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1

This invention relates-to the conversion of hy-
drocarbons in the presence of hydrofiuoric acid.
In a particular embodiment of this application it
relates to the alkylation of low-boiling isoparafiin
hydrocarbong by reaction with low-boiling nor-
mal olefins such as propylene, butene-1, butene-2,
pentene-1, pentene-2, and the like. Particular
advantages result from the specific embodiment
wherein isobutane is alkylated by reaction with
butene-1.

At present, one important commercial method
of converting low-boiling hydrocarbons into mo-
tor-fuel hydrocarbons is alkylation of isoparaf-
fins with olefins in the presence of catalysts such
as hydrofiuoric acid and sulfurie acid. In pres-
ent commercial processes using hydrofiuoric acid
the hydrofluoric acid is preferably anhydrous,
and the presence of water is generally consid-
ered, on the basis of results obtained in the hy-
drofluoric acid alkylation of iscbutane with iso-
butylene, to be highly undesirable because if in-
creases corrosion of equipment, decreases alkyl-
ate yield and quality, and increases formation of
organic fluorine compounds, which must be re-
moved from the alkylate at considerable trouble
and expense. ’

Contrary to the teachings of the prior art, T
have made the surprising and:unexpected dis-
covery that, in the hydrofluoric acid alkylation
of isobutane with a .normal butylene, especially
butene-1, the presence of a minor amount of
water in the hydrofluoric acid leads to the pro-
duction of an alkylate so superior-in cctane rat-
ing that the disadvantages attendant upon the
presence of water are much more than counter-
balanced. It may be emphasized at the outset
that the advantages of the present invention at-
tendant upon the presence of water in the hy-
drofluoric acid are obtained only when the olefin
is'a normal clefin and are obtained in the highest
degree when the olefin is butene-1; they are not
obtained when the olefin is an isoclefin, stch as
isobutylene. : o )

Among the objects of this invention is to bro-
vide-an improved process for the conversion of
hydrocarbons. :

Another-object is to provide an improved proc-
ess Tor-alkylating isobutane with a normal butyl-
ene, whereby the alkylate obtained has an octane
rating -higher than that of the alkylate obtained
under comparable conditions by conventional hy-
drofluoric acid alkylation. )

A further object of my invention is to alkylate
low-boiling isoparaffins. '

Another object is to provide a process for uti-
lizing hydrofluoric acid containing a limited pro~
portion of water as a relatively superior catalyst
for the alkylation of isobutane with butene-1.

Other objects and advantages will be apparent
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2

from the accompanying description and disclo-
sure.

This- invention has resulted from a continua-
tion of the experimental and inventive activity
evidenced by my copending applications, Serial
Number 467,872, now Patent 2,399,368, issued
April 30, 1946, Serial Number 467,873, and Serial
Number 467.874; now Patent 2,387,162, issued Oc-
tober 16, 1945; all of which were filed December
4, 1942; and-of which this application is consid-
ered to be a continuation-in-part insofar as any
common subject matter is concerned. The last-
mentioned copending application is & continua-
tion-in-part of my application Serial Number
395,282, filed May 26, 1941, now Patent 2,320,629,
issued June 1, 1943.

As was pointed out in these copending applica-
tions, in present-day acid-catalyzed alkylation
processes for reacting paraffins with olefins to

- produce heavier parafiins, the principal or major

constituents of the alkylate produced are those
which would be formed if one olefin molecule
added to one paraffin molecule by a mechanism
termed paraffin-olefin juncture. In such junc-
ture, apparently a hydrogen or a methyl group
from the original paraffin becomes attached to
one of the two double-bond carbon atoms of the
original olefin, and the rest of the original par-
affii becomes attached to the other double-bond
carbon atom. The number of carbon atoms per
molecule of the major components of the product
is accordingly equal to the sum of the numbers
of carbon atoms per molecule of the paraffin and
the olefin reactants. Only a limited number of
the many possible parafiin isomers characterized
by this number of carbon atoms per molecule are
formed as-primary- products of simple paraffin--
olefin junctures. However; other isomers may
be formed by secondary and side reactions, such
as isomerization of the primary alkylate, isomer-
ization of the original olefin prior to the alkyla-
tion reaction, dimerization of the original olefin
accompanied or followed by hydrogenation of the
dimer, and the like,

Heretofore, those skilled in the art of alkyla-
tion have directed their efforts mainly towards
increasing the extent of the simple parafiin-olefin
juncture and towards decreasing the extent of
side reactions, especially polymerization of the
olefin. However, in many instances, specific side
reactions other than polymerization produce con-
stituents in the alkylate that are more desirable
and valuable than those produced by the-juncture
of the initial paraffin with the initial olefin.
Such a desirable side reaction is believed to be
promoted in the process of the present invention,
whereby apparently a relatively increased pro-
portion of one or more relatively high-octane-
number-octanes, particularly 2,2,4-trimethyl pen-
tane, is produced in the alkylate.
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This particular octane is the primary

alkylate formed by paraffin-olefin juncture in .

the hydrofluoric acid alkylation of isobutane
with isobutylene. Although it is also formed
to a small extent in the hydrofluoric acid alkyla-
tion of isobutane with a normal butylene, no
fully satisfactory explanation of its formation
from these particular reactants has been avail~
able, and no economical and readily practicable
means for promoting or increasing its forma-
tion has thus far been proposed.

The following theoretical explanation or
mechanism for the formation of 2,24-tri-
methylpentane in the acid-catalyzed alkylation
of an isoparaffin with an olefin is offered solely
for the purpose of aiding an understanding of
some aspects of the present invention.

In the presence of an alkylation catalyst such
as hydrofluoric acid, the isoparaffin appears to
“ionize” in at least two ways, each yielding s
positive ion and a negative ion, which for con-
venience may be designated and differentiated
from each other by adding to the root form of
the corresponding radical the terminations ium
and ide, respectively., For example, isobutane
ionizes to either hydrium (proton or positive
hydrogen ion) and iscbutide or methium and
- isopropide, as follows:

b o-
Lol !
e e
Isobutang Hydrium Isobutide
|
—C—

Lol | é = |
—C—C0—C~ = —C 4+ —C—0C—C—
R [ R
Isobutane Methinm Isopropide

The dashes perpendicular to an atom repre-,
sent bonds or shared pairs of electrons between
two carbon atoms or between a ecarbon atom and
a hydrogen atom, and the dashes parallel to an
atom represent unshared or “lone” pairs of elec~
trons. - For simplicity, the hydrogen atoms are
not written, except for the one directly involved
in the reaction.

The first type of ionization may be charac-
terized ‘as hydrium-forming ionization, and the
second type may be characterized as-methium-

forming ionization. For isopentane, the me-.

thium-forming ionization appears to predomi-
nate over the hydrium-forming ionization to an
extraordinarily high degree:

_.C__

__é.__' —C—
oL | !
RESakaie Sl ot
Isopentane Methium Isobutide
[ —_—
B B
bbb @ w v gt
Isopentane Hydrium-  Isopentide -

(or isoamide)
This-  predominance  of methium-forming

ionization in the case of isopentane is of exceed-
ingly great significarice because it indicates an

4
exceptionally - strong tendency for the ethyl
group to undergo methium-forming ionization.
That is, any hydrocarbon possessing an ethyl

‘group has a strong tendency to lose the methyl

group in this ethyl group by liberation of
methium. This tendency naturally increases

- “with the size and the complexity of the hydro-
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carbon molecule, with the possible exception of
hydrocarbons having the structure of 2,3-di-
methylpentane, such as 2,3,3-trimethylpentane,
in which it is apparently internally counterbal-
anced to some extent. It is almost undetectable
in propane, but it increases in normal butane to
the extent that advantageous isomerization to
isobutane can occur by an over-all succession of
methium-forming ionization, hydrogen shifting
(which- may involve hydrium-forming ioniza-
tion), and recombination of ions:

|
—C 4 | C—C—C—
R ) [
Normal butane Methium n-Propide
| = |
| 6—C—C— = —C—C—C—
[ [
n-Propide Isopropide
]
__C__
= 1 | [
T = e
Isopropide Methium Isobutane

This strong tendency for an ethyl group to
undergo methium-forming ionization appears to
account for the fact that the alkylation of iso-
pentane can give the high yields of concom-
itantly formed isobutane and isohexane that are
indicated in my aforementioned copending ap-
plication, Serial Number 467 ,872; for the iso~
butide for the methium- formmg ionization of
one isopentane molecule can unite with the hy-
drium from the hydrium-forming ionization of
another isopentane molecule to yield a molecule
of isobutane, and, similarly, the methium and
the isopentide can unite to form a molecule of
isohexane. In similar fashion, in the alkyla-
tion of isobutane, the formation of propane and
of isopentane can be accounted for by the com-
bination of hydrium with isopropide and of
methium with isobutide, respectively; however,
it ‘does not necessarily follow that such propane
and such isopentane are formed in molecularly
equivalent amounts, for the hydrium and the iso-
propide corresponding to the methium angd the
isobutide that unite to form isopentane may be
selectively consumed in other reactions.

The ionization of parafiins in hydrofluoric acid
and recombination of ions to form either the

' original or new paraffins is apparently promoted

by the presence of an olefin. The reason for the
promotion' appears to.be that the ‘olefin has a
strong tendency to acquire a positive ion, such

- as hydrium, by the following mechanism, exem-

plified for butene-1, which forms prmmpally sec-
ondary butium:

Q

|
—O—

|

Sec-butium
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In similar fashion, but to a relatively minor
extent, butene-1 can yield primary butium:
bbb @ b

Butene-1 Butene-1 dipole

- [

I [
—(IJ—?—AI——'C— + H & —C-0—0—C—
Hydrium.

‘Butene-1 dipole Primary butium

In similar fashion, butene-2 yields substantial-
1y only secondary butium:

L)
—ge=emeT = ]
Butene-2 Butene-2-dipole
| I T o)
e B G
. Hydrium
Butene-2 dipole Sec-butium

‘By this mechanism methium may be added sim-
ilarly, instead of hydrium, but the resulting posi-
tive ion differs for butene-1 and butene-2:

bt 4§

“Butemne-1 dipole Methium Diethylimethium
[
é & ! | —C=—C=—C—0—
[ TR Y T o SR e o B 1 1
I — | | —C—
|
Butene-2 dipole Methium Methylisopropyl-
methinm

The resulting positive ion logically can com-
bine with any of the negative hydrocarbon ions

present to form a primary-alkylate paraffin (for -

simplicity  the carbon-hydrogen bonds in the
product may be omitted) :

— ¢—C—C—C
[ —C— |
—C—0—C—C— + (]: | — C
[ | —(C=C—C~— |
b c—C—C
Sec:butinm Tsobutide 2,4-dimethyl-
hexane
—_ C¢—~C—C—C—C
bbb bl T — o
I Il bbb & '
b c—C—C
Disthylmethiom Isobutide 2-methyl4-ethyl-
hexane
IR S | - c—C—C~C
—(C—C—C—~C— —C— 1]
[ | + | — c ¢C
~C— —C—0—0— !
| [ Cc—C—~C
‘Methylisopropyl- TIsobutide 2,3,5-trimethyl-
-methium hexane
[ R | — Cc—C—C—C
—(—-(—C—C— 4 —C—-C—C— ——
i Il ¢—C—C
Sec-butium Isopropide 2,3-dimethyl-
pentane

0—0—C—C—C

| Cc—C—C
Diethylmethinm Isopropide 2-methyl-3-ethyl-
pentane
Lod 1 — ‘ :
_(l)_.(I;__C.-_(l;_ 4+ __-(lj_-_(l)__c_ iy C—C——C—C
—C— C c—(IJ—c
| Isopropide 2,3,4-trimethyl-
Methylisopropyl- pentane
methinm

The identity and the relative proportion.of any
particular primary-alkylate ‘paraffin: produced in
this matter depends on the identity and the rela-
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tive proportions of the ions that unite to form the
paraffin, :
Certain of the theoretical primary-alkylate
products contain, just as does isopentane, one or
more ethyl groups. In consequence, these prod-
ucts have a relatively high tendency to undergo
methium-forming ionization, and the resulting
negative ion then may undergo reactions like
those already exemplified. For example, 2,4-di-
methylhexane, which is theoretically -a major
primary product in the glkylation of -isobutane
with g normal butylene, may undergo an iso-
merization similar in mechanism to that already
shown for the isomerization of normal butane
(but far more facile because of the relatively
larger size and complexity of the molecule) :

] [¢]
c—C—C—C C—é——c
Lo
C——(l,——C C—(‘)—C
2,4-dimethylhexane 2,2,4-trimethylpentane

1f, instead of undergoing a hydrogen shift and
then recombining with methium, the negative ion
preliminarily formed by methium-forming ion~
ization acquires hydrium, 9,4-dimethylpentane is
formed. Similarly, from 2-methyl-4-ethylhexane
may be formed 2,4,4-trimethylhexane or 2,4-di-
methylhexane, depending on whether the nega-
tive ion formed by the methium-forming ion-
ization eventually combines with methium or with
hydritim; inasmuch as each of these products
still contains an ethyl group, further reaction may
oceur, to form such final product paraffins as
2,2,4-trimethylpentane and 2,4-dimethylpentane.
Similarly, other primary-alkylate paraffins con-
taining ethyl groups are converted, at least in
part, to other paraffins that do not contain ethyl
groups. In consequence, such s paraffin as 2-
methyl-3-ethylpentane, which is formed only in
relatively small proportion and which contains
at least one ethyl group, is practically absent
from the fihal alkylate, whereas such a par-
affin as 2,3,4-trimethylpentane, which also is
formed in relatively small proportion but which
does not contain as ethyl group, survives and
can be isolated from the final alkylate.

The foregoing simple but far-reaching theore-
tical explanation or mechanism of acid-catalyzed
alkylation presents a clear, logical picture of the
reactions that take place. It appears to account
remarkably well for most if not all of the experi-
mental facts known at present in the field of
acid-catalyzed alkylation. For present purposes,
it need not be made exhaustive, so that no at-
tempt need be made herein to account explicitly
for the presence or the absence of each and every
alkylate product. .

Tn this mechanism, a limited proportion of
water can play a role that is apparently similar
to the initial role of the olefin, that of promot-
ing the ionization of various paraffins by acting
as & hydrium or methium acceptor. Understand-
ing of this theoretical conception may be facili-
tated by a consideration of the nature of hydro-
fluoric acid, particularly strong or substantially
anhydrous hydrofluoric acid as distinguished from
a dilute aqueous solution. The nature of this
material is most simply comprehended by a real-
ization that it is the fourth member of the se-
ries: methane, ammonia, water, hydrofluoric acid.
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Electronically, these compounds may be repre-
sented as follows:
_(:3_ '] III\T~ Q= | B
In this series, each member has one more “lone”
electron pair than the preceding member. Each
member has a tendency to acquire the structure
bresent in methane, that is, to have four hydro-
gen atoms each bound to the central atom by
an electron pair. This tendency  is obviously
strongest in ammonia, which unites or coordinates
with hydrium to form the positive ammonium ion
present in ammonium salts:

EERE -
This tendency is relatively less strong in water,
which however, does form the positive hydronium
(hydroxonium) ion:

—6-— +H —— —J)—
Understandably, this tendency is least strong in
hydrofluoric acid, which in fact attracts fluoride
rather than hydrium, forming a complex negative
ion containing g hydrogen bridge:

| P~ +|F| — | T—H—T|

Although this last equation appears to indi-~
cate a difference in kind rather than a difference
in degree between hydrofluoric acid on the one
hand and ammonia and water on the other, the
fact is that the gifference is only one of degree,
as may be readily realized from the consideration
that hydrofiluoric acid polymerizes and that both
ammonia and water combine with hydrofluoric
acid to form salts. Of these salts, the salt from
ammonia, ammonium fluoride, is quite stable and
is well known in solid form, whereas the corre-
sponding salt from water, hydronium (or hy-
drexonium) fluoride, is relatively less stable, so
that it is known chiefly in solution, although it
undoubtedly can be isolated as a solid at low tem-
peratures; corresponding to these two salts is the
relatively still less stable dimer of hydrofiuoric

acid. The gradation among these three substan--

ances is readily seen from the following elec-
tronic equations for their formation: :

—I%IL + —F — —I%I—H—EI

Ammonia Hydrofluorie
acid

Ammonium fluoride

—0— 4+ —F| — |<:)—H—_F|

Water Hydrofluoric Hydronium
acid fluoride
-rf 4+ —=F — —F-H-F |
Bydrofluoric Hydrofluoric Hydrofluoric acid
acid acid dimer

It ‘appears from the foregoing that, on passing
from ammonia to hydrofluoric acid, there is a
definite gradation in the tendency to form ions
or salts cerresponding to the ammeonium ion or
the ammonium salt. In water thig tendeney is
of an intermediate strength that is highly suited
for the purposes of the present invention, where-
by the reactions leading to relatively : high-oc-
tane-number motor-fuel paraffing are promoted
and expedited, possibly through facilitating ioni-

zation of paraffins by the .acceptance or acqui-
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8

sition of hydrium or methium to form the cor-
responding positive oxonium ion. However, the
proportion of water present must be limited, for
too large a proportion changes the system from
one in which hydrofluoric acid is the solvent to
one in which water is the solvent, and the nature
of the reactions that can take place is corre-
spondingly greatly changed. Apparently, when
the proportion of water is gradually increased,
the solubility of the paraffin. is correspondingly
decreased, wherefore the ionization of the par-
affin is likewise decreased, and the alkylation re-
actions are correspondingly hindered. Concur-
rently, ionization of hydrofluoric acid into hy-
drogen and fluoride ions is correspondingly in-
creased, so that any positive jon formed by the
union of an olefin molecule and a hydrogen ion
is caused to unite with a fluoride ion rather than
with a negative hydrocarbon ion of the type of -
isobutide, isopropide, or the like. In consequence,
the olefin is largely consumed in the formation
of the corresponding alkyl fluoride instead of
undergoing juncture with a paraffin,

In accordance with one aspect of this inven-
tion, the formation of molecules of hydrocarbons
having high octane numbers is promoted by the
bresence of a minor, or limited, proportion of wa-
ter in the hydrofiuoric acid. From the results of
extensive experimentation, it has been foungd that
the proportion of water in the hydrofluoric acid
should be between approximately 2 and approx-
imately 10 per cent by weight of the hydrogen
fluoride, exclusive of any dissolved organic ma-
terial, when normal butenes are the alkylating
olefins. The optimum proportion for any par-
ticular set of selected alkylation conditions may
be readily determined by trial; usually the opti-
mum - proportion in 'alkylating isobutane with
butene-1 is between 4.0 and 6.0 per cent by weight,
so that the proportion is preferably adjusted to
approximately 5.0 percent. This proportion is
rather critical from the point of view of obtain-
ing an alkylate of the highest possible octane rat-
ing. If too little water is bresent, the alkyla-
tion degenerates into the conventional alkyla-
tion; if too much is present, the olefin is con-
sumed -in formation of the corresponding alkyl
fluoride, accompanied by considerakle polymer-
ization, and the Tesulting product is inferior in
both yield and octane rating and contains an
excessive proportion of organic fluorine com-
pounds. However, the critica] limits of the pro-
portion of water in hydrofluoric acid alkylation
with butene-2 appear to differ somewhat from
those found for butene-1, under otherwise sub-
stantially identical alkylation conditions. That
is, in alkylation of isobutane with butene-2, the
optimum proportion of water appears to be be-
tween approximately 2.0.and approximately 4.0
per cent by weight of the hydrogen fluoride in
the catalyst, so that the proportion is prefer-
ably maintained. at approximately 3.0 per cent.
For alkylating an isoparaffin with a mixture of
normal butylenes, the preferred proportion of
water may be calculated in accordance with the
proportions of these butylenes in the olefin feed;
for example, for an olefin feed containing ap-
broximately equal proportions of butene-1 and of
butene-2, the preferred proportion  of water is
approximately 4.0 per cent by weight of the hy-
drogen fiuoride in the catalyst. In alkylating
with' solely isobutylene, however, no water pref-
erably should be present in the catalyst; hence,
when the alkylation is being made with a mix-
ture containing ‘one .or both normal butylénes
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ang isobutylene, the proportion of water should
be adjusted in accordance with the proportions
of the specific butylenes present. For example,
for alkylating with a mixture containing - ap-
proximately equal proportions of butene-1; bu-
tene-2, and isobutylene, the proportion of water
should preferably be adjusted to approximately
3.0 per cent by weight of the hydrogen. fluoride.
Tt will be understood that adjusting the propor-
tion of water in this manner is in the interest
of obtaining the optimum octane rating for the
over-all alkylate produced.

A detajled explanation of one embodiment of
this invention may be made with reference to the
accompanying drawing, whichisa schematic flow-
diagram exemplifying a preferred manner of
converting four-carbon paraffing to motor-fuel
paraffins.

A mixture of isobutane and normal butane en-
tering the system through inlet 1 is separated
into its components by fractionator- 2. The iso-
butane is passed through conduits 3 and 4. to al-
kylators 5- and 6, which preferably are: so de-
signed that the incoming iscbutane sweeps any
corrosive - mixture - away from -any bearing  boX
~ or packing gland. The -normal butane is passed
through-conduit- T to dehydrogenator 8, in which
it is-catalytically dehydrogenated in known. man-
ner -to normal butylenes. The resulting dehy-
drogenation effluent is passed through. conduit 9
to fractionator 10; which comprises-a system of
fractional-distillation columns.  From this. sys-
tem, butene-1- is passed through conduit 11 to
the isobutane stream in conduit 3;. undehydro-
genated normal butane is recycled through-con-
duit 12-to-dehydrogenator 8; butene-2 is passed
through conduit 13 to: the-isobutane -stream in
conduit- 4; and by-products of the dehydrogena-
tion are removed, mostly as a low-boiling fraction,
in- a-manner- obvious- to those gkilled in. the- art-
as through conduit-{0A.

- In-each of alkylators-5 and 6, the incoming mix-
ture: of iscbutane and normal butylene is. inti-
mately mixed under. alkylation conditions-with an
alkylation- catalyst, which enters the alkylator
from: conduit-.14 or 15, respectively. For alkyla-
tor 5; in which the-alkylating butylene is‘butene=1,
the catalyst is-hydrofluoric acid containing ap-
proximately 5.0 per- cent by weight of water; for
alkylator 6, in-which:the alkylating butylene is
butene-2, the catalyst: is hydrofluoric acid con-
taining about 3.0 per cent by weight ~of water.
Except for the-difference in water content of the
hydrofluoric ‘acid, the alkylation conditions in
the two: alkylators may be: substantially alike.
The pressure should be sufficient to-maintain the
reaction mikture in liquid phase, but above this
point it ‘may be as: high as may be desired for
such purposes as effecting proper movement of
the various streams in the system or the like.
The temperature and the contact time, or average
time of residence or mixing in the alkylator, may
vary widely;. for o temperature in-the range of 90
to 120° F., which is preferred as being readily
obtainabie by water-cooling; the contact time is
preferably. approximately 10 minutes. The vol-
ume ratio of hydrocarbons to hydrofluoric acid
intheé alkylator is preferably approximately 1:1.
The mol ratio. of isobutane to butylene in the
incoming’ hydrocarbon stream is preferably as
higlf as is economically fedsible; usually it is from
4:1 to 10: 1. ‘ :

" THé reaction mixture effiient from alkylator B
is. passed-through conduit 18 to separator 17, in
which it is separated. by gravity into two liquid
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10
phases. The hydrocarbon phase may be passed
through conduits 18 and 34 to fractionator 18 for
separation into various fractions, but it is pref-
erably passed through conduit 20 to extractor
2{ for removal of organic fluorine compounds by
extraction with substantially anhydrous hydro-
fluoric acid, which is introduced through conduit
22, in-a ‘manner indicated in the aforementioned
Patent 2,320,629. The hydrofiuoric acid phase
from separator {Tin partis recycled through con-
duit 18 to alkylator 5 and in part is passed through
conduit 24 to fractionator 25, From fractionator
25, anhydrous hydrofluoric acid, accompanied by
some light hydrocarbons,. is passed overhead
through conduit 22 to extractor 21; a constant-
boiling -agueous hydrofluoric acid, containing ap-
proximately 40 per cent of hydrogen fluoride, is

‘passed in part through conduib 26 to alkylator

5 and in part through conduit 27 to alkylator 6,
but. part_or all of it may he withdrawn, if de-
sired, through outlet 28; and a relatively small
fraction of so-called “acid-soluble oil” is with-
drawn through outlet 28. Make-up hydrofiuoric
acid, which is obtained commercially in substan-

tially anhydrous form, may be added as required

through-inlet 30, and make-up. water 4s added
as required through inlet 3£ o

The reaction mixture effluent from alkylator 6
is passed through conduit 32 to- separator 33, in
which it is separated by gravity into two liquid
phases. . The hydrocarben- phase may-be passed
through conduit 34 to fractionator 19, for sep-
aration into various fractions,-but it -is- prefer-
ably passed through conduit 35 to extractor 21
for removal of organic fluorine compounds by
extraction with hydrofluoric acid; inasmuch as
this hydrocarbon phase at times contains slightly
less organic fluorine than the hydrocarbon phase
from separator {1, it is preferably intreduced into
extractor 21 at a point correspondingly relatively
upstream with respect to the stream of extract-
ing acid. The hydrofiuoric acid phase from sep-
arator 33 in part is recycled through-conduit 18
to alkylator 6 and in part is withdrawn through
outlet 371 or, preferably, is passed through con-
duit 38 to fractionator 25 for purification. Make-
up hydrofluoric acid may be added through inlet
29, but it is preferably added entirely through
inlet 40" to extractor 21; make-up water, when
required, may be added through inlet 44, but
ordinarily sufficient water is brought in in the
acid flowing in conduit 27. ,

Trom extractor 21 the hydrofluoric acid extract
is passed through conduit 42 to alkylator 6, carry-
ing with it the extracted organic fluorine com-
pounds, which thus become available for the
alkylation in alkylator 6 with advantageous re-
covery of the organic fiuorine as hydrogen flu-
oride. .

From extractor 21 the organic fluorine-depleted

“hydrocarbon mixture is passed through conduit

43 to fractionator 19, which generally is a system
of fractional-distillation columns. From this sys-
tem hydrofiuoric acid dissolved in the hydrocar-
bon mixture is distilled overhead in company with
some isobutane and is passed through conduit 44
to alkylator €. Isobutane is recycled to alkyla-
fors 5 and 6 through conduits 45 and 46. Nor-
mal butane is withdrawn through outlet 47, or is
passed to dehydrogenator 8 by means not shown.
‘A motor fuel of high octane rating is withdrawn
as the principal product of the process through
outlet 48. A small fraction of heavy hydrocar-
pons may be withdrawn through outlet 49.

Tt will be understood that the flow-diagram is
schematic and that auxiliary - equipment, not
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shown or described, such as pumps, valves, con-
trollers, and the like, may be desirable or even
necessary at various points in the process. As
such auxiliary equipment are well known, they
can be readily supplied by those skilled in the
art.

The following data are illustrative of some of
many aspects of the invention, without being nec-
essarily limitative.

Two continuous pilot-plant runs were made for
the alkylation of isobutane with butene~1 under
similar alkylation conditions except that in one
run the hydrofluoric acid contained 5.0 per cent
by weight of water (based on anhydrous HF),
whereas in the other run the acid was anhydrous.
The data obtained may be summarized as follows:

With §% | Without
Run water | water
Temperature, ®° F______ ... .. ... 92 88
Contact time, min______._..____ .. . ___ 10.1 111
Isobutane/butene-1 (mol)....._.._..___. 4.7:1 4.7:1
Hydrocarbons/HF (vol.). 1:1 11
Organic F in hydrocarbon efuent, wt. per
[T N -w—-| 0.0165 0. 0159
Total debutanized alkylate:
Gravity, ° APL RN 68.1 67.8
Reid vapor pressure, Ib....__.___..______. 2.30 2.76
ASTM distillation, ° F,—
First drop 178 162
5% evap. e 202 196
10 § 210 203
20 214 213
30 218 218
40 221 223
50 223 227
60 227 233
70 231 239
80, 238 253
90, 262 293
95 325 380
Drypoint . 392 463
ASTM octane number. .. _.__________._ 91.0 85.3
Light Alkylate:
Cut Point, °F__. ... 365 365
Yield, vol. per cent of total .______________ 97.2 92.5
Gravity, ® APL 68.4 69.0
Reid vapor pressure, b..__._..____________ 175 2.80
ASTM distillation, ® F.—
ISt ATOD e e c e e 190 151
5 @V e e 206 194
10 - — 211 204
20 e - 216 212
B0 e e ——— 218 216
40 [ R S 220 220
511 222 224
60 e 224 227
70 227 229
80l 232 234
90.._ 242 250
95 ___ 270 302
Dry point...._ 358 368
ASTM octane num’ 92.0 87.4

It will be noted that the octane number of the
total alkylate was increased by 5.7 units because
of the presence of the water in the hydrofluoric
acid and that the octane number of the light or
aviation-range alkylate was increased by 4.6 units.
Furthermore, it will be noted that the light
alkylate constituted 97.2 per cent of the total
alkylate when water was present, whereas it was
only 92.5 per cent when water was absent, indi-
cating that the formation of exceedingly heavy
hydrocarbons was advantageously decreased; in-
asmuch as the yield of total alkylate was approx-
imately the same in both runs, being approximate-
1y 200 per cent by weight of the original butene- 1,
this fact indicates that an advantageously some-
what higher yield of licht alkylate is obtained
from butene-1 when the present invention is prac-
ticed.

It may be pointed out that in both these runs
the mol ratio of isobutane to butene-1 in the feed
was fairly low, 4.7:1. There are a number of
factors that at present make it desirable to con-
duct commercial alkylation at such g fairly low
value for this ratio, even though it causes the
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yield and the quality of the alkylate to be some~
what adversely affected. When as at. present,
the need for high-quality alkylate ig great, the
available alkylation equipment is quite limited,
and the amount of isobutane is insuficient for ail
needs, it is desirable to conduct the alkylation at
a fairly low mol ratio of isobutahe to olefin, in
the interest of obtaining as much alkylate as pos-
sible from the available iscbutane with the avail-
able equipment. Also, for a given output of al-
kylate, the concomitant undesirable isomerization
of isobutane to normal butane that occurs dur-
ing alkylation is decreased by decrease in the
ratio of isobutane to olefin, so that the over-all
consumption of isobutane is decreased. In line
with these considerations, it may be observed that
the yield and the quality of the alkylate obtained
in the run made without water reflect the influ-
ence of the ratio of isobutane to butene-1, for
at a mol ratio twice as large the yield of light
alkylate is approximately 98 per cent by volume
of the fotal alkylate and the octane number is
approximately 89. But in the run made with
water, the yield and the octane number of the
alkylate approach closely those that are obtained
in hydrofluoric acid alkylation of isobutane with
butene-2 without water at a mol ratio of iso-
butane to olefin approximately twice that used in
the present run. In other words, the practice of
this invention appears to contribute the unex-
pected but important advantage of overcoming to
a large degree the unfavorable influence attend-
ing a low value for the ratio of isobutane to ole-
fin in the feed,

Although the advantages of some aspects of
the present invention are obtained when the alk-
vlating olefin is substantially solely butene-1,
other advantages are obtained in addition when
the detailed procedure indicated by the drawing
is followed. This procedure provides a unitary,
integrated process for alkylating with both bu-
tene-1 and butent-2, each under conditions Pe-
culiarly adapted to obtaining an alkylate of op-
timum yield and quality. This result is obtained
with the use of a minimum of equipment and
with less expenditure of time, effort, and materi-
als than is required by a process calling for sepa-
rate isomerization of butene-1 to butene-2, foi-
lowed by conventional hydrofluoric acid alkyla-
tion of isobutane, such as that disclosed in the
aforementioned copending application, Serial
Number 467,873.

Inasmuch as this invention may be practiced
other wise than as specifically described or illus-~
trated, and inasmuch ag many variations and
modifications of it will be obvious to those skilled
in the art, this invention should not be restricted

 otherwise than as specified in the appended

60

85

0

-]

75

claims.

Iclaim:

1./In a process for the alkylation of isobhutane
with butenes comprising normal butenes in the
bresence of a concentrated hydrofluoric acid cat-
alyst, the improvement which comprises main-
taining in said hydrofiuoric acid catalyst a con-
tent of a water in weight per cent of hydrogen
fluoride present within a range, the approximate
lower limit of which range is determined by 4
times the mol fraction of butene-1 of the total of
the butenes plus 2 times the mol fraction of bu-
tene-2 of the total of the butenes and the ap-
broximate upper limit of which range is deter-
mined by 6 times the mol fraction of butene-1 of
the total of the butenes plus 4 times the mol
fraction of butene-2 of the total of the butenes.



|\

2,426,559

13-

2. In a process for the alkylation of isobutane
with a mixture of normal butenes in the presence
of a concentrated hydrofluoric acid catalyst, the
improvement which comprises maintaining in
said hydrofluoric acid catalyst a content of water
in weight per cent of hydrogen fluoride present
which is 5 times the mol fraction of butene-1 of
the total of the butenes plus 3 times the mol frac-
tion of butene-2 of the total of the butenes.

MARYAN P. MATUSZAK.
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