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MOD FED JO-SOL REFENING 

Harold C. Myers, Woodbury, N. J., assignor to Socory 
Mobil Oil Company, Inc., a corporation of New York 

Application April 25, 1952, Serial No. 234,255 
i1 (Ciaims. (Cl. 196—14.2) 

The present invention relates to "Duo-Sol' refining of 
mineral oil fractions of varying asphalt content and vary 
ing response to treatment when the refining operation is 
being carried out at the maximum rated capacity for the 
residuum being charged. 
With the demand for high quality lucribating oils in 

creasing and the cost of expanding refining facilities at a 
maximum, but held in check by various real or imposed 
shortages, it has become necessary to find some means 
for increasing the output of "Duo-Sol' units which are 
operating at rated maximum capacity. It has been found 
that the output of a "Duo-Sol' unit operating at maximum 
rated capacity can be increased to varying degrees de 
pendent upon the character of available stocks and the 
point of introduction in the "Duo-Sol' unit of a secondary 
feed. Before discussing the application of the present 
invention to the problem it is considered desirable to dis 
cuss the physical system involved in a "Duo-Sol' extrac 
tion. 
As those skilled in the art know, a "Duo-Sol' unit 

employs two solvents which per se are substantially im 
miscible. However, the solutions formed during the ex 
traction of mineral oil fraction such as a residuum frac 
tion may become of such character that the solutions of 
undesirable constituents in the solvent therefor become 
miscible with the solution of desirable constituents in the 
solvent therefor. This situation can be more readily un 
derstood and analyzed by reference to the two most com 
monly employed solvents, to wit: propane and "Selecto.” 

"Selecto' is a commercially available mixture of cresols 
and phenol usually containing from about 20% to about 
65% phenol. “Selecto' dissolves from an oil, dark col 
ored low viscosity index constituents and resinous sub 
stances which are readily oxidized or carbonized in service. 

Propane rejects asphaltic materials from an oil which, 
if present, would result in a high carbon residue, and low 
oxidation stability. 

"Duo-Sol' extraction is conducted commercially in a 
unit which consists of a series of stages through which 
the propane and "Selecto' are passed counter-currently 
to each other in which each stage represents a single 
treating stage. The primary or sole feed is introduced into 
an extraction compartment or stage intermediate those 
used for charging the two solvents. 

Referring now to Figure 1 which is a more or less dia 
grammatic representation of a "Duo-Sol' unit having 9 
stages or, cells or compartments. The oil to be treated 
is charged to compartment or cell No. 3 which thereby 
provides two, propane washing stages for the "Selecto' 
extract (cells F1 and it2), and seven extraction stages 
for the propane solution of the charge oil (cells 3, 4, 5, 
6, 7, 8 and 9). 
The propane is introduced through line 35 to line 26 

where it meets. "Selecto" phase, withdrawn from cell No. 
2 through line 18, is mixed therewith and charged to cell 
No. 1. The "Selecto' is introduced through line 36 to 
line 34 where it meets propane phase withdrawn from cell 
No. 8 through line 17, is mixed therewith and charged to 
cell. No. 9. The oil to be treated is introduced through 
line 39 to line 28 where it meets propane.phase withdrawn 
from cell No. 2 through line 11 and "Selecto' phase with 
drawn from cell No. 4 through line 20, is mixed there 
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2 
with and charged to cell No. 3. Extract, composed pri 
marily of "Selecto' and the deleterious materials re 
moved from the charge oil is removed from cell No. 1 
through line 37 and sent to solvent recovery stills. Since 
the propane has a lower density than the "Selecto” there is 
a tendency to form an upper propane phase and a lower 
“Selecto” phase in each "Duo-Sol' unit cell. When the 
oil-Selecto-propane ratio is suitable such a separation into 
a propane phase and a "Selecto" phase takes place. 
The propane phase from cell No. 1 passes through line 

10 to line 27 where it is mixed with "Selecto' phase with 
drawn from cell No. 3 through line 19. This mixture 
of propane and "Selecto' phases is introduced into cell 
No. 2 where a separation of propane and "Selecto' phases 
takes place, the propane phase passing through line 1 to 
line 28 where it is mixed with the charge stock as already 
described and the "Selecto' phase passes through line 18 
to line 26 where it is mixed with charge propane as 
described. 
One of the most important factors in the operation of a 

"Duo-Sol' unit is the establishment of conditions such as: 
solvent ratio and ratio of each solvent to the volume of oil 
treated So that there is a separation of the two phases, i.e., 
propane phase and "Selecto' phase, sufficiently rapid in 
each stage to periait practical operation; stage No. 3 being 
particularly critical in this respect. In the remainder of 
the stages, or ceils 4 to 9, phase separation occurs and the 
upper and lower phases move in opposite directions to 
effect a counter-current extraction of charge oil in pro 
pane solution with "Selecto.' The propane phase from: 
ceil No. 3 moves through i line 42, to line 29 where it 
meets "Selecto' phase from cell No. 5, is mixed therewith 
and passes into cell No. 4. Phase separation in cell No. 
4 produces a "Selecto' phase which moves through line' 
20 to line 28 where it is mixed with charge stock as der. 
scribed heretofore. The propane phase from cell No. 4 
moves through line 3 to line 30 where it meets the 
"Selecto' phase moving through line 22 from cell No. 
6, is mixed therewith and passes into cell No. 5 for 
phase separation. Similarly, the propane phase from cell 
No. 5 passes through lines 4 and 3 to cell No. 6 while 
"Selecto' phase from cell No. 7 passes to cell No. 6 
through lines 23 and 31. The propane phase of celli 
No. 7 passes through lines 6 and 33 to cell No. 8 while. 
the "Selecto' phase from cell No. 9 passes through lines: 
25 and 33 to cell No. 8. The propane phase from cell: 
No. 8 passes through line 7 to line 34 where it meets: 
incoming fresh "Selecto,' is mixed therewith and passes: 
into cell No. 9. The propane phase of cell No. 9 passes, 
out of the system as a solution of treated oil in propane 
to solvent recovery stills. 
As those skilled in the art know, the determination of 

such physical and chemical properties as viscosity, gravity, 
viscosity-gravity constant, carbon residue and the like of a 
charge stock is not sufficient to enable even those who can 
be considered experts in the art of "Duo-Sol' refining to 
determine, a priori, the proper conditions for the treat 
ment of a feed stock to produce a given quality rafiinate. 
It is necessary with each charge stock or feed to make an 
extensive pilot piant investigation of the various factors, 
propane to "Selecto' ratio, propane and "Selecto" to oil 
ratio, extraction temperature and the like before com 
mercial treatment of that particular feed can be attempted. 
However, once that investigation has produced the an 
swers, those answers can be translated and transferred to commercial operation. Successfully. 
When refining residua having moderate asphalt content, 

the effect of varying "Selecio” and propane ratios, 
"Selecto'-to-oil ratios and propane-to-oil ratios upon the 
yields and properties of the "Duo-Sol' treated oil (raffi 
nate) is appreciable. The effect of such variations is 
illustrated by the graphs in Figures 2, 3, 4, 5 and 6. 

  



3 
In general, it can be said that with a given feed of 

moderate asphalt content the directional effect of the 
variation of solvent ratios upon the properties of a "Duo 
Sol' raffinate is broadly indicated by the following tabu 
lation: 5 

4 
"Selecto." Therefore, the relative effectiveness of the 
two solvents on the viscosity of the product depends large 
ly upon the nature and quantity of the material which 
must be removed. The viscosity of oils of low asphalt 
content is more responsive to changes in "Selecto” dosage, 

TABLE I 

Selecto Ratio---------------------- ncreased Constant Decreased 

Propane Ratio.-------------------- Increased Constant Decreased Increased Decreased Increased Constant Decreased 

Raffinate: Yield, Percent Vol--- Indefinite.-- Decreased.--- Decreased.-- Increased.---- Decreased. Increased. Increased.--- Indefinite. 
Wiscosity Index.------ Increased.---- increased.-- Decreased.--- Increased. Decreased.-- Decreased. Do, 
Viscosity Gravity Consta ----do------- Decreased.-- Decreased.-- Increased.--- Decreased.-- Increased.--- Increased.---- Do. 
Carbon Residue.-- Decreased.--------do------- Indefinite--- Decreased.--- Increased.--- Indefinite------- d9--?---- Increased. Color-------------------------- Improved.-- Improved.-------- do------- Improved--- Impaired.--------do------- Impaired---. Impaired, 

iscosi 210° F.: - 
??????????S S SSSSSSS SSqqSLSLSLSLS S SLSLSSL qSLLSSSS S Decreased. Decreased.-------- do------- Pecreased.--- Increased.-------do----- Increased.---- Increased. 
>400% CaFis------------------- Indefinite-------- do------- Decreased.-- Increased.---- Decreased.--- increased.-------. do------- Indefinitc. 

In addition to the effect produced by the variation of 
the variables discussed hereinbefore, the variables, num 
ber of extraction stages and extraction temperature also 
affect the results. Generally, the efficiency of the "Duo 
Sol' treatment is increased by an increase in the number 
of extraction stages. Usually, increasing the extraction 
temperature has substantially the same directional effect 
as increasing the "Selecto' dosage at a constant propane 
dosage. 

In general, the viscosity index (V. I.) of an oil is im 
proved by the presence of asphaltic material and de 
teriorated by the presence of aromatic unsaturated bodies. 
In "Duo-Sol' refining, aromatic and unsaturated sub 
stances are effectively removed by solution in the "Selecto' 
while asphaltic substances are rejected by the propane. 
Therefore, the V. I. and V. G. C. of raffinates can be 
improved either by increasing the "Selecto' dosage or by 
decreasing the propane dosage, or by a combination of 
both. Improvement in V. I. or V. G. C. obtained by in 
creasing the "Selecto' dosage or by decreasing the pro 
pane dosage is accompanied by a decrease in the yield 
of raffinate. 
The yield of raffinate is virtually unaffected by in 

creasing the amounts of both solvents while maintaining 
the ratio between them constant although the V. I. is de 
creased somewhat. 
The carbon residue of the "Duo-Sol' treated oil reflects 

the quantity of asphaltic, resinous and thermally unstable 
aromatic and unsaturated substances present in the raffi 
nate. In "Duo-Sol' refining the thermally unstable, 
resinous materials and asphalt are rejected to the “Selecto' 
phase and thereby removed from the system while the 
treated oil remains in the propane phase. As a conse 
quence, the relative effectiveness of the two solvents for 
improving the carbon residue of the oil depends upon 
the type and quantity of carbon-forming materials which 
must be removed. The carbon residue of oils of low 
asphalt content is very responsive to change in “Selecto' 
dosage and less affected by alteration in propane dosage. 
Conversely, the carbon residue of oils of high asphalt con 
tent or asphaltic oils which are to be only lightly refined 
are more responsive to change in propane dosage. 
The dark color associated with most residual oils is 

due largely to the presence of asphaltic and resinous 
materials. The relative decolorizing efficiencies of the 
two "Duo-Sol” solvents, therefore, depend on the nature 
and quantity of the dark colored materials present in the 
oil to be treated. The color of oils of low asphalt con 
tent is very responsive to change in “Selecto' dosage but 
less affected by alterations in propane dosage. Con 
versely, the color of oils of high asphaltic content is more 
responsive to change in propane dosage. 
The viscosity can be altered by varying the quantity of 

asphaltic, resinous and high viscosity substances present 
in the oil to be treated. The asphaltic materials can be 
effectively rejected by the propane, while high viscosity 
and resinous components of the oil can be removed by the 
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while the viscosity of oils of high asphalt content is more 
responsive to changes in propane dosage. 

In view of the foregoing, it is manifest that the vari 
ations in characteristics of the raffinate are dependent to 
a considerable degree upon the combination of tempera 
ture, "Selecto” dosage, propane dosage and "Selecto'-to 
propane ratio, and to a minor extent upon the number of 
extraction stages. Consequently, it is necessary before 
going into commercial operation to go into the laboratory 
and determine the optimum conditions under which a 
rafiinate of given characteristics can be produced from a 
given charge stock. 

It has now been found that when a refinery "Duo-Sol' 
unit is operating at full capacity for a particular charge 
stock, a secondary feed can be introduced into the "Duo 
Sol' unit, at some point other than the stage, cell or 
compartment into which the primary feed or the afore 
said charge stock is introduced, in an amount such that 
the total yield of raftinate from the treatment of the afore 
said charge stock or primary feed and the secondary 
feed will be increased considerably, without altering sub 
stantially the solvent dosages or solvent ratios employed 
when treating the particular charge stock or primary feed 
alone. In other words, under a given set of operating 
conditions when treating a particular charge stock, excess. 
refining capacity exists not for the same charge stock but 
for a secondary charge stock of suitable characteristics. 
To achieve this increase in yield in a unit which, with re 
Spect to the primary feed, is operating at capacity, the 
characteristics of the primary feed and the characteristics 
of the secondary feed must be correlated. 

By characteristics as used in this connection is meant 
the response to treatment and the content of asphaltic 
material in the mineral oil fraction to be used as secondary 
feed relative to the same characteristics of the primary 
feed. 
As was mentioned hereinbefore, the physical and chem 

ical characteristics which are usually determined on a 
feed stock such as carbon residue, gravity, viscosity, etc., 
are of little assistance in determining whether or not a 
Secondary feed will be compatible with a primary feed. 
It is necessary to determine, preferably in the laboratory, 
the characteristics of the secondary feed either by a 
laboratory "Duo-Sol" treat or by a single solvent refining 
such as furfural extraction of the deasphalted secondary 
feed, whether the secondary feed will complement the 
primary feed or not. That is to say, when a “Duo-Sol" 
unit is treating the greatest volume of primary feed under 
given conditions from which a raffinate of given quality 
can be produced, the capacity of the unit for paraffinic 
material or for aromatic and asphaltic materials may be in 
excess of that utilized. In other words, the composition 
of the primary feed may be such that while the propane 
phase, relatively speaking, cannot hold any more paraffinic 
materials, the "Selecto" phase has excess carrying capacity 
under these conditions. Under such conditions a sec 
ondary feed of relatively low paraffinic oil content and 

??? 
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relatively, high asphaltic content can be used as a second 
ary feed. On the other hand, the composition of a pri 
mary feed can be such that while the "Selecto" phase has 
limited capacity, relatively, for extracting additional non 
paraffinic materials the propane phase has appreciable 
excess capacity relatively for holding paraffinic materials 
in solution without disturbing the settling conditions in 
the unit. Under these conditions, a relatively high par 
affinic oil content stock low in asphaltic and other non 
paraffinic constituents-is-suitable for use as a secondary. 
feed. 

While; it would appear to be poor management to use 
10 

more of one or both solvents than is required to achieve. 
the particular extraction, the quantities and ratios of 
the solvents used are not solely dependent upon the 
amount of asphalt to be rejected nor upon the amount 
of non-paraffinic, non-asphaltic material to be extracted, 
The first limiting factor is the amount of each solvent 
required in the cell into which the feed is introduced to 
obtain a clean separation of the propane-oil phase from 
the "Selecto'-oil phase when treating the particular charge 
stock. Then the amount of each solvent must be adjusted 
to produce the quality of oil required from that particular 
unit treating that particular and closely similar charge 
stocks. Finally, other limitations must be considered. 
For example, a particular charge stock when treated with 
a given amount of propane-and "Selecto' to yield an oil 

6 
reduction of the obtained color to the required color, 
being beyond the capacity of the clay.filtering plant used. 
in conjunction with that particular "Duo-Sol' unit, it is 
necessary to obtain the required color by some other 
means. This problem can be solved by increasing the 
amount of propane used beyond that required to obtain. 
the required V.I. and other characteristics of the oil. As 
a consequence thereof, an increased amount of propane 
is required to obtain the required color under the limita 
tions of clay filtering capacity. Under these circums 
stances that “Duo-Sol' unit has excess capacity for a 
secondary feed which is of substantially, the same re 
sponsiveness to treatment and of low to moderate asphaltic 
content, 
For the purpose of illustrating the application of the 

present invention to the solution of the problem of in 
creasing the yield of raffinate of given quality from a 
"Duo-Sol' unit operating at rated, capacity on a given. 
residuum, the treatment of a mixed residuum containing. 
20 vol. per cent Panhandle, 20 vol. per cent Oklahomas 
City, and 60 vol. per cent Apco-Pegasus residuum will be: 
discussed. As secondary feed stocks Apco-Pegasus resi 
duum, Pegasus residuum, Luling-Lytton Springs residu 
um, Kuwait propane deasphalted residuum, a heavy, dis 
tiliate and a light distillate are to be considered. . 
The charge stocks or feeds had the properties given 

in Table II. 
TABLE II 

Properties of raw stocks charged to modified Duo-Sol 
operations 

Apico- Luling- Kuwait - Mixed s Pegasus 398 Stock. 83 Stock R???m|???|R?n ; *}} ?????? ????? ?????????????????????????????Oharge Stock 
Inspections: 

Gravity, A. PI. (Hydrometer)- 9. 18.2 21.2 16.0 20.4 27.3 22.1? 
Gravity Specific, G) 60°F. (Peyn' 0.94.08 0.9468 20,9287 0.9641 0.9357 0.8963 0.9286 

- - - - - - - - - - - - 100 ---- - - - - - - - - - - - - - - - - - - 45 ? ? ? ? ? ? ? ? ? ? ? ? --? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? F “??POur Point 
Flash Point, º F. (COC) 540 545 640 550 575 470° 520 
Fire Point, º F. (COC).- - 650 670 710 640 650 545 605: 
K. V. G) 20º F., Centistokes 20.03 9.51 33.70 86,34 56.68 76,62 74.33 ? 
S.U.W. G 210°F, Seconds.-------- 346 356 264 402 158 57.5 98.2 
Wiscosity Gravity Constant G 210 F- 0.853 0.86 0.840 0.877 0,855 0.824 0.850. 
Color, Lovibond, 24" Ceil.--------- 600 275 - 75 750> 750> 750> 750> - - - ??? Conradson Carbon Residue, Wt. 
percent (Ramsbottom)------------- 6.2 8.7 6.8 9.8 1.6------------------------ 

Sulphur, percent Wt.----------------- 0.5 0.47 - - - - - - - - - - - - 1. 41 2.8 0.3 0,46 

120% vol. Panhandle, 20% vol. Oklahoma and 60%vol. Apco-Pegasus residua. 2 Gravity converted from API hydrometer reading. 

of required V. I. will produce oil of the required V. I. The secondary feeds when treated in a pilot plant "Duo 
at a certain Lovibond color. However, that color being 50 Sol' or furfural refining unit gave the yields of raffinate too high to meet the specification for the oil and the of the characteristics set forth in Table III. 

TABLE TI 

Yields and properties of Duo-Sol and furfural refined 
secondary feedstocks 

Mixed Luli ??????? 
Crude ????- ung- ? ? ? Light Heavy 

Residuum i Pegasus # # ??????? Distillate. Distillate. (Primary Residuum E| E70 (stië.3685 (Sï$35. 
Oil) Yielá) 

Processing Conditions: 
Duo-Sol Extraction Gè 120° F.- 

Selecto, Percent Wt.---------...-- 175 175 175 300 250 ------------------------ 
Propane, Percent Wit------------- 425 425 425 400 300 ? ? ? ? ? ? ? - - - - -||------------- ? Furfural Refining G230°F, Furfural, 

Percent Wol------------------------------------------------------------------------------------ 181 400 
Run No------------------------------ 1 241 ? ? ? ? ? ------- ?------------------------------------------------ Yields, Percent Wol.: 
On Extraction.----------------------- 68.7 62.8 82.4 53.9 65,7 88.6 52.6 
On Dewaxing---------------- 90,0 92.7 92.4 84.3 86.8 76.0 68.8 Inspections of Dewaxed Rafiinate: 
Gravity, API. 25.2 25.2 25.9 26.2 24.8 28.2 27.9 
Pour Point, °F- 5 5 15 15 20 20 25 
Flash Point, F. 545 565 585 550 530 480 545 
S.U. W.`@ 210° F-. 157 146 152 113 17 64 85.5 
Wiscosity Index.-------- 96 98 98 94 94 94.5 92 
Wiscosity Gravity Constant-- - 0.87 0,819 0.813 0.816 0.825 0.813 0.809 
Color, Lovibond, 4' Cell------------ 500 40 325 85 56 -- - - - - -----14 ? ??? 
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Information on the solvent treatment of the various 
residual and distillate secondary feed stocks employed 
in modified "Duo-Sol" refining studies is included in 
Table III. These data show that Apco-Pegasus residu 
un, when treated with the same solvent dosages as the 
mixed residuum, produces a somewhat lower yield of a 
higher viscosity index raffinate than obtained by refin 
ing the mixed residuum. It would be concluded from 
this comparative information that Apco-Pegasus and the 
mixed residuum possess similar quality and asphalt con 
tent. Pegasus residuum, on the other hand, since it pro 
duces a much higher yield of a higher viscosity index 
raftinate than the mixed residuum when treated with the 
Same quantities of solvent, would be adjudged of higher 
quality and lower asphalt content than the mixed resi 
duum. Luling-Lytton Springs residuum, however, is 
apparently much lower in quality and higher in asphalt 
content than the mixed residuum since a high selecto des 
age produces a low yield of only a 94 viscosity index 
product. Therefore, of these three stocks. Pegasus 
and Apco-Pegasus would be satisfactory secondary feeds 
for use with the mixed residuum while Luling-Lytton 
Springs would be considered unsuitable for use with this 
primary "Duo-So' charge stock. 

Kuwait deasphalted oil and the light and heavy distil 
late stocks are known to be substantially asphalt-free. 
On the basis of "Duo-Sol” operation, the Kuwait oil ap pears similar in refining response to the Luling-Lytton 
Springs residuum and thus would be considered as a poor 
Secondary feed stock for modified "Duo-Sol' operations 
with primary mixed residuum. The heavy distillate ap 
pears much poorer in quality than the Kuwait stock 
since treatment with a high furfural dosage only pro 
duces a low viscosity index product. This oil would also 
be an unsuitable secondary feed for use with the mixed 
residuum. The light distillate, however, provides a high 
yield of a 94/95 viscosity index oil when treated with a 
moderate furfural dosage and would therefore be con 
sidered about the same as or slightly inferior in quality 
to the Apco-Pegasus residuum as a secondary "Duo-Sol' 
feed stock. 

From the foregoing, the primary feed (20% Panhandle, 
20% Oklahoma City, 60% Apco-Pegasus) residuum 

8 
and the available secondary feed stocks can be classi 
fied with respect to response to treatment and asphalt. 
content as follows: ??? ? ? 

TABLE IV 5 

Maximum ---------- Minimum 0. 

Relative Relative 
Stock Response Asphalt 

O to Refining Content 

Pegasus residiuum----------------------------- ??????? 
P-O-AP mixed residuum------ ------------ ---- Apco-Pegasus mixed residuum. ????????? ??? 
Panhandie residuum------------ -------- ??? 
Oklahoma City residuum------ ??? ?? 5 Lulling-Lytton Springs residuum. ?? ---- 
Kuwait residulum ?? ????? 
Light listillate- ??? 0. 
Hea Y y llDistillate-- ? 0. 
Kuwait Propane D ??> 0. 

" The mixed Apco-Pegasus-Oklahoma City-Panhandle 
residuum is classed as being of moderate to low asphalt 
content and of relatively high paraffinicity. From this 
point of view it would be normal to use relatively low 

25 "Selecto” and relatively low propane dosages for refin 
ing this oil. However, due to the additional need for 
producing products of satisfactory color in actual refin 
ery practice, relatively low "Selecto” and relatively high 
propane dosages are actually used. This need for more 

30 propane than required for asphaltic constituent removal 
provides unused solvent capacity which can be utilized 
in treating a suitably selected secondary feed stock. (In 
general average "Duo-Sol' solvent dosages, expressed as 
weight per cent based upon the primary feed, are oil: 

* Selecto: propane=100:300:300 to produce a 95 v.I. 
oil while on the aforesaid mixed residuum the ratio is 
100: 175:425 to produce a 96 V. I. oil.) 
The hereinbefore enumerated feeds were charged as 

40 secondary feeds to a "Duo-Sol' unit treating the rated 
capacity of the aforesaid Apco-Pegasus, Oklahoma City 
Panhandle mixed residuum in the amounts indicated with 
the yields and qualities of raftinate indicated in Table V. 

Color, Lovibond '4' C 
Total Charge: 0.9420 9420.0.94Q8 G ??????????????????Gr.@00°F . 
¥ sp - G. G.Y ry m u 1M M wn M 2,864 3,580 3,580 
Relative Volune Percent----------------- 2 160 25 125 

Yields: Waxy Eat finished Bright 1,970 2,430 2, 485 i olume percerat Finished Br 
F???? - - - - - - - - -?SS SSSSSSSSSSSSSg - - GO 23 126 
SAE, 30 Percent Reli. Product.S.-.-.-.-.-.-.-.-.-.-.- 8100 124 27 

TABLE W 

Prinary Feed-------------------------------- Mixture of 20 Vol. percent Panhandle, 20 Vol. percent Oklahoma City, 60 Wol. percent Apco-Pegasus 
- Residuum to #3 Cel 

P Resid ???' 
.N Apeo-Pegasus Residuum egasus Residuum on Spgs - - - - ? - - - - - - - - - - - - - - - - - - - - - - - - - -880": Secondary Feed-------------------- ?8rl? ? ? Residuum 

Run No-------------------------------------- 2 3 4 5 6 7 8 9 G 2 

- Percent Primary Feed- 25 25 25 15 25 25 5 25. 30 35 5 25 
Charged to Cell No.---- 2 3 5 5. 3 3 5 2 2 2 2 2 

eight"---------------------- 5 175 15 75 175 75 75 5 75 75 175 i5 
?? - ?25 425 ?25 4.25 425 350 350 425 425 425 4.25 425 
Yield, Percent Wol----------- 68.7 67.8 69.4 68.7 68.0 6S. 9 1.2 : 74. 75.1 74.6 ?? 68.0 
Raffinate Gravity, A.P. -- - 25.2 24.9 25.0 24.5 25.0 24.8 24.5 24,9 25.3 24.6 25.3 25.0 
Gravity, Sp., G 60° F----- - 0.903) 0,9047 0,904.2 0,907 0.902 0, 9053 0.907 0. 9047 0.9024 0.905 0.9024 0.9042 
Pour Point, F----------- -- 15 5 15 0 i 20 5 20 15 0 15 5 30 
Flash Point, º F. (COC). - ??5 560 555 545 550 54 550 555 550 545 565 535 
Fire Point, º F. (COC)---- - 630 665 620 635 625 630 35 640 ?{} 635 635 62) 
K. V. G) 100º F., Centistokes- - 577 57. 577 822 593 598 678 638 599 623 556 549 
K. W. G. 20 F., Centistokes. - 33.43? 38.13? 33.21 34.48| $3.98 34,?0 36.83 35,80 4.19 34.2 32.26 32.09 
S. U. W. G 100°F., Seconds. 2,666 2,638 2,666 2,874 2,767 2,763 3,132 2,948 2,768 2,881 2,569 2,536 
S. U. V. {3} 210 F., Seconds 57 50 156 62 61 180 173 68 61 ?63 52 15 
V. I-----------– 96 06 95 94 96 96 95 97 96 95 95 95 
V. G. C. G. 210° 0, S11 0.829 0.89 0.822 0.89 0.829 0.82 0.88 0.813 0.821 0.87 0,820 500 500 450 500 ?50 625 | >750 | - 4650 ?475 60) 350 425 

0.9420 0.9460.9420 0.9425 0.9379 0.9375 0.937 0.9438 0.9453 
???? 8???? | 3,3???? | 3,8 | 499 | 3,59] | 3,73? | 3,87] | 3,295 3,580 125 15 25 140 25 3) ?35 5 25 

2,460 2,240 2,465 2,850 2,660 2,795 2,885 2,230 2,430 
25 14 25 125 35 ·?42 147 4. 2. 
29 17 26 148 39 42. ??7 2 

? 
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TABLE V-Continued 

Primary Feed------------------------ Mixture of 20 Wol, percent Panhandle, 20 Wol. percent Oklahoma City,60 Vol. percent Apco- || Pegasus Resid 
Pegasus Residuum to #3 Cell uum to Cell #3 

Secondary Feed---------------------- Light Distillate Heavy Distillate Propane Deasphalted Pegasus. 
(Stock 398) (Stock 83) ###” | None |??????. 

Run. No------------------------------ 13 14 5 6 17 18. 19 20 21 22. 23 2? 25 

Percent Primary Feed--------------- 40 25 25 ?25 15 5 15 10 5 
Charged to Cell No.---- 5 5 5 5 2 5 - 3. 2 2 

175 75 175 75 175 75 175 175 175 
350 350 425 425 425 350 425 300, 425 
79.9, 76.6 78.2 79.2 73. 69.8 72.3 : 69.3 70.1 
25.3 25.4 - 25.0 25.0 25, 6 25.0 24.7 24, 9 24.9 

0.9024. 0.9018 090420,9042, 0,9007 0,9042, 0,9059 0.9047 0,9047 
5 20 ?5 15 :20 20 20 5 20 

515 490 510 520 520 | ”540 555 545 540 
575 590 590 595 595 62) 625 625 615 
33 389 41 434 4.09 533 539 606 564 

22.33 25.65 26, 35 27.34 26.7 31, 18, 30.97 34.85 32.53. 
1,448 1,799 1,899 2,005 1,890 2,462 2,490. 2,800. 2,606. 

108 123. 26 30 127 47 146 || - 161 153 
95 95 94? 94 96 94 93 96 95 

0.823 0.820 0.823 0, 822 0, 818 0.820 0.822 - 0.819 - 0.820 
550 525 525 450 420 | 500 | 375| >750 425 

0,9276 0,935, 0.935 0,935 - 0.9348 0.9892 0.9892 0,9897 0.94.01 

Selecto, Percent Weight*- 
Propane, Percent Weight* 
Yield, Percent. Wol-------- 
Raffinate Gravity, A. P. I-- 
Gravity, Sp. (d) 60° F---- 
Pour Point, °F---------- 
Flash Point, º F. (COC)- 
Fire Point, º F. (COC). 
K.V.G) 100 F., Centistoke 

Average Sp. Gr. G) 60 F 
BSD-------------------- | 4,070 || 3,615 || 3,615 || 3,615 || 3,315 || 3,300 || 3,300 || 3,150 || 3,295 

Yi ????ative Volume Percent--------- 142 26 126 126 16 115 115 0. 115 leCS 

Waxy Raffinate, BSD----------- 3,250 2,770 2,825 2,865 2,430 2,300 2,385. 2, 180 2,310 Relative Volume percent Fin 
ished Bright Stock.------------- 66 4. 44 46 24 17 121. . , 8. 

SAE, 30 percent Rel. Products---- 137 125 130 134 2 5 19 111 8 18 22 i5 162 

Tests on Small sample for wax content determination. w 
2 Based on 2,864BSD charged to "Duo-Sol' unit during one month employing 20/80 percent Pan/Apco residuum, 245 percent “Selecto', 425 per cent propane G 119 F. for 104 W. E. product. 
3Based on blending bright stock with 42.5 second SUSG) 210° F. Neutral to 63 second SUSG) 210 F. S. A. E.-30 base stock. Color appears high in view of color of runs 24 and 25. 

The data presented in Table VI taken in conjunction increase in the amount of "Selecto" used is equivalent to 
with the following discussion is explanatory of the pres- a decrease in the concentration of "Selecto' and a modi 
ent invention which provides a means for increasing 35 fication of the factors controlling separation as well as 
the yield of oil of a given or better quality from a "Duo- the change in the properties of the treated oil. 

TABLE VI 
(Primary feed-20% Oklahoma City, 60% Apco-Pegasus residuum.) 

Relative Oil-Selecto Cell Wiscosity S. A. E.-30 S. A. E.-30 Run No. Secondary Feed, Percent No, R????????????”?p Index Color B/SD Production, 
Percent 

1-1.75-4.25 96 500 3,760 100 
2 - 5-4, 25 96 600? 4,650 124 
3 l?l,75-4,25 95 450 4,770 2. 
5 l?l.75-4.25 |” 94 500 4,860 129 
5 1?1.75-4,25 96 450. 4,390 117 
3 1-1.75-3.50 96. , 625 4,720 126 
: -I,75-3.50 95| >750 5,575 48 
2 ? 1-1, 75-4, 25 97 650 . 5,210 139 
2 -1.75-4.25 96 475 5,360 142 

- - - - -do---------- 2 l?l,75—4.25 95 600 5,520 . 47 
1l-- Luling-Lytton.-- 15 2 1?1,75-4,25, 95 350 4, 190 1. 

- - - - - do---------- 25 2 - 75-4.25 95 425 4,570 121 
Light Dist------ 40 5 l?l,75—3,50 95 550 5, 130 137 
----do-- 25 5 1.75-3.50 95 525 4, 695 25 

25 5 1-1.75-4.25 94 525. 4,890 130 
25 3? l?l.75?4.25 94. 450 5,055. 134 
15 5 - 75-4. 25 96 420 4, 215 12 
5 2 - 75-3.50 94 500 4,310 5 
5 5: 1-1.75-4.25 93 375 ?,470 119 
O 2 -1.75-3.00 96| >750 4, 170 11. 
5 2 -1.75-4.25 95 42 ! " 4,425 18 
5 5 - 1-1.75-4.25 94 325 4,450 118 
15 5, 1-, 75-3.50 95 600 4, 590 122 

" ww“ - - - vs. ", "en "e "", "-" 1…1,75-4:25 98 325 4,670 124 
25 2 -1.75-4.25 97 450 6, 100 62 

*Primary feed, Pegasus residuum. 
Sol' unit without increasing the amount of each solvent Referring now to the data presented in Table. VI, 
but employing an amount of each not less than that re- 65 run No. 1 yielded data on the solvent ratios necessary 
quired to produce phase separation. In the usual op- to produce a 96 V.I. oil having a 500 color. The oil 
eration of a 7 or 9 cell "Duo-Sol' unit the charge is in- “Selecto'-propane ratio was 1:1.75:4.25. To those 
troduced into the No. 3 cell; the phase separation con- skilled in the art it is manifest that this operation in 
ditions in this cell are controlling of the phase separation volved the use of an unusually high proportion of pro 
conditions of the unit. In the No. 3 or feed cell the bulk 70 pane to produce a light color product. Thus, in accord 
of the paraffinic components of the charge are separated ance with the principles of the present invention there is 
from the non-paraffinic and asphaltic components thereof. available excess propane capacity and a secondary feed 
In order to achieve phase separation, a minimum quantity of moderate or low-asphalt content can be:used. Upon 
of "Selecto' is necessary. Consequently, an increases in referring to the data presented in Table IV, it is, man 
the amount of charge fed to the No. 3 cell without an 75 ifest that Pegasus residuum is the most desirable stock 
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for use as a secondary feed because relative to Pan 
handle-Oklahoma City-Apco-Pegasus mixed residuum it 
is the most responsive to treatment and has a low asphalt 
content but Apco-Pegasus residuum of moderate asphalt 
content can also be employed. From the knowledge and 
experience gained in the "Duo-Sol' treatment of the pri 
mary feed and the rating of the secondary feed with re 
Spect to response to treatment and asphalt content it 
is determined that under steady operating conditions 
with the P-O-AP mixed residuum as a primary feed, 
Pegasus or Apco-Pegasus residua can be added to the 
No. 2 cell without increasing the amount of either soi 
vent. The amount of secondary feed which can be in 
troduced into the system can only be determined by inves 
tigation. 

It will be noted that an amount of Pegasus residuum 
equivalent to 30% by volume or an amount of Apco 
Pegasus residuum equivalent to 25% by volume can be 
introduced into the No. 2 cell with an increase in yield 
without adversely affecting either the V. I. or the color 
of the oil produced. However, if the same quantity of 
Apco-Pegasus residuum is introduced into the No. 3 cell 
the V. I. is reduced although the color remains satisfac 
tory. (Run No. 3.) On the other hand, if the same 
quantity (25%) of Apco-Pegasus residuum is introduced 
into cell No. 5 rather than cell No. 3, the V. I. of the oil 
produced is unacceptable although the color is satis 
factory. (Run No. 4.) While the secondary feed 
(Apco-Pegasus residuum) can be added in amounts up 
to 25% of the primary feed in cell No. 2 and cannot 
be added in that ratio to either cell No. 3 or cell No. 5 
without deterioration of the oil obtained, a smaller quan 
tity, i. e., 15% of the primary feed can be introduced 
into cell No. 5 without adversely affecting the quality 
of the oil. Similar effects can be obtained by charging 
the Pegasus residuum to the various compartments. 
When the severity of the treatment is increased, as 

for example by reducing the quantity of propane em 
ployed which is the equivalent of increasing the concen 
tration of "Selecto,” the V. I. of the oil produced is sat 
isfactory but the color is unsatisfactory. (Run No. 6.) 
Nor will the addition of secondary feed (Apro-Pegasus 
residuum) in a quantity equivalent to 25% of the pri 
mary feed into cell No. 3 and 15% of the primary feed 
into cell No. 5 for a total of 40% of the primary feed 
produce a satisfactory oil since the V. I. is unacceptable 
and the color is too high to be handled by the subsequent 
decolorizing unit. Since the limiting factor for this 
"Duo-Sol' plant handling Panhandle-Oklahoma City 
Apco-Pegasus mixed residuum is the capacity of the clay 
decolorizing unit, the data presented in Table VI for runs 
Numbers 2, 3, 4, 5, 6 and 7 teach that for this combina 
tion of primary and secondary feeds, when employing as 
a secondary feed a stock which is most responsive to 
treatment and which has a minimum asphalt content rel 
ative to the primary feed, the secondary feed must be 
introduced into cell No. 2 for maximum yield of oil of 
the required quality without increasing the quantity of 
each solvent employed. However, run No. 5 discloses 
that with respect to the quality of the oil produced, this 
secondary feed can be introduced into cell No. 5 but 
only to the extent of about 60% of the amount that can 
be introduced into cell No. 2. 

Thus, the capacity of the "Duo-Sol' unit under consid 
eration for the primary feed under consideration can be 
increased in terms of S. A. E.-30 grade oil having a V. I. 
of 96 from 3760 barrels per stream day to 4650 barrels 
per stream day, an increase of 24%, by employing Apco 
Pegasus residuum as the secondary feed. In other words, 
without expanding solvent recovery systems or darken 
ing the color of the oil, without any addition to the 
"Duo-Sol' unit and with the same total quantity of each 
solvent the capacity of this "Duo-Sol' unit has been in 
creased by 24% without any sacrifice of quality of the 
oil produced. 

12 
Referring now to runs Numbers 8, 9 and 10 it will be 

noted that a different residuum was used as the secondary 
feed. Pegasus residuum is more responsive to treatment. 
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and has slightly less asphalt than Apco-Pegasus residuum. 
As a consequence, it is not surprising that a greater 
quantity of Pegasus residuum can be introduced into cell 
No. 2 than Apco-Pegasus residuum without adversely 
affecting the quality of the oil produced. As a conse 
quence, about 42% more S. A. E.-30, 96 V. I. oil can 
be produced without enlarging the treating equipment 
by introducing a quantity of Pegasus residuum equiva 
lent to 30% of the primary feed as secondary feed into 
cell No. 2 of this "Duo-Sol' unit. 

Luling-Lytton Springs residuum is a stock which is 
appreciably less responsive to treatment than either 
Pegasus or Apco-Pegasus residua, but has about the same 
asphalt content as Apco-Pegasus residuum and slightly 
more asphalt than Pegasus residuum. Consequently 
Luling-Lytton Springs residuum cannot be added in as 
great a quantity as a secondary feed to cell No. 2 as 
either Apco-Pegasus or Pegasus residuum to produce a 
96 W. I. quality oil. It will be noted (run No. 11) that 
at a level of 15% of the primary feed the oil produced 
has a very satisfactory color but the V. I. (95) is not 
acceptable. r 

It is of interest to consider the potentiality of light and 
heavy distillate from a different crude as secondary feeds 
in this operation; runs Numbers 13 through 20 provide a 
spectrum of results. When this light distillate (substan 
tially devoid of asphalt) is introduced into cell No. 5 in 
amounts equivalent to 25% to 40% of the primary feed 
the oil produced is not satisfactory as to V. I. (94-95) 
and is of barely acceptable color. However, when in 
troduced into cell No. 5 in a quantity equal to about 15% 
of the primary feed the oil produced is satisfactory with 
respect to V. I. (96) and color (425). In contrast, when 
the heavy distillate is introduced into cell No. 5 in a 
quantity equal to about 15% of the primary feed the 
oil produced is not acceptable with respect to V. I. (93) 
although of satisfactory color. When the severity of 
the treatment is increased and a quantity of heavy dis 
tillate equal to 15% of the primary feed is introduced 
into cell No. 2 the V. I. is improved although still un 
satisfactory when the goal is an oil of 96 V.I. but the 
color is sufficiently low that the oil can be treated in the 
clay filtering facilities available. When the severity of 
the treatment is further increased by a further reduc 
tion in the propane used, the oil produced is satisfactory 
from the standpoint of V. I. (96) but the color is un 
acceptable because of clay filtering limitations. 

Considering runs Numbers 21 through 23 wherein Ku 
wait propane deasphalted residuum was used as a sec 
ondary feed, it will be noted that, at a level of 15% of 
the primary feed, introduction of this propane deas 
phalted residuum into cell No. 5 yields an oil which is 
not satisfactory from the standpoint of V. I. Thus, for 
use in conjunction with this primary feed this deasphalted 
oil is not a suitable secondary feed although this deas 
phalted oil would be a suitable secondary feed to be used 
in conjunction with a primary feed whose response to treat 
ment is more similar to that of this deasphalted oil. 
Upon referring to runs Numbers 24 and 25, it will 

be noted that under the designation, run No. 24, the 
significant data for the treatment of Pegasus residuum are 
collected. The yield of 4670 barrels of S. A. E.-30 oil per 
stream day combined with the relatively high V. I. of 
98 indicate that Pegasus residuum is more responsive. 
to treatment than the Panhandle-Oklahoma City-Apco 
Pegasus residuum. The data presented for run No. 25 
establish that the yield of S. A. E.-30 oil can be increased 
more than 62% when employing the 97 V. E. bright stock 
produced by using 25% Pegasus residuum as a secondary 
feed. However, if the Pegasus residuum introduced into 
cell No. 2 in run No. 25 were introduced into cell No. 
3, the conditions necessary for phase separation in cell 
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No. 3 would be changed and a poor phase separation re 
sult. 
The data presented in Table VI therefore represent 

the treatment of two residua which are very responsive 
to treatment wherein the variable limiting the type and 
quantity of secondary feed when used with either of the 
primary feeds is the capacity of the clay filtering plant 
to decolorize the "Duo-So' raffinate. Because of this 
limited capacity the propane dosage is high. As a con 
sequence of the high propane dosage, the quantity of 
“Selecto” employed to produce satisfactory phase sep 
aration in cell No. 3 is more than required to produce 
the desired refining effect upon the primary feeds. Ac 
cordingly, there is an excess of refining capacity. There 
fore, a primary feed of substantially the same response 
to treatment and having a low to moderate asphalt con 
tent can be introduced as a secondary feed into the No. 
2 cell in relatively large quantities without an increase 
in the quantity of either propane or "Selecto” to produce 
an oil of substantially the same quality as produced when 
treating the primary feed alone. 
The following tabuliation of data obtained when op 

erating upon a primary stock of different response and 
a secondary feed of substantially the sailine response as 
the primary charge iliustrates another phase of the situ 
ation. The primary feed was a Kuwait residuum of 
substantial asphalt content and moderate response to 
treatment and the secondary feed was a Kuwait propane 
deasphalted residuum. The primary feed when treated 
at a 1:2.5:3, oil-"Selecto'-propane ratio was charged at 
the maximum rate for the particular "Duo-Sol' unit and 
its auxiliary equipment and the equipment of the sequen 
tial operations of that refinery to produce a 98 V. I. oil. 

TABLE VE 
Primary feed-Kuwait residuum. 

Run Number 

26 27 

Secondary. Feed, percent-------------------------- None 50 
Cell Number------------ SSSSL SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SSS S qqSSSS SSSSSSSS SSSSS 2 

Oil'Selecto'-propane, ratio 2.5:3 1:2. 5:3 
V. I ------------------------ - 93 00 
Color - 83 6. 
S. A. E.-80B/SD-------------------------- - 00 165 
Relative S. A. E.-30 Production, percent--------- 100 58 

Reference to Table IV will establish that Kuwait re 
siduum gives moderate response to treatment and has 
a high asphalt content. Propane deasphated Kuwait 
residuum gives moderate response to treatinent and is 
substantially devoid of asphalt. Thus, the: Secondary 
feed had substantially the same response to treatment 
but no asphalt. When the two feed stocks were treated 
simultaneously without increasing the quantity of either 
solvent over that employed for refining the primary feed 
alone, a high grade oil was obtained and the yield of 
S. A. E.-30 oil was increased by 65% without any in 
crease in plant facilities. 

Thus, there has been provided hereinbefore two ex 
amples of different conditions which can be encountered 
in "Duo-Sol' treating and of the solutions thereto with 
increased yield of the same quality oil without increasing 
the amount of either solvent or the total amount of both 
solvents and without increasing plant facilities. In other 
words, the increased yield of oil of required quality is 
gotten practically at no cost to the refiner. 

Accordingly, the present invention is that improve 
ment in "Duo-Sol' operation which comprises selecting 
a secondary feed having a response to treatment comple 
mentary to that of the primary feed and introducing said 
secondary feed into cells No. 1 or No. 2 or No. 4 or No. 5 
or No. 6 or No. 7 or No. 8 depending upon (1) excess 
propane capacity or excess "Selecto' capacity, (2) re 
sponse to treatment compared to the primary feed and 

0. 

15 

20 

30 

35 

40 

60 

70 

75 

4 
(3) asphalt content, and without increasing the quantity. 
of either solvent over that required for the primary feed 
or the total quantity of solvent but with sufficient of both 
solvents to produce a phase separation in the cell into 
which the primary feed is introduced, treating both pri 
mary and secondary feeds simultaneously to produce an 
oil of at least equal quality to that of the oil produced 
from the primary feed alone under the same conditions 
of solvent ratio and treating temperature. 
We claim: 
1. In the "Buo-Sol' method of refining mineral oil 

comprising paraffinic and non-parafiinic constituents 
which comprises extracting in a plurality of stages an 
oil comprising paraffinic and non-parafiinic constituents 
with a refining solvent in the presence of an added liquid 
having greater solvent power for paraffinic constituents of 
said oil than for non-paraffinic constituents of said oil, said 
solvent for paraffinic constituents of said oil and said re 
fining solvent being adapted to form a two liquid phase. 
solvent system, the improvement which comprises select 
ing a secondary feed other than the aforseaid oil having 
a response to treatment complementary to that of said oil 
and of no greater asphalt content than said oil and, whilst 
the flow rates of said added liquid and said refining sol 
vent remain substantially unaltered and whilst continuing 
to introduce the aforesaid oil at a maximum rate concomi 
tant with producing in maximum yield a raffinate of re 
quired quality, introducing said secondary feed into said 
"Duo-Sol' system at a point other than the point of intro 
duction of said oil intermediate the initial stage and the 
final stage dependent upon the relative response to treat 
ment and asphalt content as previously determined, and 
the more responsive said secondary feed is to treatment 
relative to said oil the nearer the first stage said secondary 
feed is introduced to produce a maximum yield of oil of 
required quality. 

2. In the art of refining mineral oil in which an oil 
comprising paraffinic and non-paraffinic constituents as a 
primary feed is extracted with a solvent having greater 
solvent power for non-paraffinic constituents in the pres 
ence of an added liquid having greater solvent power for 
parafiinic constituents in a counter-current system having 
a plurality of stages, said solvents being adapted to form 
a two liquid phase solvent system, the improvement which 
comprises selecting a secondary feed other than said pri 
mary feed having a response to treatment complementary 
to that of a primary feed, whilst introducing said primary 
feed at a maximum rate concomitant with a maximum 
yield of a rafiinate of required quality, introducing said 
secondary feed into a cell other than that into which said 
primary feed is introduced intermediate the initial and final 
cells of the system dependent upon the response of said 
Secondary feed relative to the response of said primary 
feed to treatment, and to produce a maximum yield of 
oil of required quality the more responsive said secondary 
feed is relative to said primary feed, the nearer the first 
stage said secondary feed is introduced, and without in 
creasing substantially the amount of either solvent but 
with an amount of each solvent sufficient to produce phase 
Separation in the cell into which said primary feed is in 
troduced, treating said primary feed and said secondary 
feed simultaneously to produce a raffinate of substantially 
the same quality as produced when treating said primary 
feed. 

3. A method of refining mineral oil which comprises 
establishing a refining system having a plurality of stages, 
introducing as a primary feed an oil having paraffinic and 
non-parafiinic constituents into a stage intermediate the 
initial stage and the final stage of said system, introducing 
into the initial stage a solvent having greater solvent power 
for parafiinic than for non-paraffinic constituents of said 
oil, introducing into the final stage a solvent having greater 
solvent power for non-paraffinic than for paraffinic con 
stituents of said oil, both of said solvents being adapted 
to form a two liquid phase solvent system and being in 
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troduced in quantities and in a ratio to separate said oil 
into a raffinate having a required V. I. and an extract, 
establishing equilibrium conditions in said refining system 
whereby a given yield of oil of required quality is pro 
duced, selecting a secondary feed other than said primary 
feed having a response to treatment complementary to that 
of said primary feed, introducing said secondary feed into 
a stage other than that into which said primary feed is 
introduced intermediate said initial stage and said final 
stage, and without increasing substantially the quantity of 
either solvent and without reducing the quantity of said 
primary feed introduced into said refining system substan 
tially simultaneously refining said primary feed and said 
secondary feed to produce an increased yield of oil of at 
least said required quality. 

4. In the method of refining oil to produce a rafiinate 
more parafiinic than the charge stock and an extract more 
non-parafiinic than the charge stock which comprises es 
tablishing a refining system having a plurality of stages, 
introducing as a primary feed an oil having paraffinic and 
non-paraffinic constituents into a stage intermediate the 
initial stage and the final stage of said system, introducing 
into the initial stage of said system a solvent having great 
er solvent power for said paraffinic than for said non 
paraffinic constituents of said oil, introducing into said 
final stage a solvent having greater solvent power for said 
non-parafiinic than for said paraffinic constituents of said 
oil, said solvents being adapted to form a two liquid phase 
solvent system, flowing said solvents in counter-current 
manner through said system in contact with said oil in 
amounts and in a ratio to refine said oil to produce a 
maximum yield of a raffinate of required quality, select 
ing a secondary feed other than said primary feed having 
a response to treatment complementary to that of said 
oil, without increasing the amount of either solvent and 
without reducing the amount of primary feed introduced 
into said refining system introducing said oil as a primary 
feed into said stage intermediate said initial and final 
stages and introducing said selected secondary feed into a 
stage other than that into which said primary feed is 
introduced intermediate said initial and final stages de 
pendent upon the response of said secondary feed to treat 
ment relative to said primary feed and in amount suffi 
cient to produce an increased yield of oil of at least said 
required quality and substantially simultaneously treating 
said primary and secondary feeds to produce an increased 
yield of oil of at least said required quality. 

5. In the method of refining mineral oil which com 
prises establishing a refining system having a plurality of 
stages, introducing into the initial stage thereof a first 
solvent having greater solvent power for paraffinic than 
for non-parafiinic constituents of a mineral oil, introduc 
ing into the final stage thereof a second solvent having 
greater solvent power for non-paraffinic than for paraf 
finic constituents of a mineral oil, introducing as a pri 
mary feed into a stage intermediate said initial and final 
stages a mineral oil having parafiinic and non-paraffinic 
constituents, the ratio of oil to first solvent to second sol 
vent by weight being within the limits 1:1:1 to 1:7:7 and 
said solvents being adapted to form a two-liquid phase 
solvent system, flowing said solvents in counter-current 
manner through said system in contact with said oil in 
amounts and in a ratio to produce a raffinate of required 
quality and recovering a raffinate of required quality, the 
improvement of which comprises selecting a secondary 
feed having a response to treatment complementary to 
that of said oil, continuing to introduce at a maximum rate 
concomitant with a maximum yield of rafiinate of said 
required quality said oil as a primary feed to said stage 
intermediate said initial and final stages without increas 
ing the quantity of either solvent, introducing said selected 
Secondary feed into a stage other than that into which said 
primary feed is introduced intermediate said initial and 
final stages dependent upon the response of said feed to 
treatment relative to said primary feed and in amount 75 
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16 
sufficient to increase the yield of oil of at least required 
quality, and simultaneously refining said primary feed and 
said secondary feed to produce an increased yield of oil 
of at least required quality. ?????????????????? 

6. A method of refining mineral oil which comprises 
establishing a refining system having a plurality of stages, 
introducing into a stage intermediate the initial stage and 
the middle stage thereof a charge oil having paraffinic and 
non-paraffinic constituents, into the initial stage thereof 
propane and into the final stage thereof "Selecto” said. 
"Selecto” comprising a mixture of cresols and phenol con 
taining about 20 to about 65 per cent phenol, adjusting 
the quantities of oil, propane and "Selecto” to produce 
a maximum yield of refined oil of required quality from 
said refining system, determining that under steady condi 
tions of maximum yield of refined oil of required quality 
from said charge oil there is excess of propane refining 
capacity, introducing a secondary feed having a response 
to treatment complementary to said charge oil into a stage 
intermediate the stage into which said primary feed is in 
troduced and the final stage of said refining system, main 
taining an oil: "Selecto”: propane ratio substantially no 
greater than that employed when treating said charge oil 
as the sole feed to said refining system, adjusting the 
amount of secondary feed to produce an appreciably in 
creased yield of oil of at least required quality, and re 
fining said charge oil and said secondary feed simultane 
ously to produce an appreciably increased yield of oil of 
at least required quality. 

7. A method of refining mineral oil which comprises 
establishing a refining system having a plurality of stages, 
introducing into a stage intermediate the initial stage and 
the middle stage thereof a charge oil having paraffinic and 
non-paraffinic constituents, into the initial stage thereof 

5 propane and into the final stage thereof "Selecto' said 
"Selecto' comprising a mixture of cresol and phenol con 
taining about 20 to about 65 per cent phenol, adjusting the 
quantities of oil, "Selecto' and propane to produce a 
maximum yield of refined oil of required quality from 
said refining system, selecting a secondary feed other than 
said charge oil having a response to treatment comple 
mentary to that of said charge oil, introducing said se 
lected secondary feed into a stage other than that into 
which said charge oil is introduced intermediate said ini 
tial and final stages of said refining system whilst con 
tinuing to introduce said charge oil at the same rate and 
said propane and "Selecto' at substantially no greater rate. 
than before introducing said secondary feed and regulat 
ing the stage of introduction and the rate of introduction 
to produce a refined oil of at least required quality, and 
treating said charge oil and secondary feed to produce an 
appreciable increased yield of refined oil of at least re 
quired quality. 

8. A method of refining mineral oil which comprises 
establishing a refining system having a plurality of stages 
in excess of three, introducing a first solvent having a 
greater solvent power for paraffinic than for non-paraffinic 
constituents of a hydrocarbon oil into the first stage of 
said refining system, introducing a second solvent having 
greater solvent power for non-paraffinic than for parafiinic 
constituents of hydrocarbon oil into the final stage of said 
refining system, introducing as a primary feed a hydro 
carbon oil having paraffinic and non-paraffinic constituents 
into a stage intermediate the initial and middle stages of 
said refining system, regulating the rate of flow of said 
primary feed, said first solvent and said second solvent to 
form a two-liquid phase solvent system and to produce a 
maximum yield of a raffinate of required quality at the 
maximum rate of flow of said primary feed whereby the 
capacity of said first solvent to dissolve further amounts 
of paraffinic constituents is substantially limited, while the 
capacity of said second solvent to dissolve further quanti 
ties of non-paraffinic constituents is in excess of that re 
quired, whilst continuing to introduce said primary feed 
at said maximum rate of flow and without substantially 
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altering the rates of flow of said first and second solvents, 
introducing into said refining system at a point other than 
that at which said primary feed is introduced and inter 
mediate said initial stage and the stage next after the 
middle stage and in quantity sufficient to appreciably in 
crease the yield of raffinate of at least the required qual 
ity a secondary feed comprising a hydrocarbon oil of low 
paraffinic constituent content and high asphaltic constitu 
ent content relative to said primary feed and simultane 
ously refining said primary feed and said secondary feed 
to produce a raftinate of at least required quality in excess 
of the maximum amount of raffinate obtainable at the 
maximum rate of flow of said primary feed. 

9. In a "Duo-Sol' refining system having a plurality of 
stages in excess of three wherein a primary feed is being 
treated at maximum rate of flow with a fixed volume of a 
first solvent having greater solvent power for parafiinic 
than for non-paraffinic constituents of said primary feed 
and with a fixed volume of a secondary solvent having 
greater solvent power for non-paraffinic than for parafiinic 
constituents of said primary feed and said first and second 
solvents are introduced in a mutually fixed ratio to pro 
duce a raffinate of required quality at maximum yield for 
said primary feed said "Duo-Sol' refining system having 
excess capacity for parafiinic constituents of a secondary 
feed or excess capacity for non-parafiinic constituents of 
a secondary feed the improvement which comprises con 
tinuing to introduce said primary feed at the aforesaid 
maximum rate of flow whilst maintaining the aforesaid 
fixed rates of flow of said first and second solvents, intro 
ducing a secondary feed, other than the aforesaid primary 
feed, and having a response to treatment complementary 
to that of the aforesaid primary feed into stages other 
than those into which the aforesaid primary feed and the 
aforesaid second solvent are introduced dependent upon 
(1) which solvent capacity is in excess, (2) response to 
treatment compared to that of the aforesaid primary feed 
and (3) asphalt content, and withdrawing a raffinate of 
the aforesaid required quality in substantially increased 
anolant. 

10. A method of refining a mineral oil which comprises 
establishing a refining system having a plurality of stages 
in excess of three, introducing into the initial stage of 
said refining System a first solvent having a greater 
solvent power for paraffinic than for non-praffinic con 
stituents of a hydrocarbon oil, introducing into the final 
stage of said refining system a second solvent having 
greater solvent power for non-paraffinic than for paraf 
finic constituents of a hydrocarbon oil, introducing into 
a stage intermediate the first and the middle stage of said 
refining system a primary feed comprising a hydro 
carbon oil having paraffinic and non-paraffinic con 
stituents, regulating the flow of oil of said first solvent 
and said second solvent to form a two-liquid phase sys 
tem and to provide maximum flow of said primary feed 
into said refining system with the production of a maxi 
mum quantity of a raffinate of required quality whereby 
the capacity of said first solvent to dissolve further 
amounts of paraffinic constituents is in excess of that 
required while the capacity of said second solvent to 
dissolve further amounts of non-paraffinic constituents 
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8 
is substantially limited, whilst continuing to introduce 
said primary feed at a maximum rate of flow and without 
substantially altering the rates of flow of said first and 
Said second solvents, introducing into said refining sys 
tem at a point intermediate the stage into which said 
primary feed is introduced and the final stage of said 
refining system a secondary feed comprising a hydrocarbon 
oil having a paraffinic constituent content high and a 
non-paraffinic constituent content low relative to the said 
primary feed in an amount sufficient to produce an ap 
preciable increase in the yield of raffinate of at least re 
quired quality, and refining said primary feed and said 
secondary feed simultaneously to produce an appreciably 
increased yield of raffinate of at least required quality. 

11. In the method of refining mineral oil which com 
prises establishing a refining system having a plurality 
of stages in excess of three, introducing into the initial 
stage thereof a first solvent having greater solvent power 
for paraffinic than for non-paraffinic constituents of 
mineral oil, introducing into the final stage thereof a sec 
ond solvent having greater solvent power for non-paraf 
finic than for paraffinic constituents of a mineral oil, in 
troducing into a stage intermediate said initial and final 
stages as a primary feed a mineral oil having paraffinic 
and non-paraffinic constituents, the ratio of oil to-first 
solvent to-second solvent by weight being within the 
limits 1:1:1 to 1:7:7, and said first and second solvents 
being adapted to form a two-liquid phase solvent system, 
flowing said solvents in counter-current manner through 
said refining System in contact with said oil in amounts 
and in a ratio to produce a raffinate of required quality, 
increasing the rate of flow of said primary feed, said first 
solvent and said second solvent until a maximum rate 
of flow of said primary feed into said refining system 
at which a maximum yield is attained of raffinate of 
required quality, whilst the rates of flow of said first and 
Second Solvents remain substantially unaltered continu 
ing to introduce said primary feed at said maximum rate 
of flow whilst introducing into a stage other than that 
into which said primary feed is introduced a secondary 
feed other than said primary feed and having a response 
to treatment complementary to that of said primary 
feed, said secondary feed being introduced into a stage 
intermediate said initial and final stages dependent upon 
the response of said feed to treatment relative to said 
primary feed, said secondary feed being introduced into 
Said refining system in an amount sufficient to increase 
appreciably the yield of raffinate of at least required 
quality, and simultaneously refining said primary feed at 
maximum rate of flow and said secondary feed to produce 
an increased yield of raffinate of at least required quality. 
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