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The present invention is concerned with the
selective removal of olefinic compounds from
hydrocarbon fractions containing the same. The
invention is more particularly concerned with the
segregation of olefin type compounds from aro-
matic hydrocarbons in order to produce a product
having a high aromatic content. In accordance
with the preferred adaptation of the present in-
vention, product streams substantially com-
pletely free, or having a relatively low olefin
content are secured by contacting the feed
streams with a relatively dilute acid in conjunc-
tion with an aldehyde. A particularly desirable
adaptation of the present invention is to contact
an aromatic type feed stream containing olefins
with a relatively dilute sulfuric acid together with
a small amount of formaldehyde.

It is well known in the art that various types
of hydrocarbon constituents can be segregated
from other types by utilizing a chemical reagent
which will react with the one type only. For
example, it has been proposed in the art to sepa-
rate various olefinic type constituents from hy-
drocarbon fractions by treating a mixture con-
taining the same with formaldehyde, and using
in conjunction therewith an acid; as for example,
concentrated sulfuric acid. In this so-called
“Formalite” reaction, concentrated sulfuric acid,
hydrochloric acid, or Friedel-Crafts type cata-
lysts are employed in conjunction with formalde-
hyde in order to segregate and remove olefinic
type hydrocarbons. However, when acids of this
concentration are utilized the aromatic hydro-
carbons also condense with the aldehydes to form
di-aryl methane type compounds as well as their
sulphonates and various resins. It has now, how-
ever, been discovered that a selective separation
between aromatic type constituents and olefinic
constituents can readily be secured providing a
relatively dilute acid is employed in conjunction
with an aldehyde. By operating in this manner
the aldehyde reacts only with the olefinic and
polydiolefinic hydrocarbons and apparently does
not react to any measurable degree with the aro-
matic type constituents. Thus, it is possible by
the present process to secure high yields of aro-
matic type products, which products contain a
relatively small concentration of undesirable
olefinic compounds.

The present invention may be readily under-
stood by reference to the drawing illustrating one
embodiment of the same. Referring specifically
to the drawing, a feed stream which for the pur-
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pose of illustration is assumed to comprise aro-
matic type constituents and olefinic compounds
boiling in approximately the same boiling range
is introduced into treating zone 10, by means of
feed line {. An acid which for the purpose of
illustration is assumed to be a dilute sulfuric
acid, together with a relatively small concentra-
tion of an aldehyde, as for example formalde-
hyde, is introduced into zone {0 by means of line
2. Temperature, pressure and mixing conditions
in zone 10 are adjusted to secure the desired re-
moval of the olefinic type constituents. In gen-
eral the temperature in zone 0 is in the range
from about 20° C. to 50° C. The spent acid, or
treating agent is withdrawn from zone 10 by
means of line 3 and may be regenerated or re-
cycled. It is to be understood that a zone may
comprise any suitable number and arrangement
of treating stages. Furthermore, it is to be
understood that any means may be employed to
secure the desired contact between the treating
agent and the feed stream being contacteq,

The treated hydrocarbon fraction containing
aromatic type constituents and olefinic-aldehyde
complexes is withdrawn from zone {0 by means
of line 4 and introduced into treating zone 20
wherein’ the same is preferably contacted with an
alkali solution. The alkali solution which for the
purpose of illustration is assumed to be a 5%
sodium hydroxide solution, is introduced into
zone 20 by means of line 5 and withdrawn by
means of line 6. Here again zone 20 may com-
prise any suitable number and arrangement of
treating stages. Satisfactory contacting and .
mixing means are also utilized. The caustic
washed hydrocarbon stream is removed from
zone 20 by means of line T and introduced into
zone 30 wherein the same is washed with water
which is introduced into zone 30 by means of line
8 and withdrawn by means of line 9,

The water washed hydrocarbon fraction is
withdrawn from zone 30 by means of line {{ and
introduced into distillation zone 49. Tempera-
ture and pressure conditions are adjusted in zone
40 so as to distill overhead, by means of line 12, a
fraction boiling substantially within the boiling
range of the feed fraction. This overhead stream
is passed through a condensing zone 13 and is
withdrawn from the system by means of line i,
The heavier boiling fraction boiling above the
boiling range of the feed fraction which com-
prises olefinic-aldehyde complexes is withdrawn
from the bottom of zone 40 by means of line {5
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and may be used as a chemical raw material or
solvent with or without further distillation or
purification.

If the feed stream also contained paraffinic
type constituents, these paraffinic hydrocarbons
will be present with the aromatic constituents re-
moved by means of line {4. It is, therefore, with-
in the concept of the present invention to with-
draw aromatic type constituents from the sys-
tem by means of line {16 if no paraffins are present
in the feed stream introduced into zone (0, or if
the paraffinic-aromatic fraction is to be desired.
However, if the feed stream contains paraffins
and it is desired to secure a relatively pure
aromatic type product, the overhead distillate
stream, removed from condenser {3 by means of
line 4 is introduced into a solvent treating zone
59.

In zone 50 the stream containing aromatics and
parafins is contacted at substantially room tem-
perature with a solvent which has a preferential
selectivity for the more aromatic type compounds
as compared to the more paraffinic type con-
stituents. This solvent is introduced into zone
50 by means of line 17 and is withdrawn by means
of line 18. Satisfactory solvents are for example,
phenol, liquid sulfur dioxide, furfural, and the
like. These solvents may also contain various
solvent modifying agents, as for example, water
or liquefied normally gaseous hydrocarbons. It
is to be understood that zone 50 may comprise
any suitable number and arrangement of treating
stages. Zone 50 may also comprise a counter-
current solvent treating operation. It is also
to be understood that any suitable distributing
and contacting means may be employed in the
solvent treating process. The stream comprising
essentially paraffinic hydrocarbons is withdrawn
from zone 50 by means of line 19 and introduced
into zone 60 where any residual selective solvent
is substantially completely removed from the
paraffinic type constituents by distillation or
washing. If sulfur dioxide is used, the small
amount of residual solvent is removed overhead
on distillation by means of line 21 while the
paraffinic constituents are removed as a bottom
stream by means of line 22.

In a similar manner the selective solvent solu-
tion of the aromatic type constituents removed
from zone 50 by means of line {8, is introduced
into solvent recovery zone 10 where temperature
and pressure conditions are adjusted to remove
overhead the selective solvent by means of line
. 23, and to remove as a bottoms, by means of
line 24, a stream comprising essentially pure
aromatic type compounds. The solvent may be
recycled to zone 50 if so desired.

The present invention is broadly concerned
with the removal of olefinic type constituents
from hydrocarbon fractions containing the same.
It is particularly adapted for use when the olefinic
type constituents boil in substantially the same
boiling range as other hydrocarbon constituents
particularly aromatics from which it is desired to
segregate the same. An especially desirable
adaptation of the present process is for the pro-
duction of product streams having a high aro-
matic content. As pointed out heretofore, various
proposals have been suggested where a chemical
reagent is employed which reacts with the olefinic
type constituents to form a complex. Reagents
which have been suggested are for example con-
centrated acids, such as sulfuric acid, hydro-
chloric acid, and Friedel-Crafts type catalyst used
as such or in conjunction with an aldehyde. How-
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ever, these acids, and other catalysts all react,
at least to some degree with the aromatic com-
pounds thus substantially decreasing the yield of
the desired product. However, if the acid strength
is maintained at a relatively low level, and the
aldehyde concentration is controlled with respect
to the olefins present, it has been found that a
high degree of removal of the olefins can be
secured without substantially affecting the aro-
matic constituents present.

The present invention may be used in the treat-
ment of streams which contain only aromatics
and olefins. The invention can also be used for
treating hydrocarbon distillates secured in petro-
leum refining operations which contain aromatic
and olefinic or di-olefinic hydrocarbons. These
distillates may be obtained, for example, from
refinery steam cracking, aromatization, or hy-
droforming processes. The invention may be em-
ployed in the treatment of feed streams boiling
over g wide boiling range. It is, however, best
adapted to those fractions boiling below about
700° ¥\, at atmospheric pressure and particularly
those fractions boiling in the motor fuel boiling
range (80° P. to 430° P.). It is particularly
adapted in the treatment of a feed stream boil-

“ing in the range from about 150° to 300° F., se-

cured in a petroleum cracking operation where-
in a product stream having a relatively high con-
centration of aromatics and olefins is present.

The acid employed in the present invention may
be any dilute aqueous solution of an inorganic
acid, as for example, sulfuric acid, phosphoric
acid, or hydrochloric acid. However, the pre-
ferred acid comprises dilute sulfuric acid which
has a concentration not in excess of about 80%
by weight and not below 50% by weight. The
preferred concentration of the acid to be employed
is in the range from about 60% to 70%.

Any aldehyde may be employed, as for example,
acetaldehyde, propinaldehyde, butyraldehyde,
benzaldehyde or acrolein. However, the preferred
treating agent comprises formaldehyde or a com-
pound which will yield formaldehyde under the
treating conditions as for example trioxane or
methylal. A particularly desirable form of form-
aldehyde is its aqueous solution called Formalin
(37% formaldehyde in water). Paraformalde-
hyde likewise may be employed (approximately
949, formaldehyde, 5% methanol and 1% water).
The concentration of the aldehyde used is such
that between 1.5 and 2.5 mols of aldehyde is pres-
ent per mol of olefin in the feed.

The quantity of treating solution used (alde-
hyde and acid) may be varied appreciably de-
pending upon the character of the feed oil being
contacted. However, in general it is preferred
that from about 5% to 25% by volume of treating
solution be used based upon the feed stream being
contacted, :

The temperature of treating may be varied ap-
preciably, but it is preferred that this tempera-
ture be in the range from about 20° C. to about
50° C. It is to be understood that when the con-
centration of the acid utilized is specified, it is
specified with respect to the total water present
irrespective as to the source of the water.

In a commercial operation the aldehyde can be
added to the oil and the mixture then contacted
with the acid, or the aldehyde can be added di-
rectly to the acid and this solution utilized to
contact the oil.

It is possible also to remove olefinic hydrocar-
bons from distillates containing aromatics by
heating the distillate with Formalin solution or
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baraformaldehyde under pressure at tempera-
tures between 150°-300° C. in the absence of added

{20 Volume per cent 65% HaSO04 used in all runs.

The references of the various operations are
listed in the following table:

TABLE A

Removal of olefins from aromatic-olefin blends
Treating conditions: 2 hours at room temperature.]

reed Distillation 3 Bromine Num-
Opera- eed
on (% by weight) Treating Agentst Mot or _—
ost o istil-
Range |produet off| Feed late
°C, °C. :

Tooaio. 90% benzene (B. P, 80.1° C.) .

109 oyclonexens (8.0 g3 & 77[}65% scid alone..._.________._ -84 80.8-81 | 186 185
1AL .] . 5 ot BE TS 65% acid -+ 19,5 gm. CH,0__ 79- 84| 8L0-8L5 186 4.7
2 . 909% toluene (B. P. 110. N . ~ ~

107 cotene (. B AN S “{Jes%acid atone...__________ 10-124 [ 108 -1 | 97| o3
2A ) e e R e 65% acid 4 14.2 gm, CH,0__ 110-124 | 108 -111 9.7 5.7
F: S 90% toluene (B. P. 110.8° C, ! . ) R

10‘73 vinyl ¢yclohexene (B. P, 128° C.)_. 3 }65% a(:fd alone. _._ 110-129 | 109 ~111 22.3 19.2
BAL | s ¢ '15"""'7"12)7’"6')" 65% acid + 14.8 gm. CH:0__ 110-129 | 107 -111 22.3 1.1
L S 90% mixed xylenes (B. P. 137-1 . . ) .

10‘72 vinyl cy'/clohexene (B. P.128° C. - }65% a(:}d alome-...._.__.__. 127-141 | 129 ~140 22.1 2.3
L. 7: U R ¢ B 65% acid 4 14.8 gm, CH,0__ 127-141 | 131 -139.5] 22.1 3.9
[ I 90% mixed xylenes (B. . _

107‘; styrene (B. P, 146 % ac}d alone......._...._. 136-147 | 126 -140 15. 4 9.1
2 65% acid + 15.3 gm. CH3;0__ 136-147 | 138 -140 15. 4 5.0

1250 gms. olefin-aromatic hydrocarbon blend used in all expeﬁments. CH;0 added as paraformaldehyde (94% CH30).
2 Range=boiling range of cut taken for ‘analysis. Most of product off= Range in which most of product distilled.

3 Cg. Br./gm. by actual analysis.

catalysts and subsequently distilling the treated
;product to separate the aromatic hydrocarbons
therefrom.

The present invention may be more fully un-
derstood by the following example illustrating
embodiments of the same.

EXAMPLE

Five operations were conducted wherein various
mixtures of aromatics and olefins were contacted
" with sulfuric acid having a concentration of 65
weight per cent. Other operations were also con-
ducted wherein the conditions were similar except
that various concentrations of formaldehyde were
employed in conjunction with the acid. The op-
erations wherein only the acid was employed are
listed as operations 1 to 5 in Table A whereas the
operations wherein the aldehyde was used in con-
junction with the acid are listed as 1A to 5A in-
clusive,

In these operations 250 grams of a 90-10 weight
percent aromatic-olefin blend were contacted, at
room temperature, for two hours with (@) 20%
(vol.) of a 659% (weight) sulfuric acid solution
alone and (b), with 20% (vol.) of a 65% (weight)
sulfuric acid solution to which paraformaldehyde
had been added in amount equal to two mols of
formaldehyde per mol of olefin present in the
feed blend. The lower acid layer was then sep-
arated and the upper organic layer washed with
a 5% sodium hydroxide solution to neutralize
traces of acid. After neutralization the product
was water washed, filtered to remove traces of
water, and finally fractionated. The product cut
was taken in a range from 1° C, below the boiling
point of the lowest boiling feed component to
1° C. above the boiling point of the highest boil-
ing feed component. The olefin condensation
broducts remained behind in the stil]. The dis-
tillates as well as the feed blends were submitted
for bromine number determination to establish
their olefin contents.
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From the foregoing it is apparent that the ad-
dition of formaldehyde to a 65% sulfuric acid
solution results in a definite reduction in the
olefin content of aromatic-olefin blends which
cannot be obtained when treating the blend with
the sulfuric acid solution alone under the same
conditions.

Having described the invention it is claimed:

1. Process for the segregation of olefing from
Cs to Cs aromatic hydrocarbons, said olefins boil-
ing in approximately the same boiling range as
the said aromatic hydrocarbons whereby the seg-
regation cannot be made by distillation, which

" comprises contacting said aromatic hydrocarbons

and olefins with 5 to 25 volume percent of a treat-
ing agent consisting of sulfuric acid having a
concentration of 50% to 80% and an aldehyde
selected from the group consisting of formalde-
hyde and acetaldehyde wherein the aldehyde
concentration is the equivalent to about 1.2 to
2.5 mols per mol of olefin present in the aromatic
hydrocarbons treated, said contacting being con-
ducted at a temperature in the range from about
20° C. to 50° C., and subsequently distilling the
sald treated hydrocarbons, removing aromatic
hydrocarbons as an overhead product.

2. The process defined by claim 1 in which the
said aldehyde is formaldehyde and the said acid
concentration is in the range of 60% to 70%.
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