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United States Patent Office

2,935,469
SOLVENT REFINING PROCESS
Richard S. Vose, Swarthmore, Pa.
~ Application December 22, 1952, Serial No. 327,386
1 Claim. (CL 208—324)

This invention relates to the art of solvent refining hy-

- drocarbon materials and, more particularly, refining a
hydrocarbon oil by treating it with a mixture of a liquid
oil solvent having selective solvency properties for con-
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stituents of the oil and a second liquid having a boiling

point higher than that of the first liquid and having a
lower solvency for oil. These two liquids may be re-
ferred to as a solvent liquid and a carrier liquid which,

in accordance with this invention and dependent upon the

relative proportians of the two liquids, present a solvent

mixture in which either of two constituents of an oil is

preferentlally soluble and the other constltuent of the oil
is preferentially insoluble.

- This application is a continuation-in-part of my appli-

cations,

Serial No. 96,038, filed May 28, 1949, Serial No. 200,533,
- filed December 13, 1950, Serial No 189,733, filed October
12, 1950, and Serial No. 268, 697, filed January 28 1952,
all now abandoned.

It is an object of the present invention to upgrade a

of in a solvent refining process which provides an ex-
tremely complete separation of these. constituents and
accomphshes this separauon ‘Wlth relatively snnple and in-
expensive eqmpment

‘This process is carried out in its simplest and most
economical manner by using a mixture of acetone and
water although it is not limited to the use of these two
materials.. As will be hereinafter described more fully,
various materials may be substituted therefor. The use
of acetone for refining hydrocarbon otls is known. When
acetone alone is used to fractionate oil, it is desirable to
use variable temperature in order to impart selectivity
to its solvency for the oil. It is also known that the
solvency of acetone for a constituent of an oil charge can
be decreased while its seclectivity is increased by adding
water to the acetone instead of by varying temperature.
I have found, however, that a solvent of water and acetone
can be used in a process to produce a reversal of sol-
vency effect which has heretofore been unknown in that,
by properly proportioning the ratio of the oil, water and
acetone in different steps of the process, the selective
solvency effect of the solvent mixture for the aromatic
and non-aromatic constituents of the oil can be in effect

reversed, the two constituents of the oil each becoming
alternatingly soluble and insoluble at mﬁerent steps of
the process. - | |

Serial No. 49,625, filed September 16, 1948,
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process for producing toluene.
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. . 2
Another object of this invention is to provide a new
The boiling point of
acetone is 123° F. and is sufficiently low so that it is

‘particularly suvitable for the solvent extraction of the

aromatic content of gasoline stocks that contain appreci-
able quantities of toluene. Toluene boils at 229° ., and
permits separation of the solvent mthout fractlonal or
aze,etropic distillations.

It i1s a further object of this mvenucn to provide for a
discharge of refined oils which are substantially free of
residual acetone or other materials which may have been

- employed 1 the solvent refining process.

These and other objects of the invention will become
apparent from the following description read in conjunc-
tion with the accompanying drawings, in which the single
figure is a diagrammatic representation of the operations

“involved in the solvent refining process.

The figure illustrates the basic process when carried
out with acetone and water employed as the solvent
liquids. More specifically, the acetone is referred to as
the solvent liquid and the water referred to as the carrier

| liquid It will be evident that alternate solvent and car-

rier liquids may be used as will be hereinafter fully dis-
cussed.

The oil charge is received through the input pipe line 1
and 1s drawn into the venturi mixer 20 which is receiving
sclvent through the line 22. The charge oil is preferably
a distillate fraction and may be any desired fraction such
as a gas oil or a lighter material. The proportions of

‘the solvent and carrier liquids to each other and other

oil charge and the temperatures maintained throughout

the process are hereinafter described.

charging stock by the separation of the aromatic con-z 35

stituents thereof irom the non-aromatic constituents there-

The mixture and solvent passes from the venturi mixer
20 to a normal solubility separator 26. Any type of
separator suitable for the separation of two immiscible.
liquid phases may be used. No speciﬁc_ pressure 1is re-
quired and the pressure preferably used is that which is

~ attained by the transfer of the hqmd mixture through the
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~various lines by pumping.

In this first separation stage there is involved pure
solubility conditions. The non-aromatic oils are insol-
uble in the solvent mixture selected and the aromatic oils
are soluble in the solvent mixture selected. This step
is identical to that disclosed in numerous patents in the
prior art.

From the separator 26 an insoluble phase that is rich
in non-aromatics, and substantially aromatic free, is
passed through line 28 to the heater 32. Any suitable
heating means may be employed, but preferably, heat
will be supplied to heater 32 as will be hereinafter de-
scribed in connection with Figure 2. This insoluble non-
aromatic phase contains only refined oil and some acetone
in solution therewith. The water is substantially com-
pletely retained in the soluble aromatic phase. |

The acetone carried from the separator 26 by the in-
soluble non-aromatic oils is vaporized in the heater 32
and the vapors are removed through line 33. The re-
fined non-aromatic oils, which are substantially free of
aromatic oils and are also substantially free of solvent,
are discharged from the process through line 36.

- The soluble aromatic phase, containing also some re- .
maining soluble non-aromatics and the remainder of the
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solvent mixture, is removed from the separator 26 through
line 27 and is passed to a heater 52. In the heater 52
the soluble phase is raised to the temperature necessary
to vaporize acetone.. The acetone vapors are removed
from the heater 52 through line 53. Only enough acetone
is vaporized to provide a solvent concentration and scl-
vent proportions that will cause the separation of a
phase that is rich in aromatics and substantially free of
non-aromatics. Heat may be supplied to the heater 52
by any convenient means. |

The heater 52 may be of any desired consiruction bui
is preferably a heater, for example, of the spot evaporater
type which will cause considerable turbulence in the
solution during the removal therefrom of the removed
portion of the acetone. It is desirable that the liguids,
either at the time of the separation of the acetone in the
heater 52 or immediately thereafter, and prior to the
delivery of the liquids to the separator 92, be agitated
sufiiciently to insure the production of a condition where
the oil constituents are in finely dispersed form at the time
of their delivery to the separator 92. .

In this second stage of separation which occurs in

separator £Z, there no longer exists a condition of i{ruc
solubility. The dissolving capacity of the solvent liquid
has been reduced to a point where both constitutents of
the oil come out of true solution. As has been described
above, it is well known that, when an oil charge is mixed
with a solvent containing a sufficient percentage of ace-
tone, the solvent presents a selective solvency condition
in which the non-aromatic constituents are insoluble and
the aromatic constituents are soluble. A possible explana-
tion of what takes place in the second stage of the process,
that is, in the stage consisting of the heater 52 and the

separator 92 is that, as the concentration of acetone is.

reduced, the remaining non-aromatic constituents first
come out of solution and thereafter, as the acetone con-
tent is further reduced, the aromatic constituents come
out of solution. As these two constituents come out of
solution, they exist in the form of minute droplets in finely
dispersed form, the droplets being composed individually
of either non-aromatic or aromatic oils containing in
solution therewith acetone and possibly some water.
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ages of the solvent liquid and carrier liquid existing in the
solvent mixture tends to control or regulate the amount
of solvent existing in each of the particles or droplets of
each of the constituents of the oil existing in this colloidal
solution and, as is known, the amount of solvent in each
of these droplets will determine the partial pressure or
surface tension of the droplet and thus control, either by
hastening or retarding, the rate of coalescence and may
simllarly prevent coalescence.

While the prior art appears to recognize the fact that
there exists ratios of solvent and carrier liguids which will
produce a colloidal or emulsified condition of an oil
mixed therewith, it has not been recognized in the prior
art that solvent proportions may be selected for any par-
ticular charging stock which will give rise to a selective
coalescence of two constituents of the charging stock such
as takes place in the separator 92 as described above. It

- will be evident that the physical properties of the charging

stock and of the individual constituents thereof will affect
the ratios of the solvent and carrier liquid required to
produce the selected coalescence. In other words, the

- solvent ratios involved will vary with each charging stock

employed as well as varying with various types of solvents
which may be employed.

The insoluble phase which is the aromatic oils which
have coalesced in the separator 92 and a relatively small

- percentage of non-aromatic oils and some acetone which

is dissolved therein are separated from the remaining
non-coalesced colloidal solution existing in separator 92
and are carried out through line 54 to a heater 58. The
insoluble aromatics are passed through the heater 58

~ wherein the acetone is removed therefrom and carried off

30

 through line 64. The solvent free aromatics, including

some non-aromatics, are discharged from the system
through line @6. ' |

The soluble or non-coalesced non-aromatic phase re-

.~ maining in the reversed solubility separator 92 and the re-
~ maining water and acetone are passed out of the separator

40

through line 93 to line 55 wherein the flow is joined by
the acetone separated in the heaters. The original solvent
mixture 1s thus restored. This solvent mixture along with

. the remaining non-aromatics is delivered to a separator

An alternate possible explanation is that, with the fairly '

rapid removal of the acetone which takes place in the
heater 52, both the aromatic and non-aromatic constitu-
ents of the oil come out of solution substantially simul-
taneously in the form of dispersed droplets of minute size
containing both aromatic and non-aromatic oils in solution
in the droplet. There follows then a selective coalescence
in which the aromatic constituent of these droplets distill
- off and combine to form larger droplets of relatively pure
aromatic oils which continue to coalesce and form an in-
soluble phase. The remaining minute droplets containing
substantially only non-aromatic oils do not coalesce but
remain in a colloidal dispersion of non-coalescent oil.
Thus by properly selecting the ratios of the solvent
liquid and the carrier liquid, there is created in the separa-
tor 92 a condition in which each of the two oil constitu-
ents are in a colloidal or quasi-colloidal or emulsified
condition. The separation in this stage takes place by a
selective coalescence of the aromatic constituents. As is
well known, coalescence is dependent upon boiling tem-
peratures, vapor pressures, and surface tensions of the in-
dividual colloidal masses or droplets. In each of the col-
loidal droplets there exists a solution of the oil constituent
and o1l solvents. When the proportion of solvent liquid
to carrier liquid is properly selected, the condition of the
solution in each droplet of the oil constituents will be such
that the surface tensions and vapor pressures involved will
control the coalescence of the constituents so as to give a

selective coalescence of the aromatics and non-coalescence
of the non-aromatics. Thus the non-aromatics remain in
solution in the form of a colloid, quasi-colloid, or
emulsion, . | S |

"It will be

vident that the amount and relative percent-
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148. The conditions in this separator will be substantially
the same as the conditions in the separator 26 and, ac-
cordingly, some of the remaining non-aromatics will be-
come 1nsoluble therein and may be removed therefrom
through line 152 and delivered to line 28. It will be

~evident that the separator 148 may be dispensed with, if

desired, and the return products from the separator 92
and from the various heaters be returned directly to the
venturi mixer 20 for mixture with the incoming charege.

- The recombined solvent separated from the remaining
non-aromatics in the separator 148 is passed out of the
separator 148 through the pump 23 to line 22 and into the
venturl mixer 20. The solvent mixture is recycled with
the incoming oil charge. Thus a continuous flow process
is maintained.

Typical approximate proportions of acetone and water
and of aromatic and non-aromatic constituents of the oil
are shown numerically in the figure wherein the figures
represent parts by volume. A charge of oil representing

. 10,000 parts is admitted through the venturi mixer 26 with
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a charge of solvent consisting of 22,009 parts of water
and 88,000 parts of acetone. The 120,000 parts pass
through separator 26 at room temperature. From the
separator the insoluble non-aromatics consisting of 7,000
parts and 1,400 parts of acetone pass to the heater 32
wherein the acetone is driven off and the 7,000 parts of
non-aromatic o1l are delivered to a suitable catalytic
cracking unit.

- From the separator 26 the aromatic oils along with the
water and remaining acetone pass through heater 52
wherein. the temperature is such that 27,930 parts of
acetone are driven off at approximately atmospheric pres-
The effect of this change in proportion of the



volumes of water and acetone is to cause the colloidal or .

~emulsified aromatic.oil stage to coalesce and thus to come -
out of solution whereupon it is removed by separator 92

and delivered to heater 58 wherein the small percentage
of acetone carried therewith is removed and 2,300 parts
consisting of aromatics containing small quantities of non-
aromatics is discharged from the process. The soluble
or non-coalesced non-aromatics existing in separator 92

pass with the remaining solvent, which at this stage con-
- sists of the original 22,000 parts of water but only 58,140

parts of acetone, join with the condensed acetone re-
turning from the heaters 32, 52 and 58 and pass into
~separator 148 at room temperature. Thus, within sepa—

10

rator 148 the original solvency efiect such as existed in-

- separator 126 is reestablished and remaining non-aro-
matics, now insoluble and representing 700 parts of oil
along with 140 parts of acetone, are carried to heater 32,

thus adding 140 parts of acetone to the original 1,400 -

parts driven off by this heater, and adding 700 parts of
non-aromatic oil to the 7,000 parts prewously mentioned

as discharged from the process. There remains then in

15

| makmg of a vast number of tests.
20

separator 148 the original 110,000 parts of solvent con-

sisting of 22,000 parts of water and 88,000 parts of ace-
“tone which are recycled and mixed with a new oil
_chal ge.

While this flow chart is drawn to show a completc .

separation in one cycle of the solvent, in actual practice,
this will not always be the case, but rather, there will
be a certain percentage of charge oil recycled with the
solvent and there will be a continuous input of charge
- oil of a volume equal to the sum of the volumes of non-
aromatic and aromatic oils dlscharged from the system.
Thus there will be established a continuous process.

Exr.mple-N umber-..--.._---....; ............................... _
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The figures for proportionate volumes shown on the

flow chart are approximate values for purposes of illus-
~tration.

Actually for varicus charging stocks the ap-
proximate practical variation of oil to approximate sol-
vent ratio ranges from a minimum of one volume of oil
to Y5 volume of solvent to a maximum of one volume
of oil to 19 volumes of solvent. When using acetone and
water for the selective solvent, the amount of water In

the solvent may range from 10% to a maximum of 64%

depending upon the charging stock mvolved

The effect of temperature and pressure upon the sepa-
ration affected in the separator 26 for various oil stocks -
and solvents is well known. This separation stage has
been recognized in a great number of prior patents. The
effect of temperature and pressure upon the separation
affected in the separator 92 wherein the selective coales-
cence occurs is not so-well known. It will be evident
that a complete study of this question would involve the
It is reasonable to
assume, however, that coalescence would be influenced
by temperature and pressure in that a colloidal sclu-
tion involving droplets of liquid which are a combination

~ of an oil and solvent in solution in the oil is dependent
| -Upon boiling points, partial pressures, and surface ten-

29

sions of the liquids within the droplets.

These' factors
normally vary with temperature and pressure.

While the foregoing description and the following
examples are all set. forth as mvolvmg substantially at-
mospherlc pressure throughout the various stages of the
process, it will be evident that the invention is not limited
to being conducted at atmospheric pressure. .

The following examples are illustrative and serve to

show typical results which are obtained when the mven-
tion is carned out in actual practlce

One Two Three Four
Treatmg Conditions: . R
-Solvent: Acetone and Water. «cvrcuaacmncmccmanna- vol-- ) 10 ¢ 10 10 S 10
- 'Charee Stock—Catalytic Cycle Stock. mmavacena. vol..{ 1 | 1 1 I |
Solvent/Oil Ratio, vol lvnlﬂ-....---..-----......_-...._..---.._..._, 101 10/1 10/1 10/1
Solvent— - -
- Vol. Percent Acetone..eaecaenae- SRR § 81.8 80.0 77.8 75.0
Vol. Percent Water . oo ccoma e vwnmmnl 18.2 20,0 | - 22.2 25.0
Temperature, ° ¥.— |
Non-aromatic phase separation..cocwmccocccccccanaalt 72 72| 72 72
Aromatic phase separation. .ooo.iooceeuncanoacanaas 135 135) - - 185 135
Yields (on Charge Oil): ' | | -
. 1st Non-agromatic (Separator 26)— - | . ) o |
- Oil Phase, Vol. Percent. . .ocouenn. S 83.8 91,7 04.8 08,4
| (il (s,olsrent free), Vol, Percent. . ice-e 62.0 | 67.1 66.3 | 71.9
ond Non-aromatic (Separator 148)— | o -
- 01f]l Phase, Vol. Percent_. . o...... S § 13.2 10. 3 10.7 | 7.9
, Oil (solvent free), Vol, Percent__....------..--....--_..-._ o 9.5 | 8.2 - 7.8 7.0
" " Total Non-aromatic— b
Qil phase, Vol. Percent_.----____--____-_-.---_,._,5-, - 97.0 102. 0 105. 5 106. 3
Oil (qolvent free), Vol. Percent e 7.3 75.3 76.1 78.9
. Solvent removed to reverse solubility e:ffect:........1_...*@'4::}_1:,T 6.1 6.0 | 5.8 5.6
- Aromatle (Separator 92)— | | | .
- Qil Phase, Vol, Pereent. . cuccmcccnaccenanen I (- | 30. 3 29,1 25. 9
0l (solvent free}, Vol, Percent----..--......---_.,.,.._......-- - 285 4 24.7 23.9 21.1
Inspeetion Tests: | |
Type Stock..._.... mmmmmmmmemeeamscemaacsn. ---{ Feed { Non-gro. { Non-gro. | Non-aro. Non-aro.
,Gravity, Sp B0f60. e cvreammcnna e - . 8849 .8514 . 85681 . 8644 . 8681
Gravity,® APL. e et 28.4 34.7 33.4 32.2 1§ 3l.5
8701 (1) SR —— e ceme i cmm—m—————————— 1 14 14 | 1+ 1
TENASh PM .o e —————————————— | 210 - 192 182 180 124
 ASTM Distillation— . | | . - |
o XBP i mracscaneaam—em e ——— 426 440 | 434 432 420
100D . e cmmewmnmamame—rme——————————— 491 503 499 498 500
B0 e e e neame——m——am— - ——— 54b 556 . 653 053 bb2
00 - o mmncccmcmereccemam————————————————— 630 634 - 830 | 630 628
B P et iaceem—am e ————— - 662 666 660 663 661
Percent ReCOVeIY . v oo cmmccccmaseenn—eaaan | 98.0 96. 0 96.0 | 08. 0 98.0
" Percent Residue.. o e com e 1.5 2.5 2.5 1.5 1.5
- Percent LOSS. cvvmecoaceccnccccmcananenca e aa 0.5 1.5 1.5 0.5} 0.5
VIS, 8t 100° B e 39. 8 40,0 41.0 } 40. 0 40.0
N 093§ e (S U 0 20 10 20 10
© 109% Residue CCR.nr oo 0.025 0. 020 0.023|  0.020 0. 024
- Sulfur Wt. Percent. ccceeamaccaae.- i memmem——- 0.128 0.095 0. 095 i 0. 088 0. 083
. Aniline Point, ° F..... Camammm——————————— 134.0 166. 5 - 160.0 153. 5 149. 6
Diesel INACK oo oo oo e oo } 382 57.8 - 53.4 | 49, 4 47.1
. Cetane Number...... e ——m— e m——————————a— - 41.2 512 50. 4 47.6 45.9
Type Stock.. eo--. e e wanneane—————————— - Aromatic | Aromatic | Aromatic | Aromatic
- Gravity, Sp. 60/00. ccccmcneciccmacnccmnmeane | v - 9718 9685 . 9632 0484
Gravity, - ¥ 3 USSR 14,1 14,6 15.4 17.7
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Example NUMDer o e ceeeeeaceecmcunccscnacncssnan e Five - Six Seven
Treating Conditions; - .
Solvent: Acetone and Water. o mooonvammcanaas vol.. 10 2] 8
Charge Stock—Catalytic Cycle St0CKa e cauccann.. vol.. 1 1 1
Solvent/Oil Ratio, vol./vol - s eeaee 10/1 8/1 6/1
Solvent— . - SR
Vol. Percent Acetone ................................ 81.8 81.8 | 81.8 i
Vol. Percent Water . o ae e ccemseccceecaes 18.2 18.2 18.2
Temperature, © F.— .
Non-aromatic phase separation. e cccmecccacmne-- 72 72 | 72
. Aromatic phase separation. .. o cccoomomaaaeeioa.. 135 135 ¢ 135
Yields (on Charge Oil):
1st N on-aromatic (Separator 26)— -
O1il Phase, Vol. Percent. . ool 86. 4 07.1 99. 0
Qil (solvent free), Vol. Percent oo cccceaocan 62.5 69.0 72. 2
2nd Non-aromatic {(Separator 148)—
Ol Phase, Vol. Percent. .o eeeeaeeees 14.1 R 7 0.7
Oil (Solvent free), Vol, Percent e cccacnncacnnaa. 9.0 7.7 6.9
Total Non-aromatic— ]
(il Phase, Vol. Percent. . oo eacamcemaeanaes 100. 5 105. 8 108.7
o1l (Sﬂlvent fres), Vol, Percent. o .o - 71.5 76, 7 70.1 |
Solvent removed to reverse solubility effect.. . ... vol.. 6. 1 4.9 3.7
Aromatic (Separator 92)— | - ' _ |
Oil Phase, Vol. Percent. . v oomecceccecccmcmmeeee 34,7 28. 5 25.3 |
Oil (solvent free), Vol. Percent. ccoacmuea e 28.5 23.3 20.9.
Inspection Tests; | .
Type St0CK e ceciicccccsncrcecncnenccana ¥eed | Non.aro.| Non-aro. | Non-ara.
Gravity, SP. 60/60_ - e e . 8922 . 8534 . 8586 .B729
Gravity,” APl . cceeean | 27.1 34.3 33.3 30.6
Color....-- e cccmme—cmsccescacma=me=s ——m—ma- I— 11— q— 1—
Flash PM ..o cmce e ciacnaane 190 182 188 154
ASTM Distillation— St
1B e ececcctccccnccccaa- 420 412 424 408
109 e iccacicicacccccccccaaan- 455 463 464 459
509D - e eenvemcmcc e mcmessccaccenm——— . 492 . 408 500 496
00 . e cceccmevccsrmcacmmmn e nane————n 549 560 550 555
E. P . aiiiceccmencmcnmrnmrm—am———- 600 536 606 | 600
Percent ReCoOVery . cceacccamccacccnccccnmamanan I 98.0 97.5 88.0 08.0
Percent Residue waccuccmaaaaaaaa cmmmmememeana 1.5 1.5 1.0 1.5
Percent JL0SS o cemmde et cccana———— 0.5 1.0 1.0 0.5
Vis. 8t 100° F oo e eeaceman 34.0 35.8 35.3 34.6
PoUr, @ B e mmetic e a e -0 0 ~10 -5
10% Resldue COR oo eeemceeee - 0.030 0.015 0.043 0. 050
Sulfur, Wt. Percent . oo cimmaaacaaeee 0.115 0.05 0. 05 0.07
Aniline Point, © F oo cemeea} 1345 152.0 140. 5 125.5
Diesel IndeX. o comeiicmaiameccmeceeaa ] 38,2 52.1" 46. 9 38.4
Cetane Number . e rercerrcrermecam—ane 20.8 47.6 - 44,1 40. 3
TyPe StOCK . oo [ e e -| Aromatic | Aromatic | Aromatic
Gravity, Sp. 60/60. e cee | e e . 9861 . 9986 . 9665
Gravity,” APL e cmmmcmm— | 12.0 10.2 | 14.9
Exa-mple N umber .......................................... Nine Ten Eleven
Treat:ng Conditions: | |
Solvent: Acetone and Water- o —ececceccceacoone. vol.. 2.51 1.5 3.0
Charge Stock—Catalytic Cycle StoeK. coecaanaaas vol.. 1.0 1.0 1.0
Solveut/Oil Ratio, vOL./vOl - e 2%/1 | 13541 3/1
Solvent—
Vol. Percent Acetone . oo eecmcaccccceccccas 30 £0 80
Vol. Percent Water.._ .............................. 20 - 20 20
Temperature, © F.— |
Non-aromatic phase separation. .. euceoeecacccceaus 79 9 80
Aromatic phase separation. cmvaccaecocomcmnicnenail 135 135 135
Y1elds (on Charge Stock):
1st Non-aromatic (Separator 26)—
- Qil Phase, Vol, Percent- . - mmoocecccmamaa:n 109.8-} 117.6 106.2
01l (solvent free), Vol. Percent. « e coccmaaacoo ‘86,9 92.3 R4.7
2nd Non-aromatic (Separator 148)--
- Oil Phase, Vol. Percent . - v cvueccecaccccunccreecmaans 4,21 2.4 48
Oil (Solvent free), Vol. Percentoom v ooomcecaaae 3.3 1.9 3.8
. Total Non-aromatic— | -
Oil phase, Vol. Percent. . .- cvcemamceammacacemecacae 114.0 120, 0 111.0
: 0il (solvent free}, Vol, Percent. .o e es 00.2 94,2 88.5
Solvent removed to reverse solubility effeet . __..-_vol._| 1.5 0.9 1.8
Aromatie (Separator 92)— | |
Qil Phase, Vol, Percent . . e ‘11.8 7.0 13.8 |
Oil (Solvent free), Vol, Percent. e ceecomcoiceeae.. - 0.8 5.8 11.5
Inspection Tests: . o - ) -
Type Stock. . ceiicraciciccmmiadanreaao) Feed | Non-aro, Nﬂn -ar0. | Non-aro.
Gravity, Sp. 60/60. - e e . 8751 L8681 | 8724 1 .8660
Gravity, ° API ................................ 30.2 31:5 -30.7 31,8
Ilagh (PM) U P 164 198 - 212
V15c051ty at 100° B, SSUcccccceccccacicance—- 36.1 36. 3 86.3 [ecemcmenenne
Cloud, ° Fomee . Fmmmmm—m—mma———cmem———ea—— 40 -2 - 1 [
Pour, O I =151} -10 R £ 3 PO
Color, NP A e 3+ 431461 i3 o
Sulfur, wt. percent__.... receeemcrmma————— 0.43 0.39 0.40 0. 34
Aniline Point, © Fo oo e | 120.2 128. 7 124.3 130. 6
Cetane NUmber. c oo ot ceee e 36, 7 82 6 locicaacccac)eneocnos Y S
Cetane IndeX. .o oo cicccm———eaceceeea 40.0 42,5 41.0 43 9
ASTM Distillation— ' - i
1B e cae e 374 422 438 419
109 - i mmecim et a———— 486 487 491 487
50 e mcrccmccemmcccmccccm e ———— 523 523 | - B25 523
0000 —avmmcruinaceamcmnacccammnan———nem———— b73 574 572 571
B e cct e — - 606 608 613 606
Percent Recovery _ oo eeee 08.5 87.0 - 08.8 09.2
Percent Residue oo ecococeoaaeas o e ——— 1.2 - 0.8 1.0 - 0.8
Percent LoSS. ccoeeoecenn et —e oo oo e e ———— 0.3 | 0.21 - 0.2 02
Type BtoCK oo r————— ..} Aromatic | Aromatic Aromat:c _-
, Gravlty, SPe 60/00 -« - e e Cwem—m—— L9706 1 0 - L9141 . 9503
' Gravlty, @ API--_--.._-_--------..--.; ........... cemmm——- 14.3 )y ~23.2 1 17. 4

21, 4

8
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Example Number.commeeeaceaa.- ;.------;----_,_;-,; ......

- Treating Conditions: . Lo ]
Solvent: Acetone and Water ...................... vol..
Charge Stock—Catalytic Cycle Stoek. oo o vol..
Bolvent{()ﬂ Ratio, vol, /vul ............................. |
Solvent— o =

Vol, Percent ACetone. ..o ceeeo oo cacameecencancan 70
Vol. Percent Water. o vimmecccacmvacns R I 30
Temperature, © ¥ ,— L . - S
Non-aromatic phase Separation..--ceeeeeeocceeema- - 80
Aromatic phaseseparation . cccimmmccmccmmmacaan- B

Y1elds (On Charge Oil): L | |
1st Non-aromatie (Separator 26)— .- - -

Oil Phase, Vol. Percent. . _oonicmacnaa-o P

Oil (solvent free), Vol. Percent . ... _uuaeun. e mm—
2nd Non-aromatic (Separator 148)— -

Qil Phase, Vol. Percent. ..c.ccrmenmeccccmccecennces

Qil (snlvent free), Vol. Percent . ccouocmvoccaomoaa. -
Total Non-aromatic— - -

Oil Phase, Vol. Percent. ccceemmercmmccccaea- memm——

Qil (colvent free), Vol. Percent. oo cocrccoccaaaan |
Solvent removed to reverse solublhty effect _...... vol.. |
Aromsatic (Separator 92)— - : b

Oil Phase, Vol. Percent_-_---..---....._.............-..' ....... -

011 (suhent free), Vol Percent_--...; ................

ks

e b
s &P

NS enO0S am) )

-*

s
B ST el S o

Fqurteen PFifteen | Bixteen
2.5 2.5 11.0
1.0 1.0 1.0
2m/1 | 281 111
80 80 80
20 20 20
100 49 %
135 135 135
111. 5 110. 6 74,7
£8.9 88, 2 59.3
3.5 3.4 12.8
2.8 3.0 9.8
115.0 114.0 87.0
01,7 - 01.2 69. 1
1.5 1.5 6.6
0.8 | 11.1 - TA
8.3 | 8.8 - 30.9
Non-aro. | INon-aro. I Non-aro.
. 8692 . 8676 . 8438
31.3 31. 6 36. 2
“““““ 08 T Y
—2 N
—15 ~10 —10
5+ 5-1- 4
0. 43 0.36 0.19
126. 3 126.9 151.5
- 54. 4
499 43.2 52.9
338 370 456
489 488 | 495
524 524 528
570 568 574
609 608 608
08. 7 08.5 |oeemcamoeen
1.2 1.2 |
0.1 0.3 foeommmecaan
Aromatic { Aromatic Aromatie
| . 9336 . 9440 . 9446
19.1 18.4 18.3

Inspeetlnu Tests: - | ' | o
Type StoCK. oo aeccneadacacees ——erenemnan | Feed { Non-aro,
Gravity, 8. 60/60 . - e cveidc e 8751 | . 8724
Gravity, ® APl e ——— - 30.2 30.7
Flash (PM), @ F v meeam e m——— S 164 |omcicmcmee e
Viscosity at 100° P e iicecccmecccaaaaa] - 36,1 | 36. 2
Cloud, ©® Fo e | 40 | 2
Pour, °F ... et sceeeroeececuacaems] - =15 o =10
Color, NPA oo ieciicrcmre e reacecam——~—— 34 | 6—
Sulfur, wt. percent . .o ceceemmmeeenaaeeaaa-| 0.43 0. 42
Aniline Point, © B eeeeeaccanm—- 120.2 123. 3
Cetane NUmMDer - o e eeeeoecccccmcccm e —ca—a———

Cetane INAeX. o e ccccccrcor—cacaceeamm——- 40.0 41.0
ASTM Distillation—- ! |
LB P e e rccaraaea e o —————— 374 402
10 et cccmemmcasnameam———————— 484 487
B0 e e ime e ————————— 523 524
0 e e cmam G e a—————————————— 573 571
] ST U 006 609
Percent Recovery .  cucecnccccecsnmmmnnracanan- - 98.5 98.7
Percent ResiAUe. oo oot cnm———- 1.2 1.0
Percent 1.088 . e cicccmccccctrnremaceeaea o 0.3 0.3
T YDe StOCK i et ciccccmunacsmamnnmamaeree|aerenna Aromatic
Gravity, Sp. f0/80- - e cmeecvcmccmercencanaaaeane |- R ., 99083 |
Gravity, AP . ..__.. rmvereececeeeemenemenne|<cemmaae 10,1

Throughout the 'foregoing portion of this disclosure

the invention has been described as carried out in the
presence of a solvent comprmnﬂ a solution of acetone and
water. As noted above, various other materials may be
substituted for these two liquids. For example, in place
of acetone there may be used methyl acetate-acetone
azeotrope or methyl alcohol-methy] acetate-acetone azeo-
trope. Any of these materials may be employed as the
solvent liquid in conjunction with any of the followmg
carrier liquids, namely, water or acetic acid. The acetic
acid may also be used in conjunction with acetone. It is
possible that methyl acetate, selected ketones or selected
alcohols may also be used as solvent liquids in conjunc-
tion with any of the aforementioned carrier liquids and
that other selected alcohols may be used as carrier liquids
“in conjunction with any of the abovementioned solvent
quuids If acetic acid or selected alcohols are used as a
carrier liquid they may be used with or without the
presence of water. It is probable that other equivalents
may be employed in place of the acetone or water.

Tt is noted that the use of acetone with water may be
defined as the use of an admixture of water and a ketone,
the ketone being completely soluble in the water and the
water being completely soluble in the ketone, and the
ketone also forming no azeotrope with the water.

Acetone is isomeric with allyl alcohol. Consequently,
the use of acetone is representative of ketones and alcohols
that are related through saturation isomerism.

As stated above, the temperatures within the system
will depend upon the solvents used. For example, water
~ boiling at 212° F. may possibly be used not only with
acetone boiling at 133° F. but also with methyl acetate
boiling at approximately 140° F. and various selected
- ketones and alcohols which have boiling temperatures
“below 212° F. and have greater solubility for the oil
than has water. In place of water there may be used
materials such as acetic acid boiling at approximately

40

245° F. The acetic acid may or may not contain water
and may be used as a modifier in place of water. Thus,
acetic acid may be used with acetone, or possibly, methyl
acetone or selected ketones and alcohols. ‘Again it is
necessary, however, that the ketones and alcohols se-
lected have boiling temperatures below the boiling tem-

45 perature of acetic acid and higher solubility for the oil.

60

Certain alcohols may also possibly be substituted for the
water, for example, ethyl alcohol having a boiling tem-

perature of approximately 173° F. may be used with or

without water as a modifier for acetone, methyl acetone,
and selected ketones and alcohols. For example, methyl
alcohol having a boiling temperature of 149° F. may pos-
sibly be used as a mixed solvent with the ethyl alcohol.

~Thus, it will be obvious that a wide variety of solvents

0b

60

65

70

75

and temperature conditions may be used without departing
from the scope of the invention as disclosed herein.
Tt will be evident that the boiling to accomplish solvent

removal may be carried out under conditions of in-

creased pressure in which case the boiling temperatures
would be proportionately increased. If the temperatures
and pressures existing throughout the system are varied,
it will be evident from the foregoing that in all probabil-
ity the solvent ratios required will also be varied and
that these variations may be made without departing
from the scope of the invention as disclosed herein.

It will be evident that various modifications may be

‘made in the sequence of steps of the invention disclosed.

For example, the oil charge which is shown in the draw-

ing as being admitted to the system at the point where

the solvent is delivered to the separator 26 could be ad-
mitted to the liquids entering the reversed solubility sep-
arator 92 and the solvents recycled in the manner de-
scribed. This type of system has been disclosed in my
copending patent application, Serial No. 189,773, filed
October 12, 1950. It will be evident that these and other
modifications may be made to the invention set forth here-
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in without departing from the scope of the invention as
set forth in the following claim. -
What is claimed is: | | .
The process of refining a hydrocarbon oil inxluding
aromatic and non-aromatic constituents comprising ad-
mixing the oil charge with a solvent solution including
acetone and water, regulating the proportions of the
liquids present so as to have all of both oil constituents

2,935,469

present dissolved in the solvent solution, thereafter ad--

justing the proportions of the liquids to provide a ratio
of oil to solvent solution of approximately 3 parts of ¢il
to 80 parts of solvent solution and a ratio of water to
acetone of approximately 22 parts of water to 59 parts
of acetone at atmospheric pressure and at a temperature
below approximately 136° F. to give rise to the formation
of two liquid phases in which one of the liguid phases
comprises an insoluble oil phase produced by coalescence

- of insoluble aromatic oil and the other of the liquid

phases comprises the solvent solution and a dispersion

of non-coalescent insoluble non-aromatic oil contained in 20 2,423,527

10
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the solvent solution, and separating the two phases thus
formed, - |
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