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Ulric B. Bray, Palos Weries Estates, Calif., as signor to Union Oil Company of California, 
Los Angeles, Calif., a corporation of California 

Application February 19, 1934, Serial No. 711,963 
5 Claims. 

This invention relates to the extraction of oils 
by employing a selective solvent. Although ap 
plicable to the treatment of other oils, it refers 
more particularly to the production of lubricat 
ing oil by a selective solvent extraction process. 

It has been found that desirable parafinic hy 
drocarbons can be separated from the undesirable 
olefinic, naphthenic and/or aromatic compounds, 
by the use of solvents which selectively dissolve 
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the undesirable hydrocarbons but which exhibit 
Only a very limited solvent power upon the desir 
able paraffinic hydrocarbons. 
When I use the term “paraffinic hydrocarbons' 

I mean those highly saturated compounds which 
are present in petroleum and are characterized 
by a low temperature viscosity susceptibility, i.e., 
they exhibit a minimum change in viscosity for 
a given change in temperature. They also are 
characterized by relative stability to air and sun 
light, exhibiting little tendency toward discolora 
tion or sludge formation. This definition is not 
meant to include those compounds which are 
usually solid or semi-solid at ordinary tempera 
tures and which are known as "wax' or “pe 
trolatum'; but, of course, it is obvious that my 
invention is meant to also include the selective 
extraction of waxy oils. As a matter of conven 
ience hereafter, I will refer to the undesirable 
Components, such as olefinic, naphthenic and/or 
aromatic hydrocarbons, as the “non-paraffinic' 
components of petroleum. These fractions are 
characterized by a relatively high temperature 
viscosity susceptibility, and are relatively un 
stable to air and sunlight, exhibiting discolora 
tion and sludge formation. 
A number of selective solvents for extraction 

have been found; for example, it has been shown 
that such materials as aniline, chloraniline, nitro 
benzene, dichlorethyl ether, phenol, chloro 
phenol, cresol and cresol with a small proportion 
of water, for instance 4%, are highly selective 
as solvents for the non-paraffinic hydrocarbons. 
When these solvents are commingled with pe 
troleum or petroleum fractions under the proper 
conditions of temperature, the undesirable non 
parafiinic hydrocarbons pass into solution to a 
greater or less extent but a substantial propor 
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tion of the desirable paraffinic hydrocarbons re 
mains undissolved. The solution of undesirable. 
hydrocarbons and solvent settles to the bottom 
Of the container and forms an extract phase when 
relatively heavy solvents are employed. The 
relatively light parafiinic hydrocarbons rise to 
the top of the vessel and form a raffinate phase. 

55 These phases are then readily separable by ord 

(C. 96-3) 
nary decantation means. The raftinate phase is 
usually found to contain a small quantity of the 
selective solvent and the extract phase ordinarily 
contains a relatively large quantity of the sol 
vent. These fractions may be purified by distill- 5 
lation whereby the solvent is distilled away from 
the hydrocarbon oils. 
In the usual solvent extraction of mineral oil 

with the above mentioned selective solvents, the 
separation is not complete. Particularly, all of 10 
the parafinic hydrocarbons, i. e. the more valu 
able lubricants, are not obtained in the rafflinate 
phase but instead, some of the high grade paraf 
finic oil fractions are found in the extract phase. 
Also, the extract phase may contain certain frac- 1ð 
tions of oil characterized by properties interme 
diate low and high grade. These fractions are 
not desired in the final raftinate but are valuable 
as second grade oils when separated from the 
fractions of low quality. 20 

It has been known in the solvent extraction art 
that after making a primary separation of raffl 
nate from extract, additional fractions can be 
made to separate from the extract phase by One 
or more reductions of temperature which corre- 25 
spondingly reduce the solubility of these oils of 
relatively high paraffinicity in the extract phase. 
These oils then form intermediate raffinates 
which can be separately recovered by decanta 
tion from the remaining extract phase. The 30 
solubility of oils of relatively high parafiinicity in 
the extract phase can also be reduced by the ad 
dition of an anti-solvent thereto, the presence of 
which causes a phase separation between an in 
termediate raffiriate and remaining extract phase. 35 
This intermediate raffinate comprises secondi 
grade oil of quality superior to the oil remaining 
dissolved in the extract phase. . 
An anti-solvent may be defined as a material 

which tends to prevent the solution of a hydro- 40 
carbon fraction which, except for the presence of 
the anti-solvent, would be dissolved in the extract 
phase upon extraction of the oil with a selective 
solvent. A number of substances are suitable 
for use as an anti-solvent; for instance liquid 45 normally gaseous hydrocarbons such as liquid 
ethane, propane or butane, or methyl, ethyl or 
isopropyl | alcohols, methyl cellosolve (mono 
methyl ether óf ethyleae glycol) and other oxy 
genated compounds such as acetone or methyl 50 
acetate. Even water may be used as an anti 
solvent when the selective solvent with which it 
is employed is at least partly soluble therein. One 
or more of these anti-solvents may be employed. 

in some cases, the addition of an anti-solvent 55 
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2.106234 
controlled by valve 57. The extract phase con 
taining the desired proportion of Selective Sol-. 
vent passes from vaporizer 55 through line 6t 
controlled by valve 6 by action of pump 62. It 
then passes through coil 63 in heat exchange re 
lationship with coil 50. The material then flows 
through line 64 and valve 65. The temperature 
of the extract phase may be further lowered by 
other cooling if desired before introduction of 
the anti-solvent. Line 64 connects with line 45. 
In order to avoid heating the total amount of ex 
tract phase produced in extractor 3, valves 47 
and 49 may be controlled so that only a portion 
of the extract passing through line 45 is by-passed 
through line 48 and the heating System. Suf 
ficient solvent is then removed in 55 so that when 
the streams of extract flowing through lines 64 
and 45 are reunited, the mixture will comprise 
the desired proportion of solvent. In some cases 
it may not be necessary to lower the proportion 
of solvent to oil in the extract phase passing from 
extractor 3 via line 45 before the addition of 
the anti-solvent. In that event valves 49 and 
65 are closed and valve 47 remains open. 
Anti-solvent is introduced into the stream of 

extract flowing through line 45 by line 79 con 
trolled by valve 7 by action of pump 2. 

where thorough agitation occurs, after which it 
passes into cooler 5 via line.74. Cooling may 
be accomplished by any desired means such as 
by external refrigeration but when liquid, nor 
mally gaseous anti-solvent is employed I prefer 
to employ internal refrigeration. That is, the 
pressure is sufficiently reduced in cooler 75 to 
vaporize a portion of the anti-solvent with con 
sequent cooling of the remaining liquid. The va 
porized portion of the anti-solvent exits from 

40 
cooler 75 through line 76 controlled by valve 77. 
The extract phase and anti-solvent are sufficient 
ly cooled in 75 to cause phase separation in sep 
arrator 80 to which the chilled mixture passes by 
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solvent and the selective solvent. 

action of pump 8 through line 82 controlled by 
valve 83. Extract phase from 80 passes through 
line. 84 controlled by valve 85, through heater 86 
and line 87 into vapor separator 88. The stream 
is sufficiently heated in 86 to vaporize the anti 

These Wa 
pors pass through exit line 89 controlled by valve 
90. The low grade extract oil is removed through 
line 9 controlled by valve 92. 

Raffinate phase rejected in separator. 80 passes 
through line 93 controlled by valve 94 through 
heater 95 and line 96 into vapor separator 97. 
Sufficient heat is imparted in 95 to vaporize the 
anti-solvent and any selective solvent associated 
with the intermediate grade raftinate. These va 
pors are removed through line 98 controlled by 
valve 99. In some cases it is desired to heat suf 
ficiently to remove only the anti-solvent from the 
oil and solvent in vapor separator 97. The inter 
mediate grade raffinate exits from 97 through 
line 00 controlled by valve Ol by action of pump 

Although the intermediate grade raffinate flow 
ing through line 100 and the intermediate grade 
extract produced in secondary extractor 23 may 
be separately recovered and separately distilled 
to obtain final products within the desired boiling 
point range, I prefer to intermix these streams 
flowing through lines foo and 40. This com 
bined stream is heated in heater 05 prior to 
passage into fractionating tower 06 via line Ol. 
Fractionating tower f06 may be provided with the 

The 
combined stream passes into orifice mixer 73 

3 
Vapors exit from fractionating tower C6 via line 
09 controlled by valve O. Residual oil passes 

from the tower through line controlled by 
valve 2. Intermediate side cut distillates can 
be taken from tower 06 by lines 3 and f4 
controlled by valves 5 and 6 respectively. 
Fractionation in 0.6 may be accomplished under 
vacuum and/or with steam injection as desired. 
As an example of the operation of the appara 

tus disclosed in the figure, a dewaxed Santa Fe 
Springs lubricating distillate characterized by 
A. P.I. gravity at 60° F. of 19.8°, carbon residue 
of 0.24%, acid number of 0.16 and viscosity grav 
ity constant of 0.874 was extracted in extractor 
f3 with 175 volume percent. chloraniline at -45 
F. The raffinate thus produced was heated in. 
coil 20 to 80° F. at which temperature extraction 
in 23 with 120 volume percent. chloraniline was 
conducted. The high grade raftinate passing from 
the system via line 38 was characterized by a 
gravity of 29.9° A. P.I., carbon residue of 0.01%, 
acid number of 0.04 and viscosity gravity constant 
Of 0.804. 

Sufficient extract phase passing from extractor 
3 was bypassed via line 48 through heater 52 
and vapor separator 55 so that upon re-uniting 
with the stream passing through valve 4 the 
combined stream comprised 70 volume percent. 
chloraniline based on the original charge of oil. 
To this stream was added 105 volume percent. 
liquid propane as an anti-solvent. Sufficient pro 
pane was vaporized in cooler 75 to reduce the 
temperature of the mixture to 40° F. at which 
phase separation occurred. Extract removed via 
line 9 had an A. P. I. gravity at 60 F. of 7.3. 
Rejected intermediate raffinate freed of propane 
and chloraniline passing through line 0 had an 
A. P. I. gravity at 60° F. of 21.9 carbon residue of 
0.16%, acid number of 0.04 and viscosity gravity 
constant of 0.857. In one modified operation, 
only the propane was vaporized from the inter 
mediate rejected raffinate in 97 and the unva 
porized residue in line OO was combined with the 
intermediate extract passing through line 30. 
The mixture was distilled under vacuum into sep 
arate cuts of desired boiling point range in heater 
05 and fractionating tower f06. 
As a further modification of my process, ex 

tractor 23 may be omitted in some cases, all of the 
extraction taking place in 3. . In this event, 
heater 2 is employed to distill the selective sol 
vent from the raftinate passing through line . . 

It will be understood that the foregoing is mere 
ly illustrative of certain embodiments of my in 
vention and that many modifications may be 
made therein without departing from the spirit 
of my invention. . 

I claim: . 
1. A process for the separation of parafinic 

and non-parafinic fractions from mineral oil con 
taining the same which comprises extracting said 
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oil with a selective solvent, separating the extract. 
phase solubile in said solvent from the raffinate 
phase insoluble therein, reducing the selective sol 
vent content of said extract phase, then commin 
gling said extract phase with an anti-solvent and 
separating from said extract phase an interme 
diate raftinate rendered insoluble in said extract 
phase by said anti-solvent said intermediate raf 
finate containing the bulk of said anti-solvent. 

2. A process for the separation of parafiinic 
and non-parafiinic fractions from mineral oil 
containing the same which comprises extracting 
said oil with a selective solvent, separating the 
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75 usual trays 08 and other usual appurtenances, extract phase soluble in said solvent from the 75 
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4. 
raftinate phase insoluble therein, reducing the 
selective solvent content of said extractiphase, then 
commingling said extract phase with an anti-sol 
vent, cooling said extract phase, and separating 
from said extract phase an intermediate raftinate 
rendered insoluble in said extract phase by said 
anti-solvent said intermediate raffinate contain 
ing the bulk of said anti-Solvent. 

3. A process for the separation of parafnic 
and non-parafinic fractions from mineral oil 
containing the same which comprises extracting 
said oil with a selective solvent, separating the 
extract phase soluble in said Solvent from the 
raftinate phase insoluble therein, reducing the 
selective solvent content of said extract phase, 
then commingling said extract phase with a liq 
uid, normally gaseous anti-solvent, vaporizing a 
portion of said anti-solvent, cooling said extract 
phase by internal refrigeration and separating 
from said extract phase an intermediate raftinate 
rendered insoluble in said extract phase by said. 
anti-solvent said intermediate raffinate contain 
ing the bulk of said anti-solvent. 

4. A process for the separation of paraffinic and 
non-parafinic fractions from mineral oil con 
taining the same which comprises extracting said 
oil with a selective solvent, separating the ex 

2,106,234. 
tract phase soluble in said solvent from the raf 
finate phase insoluble therein, commingling said 
extract phase with a liquid, normally gaseous 
anti-solvent, vaporizing a portion of said anti 
solvent, cooling said extract phase by internal re 
frigeration and, separating from said extract 
phase an intermediate raftinate rendered insol 
uble in said extract phase by said anti-Solvent 
said intermediate raftinate containing the bulk of 
said anti-solvent. . 

5. A process for the separation of parafinic 
and non-paraffinic fractions from mineral oll 
containing the same which comprises extracting 
said oil with a selective solvent, separating the 
extract phase soluble in said solvent from the 
rafinate phase insoluble therein, heating a por 
tion of said extract phase to vaporize solvent, re 
moving said vapors from said heated portion, in 
termixing the unheated portion of said extract 
phase with the heated portion, commingling said 
extract phase with an anti-solvent and separat 
ing from said extract phase an intermediate raf 
finate rendered insoluble in said extract phase by 
said anti-solvent said intermediate raffinate con 
taining the bulk of saidi anti-solvent. 

ULRIC B. BRAY. 
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