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The present invention relates to an improved 
process for the recovery of normal and branched 
chain olefin components from a hydrocarbon 
stream containing them. More particularly, the 
invention is concerned with the recovery Of Sec 
ondary alcohols and the recovery of branched 
chain olefins from a mixed hydrocarbon stream 
containing normal and branched-chain olefins 
which are difficult to separate by fractionation. 
By normal olefins is meant those olefins capable 
of yielding secondary alcohols immediately upon 
hydration. 
The production of aliphatic monohydric alco 

hols through the absorption of olefinic hydrocar 
bons in mineral acids such as Sulfuric acid, using 
the cracked gases from a petroleum oil refinery 
as the source of aliphatic olefins, to form an acid 
extract which is subsequently hydrolyzed and 
distilled to recover the alcohol, is a Widely used 
process. Generally speaking, cracked gases, 
produced by thermal, catalytic or Steam cracking 
of hydrocarbon oils, are a heterogeneous mixture 
of saturated hydrocarbons, normal olefins, ter 
tiary olefins, some hydrogen and smaller quanti 
ties or traces of other unsaturated hydrocarbons 
such as diolefins and acetylenes. For the pur 
pose of this invention, the tertiary olefins are 
best described as those mono- or diolefins which 
have in the molecule a double bonded carbon 
atom attached to three other carbon atoms. Thus, 
the four valences of a tertiary carbon atom are 
occupied by three other carbon atoms. 
The first step toward economic utilization of 

cracked refinery gases is the separation of the 
gases by close fractionation into isomeric groups 
or fractions in which Substantially all of the 
hydrocarbons present have the same number of 
carbon atoms. The next step in the refinery 
process, according to the present best practice, 
is the separation of the various hydrocarbons 
within an isomeric group. This is accomplished 
by methods relying upon a marked difference in 
the reactivity of the various hydrocarbons. The 
diolefins, acetylenes, and other hydrocarbons of 
higher unsaturation than mono-olefins may be 
first removed by reaction with copper salts or 
other known means. Of the major remaining 
constituents, it is known that the tertiary mono 
olefins are the most reactive to sulfuric acid; next 
come the normal mono-olefins. The saturated 
hydrocarbons are inert for all practical purposes. 
For instance, isobutylene is removed from a mix 
ture of hydrocarbons containing isobutylene and 
normal buttenes by reacting the mixture with 
Sulfuric acid of 60-65% acid strength on a hy 
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drocarbon-free basis, or with other strong acids 
of equivalent strength, under conditions such 
that little if any of the normal buttenes react, 
or an amylene fraction may be contacted With 
65-75% sulfuric acid or with 80-85% benzene Sul 
fonic acid to remove the tertiary amylenes. The 
normal olefins may then be converted to Second 
alry alcohols and other valuable derivatives. How 
ever, the Sulfuric acid method for separating ter 
tiary olefins from normal olefins may leave vary- . 
ing quantities of tertiary olefins behind with 
these normal olefins. The preliminary removal 
of tertiary olefins represents an added expense 
and, in many instances, it is preferably avoided if 
the tertiary olefin concentration of the feed is 
not too high. In practice, the tertiary olefin 
present in Such a fraction is usually 2-25% of 
the total hydrocarbon. When such fractions are 
mixed with fresh or lean acid of sufficient 
strength, e. g., 75-92% H2SO4 under ordinary 
conditions, i. e., 0°-30° C., and atmospheric pres 
Sure or higher, to react With the normal olefin 
to give an acid extract, large amounts of polymer 
are formed due to the polymerization of the ter 
tiary olefins and copolymerization of the tertiary 
olefinS with normal olefins. Also contamination 
of the ultimate secondary alcohol with tertiary 
alcohol results. Alternatively, the fraction may 
be brought into prior contact with sulfuric acid 
of 60-70% concentration or with phosphoric acid 
at elevated temperatures to remove the tertiary 
olefins by copolymerization with the normal ole 
fins, before being brought into contact with 
75-92% acid. However, little normal olefin re 
mains to be converted to alcohol. 

Recently processes have been developed, e. g., 
steam cracking of petroleum fractions in which 
hydrocarbons are cracked at temperatures in the 
neighborhood of 1200°F. in the presence of steam. 
This process produces cracked products contain 
ing a higher percentage of olefin, averaging 80 
95% total olefin as compared to 30-50%, found 
in the Cracked gases produced by former crack 
ing processes. In the fractions obtained from 
Steam-cracked gases which contain isomeric 
groups of olefins, it has been found that from 
i0-25% of the total hydrocarbons are tertiary 
olefins. Products containing a high percentage 
of olefins Suitable for extraction by the process 
of this invention have been also produced by the 
Synthesis of hydrocarbons by reaction of hydrogen 
and carbon oxides in the presence of catalysts, 
particularly iron catalysts. The olefin products 
resulting from the process in the presence of the 

5 iron catalyst have been found to contain the 
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proper ratio of tertiary to normal olefins as is 
required for the extraction described in this in 
vention. Some fractions, particularly the C5 
fraction, containing say 50-70% normal olefins 
and 15-25% tertiary olefins, respectively, are not 
amenable to the method of removing the tertiary 
olefins by contact with H2SO4 of 60-75% concen 
tration. In hydrocarbon mixtures of Such high 
concentration of normal and tertiary olefins, the 
weak acid method removes only about 50% of 
the tertiary olefins present. This is objection 
able because it leaves too high a percentage of 
tertiary olefin in the hydrocarbon causing poly 
merization, copolymerization, and contamination 
in the subsequent alcohol process as previously 
described. The use of hot Weak acid convertS 
the tertiary olefin to polymers which remain in 
solution in the hydrocarbon and, in addition, 
consume large amounts of the valuable olefins to 
produce products other than the desired alco 
hol. Unless the hydrocarbon is redistilled to re 
move the polymers, they are carried over into 
the alcohol process where, in contact with the 
stronger acid of the alcohol process, they enter 
into further polymerization and copolymerization 
reactions causing loss in alcohol yield. 

It is an object of this invention to utilize nor 
mal and tertiary olefin components of a mono 
olefin hydrocarbon Strean Without appreciable 
loss of tertiary olefin due to polymerization or 
to copolymerization with the normal olefin. 

It is another object of this invention to re 
cover normal and tertiary olefin components from 
a strong acid extract containing the same. 
These and other objectS of the invention will 

be apparent to those skilled in the art from the 
following description. 
The first step in the process of this inven 

tion is to prepare an acid extract containing dis 
Solved therein normal olefins and tertiary olefins. 
Such extracts may be prepared in a number of 
ways simply by mixing the hydrocarbon material 
with fresh acid of appropriate strength, as men 
tioned above, but preferably as follows: 

1. A hydrocarbon Stream containing normal 
and tertiary isomeric mono-olefins in which the 
ratio of normal olefins to tertiary olefins is at 
least 2.5 to 1 may be contacted with the re 
action product of olefins of the type present in 
the hydrocarbon feed (or its equivalent in alco 
hol), and Strong acid of a concentration adapted 
to esterifying olefins, e. g., 82-92% H2SO4. (hy 
drocarbon free basis) for n-butenes; 75-85% 
H2SO4 for n-amylenes, etc., in which the mol 
ratio of olefin to acid is at least 1:1, and pref 
erably 1.2:1 for anylenes and higher olefins. In 
other Words, the isomeric olefin hydrocarbon 
Stream is not brought into contact with fresh 
acid but with an acid extract of at least unit 
Saturation. In this manner polymerization and 
copolymerization of the tertiary olefin is mini 
mized when temperature is about 25° C. This 
process is the Subject matter of U. S. Patent No. 
2,497,959, in the name of Richard F. Robey and 
Salvatore G. Gallo. 

2. The normal olefin may be absorbed in a 
suitable medium Such as a relatively strong acid, 
e.g., H2SO4 of about 80-95 weight percent of 
strength. The resulting extract is thereafter di 
luted With Water to an acid concentration of 
about 60-75 Weight percent on a hydrocarbon free 
basis, and employed to absorb the more reactive 
tertiary olefin. The finished extract will then 
contain both normal and tertiary olefin compo 
nents in Solution. 

3. The normal and tertiary olein extracts may 
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4 
be separately prepared, e. g., by treating the cor 
responding alcohols with acid, and thereafter 
mixed. 
In any event, the acid extract, by whichever 

method prepared, consists of an acid Solution 
containing dissolved therein normal and tertiary 
olefins either in the form of the corresponding 
ester or alcoholic bodies. Having the normal 
and tertiary olefins in acid Solution this inven 
tion is concerned with their removal from the acid 
extract in such a manner that they can be re 
covered in relatively pure form. For this pur 
pose a two-stage regeneration ploceSS is en 
ployed. In the first stage, the tertiary Olefin is 
regenerated as Such from the the acid phase un 
der Selective Stripping conditions after which the 
remaining acid solution free of tertiary olefins is 
treated in a second Stage for recovery of nor 
mal olefins and/or derivatives thereof. 
The separation of the tertiary olefin is effected 

by selective stripping of the acid phase under a 
preferred set of conditions of temperature, pres 
Sure, and acid concentration. The stripping 
agent employed may be an inert gaS Such as ni 
trogen, flue gas, etc., hydrocarbons of appro 
priate boiling point range, or steam. The quan 
tity of Stripping agent used is quite critical for 
these purposes. Ordinarily it is limited in 
amount So that the most readily removable ma 
terial in the extract, namely, the tertiary olefins, 
are removed without appreciable renoval of the 
normal olefins or of the Secondary alcohols de 
lived therefrom. Basically, the invention recog 
nizes the fact that tertiary olefins are relatively 
more volatile from Such acid mixtures than are 
the normal olefins and their reaction products. 
Hence, the necessity for controlling the amount 
of Stripping agent employed. Only that amount 
of Steam is added to supply the heat necessary 
for vaporization of the tertiary olefin. Once 
Stripping is begun, dilution of the acid below the 
desired concentration is to be avoided. As re 
gards other operating conditions they can be var 
ied depending upon the particular results de 
sired. In the first place, it is necessary. to dilute 
the acid before feeding to the stripping Zone by 
addition of water to a strength of 50-70 weight 
percent acid (hydrocarbon-free basis), preferably 
50-60%. When predilution of this sort is used, 
the actual Stripping operation may be carried out 
at atmospheric pressure or even at superatmos 
pheric preSSures. The effect of increase of pres 
Sure is ordinarily to decrease the amount of ter 
tiary olefins relative to the amount of tertiary 
alcohols recovered. Hence, it is within the scope 
of this invention not to use predilution, but sinn 
ply to employ low stripping pressures. The tem 
perature of Stripping, of course, depends on the 
acid Strength and the pressure employed in the 
Stripping Zone. The amount of polymer formed 
in Such an operation increases with temperature, 
acid strength and the pressure employed in the 
Stripping Zone. While this invention is not spe 
cifically limited to conditions which completely 
avoid olefin polymer formation, it is preferred, 
Within the above limits, to operate under such 
conditions that polymer formation is minimized. 

Following the recovery of tertiary olefins as 
described above, the normal olefins may be re 
moved in a variety of manners and forms. If it 
is desired to recover them primarily as the alco 
hol, then the substantially tertiary olefin-free 
acid may be subjected to stripping with addi 
tional quantities of stripping agent to remove 
therefrom the Secondary alcohol. The acid 
Strength may be adjusted by further dilution with 
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water or may be raised by addition of stronger 
acid. In case it is desired to recover the normal 
olefins as such rather than as the alcohol, it is 
desirable to add acid, or reconcentrate the acid, 
to bring the acid strength up to approximately 
the range employed in the extraction operation 
proper. In the case of sulfuric acid, this is in 
the range of 60-80% by weight sulfuric acid. If 
alcohol is the desired product, then the acid 
strength should be altered to the range of 30-60% 
by weight, preferably about 40 weight percent. 
The pressure employed may be varied. This fac 
tor, together with the acid strength, determines 
the relative amounts of olefin and alcohol ob 
tained. Qualitatively the effects of changes in 
variables are the same as in the case of tertiary 
olefins described above. In certain cases it may 
be desirable to preheat the extract after removal 
of the olefins for a short period of time to hy 
drolyze the secondary Esters in the acid phase. 
This is most conveniently conducted at tempera 
tures of 70-210° C. and the acid strengths of 
30-50% by weight. Alternatively, the acid con 
taining dissolved normal olefins may be employed 
as such as a reactive acid liquor, e. g., in the 
preparation of organic ester. 

Basically, then this invention involves the use 
of a two-stage process for removal of olefins from 
Sulfuric or similar acids with especial emphasis 
on selective methods for the recovery of the two 
different types of compounds. The type of strip 
ping zone may be varied according to conven 
tional engineering concepts. Preferably, the op 
eration consists of countercurrent flow of the 
acid phase and the stripping agent. While Sul 
furic acid has been employed as a specific ex 
ample here, it is intended that other acids of the 
types described above are also within the Scope 
of this invention, e.g., phosphoric acid, benzene 
Sulfonic acid, etc. 

Specific examples illustrating the operability of 
this invention are given below: 

Eacample 1 

An acid extract of amylenes in 80% sulfuric 
acid was prepared containing a total of 1.5 moles 
of olefin per mole of H2SO4. Of the amylenes in 
Solution, 17% were tertiary and the remainder 
normal. This extract was diluted to 50% acid 
strength on a hydrocarbon-free basis and sub 
jected without previous hydrolysis to countercur 
rent steam in a column packed with Small 
Raschig rings. Only amylenes were taken over 
head. 217 g. of extract containing 75 g. of amyl 
enes were fed. Of the overhead taken, 12.6 g. 
was amylenes comprising 84.3% tertiary type. 
During this period 48 g. of steam were fed. No 
significant amount of polymer was formed. 

Eacample 2 

An acid extract of amylenes WaS prepared Con 
taining 0.20 mol of total C5 olefin per mole of Sul 
furic acid. Of the amylenes in solution, 20% 
were tertiary and the remainder normal. The 
extract was diluted to 60% acid strength on a 
hydrocarbon free basis, and then subjected with 
out previous hydrolysis to countercurrent Steam 
in a packed column as in Example 1, 81% of 
the tertiary amylenes introduced were recovered 
overhead as monorner. The amylenes recoverd 
ovrhead comprised 95% tertiary amylene. Al 
most all of the normal amylenes were found in 
the residual acid in the form of Secondary al 
cohols and ethers. 
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6 
Eacample 3 

An acid extract of amylenes in 80% sulfuric 
acid was prepared containing a total of 1.5 moles 
of olefin per mole of sulfuric acid. Of the amyl 
enes in solution, 17% were tertiary amylene, and 
the remainder normal. This extract was diluted 
to 70% acid strength on a hydrocarbon free basis 
and subjected to steam stripping as in the pre 
vious examples. 51 grams of steam were em 
ployed. 220 grams of diluted extract containing 
95 grams of amylenes were fed. 20.8 grams of 
amylenes were taken overhead comprising 75% 
of the tertiary type in monomer form. 
During the first stage of the stripping, accord 

ing to the terms of this invention, any small 
amounts of tertiary alcohol obtained as Overhead 
with the tertiary olefin, may be recovered and 
recycled to the regeneration or absorption stage 
for further conversion to tertiary Olefins. 

After the recovery of the tertiary olefin com 
ponent in each of the examples cited, the re 
maining extract is ready for treatment for the 
recovery of the normal olefin component. At 
this point it is possible to employ conditions con 
ducive to the recovery of the normal olefin as 
such, or in the form of Secondary alcohol. When 
secondary alcohol is desired, the extract is fur 
ther diluted with additional quantities of strip 
ping agent, whereas, if the normal olefin recovery 
is desired, the extract acid strength is increased 
by the addition of more acid or reconcentration 
of the extract, and then Stripped. 
The nature and objects of the present inven 

tion having been thus fully set forth and specific 
examples of the same given, what is claimed as 
new and useful and desired to be secured by 
Tetters Patent is: 

1. A process for the recovery of isomeric ter 
tiary and normal mono-olefin components from 
acid extracts containing both dissolved isomeric 
tertiary and normal mono-olefins, which com 
prises diluting the acid extract to an acid con 
centration of 50-70 wt. per cent on a hydrocar 
bon free basis, recovering tertiary olefins from 
the extract by contacting the diluted acid extract 
in a stripping zone with a stripping agent with 
out further dilution of the acid extract, and Sub 
sequently recovering normal olefin components 
from the stripped tertiary olefin-free acid 
extract. 

2. A process according to claim 1 in which the 
Stripping agent is steam. 

3. A process according to claim 1 in Which the 
acid extract is a sulfuric acid extract. 

4. A process for the recovery of isomeric ter 
tiary and normal mono-olefins from acid ex 
tracts containing both dissolved iSOmeric ter 
tiary and normal mono-olefin, which comprises 
diluting the acid extract to an acid concentration 
of 50-70 weight per cent on a hydrocarbon free 
basis, recovering tertiary olefins from the diluted 
extract by contacting the diluted extract in a 
stripping zone with a stripping agent. Without 
further dilution of the acid extract, adding 
stronger acid to the stripped acid extract to re 
store the acid concentration to a concentration 
above 60 weight per cent, and stripping the re 
stored concentrated acid extract with a stripping 
agent to recover normal olefins therefrom. 

5. A process according to claim 4 in which the 
stripping agent is steam. 

6. A process according to claim 4 in which the 
acid extract is a sulfuric acid extract. 

7. A process for the recovery of tertiary mono 

  



2,560,362 
7 

olefins and normal monohydric alcohol from an 
acid extract containing both dissolved isomeric 
tertiary and normal mono-olefins, which com 
prises diluting the acid extract to an acid con 
centration of 50-70 weight per cent on a hydro 
carbon free basis, recovering tertiary mono 
olefins from the diluted extract by contacting the 
diluted extract, in a stripping Zone With a strip 
ping agent without further dilution of the acid 
extract, further diluting the tertiary mono 
olefin free acid extract to a concentration of 
30-60 weight per cent on a hydrocarbon free 
basis, hydrolyzing the diluted tertiary olefin-free 
extract and recovering secondary monohydric 
alcohol from the hydrolyzed extract by contact 
ing the extract with a stripping agent. 

8. A process according to claim 7 in which the 
stripping agent is steam. 

9. A process according to claim 7 in which the 
acid extract is a sulfuric acid extract. 

10. A process for the production of tertially 
amylene, and normal amyl alcohol from a sulfuric 
acid extract containing both dissolved tertiary 
and normal amylenes, which comprises diluting 
the extract to a sulfuric acid concentration of 
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50-70 weight per cent on a hydrocarbon free 
basis, recovering tertiary amylene from the di 
luted extract by contacting the diluted extract 
in a Stripping Zone with steam without further 
dilution of the extract, diluting the tertiary 
amylene-free acid extract to an acid concentra 
tion of 30-60 weight per cent, hydrolyzing the 
diluted tertiary amylene-free acid extract, and 
recovering Secondary amyl alcohol from the hy 
drolyzed extract by stripping the hydrolyzed ex 
tract with steam. 

CHARLESE. MORRELL. 
RICHARD FROBEY. 
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