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‘Long Island City, N. Y., and Joseph Moos,
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Steglitz, Germany, assignors, by mesne assign-
ments, to Edeleanu Gesellschaft, m. b. H,, Ber-
lin, Germany, a corporation of Germany

Application May 22, 1935, Serial No. 22,914
8 Claims, (Cl 196—13)

This invention aims to provide an improved
method of refining mineral oils. More particu-
larly, the invention relates to the use of dichloro-
difluoromethane as a solvent for treating lubri-
cating oil stocks to produce high quality lubri-
cating oils to meet the needs of modern auto-
mobile and airplane motors, although the inven-
tion is not limited thereto.

For these uses; lubricating oil stocks require
treatment to improve the viscosity and stability
characteristics, etc., and, depending .on their
source, nature and desired quality of the refined

- oil, are commonly treated under one or more of
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three headings, namely: deasphaltizing, dewax-
ing, and extraction or removal of aromatic and
unsaturated hydrocarbons. .

The use of liquid dichlorodiﬂuoromethane as &
dewaxing solvent or ‘diluent is described and
claimed in the copending application of cne of

o Us, Hans Ramser, Serial No. 572,437, filed: Octo-
ber 31, 1931, Patent No. 2, 009 454 dated July 30 .

1935,

We have dlscovered that liquid dichlorodifiuo-
romethane can be used very successfully as a de-
asphaltizing solvent, and that it can also be used
to effect a phase separation of hydrocarbon oils
at elevated temperatures below its critical tem-
perature (232.6° F.). -

The extraction or removal of aromatic and un-
saturated hydrocarbons can be effected very ad-
vantageously by employing dichlorodifluorometh-
ane in conjunction with other solvents, as will

be described hereafter, and such use is part ot :

our invention, }

According to our invention, therefore, dichloro-
difiuoromethane may be employed effectively to
accomplish deasphaltizing, dewaxing, and sepa-

ration or removal of aromatic and unsaturated " phaltenes containing some of the solvent in solu-

-~tion; ‘while the lower layer consisted of the bulk
" of the solvent containing the oil in solution.  The
layers or phases were separated and the solvent

hydrocarbons.
The use of dichlorodiﬂuoromethane for- renn-

ing waxy asphaltic lubricating oil stocks is ren- .
dered particularly valuable by the fact that, if

desired, each type of refining can be conducted
separately so as to provide close control and to
avoid mixing of the three classes of constituents

. removed, thereby securing these as initially sepa-

rated by-products.
Non-asphaltic components of mineral ofl are
completely dissolved by liquid dichlorodifluoro-

methane at normal temperatures, whereas as-

phaltenes are insoluble at all temperatures and
separate out as a separate layer from a solution
of oil and the solvent. - By avoiding low tempers-
tures, there will be no separation of wax; and by
avoiding elevated temperatures above a critical

point determinable for each stock treated there
will be no separation into layers-of hydrocarbons
normally wholly miscible in.the solvent. Thus
the asphaltenes can be removed without at the
same time causing separation of other compo-
nents.

In the accompanying drawings, wherein we
have shown several embodiments of the inven-
tion for purposes of illustration,

Fig. 1 is a flow diagram showing the use of
dichlorodifiuoromethane in the successive treat-
ment of an asphaltic waxy oil stock for asphalt

removal, wax removal, and separation of the oil .

into a raffinate fraction and an extract fraction
by means of a selective solvent;

PFig. 2 is a flow diagram showing the use of
dichlorodifiuoromethane for dividing an asphalt-
free oil into a lighter oil fraction and a heavier
oil fraction.

- It will be evident to persons skilled in the art

that the method steps shown in these flow dia-
- grams may be comhined in various different ways

and in various different sequences.
* The following examples illustrate various types
of treatment. .
Ezample 1

This example illustrates the use of the solvent
for deasphaltizing.

A Mid-Continent residual oil having an A. P. L.
gravity of 20, Saybolt viscosities of 997 at 130° F.

- and 145 at 210° F., a Conradson carbon residue

of 5.6, and & wax content of 10% by volume, was
agitated at 130° F. with four volumes of dichloro-
diffuoromethane in a vessel under pressure suffi-
clent to maintain the solvent in liquid phase.
Upon allowing the mixture to stand, two layers
were formed.. The upper layer consisted of as-

removed therefrom,

- The yleld of asphalt was 13% by volume and
the yleld of oil was 87% by volume. The de-
asphaltized oll had an A. P. I, gravity of 219,
Saybolt viscositles of 664 at 130° F. and 109 at
210° F., and a carbon residue value of 3.0.

As prevlously indicated, dichlorodifiuorometh-

‘ane is suitable for dewaxing. When highly as-

phaltic stocks are to be dewaxed, the stock wiil

. ordinarily be deasphaltized first in order to fa-

cilitate the mechanical removal of the wax fol-
lowing precipitation thereof, as by filtering, and
to permit securing the asphaltenes and wax sep-
arated from each other.
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In such case the oil is dissolved in the solvent
and the asphalt removed, as illustrated in Ex-
ample 1, and then the oil-solvent solution is
chilled to precipitate out the wax.

If desired, as may be the case particularly with
oils containing only small quantities of asphal-

" tenes, the separation of asphaltenes and wax

" may be carried out in one operation by dissolving
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the stock in the solvent, chilling the mixture to
the dewaxing temperature, and filtering. In this
case the asphaltenes will be separated with the
wax.

Ezample 2 .

This example illustrates the use of dichlorodi-
fluoromethane for dewaxing

A mixed-base lubricating oil of Mid-Continent
origin with a pour point of 110° F. was mixed

© with 2.5 volumes of liquid dichlorodifluorometh-
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ane In a pressure vessel.
to —19° F. by applying suction to the vessel to
cause evaporation of the solvent, the amount
evaporated being replaced by introducing liquid
solvent into the vessel, keeping the amount of
liquid in the vessel constant. The chilled mix-
ture was then filtered through an ordinary type
filter press at —19° F.,, under a pressure of about
2 lbs. per sq. in. The ﬁltered oil was freed of
solvent by evaporation.

The properties of the oil before and after de-

waxing were as follows:
Before Aﬂ;or
dewaxing | dewsxing
°A.P.1 . 2.4 2.1
Viscosity at 210° F 61 65
Viscosity gravity constant_......_..._ R 0,843 0.852
Pour point, ° . 110 -5
Dichlorodifluoromethane possesses a negative

temperature coefficient in regard to the solubility
of mineral oils therein. Upon heating a solution
of asphalt-free oil in the solvent, a point can be
reached at which separation Into two liquid lay-
ers or phases, containing oil of differing proper-
ties, occurs.  One of the two phases contains the
bulk amount of the solvent, having a certain
amount of ofl in solution, the amount of oil
being smaller the higher the temperature. This
oil will be lighter than the original oil. The
other phase contains the oil which has sepa~
rated out from the main body of solvent and is

‘saturated with the solvent, and the oil in this

phase is heavier than the original oil. Such
phase separation will occur at about 212° F. in
the case of a heavy cylinder stock. The specific
gravity of the solvent, which is 1.5 at —36° F

“decreases to 0.83 at 225° F. The position of the

two layers may therefore be reversed upon pass-
Ing a certain temperature, dependent upon the

specific gravity of the oil.

E’zample 3

A 650 steam refined Pennsylvania stock having
an A. P. I gravity of 243, a Saybolt viscosity of
231 at 210° F., and a carbon residue of 3.4, was
mixed with four volumes of Hquid dichlorodifiu-
oromethane and the mixture was heated and
agitated to 212° ¥, under pressure sufficient to

maintain the solvent in lquid phase. Upon
"standing at this temperature, two layers were

formed. The upper layer comprised the bulk
of the solvent, and contained the fraction of oil
which remained dissolved therein. The lower

layer consisted of the oil which was undissolved

The solution was ceoled .
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in the solvent at the elevated temperature. The
layers were separated and the solvent removed
therefrom.

The extraction treatment produced oil frac-
tions having different properties as shcwn in the
following table, which may he compared with the
specification of the original oil given above.

Dissolved | Undis-
oil - solved.oil
Yield volume, pereent...; ................. 10,6 89,4
.P.1 27.3 23.8
Viﬂcosity at 130°F 1790
Viscosity at 210° F* 256
Carbon residue 1.2 4.1

Dichlorodifiuoromethane is not entirely mis-
cible with selective solvents such as quinoline,
aniline, cresol, phenol, chlorophenol, and others,
used for extracting aromatic and unsaturated
hydrocarbons and which are characterized by
having a selective action as between high and
low viscosity-index hydrocarbons. That is, when
mixed with such solvents a phase separation will
occur. It is therefore possible to use dichlorodi-
fluoromethane in conjunction with these solvents
in the way that liquid propane is uséd, to effect
double solvent refining. 'This procedure is espe-
cially advantageous for the treatment of residual
oils, which are hard to refine, and is likewise ap-
plicable to distillates, as shown by the following
examples.

Example 4

One volume of a Mid-Continent residual cyl-
iner stock was agitated with four volumes of di-
chlorodifluoromethane and one volume of phenol,
at 104° F. Upon standing, two layers were formed
and these were separated. The raffinate layer,
without removal of solvents contained therein,
was mixed again with one volume of phenol at
104° F.,, and upon standing two layers again
formed. The solvent was removed from the re-

sulting raffinate layer, and from the two extract

phases. The properties of the original stock and
of the final raffinate are shown in the table of
the next example,

Example 5

One volume of the same Mid-Continent stock
referred to in the preceding. example was agi-
tated and heated to 140° F. in admixture with
four volumes of dichlorodifluoromethane and one
volume of parachlorophenol. Upon layer sepa-

- ration, the raffinate layer was treated in the

same manner with one volume of parachloro-
phenol at 140° F., again resulting in a separation
into a raffinate layer and an extract layer upon
standing. The final rafinate, after solvent re-

moval, had the properties shown in the following,
table:
Original { Raffinate |. Raffinate
- ofl Example 4 { Example 5
Yleld volume, pereent..ooaa.. . 100 66 54
20 24.5 2.5
Vlscosity at130° P el 997 524 320
Viscosity at 210° F oot 145 98 71
Carbon residue_ ... _ccoo... . 5.6 ©.0.67
Example 6

A dewaxed Mid-Continent distillate was mixed
and agitated with 3 volumes of dichlorodifiuoro-
methane and 1 volume of aniline, at 104° ¥, The
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layers were allowed to separate and were freed

of solvents. The raffinate (refined oil) was con-
tacted with 109 of diatomaceous earth or other
color adsorbing material at 450° F. The proper-
ties of the untreated oil and of the finished

raflinate are shown 1n the table of the next.

example,
Example 7

The same distillate employed in the preceding
example was treated with 2 volumes of dichloro-
difluoromethane and 2 volumes of parachloro-
phenol, at 113° F. After allowing two layers to
form, the layers were separated and the solvents
removed by distillation. The properties of the
untreated stock and of the raffinate oil are shown
in the following table:

Untreated { Raflinate | Raffinate

stock Example 6 | Example 7
Yield volume, percent_.. 100 90 70
CALP. Y. ... 23.2 24.9 27.5
Vlscoexty at 100° F_ 1287 1054 735
Viscosity at 210° F a1 84.5 74.8
Viscosity index.._____._._____ 75 84 94
Carbon residue_..._.____... - 1.9 1.1 0.42

Ezample 8

One volume of the same Mid-Continent distil-
late, referred to in Examples 6 and 7, was mixed
and agitated with two volumes of dichlorodi-
fluoromethane and three.volumes of quinoline.
The mixture was cooled and at --10° F. a separa-
tion into two layers commenced. Cooling was
continued to —22° ¥, to increase the rate of set-
tling out of the layers. After equilibrium was
reached the two layers were separated- and the
solvents removed therefrom. The raffinate oil,
which amounted to 68 vol. % of the untreated oil,
was finished by contacting with. 10% of clay at
450° ¥, 'The character of the finished raffinate
is shown in the following table:

45 .Untreated ] Finished
oil raffinate
R Vs SN 23.2 28.0
Viscosity at 100° T 1287 728
Viscosity at 210° F 91 74.6
Viscosity index__..- 75 94
60 Carbon Tesidue. Il 1. . 0.30
A. 8. T. M. color 5
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The foregoing examples of double solvent ex-
traction of lubricating oils show that the treat-
ment with the selective solvent is rendered highly
effective and is benefited by extracting oil which
has been dissolved in dichlorodifluoromethane.

From the foregoing description and accom-
panying :flow diagrams it will be evident that in

accordance with our invention liquid dichlorodi-

fluoromethane . may be used for deasphaltizing,
dewaxing, and is of use in extraction or removal
of types of hydrocarbon constituents, such as
aromatic, unsaturated and unstable components.
iWhen oil is dissolved in dichlorodifluoromethane

/it may then be deasphaltized and dewaxed by
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appropriate ‘adjustment of temperature; and
may be refined by adjusting the temperature to
cause a phase separation, or by extracting the
solution with phase-forming selective solvents.
Thus the presence of the dichlorodifluorometh-
ane is effective in all stages of a complete refin-
ing process.

Attention is called to our copending companion

3

application Ser. No. 23,130, filed May 23, 1935,
which relates to the use of the broad group of
organi¢ fluorine compounds, the use of only one
species of which (dichlorodifluoromethane) is
expressly described and claimed herein,

What we claim is as follows:

1. A method of refining an asphaltlc mineral
oil comprising dissolving the oil in dichlorodifiu-
oromethane, removing the undissolved asphalt
from the solution at a temperature at which other
components of the oil remain dissolved, and ex-
tracting the solution with a selective solvent in
which the dichlorodifiluoromethane is not wholly

miscible at a temperature below the critical point .

of the original solution of oil in dichlorodifluoro-
methane, to produce an extract phase and a raf-

. finate phase, and separating the two phases,

2. The method of refining an asphaltic waxy
mineral oil comprising dissolving the oil in di-
chlorodifluoromethane, removing the undissolved
asphalt at a temperature at which the other com-
ponents of the oil remain dissolved, chilling the
mixture to a low temperature at which the wax
separates ouf, removing the separated wax, and
extracting the solution with a selective solvent
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in which the dichlorodifluoromethane is not whol- .

ly miscible at a temperature below the critical
point of the original solution of oil in dichlorodi-
fluoromethane, to produce an extract phase and
a raffinate phase, and separating the two phases.

3. A method of treating a mineral oil compris-
ing dissolving the o¢il in dichlorodifluoromethane
and heating to a temperature above the critical
point of the solution and below 232.6° F. to cause
a separating out of initially dissolved components
of the oil and the formation of two layers, and
dividing out the layers.

4. A method of treating an asphalt-free min-
eral oil comprising dissolving the oil in dichlorodi-
fluoromethane and heating “the solution to a
temperature above the critical point thereof and
below 232.6° P, to produce two liquid phases, and
separating the phases to obtain a relative lighter
oil fraction and a relatively heavier oil fraction.

5. A method of treating a mineral oil com-
prising dissolving the oil in dichlorodifluorometh-.
ane and thereafter extracting at a temperature
in excess of 100° F. and less than 232.6° F. with a
selective solvent which has selective action as
between high and low viscosity-index hydrocar-
bons and in which the dichlorodifluoromethane
is not wholly miscible, to produce two liquid
phases, and separating the two phases.

6. A method of refining a substantially wax-
free mineral oil comprising dissolving the oil in
dichlorodifiluoromethane and extracting at a tem-
perature above 100° F. and not above 232.6° F.
with a selective solvent which has a selective ac-
tion as between high and low viscosity-index hy-
drocarbons and in which the dichlorodifluoro-
methane is not wholly miscible, to produce two
liquid phases, and separating the two phases.

7. A method of treating mineral oil compris-
ing dissolving the oil in dichlorodifluoromethane
and thereafter extracting at a temperature below
232.6° F. at which contained wax is substantially
dissolved with a selective solvent in which the
dichlorodifluoromethane is not wholly miscible, to
produce an extract phase and a raffinate phase,
and separating the two phases.

8. A method of refining an asphaltic mineral
oil comprising dissolving the oil in dichlorediflu-
oromethane at a temperature above 100° F. and
not above the critical point of the solution to dis-
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solve all except asphaltic componénts, removing - driving off the latter to produceva lubricating oll
the undissolved residue, heating the solution to fraction having a high viscosity index.

a temperature above its critical point and below . ERNEST TERRES.
232.6° F. to cause separation.thereof into two ‘ ERICH SAEGEBARTH.
5 layers, dividing out the layer containing the com- JOSEPH MOOS.

nnnents dissolved in dichlorodifluoromethane and HANS RAMSER. -




