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The present invention relates to the separa-
tion of mixtures of hydrocarbons into a paraffinic
portion and a non-paraffinic portion and, more
particularly, to the refining of petroleum oil and
the like to a raffinate of higher paraffinicity than
the charge stock.

- The so-called double solvent processes of sol-
vent treating petroleum oil employs two golvents
of relatively low mutual solubilities, one of which
has a high preferential solubility for the un-
desirable constituents of the oil, usually classified
as non-paraffinic or: naphthenic and .aromatic
hydrocarbons, and the other a high preferential
solubility for the desirable constituents of the oil,
usually classified as paraffinic hydrocarbons. The
first solvent is usually referred to as the naph-
thenic solvent while the other solvent is usually
referred to as the paraffinic solvent. The raf-
finate phase in the double=solvent treatment is
a solution of the more parafinic poftion of the
charge oil in the paraffinic solvent while the 'ex=
tract phase is a solution of undesirable cori-
stituents or non-parafiinic constituents im the
naphthenic solvent.

A brief but adequate describtion of one modi-

fication of the double solvent method of treating
petroleum oil is given in the “Process Handbook”
section of Petroleum Refiner (April 1947) pages
138 and 139. The double solvent process is also
described in U. S. Patents Nos. 1,912,348 1,912,349
and. 2,041,308,

Thé double solvent refining procéss which is
most widely used in the petroleum indiistry foi
refining residual oils is known as the “Duo-Sol”
process. The process is capable of simultaneously
deasphalting and solvent refinihg asphaltic resi-
duz by employing a two-solvent system com-
posed 6f a naphthenic solvent; “selecto,” and a
paraffinic solvent, liquid propane. “Selecto” is
a mixture of phenol and cresylic acids usually
contdining 40 to 60 per cent phenol.. In g Duo-
Sol system, the liquid propane acts-as an ‘asphalt
precipitant and diluent while “selecto’” functions
both as a solvent for the asphalt and an oil treat~

ing agent. A typical installation consists essen-

tially of a three to seven stage countercurrent
extraction system in which a propane-oil mix-
ture is coritacted with: “selecto” plus a two stage
system in which the “selecto,” containing ex-
extracted material, is countercwrrently washed

o 2 :
with fresh liquid propane. In a seven stage untt
brepane would be added to the first, charge stock
In the third, and “selecto” in the seventh stage.

- The spent solvent containing extracted material
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- and asphal would be drawn from the first and

treated oil from the seventh stage of the. unit.
Temperatures of 75 to 165 degrees Fahrenheit,
pressures up to 500 pounds per square inch and
propane and “selecto” solvent to oil ratios up
to 7:1 are usually employed. L

‘While the double solvent treating method has
been employed most widely in the treatment of
petroleum fractions, if is recognized by those
skilled -in the art that. similar mixtures of hydro-
carbons, such as shale oils, synthetie oils pre-
pared by the Fischer-Tropsch process and mix-
tures of hydrocarbons prepared by other methods
of synthesis, likewise are amenable to this treat-.
mend: : . :

It has now been discovered that .the use of a
meodifier in conjunction with the paraffinic and.
naphthenie seolvents in a. typical double solvent
treating process results in. an increased recovery

. of ‘the refined oil from the non-paraffiinic mate~

rials .in - the charge stock. The refined oil SO
obtained is of a quality comparable to that pro=
duced in the conventional double solvent treate
ing - process although of somewhat higher vis-
cosity. The rejected material, i. e. the solute of
the -extract phase, or tar is of higher gravity.
than ‘tar from normal or. conventional double
solvent operations.

In.general, the paraffinic solvents employed. in

.. the:double solvent:treatment of mixtures of-paraf=
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' finic; naphthenic and aromatic hydroecarbons withi

or without: admixed asphaltic materials are lique<
fred ‘normally gaseous hydrecarbons such as the
saturated and unsaturated hydrocarbons. having:

.+ 3 t0 5. earbon. atoms, lighter hydrocarbons -sii¢h

as. methane, ethane, ethylene, acetylene, etc.
mixed with hydrocarbons of 3 to 5 carbon atoms
and-lieavier aliphatic and olefinic hydrocarbons

~baving up-to 10 6r 12 carbon atoms per molecule.

Other paraffinic solvents are methyl Cellosolve,
Carbitol and' other oxygenated compounds such
as acetone, niethyl, étliyl and isopropyl alcg<
hels, ete: ‘ o :

The naphthenic solvents employed in the-
double solvent treattent of mixtures of paraf~
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finic, naphthenic and aromatic hydrocarbons
with or without admixed asphaltic materials are
aqueous or non-aqueous liquid SOz, liquid SOz-
benzol, furfural, dichloroethyl ether, aniline,
quinoline, pyridine, nitrobenzene, benzyl alcohol,
phenol, cresylic acid, ethylene diamine, di- and
triethanolamines, crotonaldehyde, sulfolanes, di-
methyl formamide, formic acid and acetic an-
hydride, ete.

When the effects of the foregoing combina-
tions of “paraffinic” solvent and “naphthenic”
solvent are modified by the use of a third com-
ponent, hereinafter termed a modifier, the oily
constituents of high viscosity present in the
charge stock are retained in the raffinate phase
instead of being rejected in extract phase as in
conventional double solvent treatment. As a re-
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sult the process yieid is higher and the rafiinate

is of higher viscosity. By modification of other

variables a much higher yield of oil of com-

parable quality is obtained using the modified
solvent combinations than is obtained with con-
ventional solvent combinations.

The solvent combinations are advantageously
modified by the use of g modifier selected from
the group consisting of ‘carbonates of aliphatic,
éycloaliphatie, and aromatic hydrocarbons and
heterocyclic compounds, of which group diethyl
carbonate is preferred.

“While the use of one of the afore-enumerated
modifiers in conjunction with one of the conven-
tional - combinations of “paraffinic” solvent and
“paphthenic” solvent brings about the advan-
tages enumerated hereinbefore, a more selective
action in the presence of smaller amounts of
modifier can be obtained by incorporating small
amounts of water, say up to 25 weight per cent
in the “naphthenic” solvent.

The modified double solvent refining opera-
tion with or without aqueous “naphthenic” sol-
vent is conducted in about the same manner as
conventional -double solvent refining operations
with -provision for adding modifier or modifier
and water at any point or points in the unit.
However, improved results are obtained by wash-
ing the extract phase with fresh “paraffinic”
solvent-modifier mixture. Thus, for example, in
a nine stage system paraffinic solvent and modi-
fier are added in the first stage, charge oil in the
third stage, and aqueous or non-aqueous naph-
thenic solvent in the ninth stagé while the treated
mixture of hydrocarbons, i. e. mixture of hydro-
carbons of increased paraffinicity, is withdrawn
from the ninth and the rejected extract from the
first stage of the unit. The rafiinate and extract
are separately treated in any suitable manner,
say by distillation, to remove the “paraffinic”
solvent and the “naphthenic” -solvent respec-
tively. The ratio of paraffinic solvent and naph-
thenic solvent to charge stock may be varied from

1:1 to 7:1, while the modifier ratio (based on

the charge stock) may vary from 0.15 to 1.5:1.
The temperatures employed may vary from 75 to
206 degrees Fahrenheit. ’

. Those skilled in the art will understand that
although the use of modifiers in conjunction with
the solvents in a double solvent treatment of &
mixture of paraffinic and non-paraffinic hydro-
carbons has been discussed hereinbefore and will
be described. hereinafter in conjunction with
treatment in isolated zones known as stages,
nevertheless the treatment can be carried out
in a tower or towers or in equipment employing
centrifugal force to accelerate the separation of
the raffinate phase from the extract phase. Fur-
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thermore, the solvent treatment of charge stock
with a naphthenic solvent and particularly with
aqueous “naphthenic” solvents in the absence of
a “paraffinic” solvent is improved by the use of
the novel modifiers enumerated hereinbefore.

Thus, for example, a mixture of paraffinic and
non-paraffiinic hydrocarbons can be treated in
the manner described in the “Process Hand-
book” section of Petroleum Refiner (April 1947)
pages 122 and 123, using dichloroethyl ether,
phenol or, in general, any “naphthenic” solvent
containing up to 10 per cent of water (aqueous
naphthenic solvent) together with one or more
of the modifiers enumerated hereinbefore.

Typical of the treatment of charge stocks con-
taining paraffinic and non-paraffinic hydrocar-
bons are the-following non-limiting examples.

EXAMPLE 1

_ A residual stock of 187 seconds Saybolt Uni-

versal viscosity at 210 degrees Fahrenheit was
processed in double solvent treating unit having
seven extraction and two extract wash stages
employing about 300 weight per cent of “naph-
thenic” solvent of 50 per cent phenol content
(“selecto”), about 500 weight per cent of propane
and about 50 weight per cent of the preferred
modifier, diethyl carbonate, at a temperature of
about 100 degrees Fahrenheit.

EXAMPLE II

In order to provide a standard whereby the
effect of the modifiers can be evaluated, a por-
tion of the same stock was treated at the same
temperature with about 300 weight per cent of
“naphthenic” solvent of 50 percent phenol con-
tent (“selecto”) and about 500 weight per cent
of propane. )

EXAMPLE III

In order to show the effect produced by using
a “naphthenic” solvent containing water in con-
junction with a “paraffinic” solvent and a modi-
fier, diethyl carbonate, a charge stock of 458
seconds Saybolt Universal viscosity at 210 degrees
Fahrenheit was processed in the same equipment
employing  about 350 weight per cent “naph-
thenic” solvent of 50 per cent phenol content
(“selecto”) containing about 1.5 per cent of
water, about 450 weight per cent of propane and
about 25 weight per cent of diethyl modifier at
a temperature of about 120 degrees Fahrenheit.

EXAMPLE IV

To provide a standard of comparison for the
results obtained in Example III, a portion of the
same charge stock was treated with the same
amounts of the same “naphthenic” and “paraf-
finic” solvents in the absence of a modifier.

EXAMPLE V

The results obtained in this operation estab-
lish that increasing the phenol content of the
“naphthenic” solvent is not a means of obtain-
ing a yield of raffinate similar in amount and
quality to that obtained employing g modifier. A
portion of the oil of 458 seconds Saybolt Uni-
versal viscosity at 210 degrees Fahrenheit, used
in Examples III and IV was treated with about
350 weight per cent of a “naphtheni¢” solvent
(“selecto”) having an 80 per cent phenol con-
tent and about 450 weight per cent of propane at
a temperature of about 120 degrees Fahrenheit.

A summary of the results obtained in each of
the Examples I to V is provided in the following
table; .
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) Table T
COMPARATIVE DUO-S0L, REFINING DATA ON RESIDUAL STOCKS EMPLOYING AS THE NAPHTHENIC SOLVENT

SELECTO, SELECTO-WATER WITH LIQUID PROPANE DIETHYL CARBONATE

Processing Conditions:

Duo-Sol Refinjng— L 1-3-5
Oil-Selecto-Propané Ratio by Wt..._._..___.__ . _____ 100
Temperature, °F___._.......___ .Y

On Process— .
Extraction .. ___..___.__ .. 84.1 78.9
Dewaxing, Ultimate..__________ - TTTTTTTTITTTOTTN 75.8 75.2
Overall—
On Residuum.-. ... .. ... A 58.9 54.8

On Crude.._.____ . [ J [T 234 128 128

Raw Waxy | Dewaxed | Finished Waxy | Dewaxed | Finished
Resid. Raff, Raff. 0il Raff. Raff, 0il
Processing Step: .
Inspections—
Gravity, SA. PoXo oo J o i
Gravity, Specé‘ﬁc @60°F. (Pyc@77° F.).

Pour Point, °F________ .. ___.
Flash Point, °F, (COC):
Fire Point, °F, (COC)____..___
K. V. @ 100° F. (Centistokes)
@ 210° F, (Centistokes) _
S.U. V. @ 100° F., Seconds.
@ 210° F., Seconds..
Viscosity Index: ... _..__._
Viscosity Gravity Constant @ 210° F._ _
Color, Lovibond, 3{” Cell_________
Carbon Residite, Per Cent Wt.
_ Sulfur, Per Cent Wt_______._____ . _____ LT
Tar—
Specific Gr. @ 60° F. (Pyc. @ 77° F.)
8. U. V. @ 210° F., Seconds

1.0460 1,0380
>10,000 [ fo - >10,000 ||l

Processing Conditions:
Duo-8ol Refining= - ; 1-3.5-4. 5
Oil-Selecto-Propane Ratio by Wi.__.__.._ 120
Temperature, °¥ : :

Diethyl Carbonate Ratio Based on OQil_..

0.25
Phenol Content of Selecto, Per Cent Wt_.. 47
Water Content of Selecto, Per Cent Wt___ 1.5
Run Number__._ - 1377
Percolation, Oil/Clay Ratio by Wt__.____{____.___ 20:1
Yields, Per Cent Vol.:
On Process—
Extraetion__ ..o |o.____ 56.3 51.6 56.4
Dewaxing, Ultimate 83.0 84.0 85.7
Overall— .
On Residuum_. - " 44.6 41.4 46. 5
On Crude 36.3 16.2 15.1 16.9
De- i De- s De- s
Raw | Waxy Finished | Waxy Finished | Waxy Finished
A waxed 3 ¢ waxed s waxed -
Resid. | Raff. Rof. Qil Raff. Raff. 0il Raff. Rafl, 0Oil )
Processing Step:
Inspeetions—
Gravity, °A. P Yoo 16.5 28.7
Gravity, Specific @ 60° F. (Pye @ 77° F.).| 0.9609 | 0.88%0
Pour Point, °F L P
Flash Point, °F. (COC).... 520
Fire Point, °F, (COC). 595 |-
° K. V.@100° F. (Centistokes)..._..... ._|________|..._ ___
@ 210° F. (Centistokes)  __.___.._..__ 98.3 17.46
8. U. V. @ 100° ¥., Seconds_. -
@ 210° F., Seconds__ oo .. 458 87.6
Viseosity Tndex . .o oceemoooooo e L
Viscosity Gravity Constant @ 210° F.___| 0.872 0.802
Color, Lovibond, ¥ Cell..______._ 83

Carbon Residue, Per Cent Wt. . - A
Sulfur, Per Cent Wt. ___.____..__________ N PR
Tar—
SpecificGr. @60° F. (Pyc@77° F.)-. ... 1. 0550 10415 | 10469 |-c oo
5.U.V.@210° F., Seconds_ _.._.__....__{________ >10,000 [-aceoe oo >10,000 || 10,000 |ceoooofoe -

The solvent refined oils obtained as described serves to chill the-raffinate to dewaxing temper-
hereinbefore, particularly when liquid SO:2 or 65 atures although the raffinate can be chilled by
lquid S02-benzol or “selecto” are used as naph- other suitable means. When adjusting the ratio

thenic solvents, can be dewaxed merely by re- of propane to organic carbonate in the raffinate
moving a porticn of the propane to chill the oil to provide a dewaxing mixture, it is also preferred
and-adjust the propane concentration to that to adjust the ratio of solvent refined oil to dewax-
desirable for dewaxing. In other words, the con~ 70 ing mixture in the raffinate to0 1:0.2 to 1:8 with a
centration of propane and organie carbonate in ratio of 1 to 3 preferred.

the raffinate is adjusted, preferably by vaporiza- I claim:

tion of the propane, to provide a ratio of propane 1. In the treatment of a mixture of paraffinic

to organic carbonate from about 3:1 to about 1:3 and non-paraffinic hydrocarbons contaminated
by volume. The vaporization of the propane 78 with asphaltic materials which comprises con-
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tactiiie & charge stock containing paraffinic hy- -

drocarbons, non-paraffinic hydrocarbons and as-
phaltic material with two substantially mutually
immiscible solvents comprising a solvent for
parafiinic hydrocarbons and a solvent for non-
paraffinic hydrocarbons and separating a raffi-
nate fraction more paraffinic than said charge
stock from an extract fraction more non-paraffin-
ic than said charge stock, the improvement which
comprises employing a solvent for non-paraffinic
hydrocarbons consisting essentially of phenol and
cresols and at least 1.5 weight per cent added
water and a solvent for paraffinic hydrocarbons
consisting essentially of propane and about 1 to
about 20 per cent of an organic carbonate.

2. In the treatment of a mixture of parafiinic
and non-paraffinic hydrocarbons contaminated
with asphaltic material which comprises contact-
ing a charge stock with propane and a mixture of
phenol and cresols in the proportion of 1:1-3.
5:1-4.5 by weight, and separating a raffinate frac-
tion more paraffinic than said charge stock from
an extract fraction more non-paraffinic than said
charge stock, the improvement which comprises
employing a mixture of phenol and cresols to
which about 1.5 to about 25 per cent water has
been added and propane to which about 1 to
about 20 per cent of an organic carbonate has
been added.

3. The process as set forth and described in
claim 1 wherein the organic carbonate is diethyl
carbonate. )

4, The process as set forth and described in
claim 2 wherein the organic carkonate is diethyl
carbonafte. :

5. In the treatment of a mixture of paraffinic
and non-paraffinic hydrocarbons contaminated

with asphaltic material which comprises contact--

ing a charge stock with propane and cresylic acids
in the proportion by weight of 1:1-3.5:1-4.5, and
separating a raffinate fraction more paraifinic
than said charge stock from an extract fraction
more non-paraffinic than said charge stock the
improvement which comprises carrying out the
separation in the presence of 1.5 to about 25 per
cent added water and akout 1 to about 20 per cent
of an organic carbonate.

6. The process described and set forth in claim
5 wherein the added organic carbonate is diethyl
carbonate. )
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7. The method of treating a mixture of hydro-
carbons admixed with asphaltic material and
subsequently dewaxing said mixture of hydro-
earbons which comprises contacting a waxy mix-
ture of parafiinic and non-paraffinic hydrocar~
bons admixed with asphaltic material with liquid,
normally gaseous hydrocarbon, a mixture of
phenol and cresols and an organic carbonate in
the ratio of 1 part of oil to 1-3 parts of propane to
1-3 parts of said mixture of phenol and cresols to
0.15 to 1.5 parts of organic carbonate all by
weight, separating a raffinate phase comprising
wax, paraffinic hydrocarbons, propane and or-
ganic carbonate from an extract phase compris-
ing non-paraffinic hydrocarbons, asphalt and
mixture of phenol and cresols, adjusting the ratio
of propane to organic carbonate in said raffinate
phase from 1 to 3:0.15 to 1.5 by weight to 3:1.5 to
1:5, chilling said raffinate to dewaxing temper-
ature and separating high molecular weight par-
affinic hydrocarbons from said raffinate phase to
provide a solvent treated dewaxed oil.

8. The invention as set forth and described in
claim 7 wherein the liquid, normally gaseous hy-
drocarbon is propane.

9. The invention as set forth and described in
claim 7 wherein the organic carbonate is diethyl
carbonate.

10. The invention as.set forth and described in
claim 7 wherein the liquid, normally gaseous hy-
drocarbon is propane and the organic carbonate
is diethyl carbonate.

HAROLD C. MYERS.
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