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£ Claims.

‘The present Invention is concerned with re-
fining of mineral olls and is particularly con-
ceined with the production of hydrocarbon con-
stituents boiling in the motor fuel and the avig-
tion fuel boiling ranges from relatively low boil-
ing hydrocarbon constituenfs. In saccordance
with the present process, relatively low hoiling
olefins, particularly ethylene, are alkylated
with isoparaffinic constituents employing a min-
eral acid cafalyst. In accordance with the
present invention the alkylation is carried out
under conditions in which the salkylating cafa-
Iyst intermittently contacts a feed stock com-
prising ethylene under sglkylating conditions.

It is well known in the art fo react relatively
low bhoiling olefins such as olefins confaining
from 2 to 5 carbon atoms in the molecule with
saturated hydrocarbons containing a tertiary
carbon atom hereinaffer referred to as tertiary
* hydrocarbons. These resctions.are generally

conducted by employing g feed stoek confaining
olefins and saturated hydrocarbons containing
tertiary carbon atoms and confacting the same
under  suitable conditions with a soc-called
alkylating catalyst. In general, the operation is
“conducted under condifions in which the meol
ratio of the fertiary hydrocarbons to the olefins
is relatively high. Temperature and pressure
conditions vary considerably. For example, the
- alkylating temperature may range from about
—20° P, or lIower, fc temperatures as high as 460°
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the acid was macerially lowered indicating an
appreciable acid consumption. We have, how-
ever, now discovered that, provide.an infer-
mittent treatment be employed with respect to
the ethylene and scid, unexpected desirable re-
sults are secured. For example, we have dis-
covered that if the scid be employed for alkyl-
ation of olefins comprising ethylene in an
initial stage and the acid segregated from the .
initizl stage, it may be then readily employed

‘for the alkylation of olefins free of ethylene in

2 secondary stege without incurring any sube
stantial scid consumption as measured by
titratable acidity. As e matter of fact, when
opera,tmg in this manner the ac¢id is apparenfly -
regenerated and -the adverse effects of the
etbylene removed in the secondary. stage. The
pracess of our invenfion may be readily under-
stood by reference to the aftached drawings
Hlustrating embodiments of the same. -

Figure 1 illustrates the modification of our
invention wherein the olefin feed to the initial
zone comprises efhylene and the olefin feed to
the secondary zomne is free of ethylene. The
alkylating catalyst comprising sulfuric acid is
passed serially through the respective zones.
Figure 2 illustrates an adapfation of our proe-
ess wherein ethylene is injected infermittently
into the olefin feed mixture passing to the

' alkyletion zone. Referring specifically to Fig-

“ure 1 it is assumed that the slkylation cafalyst

P, or higher. ‘However, in. general the alkylat-

ing temperatures are in the range from about
20° F. to about 70° F.
substances may be employed as alkylating cata-
lysts such as sluminum chioride and the like,

the preferred materials comprise mineral acids, -

particularly sulfuric acids, having a concentra-

tion in the range from about 88% to 100%.
Although these reactions have been entirely

satisfactory in operations involving the reac-

tion of olefins containing 3 and more carbon ’

atoms in the molecule, they have not been satis-

Although a2 number of
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factory for the alkylation of ethylene due to .

excessive acid consumption. Heretofore it has
been found that in a reaction involving the
alkylation of ethylene the titratable acidity of

comprises concentrated sulfuric acid and that
it is desired to alkylate ethylene for the pro-
duction of hydrocarbon constituents boiling
within the mofor -fue! hoiling range. The
ethylene is introduced into the system by means
of feed Iine {, the butylene by means of line 2,
and sulfuric acid by means of line 3. The ter-
tiary. hydrocarbon comprising isobutane is in-
troduced info the acid solution of olefins by
means of line 4. The entire mixture is then
passed info initial alkylation zone 5 by means
of jets 6 or eguivalent means. - Temperature-
and pressure conditions as well as time of con-.
tact in the initial alkylation zone 5 are adapted

- to secure the meaximum yield of the desired

" product.

The reaction mixture of acid emulsion
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is removed from alkylation zone § by means of
line 1. A portion of the acld-emulsion is segre-
gated from the main emulsion stream by means
of line 8 and passed into separation zone 8.
The main emulsion stream is recycled to alkyla-
tion zone 5 by means of line 10 through jets 6.
The portion. of the emulsion stream passed to
separation zone § separates into a hydrocarbon
Iayer which is removed by means of line 11 and
into an acid layer which is removed by means
of line 12. The hydrocarbon layer is passed
successively into distillation zones i3, {4, and i5
by means of lines 16 and 11. Temperature and
pressure conditions are adjusted in zone 13 to
remove overhead by means of line 18 isobutane
which is preferably recycled to initial alkylation
zone. Temperature and pressure conditions in
zone {4 are adjusted to remove overhead by

means of line 19 any normal butane constituents

present in the feed, which may be disposed of
as desired. The total alkylate product passed to
distillation zone 15 is fractionated to segregate
a desired aviation product which is removed
overhead by means of line 20 and a heavy
alkylate product which is removed by means of
line 21 and handled as desired.

In accordance with our invention the acid sepa-
rated in zone 8 is passed to secondary alkyla-
tion zone 22 along with additional butene which
is introduced by means of line 23 and isobutane
- which is introduced by means of line 24. Saitis-

- factory mixing of the respective streams is se-
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is introduced into the system by means of line
50, while the acid.is introduced by means of

. line 51, and the stream comprising isobutane by
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. to zone
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means of line 52. This mixture is introduced
into alkylation zone 53 by means of jets 54 or
equivalent means. Conditions in zone 83 are ad-
justed to secure the desired degree of alkylation.
The acid emulsion is removed by means of line
55 and a small portion segregated by means of
line 56 and passed to separation zone §1. The
remainder of the acid emulsion is recycled to the
initial alkylation zone by means of line 58. The
emulsion passed to zone 57 separates into a hydro-
carbon fraction which is removed by means of
line 59 and into an acid layer which is removed
by means of line 60. The hydrocarbon layer is
passed serially through distillation zones 61, 62,
63 and handled in a manner similar to that de-
scribed above. Isobutane is removed from zone
61 by means of line 64 and preferably recycled
53. Normal butane is removed from
zone 62 by means of line 65 and handled as de-
sired. The desired alkylate is removed from zone
63 by means of line 66 while the heavy alkylate
is removed by means of line 61. Spent acid
may be withdrawn from the system by means
of line 68 while fresh acid is introduced by means
of line 51,

In acécordance with our invention, ethylene is
intermittently introduced into the system by

“means of line 10. For operating in this manner

cured by passing the mixture through Jets or

equivalent means 25. Temperatures, as well as
the time of contact are adjusted to secure the
maximum yield of the desired product. The acid
emulsion is removed from alkylation zone 22 by
means of line 26 and a small portion segregated

by means of line 21 and passed to separation ¢

zoné 28. The remainder of the emulsion is re-
cycled to the secondary alkylation zone by means
of line 29. In zone 28 a separation occurs be-
- tween the hydrocarbon product and the acid. The
hydrocarbon  product is removed by means of
line 30 and handled in a manner similar to that
described with respect to the hydrocarbon prod-
uct removed from zone 8. This hydrocarbon
product is passed serially through distillation
zones 3{, 32, and 33 by means of lines 34 and 38.
Temperature and pressure conditions in zone 31
are adjusted to remove isobutane overhead by
means of line 36, This isobutane is preferably
recycled to secondary alkylation zone 22. Tem-
perature and pressure conditions in distillation
zone 32 are adjusted to remove normal butane

overhead by means of line 37. The total alkylate

product is.fractionated in zone 33 to remove

overhead by means of line 38, the desired aviation-

fraction, and to remove by means of line 39 the
heavy alkylate which may be d1sposed of in
any manner desired.

In accordance with our invention, the acid
layer removed from Zone 28 by means of line
40 is recycled to initial alkylation zone §. Under
certain conditions a portion of this acid may
be withdrawn from the system by means of line
41, regenerated in regeneration zone 42 and re-

turned to the system by means of line 43. Totally

spent acid may be withdrawn from the system by
means of line 44, while fresh acid is introduced
by means of line 45.

Referring specifically to Figure 2, an olefin
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over a portion of the cycle the feed to the alkyla-
tion zone comprises ethylene while over the re-
mainder of thé cycle the feed to the alkylation

‘zone is free of ethylene.

It is to be understood that the process of the
present invention may be widely varied. The
respective zones may comprise any suitable num-
ber and arrangement of units. The invention
essentially comprises alternately contacting the
alkylated catalyst with a feed stream compris-
ing ethylene and then contacting the catalyst
with a feed stream free of ethylene. For operat-
ing in this manner, excessive catalyst degrada- -
tion is preventéd and a substantial yield of al-
kylated ethylene secured. When operating on
the portion of the cycle in which ethylene I8
present, it is to be understood that the. respec-
tive streams may comprise streams segregated
from reﬁning operations and which contain vari-
ous constituents containing approximately the
same number of carbon atoms in the molecules.
When operating on the portion of the cycle in
which the feed stream is substantially completely
free of ethylene it is preferred that the stream
comprising essentially hydrocarbon constituents.
contain 4 or more carbon atoms in the molecule,

Any conventional alkylating conditions may be
used in the present invention. The invention,
however, is particularly adapted to operations in
which the alkylating catalyst comprises a min-
eral acid catalyst such as sulfuric acid, fluoro-
sulfonic acid or the like. It is particularly suit<
able in operations wherein the catalyst comprises
a sulfuric acid having a concentration in the

‘range from sbout 88 to about 100%.

In order to further illustrate our invention
the following examples are given which should
not be construed as limiting the same in any man-
ner whatsoever:

Ezample 1

A number of alkylation operations were con-
ducted in which in the initial stage the feed com-
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prised ethylene and in which in the secondary
stage the feed was free of ethylene. The re-
sults of these operations were as follows:

3

‘From the above it is apperent that unexpected
improvements are to be secured with respect to
acld conusmption by operating as described,

N

Operation 1 Operation 3
Stage 1 Btage3 | Stigel Stage 2
[o] t. 98% HeBO4L..| Acld from | 979, Hy804..] Aold from
atalys % zt(alge 1. % Hy . stage 1.
Feod {E&t;lem Butyle %"’5%:“""" Butyl
n .--.| Butylene..| Butylene....| Butylene.
: . - '| Isobutane....| Isobul ane.| Isobutanse...| Isobutane.
Mol ratio: fsobutane/olefin 581 56 BB 6.4
Total remttion tiome P ™ 12 b 12
. o .
'otal reaction £ 2 2 2 2
218 188 249 170
1.6 5.1 4.5 4.7
2.9 8.2 2.2 5.9
1.3 1.3 1.2 12
3.3 80.7 88.7 80.0
7.0 8.71- 8.4 8.2
. nei 3.9 M7 .3
7| 23 ] %.8

1 Denotes hydroca;iion constituents containing appro ximately the number of carbon atoms in the mdlecule;

From the above it is apparent that an appre-

- What we claim is new and wish to protect by

- ciable alkylation of the ethylene was secured in 25‘ Letters Patent is: -

stage 1 of ‘the respective operations. This is evi-
dent from the substantial increase in yield of Cs
constituents in stage 1 as compared to stage 2
of the respective operations. Purthermore, it is
-apparent that by operating as' described in the
present process unexpected desirable results were
- secured. For example, the acid passed serially
through the respective stages was of a befter
quality as it was removed from stage 2 than
‘stage 1. '

Ezample 2

A number of operations were conducted where-
In in one operation ethylene and butylene were
added simultaneously while in the other opera-
tion carrled out in accordance with the present
invention, butylene was added subsequent to the
addition of ethylene and butylene. ‘The results
of these operations are as follows: :

30
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1. Improved alkylation process which comprises
intermittently contacting under alkylating” con-
ditions an acid of the class consisting of sulfuric
acld and flucrosulfonic acid with a feed stream
comprising ethylene and isoparafins, and a feed -
stream comprising olefins and isoparaffins free
of ethylene. ’ ' )

2, Process as defined by claim 1 in which the
acid comprises an 88 to 100% concenirated sul-
phuric acid. o

3. Improved alkylation process which comprises
contacting an acid of the class consisting .of sul.
furlc acld and fluorosulfonic acid, isoparaffins,
and clefins comprising ethylene in an initial al-

. kylation zone under aikylating conditions, seg-
regating & portion of the emulsion removed from
_sald initial alkylation zone and separating the
acid therefrom, contacting said zeparated acid
- with isoparaffins and olefins free of ethylene in

Butylene 45 4 secondary alkylation zone under alkylating con-
added | Ethyleme ditions, segregating a portion of the emulsion
subsequent | butylene removed from said secondary alkylation zone and-
addition of | 80ded separating the acid therefrom, recycling said sep-
dtriess | . owly .o arated acid to said initial alkylation zone.

. 4. Process as defined by claim 3 in which the
Oatalyst... 939, Hy80,. | 9803 H,80, . acid comprises an 88% to 1009 sulphuric acid.
Feed . Tsobutane.... Isobutane. - .

1 ratio: lefin.. ... 6.0 : 8 ALEXTS VOORHIES, Jr.
Mol oo Gopuiangolefin.......—..... 14 O ERWIN M. HATTOX,
T ] 180 120 55 - : i

- 150 %0 R ‘ o
'empera . 70 70
Product (Cs+): .

Wt. percent yield on CHjy. 216 235

Yol. percent Cs %:0—105 °Fi) 5.1 3.3

Vol. percent Cg (105-165 °F. 16.0 15.6

Vol. percent Cr (185-180 °F, 1.1 22

Vol. percent Oy (180-265° F'J-. 7.3 74.4 60

Val, pereent Cy--(>966° F.j_.- 0o 6.5 45 .

. T. M.-octane No, Cp-Cs..... 95.1 96.0
.+ Used acld, tiiratable acidity..........2| %.5 9.7




