
July 11, 1950 C. M. FLOYD 2,514,997 
METHOD FOR REMOWING SULFUR AND ITS COMPOUNDS 

FROM NONAROMATIC HYDROCARBON FRACTIONS: . 
Filed June 1, 1948 

sulfur FREE IO conDENs Er CONDENSER Extract 
RAFFINATE 

- NON- A ROMATIC 
Yoro CARBON FEED 

MAKE-UP solveNT 

es 
W. 

Fig. 2. ExtRAct 

NON AROA 
HYDROCARBON FEED 

26 

26 Éia. 7. 6%, , INVENTOR. 
AKE- UP SOWEN 

  

  

  

  



Patented July 11, 1950 2,514,997 

UNITED STATES PATENT OFFICE 
2,514,997 

METHOD FOR REMOVING SULFUR AND ITS 
COMPOUNDS FROM NONAROMATIC HY 
DROCARBON FRACTIONS 

Clyde M. Floyd, Wooster, Tex., assignor, by mesne 
assignments, to Standard Oil Development 
Company, Elizabeth, N. J., a corporation of 
Delaware 

Application June 1, 1948, Serial No. 30,236. 
(C. 196-24) 6 Claims. 

The present invention is directed to a method 
for removing sulfur from hydrocarbon fractions 
containing them. More particularly, the inven 
tion is concerned with the selective removal of 
sulfur and its compounds from non-aromatic 
hydrocarbon fractions. The invention has par 
ticularly to do with the solvent extraction of non 
aromatic hydrocarbons to remove. Sulfur con 
pounds therefrom. 

Heretofore, it has been known to, remove. Sul 
fur and its compounds from hydrocarbon frac 
tions containing them by contacting the Sulfur 
containing fraction with strong. Sulfuric acid. 
While the strong sulfuric acid effectively reduces 
the sulfur content of hydrocarbon fractions, it 
also converts desirable hydrocarbons to less de 
sirable, compounds, such as sulfonated derivatives 
of sulfuric acid. The sulfuric acid may also poly 
merize low, boiling, hydrocarbons to less desirable. 
high boiling hydrocarbons. In effect, while the 
sulfuric acid reduces, the sulfur content of hydro 
carbon fractions, it also causes, aloSS in yield of 
the hydrocarbons by conversion, to less desir 
able-products. 
Another method of reducing sulfur contents. 

of hydrocarbon fractions, such as petroleum dis 
tillates, is to treat the hydocarbons with an al 
kaline solution of sodium-plumbite. This treat 
ment per se does not remove the Sulfur Com 
pounds, but converts, the sulfur compounds to a ; 
form where they do not cause detrimental re 
suits, when the hydrocarbon fraction is employed 
as a motor fuel. However, conversion. of the Sul 
fur compounds by the so-called sodium plumbite 
treatment, usually, requires some after treatment, 
such as distillation, and the like, to separate the 
converted sulfur compounds from the desirable 
hydrocarbons. 

It is also well known in the art to treat petro 
leum oils with various solvents to Segregate the 
relatively more paraffinic constituents from the 
relatively, less saturated constituents. Conditions 
are selected in the process so that the mineral oil 
is contacted with the solvent at a temperature 
below that at which complete miscibility occurs. 
The solvent, usually selected is from the class 
which has a preferential selectivity for the more 
aromatic compounds as compared with the more 
parafiinic compounds. Solvents of this class are, 
for example, phenol, furfural, Sulfur dioxide, 
nitro-benzene, aniline, organic esters and the 
like. All of these solvents have the disadvantage 
that, a separation between the aromatic constit 
uents and the olefinic; constituents is not ob 
tained with any high. degree of selectivity. It is : 
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possible to obtain a separation between the more 
or less unsaturated compounds; which are repre 
Sented by the aromatic and olefin hydrocarbons 
and the aliphatic compounds as, represented by 
the paraffins. but it has been impractical to seg 
regate the aromatic hydrocarbons from the ole 
fins... when employing solvents, of the class enu 
merated hereinabove. 
The prior art workers have also taught that 

aromatic hydrocarbons, may be separated from 
mixtures thereof with other hydrocarbons by se 
lective solvent extraction with a poly-olefingly 
col having a molecular weight above about 1,000. 
The poly-olefin glycol is quite effective.in. obtain 
ing Substantially pure aromatic hydrocarbons 
from mixtures thereof. 

I have now discovered that sulfur and its de 
rivatives may be removed from hydrocarbon 
fractions: containing them by extracting: the. Sui 
fur-containing, hydrocarbon with a poly-olefin 
glycol, having a molecular weight. in the range 
from about 400, to 4,000. 
In accordance with the present, invention, hy 

drocarbon fractions such as those, boiling be 
low about 165° F. and those containing, substan 
tially no aromatic hydrocarbons, and those from 
which the aromatic hydrocarbons have been re 
moved boiling, up to about 600? F. may be ex 
tracted with a poly-olefin, glycol, such as: poly 
ethylene glycol, having a molecular weight, in 
the range from about 400 to 4,000.so that...a frac 
tion comprising essentially non-aromatic, hydro 
carbons and substantially free; of sulfur com 
pounds, is obtained. 
In the present invention, mineral, oil, and other 

hydrocarbon fractions, boiling below. about 165? 
F. and high boiling hydrocarbon. fractions from 
which: aromatics, have been. removed are, cons 
tacted with a poly-olefin-glycol of high molecur 
lar weight, so that the sulfur, compounds. are dis 
solved in the solvent. and are thereby segregated 
and removed from the olefinic and paraffinic.con 
stituents. , 

In the present. invention the solvent and the 
hydrocarbon, being treated, are contacted with 
each other attemperatures, from. about 120° E. 
up. to the boiling point of the distillate being 
treated. In-distinction:to.the conventional treat 
ing; processes...heretofore; employed in the solvent 
extraction art, the present, invention is conducted attemperatures substantially, above. atmospheric, 
whereas, other, solvents require, low, temperature 
operation whichientails considerable refrigeration 
or high temperature, operations, which necessir 
tate employing; excessively, high, pressures, and 
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special equipment. Even with the best solvents 
employed before, removal of Sulfur from the hy 
drocarbon distillates was not obtained. 
The present invention may be conducted With 

both the solvent and the hydrocarbon being 
treated in the liquid phase or it may be conducted 
with the solvent in the liquid phase and the hy 
drocarbon in the vapor phase. 

In operating with the solvent in the liquid phase 
and the hydrocarbon in the liquid phase, it is 
preferred to contact the hydrocarbon with the 
solvent in an extraction system in which a ten 
perature gradient is maintained so that fresh 
solvent contacts the partially stripped oil at the 
highest temperature and the extract contacts the 
solvent at the lowest temperature. In general, 
a temperature gradient say in the range of about 
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referred to as a wet extract. The rafiinate leav 
ing tower 8 in vapor form is passed through con 
denser wherein the temperature of the hydro 
carbons is lowered to below its dew point and a 
liquid stream which may comprise paraffins and 
naphthenes is withdrawn from the System 
through line for further treatment. If olefins 

-. are present in the feed mixture they may be dis 

40 to 80° E. may be employed. Usually the maxi 
mum temperature at which treating occurs Will 
range to about 180° F. while the lowest tempera 
ture in the extraction system will be about 120 F. 
In operating with the hydrocarbon in the vapor 

phase and the solvent in the liquid phase, the 
reverse is generally true. The vaporized hydro 
carbons are initially contacted with the solvent 
at the boiling point temperature of the heaviest 
hydrocarbon in the fraction, whereas the ten 
perature at which the extract finally leaves the 
extract system is somewhat higher, generally in 
the neighborhood of from 20 to 50° F. higher. 
Temperatures of about 30 F. higher than the 
boiling point of the heaviest constituents in the 
raftinate may be found suitable as a maximum 
temperature at which the extract finally con 
tacts the solvent in the extraction tower. 
The invention will be better understood by 

reference to the following drawings in Which 
Fig. is a diagrammatic flow plan of one en 

bodiment in which the liquid solvent is con 
tacted with the vaporized hydrocarbon; and 

Fig. 2 illustrates another embodiment of my 
invention in which both the hydrocarbon and the 
solvent are maintained in the liquid phase and 
the apparatus illustrated in the flow diagram is a 
front elevation of equipment found suitable for 
conducting the invention. , 

Referring now specifically to Fig. 1, a hydro 
carbon feed containing sulfur compounds and 
having a boiling range below 165 F., for example 
between 80° and 150° F., is introduced, from a 
source not shown, into the System through line 
and pump 2 and is thereby routed through heat 

ing coil 3 in which the temperature of the hy 
drocarbon fraction is raised to its boiling point 
so that when it is injected by means of line 4 
into solvent extraction tower 5 it immediately 
vaporizes. Solvent extraction tower 5 may com 
prise any suitable extraction equipment but pref 
erably it is a packed tower so that intimate con 
tact between the vaporized hydrocarbon and the 
solvent introduced thereto by means of line 6 is 
effected. Solvent extraction tower 5 is equipped 
with heating means 7 for maintenance of a suit 
able temperature therein. As mentioned before, 
it is preferred to maintain the bottom of solvent 
extraction tower 5 at a temperature about 30° 
higher than that maintained in the top of Said 
tower. The temperature in the top of the tower 
should be about the boiling point of the hydro 
carbon introduced thereto. 

Solvent extraction tower 5 is equipped with 
line 8 for withdrawal of raffinate consisting of 
hydrocarbons and line 9 for withdrawal of the 
sulfur compounds which are dissolved in the 

25 

solved in the solvent with the sulfur compounds. 
The wet extract discharged from tower 5 

through line 9 is introduced thereby into extract 
stripper 2, in which conditions are so adjusted 
that the sulfur compounds are removed from 
the solvent, leave extract stripper 2 through 
line 3, condensed in line 4, and discharged from 
the system by way of line 5. This latter stream 
comprises Substantially all of the Sulfur con 
pounds originally present in the fraction charged 
to the system. This material may be discarded 
or used as desired. . . . . . ... - ... . 
The solvent stripped free of sulfur constituents 

leaves extract stripper 2 by way of line 7 and 
accumulates in solvent storage tank 8. Solvent 
storage tank 8 is equipped with a heating means 
E9 to maintain the solvent in a fluid state since 
at ordinary temperature it is a solid. As men 
tioned hereinbefore solvent is introduced in the 
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top of extraction tower 5 by way of line-6 which 
connects to tank 8 and line 20 in which make 
up solvent is introduced as required. Line 6 is 
equipped with pump 2 and heater 22 for insuring 
the proper temperature of the solvent introduced 
into extract tower 5. . . . 
With respect to the embodiment represented 

in Fig. 2, a hydrocarbon feed containing Sulfur 
compounds and having a boiling range between 
about 150° and 400° F., which has been freed 
of aromatic hydrocarbons, is introduced into the 
system by means of line 23 and pump 24, con 
necting to extraction tower 25. The extraction 
tower 25 may be any suitable contacting device 
to insure intimate contact between the liquid 
solvent and liquid hydrocarbon fraction. Prefer 
ably, extraction tower 25 is a baffled or packed 
tower. It may be equipped with bell cap plates, 
Raschig rings or any other suitable packing or 
contacting means. The hydrocarbon fraction is 
introduced into extraction tower 25 about mid 
way thereof so that the tower is thereby divided 
into extraction and stripping stages, the portion 
of the tower above the feed inlet being the ex 
tracting stage and that below the feed inlet being 
the stripping stage. . . . . . . . . . 

Polyethylene glycol in the liquid state is in 
troduced into the top of extraction tower 25 by 
means of line 26 and countercurrently contact 
the hydrocarbon ascending therein. The raffi 
nate fraction may comprise paraffins and naph 
thenes and is withdrawn from the top of extrac 
tion tower 25 through line 27 for further treat 
ment as will be described hereinafter while the 
wet extract fraction is removed from the bottom 
of extract tower 25 by way of line 28 and is in 
jected thereby into extract stripper 29. Any 
olefins which may be present in the feed will 
also be dissolved in the solvent. The wet ex 
tract discharged into extract stripper 29 is sepa 
rated therein into a solvent phase and an extract 
phase free of solvent which comprises sulfur 
compounds. This is accomplished by adjusting 
temperatures in extract stripper 29 by means of 
heating means 30. The extract is distilled from 
the top of extract stripper 29, and is discharged 
therefrom through line, 31, and is condensed in 

solvent. This latter mixture will hereinafter be 75 condensing means not shown and a portion of the 
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condensed fraction is withdrawn from the system. 
AS, mentioped, before, orally, a portion of the extract 
is withdrawn from the system, while a second 
portion is recycled by way of line 32, and pump 
33 to extraction tower 25 for maintenance of re 
fux therein. . . . . . 

It is understood that extraction tower 25, is 
operated So... that the highest temperatures are 
obtained in the top of the tower and the lowest 
in the botton of the tower. In general, a ten 
perature of about 180° F. is maintained in the 
top of extraction tower 25 and a temperature 
of about 120° F. in the bottom thereof. 
The raffinate leaving extraction tower 25 dis 

charges by way of line 27 into raffinate stripper 
34 which is equipped with heating means 35 so 
that the temperature in raftinate stripper 34 
may be adjusted for distillation of raftinate from 
the soilvent. The rafiinate distilling overhead 
from Stripper 34 leaves through line 36 and is 
condensed by means not shown and may be 
utilized or further treated in any manner de 
sired. This raffinate is Substantially free of Sul 
fur and its compounds. Solvent is withdrawn 
from the bottom of raffinate stripper 34 by means 
of line 3 and combined in line 38 with the Sol 
vent discharged from the bottom of extract 
stripper 29 by means of line. 39. The combined 
stream of solvent in line 38 then recycles to ex 
traction tower 25 through line 26. Make-up sol 
vent can be introduced into line 26 by opening 
waive 4 located therein. 
In practicing the present invention it will be 

obvious to those skilled in the art that the ratio 
of solvent to liquid will vary with the concentra 
tion of sulfur and/or its compounds in the frac 
tion being extracted. In general, good results 
may be obtained while operating with liquid to 
liquid extraction with ratios of solvent to liquid 
of 4:1 to 20:1, while in vapor-liquid extraction, 
the ratio of Solvent to liquid Will be Somewhat 
higher of the order of about 10:1 to 50:1. The 
reflux ratios employed will likewise vary with the 
concentration of sulfur compounds in the feed 
stock but good results may be obtained in both 
liquid-liquid and vapor-liquid extraction with re 
flux ratios of the order of about 1:1 to about 
10:1. 
A preferred solvent specified for use in the 

present invention has been described as a poly 
ethylene glycol having a molecular weight in the 
range of about 400 to 4,000. Solvents of this 
nature having molecular weights in excess of 
about 800 are solids at ordinary temperature. 
They are advantageously employed at elevated 
temperatures at which they are in a liquid state. 
A typical solvent employed in the present in 

vention has the following characteristics: 
Table 

Density (grams/cC. at 20° C.)------------ 1.15 
Melting point, C----------------------- 30-40 
Viscosity, Saybolt Universal at 210 F--- 60-90 
Mol, wt. (Cryoscopic method). 1200 (approx.) 

In general, glycols in the higher portion of 
the range from about 1,000 to 4,000 molecular 
weight will be employed. These glycols usually 
have a specific gravity slightly above that of 
water and melt in the neighborhood of about 
100° to 130° F. The higher molecular weight 
poly-olefin glycols are usually solids, but like the 
lower molecular weight poly-olefin glycols, have 
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6 
a poly-olefin-glycol having a molecular weight 
of 4,000 has a melting point of about 125° E; 

In order to illustrate the practice of the pres. 
ent invention further, a kerosene fraction which 
had been substantially freed of: aromatic con 
stituents by extraction with liquid-sulfur dioxide 
and having a sulfur content of 0.25% by weight 
was extracted with polyethylene:glycol at a tena 
perature of 135 F. to obtain a rafiinate; and ar. 
extract phase. The raftinate was tested, and 
found to contain 0.125% by Weight of Sulfur. 
A light naphtha, boiling below about 165 F: 

and substantially free of aromatic hydrocarbons 
was contacted at about 225 F. with polyethylene 
glycol having a molecular weight of approxi 
mately 1,200. A raffinate phase and an extract 
phase Was obtained. Sulfur determinations 
were then made on the original charge, the raf 
finate, and the extract. The original charge 
showed a sulfur content of 0.11% by weight 
While the sulfur content of the raffinate was 
0.025% and the sulfur content of the extract 
was 0.2%. It was also found that the mercaptain 
sulfur content of the charge was 18 mg. per 
100 ml., that of the raffinate was 0, and the 
mercaptain sulfur content of the extract was 16 
mg. per 100 ml. indicating that the mercaptain 
Sulfur had all been concentrated in the extract. 
The present invention may be employed in 

conjunction. With conventional solvent extrac 
tion processes. For example, Sulfur dioxide 
and/or similar solvents may be employed to re 
move aromatic constituents from naphthas and 
a poly-olefin glycol extraction may follow the 
Sulfur dioxide extraction to remove Sulfur COm 
pounds from the substantially aromatic-free 
raffinate resulting from the extraction with sul 
fur dioxide. 
The nature and objects of the present inven 

tion having been fully described and illustrated, 
what I wish to claim as new and useful and to 
Secure by Letters Patent is: 

1. A process for removing Sulfur and its com 
pounds from a non-aromatic hydrocarbon frac 
tion containing them which comprises contacting 
the sulfur-containing fraction. With a poly-olefin 
glycol having a molecular Weight in the range 
between 400 and 4,000 under conditions to form 
a raffinate phase and an extract phase, and re 
covering Substantially sulfur-free hydrocarbons 
from Said rafiinate phase. 

2. A method for removing sulfur and its com 
pounds from a non-aromatic hydrocarbon boil 
ing below 175 F. containing them which con 
prises contacting said hydrocarbon With a poly 
olefin glycol having a molecular weight in the 
range between 400 to 4,000 under conditions to 
form a raffinate phase and an extract phase, 
Separating Said phases, and recovering substan 
tially sulfur-free hydrocarbons from said raf 
finate phase. 

3. A method for removing sulfur and its com 
pounds from non-aromatic hydrocarbons con 
taining them which comprises heating a sulfur 
containing non-aromatic hydrocarbon fraction 
boiling in the range between 100 F. and 600° F. 
to a temperature no lower than 120° F. and no 
higher than 50° F. above the boiling point of 
the heaviest hydrocarbon in said non-aromatic 
hydrocarbon fraction, contacting said heated hy 
drocarbon fraction with a poly-olefin glycol hav 
ing a molecular weight in the range between 
1,000 and 4,000 under conditions to form a raf 
finate phase and an extract phase, separating 

a melting point in the range given, For example, 75 Said phases, and recovering a substantially sul 
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fur-free hydrocarbon from said rafiinate phase. 
4. A method in accordance with claim 3 in 

which the sulfur-containing non-aromatic hy 
drocarbon fraction is a solvent raffinate of a 
crude petroleum fraction, 

5. A method in accordance with claim 3 in 
which the sulfur-containing non-aromatic hy 
drocarbon fraction is a petroleum distillate boil 
ing below 175°F. 

6. A method in accordance with claim 3 in 
which the poly-olefin glycol is a polyethylene 
glycol. . . . . 
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