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This invention relates to the isomerization of
olefins having at least four carbon atoms per
molecule and deals more particularly with a
method of converting such olefins into isomeric
olefins in which the double bond occupies o, differ-
ent position in the molecule. In one of its specflc
embodiments, the invention is directed ic the
treatment -of miztures of isomeric olefins' of at
least four carbon atoms or hydrocarbin mixtures
predominating in or containing such olefinic mix.-
tures to obtain high yields of g single.olefin or of
less complex mixtures of clefins,

- Thecheapest and most readily available sources
of olefins are the products of cracking, dehydro-
genation or other pyrolytic treatment of hydro-
carbons derived from petroleum, shale oil, coal
and the like,. These cracking products are highly
complex mixtures, however, and are of little use
for anything except fuel unless some separation
of their components can be made. The first im-
portant step in the°segregation of these mixtures
was the isolation of fractions containing predom-
inantly hydrocarbons having the same number
of carbon atoms per molecule. The use of the
olefinic content of such fractions wag further im-

proved by the discovery that the more reactive .

tertiary olefins, i. e. iso-olefins I having an unsatu-
rated tertiary carbon atom, could be selectively
reacted or removed leaving the secondary olefins,
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such isomers are used. Likewise, in the alkylation
of isoparaffins and in interpolymerization with bu-
tadiene, beta olefins give better results than cle-
finie mixtures comprising the corresponding iso-
meric olefins,. While the invention is not limited
thereto, it has as an important object the provision
of a process for making available more desirable
olefins from.: olefinic mixtures. I is a further ob-
ject to convert the less desirable olefins in such
mizgture into more desirable isomers without sub-
stantia] loss of olefins.

It has already been proposed to isomerize olefins
in various ways, particularly by converting them
into a suitable derivative such, for example, as
the corresponding alcohbol or ester; which may be

. decomposed to yield the desired isomeric olefin.
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Such procedures involve high costs for reagents,
equipment and labor, and efforts have been made
to find less expensive catalytic procedures. How- -
ever, the catalytic methods heretofore suggested
have not been entirely satisfactory. One of the

 drawhacks of previous catalytic methods has been
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i e. olefins which form secondary derivatives by 3¢

normal addition at the double bond, in a more
suitable. condition for subsequent separate resc-
tion. This procedure is entirely satisfactory for
the production of many valuable products but it

the high temperatures involved which have made -
the processes hard to control and have tended to
produce undesirable by-products. = Such methods
have the further disadvantage that the equilib-
rium between alpha and beta isomers favors the.
alpha olefin as the temperature rises. An object

. of the present invention is to overcome the disad-

vantages of the prior art methods and to provide
a method of isomerizing olefins which is not only

- economical but also gives high yields of more de-

* sirable products,

does not make available individual olefins of four 35

. or more carbon atoms per molecule but yields mix-

tures -of olefins having double bonds at différent

positions  in the molecule. Thus, for example,
after-selective removal of 1s0buty1ene from the
butane-butylene fraction of petroléum cracking
gases, hydrocarbons containing-both normal, al-
pha and: beta-butylenes are obtained and from
higher fractions even more complex olefinic mix-
tures. result. For many purposes these olefinic
mixtures are much less desirable than hydrocar-
bons containing only one olefin as beta-butylene
‘or alpha-butylene instead of mixtures thereof. In
" particular; it has been found that for the preduc-
tion of : butadlene, whether by direct catalytic or
non-catalytic dehydrogenation or by chlor-substi-
tution followed by dehydrochlorination, beta-"
butylene is preferred as feed since it gives higher
yields under:comparable reaction conditions and
less undesirable by-products than when its isomers
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Other objects and advantages
of the invention will be apparent from the follow-
ing description, - ,
Por the purpose of making the invention more
clear it will be described with more particular ref-
erence to the production of beta butylene from
fractions’ of cracking products predominating in
olefins and parafiins having four carbon atoms per
molecule. This application of the invention has
been chosen as an illustration because it is not
only of particular commercial importance but also
involves fewer components than analogous higher
boiling hydrocarbon mixtures. It will be under-

" stood, however, that the same procedure may be -

applied to such ‘higher boiling hydrocarbon mix-

. tures, it being only necessary to modify the reac-
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or mixtures containing substantial® amounts of ‘ 56

tion conditions in accordance with the difference
in reactivity, if any, of the olefins involved. Fur-
thermore, instead of fractions composed of or pre-
dominating in compounds having the same num-
ber of carbon .atoms per molécule, hydrocarbon -
gmtures of wider boiling range may be used and
ixtures of homologous olefins thereby obtained .
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Also, instead of olefinic fractions of cracking
products, pure or substantially pure olefins or ole-
fins admixzed with other compounds may be em-
ployed, the.invention being independent of the
source or purity of the olefin or olefins isomerized.

It has now been discovered that alpha butylene
may be readily converted to beta butylene by con-
tact with an aqueous inorganic acid solution, pref-
erably aqueous sulfuric acid, under carefully con-
trolled conditions of operation at which the isom-
- erization .is effected catalytically and the cost
of acid is very low. For the production of beta
butylene from a C: fraction of cracking gases
containing isobutylene and butanes as well as
alphs and beta butylenes, it is desirable that the
isobutylene content be first removed or a} least
substantially reduced in order that the loss of
olefin through interpolymerization be kept low in
the process. The removal of isobutylene may be
effected by selectively absorbing the isobutylene

in a suitable solvent, for example a dilute acid

solution at low temperatures as described in
United States Patents 2,007,159 and 2,133,732.
Alternatively, selective polymerization of the iso-
butylene at higher temperatures as disclosed, for
example, in United States Patents 2,007,160,
2,101,857 or' 2,156,718 may be used for its removal.
Still other methods of selectively removing ter-
tiary olefins from the corresponding secondary
olefins may also be used. Thus, the isobutylene
may be selectively esterified or may be chlori-
nated, for example, as described in United States
Patent 2,030,938, or other suitable removal meth-

ods may be used. It is not essential that the

separation of the iscbutylene from the secondary
butylenes be complete, although it is preferred
“to reduce the. isobutylene content as completely
"as possible as the yield of beta butylene in the
.process is improved by reducing the isobutylene
content prior to isomerization.

‘When the removal of isobutylene is effected by
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acid into Which the olefin to be isomerized ig fed
at one point while taking off at another point in

, the circuit emulsion which is fed to.a decantation
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tank or other means for separating product from
catalyst acid. The latter may be returned to the
circuit after suitable adjustment of its concen-
tration, for-example, by replacing a part with
fresh acid. The separated hydrocarbon phase, .
after further settling or neutralization, if neces-
sary, may be distilled or otherwise ireated for
recovery of the isomerized olefin-containing hy-
drocarbons. It is also feasible to carry out the
isomerization step by bubbling the olefin or ole-
fins through a column: containing acid solution
maintained under suitable conditions. The proc-
ess may be carried out batchwise or intermittently
instead of continuously. Reduced olefin concen-
tration tends to reduce losses through polymeri- -
zation and suitable diluenis may be added for this
purpose, o

- ‘When employing sulfuric acid as the catalyst it
is preferred tc maintain a concentration of acid
between about 50% and about 85% -on a hydro-
carbon-free basis. The exact choice of acid con-
centration within this range depends upon the
temperature of operation adopted. For the isom-~
erization of alpha butylene to beta butylene it is
preferred to employ sulfuric acid of about 65%
to 75% concentration at about 170° F. to 180° F,
With acid .of lower concentration higher tem- .
peratures up to about 250° F. are used, while with
stronger acids lower temperatures, preferably
above about 120° F., are employed. For the isom~
erization of other olefing somewhat different com-

35 binations of acid concentration and temperature

may  be more advantageous, depending upon
whether the olefin or olefins involved are more or
less reactive thanthe secondary butylenes. Inany
case it is preferred to operate under conditions at

‘40 which substantial polymerization, particularly

conversion to derivatives such, for example, as ~
polymers, etc., it is not necessary to separate the -

isobutylene derwatlve or derivatives from the
unreacted secondary butylenes before treating the
latter for conversion to beta butylene; however,
'such products are preferably removed, as by dis-
tillation or the like, as the capacity of the isom-
erization unit may thus be increased.’

PFor the isomerization step of the process it is
preferred to use sulfuric acid as the catalyst. - The

. olefin or olefin-containing hydrocarbon may be

used in either the liquid or gaseous phase. Any

suitable method of contacting the olefin with the.

catalyst may be employed. Thus, for example,
the catalyst may be deposited on s porous sup-
port or may be present in the form of a film on
non-porous packing in a tower or a horizontal
tube through which the ‘olefin-containing hydro-
carbon is flowed. Alternatively, the catalyst acid
. may be flowed concurrently, orpreferably counter-
currently to the flow of olefin, through a‘tower
containing suitable packing, baffles, trays or the
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like. Jet mixer or mechanically stirred contact

vessels may also be uséd. For continuous opera-
tion with the olefin at least partly in thé Hquid
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phase it is advantageous {0 use mixing by means -

of a pump which is in communication with a sep-
arator wherein olefin-containing hydrocarbons
may be separated at least in part from the cata-

yst acid and the latter returned to the reaction.-

A’ preferred method of operation which is more
fully described and claimed in United States Pat-
ent 2,232,674 comprises circulation of an emulsion

of oleﬂn-containing hydrocarbon and sulfuric
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interpoiymerization of isomeric secondary oleﬁns
does not take place.

It is preferrsd, in liquid phase operations, to
maintain a substantial volume of acid in contact
with the hydrocarbon undergoing treatmens.
About 0.3 to about 1.5, preferably 0.7 to 1.3, vol-
umes of acid per velume of hydrocarbon may be
used.  'While frequently short times of contact
of the olefin to be isomerized with the catalyst

acid is sufficient and contact times of less than

flve minutes may be used wheh employing strong
aéid at the higher temperatures, in liquid phase
operations with sulfuric acid of about 65% to
80% concentraiion longer periods of contact of
the order of about -5 to 60 minutes, preferably -
about 10 to 30 minutes, are advantageous. Under
these conditions space velocities of about 0.1 to
about 2.5 volumes of liquid olefin per volume of
acid phase per hour may be advantageously used.
The following example illustrates one applica- -
tion of the process of the invention to the pro-
duction of beta butylene from a butane-butylene
greltlction having a composition approximately as .
ollows: . )

- Per cent by

© weight
Isobutylene . 174
Alphga and beta butylenes 30.0
Butanes 52.6

This hydrocarbon ‘mixture was contacted with
sulfuric acid of 65% concentration at about 100°

“F. to selectively extract the isobutylene. The ex-.

traction was carried out in countercurrent using
two cooled contact vessels, through each of which -
an emulsion of hydrocarbon and acld was con-
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tinuously circulated. For the extraction about
0.86 mols of sulfuric acid per mol of isobutylene
were used.

After removal ¢f isobutylene the hydrocarbon

mixture had the following composition:
Per cent by
weight
TSODULYIENE e e m e 24T
Alpha and beta butylenes ..o caaoeoo 335
BUbANES o e m e e 63.8

This mixture was treated in a single stage con-
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tinuous reactor with a mixture of sulfuric acid -

and disodium phosphate corresponding to 85.7%

H280i and 1.2% HsPO4 in an amount equivalent ;

to about 0.6 mol of acid per mol of olefin. The
reaction temperature was 153° F. and the contact
time was 5.5 minutes. Under these conditions
the alpha butylene was substantially completely
converted-to beta butylene and the loss of olefin
through polymerization was very low, there being
only 8.8% polymer in the product.. -

In another run in which the hydrocarbon feed.
to the isomerization unit contained 50% of alpha
butylene, the remainder being normal pentane,
and 70% sulfuric acid was used as catalyst at
185° F., it was found that less than 3% of the
olefin was unchanged after a contact time of 15
minutes. -By fractionation of the hydrocarbon
product substantially pure beta butylene.could
be recovered. Similar results were obtained with
pure alpha butylene using 59.7% sulfuric acid-
at 220° 7. and 30 minutes contact time, the butyl-
ene recovered in this case being over 95% beta
butylene. L

Catalyst acid which has lost its effectiveness for
isomerization of olefins in part or completely as,
a result of the accumulation of organic impurities,
particularly absorbed olefin, in repeated use in
the process, may advantageously be employed in
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the preliminary step of tertiary olefin removal

Such acid may also be regenerated, for example by
vacuum distillation, and reused in the isomeriza-
.tion step. Thus a portion of the acid phase sepa-
rated from the isomerization products may be
heated under vacuuum to.effect removal of beta
olefin therefrom and returned along with another
portion of said separated acig phase to contact
with alpha olefin containing hydrocarbon. \
" It will be apparent that the process of the in-
vention offers many advantages over ‘prior
methods of olefin isomerization, not only with
respect to the high yields of olefinsg which may
be obtained but also in regard to the substantial
savings in reagent and operating costs which
may be effected thereby. While the rearrange-
ment of alpha-unsaturated secondary mono-ole-
fins such, for example, as butene-1 and higher
homologues has been emphasized in the foregoing
discussion, it is to be understood that other non-
tertiary olefins may be analogously treated to
produce olefins having the double bond further
removed from the end of the chain. The inven-
tion is of wide scope, not only with regard to the
olefinic compounds which may be treated but
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instead of using acids for the preliminary separa-
tion of the tertiary olefin from the olefins to be
isomerizZed, extraction with a mixture of cresols
and a small amount of disecondary butyl sulfate
or the like as described in United States Patent
2,265,583 may be employed. Isobutylene may also .
be separated from mixtures of alpha and beta -
butylenes by extractive distillation for example.
Still other changes may be made and the inven-
tion is not limited to the details of operation dis- .
closed by way of illustration nor by any theory
advanced,in explanation of the improved results
obtained.. )

I claim as my invention: .

1. A process of producing beta butylene from
2. hydrocarbon mixture comprising isobutylene,
alphe and beta butylenes and butanes-which com-
prises extracting said mixture with sulfuric acid
of less than 70% concentration to remove iso-
pbutylene therefrom without -substantial poly-
merization, ' intimately mixing the remaining
alpha and beta butylenes with about 0.3 to 1.5
volumes of sulfuric acid of about 70% to 76%
concentration per volume of liquid hydrocarbon,
at about 170° F. to 180° F. for about 5 to 30 min-
utes, separating the resulting mixture into a beta
butylene-containing hydrocarbon phase and an
acid phase without substantially reducing the
concentration, on a hydrocarbon-free basis, of
said acid, heating 2 portion of the separated acid
phase under vacuum.to effect removal of beta
butylene therefrom, returning at least & part of
the thus heated acid and another portion of sald
separated acid phase to confact with alpha and
bets butylene-containing hydrocarbon, and dis-
tilling the separated hydrocarkon phase to re- .
cover beta butylene in & more concentrated forin.

9, A process of producing a normal beta olefin

‘from the corresponding alpha olefin of at least

four carbon atoms per molecule which comprises
intimately. contacting said alpha olefin in the
substantial abserice of tertiary olefin with sul-
furic scid of about 50% to 85% concentration
at o temperature between about 120° F. and 250°
F. -at which isomeérization of said alpha olefin

. to said befe olefin takes place, separating the
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resulting mixture into a beta olefin-containing
hydrocarbon phase and-an acid phase without

_substantially reducing the conecentration, on: &

hydrocarbon-free basis, of said acid, heating 2
portion of the separated acid phase under vac-
uum to effect removal of bets olefin therefrom,
returning at least a part of the thus heated acid
and another portion of said separated acid phase

- to contact with said alpha olefin and recovering

beta olefin from the separated hydrocarbom

' phase.

3. A process of producing a normal beta olefin
from a hydrocarbon mixture comprising the cor-
responding alpha olefin of at least four carbon
atoms per molecule and a tertiary olefin, which

* comprises contacting said mixture with sulfuric
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also with respect to the methods of operation .

which may be employed. Thus, for example, in-
stead of treating the entire paraffin-olefin mix-
ture as described in foregoing illustrative ex-
amples, it is feasible to separate the olefins from
the paraffins as by treatment with cuprous chlo-
ride before carrying.out the isomerization step
of the process, although for. the production of
pure beta butylene it is generally preferable to.
make such separation after isomerization. Also,
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acid to selectively remove tertiary olefin there-
from, intimately mixing the remaining alpha-

olefin-containing hydrocarbon with sulfuric acid

of about 50% to 859% concentration at a tem-
perature between about 120° F. and 250° F. at
which isomerization of said alpha olefin to said
beta olefin takes place, separating the resulting
mixture into a béta-olefin-containing nydrocar-
bon phase and an acid phase without substantially -
reducing the.concentration, on a hydrocarbon-

“free basis, of said acid, heating & portion of the

separated acid phasé under vacuum to effect

75 removal of beta olefin therefrom, refurning at
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least a part of the thus heated acid to contact
with said alpha-olefin-containing hydroearbon
and using another part of said separated acid
in effecting said tertiary olefin removal. .

4. A process of producing a norma] betg olefin
from a hydrocarbon mixture comprising the cor-
‘responding alpha olefin of at least four carbon
- atoms per molecule and a tertiary olefin, which
comprises contacting said mixture with sulfuric
acid to selectively removePtertiary oiefin there-
from, intimately mixing the remaining alpha-
olefin~containing hydrocarbon with sulfuric acid
of about 50% to 85% concentration at g tem-
perature between about 120° F. an
which isomerization of said alpha olefin to said

beta olefin takes place, separating the resulting .

mixture into a beta-olefin-containing hydrocar-
bon phase and an acid phase conteining ab-
- sorbed olefin without substantially reducing the
concentration, on a hydrocarbon-free basis, of
said acid, continuously returning at least g, sub-
stantial part of said separated acid phase to
contact with said alpha-olefin-containing hydro-
carbon until the acid is at least partly spent with
respect to its effectiveness for isomerizing olefins
as a result of the accumulation of organic im-
purities therein, and using said at lea,st partly

i®

250° F. at -
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spent acid in effecting said tertiary olefin re-
moval.

5. A process of producing beta butylene from
8 hydrocarbon mixture comprising isobutylene,
alpha and beta -bitylenes and butanes which
comprises extracting said mixture with sulfuric
acid to remove isobutylene therefrom without
substantial pelymerization, intimately mixing the
remaining alpha and bets butylenes with about
0.3 to 1.5 volumes of sulfuric acid of about 70%
t0 75% concentration per volume of liquid hydro-
carbon, at about 170° P. to 180° ¥, for about 5 to
3¢ minutes, separating the resulting mixture into
s beta butylene-containing hydrocarbon phase
and an acld phase without substantially reducing
the concentration, on a hydrocarbon-free "basis,
of said acid, distilling the separated hydrocarbon
phase fo recover beta butylene in a more concen-
trated form, continuously returning at least a

-part of said separated acid phase to contact with

alpha and beta butylene-centaining hydrocar-
bons until the acid is at least partly spent with
respect to its effectiveness for isomerizing olefins
as & result of the accumulation of organic im-
purities therein, and feeding at least a part of
said spent acid to said isobutylene extraction.
SUMNER H. MCALLISTER.




