2,260,945

K. KORP! ET AL
ALKYLATION OF HYDROCARBONS

Oct. 28, 1941.

1937

’

Original Filed June 18

* 0s * 12
=1 82 02
L -
og” |(G62f< 22 =
. vz <l
92| B
ﬂ.’ w« /
Lo
} » N
ﬂ Y3XIN-
. . i el
¥S|S5S ! \-g¢ J& -
¥ = LorfCee | o Jlez . J voivuvdas
< == .
eI &Sl Y3IL13s Y3ZITVYLINaN .

ISP

JH3ZITNEVLS. HOLVYNOILOYY A

X

NEYS

K ARL "KORP{
ARTHUR R.GoLpspy
INVENTORS

ATTO

S
A

SN14370
mL = :



Patented Oct. 28, 1941

2,260,948

UNITED STATES PATENT OFF!CE

2,260,345
ALKYLATION OF HYDROCARBONS

Karl Korpi, Redondo Beach, Calif., and Arthur R.
Goldsby, Beacon, N. Y., assignors to The Texas -

Company, New York, N.

Delaware

. Y., a corporation of -

Original application June 18, 1937, Serial No.
148;978.. Divided and this application July 23,
1941, Seria} No. 403,639

{CI. 196~10)

. 13 Claims.

This invention has fo do with the alkylation of
hydrocarbons by the union of perafiins and
olefins.

In particular the inveniion is concerned with
the produciion of moior fuel hydrocarbons of
Improved aniiknock value from gaseous hydro-
carbons by feaeting iso-paraffing with olefins in
the presence of a catalyst.

53

‘This is a division of our copending a.pplication, :

Seria} No. 148,578, Sled June 18, 1937.

It is well known in the art that aromatic hy-
drocarbens, such as benzene, may be alkylated
by condensation with olefins in the presence of &
guitable catalysi. This reaction apparently is
possible beeatise of the reactivity of the hydrogen
atoms in the benzene molecule.

Iso-paraffins contain hydrogen attached to
tertiary carbon atoms which possess unusual re-
activity and in some cases even surpass that of
- the benzene hydrogen. It has been found that
alkylation of iso-paraffins may be effected by ole-
fing under proper conditions and with a suitable
cafalyst. Reactions of this type may be sym-
bolized as follows, using isobutane as the iso-
parafiin: - -

@ (CEWH—C(CEHQS%M(CE?H?OE):

‘CHi
m cn.—cn:cn-cm+n-c(cm).—>cn,-cnz—cé
’ C(CH:):
CH:
® cn;cn—cm—cm+n—c<cm»———»cn.—cm—cﬁ
O(CHN
CH;y
@ cm—cn:cnﬁnc(cm).——-)cm-cﬁ ‘
C(CHi)s

" The above type of reactions is essentially the 40

union of an olefin with an iso-parafiin to obtain

‘& higher molecular weight iso-parafiin, By re~

acting hydrocarbons of the proper moleculdr
weight, it is possible to obtain products of the
gasoline boiling range and possessing a high anti-
knock value.

"In' accordance with the present invention, it
!s preferable to uiilize hydrocarbons containing
about 4 carbon atoms whereby a high yield of
products of predominantly 8 carbon atoms or
octanes is obtained. It has been found, for ex-
ample, that by reacting isobutane with a Cs un-

- saturated hydrocarbon fraction, a good yield of

high antiknock motor fuél may be obtained.
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stocks of about 4 carbon atoms bécause & higher
octane product may be produced, the process is

.epplicable to, and & good product may be ob-

tained from olefin stocks of 3 carbon atoms. In
some cases this' may be preferable due to the '
larger quantities of propyisne gvailabie, and alsc
because a product of lower 58% peoint is obtained.
It has been found, for example, that by reacting
isobutane with propylene, & good yield of high .
sntiknock motor fuel may be obiained.

The process may also be adapied to unsat-
uraied hydrocarbon fracticns which are com-
prised mainly of 2 mixfure of C: and Cs hydro-
carbons. In some cases this process may be pre-
ferred to those in which a frsction of predomi-
nantly either 3 or 4 carkon atoms are used, be-
cause of the larger quantities of combined Ci
and Cs available, and also because the product

. has a distillation range which requires little Hght
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blending stock to make it suitable for aviation
fuel. ‘

- The invention will be further understood from
fthe following examples of operations coming
within the scope of the invention. :

Ezxample I

Isobutan_e and concenirated sulfuric acid (66°
Bé) in the ratio of about 3 paris by volume of
isocbutane to 2 parts of sulfuric acid were iniro-
duced into a reaction vessel. The mixture was
‘agitated and, during a perlod of about 4 hours,
7 parts of a Ci stock, consisting.of a refinery
cracked gas containing about 3.3% Cs, 14.5% is0-
butylene and 25.8% normal butylenes, 11% iso-
butane, 44% normal butane and 1.4% of Cs were
slowly added. The reaction was allowed to con~
tinue 13 hours after the olefin stock was
charged. Ordinary temperatures were used and -
sufficient pressure to maintain the products in a
liquid state. "The unreactéd gas was removed
from the vessel by releasing the pressure and the
liquid products separated from the acid. .

The yield of butane-free produét was about

) 150% by weight of -the olefin charged. About

4?"
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76% of the product distilled below 300° F., 17%
from 300-400° F., and the remainder of 7% above
- 400° ¥. The 400 end point naphtha was stable,
lesg than 2% unsaturatedandhsdnnoctane

valueofss
. Ezample II .
Sulfuric acid (66° Bé.) anda&stockeonta.iu-'

- ing a mixture of about 2 parts of isocbutane to 3

parts by volume of a C« fraction of cracked gases

" of substantially the composition given in Ex-

Although it is preferable to utilize the oleﬂn 55 ample I above, were mixed in the ratlo of about




2 .
4 parts of acid to about 9 parts of the Ci frac-
tion. The olefin stock was slowly added to the

mixture in 334 hours, and the reaction continued
an additional 30 minutes. The unreacted gases

were removed from the reaction vessel and the’

liquid products separated from the acid.

The product was substantially the same as
that described in Example I above. The yield
was about 140% by weight of the olefin charged,
about 74% of the product distilled below 300° F.,
20% from 300-400° F. and the remainder of 6%
above 400° P

Example 111

Sulfurie acid (400 cc. of 66° Bé.) is cha.rged
into an iron reaction bomb. To the agitated
acid in the bomb is charged 362 g. of a mixture,
containing 32% propylene and 68% iscbutane
by weight, at a constant rate in 3 hours. The
reaction is allowed to continue ten minutes with
agitation. The unreacted gas is removed from
the bomb by releasing the pressure and the liguid
product is separated from the acid in a separa-
tory funnel. The alkylation reaction took place
at 85-95° F. and 60 to 80 pounds pressure per
square inch gauge.

The yield of butane feed product is 166%
‘by weight of the olefin charged. 70% of the
product distills below 311° F., 21.4% f{rom 311-
400° F. and the remainder of about 7.3% above

400° ¥
The 311° E P. cut has an initial boiling point

0f°137° F., 8 10% point of 174, a 50% point of
197° P, a 90% point of 236° F. and an end point
of 283° F. by A. S. T. M. distillation, contains less
than 0.5% of unsaturation, and hasa C.P.R. M.
. octane of 81.9.

: Example IV

Sulfuric ‘acid (400 cc. of 66° Bé.) is charged
into an iron reaction bomb. To the agitated
acid in the bomb is charged 377 g. of a mixture,
containing by weight 12.5% propylene, 13.7%
Cs olefin, 38.4% isobutane and the msjority of
the remainder n-butane, at a constant rate in
3 hours. The reaction is allowed to continue
ten minutes with agitation. The unreacted gas
is removed from the bomb by releasing the pres-
sure and the liquid product is separated from
the acid in a separatory funnel,
reaction took place at 85-95° F. and 50 to 65
pounds pressure’ per square inch gauge.

The yield of butane free product is 20% by
weight of the olefin charged. 66.8% . of the
product distills below 311° F., 22.4% from 311-
400° I, and the remainder of about 10.8% above
400° F,

The 311° F. cut was combined with the 311°
F. cut of a similar run to obtain sufficient mate-
rial for distillation and C. F, R. M. octane. The
mixture has an initial boiling point of 112° F.
a 10% point of 159° F., a 50% point of 223° F
a 90% point of 268, and an end point of 300° F.
by A. S. T.'M. distillation, contains less than
0.5% unsaturation and has a C. F. R. M. octane
of 81,

In Examples III and IV it will be observed that
the time of contact of the reacting hydrocarbons
in the presence of _the sulfuric acid catalyst
during the alkylation operation is from 10 min-
utes for the hydrocarbons last introduced to an
average for all the hydrocarbons of about 100
minutes. In Examples I and II an even longer
average time of contact is used.

‘Also- it will be observed with respect to
Example I above that the rate of olefin feed to
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the alkylation operation is less than 1 unit
volume of olefin per minute for about 170 unit

' volumes of acid in the alkylation operation.

<
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The alkylation -
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‘about 30-50 pounds.

In the other examples the rate of olefin feed
per unit volume of acid is even less.

Further it will be observed with respect to
Example I that the amount by weight of sul-
furic acid catalyst in admixture with isoparaffin
is in excess of the amount by weight of iso-
pdrafin. This is also true in the case of Ex-
amples II, IIT and IV.

Also it will be observed with respect to Example
I that the rate of feed to the alkylation operation
of olefin in units of volume per minute is less
than about 15y the minimum of units of volume
of excess unreacted isoparaffin in the reacting
mixture,

The process may be operated either as a batch

_or continuous operation, but in general the con-

tinuous operation.-is preferable. In operating
continuously, as hereinafter described, the iso-
paraffin and olefin hydrocarbons are fed simul-
taneously into the reaction zone containing the
sulfuric acid catalyst, as is likewise true of the
batch operations described in Examples III
and IV above., Is is desirable to maintain the
isoparaffin concentration quite high, for example
at least equal to the olefin concentration in the
mixture, and in some instances from 2 to 3 times
the olefin concentration. In continuous opera-
tion, it is advantageous to keep the initial reac-
tion product between the acid and oléfin low.
The concentration of the initial products, prob-

. ably the sulfuric acid esters, can be kept low by

controlling the quantity of acid and the agita-
tion.

The process has been operated successfully
at temperatures of 75-90° P. and pressures of
; Lower temperatures. from
the above, of around 75-80° F., are preferable

‘but lower temperatures of down to zero or below

may be used. It is desirable to maintain suffi-
clent pressure to keep the materials in liquid
phase.

The acid is strong sulfunc acid and preferably
about 94 to 100% concentration. The ratio of
acid to oil may vary considerably. For an oil
mixture containing about 20% olefins, for exam-
ple, the amount of acid should be at least about
5% and may run as high as 100% of the oil. In
the specific examples set forth above the amounts
of acid employed range from about 45% by vol-
ume of the oil in Example I to substantially high-
er proportions in the other examples.

It is unnecessary to use an unsaturated gas
of any particular composition since substantial-
ly all the olefins react. Cracked gases of 30—40%
olefin content are preferable although products
containing from 5-50% or more unsaturation
may be used. Typical C« gaseous fractions, for
example, run about 15% isobutylene. about 25%

" normal butylene, about 10-15% isobutane and
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about 45% normal butane, .

In the accompanying drawing there is shown
one form of apparatus for carrying out the
process of the invention, although other types
of apparatus may be used.

Referring to the drawing, an unsaturated
gaseous hydrocarbon fraction, such as g Cs frac-
tion or a fraction of cracked gas containing a

_substantial amount of or predominating in Ci

hydrocarbons, -is charged through the line | and
forced by the pump 2 through the line 3 into a
mixer 4. Isoparaffin hydrocarbons, such as i50-
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butane, are charged through the line ¥ and forced
by the pump 8 through the line T also into the
mixer 4. A catalyst such as sulfuric acid is in-

troduced through the line 10 and forced by the .

pump I! through the line §2 into the mixer 4.
The mixer may be any suitable mechanical
means for agitating or effecting contact between
the oil and the acid, such as mechanical mixers,
orifice places, and the like. In the mixer 4, it i3
intended that the acid and hydrocarbons react
to produce & union between the olefins and iso-
paraffins to effect reactions of the nature of al-
kylation. The reaction producis are discharged
from the mixer 4 through the line 15, controllied
by ‘valve '1§ to separator 18. In this separator
the acid is separated and withdrawn from the
bottom thereof through the line 20. This acid
may be recirculated to the mixer, if desired, by
mweans of the line 2{ and pump 22. The oil is
withdrawn from the top of the separator through
the line 24 and introduced into the neutralizer
25. In this neutralizer the oil is contacted with

a neutralizing agent, such as caustic or other -

alkaline material introduced through the line 2§.
The spent caustic, settling out in the neutralizer,
-is withdrawn from the bottom thereof through
the line 28, This spent reagent may be recir-
culated, if desired, by means of the pump 23,
located in the line 39. The oil after contact with
the neutralizing agent is conducted from the top
of the neutralizing tower 28 through the line 32
and introduced into the settling tower 33, where-
in any additional alkali is allowed to settle out
and the latter is withdrawn from the bottom
of the tower through the line‘3%. ‘This spent
neutralizing agent also may be recirculated by
means of the pump 3§, located in the line 31.
Presh neutralizing agent, if desired, may be in-
troduceq through the line 3% in communication
with line 37. The treated oil is withdrawn from
the top of the settier 33, through the line 49 and
charged into fractionator 41 provided with a
means for heating in the lower portion thereof,
such as heating coil 42. "In this fractionator it
is intended that a fraction of motor fuel bolling
range be vaporized and taken overhead through
the line 44 as a distillate fraction while material
of higher boiling point than motor fuel is with-
drawn from the bottom of the fractionator
through the line 45. Vapors are conducted
through the line 44 to stabilizer 48 wherein the
motor fuel hydrocarbons are fractionated and
separated from hydrocarbons of lower boiling
point than motor fuel. The stabilized motor fuel
product is withdrawn from the bottom of the
stabilizer through the line 58 while the lighter
materials comprising chiefly unreacted gaseocus
hydrocarbons are conducted from the top of the
stabilizer through the vapor line 8f in which is
located condenser 52. Cpndensate formed in the
condenser 52 is passed to receiver 53 provided
with a gas release line §4 and a liquid draw-off
line 55. All or a portion’ of the condensate from
the receiver 53 may be pumped as a reflux con-
densate by the pump 58 through the line §7 to
the upper portion of the stabilizer. In some in-
stances it may be of advantage to return to the
system at least a part of the unreacted gases
withdrawn through the gas release line 54.
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. .
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‘What we ciaim:

1. A process for the manufacture of normally
lquid hydrocarbons bolling within the gasoline
boiling range, which comprises reacting low boil-
Ing olefins with a low boiling isoparaffin such as
isobutane in the presence of concentrated sul-
furic acid catalyst while maintaining alkylating
conditions, and maintaining in the reacting mix.
ture throughout the entire reaction a substan-
Hal molar excess of the isoparaffin over the
stoichiometrical equivalent monomeric contents
of the olefins, whereby alkylation of the isoparaf-
fin is effected and & substantially saturated Hquid
reaction product is produced,

2. A process In accordance with claim 1 in
which the reacting mixture is maintained sub-
stantially in liquid phase.

3. A process-in accordance with claim 1 in
which the low boiling olefins comprise the bu-
tylenes, ’

4. A process for the manufacture of normally

. liqujd saturated hydrocarbons boiling within the

gasoline boiling range which comprises simul-~
taneously feeding into a reaction zone, contain-
ing concentrated sulfuric acid catalyst, a low
bojling isoparafin such as isobutane and a low
boiling olefin while maintatning alkylating condi-
tions in said reaction zonme, the feed of the iso-
parafiin being maintained throughout in sub-
stantial molar excess over the stoichiometric
equivalent feed of the olefin, whereby a substan-
tia}l molar excess of isoparafiin to olefin is main-
tained in the reacting mixture throughout the
entire reaction. )

5. A process in accordance with claim 4 in
which the total quantity of the hydrocarbons
present In the reacting mixture is at all times less -
by weight than the quantity of sulfuric acid cat-
alyst present therein.

6. A process In accordance with claim 4 in

-which the reacting mixture is maintained sub-

stantially in liquid phase,

7. A process In accordance with claim 4 in
which the low boiling olefins comprise a bu-
tylene, :

8. A process for the manufacture of normally
ligyid saturated hydrocarbons boiling within the
gasoline boiling range which comprises reacting
low bolling olefins with a low boiling isoparaffin
such as isobutane in the presence of concentrated
sulturic acld catalyst while maintaining alkylat-
ing conditions, maintaining in the reacting mix-
ture throughout the entire reaction s substantial
molar excess of the isoparaffin over the equivalent
monomeric contents of the olefins, and continu-
ing the contact of the hydrocarbans with the acid
for a time not less than 10 minutes, whereby al-
kylation of the isoparaffin is effected and a sub-
stantially saturated liquid reaction product s
produced. - ‘

9. A process for the manufacture of normally
Niquid saturated hydrocarbons boiling within the
gasoline boiling range, which comprises simul-
taneously feeding into a reaction zone, contain-
ing concentrated sulfuric acid catalyst under al-
kylating conditions, a low boiling isoparaffin such
as isobutane and a low boiling olefin, the feed of -
isoparaffin being maintained throughout in sub-
stantial molar excess over the stoichiometric
equivalent monomeric feed of the olefin, whereby
& substantial molar excess of isoparaffin to olefin

- 1s maintained in the reacting mixture throughout

[{

‘the entire reaction, maintaining the reacting

mixture of hydrocarbons and acid in agitation,
and continuing the contact of the reacting mix-



4
ture of hydrocarbons and acid with agitation for
not less than 10 -minutes. : :

10. In the manufacture of normally liquid hy-
drocarbons' boiling within the gasoline boiling
range by reacting a low bofling olefin with a low
boiling isoparaffin such as isobutane in the pres-
ence of concentrated sulfuric acid catalyst while
mainfaining alkylating conditions, the process

comprising maintaining a body of concentrated .

sulfuric acid catalyst in agitation in a reaction
zone, supplying thereto a low boiling olefin while
maintaining at all times a substantial molar ex-
cess of the isoparaffin therein, and controlling
the rate of supply of olefin so as not to exceed 1
unit volume thereof per minute for ahout 170
unit volumes of acid in said reaction zone.

11. A process in accordance with claim 10 in
which a molar excess of the isoparaffin is fed
into the reaction zone simultaneously with the
olefin,

12. In the manufacture of normally liquid hy-
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drocarbons bolling within the gasoline boiling
range by reacting a low boiling olefin with s low
boiling isoparaffin such as isocbutane in the pres-
ence of concentrated sulfuric acid catalyst while
maintaining alkylating conditions, the process
comprising maintaining in agitation In a reac-

.tion zone & mixture of concentrated sulfuric acid

and isoparaffin, supplying olefin at a slow rate to

"the isoparaffin and acid in said zone, and main-

taining a substantial molar excess of isoparafiin
therein at all times, the rate of supply of olefin
in units of volume per minute being less than
about 14 the minimum of units of volume of ex-
cess unreacted isoparafiin maintained in said mix-
ture, .

13. A process according to claim 12 in which
the amount by weight of sulfuric acid catalyst in
the mixture with isoparafin is in excess of the

" amount by weight of isoparaffin.
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