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This invention relates to a process for extract 
ing hydrocarbon oils with organic solvents and 
it pertains more particularly to the use of Oxy 
genated-halogen organic solvents for extracting 
hydrocarbon oils such as naphthas and lubri 
cating oils. 
The general object of our invention is to pro 

vide a process for extracting naphthenic, aro 
matic and unsaturated hydrocarbons from hy 
drocarbon oils. 
One application of our invention provides an 

improved process for treating light hydrocar 
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bon distillates, such as kerosene, and burning oils 
whereby the naphthenic hydrocarbons, sulfur 
compounds and other objectionable substances 
can be removed. Our extraction process is used 
to replace the acid treatment generally applied 
to light hydrocarbon distillates. We may also 
employ our process for extracting the naph 
thenic and unsaturated hydrocarbons from gas 
oline and naphtha, and thereby obtain a fraction 
of compounds that have improved anti-knock 
properties. 
A more specific object of our invention is to 

provide a process for extracting objectionable 
substances from lubricating oils whereby the oils 
have improved viscosity characteristics, for ex 
ample, such as is shown by the viscosity index. 
A further specific object is to provide an im 
proved process for treating mixed base petro 
leum lubricating oils without the nuisance and 
expense of acid treatment and without the loss 
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of valuable petroleum constituents which ac 
companies the use of acid treating. 
A further object is to provide a lubricating oil 

With a minimum tendency towards sludge forma 
tion when exposed to oxidizing conditions. Other 
objects will be apparent as the detailed descrip 
tion of our invention proceeds. w 
The expression “viscosity index', as used here 

in, refers specifically to the index defined by 
Dean & Davis in Chemical and Metallurgical En 
gineering, volume 36, page 618 (1929). The vis 
cosity index of a lubricating oil is an indication 
of its composition or type, that is, whether it is 
a paraffin base or naphthenic base, oil. Paraf 
fin base oils are arbitrarily assigned a viscosity 
index of 100. Naphthenic base oils are assigned 
a viscosity index of 0 and mixed base oils lie 
between these extremes. When our invention 
is applied to mixed base lubricating oils the ob 
ject is to obtain from these lubricating oils a 
maximum yield of paraffin oils (with a high vis 
cosity index)-without the nuisance or cost of . 
acid treating and without appreciable destruc 

tion of the naphthenic and unsaturated con 
stituents of the oil. 
We have discovered that oxygenated-halogen 

Organic compounds Such as halogenated esters, 
for example ethyl chloracetate; and chlorethyl 
acetate, have remarkable properties for the ex 
traction of undesirable substances, such as naph 
thenic and aromatic compounds, from hydrocar 
bon oils Such as naphthas and mixed base lu 
bricating oils. In describing one of the pre 
ferred embodiments of our invention we will ill 
lustrate in detail the use of ethyl chloracetate 

O 

as a solvent for extracting the naphthenic, aro 
matic and unsaturated compounds from a mixed 
base lubricating oil. It should be understood 
that compounds selected from the above classes 
and equivalent classes of compounds may be 
used in the following example without departing 
from the scope of our invention. 

In the accompanying drawing which forms a 
part of this specification we have diagrammati 
cally shown an elevational plan view of an ap 
paratus which is suitable for carrying out our 
process. Our invention is applicable to the 
treatment of any mixed base mineral oil, but in 
Our preferred embodiment, illustrating the ex 
traction of a mixed base lubricating oil, we wi). 
describe the treatment of a heavy untreated la 
bricating distillate having a viscosity of about 
102 seconds Saybolt at 210 F, and gravity of 
about 2.3 A. P.I. and a Dean & Davis viscosity 
index of about 58. We will also disclose the use 
of a batch process wherein equal amounts of 
the solvent and oil are mixed and separated in 
Successive steps. But it is apparent that we 
may also use a continuous process and extract 
the oil with a solvent countercurrently. 
The mixed base lubricating oil may be intro 

duced by the pipe O into extractor if which 
is provided with suitable agitating means, such 
as the stirrer f2. A pulley - f2a is provided on 
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the stirrer so that it may be driven by a belt 
of some suitable means. 
vided on the inside of the extractor, said coil 
being provided with connections whereby it may 
be heated with steam from the valved pipe 4 or 
'cooled with water, brine or suitable refrigerants 
from the valved pipe 5. The base of the ex 
tractor is preferably conical and it terminates 
in a discharge pipe 6 which preferably has a 
glass window therein so that the liquids flow 
ing through the pipe may be seen. 
After the extraction, which will be later de 

Scribed, the Solvent and naphthenic extract are 
withdrawn through pipe 8 and valve 9 to the 

A closed coil 3 is pro 
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2 
still 20, the extract being removed from the still 
through the pipe 2. 
from the extract by distillation and passes up 
through the fractionating tower 22, around the 
reflux coils 23, through the pipe 24 to the con 
denser 25 and thence through pipe 26 to the Stor 
age tank 27 from which it may be introduced into 
the extractor by means of pipe 28 in amounts 
regulated by valve 29. Suitable venting device 
27a is provided on storage tank 2. The vacuum 
pump 24a, which is connected in the line 24, may 
be used to reduce the preSSure in still 20, thereby 
enabling the solvent to be distilled at lower tem 
peratures than would be necessary if the distilla 
tion were performed at atmospheric pressure. In 
the preferred operation of our process, the vac 
uum pump 24a is usually placed in the line 26, 
or at some point beyond the condenser. It is 
particularly desirable to use vacuum distillation 
when high boiling solvents, that decompose on 
heating, are used for the extraction. 
The residual Oil or raffinate is withdrawn 

through pipe 30 and valve 3 and passed to the 
Stripping tower 32 which is provided with heat 
ing coil 33 in the base thereof and a perforated 
pipe 33a for Supplying a stripping gas such as 
Steam or other inert gaseous materials. The oil, 
freed from the solvent, is withdrawn through pipe 
34 and valve 35. The chlorinated ester or Sol 
vent is removed from the stripper by pipe 36, 
condensed in condenser 37, separated from the 
Stripping medium in Separator 38, and then re 
turned by pump 39 and pipe 40 to the storage 
tank 27. A valved vent 38a is placed on the top 
part of the separator to remove the stripping 
medium. 
We introduce equal parts of untreated viscous 

oil, hereinabove described, and ethyl chloracetate 
into extractor . If desired we may use two or 
three volumes of ethyl chloracetate to each vol 
lume of oil. We then introduce steam into coils 
f3 to raise the temperature high enough to obtain 
complete miscibility between the oil and chlori 
nated ester. In this particular example we will 
use a temperature of about 90° F., but the tem 
perature used in our processes of extraction may 
vary considerably with different oils, the pre 
ferred range being between 50 and 200°.F. Dur 
ing the first step, the oil and solvent may be 
thoroughly mixed by the agitator 2. In fact, if 
the agitation or mixing is sufficiently complete, 
the temperature need not be raised to effect com 
plete miscibility. It is very important, however, 
to obtain thorough contact of oil with solvent. 
After the Solvent has been thoroughly mixed with 
the oil we cool the mixture to decrease the 
amount of oil dissolved with the extract. Cooling 
may be effected by passing cold water, brine or 
other fluids through coil 3, the agitation being 
preferably continued during the cooling step. It 
appears that the temperature at which the mix 
ture is cooled has a marked effect upon the yield 
of the paraffin type oil and the selectivity of the 
Solvent. The yield of oil increases as the tem 
perature of the mixture undergoing separation 
decreases. From about 35 to 95° F. this is closely 
proportional in magnitude to the temperature 
change. At higher temperatures the decrease in 
yield is more rapid than the increase in tempera 
ture. 
After cooling, the oil and solvent are allowed to 

Separate which separation may require from one 
half hour to four or five hours at temperatures 
of from 100 F. to 35° F. and we prefer to use the 
lower temperature and the longer period of sep 

The solvent is removed 

the raffinate appears in the sight glass 7. 
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aration. In some cases it is desirable to use tem 
peratures as low as 0° F. or lower. If the oil has 
not been dewaxed the upper layer may Solidify to 
a mush on Cooling, the lower layer being prac 
tically wax free and fluid. Usually, both the oil 
and solvent will be in the liquid State and we 
therefore close valve 6a, when the oil layer or 

By 
closing valve 9 and opening valves 6a and 3 we 
can pass the residual oil or rafiinate into the 
stripping column 32 as hereinabove described. 
Or we may extract the raftinate a second time 
or as many times as desired to effect the degree 
of refining required. In this case we may employ 
the subsequent extracts for initially treating new 
batches of raw oil in the manner herein described. 
Also with highly volatile solvents the extraction 
may be performed under pressure, in Such proc 
esses, the pump 9 may be used to force the solvent 
into the extractor f. The extraction may be 
performed at any pressure, but preferably at a 
pressure within the range of 1 to 50 lbs. per 
Square inch. 
The operating temperatures of still 20, column 

22 and stripper 33, the number of fractionating 
plates in towers 22 and 32, the amount of reflux 
in coils 23, etc., may be determined by anyone 
skilled in the art, and since they form no part 
of the present invention, they will not be de 
scribed in detail. In fact, we may draw the oil 
from the top of the extractor by suitable draw 
off pipes and we may also use the extractor itself 
as a steam still for Separating the chlorinated 
ester or solvent from the extract; a suitable va 
por take-off. pipe and condenser being provided 
between the extractor and the solvent storage 
tank 27. Other expedients will be apparent to 
those skilled in the art. ... " 

Other halogenated esters may be used as sol 
vents for extracting mixed base hydrocarbon oils 
and naphthas, and these halogenated esters may 
be used in substantially the same manner as de 
scribed hereinabove. The halogenated esters 
given below are representative of the classes of 
esters suitable for our invention. Some of the 
halogenated esters set forth may boil above or 
below the boiling point of ethyl chloracetate, and 
the miscibility of these solvents with the oil to be 
extracted can be regulated by increasing or de 
Creasing the temperature at which the oil is 
extracted. The selection of a proper temperature 
can be easily determined by those skilled in the 
art. Most of the halogenated esters suitable 
for our invention have the general formula 
R-CO2-R1 wherein R and R1 represent organic 
residues, one or both of which may be chlorinated. 
Also R1 may represent a hydrogen atom. Also 
Some of the chlorinated esters have the general 
formula 

- COR 
R 
- COR 

wherein R2 represents an alkylene' residue, R3 
and R4 represent organic residues, and any one 
combination or all three of said residues may 
be chlorinated. Examples of the chlorinated es 
ters Suitable for our invention are methyl chloro 
formate, chloromethyl acetate, methyl chlorace 
tate, methyl trichloracetate, ethyl chloroformate, 
2-chlorethyl formate, 2-trichlorethyl formate, 
3-chloropropyl formate, 2-chlorethyl acetate, 
ethyl chloracetate, 2-dichlorethyl acetate, ethyl 
dichloracetate, alkyl trichloracetates, 3-chloro 
propyl acetate, 2-chlorethyl propionate, ethyl 2 
chloropropionate. trichlorisopropyl acetate. 2-di 
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2,064,838 
chlorethyl chloracetate, 3-chloracetoacetic ester, 
chlorethyl benzoate, dichloromethyl benzoate, 
chlorethyl lactate, methyl beta-chloropropionate, 
ethyl beta-chloropropionate, 2-chlorethyl beta 
chloropropionate, and the like. Where the ester 
contains a chloralkyl group, we prefer to have 
the chlorine situated on a carbon atom at least 
one atom removed from the carboxyl group. 

It should be understood that the compounds set 
forth hereinabove are representative of the gen 
eral classes of organic compounds Suitable for 
our invention and that other chlorinated deriva 
tives, homologues, analogues and isologues may be 
used as solvents for extracting mineral oils. The 
above compounds may be used in the anhydrous 
form, chemically pure form or commercial form. 
We have found that the commercial purity is gen 
erally satisfactory. If desired, We may use mix 
tures of the above compounds for extracting 
hydrocarbon oils and the ratio of solvents used 
in the mixture may be varied to suit the particular 
needs. For example, We may use equal propor 
tions of two solvents or we may use two or three 
volumes of one solvent to each volume of the 
other solvent. Also one to four volumes of a 
single or mixed solvent may be used to extract 
one volume of oil. It should be understood that 
those skilled in the art can easily select any suit 
able combination and proportion of Solvent that 
will give satisfactory results. 

It should be understood that the mineral oil to 
be extracted, or the solvents, may be mixed with 
other diluents or solvents such as propane, butane, 
propylene, naphtha, acetone, etc., for the purpose 
of effecting a better Solvent. Also these diluents 
permit a sharper separation of the phases. When 
the very light diluents are used such as propane 
and butane, we may evaporate a portion thereof 
to obtain cooling whenever desired. For exam 
ple, instead of passing a brine through the coils 
3 we may add propane to the oil within the 

extractor and flash off the propane in order 
to effect the desired cooling. Chlorinated hydro 
carbons such as ethylene-dichloride, trichlor 
ethylene, and the like may be used in combina 
tion. With the Solvents Set forth herein above. 
Instead of using the extraction process as a sole 

means for treating lubricating oils, it may be Sup 
plemented by a preliminary acid treat. The pre 
liminary acid treat may, for instance, be particu 
larly desirable for separating out tarry material 
which would be undesirable in the extract. We 
preferably follow the extraction process with a 
light sulfuric acid treatment to improve color; this 
may also be followed by a clay treatment either 
by percolation or contacting with fine clay at 
somewhat elevated temperatures. 
A very important characteristic of the oils pro 

duced by our improved extraction process is their 
ability to resist oxidation and sludge formation. 
This abnormal freedom from sludge formation, 
When exposed to oxidation, is preferably due to 
the removal of certain potential sludge forming 
ingredients in the oil, and while we do not un 
derstand the exact phenomenon, experiments 
have proven the Superior sludge resistant proper 
ties of our finished lubricating oils. For instance, 
an oil which, when acid treated, has a sludging 
time of 22 hours and a deterioration time of 47 
hours has, when extracted in accordance with 
our invention, a sludging time of more than 60 
hours and a deterioration time of more than 125 
hours. As stated above, the solvents and process 
set forth may be used to extract naphthas, kero 
Sene, gasoline and the like for the purpose of re 

tha. 

3 
moving naphthenic and/or sulfur containing 
components of said hydrocarbon distillates. 
When our process is used to extract the anti 
knock Substances from naphthas and particularly 
a cracked naphtha, the process is substantially the 
Same as that set forth hereinabove in connection 
with the extraction of lubricating oils. The sol 
vent is distilled from the extract in still 20 and 
stripped from the oil in the stripper 32 in the 
Same manner as herein described. The solvent 
used to extract the naphtha, should preferably 
boil at about or somewhat below the initial boiling 
point of the naphtha. For example, if the naph 
tha, has an initial boiling point within the range 
of about 250 to 350° F. (an end boiling point with 
in the range of about 360 to 420 F.), the boiling 
point of the solvent should be somewhat below 
the initial boiling point of said naphtha. 
As a modification of our process of extracting 

naphthas, We may extract naphthas with solvents 
that boil above the end boiling point of the naph 

For example, if the naphtha has an end 
boiling point within the range of 200 to 340° F., 
We may use a solvent that boils above the end 
point of Said naphtha. In this modification of 
Our invention it is apparent that the extract must 
be distilled from the solvent in still 20. Simi 
larly, the raffinate is distilled from the solvent 
in the stripper 32. In this modification we dis 
connect the conduit 26 from the storage tank 
27 and divert it to a tank, not shown, to collect 
the extract. Similarly, conduit 40 is disconnected 
from tank 27 and diverted to a tank, not shown, 
to collect the raffinate. The solvent is removed 
from conduits 2 and 34 and returned to the 
tank 27 for further use in the extraction of naph 
thas. We prefer to use Vacuum distillation on 
still 20 for removing the extract from the Sol 
vent. 
As a second modification of our process we 

may use solvents that boil within the boiling 
range of the naphtha. In this case we cannot 
satisfactorily separate the solvent and extract 
or solvent and rafiinate by distillation. However, 
other methods may be used for separating the 
Solvent from the extract and raffinate. For ex 
ample, a 50 to 75% methyl or ethyl alcohol Solu 
tion may be added to the mixture of oil and sol 
vent to aid the separation or other water-like 
solvents may be used for this purpose. 
The extracts obtained from naphtha, and other 

low boiling hydrocarbons have high anti-knock 
properties and these extractS may be added to 
motor fuels in order to enhance the anti-knock 
value of Said motor fuel. 
We do not limit ourselves to any theory or ex 

planation of why the compounds set forth above 
are suitable extracting agents, but experiments 
have shown that the above general classes of 
compounds have unique properties for extract 
ing hydrocarbon oils and the results obtained are 
of an entirely different order from the results ob 
tained by other well known solvents. 
Many modifications of our invention will be 

apparent to those skilled in the art. For instance, 
we may heat a mixture of lubricating oils and 
solvent to a miscibility temperature (say 150°F.) 
and then instead of making a single separation 
we may separate the oil in consecutive steps as 
the temperature is lowered (say 135° F., 80° F., 
and 35 F.), taking a raftinate cut at each tem 
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perature which may be further extracted if de- . . 
sired. The final separation temperature may be 
below the pour point of the oil layer. Counter 
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vantage in our process. 
While we have described the preferred em 

bodiments of our invention it should be under 
stood that we do not limit ourselves to any of 
the details hereinabove set forth, except as de 
fined by the following claims which should be 
construed as broadly as the prior art will permit. 
We claim: 
1. The method of treating hydrocarbon oils 

containing paraffinic and naphthenic compounds, 
which comprises extracting the unsaturated com 
pounds from Said oil With an organic Solvent hav 
ing the general formula, R-CO2-R1 wherein R. 
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represents a trichlorinated aliphatic residue and 
R1 represents a hydrogen atom or an alkyl radi 
cal. 

2. The method of preparing lubricating oils 
which have a high viscosity index and which are 
stable against sludge formation, which comprises 
extracting the oil with an organic solvent hav 
ing the general formula, R-CO2-R1 wherein R. 
represents a chlorinated aliphatic residue and R1 
represents a chlorinated aliphatic radical. 

3. The process of preparing lubricating oil hav 
ing a high Viscosity index, which comprises ex 
tracting the oil with an organic solvent containing 
not more than five carbon atoms and having the 
general formula, R-CO2-Ri wherein R, repre 
sents a chlorinated aliphatic residue and R1 rep 
resents a chlorinated alkyl radical or an alkyl 
radical. 

4. The method of preparing lubricating oils 
which have a high viscosity index, which con 
prises mixing a mixed base lubricating oil with 
an organic Solvent having the general formula, 
R-CO-R1 wherein R represents a trichlorinat 
ed aliphatic residue and R1 represents a hydro 
gen atom or an alkyl radical, heating the mix 
ture of oil and solvent to obtain substantial mis 
cibility, cooling the oil and solvent until separa 
tion of the solvent and dissolved compounds from 
the remainder of the oil occurs, and separating 
the solvent together with the dissolved com 
pounds from the treated oil. 

5. The method of preparing lubricating oils 
which have a high viscosity index, which Com 
prises mixing a mixed base lubricating oil with 
an organic Solvent having the general formula 
R-CO2-R1 wherein R represents a chlorinated 
aliphatic residue containing not more than two 
carbon atoms and R1 represents an alkyl radical 
or a chlorinated alkyl radical containing not more 
than three carbon atoms, heating and agitating 
the oil and solvent to obtain miscibility, cooling 
the oil and solvent until separation of the Sol 
vent and dissolved compounds from the remain 
der of the oil occurs, and separating the solvent 
together with the dissolved compound from the 
treated oil. 

6. The method of extracting unsaturated and 
naphthenic hydrocarbons from a mineral oil 
distillate, which comprises mixing the oil with 
an organic solvent having the general formula 
R-CO2-Ri wherein R represents a chlorinated 
aliphatic residue and R1 represents an alkyl 
radical or a chlorinated alkyl radical, cooling the 
mixture of oil and solvent until the Solvent and 
dissolved unsaturated and naphthenic hydro 
carbons separate from the remainder of the oil, 
and separating the solvent cake with the dis 

75 

solved hydrocarbons from the treated oil. 
7. The method of extracting naphthenic hy 

drocarbons from a mineral hydrocarbon oil 
distillate, which comprises mixing the oil with 

2,064,838 
current extraction may also be used to great ad a chlorinated ester of an aliphatic acid, said 

ester containing not more than five carbon 
atoms, cooling the mixture of oil and solvent 
until the solvent and dissolved naphthenic hydro 
carbons Separate frons the remainder of the oil, 
and Separating the solvent together with the 
dissolved naphthenic compounds from the 
treated oil. 

8. The method of extracting naphthenic and 
unSaturated compounds from a hydrocarbon oil 
distillate, which comprises mixing the oil with 
a chlorinated-alkyl ester of an aliphatic acid, 
Cooling the mixture of oil and solvent until the 
solvent and dissolved hydrocarbons separate 
from the remainder of the oil, and separating 
the solvent together with the dissolved con 
pounds from the treated oil. 

9. The method of extracting unsaturated and 
naphthenic hydrocarbons from a mineral oil 
distillate, which comprises mixing the oil with an 
alkyl ester of a chlorinated aliphatic acid, said 
ester containing not more than five carbon 
atoms, cooling the mixture of the oil and solvent 
until the Solvent and dissolved hydrocarbons 
separate from the remainder of the oil, and sep 
a rating the solvent together with the dissolved 
hydrocarbons from the treated oil. 

10. The process of extracting unsaturated hy 
drocarbons from petroleum naphtha, which 
comprises mixing the naphtha, with an organic 
Sovent having. the general formula, R-CO2-R1 
wherein R represents an alkyl residue or a chlo 
rinated alkyl residue and R1 represents a hy 
drogen atom or a chlorinated alkyl radical, cool 
ing the mixture of naphtha and solvent until the 
Solvent and dissolved unSaturated hydrocarbons 
separate from the remainder of the naphtha, and 
separating the solvent together with the dissolved 
unsaturated compounds from the treated 
naphtha. 

11. The process of extracting unsaturated hy 
drocarbons from petroleum naphtha, which com 
prises mixing the naphtha, with a chlorinated 
alkyl ester of an aliphatic acid, said ester con 
taining not more than five carbon atoms, cooling 
the mixture of naphtha and solvent until the 
solvent and dissolved hydrocarbons separate 
from the remainder of the naphtha, and separat 
ing the solvent together with the dissolved hy 
drocarbons from the treated naphtha. 

12. The process of preparing lubricating oil 
having a high viscosity index, which comprises 
extracting the oil with an Organic solvent having 
the general formula, R-CO2-R1 wherein R rep 
resents an Organic residue and R1 represents a 
chlorinated alkyl radical. 

13. The method of preparing lubricating oil 
having a high viscosity index and substantially 
free from sludge forming constituents, which 
comprises mixing a mixed base lubricating oil 
with an organic solvent having the general 
formula, R-CO2-R1 wherein R represents an 
alkyl group or a phenyl group and R1 represents 
a chlorinated alkyl group containing not more 
than three carbon atoms, heating the mixture of 

: oil and solvent to obtain substantial miscibility, 
cooling the oil and solvent until separation of 
the solvent and dissolved compounds from the 
remainder of the oil occurs, and separating the 
solvent together with the dissolved compounds 
from the treated oil. 

14. The method of preparing lubricating oils 
which have a high viscosity index and are free 
from sludge forming constituents, which com 
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prises mixing a lubricating oil with a chlorinated- 5 
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alkyl ester of a low molecular weight aliphatic 
acid, heating the mixture of oil and chlorinated 
ester to obtain Substantial miscibility, cooling 
the mixture of oil and chlorinated ester until the 
chlorinated ester and dissolved constituents Sep 
arate from the remainder of the oil, and separat 
ing the chlorinated ester together with the dis 
solved constituents from the treated oil. 

15. The method of preparing lubricating oils 
having a high viscosity index and substantially 
free from sludge forming constituents, which 
comprises mixing a lubricating oil with an alkyl 

ester of a chlorinated low molecular weight ali 
phatic acid, heating the mixture of the oil and 
chlorinated ester to obtain substantial miscibility, 
cooling the oil and chlorinated ester until separa 
tion of the chlorinated ester and dissolved con- 5 
Stituents from the remainder of the oil occurs, 
and separating the chlorinated ester together 
With the dissolved constituents from the treated 
oil. 
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