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13 Claims:

This invention relates to the alkylation of iso-
paraffin hydrocarbons with olefin hydrocarbons
in the presence of an alkylation catalyst, such as
concentrated sulphuric acid. It has particular
-application to the manufacture. of high anti-
knock gasoline hydrocarbons suitable for use in
the production of motor fuel,

Broadly, the invention contemplates effecting’
the alkylation reaction in a series of reaction
stages in a continuous manner and subjecting.
the hydrocarbon mixture flowing from a preced-

- ing to a succeeding stage to cooling to remove.
exothermic heat of reaction, and also removing
from this hydrocarbon mixture, prior to its in-
troduction to the succeeding stage, at least a sub~
stantial portion of the alkylation products, as
well as a. substantial amount of normal par-
.affinjc hydrocarbons that may be associated with
the alkylated hydrocarbons. -

. Alkylation of olefin hydrocarbons with isopar-
affin “hydrocarbons by-contact with a catalyst,
such as concentrated sulphuric acid, is accom-
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panied by considerable evolution of heat. It is -

desirable, however, from the standpoint of real-
izing high yields and long catalyst life, to main-
tain the . reaction temperature within certain
limits. Also, in order to achieve these objects,
it has been found desirable to avoid the accumu-
lation of alkylation products as well as normal
paraffin hydrocarbons in the reaction zone.
Therefore, the process of the present invention
has for its purpose the obtaining of the advan-
tages which accrue as a result of continuously
removing from the reaction those materials
which are detrimental to the reaction, and also
the benefit accruing from cooling the reaction
mixture between stages.

In accordance with the (present invention a
hydrocarbon feed containing isoparaffins and
olefins is continuously passed to a series of re-
action vessels, in each of which the hydrocarbons
are brought into intimate contact with a liquid
catalyst to produce alkylated hydrocarbons ‘with
evolution of heat. A portion of the reacting ma-
terials is withdrawn from & preceding stage and,

. at least in part, passed to a succeeding stage.
Low boiling hydrocarbons are evaporated with
refrigerative effect from a portion of the with-
drawn mixture such that it is cooled and heat
interchange is effected between the vaporizing
or cooled mixture and reacting hydrocarbons and
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catalyst so as to absorb libera,ted heat 01' re- -

action,
Where the feed to the system comprises nor-

and normal butane, the above-mentioned vapor-
ized hydrocarbon will comprise butanes and these

‘vaporized hydrocarbons are returned to the sys-

tem, either to a preceding stage or to a succeed-
ing stage, or both, as may be desired.

Unvaporized hydrocarbons, comprising - al-
kylated hydrocarbons and some normal paraffins,
are Temoved, at least in part, from the system,
the portions not so removed being returned to
a succeeding reaction stage in the . operation.

Provision is made for separating used catalyst
from the withdrawn mixture between stages and
recycling it, all 'or in part, to the preceding re-
action stage, or, if desu'ed passing it to a suc-
ceeding stage.
 Advantageously, provision is made for with-
drawing a stream of reacting hydrocarbons and
catalyst from each reaction stage, and returning
it to the same stage in sufficient amount to pro-
vide adequate agitation within the reaction ves-
sel. This circulating stream of reacting mate-
rials can be brought into indirect heat exchange
with the portion of the withdrawn mixture un--
dergoing vaporization with refrigerative effect.
In this way the circulating stream is cooled prior
to its return to the reaction vessel, thereby ab-
sorbing the liberated heat of reaction. .

In order to describe the invention more fully
reference will now be made to the figure of the
accompanying drawing illustrating one method
of flow.

Referring to the figure: A hydrocarbon frac-
tion comprising Cs olefins and paraffins from a
source not shown, is passed through a pipe |
communicating with a branch pipe 2 leading
to a reaction vessel 3. Isobutane, in addition
to that contained in the feed, is introduced to
the reaction vessel 3 from a pipe 4, and to which .
reference will be made later. ’

In the reaction vessel 3 the isobutane is sub-
jected to reaction with the olefin hydrocarbons
by contact with an alkylation catalyst, advan-
tageously concentrated sulfuri¢ acid. The fresh
acid is introduced from a source not shown
through a pipe 5 connecting with a circulating
pipe 6, which communicates with the lower por-
tion of the vessel 3, ds indicated.

The reaction mixture continuously overflows
from the top of the vessel through a pipe 1. A
portion of the overflow is passed through a
branch pipe 8 and a cooling coil 8. The coocled
mixture passes from the coil 8 through a pipe
10, being forced by & circulating pump Ii
through the previously mentioned pipe 6 back

mally gaseous hydrocarbons, including mobutane 55 to the reaction vessel 3:
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That portion of the overflow not passing
through pipe 8 passes through a branch pipe 12
to a separator I3 wherein it separates into phases,
namely, a catalyst phase and a hydrocarbon
phase. The catalyst phase is withdrawn through
a pipe 14. and all or in part passed through
branch pipe 15 to the previously mentioned pipe
10 for return to the reaction vessel’ 3. The por-
tion not so returned may be withdrawn from the
system. ’

The hydrocarbon phase accumulating in the
upper portion of the separator (3 is passed
through a pipe 16 to a vaporizing vessel {71, in
the interior ‘of which is placed the previously
mentioned cooling coil 9.

The pressure in the vaporizer 17 is maintained
sufficiently low to cause vaporization of the lower
boiling hydrocarbons,  such as isobutane and
normal butane. Vaporization of these hydro-
carbons causes a reduction in temperature of the
unvaporized material surrounding the coil 9 so
that the mixture flowing through the interior of
the coil is cooled. The amount of vaporization
is controlled so as to produce the desired amount
of cooling. The vaporized hydrocarbons are re-

~moved through a pipe 18 leading to a compressor
19, by which means they are compressed and dis-
charged into a pipe 20, which, in turn, communi-
cates with the previously mentioned pipe 4.
The unvaporized hydrocarbons accumulating in

the vaporizer 1T are drawn off through a pipe 21. .

The withdrawn hydrocarbons may be passed, all
or in part, through a branch pipe 22 to a next
succeeding reaction vessel 23.
so introduced to the reaction vessel 23 is drawn
off from the reaction zone and passed to a neu-
tralizing vessel to which reference will be made
later. ' .

The operation of the reaction vessel 23 is simi-
lar to that described for the reaction vessel 3.
Fresh olefin feed is introduced from the pipe |
and branch pipe 24 while isobutane is introduced
through a pipe 25.

The reaction mixture is similarly drawn off
and passed in part to a separator 26 and in part
to a vaporizer 21. Provision is made for draw-
ing off the catalyst layer from the separator 26
and recycling it, all or in part, together with
fresh make-up acid, to the reaction vessel 23.
Provision is also made for vaporizing the required
amount of low boiling hydrocarbons in the vapor-
izer 27 so as to supply the desired amount of cool-

.Ing to the reaction mixture flowing through the
cooling coil located within the vaporizer. The
cooled circulating mixture is returned to the re-
action vessel through a circulating line 28,

‘The unvaporized hydrocarbons from the vapor-
izer 2T are drawn off through a pipe 29, the de-
sired portion thereof being passed through a
branch pipe 30 to a succeeding reaction vessel 31.
The portion not entering the reaction vessel 31
is drawn off and passed to the neutralizing vessel.

Likewise, fresh olefin feed is introduced to.the
reactor 31 from pipe 1 and branch pipe 32, while
isobutane is introduced through pipe 33.

Again, the overflow from the reactor 31 is
passed in part to a separator 34 and in part to a
vaporizer 35.
from the vaporizer 35 are drawn off through a
pipe 36 to a neutralizer 31, which has already
been mentioned, and which receives the un-
vaporized hydrocarbons from the two preceding
stages. ,

. 'These unvaporized hydrocarbons. comprise

- alkylated hydrocarbons containing a small

The portion not
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amount of acid. This retained acid is removed in
the neutralizing vessel 31 by treatment with an
alkaline wash.

The neutralized product is then passed through
a pipe 38 to a fractionator 39 for the purpose of
stabilizing the alkylated hydrocarbons. The sta-
bilized product is removed through a pipe 480,
while the low boiling hydrocarbons, comprising
butanes, are passed to a succeeding fractionator
41 to effect separation between iso and normal
butane. The normal butane is drawn off through
a pipe 42, while the isobutane is passed through
a pipe 43 communicating with the pipe 8 pre-
viously mentioned and by which means it may
be returned to the system.

In describing the method of flow, reference has
been made to a hydrocarbon feed comprising €4
olefins and paraffins. It is contemplated, how-
ever, that the process is applicable to the treat-
ment of hydrocarbons of either lower or higher
molecular weight. Where the feed contains Cs
hydrocarbons, it may be desirable to .remove
propane prior to introduction to the, reaction
vessels. }

Where it is desired to eliminate propane, it may
be desirable to separate the feed initially into a
fraction containing C: and lighter hydrocarbons
and a fraction containing C: and heavier hydro-
carbons. The Cs fraction containing propane is
then passed through an absorption tower wherein

’it is brought into contact with used or partially

spent catalyst so as to selectively absorb the Cs
olefin from the mixture. The unabsorbed hydro-
carbons comprising propane are discharged, while
the acid and absorbed Ci olefin is passed to the
alkylation stages wherein it undergoes reaction
together with the C: and heavier hydrocarbons.

The feed hydrocarbons may be introduced in
parallel to each of the reaction stages, as de-
scribed above, or may be passed in series through
the reaction stages. -

Where concentrated sulfuric acid is employed
as the catalyst, it is desirable to employ a con-
centration within the range about 90 to 100%,
and preferably around 96 to 100% H2S0s. The
amount of fresh acid added may be about % to
1/20, or less, of the volume of the total liquid
alkylate produced. The proportion of catalyst is
such as to provide between about .5 and 1.5 parts
of acid to one part by volume of the total hydro-
carbons in the reaction mixture. The tempera-
ture of reaction ranges from around 30 to 100° F.
and, preferably, is around 30 to 60° ¥,

It is desirable to maintain the ratio of iso-
parafiin to olefins at least 1:1 and, preferably,
between about 3:1 and 5:1.

While concentrated sulfuric acid bas been men-
tioned as a catalyst, it is to be understood that
the invention is also applicable with other fluid
catalysts, such as aluminum chloride or alumi-
num bromide, suspended or dispersed in an alu~
minum. halide-hydrocarbon complex. Another
suitable catalyst may comprise a boron . triflu-
oride-water complex having the formula
BF:.nH20, where n has a value ranging from
about 1 to 1.5. s

Instead of employing separate separating and

_vaporizing vessels, as illustrated in the drawing,

it is contemplated that a single vessel may be
employed with provision for effecting simulta-
neous phase separation and vaporization of the
lower boiling hydrocarbons with refrigerative ef-
For example, a vertical separating vessel
with ample space in which to effect vaporization
may be used. In such case, the vaporizing space
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could be provided with baffling to knock back
‘higher boiling hydrocarbons that might other-
 wise be entrained in the vapors.

In such a separator there would be found three
phases, namely, a normally gaseous hydrocar-
bon phase comprising the vaporized butanes, a
normally liquid hydrocarbon phase comprising
alkylated -hydrocarbons, and & catalyst phase
comprising a catalyst. A suitable proportion of
the overflow from the reaction vessels would pass.
to the separators, while the remainder would be
recycled directly to the reaction vessels to pro-
vide the necessary agitation.
tion would be essentially the same as that al-
ready illustrated in the drawing. : .

Obviously many modifications and variations
of the invention, as hereinbefore set. forth, may
be made without departing from the spirit and
scope thereof, and therefore only such limitations
should be imposed as are indicated in the ap-
pended claims. '

We claim: .

1. In a continuous process for alkylating iso-
parafiin hydrocarbons with olefin hydrocarbons -
- by contact with a liquid alkylation catalyst, the
steps comprising continuously passing a hydro-
carbon feed containing isobutar.e, normal butane
and olefins to a series of reaction stages wherein
the hydrocarbons are subjected to contact with
the catalyst to form alkylated hydrocarbons, con-
tinuously withdrawing reaction mixture from
each stage, separating the withdrawn mixture
into a normally gaseous hydrocarbon phase rich
in isobutane, a mnormally liquid hydrocarbon
phase containing normal paraffins and a catalyst
phase, withdrawing the normally liquid hydro-
‘carbon phase, returning the catalyst phase to the
‘stage from which withdrawn, returning the gas-
eous hydrocarbon phase to the reaction for fur-
ther contact with olefin hydrocarbons, discharg-
ing at least a substantial portion of said normal-
ly liquid hydrocarbon phase, and passing the
remaining portion of the normally liquid hydro-
carbon phase to the stage succeeding that from
which it was withdrawn. .

2. In a continuous process for alkylating iso-
paraffin hydrocarbons with olefin hydrocarbons

10.

Thus, the opera-
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by contact with a liquid alkylation catalyst in a -

reaction zone comprising a series of reaction
stages wherein a portion of reaction mixture is
withdrawrn from a preceding stage and, in part at
least, passed to a succeeding stage, the steps
which comprise passing hydrocarbons compris-
"ing Cs olefins and paraffins including iso and
normal parafiins to said reaction stages, contin-
uously withdrawing a stream of reacting hydro-
carbons and catalyst from a preceding stage,
separating catalyst from a portion of said
stream, vaporizing from the resulting substan-
tially catalyst-free portion low boiling hydrocar-
bons with refrigerative effect so that the vaporiz-
ing mixture is cooled, effecting heat exchange
between the cooled mixture and the remaining
portion of the withdrawn stream so as to cool
the stream and absorb heat liberated in the re-
action, returning the cocled portion of the stream
to sald preceding stage, returning the vaporized
hydrocarbons to the alkylation zone, discharg-
‘ing at least a portion of the unvaporized hydro-
carbons including normal parafins and alkylated -
hydrocarbons from further treatment in the re-
action, and passing unvaporized hydrocarbons
not so discharged to a succeeding zone,”
3. The method according to clalm 2 in which
catalyst. separated from the withdrawn stream

50

65

60

65

70

stage. .

, '3
is returned,. all or in. part, to said preceding

C Ty
4. The method according to claim 2 in which
isobutane and feed olefin containing normal par-
affins is passed directly to each of a plurality of
said stages. :
5. In a continuous process for alkylating iso
parafin hydrocarbons with olefins by contact
with a liquid alkylation catalyst in a zone of re-
action comprising a series of -reaction stages
through which hydrocarbons undergoing reac-
tion flow in succession, the steps which comprise

continuously passing feed hydrocarbons com-

prising olefins, isobutane and normal butane to
the initial stage, continuously withdrawing a
stream of reacted and unreacted hydrocarbons
from the initial stage, diverting at least a sub-
stantial portion of said withdrawn stream and
discharging the diverted portion from further
contact with the catalyst, passing the non-di- -
verted portion to the next-succeeding stage, re-
peating said steps of stream withdrawal and di-
version between succeeding pairs of stages, com-
mingling said streams discharged between stages,

.subjecting the commingled mixture to fractiona-

tion to separate therefrom a fraction comprising
alkylated hydrocarbons and fractions respec-
tively rich in isobutane and normal butane, dis-
charging the normal butane fraction and re-
cycling the isobutane to the alkylation reaction. .

6. The process according to claim 5 in which
feed olefins are passed directly to each of a plu-
rality of said stages. :

7. In a continuous process for alkylating iso-
paraffin hydrocarbons with olefin hydrocarbons
by contact with a liquid alkylation catalyst in a
zone of reaction comprising a series of reaction
stages through which hydrocarbons undergoing
reaction flow in succession, the steps which com-
prise passing paraffins and olefins comprising

"isobutane and normal butane to a preceding

stage, withdrawing a stream of reaction mixture
from said preceding stage, separating catalyst
liquid from the withdrawn stream for return at
least in part to the stage from which withdrawn,
thereby securing a hydrocarbon mixture of re-
acted and unreacted hydrocarbons including iso-
butane, refrigeratively vaporizing low boiling hy-
drocarbons including isobutane from said hydro-
carbon imixture, discharging at least a substantial
portion of the non-vaporized portion of the hy-
drocarbon mixture containing normal paraffins,
passing the non-discharged portion to the suc-
ceeding stage, withdrawing a separate stream of
reaction mixture from said preceding stage; sub-
jecting said separate stream to indirect heat ex-
change with said first mentioned stream during
refrigerative evaporation thereof to effect cooling
of said separate stream, returning the cooled sep-
arated stream to the stage from which with-
drawn, repeating the aforesald steps between
each pair of succeeding stages and introducing
additional isobutane and feed olefin containing
normal paraffins to each of a plurality of said
stages. :

8. In a continuous process. for alkylating an
isoparaffin with an olefin by contact with a liquid
alkylation catalyst in a reaction zone, the steps
which comprise passing hydrocarbons, comprising
Ci olefins and parafiins including isobutane and
n-butane to said reaction zone, continuously
withdrawing a stream of reacting hydrocarbons
and catalyst from said zone, separating catalyst
from at least a portion of said withdrawn stream

76 to provide a hydrocarbon phase, vaporizing from
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the resulting hydrocarbon phase low-boiling hy-
drocarbons comprising isobutane with refriger-
ative effect so that the remaining hydrocarbon
liguid is cooled, effecting indirect heat exchange
between cooled hydrocarbon liguid and reaction
mixture of said alkylation reaction zone to ab-
sorb heat ‘liberated in the reaction,: returning
vaporized low-boiling hydrocarbons comprising
isobutane to said alkylation reaction zone, dis-
charging at least a portion of the said hydro-
carbon liquid thus employed for indirect heat ex-
change, and fractionating the said discharged
~hydrocarbon- liquid to remove additional low-
boiling hydrocarbons comprising isobutane there-
from and to recover a stabilized liquid alkylate.

9. Process according to claim 8, wherein low-
boiling - hydrocarbons comprising isobutane re-
moved in the stabilizationn of the alkylate are
commingled with low-boiling hydrocarbons com-
prising isobutane vaporized from the said hydro-
carbon phase, and the commingled hydrocarbons
are compressed and returned to the alkylation re-
action zone. .

10. In -a continuous process for alkylating a

low-boiling isoparaffin with an olefin for the pro-'
duction of normally liquid hydrocarbons within.

the gasoline boiling range, wherein the isopar-
affin and olefin with the isoparaffin in substan-
tial molar excess of the olefin are reacted in the

presence of an alkylation catalyst in an alkylation s

reaction zone under alkylating conditions to pro-
- duce the normally liquid hydrocarbons, and re-
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action products are continuously separated into
a hydrocarbon phase and a catalyst phase, the
improvement which comprises refrigeratively
evaporating at least a portion of said separated .
hydrocarbon phase to vaporize low boiling con-
stituents therefrom and concomitantly produce a
body of chilled hydrocarbon liquid, effecting in-
direct heat exchange between resulting chilled
hydrocarbon liguid and materials undergoing:
reaction in said alkylation reaction zone to ab-

_sorb heat liberated in the reaction, and then re-

covering a stablized liquid alkylate from at least
a portion of the chilled hydrocarbon liquid thus
employed in the indirect heat exchange step.

11. Process according to claim 10, wherein a
stream of reaction products of said alkylation
reaction zone is continuously recirculated through
a closed circuit, and the chilled hydrocarbon lig-
uid is brought into indirect heat exchange with
said stream of recirculated reaction products.

12. Process according to claim 10, wherein va- |
porized low-boiling constituents removed from
the separated hydrocarbon phase in said evap-
oration step are compressed and returned to the -
said alkylation reaction zone.

13. Process according to claim 10, in which the
catalyst is strong sulfuric acid of alkylation
strength, and the hydrocarbon reactants com-
prise isobutane and a Cs olefin. = )

ARTHUR R. GOLDSBY.
JOHN C. VAN GUNDY.




