction of the
present , invention in a fractional distillation
column: 30, Column 35 is equipped with the usual
bubble trays as indicated by the dotted lines and
with the usual reboiler 3i. The isopentane either
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by itself or in admixture with the olefin is in-
troduced at an infermediate point in the column,
ustally around the midpoint, by means of line
22. Optionally the olefin may be separately in-
troduced at-one or a plurality of points which may
ke below the point of isopentane entry as shown
in the drawing, or which might in certain cases
he above the point of iscpentane entry. For this
purpose line 88 and associated injection lines may
be provided. The hydrofluoric acid in liquid form
is introduced via line 34. The overhead vapors
consisting essentially of iscbutane and hydro-
fluoric acid are removed via line 35, cooled in
condensar 2% to liquefy them, and the resulting

liquid condensate subjected to layer separation

in settler 87. 'The iscbutane layer is withdrawn
from settler &7 by line 35. The acid layer is

10

drawn off by line 39 and is recycled via line 3%A |

for admixture with incoming fresh hydrofluoric
acid in line 34. The reboiled bottoms product,
consisting essentially of parafiins boiling .above
isopentane, is fed via line 48 {o settler 44 when
a - separate acid phase is present. The hydrocar-
bon layer is withdrawn via line 42 and fed to a

recovery systeri which may ke similar to that -

shown in Fig. 1 or any other fractionation sys-
tem. The acid layer is withdrawn by line 43
and recycled via lines 3% and 22A to line 34 and
to ecolumn 38. If the bottoms product in line
43 does not contain a separate phase of hydro-
fluoric acid, it may be passed directly via line
84 to the recovery system. It i§ often desirable
to cool the bottoms product flowing in line &8
in order to get a betier separation in settler 41.
For this purpose coolar 48 may be provided.

While it is generally preferred to re-introduce
the hydrofiuoric acid flowing in line 38 to the
top of column 23 by means of lines 33A and 34,
I may, as is indicated by Fig. 2 of the drawings,
introduce a portion of this recycle at other points
in column &. For this purpose line 4§ and as-
sociated inlet lines 21, 42, 9, 58 and 58A may be
employed.

The following examples are illustrative of some
of the many aspects of the invention but are not
necessarily limitative.

Examples I to VI

Data for several batch-type runs for the con-
version of isopentane in the presence of hydro-
fluoric acid, using various olefins, are presented
together, for the sake of brevity and conciseness,
in the following tabulation.

In the run with propylene, Example I, the
amount of isobutane formed was not determined,
but it was prebably approximately molecularly
equivalent to the hexanes (isohexanes), which
constituted over 30 per cent of the liquid prod-
uet. This run was made at an insufficiently high
temperature for optimum results, but it is clear
that a high extent of disproportionation oceurred
in spite of this fact.

Among other things, it may be noted from these
data that the yield of depentanized liquid prod-
uct was much higher than that to be expected
from ordinary alkylation, being as high as over
twice the theoretical alkylation yield computed
on the basis of cne molecule of olefin reacting
with one molecule of isopentane. Yields even
higher than those shown are obtained at rela-
tively higher temperatures, such as temperatures
in the preferred range of 100 to 200° F. With re-
spect to the two runs made with iscbutylene, the
yield was highest in the run that was made at
the relatively higher temperature. In all these
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Tuns, more than one molecule of isopentane re-
acted per molecule -of olefin o give higher-boil-
ing paraffins; indeed, in the higher-temperature
run with isebutylene over five molecules of iso-
pentane reacted per molecule of olefin. Since
olefins, because of their relatively greater readi-
ness to react chemically, are in ‘general more
valuable than the -corresponding paraffins, a
major advantage of the disproportionation-
-alkylation here exemplified is obvious.

Disproportionation-alkylation of isopentane

Example. .. o-.. | I I ) I iv v VI
Olefn. oo .| CaHg |4-CysHg | i-CysHs | 1-CsHy | 2-CsH | CsHyo
Temperature,© F. _[65-79 -64-86.1 38-61']:66-100: 68-102 173<100
Reaction time, min |35-70 | 10-30.{ 10~30 | 10-30 | 10-30: 9-31
Ispopentane/olefin | : ’
{mal.) (feed) .| 7.25% B.75 7.62} 8.3 7.5 10.2
Hydrocarbons/HF . . : .
0N I 7.8 1 1 1 1
‘Isobutane formed, : H )
weight percent cf . .
olefin. ..l ...l T 261 200 155 187 185
Pentane-free liquid : : . :
preduct:
Yield—-
Weight per- | :
cent of . .
olefin_.._. 406 535 443 405 | 445 437
Weight per-! : ; :
cent of, .|
theoreti-’
cal alkyl-; 5 b
ationyield_| 136 234 194 177 195 216
Composition,
vol. percent:
Hexanes..__| 30.7 45.2 42,3 37.7 41.4 | 49.5
Beptanes_..| 8.8 10.2 9.0 5.1 6.7 7.5
Octanes_.__| 41.7 5.8 11.6 6.4 7.7 3.4
I{)Tonanes‘___ g 113 23). 3 'f‘g g 37.0 32.2 | 219
Decanes.._: A L5 .2 | |f 15.4
hocanes-—-| i %01 %3]} 18] 120 : {53
Total...._ 100.0 | 100.04 00.0- 100.0 | 100.0 100.0
Aviation-gasoline : ;
fraction: f : : :
Cut point, ®F..| 338 289" 289 284" 203 295
Yield, vol. per- : ’
. 95.1 81.4 76.2 -80.-7 34.3: 78.0
pressure, ib._..} 3.2 4.651 4.60 4.45 4101 5.15
Gravity, API | 71.2 75.6 75.2 74.6- 73.7 76. 4
ASTM distilla-
tion, ° F.—
First drop_.| 138 143 143 . 142 145 140
10% evap_.-| 173 153 155 155 161 150
50% evap___| 213 175 177 188 191 166
90% evap._.| 274, 264 273 271 268 . 284
End point__| 344 334 328 | 321 338 332
ASTM octane
No.—
Oce. TEL_.| 75.0° 75.0 76.2 74.6 79.2 72.2
lce. TEL__j 86.3 88.7 90.1 87.7 89.3 | 88.3
Total products,
weight percent of
olefin...______. DRSS FES 796 643 560 632 602

In the above tabulation two figures are given
for temperature. The first figure is the tem-
perature at the start of the reaction, and the
second figure is the temperature at the end of
the reaction which is exothermic. Likewise, two
numbers are given for reaction time. These fig-
ures give the shortest and the longest times that
the olefin was in the reaction zone. These were
batch-type runs in which the olefin was added

_gradually over an extended period of time.

A major advantage of the present invention is
provided by the exceedingly high yield of con-
comitantly formed isobutane, which is of the
order of twice the original olefin by weight. This
isobutane is of particular value because present
sources of this hydrocarbon are inadequate to
meet the demand for isobutane as a feed for the
manufacture of high-octaine aviation gasoline
by alkylation. Therefore, this concomitantly
formed isobutane may be advantageously sepa-
rated, preferably as soon as possible after forma-
tion, and it may be alkylated with an olefin to
aviation-gasoline paraffins in a separate alkyla-
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tion unit such as unit {1 in Fig. 1, preferably in
the presence of hydrofluoric acid as catalyst.

This procedure is much more advantageous than

reécycling the isobutane together with unreacted
isopentane back to the first unit 2, for the over-
all yield of gascline-range liquid paraffins for the
two-stage operation is considerably larger than
for the one-stage operation. Furthermore, the
liguid product from the alkylation of isobutanc is
considerably higher in octane rating than the
liquid product from the disproportionation-
alkylation of isopentane with the same olefin; for
example, the aviation-gasoline alkylate irom hy-
drofiuoric acid alkylation of isobutane with iso-
butylene has an octane number of about 95-—96,
which is 20 units higher. than the values given:
in the foregoing tabulation for the aviation-range:
fraction of the product from the conversion_of
isopentane. Hence, because of the present de-.
mand for high-cctane aviation gascline, the two-.
stage operation yielding two gasoline-range prod--
ucts is relatively more advantageous than the one-
stage operation having combined recycling of iso-
butane and unreacted isopentane, IHowever, this
one-stage operation is not outside the broadest
scope of this invention.

The ischexanes produced by the dispropor-
tionation may be similarly advantageously sepa-
rated from the product, as by fractional distilla-
tion and may be used as such for biending in
motor fuels or may be alkylated with an olefin
as in unit 24 of Fig. 1, preferably in the presence
of hydrofluoric acid to give parafiins of different
volatility.

It should be observed that the reactions pro-
moted in accordance with this invention do not
comprise secondary reactions such as for ex-
ample that of cracking subsequent to ordinary al-
kylation. In such “cracking-alkylation,” the re-
actant isoparafiin is alkylated with an olefin as
in ordinary alkylation and the resulting alkylate
is allowed to crack into smaller compounds. Ob-
viously, such cracking-alkylation results in little
or no improvement in the over-all yield of par-
affins heavier than the original paraffin, whereas
by the present invention the over-all yield of
such heavier paraffins is markedly increased, and
to a surprisingly and quite unexpectedly high
degree in the light of past knowledge. Briefly,
instead of promoting reactions following alkyla-
tion, the present process promotes reactions pre-
ceding or accompanying alkylation.

In accordance with this invention, certain de-
sirable reactions are selectively promoted that
ordinarily occur to only relatively minor extents
in slkylations of paraffins with olefins in the
presence of liquid acid-type aikylation eatalyst.
Because the invention may be practised.other-
wise than ss specifically described or illustrated,
and because many modifications and variations
within the spirit and scope of it will be obvious
to those skilled in the art of hydrocarbon con-
version, the invention should not be unduly re-
stricted by the foregoing specification and ex-
amples.

I claim:

1. An improved process for converting isopen-
tane to higher-boiling isoparaffins boiling in the
gasoline range, which comprises charging iso-
pentane and a low-boiling aliphatic olefin hav-
ing at least three carbon atoms per molecule, in
a2 molar ratio of isopentane charged to olefin
charged of at least 7:1, to an intermediate por-
tion of combined reaction-fractional distillation
zone, introducing a liguid hydrofiucric acid al-
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kylation catalyst to the upper portion of said zong -
as'a-liquid reflux for said distillation, maintain-
ing in an intermediate reaction portion of said
zone a reaction temperature between 100 and
200° P., a ratio of liquid hydrofluoric acid cata~
lyst to liquid hydrocarbons from 1:10 to 2:1, and
a _reaction time between 5 and 60 minutes and
sufficient to effect complete reaction of charged
olefin and formation of iscbutane to the extent
of gt least 150 weight per cent of gaid olefin and
of Cs-and higher isoparaffins to the extent of at
least. 400 weight per cent of said olefin and to
the extent of at least 130 weight per cent of the -
theoretical alkylation yield, at least 30 volume
per cent of said Cs and higher parafiins being
jsohexang, removing as an overhead distillate
from:said zone a mixture comprising hydrogen
finoride. and isobutane and lighter hydrocarbons,
cooling and condensing sa2id mixture and separat-

ing a liguid hydroc¢arbon material from liquid .

hydrofluotric acid; returning at least g portion of
said liquid hydrofiuoric acid to said zone as said
reflux, separately alkylating isobutane contained
in said liguid hydrocarbon material to produce
normally liquid isoparaffins boiling in the gaso-
line range, passing a resulting crude alkylate to
a separating means, removing from the aforesaid
reaction-fractional distillation zone as a high~
boiling product a liguid hydrocarbon material
free from hydrogen fluoride and comprising Ce-
and-higher hydrocarbons preduced in said zone,
passing the last said liguid hydrocarbon material
to the aforesaid separating means, and removing
from said separating means as a product of the
process an isoparaffinic hydrocarbon material
comprising isoparafiinsg boiling in the gasocline
range produced from isopentane in said zone, and
produced from said isobutane alkylation.

2. An improved process for converting isopen-
tane to higher-boiling isoparaffins boiling in the
gasoline range, which comprises charging isopen-
tane and a low-boiling aliphatic olefin having at
least three carbon atoms per molecule, in a molar
ratio of isopentane charged to olefin charged of
at least 7:1, to an intermediate portion of com-~
bined reaction-fractional distillation zone, intro-
ducing a liquid hydrofiuoric acid alkylation cata-
lyst to the upper portion of said zone as a liguid
reflux for said distillation, maintaining in an
intermediate reaction portion of said zZcne a re-
action temperature, a ratio of liguid hydrofluoric
acid catalyst to liguid hydrocarbons from 1:10 to
2:1, and a reaction time between b and 60 min-
utes and sufficient to effect complete reaction of
charged olefin and formation of isobutane to the
extent of at least 150 weight per cent ¢f said olefin
and of Cs and higher isoparafiins to the extent
of at least 400 weight per cent of said olefin and
to the extent of at least 130 weight per cent of
the theoretical alkylation yield, at least 30 vol-
ume per cent of said Ce and higher parafiins being
ischexane, removing as an overhead distillate
from said zone a mixture comprising hydrogen
fluoride and isobutane and lighter hydrocarbons,
cooling and condensing said mixture and sepa-
rating a liquid hydrocarbon material from liguid
hydrofluoric acid, returning at least a portion of
said liquid hydrofluoric acid to said zone as said
reflux, removing from the aforesaid reaction-
fractional distillation zone as a high-boiling prod-
uct a liquid hydrocarbon material free from hy-
drogen fluoride and comprising Cs-and-higher
hydrocarbons produced in said zone, passing the
last said ligquid hydrocarbon material to separat-
ing means, and removing from said separating
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means 4§ a pioduct of the process an isoparaf-
finic Hydrocarbon materidl comprising isoparaf-<
fins boiling in the gasoline rdnge produced from
isopentane in said zone.

3. An. alkylation proeess whichi comprises re-
actirg isobutane with an olefin under alkylating
conditions, separately alkylating isopentane with
propylene in the presence of hydrogen fluoride at
a temperature of from about 75° F. to about 150°
P. while maintaining a molar ratio of isopentane
to propylene of about 7.25:1, whereby to produce
a substantial amount of isobutane concurrently
with the alkylated isopentane, and supplying the
isobutane thus produced to the first-mentioned
alkylating step.

4. An alkylation process which comprises re-
acting isobutane with an olefin under alkylating
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conditions, separately batchwise alkylating iso~ -

pentane with propylene in the presence of hydro-
gen fluoride at a temperature of from gbout 75° F.
to about 150° F. while maintaining a molar ratio
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of isopéntane to propyléne of abiout 7.25:1, wheré-
by to produce a substantial amount of iscbutane
concurrently with the alkylated isopentane, and
supplying the isobutane thus produced to the
first-mentioned alkylating step.

MARYAN P. MATUSZAR.
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