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ABSTRACT

An improved process for the hydrogen fluoride cata-
lyzed alkylation of isoparaffins with olefins wherein
better utilization of internal streams 1s achieved. Iso-
paraffins used as a stripping medium in the catalyst
regeneration zone are reclaimed, free of a hydrogen
fluoride phase, and are utilized as recycle 1soparatfins
to improve the quality of the alkylate product.

2 Claims, 2 Drawing Figures
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SEPARATE RECYCLE OF REGENERATED ACID
AND OF ISOPARAFFIN FROM HF CATALYST
REGENERATION ZONE -

Matter enclosed in heavy brackets [} appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

l. Field of the Invention - o

The field of art to which this invention pertains is
hydrocarbon processing. It particularly relates to an
improved process for the production of an isoparaffin-
olefin alkylation product through hydrogen fluoride
catalysis.

2. Prior Art

The production of higher molecular weight isoparaf-
fins, haing valuable antiknock propertles as motor tuel,
1s of considerable importance in the petroleum refining
industry. Furthermore, the growth of the synthetic
fibers and plastics industries has increased consump-
tion of aromatic hydocarbons such that less are avail-
able for use as high octane motor fuel blending compo-
nents. Thus, a demand for higher molecular weight
isoparaffins as blending agents for fuels has material-
1zed. Accompanying this demand for higher octane
blending components is a demand for greater quantities
of the blending components themselves due to the
Incessant increase in world gasoline consumption. |

A convenient source of such higher molecular weight
isoparaffins is the catalytic alkylation of lower boiling
iIsoparaffinic hydrocarbons, such as isobutane, with
olefinic hydrocarbons, such as propene and butenes. It
1s well known in the art that catalytic alkylation using
acid catalysts, such as hydrofluoric acid, has become an
important tool for preparing alkylated hydrocarbons.
However, there is an inherent feature of conventional
designs of hydrogen fluoride-catalyzed alkylation pro-
cess units which contributes to poor use of internal
streams. Unreacted isoparaffins leaving the reaction
zone of an alkylation process are recycled and mixed
with fresh feed to provide, within the reaction zone, an
excess of 1soparaffinic components. Isoparaffins which
are thusly recycled are referred to as recycle isoparaf-
fins. In order to beneficially affect the product quality,
the recycle isoparaffins must be thoroughly mixed with
other feed components such as fresh isoparaffins and
fresh olefins before contact with the catalyst phase
occurs. Due to the design of conventional alkylation
process units the isoparaffins exiting the catalyst regen-
eration zone contain hydrogen fluoride as a separate
phase, and this hydrogen fluoride phase can catalyze
undesirable reactions which would occur upon mixing
of fresh olefins with the isoparaffins. These undesirable
reactions would produce contaminants which would
remain 1n the final alkylate product and lower its qual-
ity. For this reason these regeneration zone isoparaffins
are not recycled to mix with fresh feed, and their utility
as recycle 1soparaffins is lost. Our invention solves this
prior art problem by eliminating the hydrogen fluoride
phase from the regeneration zone isoparaffins and uti-
lizing them as recycle isoparaffins.
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" BRIEF SUMMARY OF THE INVENTION

Our mvention mvolves an improved hydrogen fluo-
ride alkylation process and an itmproved method of
regenerating the contaminated catalyst therein. Isopar-
affins injected into the catalyst regeneration zone of the
process of my mvention are separated from regener-
ated catalyst and recovered for use as recycle isoparaf-
fins. These recovered isoparaffins are free from a hy-
drogen fluornde phase. The isoparaffins then mix with
fresh feed to the alkylation process, thereby raising the
1soparaffin/olefin ratio of the feed and increasing the
production of alkylate of the de51rable mono-alkylate

type.
' OBJ ECTS AND EMBODIMENTS

It 18 an object of this invention to provide an im-
proved process for the hydrogen fluoride catalyzed
alkylation of an 1soparaffin with an olefin. A still fur-
ther object of our mnvention is to provide an improved
method for regenerating the contaminated hydrogen

fluoride catalyst in an isoparaffin-olefin alkylation pro-

cess. Another object of the present invention is to pro-

vide a method of increasing the etficacy of existing

hydrogen fluonde-catalyzed process units for produc-
tion of monoalkylate.

In one embodiment our invention atfords, 1n an alky-
lation process wherein (a) a feed comprising an olefin-
acting hydrocarbon and an alkylatable hydrocarbon is
contacted with hydrogen fluoride alkylation catalyst at
alkylation reaction conditions in a reaction zone; (b) a
reaction zone effluent is separated into a hydrocarbon
phase and a catalyst phase; (c) a first portion of said
catalyst phase 1s returned to said reaction zone; (d) a
second portion of said catalyst phase is passed to a
catalyst regeneration zone; (e) a first stream compris-
ing regenerated catalyst and unreacted alkylatable hy-
drocarbon 1s withdrawn from said catalyst regeneration
zone and mixed with said first portion of said catalyst
phase prior to the introduction thereof into said reac-
tion zone; (f) said hydrocarbon phase is passed into a
separation zone; (g) a second stream comprising unre-
acted alkylatable hydrocarbon is withdrawn from said
separation zone and mixed with said feed prior to its
introduction into said reaction zone; and (h) an alkyl-
ate product is withdrawn from said separation zone; the
improvement which ‘comprises separating said first
stream comprising regenerated catalyst and unreacted
alkylatable hydrocarbon into a third stream comprising
regenerated catalyst and a fourth stream comprising
unreacted alkylatable hydrocarbon, mixing said third
stream with said portion of said catalyst phase before
the return thereof to said reaction zone and mixing said
fourth stream with said feed prior to its introduction

into said reaction zone.

BRIEF DESCRIPTION OF THE DRAWINGS

The attached drawings illustrate a particular embodi-
ment of the present invention. Only such details are
Included as necessary for a clear understanding of our
invention, and no intention is thereby made to unduly
[imit its scope. Certain items necessary to the operation
of the process of this invention but unnecessary to its
understanding, such as certain process streams, valves
pumps,- instrumentation and other equipment, have
been omiitted for the sake of clarity.

FIG. 1 1s a schematic representation of a hydrogen
fluoride alkylation process, having reaction zone 4.and
catalyst regeneration zone 18.
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FIG. 2 is a schematic diagram of a catalyst regenera-
tion zone, showing fractionating column 18’ and over-
head receiver 26. -

Referring now to FIG. 1, an alkylation feed stream
enters the process of this invention in conduit 1 and is
premixed therein with recycle isoparaffin from conduit
2. This feed-recycle 1soparaffin admixture then passes
to reaction zone 4 where contact i1s effected with an
acid catalyst. Reaction zone effluent including acid
catalyst alkylated hydrocarbons and unreacted hydro-
carbons, exits the reaction zone in conduit 5 and passes
to mixing-settling zone 6, where mixing and further
reaction take place, and, subsequently, the reaction
zone effluent is settled and separated into an acid phase
and a hydrocarbon phase. The acid phase leaves mix-
ing-settling zone 6 in conduit 15 and 1s divided into a
portion which passes to catalyst regeneration zone 18
in conduit 17 and the remaining portion which exits
conduit 15 in line 3 and passes to reaction zone 4. The
hydrocarbon phase from mixing-settling zone 6 exits 1n
conduit 7 and passes to separation zone 8.

Separation zone 8 is operated at conditions selected
to provide an alkylate product stream, a hydrocarbon
liquid stream, a liquefied hydrocarbon vapor stream, a
hydrogen fluoride stream and a recycle 1soparatfin

stream. The alkylate product stream exits separation
- zone 8 in conduit 13. The hydrocarbon liquid leaves
separation zone 8 in conduit 12. The recycle 1soparat-
fins exit separation zone 8 in conduit 11, passing to
conduit 2 and intermixing with isoparaffin-olefin feed
to the reaction zone in conduit 1. The hydrogen fluo-
ride streams exits separation zone 8 1n conduit 10 and
returns to reaction zone 4 by passing through conduits
16 and 3. The liquefied hydrocarbon vapor stream exits
the separation zone in conduit 9. |

A portion of the acid catalyst phase leaving mixing-
settling zone 6 in conduit 15 exits conduit 15 in conduit
17 and passes to catalyst regeneration zone 18. Super-
heated isoparaffin vapor is introduced into the catalyst
regeneration zone in conduit 19. Catalyst regeneration
18 is operated at conditions selected to provide an
isoparaffin stream which exits in condut 14, a regener-
ated catalyst stream which exits in conduit 16 and a
stream comprising tar and CBM which exits in conduit
20. The isoparaffin stream in condutt 14 passes to con-
duit 2, intermixing therein with isoparaffin from sepa-
ration zone 8. Hydrogen fluoride in conduit 10 inter-
mixes with the regenerated catalyst in conduit 16, and
the resuitant mixture passes to reaction zone 4 through
conduit 3.

Referring now to FIG. 2, contaminated hydrogen
fluoride catalyst, comprising hydrogen fluoride, water
and heavy organic material, enters the regeneration
process of our invention In conduit 17'; passing to
fractionating column 18’. Superheated- isoparatfin
vapor enters fractionating column 18’ in conduit 19’
Hydrogen fluoride vapors and isoparaffin vapors exit
fractionating column 18’ in conduit 23, are condensed
in heat exchanger 24 and pass in conduit 25 to over-
head receiver 26. A suitable coolant such as water or
air enters exchanger 24 in conduit 29, absorbs the heat
liberated by the condensing vapors and exits in conduit
30. In a preferred embodiment of our mmvention over-
head receiver 26 is a horizontally disposed vessel hav-
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ing a boot which is situated at a place on the bottom of 65

the vessel downstream of the inlet point of conduit 25
and which communicates with said vessel. The con-
densed overhead, which contains immiscible acid and

4

isoparaffin phases must pass the boot in flowing
through the receiver. The denser hydrogen fluoride
phase falls into the boot, and the isoparaffin stream
which exits overhead receiver 26 in conduit 27 1s free
from an acid phase. The hydrogen fluoride phase exits
overhead receiver 26 in conduit 22’ and is referred to
as regenerated acid because it is substantially anhy-
drous and substantially free from heavy organic mate-
rial. The isoparaffin phase entering overhead receiver
26 in conduit 25 separates from the hydrogen fluoride
phase and exits in conduit 27. A portion of the 1soparaf-
fin in conduit 27 exits in conduit 28, returning to the
top of fractionating column 18’ as reflux. The remain-
ing portion of isoparaffin in conduit 27 exits in conduit
21’ and is referred to as recycle isoparaffin because 1t is
suitable for use as such in an alkylation process. Heavy
organic material, referred to as tar, and an azeotropic
mixture of water and hydrogen fluoride, referred to as
CBM (constant boiling mixture), exit fractionating
column 18 in conduit 20’.

Referring again to FIG. 1, feed to an alkylation pro-
cess unit commonly contains, as well as the olefin and
isoparaffin components, normal paraffins of carbon
content substantially equal to that of the olefin and
isoparaffin components. Hence, a feed comprising pro-
pene and butene as the olefinic components and isobu-
tane as the 1soparaffinic one will ordinanly contain at
least some propane and normal butane. The propane
and butane exit the process unit in the herembefore
described liquefied hydrocarbon vapor stream and in

the hydrocarbon liquid stream respectively. Propane

entering the process with the feed in conduit 1 will exit
the process in conduit 9, passing to downstream frac-
tionation facilities for recovery. Normal butane enter-
ing the process in conduit 1 exits in conduit 12 and
passes to downstream treating facilities where trace
amounts of organic fluorides and hydrogen fluoride
may be removed as desired.

DETAILED DESCRIPTION OF THE INVENTION

In the hydrogen fluoride-catalyzed alkylation process
of our invention, reactants combine to yield as a princi-
pal product a hydrocarbon of carbon content equal to
the sum of the carbon atoms of the individual olefin
and alkylatable reactants. Such hydrocarbon products
are referred to as mono-alkylate since the alkylatable
reactant 1s substituted with only one whole olefinic |
reactant. Monoalkylate 1s the most desirable alkylate
product because of its exceptional octane and boiling
point characteristics as compared to heavier alkylate,
that having a carbon content greater than monoalky-
late. This heavier alkylate is a result of undesirable
reactions such as polymerization. When alkylation is
performed i the presence of hydrogen fluoride, a
strongly acidic catalyst, it is necesary to choose reac-
tion conditions which favor alkylation rather than poly-
merization and other undesirable reactions, since
acidic catalysts will also promote the undesirable ones.
For simplicity, discussion will be limited to the poly-
merization reaction. Four major variables are impor-
tant i minimizing polymerization: reaction tempera-
ture, excess of alkylatable isoparaffin reactant, the
catalyst and catalyst composition. The process of this
mvention optimizes these four variables, however, in its
essence 1t most concerns the variable of excess of al-
kylatable 1soparaffin reactant.

When feed to an alkylation process unit comprises
isoparaffin and olefin constituents, it is necessary to



Re. 29,084

S

provide an excess of isoparaffin within the reaction by
recycling unreacted isoparaffins from the reaction zone
effluent back to the fresh feed prior to its introduction
into the reaction zone. This excess of alkylatable reac-
tant tends to maximize mono-alkylate production. It is

essential that this recycle isoparaffin be thoroughly

admixed and intermingled with the olefin-containing
fresh feed before contact is effected with the acid cata-
lyst phase. Therefore, the recycle isoparaffin must not
contain hydrogen fluoride as a separate phase. For this
reason conventional alkylation process designs have
returned the hyrogen fluoride-isoparaffin admixture
from the catalyst regeneration zone to the catalyst inlet
“of the reaction zone, without making use of the 1sopar-
affin portion of the admixture to maximize monoalky-
late production. Since this isoparaffin is not admixed

with fresh feed prior to contact between the fresh feed

and the acid phase it does not appreciably atfect mono-
alkylate production. The isoparaffin merely consumes
space within the reaction zone, and because it is of no
beneficial use to the process, the energy consumed In
circulating it is wasted. We have discovered that if the
isoparaffin is separated from regenerated catalyst in the
catalyst regeneration zone it can be utilized as recycle
isoparaffin, provided that it does not contain hydrogen
fluoride as a phase. - |
The feed to the catalyst regeneration zone of an
“isoparaffin-olefin alkylation process normally comes
from the hydrogen fluoride phase of the mixer-settler.
Such a hydrogen fluoride phase is referred to as con-
taminated catalyst since it contains water and heavy
organic material. Isoparaffin vapors are commonly
injected into the catalyst regeneration zone to aid in
stripping out the acid catalyst. These isoparaffins exit
the common catalyst regeneration zone with the regen-
erated acid and return to the reaction zone without
being used as recycle isoparaffins. The resulting acid-
isoparaffin admixture is generally about 80 weight per-
cent isoparaffin. Our invention finds its greatest utility
in putting these isoparaffins to more productive use.
In the embodiment of our invention shown in the
attached FIG. 1, 3636 barrels per stream day (BPSD)
of olefin-isoparaffin feed enter the process in conduit 1.
This feed is of approximately the following composi-
tion, expressed in mole percent: propene, 20.0; pro-
pane, 8.6; butene 23.7; isobutane 42.2; normal butane,
5.5. The feed combines with 23,701 BPSD of recycle
isoparaffin from conduit 2 of approximately the follow-
ing composition, expressed in mole percent: propane,
13.5: isobutane, 80.0; normal butane, 5.0; 1sopentane,
1.0: C, and heavier, 0.5. This combined feed and recy-
cle contact hydrogen fluoride in reaction zone 4 and
pass to the bottom of mixing-settling zone 6. The mix-
ing-settling zone of this example may be a vertically
disposed, cylindrical vessel having a lower mixing sec-
tion and an upper settling section. The mixing section
preferably has flow restrictions placed therein, such as
baffles, which maintain the reaction zone effluent in a
dispersed state. The volume of the mixing section is
selected to provide sufficient residence time for com-
pletion of reactions begun in the reaction zone. The
settling section of the mixing-settling zone provides for
repose of the catalyst - hydrocarbon dispersion so that
phase separation can occur. Catalyst and hydrocarbon
phases separate within the settling zone by virtue of
their different densities. The settling section of this
example may comprise an enclosed void space. The
hydrocarbon phase exits mixing-settling zone 6 in con-

6

duit 7 and passes to separation zone 8. 2,755 BPSD of
alkylate product exit separation zone 8 in conduit 13.
400 BPSD of hydrocarbon liquid exit separation zone 8
in conduit 12 and pass to downstream treating facili-
ties. This hydrocarbon liquid is of approximately the
following composition, expressed in mole percent 1s0-
butane, 5.0; normal butane, 92.5; isopentane, 2.0,
hexane and heavier, 0.5. 1,687 BPSD of a liquefied

- hydrocarbon vapor exit separation zone 8 n conduit 9,
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passing to downstream fractionation facilities. This

liquefied hydrocarbon vapor is of approximately the

following composition, expressed in mole percent: pro-
pane, 24.6; isobutane, 71.6; normal butane, 3.4; Iso-
pentane, 0.4, 2,320 pounds per hour of hydrogen fluo-
ride exit the separation zone in conduit 10 and return
to reaction zone 4, 182,554 Pounds per hour of recycle
isoparaffin exit separation zone 8 in conduit 11 and
pass to feed conduit 1 through conduit 2. The separa-
tion zone may be one or more plate or packed fraction-
ation towers.

" A hydrogen fluoride phase exits mixing-settling zone
6 in conduit 15. This phase comprises hydrogen fluo-
ride, water and heavy organic material and is referred
to as contaminated catalyst. The contaminated catalyst
is separated into two portions. A first portion returns to
reaction zone 4 through conduit 3, and the remaining
portion passes to catalyst regeneration zone 18 through
conduit 17. Referring again to the regeneration zone

‘shown in FIG. 2, 2,120 pounds per hour of contami-

nated catalyst enter the middle portion of fractionating
column 18’ in conduit 17’. 7,840 Pounds per hour of
superheated isoparaffin vapor enter the lower portion
of the fractionating column in conduit 19’ and pass
upwardly therethrough, counter-currently contacting
the contaminated catalyst and stripping the hydrogen
fluoride from it. 12,566 Pounds per hour of overhead
vapors leave fractionating column 18’ in conduit 23,
passing to condenser 24. The vapors are condensed and
the resulting liquid passes to overhead receiver 26 In
conduit 25. The overhead receiver provides a period of
repose for the condensed overhead vapors so that the
isoparaffin and hydrogen fluoride phases may separate.
Overhead receiver 26 is provided with a boot, or lower
appendage, which provides a catchment for the hydro-
gen fluoride phase from which 2,086 pounds per hour
of hydrogen fluoride, substantially free from water and
heavy organic material, are withdrawn. This hydrogen
fluoride phase is returned to reaction zone 4 as regen-
erated catalyst. 10,450 Pounds per hour of isoparatiins,
substantially free from hydrogen fluoride as a phase,

exit overhead condenser 26 in conduit 27 and are sepa-

rated into two portions. A first portion of 2,610 pounds
per hour returns to the fractionating column as reflux
in conduit 28. The remaining portion of the isoparaf-
fins, 7,840 pounds per hour, exits conduit 27 in conduit
21'. It is suitable for mixing with alkylation process
feed and will improve the alkylation process by increas- -
ing mono-alkylate production. Cooling water enters
condenser 24 in conduit 2, absorbs heat liberated by
condensing vapors and exits in conduit 30. 34 Pounds
per hour of an admixture of heavy organic material and
an azeotropic mixture of hydrogen fluoride and water
(CBM) is withdrawn from fractionating column 18" in
conduit 20’. In a preferred embodiment of our inven-
tion the fractionating column is a conventional plate or
packed tower having 5 to 15 contact stages.

Our invention is not restricted to the conditions of
the aforementioned example. A suitable alkylatable
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reactant may be a paraffinic hydrocarbon having a
tertiary carbon atom, such as 2-methylbutane, 2-meth-
ylpentane, etc. Other useful alkylatable reactants in-
clude benzene, toluene, xylene, naphthenes, phenols,

cresols, amines and the like. The olefin reactants which

suitably may be used in our invention include Cs - Cy
olefinic hydrocarbons, alkyl halides, alcohols, alkyl
sultates, alkyl phosphates, etc. Hydrogen - fluoride is
used as the alkylation catalyst. A preferred hydrogen
fluoride catalyst contains from 80-90 percent hydro-

gen fluoride, less than 2 percent water and soluble

organic material as the balance of 100 percent. Alkyla-
tion reaction conditions to be maintained within the
reaction zone include a temperature from about 0° F,
to about 150°F., and a pressure of about | atmosphere
to about 40 atmospheres. A preferred range of temper-
ature 1s from about 30° F. to about 100° F. Pressure is
not a significant variable with respect to product qual-
ity, provided that it is sufficient to keep all hydrocarbon
In the liquid state. The volumetric ratio of acid catalyst
to hydrocarbon within the reaction zone is maintained
within the range of 0.5:1 to 2:1. At some point below
0.5:1 excess polymer forms which contaminates the
alkylate product. There appears to be no alkylate yield
or quality improvement in increasing this ratio above
2:1. The contact time in the alkylation reaction zone is
typically less than 5 minutes and preferably from about
10 to about 60 seconds. It is desirable to maintain a
high mole ratio of isoparaffin or aromatic present to the
olefin present in order to produce high quality mo-
noalkylate. A broad range of this ratio is from about 7:1
to about 20:1 with a preferred operating range being
from about 8:1 to 16:1. The residence time in the mix-
ing-settling zone is preferably from about 100 seconds
to about 1200 seconds. Operating conditions in the
separation zone are selected according to the type of
reactants being charged to the process. A preferred
range of pressure in the fractionating column of the
catalyst regeneration zone is from 140 to 300 psig.

We claim as our invention: -

1. An alkylation process comprising:;

(a) contacting a feed comprising an olefin and an
Isoparaffin with hydrogen fluoride alkylation cata-
lyst at alkylation reaction conditions in a reaction
zone; |

(b) separating a reaction zone effluent into a hydro-
carbon phase and a catalyst phase;

(¢) returning a first portion of said catalyst phase to
said reaction zone:; -

(d) passing a second portion of said catalyst phase to
a catalyst regeneration zone to remove tar and
constant boiling mixture of water and hydrogen
fluoride from said [ acid 3 catalyst phase;
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(e) passing said hydrocarbon phase to a separation
zone to separate unreacted isoparaffin and to with-
draw an alkylate product;

(f) mixing said unreacted isoparaffin from step (e)

- with said feed prior to introducing said feed into
said reaction zone;: - |

(g) separating a mixture of regenerated acid and
isoparaffin from said catalyst regeneration zone:

(h) condensing said mixture into regenerated acid
and 1soparaffin substantially free of hydrogen fluo-
ride; and,

(1) recycling said regenerated acid to said reaction
zone [ in ] of step (a) and mixing said isoparaffin
from step (h) with said feed [ in step (a). J prior to
introducing said feed into said reaction zone.

[ 2. The process of claim 1 further characterized in
that said isoparaffin in step (h) is substantially free of a
hydrogen fluoride.} | |

- 3. An alkylation process comprising:

(a) contacting a feed comprising an olefin and an

- 1soparaffin with hydrogen fluoride alkylation cata-
lyst at alkylation reaction conditions in a reaction
Zone;

(b) separating a reaction zone effluent into a hydro-
carbon phase and a catalyst phase;

(c) returning a first portion of said catalyst phase to
sald reaction zZone;

(d) passing a second portion of said catalyst phase to
a catalyst regeneration zone to remove tar and
constant boiling mixture of water and hydrogen
fluoride from said [ acid } catalyst phase;

(e) passing said hydrocarbon phase to a separation
zone to separate unreacted 1soparaffin and to with-

~draw an alkylate product;

(f) mixing said unreacted isoparaffin from step (e)
with said feed prior to introducing said feed into
said reaction zone;

(g) separating regenerated acid catalyst from said
catalyst regeneration zone and recycling said re-
generated acid catalyst to said reaction zone [ in 1
of step (a); and,

(h) separating isoparaffin substantially free of hydro-

-gen fluoride from said catalyst regeneration zone
and mixing said separated isoparaffin with said feed
L in step (a). J prior to introducing said feed into

- said reaction zone.

L 4. The process of claim 3 further characterized in
that said feed comprises isobutane and an olefin having
3 to 4 carbon atoms per molecule. )

[ 35. The process of claim 3 further characterized in

0 that said hydrogen fluoride alkylation catalyst is main-
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tained between about 80 and 90 weight percent hydro-
gen fluoride. }
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