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1. 
This invention relates to the extraction of aro 

matic hydrocarbons and organic sulfur corn 
pounds from mixtures of either or both thereof 
with aliphatic hydrocarbons, for example, such 
mixtures as occur in various processed or unproc 
essed petroleum oils. More particularly, this in 
vention relates to processes for the selective ex 
traction of aromatic hydrocarbons and organic 
sulfur compounds from oils comprising aliphatic 
hydrocarbons by the employment of certain 
amine salts of sulfonic acids as selective extract 
tion solvents. 
Numerous so-called selective solvents have 

been proposed for removing aromatic and/or or 
ganic sulfur compounds from their solutions in 
various hydrocarbon oils, particularly for the re 
fining of lubricating oil stocks, burning oils and 
the like. While a number of selective solvents 
are in actual commercial use, no solvent has been 
found to be sufficiently satisfactory for all pur 
poses to retard the general search for improved 
selective solvents. 
We have discovered that certain amine sul 

fonates are surprisingly effective selective sol 
vents for aromatic hydrocarbons and sulfur come 
pounds in admixture with allphatic hydrocarbons, 
notably certain petroleum oil fractions. We have 
further found that said amine sulfonates can be 
prepared relatively cheaply, have relatively low 
toxicity, have relatively mild corrosive properties, 
permitting their employment in conventional 
equipment, are characterized by surprisingly low 
or negligible solubility thereof in the raftinate 
phase produced by the extraction process, are 
readily recoverable, and have physical proper 
ties which enable them to be employed as selective 
extraction solvents for aromatic hydrocarbons 
and sulfur compounds at readily attainable tem 
peratures and pressures. Moreover, said amine 
sulfonates are characterized by surprisingly great 
thermal stability permitting their employment as 
solvents in extractive distillation processes. 

It is an object of this invention to provide a 
process for the selective extraction of aromatic 
hydrocarbons and organic sulfur compounds from 
their mixtures with aliphatic hydrocarbons, in 
cluding both acyclic and alicyclic hydrocarbons 
which maybe completely saturated or may con 
tain one olefinic unsaturation per molecule. An 
other object of this invention is to provide the 
art of selective extraction of aromatic hydro 
carbons and organic sulfur compounds with novel 
solvents, viz., certain amine sulfonates. An ad 
ditional object of our invention is to provide 
solvents for selective extraction processes char 
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acterized by high selectivity for aromatic hydro 
carbons and organic sulfur compounds while at 
the same time exhibiting little or no solvent ca 
pacity for aliphatic hydrocarbons, both saturated 
and unsaturated. A further object of our in 
wention is to provide the art with a novel selec 
tive extraction process. These and other objects 
of our inventilon will be readly discerned from 
the ensuing description thereof and from the ap 
pended figure. 
The novel solvents employed in the selective ex 

traction process of this invention are amine sul 
fonates having the general formula: 

R 

RSOBI ?? 
R 

wherein Ri and Ra are selected from the class 
consisting of hydrogen and saturated hydrocar 
bom radicals, R? is a saturated hydrocarbon radi 
cal containing at least two carbon atoms, and R4 
is selected from the class consisting of Saturated 
hydrocarbon radicals and aromatic hydrocarbon 
radicals. Thus, the saturated hydrocarbon radi 
cal may be an alkyl radical containing at least 
two carbon atoms, a cycloalkyl radical, a cyclo 
alkyl-alkyl radical, or an aralkyl radical. 

R4 may be an alkyl, cycloalkyl, cycloalkyl-alkyl, 
aralkyl, aryl, alkary or cycloalkyl-aryl radical. 
The amine sulfonate solvents of this invention 
contain between 4 and 20 carbon atoms, inclusive, 
per molecule. 

Examples, given by Way of illustration and not 
necessarily for limitative purposes, of suitable 
alkyl radicals are: ethyl, methyl, n-propyl, iso 
propyl, n-butyl, anyl, octyl, nonyl, hexadecyl 
and octadecyl. 

Illustrative examples of suitable cycloalkyl 
radicals include cyclopenty, methylcyclopenty, 
cyclohexyl, methylcyclohexyl, dimethylcyclo 
hexyl, ethylcyclohexyl, ethylcyclopenty, and 
endomethylenecyclohexyl (bicyclo (2,2,1 hepty) 
and 2-methyl-bicyclo (2,2,1 hepty. 

Examples of suitable aralkyl radicals in the 
above general formula include benzyl, 2-phenyl 
ethyl, 2-phenylpropyl, w=xylyl, naphthomethyl, 
and the like. 
Examples of suitable cycloalkyl-alkyl radicals 

include cyclohexymethyl, cyclohexyethyl, cyclo 
pentylpropyl, and the like. 

Examples of suitable R4 aryl radicals include 
phenyl, naphthyl and derivatives containing nuc 
clearly substituted chlorine atoms, etc. 

Examples of suitable R4 alkaryl radicals for 
substitution in the above general formula are 
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taining aromatic hydrocarbons and organic sul 
fur compounds, particularly thioethers or, in the 
case of sweetened gasolines, alkyl disulfides, and 
is particularly applicable to such oils contain 
ing a substantial proporton of mono-olefinic hy 
drocarbons, as in the case of sweetened or un 
sweetened gasolines derived from sulfur-bearing 
crude oils, such as West Texas crude oil, by 
cracking or coking processes. The process of the 
present invention is particularly applicable to the 
selective extraction of polycyclic aromatic hydro 
carbons, for example, mono- and dinnethyl 
naphthalienes, from hydrocarbon fractions con 
taining the same, for example, hydroformer bot 
tons fractions and cracked gas oil boiling range 
stocks derived from the cracking of gas oil or 
higher boiling range hydrocarbon oils in the 
presence of silica-alumina, silica-magnesia, or 
similar solid siliceous cracking catalysts, etc. 
The process of the present invention is well 
adapted for the selective extraction of non-acidic 
sulfur compounds, such as thioethers, disulfides 
and cyclic sulfides, such as thiophene, alkylthio 
phenes, thiophanes, and the like. 
Following are some specific examples of the 

process of our invention, which are furnished to 
illustrate, but not unduly to limit, the scope of 
Our invention. 

ESKAMPL 1 
One volume of a mixture containing 0.5 volume 

of benzene and 0.5 volume of n-heptane Was con 
tacted with one volume of mixed alkane-sulfonic 
acid salts (C1-C alkanesulfonic acid mixture) of 
n-butyl amine at 35 C. The mixture was shaken 
and then allowed to settle into two layers. The 
amine salt layer consisted of 1.22 volumes and the 
hydrocarbon layer of 0.78 volume. The oil was 
recovered from the extract by dilution of the ex 
tract phase with about an equal volume of water. 
The data summarized below show that the ex 
tract contained 62% benzene and 38% heptane 
and the raffinate contained 33% benzene and 67% heptane. 

Charge Extract Raffiliate 

D'-------------------------------- 1. 397 1.4573 1.423 
0.0 ? ?? 80s{ ----------------------------------??? 

ESKAMPE 2 
When the process of Example 1 was repeated, 

employing, in the place of the solvent of Example 
1, one volume of a mixture of 0.8 volume n-butyl 
amine C1-C4 alkanesulfonates, and 0.2 volume of 
methanol, at 23° C., the identical extraction re sults were obtained. 

EXAMPL33 
One volume of the mixture of equal parts of 

n-heptane and methyl disulfde was extracted at 
40° C. with one volume of n-butylamine C1-C4 
alkanesulfonates. The extraction mixture was 
allowed to stratify into a raftinate layer contain 
ing 41.2% methyl disulfde and 58.8% heptane 
and an extract layer consisting of 62.8% methyl 
disulfde and 37.2% of heptane, by volume. 

EXKAMPE 4 
The feed stock was a light catalytic cycle stock 

derived from the catalytic cracking of West Texas 
gas oil in the presence of natural clay catalyst 
And having the following properties: 
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"d"----------------------------------- 1.4983 
Welght per cent S.--------------------- 1.15 
Specific Dispersion--------------------- 158 
Bromine No---------------------------- 13 

29.3 ---------------------------------------F. I ?A * 
One volume of the catalytic cycle stock was mer 
chanically stirred with one volume of triethyl 
amine ethanesulfonate for 15 minutes at 70 C. 
Agitation was discontinued and the contacting 
mixture was allowed to separate by gravity into 
an upper raftinate layer and a lower extract layer, 
whose volume was 11.5 volume percent, based on 
the feed. The following data were obtained: 

Fabºlº | Percent 8 

Catalytic cycle stock charge------------------- 1,493 1.15 
Rafinitate-------------------------------------- 48.54 85 
Extract--------------------------------------- 1, 31 3.2 

As a measure of the selectivity of the solvents 
for the extraction of aromatic hydrocarbons, the 
following factor, termed the aromatic selectivity 
factor (ASF) has been developed: 

i mpº feed-nDº raffinate 
- A?P?= Wolume percent extracted X10 

A similar factor expressing the selectivity of a 
solvent for sulfur compounds, the so-called sul 
fur selectivity factor (SSF) is determined in ac 
cordance with the following equation: 
SSpercent S in feed percent S in raffinate 

Wolume percent extracted X10 
The data in Table IV afford a comparison of the 
performance of triethylamine ethanesulfonate in 
cycle stock extraction with that of nitromethane, 
furfural and liquid hydrogen fluoride, which are 
among the most highly regarded solvents for the 
extraction of aromatic and sulfur compounds 
from the type of feed stock here under consider atlon: 

TAB: W 

Wolume Arom Percent | | S 30 Extract Factor 

Trieithylamine ethau mesulforniate ---------- 1.5 s 28 
Furfurta---------------------- 25 9. 29 
Nitromethante.---------------- - - - 12 99 22 
Aliquid EF--------------------------. 17.2 s 28 

It will be obvious that only the use of nitro 
methane afforded raftinate yields as high as those 
attainable by the use of triethylamine ethanesul 
fonate. It will also be noted that the ASF and 
SS of the amine sulfonate solvent compare very 
favorably with those of furfural and nitrometh 
ane. The amine sulfonate was more selective 
for aromatics than HF, suggesting the sequential 
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ethnployment of the amine sulfonate and F in 
refining hydrocarbon oils containing both aro 
matic hydrocarbons and organic sulfur con 
pounds. 

EKAMPLE 5 
One volume of the catalytic cycle stock en 

ployed as a feed stock in Example 4 was extracted, 
using the same technique as in Example 4, with 
an equal volume of molten triethylamine p-tolul 
enesulfonate, a crystalline solid which melts at 
65 C. The amount of extract was 10 volume per 
cent based on the feed stock. The following data 
were obtained: 

TABLE W 

Percents 

Cycle stock charge-------------------------- 1.498 s 
??????????******??: ??48?3 O2 

The above data indicate that the aromatic se 
lectivity factor of the solvent under the above 
conditions was 104 and the sulfur selectivity fac 
tor was 230. 

1033AMPLE 6 
Orne volume of the catalytic cycle stock enn 

ployed as feed stock in the above examples was 
contacted with two volumes of the n-butylamine 
sat of a mixture of C1-C4 alkanesulfonic acids 
in two extraction treatments at 50 C. The foll 
lowing data were obtained: 

ABC W. 

Wol. 
20 Percent Percent 8 

Charge 

Catalytic Cycle Stock.------------- 1.4963 ---------- 
Final Raffinate--------------------- l. 33 ---------- (.81 
Extract l.-------------------------- .529 19 2?12 
Extract. 2.-------------------------- .5392 4.6 20 

The data in the following table show the re 
sults obtained when one volume of the light cat 
alytic cycle stock employed as feed stocks in the 
above examples was extracted with one volume 
of amine salt at O' C. 

TTABLE W 
-- ?T ------ 

$ç¦ Aroratic Sulfur 
Example Extractant Ex. Selectivity Selectivity 

tracted Factor Factor 

7--------- Mono-a-butylamine 8 ? ? ? ? ? ? ? ? ? ? ? ? ? ???? 
Ethanesulformatte -- 

8.-------- di-n-butylanine 
Ethnamesulformatte.-- 24 8 ?4{} 

--------- Tri-n-butylamine 
Ethanesmonate.-- 32 8.5 43, 6 

AMP 10 
One volume of the mixture of 0.525 part by 

volume of thiophene and 0.475 part by volume of 
n-heptane was extracted at 25 C. with one vol 
ume of triethylamine C1-C4 alkanesulfonates. 
The extraction mixture was allowed to stratify 
into a raftinate layer containing 20% by volume 
of thiophene and 80% by volume of n-heptane, 
and an extract layer from which an oil was sep 
arated by dilution with Water, said oil containing 
93% by volume of thiophene and 7% by volume 
of n-heptane. The raftinate yield was 56% of 
the feed stock. 

. An illustrative process flow and equipment are 
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indicated in the figure. The hydrocarbon mí 
ture to be extracted, containing aromatic hydro 
carbons and/or sulfur compounds, for example, 
a light cycle stock from silica-alumina cracking 
of a West Texas gas oil, is passed through valved 
line into the contacting zone . 
We may employ conventional contacting and 

separation equipment such as has heretofore 
been employed in effecting selective solvent ex 
traction of lubricating oils, illuminating oils, etc., 
or in the processes for the extractive distillation 
of hydrocarbon oils. The contacting equipment 
may comprise a vertical tower, which is prefer 
ably provided with packing or spacing materials 
to insure thorough contacting of the hydrocar 
bon feed stock and the amine sufonate solvent. 
Suitable materials of construction for the con 
tacting zone are aluminum and stainless steel, 
which have proven strongly resistant to corro 
sion by alkyl ammonium sulfonates, although it 
should be understood that We may employ other 
construction materials, for example, glass-, ce 
ranic- or carbon-lined iron towers. Suitable 
spacing materials comprise shaped fragments, for 
example Berl saddles or Raschig rings made of 
carbon, porcelain, glass, aluminum, stainless steel, 
etc.; stainless steel jack chain; stainless steel or 
aluminum screens which may be shaped, for ex 
ample, in the form of Scofield, McMahon or 
Stedman packing, etc. If desired, the contacting 
tower may be jacketed or provided with heat ex 
change coils to permit maintenance of the de 
sired temperature. 

In a desirable method of operation, the feed 
stock is passed into the lower portion of zone 

against a counter-flow of an amine sulfonate, 
for example, triethylammonium ethanesulfonate, 
which is introduced into the upper portion of tow 
er i through valved line 2. Diluents, e. g. 
pentane or hexane, or modifying solvents, e. g. 
methanol, may be introduced with the feed stock, 
the amine sulfonate solvent or separately through 
a line not shown, into zone l. 
The contacting of the amine sulfonate and hy 

drocarbon feed stock results in the production 
of raftinate and extract phases whose common 
boundary or interface is indicated at 13. The 
countercurrent extraction zone may be operated 
with either the feed stock or solvent as the con 
tinuous phase. In the mode of operation, illus 
trated in the figure, the extract phase is shown 
as the continuous phase through which the hy 
drocarbon feed stock is introduced as the dis 
persed phase, 
The raffinatephase forms a supernatant layer 

above interface 3 in Zone whence it is dis 
charged from said zone through valved line . 
The raftinate phase contains a substantially re 
duced content of aromatic and sulfur compounds 
as compared with the feed stock. It should be 
understood, however, that the raftinate phase 
may be further treated to reduce its content of 
sulfur and aromatic compounds, if it is so de 
sired. For this purpose, a portion at least of 
the raffinate phase may be recycled from line 
f4 by a line not shown to re-enter zone with 
fresh feed stock. Alternatively, or in addition, 
the rafflinate in line 4 may be sent to another 
contacting zone, identical in all substantial re 
Spects with zone , for treatment in a second 
stage with fresh solvent, which may be the same 
amine sulfonate or a different amine sulfonate 
from that passing into line 2, or may be an en 
tirely different type of solvent, e. g., liquid hy 
drogen fuoride, HDF-BF, liquid SOa, phenol 
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furfural, bis-(beta-chloroethy) ether, etc. ?t 
should be noted that further extraction of the 
rannate passing through line with solvents 
different from the amine sulfonate passing 
through line 2 is greatly facilitated by the fact 
that the amine sulfonate is substantially insolu 
ble in said raftinate, averting the necessity of 
special procedures for the removal of said amine 
sulfonate from said raffinate. The inappreciable 
solubility of the amine sulfonates of this inven 
tion in the raftinate phase is noteworthy and 
substantially different from the behavior hereto 
fore observed in extraction processes employing 
conventional solvents, such as phenol, furfural, 
nitromethane, etc. 
The extract phase, a solution of aromatics 

and/or sulfur compounds in the amine sulfonate 
solvent, is withdrawn from the lower end of tower 

through valved line S, whence it is passed 
into separation zone 6. If desired, a part of 
the extract phase may be recycled from line is 
to feed line 2 by means of a line not shown in 
the drawing. Zone 6 may be a separating ves 
sel into which water or aqueous solvents are 
introduced by valved line , in suitable amounts, 
e. g. between about 0.5 and about 3.0 volumes 
per volume of extract, to effect the resolution of 
the extract into an aqueous amine sulfonate layer 
and a layer of aromatic hydrocarbons and/or or 
ganic sulfur compounds. Alternatively, the sep 
aration zone 6 may take the form of a distilla 
tion vessel, preferably a steam distillation ves 
sel in which the aromatic and/or sulfur com 
pounds are vaporized and pass overhead, usually 
as azeotropes with water, through line 8 into 
a settling vessel f, whence the water layer is 
withdrawn through valved line 20 and aromatics 
and/or sulfur conpounds are withdrawn through 
valved line 2. 
A bottoms fraction containing the amine sul 

fonate is withdrawn from Zone 6 through valved 
line 22 for recycle to line 2 and extraction zone 

. The amine sulfonate stream withdrawn from 
zone i6 may be purified before recycle to con 
tacting zone , for example, by blowing with 
hot inert gases such as fue gas, nitrogen, carbon 
dioxide, or other inert gas to effect substantial 
dehydration thereof, in a step not shown in the 
drawing, following which the treated amine sul 
fonate may be recycled to extraction zone l. 
Alternatively, the recycle stream of amine sul 
fonate may be dehydrated by azeotropic distilla 
tion of water therefrom with various azeotroping 
agents, e. g. benzene, toluene, n-heptane, etc. At 
least partial dehydration of the recycled solvent 
is necessary when the extract is sprung by means 
of water or wet steam. 
Although the figure represents a continuous 

countercurrent, single-stage extraction operation, 
it will be apparent that the process of the pres 
ent invention is amenable to batch processing, 
multi-stage operation, concurrent flow of solvent 
and feed stock, the use of knot-hole or other 
mechanical mixers for feed and solvent in series 
with one or more settling zones and other varia 
tions that will no doubt occur to those skilled 
in the art, without departing from the spirit of 
this invention. 

Having thus described the process of our in 
vention, what we claim is: 

1. A process for the selective extraction of a 
compound selected from the class consisting of 
aromatic hydrocarbons and organic sulfur corn 
pounds from a mixture comprising a compound 
of said class and an aliphatic hydrocarbon, which 
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process comprises contacting said mixture with 
a selective solvent consisting essentially of an 
amine salt of a sulfonic acid, said salt having the formula 

R 

?n 
wherein R1 and Ra are selected from the class 
consisting of hydrogen and saturated hydrocar 
bon radicals, R3 is a saturated hydrocarbon rad 
ical containing at least two carbon atoms, and R4. 
is selected from the class consisting of saturated 
hydrocarbon radicals and aromatic hydrocarbon 
radicals, said amine salt containing between 4 
and 20 carbon atoms, inclusive, per molecule, and 
separating an extract phase comprising said se 
lective solvent and a compound of said class. 

2. The process of claim 1 wherein said mixture 
comprises a light cracked gas oil containing poly 
cyclic aromatic hydrocarbons and sulfur con 
pounds, said gas oil being derived by Cracking 
high boiling hydrocarbon oils containing sulfur 
and aromatic compounds in the presence of a 
solid siliceous cracking catalyst. 

3. A process for the selective extraction of an 
aromatic hydrocarbon from a mixture of said 
hydrocarbon with an aliphatic hydrocarbon, 
which process comprises contacting said mixture 
with a selective solvent consisting essentially of 
an amine salt of a sulfonic acid, said salt having the formula 

R 

i>so: 
?? 

R 

wherein R and R2 are selected from the class 
consisting of hydrogen and saturated hydrocar 
bon radicals, R3 is a saturated hydrocarbon rad 
ical containing at least two carbon atoms, and 
RA is selected from the class consisting of Sat 
urated hydrocarbon radicals and aromatic hy 
drocarbon radicals, said amine salt containing 
between 4 and 20 carbon atoms, inclusive, per 
molecule, and separating an extract phase con 
prising said selective solvent and said aromatic hydrocarbon. 

4. A process for the selective extraction of an 
organic sulfur compound from a mixture com 
prising said sulfur compound and an aliphatic 
hydrocarbon, which process comprises contacting 
said mixture with a selective solvent consisting 
essentially of an amine salt of a sulfonic acid, 
said salt having the formula 

wherein R1 and R2 are selected from the class 
consisting of hydrogen and saturated hydrocar 
bon radicals, R3 is a saturated hydrocarbon rad 
cal containing at least two carbon atoms, and 
R4 is selected from the class consisting of satu 
rated hydrocarbon radicals and aromatic hydro 
carbon radicals, said amine salt containing be 
tween 4 and 20 carbon atoms, inclusive, per mole 
cule, and separating an extract phase comprising 
said selective solvent and said organic sulfur compound. 

5. A process for the selective extraction of a 
compound selected from the class consisting of 
aromatic hydrocarbons and organic sulfur conn 
pounds from a mixture comprising a compound 
of said class and an aliphatic hydrocarbon, which 
process comprises contacting said mixture with a 
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selective solvent consisting essentially of a tri 
ethylamine salt of an alkanesulfonic acid coa 
taining from 1 to 4 carbon atoms, inclusive, per 
molecule, and separating an extract phase con 
prising said selective solvent and a compound of 
said class. 

8. A process for the selective extraction of a 
compound selected from the class consisting of 
aromatic hydrocarbons and organic sulfur con 
pounds from a mixture comprising a compound 
of said class and an aliphatic hydrocarbon, which 
process comprises contacting said mixture with 
a selective solvent consisting essentially of the 
triethylamine salt of p-toluenesulfonic acid, and 
separating an extract phase comprising sad se 
lective solvent and a compound of said class. 

7. A process for the selective extraction of a 
compound selected from the class consisting of 
aromatic hydrocarbons and organic sulfur con 
pounds from a mixture comprising a compound 
of said class and an aliphatic hydrocarbon, which 
process comprises contacting said mixture with 
between about 0.3 and about 10 volumes, per 
volume of said mixture, of a selective solvent con 
sisting essentially of an annine salt of a sulfonic 
acid, said salt having the formula 

R 

O 
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wherein R1 and Ra are selected from the class 
consisting of hydrogen and saturated hydrocar 
bon radicals, Ry is a saturated hydrocarbon rad 
cal containing at least two carbon atoms, and 
R4 is selected from the class consisting of sat 
urated hydrocarbon radicals and aromatic hy 
drocarbon radicals, said amine salt containing 
between 4 and 20 carbon atoms, inclusive, per 
molecule, effecting said contacting at a temper 
ature between about 0° C, and about 180º C. un 
der a pressure sufficient to maintain said mixture 
and said selective solvent in the liquid phase, 
and separating an extract phase comprising said 
selective solvent and a compound of said class. 

8. The process of claim 3 wherein R is a sat 
urated hydrocarbon radical. 

9. The process of claim 3 wherein R is an aro 
matic hydrocarbon radical. 

10. The process of claim 4 wherein R4 is a sat 
urated hydrocarbon radical. 

1. The process of claim 4 wherein R is an 
aromatic hydrocarbon radical. 

12. The process of claim 7 wherein R4 is a sat 
urated hydrocarbon radical, 

13. The process of claim 7 wherein R is an 
aromatic hydrocarbon radical. 
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