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Claims. 

This invention relates to solvent refining of 
oils and more particularly to the recovery of the 
solvent from the refined oil for reuse in the 

OCeSS. . 

This application is a continuation in part of 
my pending application Serial No. 389,704, filed 
April 22, 1941, for Solvent refining of hydrocar 
bOn oil and recovery of the Solvent. 
More Specifically the present invention in 

volves a modification of the method of solvent 
recovery disclosed in Kersted and Scoville Pat 
ent No. 2,186,298, granted January 9, 1940, for 
Solvent refining of hydrocarbon oil and recovery 
of the solvent. 
As disclosed in this patent hydrocarbon oil is 

extracted with a relatively, high boiling solvent. 
Such as furfural, nitrobenzene, phenol, dichlor 
ethyl ether, etc., which is at least partially mis 
cible with Water at ordinary temperatures. As 
a result of the extraction the oil and solvent 
mixture is separated into extract and raftinate 
phases, each of the resulting phases comprising 
oil and solvent liquid. The solvent is distilled 
from each phase in part at least by resorting to 
relatively high temperatures. The final portion 
of the solvent is stripped from the oil with the 
aid of steam. 
With solvents of the foregoing character it is 

desirable to distill as much of the solvent as 
possible from the oil without the aid of steam 
so as to obtain the solvent in substantially dry 
form. The presence of water in the solvent is 
usually undesirable because it reduces the sol 
Went Capacity of the solvent from constituents of 
mineral oil. 

However, when a selective solvent of the fore 
going character is removed from lubricating oil, 
for example, by vaporization in the absence of 
a distilling aid a substantial amount of the sol 
vent still remains in the oil and must be distilled 
therefrom with the help of a distilling aid such 
as steam. Therefore, that portion of the solvent 
which is recovered with the aid of steam will 
contain an appreciable amount of water and pro 
vision must be made for removing the water as 
completely as possible, particularly in those cases 
where the full solvent capacity of the solvent is 
desired. 
For these reasons it is desirable, therefore, to 

conduct as much of the distillation as possible 
Without the aid of steam. However, with certain 
types of oils which normally contain acidic or 
unstable constituents, if the distillation is car 
red out under conditions or in apparatus such 
that the oil and solvent or a portion thereof is 
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permitted to remain at elevated temperatures, 
namely, in the range 450 to 500 F. for a sub 
stantial period of time then some deterioration 
or decomposition of the constituents of the oil 

5 solvent mixture occurs. This is particularly true 
with respect to the extract phase mixture such 
as obtained in the solvent extraction of lubricate 
ing oil stocks due to concentration of the acidic 
or unstable bodies in the extract by Virtue of the 

0 extraction process. 
Decomposition of the unstable bodies and ac 

cumulation of acidic bodies in the System, while 
relatively small in extent, is nevertheless unde 
sirable since some loss of the Solvent Will result. 

5. It appears that the undesirable products of de 
compostion include bodies exerting an appreci 
able corrosive effect upon steel apparatus. More 
over, there are indications that the accumulation 
and retention of these deCOmposition products in 

20 the solvent being recycled through the process 
nay in some instances accelerate to SOme extent 
the deterioration or decomposition of the oil and 
solvent mixture during exposure to elevated ten 
peratures. 

g5. For example, when distilling furfural from an 
extract phase produced in the extraction of lu 
bricating oil distillate stock derived from Penn 
sylvania, Crude wherein the extract phase mix 
ture has been exposed to temperatures in the 
range 450 to 460 F. for a substantial period of 
time, i. e., about 60 minutes, a small amount of 
material is formed, most of which boils within 
a temperature range intermediate the boiling 
temperature of the solvent and that of the ex 

35 tract oil, and this material may include Small 
amounts of organic acids such as acetic, pro 
pionic and butyric acids. The nature of the re 
action giving rise to formation of these unde 
sirable bodies is mot fully understood. It is 

40 thought that the products may possibly be the 
result of decomposition of the extract oil or of 
reaction between the Solvent and hydrocarbon 
constituents of the extract oil or between the 
Solvent and decompostion products of the ex 

46 tract oil. 
In accordance with the present invention pro- i 

vision is made for removing these undesirable 
bq.dies, not present in the solvent prior to ex 
tractive contact with the raw oil as an inter 

50 mediate step in the recovery of the solvent from 
the oil and for eliminating them from the sys 
ten thereby avoiding loss of solvent, and deteri 
Oration of the equipment due to corrosive action 
of such bodies. * . . 

55 Provision is also included for subjecting the re 
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covered solvent containing substantial amounts 
of acidic bodies to treatmeht, immediately after 
their liberation in the system, with SOda ash Solu 
tion for the purpose of removing the undesired 
constituents therefrom Different methods of ac 
complishing this treatment may be employed as 
hereinafter described. . 
To facilitate further description of the inven 

tion reference will now be made to the flow dia 
gram shown in the accompanying drawing. 
The oil to be treated such as lubricating oil stock 

is conducted from a source not shown and intro 
duced to the lower portion of an extraction tower 
. A selective solvent such as furfural is intro 
duced to the upper portion of the tower. Coun 
tercurrent contact between the solvent and oil oc 
curs within the tower with the consequent forma 
tion of extract and raftinate phases. 
The extract phase comprising low viscosity 

index or so-called naphthenic constituents of the 
oil dissolved in the bulk of the solvent accumu 
lates in the bottom of the tower, while the raffil 
nate phase comprising high viscosity index or so 
called parafinic constituents mixed with a small 
proportion of the solvent accumulates in the top 
of the tower. V 
The extract phase is withdrawn and passed 

through a heater or heat exchanger 2 wherein 
the temperature is raised. 
The heated mixture is introduced to a flash 

tover 3 maintained at sustantially atmospheric 
pressure, the lower portion of the tower being at 
a temperature of about 330 F. The vaporized 
material removed from the top of the tower 
represents about 40 or 45% of the total solvent 
contained in the extract phase, and this vapor 
ized solvent may contain about 1 to 2% of water 
most of which enters the system in the charge oil. 
The unvaporized liquid is drawn off from the 

bottom of the tower 3 through a heater 4 to a 
second tower 5, usually maintained under a pres 
sure of about 30 pounds gauge. The oil and Sol 
vent mixture enters the tower at a temperature 
of about 450 to 460° F. so as to maintain a tem 
perature of about 430 F. at the bottom of the 
tOWer. 
As indicated in the drawing the heated mix 

ture of oil and solvent may be introduced to the 
midportion of the tower 5. The hot mixture 
entering the tower is caused to flow over suitable 
baffles provided within the lower portion of the 
tower. Due to the elevated temperature a Sub 
stantial portion of the mixture is vaporized in 
cluding a large proportion of the solvent. The 
vapors rise through the upper portion of the tower 
which is provided with a number of conventional 
bubble trays. 

During passage through the trays partial con 
densation occurs as a result of cooling due to the 
introduction of a reflux liquid through a pipe 6 
to the top of the tower. This reflux liquid advan 
tageously comprises liquid furfural. - 

Reflux condensate overflows from the bottom 
tray into a pan 7 to the bottom of which a draw 
off pipe 8 is connected. A liquid level controller 
9 controls the operation of a valve in the pipe 6 
and thereby controls the amount of cooling liquid 
introduced to the top of the tower. 
The uncondensed solvent vapor collecting in 

the top of the tower 5 is discharged therefrom in 
a substantially dry or water-free condition. The 
solvent thus removed at this point may amount to 
about 50 to 55% of the total solvent contained in 
the extract phase, volume basis. 
The unvaporized liquid collecting in the bota 

0. 
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tom of the tower 5 is dirawn of and introduced 
to a third tower if 0 maintained under an absolute 
pressure of about 1 to 5 pounds and with a tem 
perature of about 400 F. in the bottom of the 
tower. An additional quantity of solvent, namely 
about 4 to 10% by volume of the original solvent, 
is removed in a dry condition from the 
the tower. 
The unvaporized liesiditle collecting in the bot 

tom of the tower to still contains a small amount 
of solvent usually less than 1%. This residue is 
introduced to a stripping tower f wherein the 
remaining solvent is stripped out with the aid of 
steam. The residue from this stripping action 
comprises extract oil substantially free from sol 
vent while the vaporized material comprises a 

top of 

mixture of Solvent and Water. 

30 
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The Solvent and water vapor is condensed in a 
Condenser 2 to form a hot condensate which is 
introduced to a separator 3 at a temperature of 
about 160' F, for example. In the separator the 
hot condensate separates into upper and lower 
layers respectively rich in water and solvent. For 
example, the upper layer may contain about 13% 
furfural while the lower layer comprises about 
90 % furfural. 
According to one method of procedure, the 

lower layer is withdrawn and introduced through 
a pipe 3d to a treater 4 wherein it is brought 
into countercurrent contact with a soda ash 
solution containing about 10% by weight of soda 
ash. The treated mixture is drawn off from the 
bottom of the vessel f4 to a scrubbing vessel 
5 wherein it is subjected to Washing with water 

to remove any remaining traces of soda. The 
Washing step may be bypassed if desired. . 
In either case the alkali treated liquid mixture 

is then conducted to a fractionator f 6 advan 
tageously operated under about atmospheric 
pressure. The temperature at the top of the 
tower is maintained at about 220 to 260' F. 
while the temperature at the bottom of the tower 
is maintained at about 330 F. Heat may be 
supplied to the bottom of the tower by means 
of a closed coil 7, or instead a portion of the 
dry solvent vapor removed from the tower 5 may 
be injected through a pipe 8. The Wet solvent 
vapor containing a small amount of water and 
removed from the top of tower 3 as previously 
described is introduced to the midportion of the 
fractionator f6. 

85 

75 

Prior, to introducing this Wet solvent to the 
fractionator 6 it may be passed through a con 
denser, not shown, wherein the bulk of the selec 
tive solvent is condensed. The thus partially 
condensed mixture may then be conducted to 
a separatorto effect separation between the con 
densate and the vapor. The condensate may 
be introduced to the bottom of the fractionator 
while the uncondensed vapor containing water 
is introduced to the midportion of the fraction 
ator 16. 
The unvaporized liquid collecting in the bot 

tom of the fractionator 6 is composed of sol 
vent substantially free from water while the 
vapor leaving the top of the fractionator com 
prises a mixture of solvent and water contain 
ing about 45% furfural. The latter upon con 
densation is advantageously recycled to the sepa 
rator 3 as Will be mentioned again. 
The upper layer formed in the separator 3 

is withdrawn and introduced to the upper por 
tion of a fractionator 9, open steam being ad 
mitted to the bottom of this fractionator to act 
as a stripping agent. A temperature of about 
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215 to 225 F. is maintained in the bottom of 
the fractionator while a temperature of 212 F. 
is maintained in the top of the fractionator. 
The unvaporized liquid collecting in the bot 

tom of this fractionator is water Substantially 
free from solvent and is withdrawn from the 
system. The vapor removed from the top of . 
the fractionator comprises a mixture of furfural 
and water containing about 35% furfural. This 
vapor is advantageously combined with that from 
the fractionator 6, the resulting mixture con 
densed in a condenser 20 and the condensate 
returned through pipe 2 to the separator f3. 

Used or partially spent alkali accumulating 
at the top of the treating vessel 4 may be mixed 
with the water layer drawn off from the top 
of the separator 3 and the combined mixture 
charged to the fractionator 9. Likewise the 
water used in the scrubbing vessel 15 may be 
introduced to the fractionator 9 as indicated. 
In this way the solvent liquid contained in the 
spent alkali and scrubbing water is recovered 
therefrom. 

If it is desired to omit the alkali treatment, 
the solvent phase is conducted directly from the 

10 

s 
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3 
phase drawn off from the separator 3 may be 
omitted. Instead the intermediate condensate 
drawn of through pipe 8 from the tower 5 may 
be subjected to alkali or other chemical treat 
ment in order to remove acidic bodies. In such 
case the intermediate condensate containing the 
acidic bodies cooled if necessary is conducted 
through a pipe 24 to the treater 4 wherein it is 
treated with soda ash solution. The treated 
condensate is then conducted through a pipe 25 
to the separator 3 wherein it commingles with 
the solvent layer accumulating therein. 
Treatment of the extract phase has been de 

scribed because the unstable reactive material 
contained in the oil charged to vessel has been 
found to be concentrated by the treating process 
in the extract. However, if Such reactive or un 
stable material appears in the raffinate phase 
of any stock treated, then instead of employing 
separate operations, the wet solvent removed 
from the rafiinate oil may be combined with the 

25 
separator 3 through a bypass pipe 22 to the . 
fractionator 6. ? 
The intermediate condensate drawn off through 

the pipe 8 from the tower 5 is advantageously 
commingled with the distillates from the frac 
tionators 6 and 9 passing to the condenser 
20 and to the separator 3. 

In actual operation a recording flow controller 
23 may be placed in the line 8 so as to provide 
for drawing off liquid from the pan at a und 
form rate. The amount SO withdrawn is ad 
justed so that the liquid so withdrawn will con 
tain substantially all of the decomposition prod 
ucts which may be formed as a result of exposure 
of the solvent-oil mixture to elevated tempera 

30 

wet solvent from the extract phase and the two 
treated simultaneously for the removal or neu 
tralization of acidic bodies. 
While reference has been specifically made 

above to the recovery of the selective solvent 
from a mixture of the solvent and a mineral oil, 
nevertheless it is contemplated that the inven 
tion is applicable to the recovery of a Solvent 
liquid from admixture with other oils and fatty 
oil or fatty acid substances including vegetable, 
animal and fish oils, fats, waxes and the like, 
and wherein as a result of the solvent refining 

35 

40 
tures in the heater 4 and the lower portion of . 
the tower 5. 

For example, when recovering furfural from 
an extract phase produced in extracting Penn 
Sylvania lubricating oil stock with furfural the 
amount of liquid continuously drawn off from 
the pan advantageously amounts to about 2 

45 

to 4% by volume of the solvent extract mixture 
entering the tower 5. 
By commingling this withdrawn liquid with 

the Water rich vapors entering the condenser 
20, a portion of the acidic bodies is thus trans 
ferred to the Water phase discharged from the 
top of the separator 3, and ultimately removed 
as constituents of the water discharged from the 
bottom of the fractionator 9. Advantage is thus 
taken of the Water contained in the solvent to 
eliminate some of the acidic bodies from the 
solvent recovery system. 
A portion of the acidic bodies remain i 

equilibrium with the furfural in the condensate 
passing from the condenser 20. By continuous 
recycling of this condensate through the Sep 
arator 3 and the fractionator 6 additional por 
tions of these acidic bodies (that is, where alkali 
treatment of the solvent phase is Omitted) are 
removed in the distillate from the fractionator 
6 and are ultimately transferred to the Water 

layer of the separator 3 and from there con 
ducted to the fractionator 9 from the bottom 
of Which these bodies are ultimately discharged 
from the system. As previously mentioned the 
solvent phase may be treated with alkali to re 
move the acidic bodies contained in the solvent. 

50 
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may be employed satisfactorily. 

or solvent reco'ery operation there is a concen 
tration of acidic bodies in either the rafiinate or 
extract phase. 

Selective solvents, such as furfural are now 
employed for extracting and refining fatty oils 
and fatty acids such as are used in the prepara 
tion of foods, soaps, paints, varnishes and 
enamels. Examples of such other oils include 
linseed oil, tung oil, soy-bean oil, cottonseed oil, 
etc. Numerous other oil substances may be men 
tioned including fatty acids, fatty acid mixtures 
and mixtures of fats and oils, as well as rosin 
and rosin oils. 
In refining fatty oils or fatty acids, such as 

Soy-bean oil, linseed oil, etc. for the purpose of 
Separating the oil into an extract phase com 
prising constituents of high iodine value and a 
raftinate phase comprising constituents of low 
iodine value, temperatures and pressures lower 
than those hereinbefore set forth are employed 
to insure reasonable stability of the oil. Thus 
temperatures employed in the recovery of fur 
fural from the fatty oil extract may approxi 
mate 250 to 300 F., while the pressures may be 
of the Order of 10 to 100 mm. absolute, 
The apparatus illustrated in the drawing in 

cludes atmospheric, pressure and vacuum towers. 
However, it is contemplated that a less number 
of towers and in some instances a single tower 

In any case, 
regardless of the operating pressure, it is neces 
sary to maintain a temperature at least in one 
of the towers which is substantially above the 
vapor-liquid equilibrium temperature of furfural 
at the prevailing pressure which results in 
vaporizing the acidic bodies boiling intermediate 
between furfural and the oil. Therefore, a cool 
ing liquid is introduced to the tower above this 
point in order to form a reflux condensate con 
taining the undesirable acidic bodies. The re 

However, the alkali treatment of the solvent 75 sulting condensate having the acidic bodies con 
  



4. 
centrated therein is withdrawn from the system 
for neutralization. 

Obviously, many modifications and variations 
of the invention, as hereinbefore set forth, may 
be made without departing from the spirit and 
scope thereof, and therefore only such limita 
tions should be imposed as are indicated in the 
appended claims. 
I claim: 
1. In the recovery of a high boiling selective 

solvent such as furfural from a mixture of oil 
and solvent obtained in extracting oil with the 
solvent, said mixture, after exposure to elevated 
temperatures sufficiently high to vaporize solvent 
therefrom, containing bodies corrosive to steel, 
the steps comprising heating the mixture of Öil 
and solvent to a temperature substantially above 
the boiling temperature of the solvent, passing 
the heated mixture to a distilling column where 
in substantial vaporization of the mixture in 
cluding a large proportion of the solvent occurs 
in the substantial absence of Steam, Subjecting 
the vaporized portion to partial condensation to 
form an intermediate condensate Comprising 
corrosive bodies boiling substantially into the 
range intermediate that cf the oil and the oil 
solvent and which were not present in the Sol 
vent prior to extractive contact with the raw 
oil, withdrawing said intermediate condensate, 
removing the uncondensed Solvent, withdrawing 
the unvaporized portion of the heated mixture 
of oil and solvent, distilling remaining Solvent 
therefrom under relatively less severe tempera 
ture conditions, recovering said removed uncon 
densed solvent and said distilled remaining Sol 
vent substantially free from said corrosive bod 
ies, and returning the so recovered Solvent for 
extracting fresh feed oil. 

2. In the recovery of a high boiling selective 
solvent such as furfural from a mixture of oil 
and solvent obtained in extracting oil with the 
solvent, said mixture, after exposure to elevated 
temperatures sufficiently high to vaporize sol 
vent therefrom, containing bodies corrosive to 
steel, the steps comprising heating the mixture 
of oil and solvent to a temperature substantially 
above the boiling temperature of the solvent, 
passing the heated mixture to a distilling col 
umn wherein substantial vaporization of the 
mixture including a large proportion of the Sol 
vent occurs in the Substantial absence of Steam, 
subjecting the vaporized portion to partial con 
densation to form an intermediate condensate 
comprising solvent and corrosive bodies boiling 
substantially in the range intermediate that of 
the oil and the solvent and which Were mot pres 
ent in the solvent prior to extractive contact 
with the raw oil, withdrawing said intermediate 
condensate, removing the uncondensed solvent, 
withdrawing the unvaporized portion of the 
heated mixture of oil and Solvent, distilling re 
maining solvent therefrom under relatively less 
severe temperature conditions, chemically treat 
ing the withdrawn intermediate condensate to 
remove said corrosive bodies, commingling the 
resulting treated solvent with said remaining Sol 
vent distilled from the oil, and returning said 
commingled solvent for extracting fresh feed oil. 

3. In the solvent extraction of oil with a high 
boiling selective solvent which is partially misci 
ble with water at ordinary temperature Wherein 
as a result of the extraction a mixture of Sol 
vent and oil is produced, said mixture, after ex 
posure to elevated temperatures sufficiently high 
to vaporize solvent therefrom, containing bodies 
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corrosive to steel, the method of recovering the 
solvent from the oil for reuse in treating fresh 
feed oil which comprises heating a mixture of 
the solvent and oil to an elevated temperature 
substantially above the boiling temperature of 
the solvent, vaporizing a substantial portion of 
the heated mixture including a large portion of 
the solvent in the substantial absence of steam, 
subjecting the vaporized portion to partial con 
densation to form an intermediate condensate 
comprising materials boiling substantially in the 
range intermediate that of the oil and the Sol 
vent, removing said intermediate condensate, re 
moving uncondensed solvent, withdrawing the 
unvaporized portigon of the heated mixture of oil 
and solvent, distilling remaining solvent from the 
withdrawn heated mixture with the aid of steam 
to form a distillate mixture of solvent and water, 
subjecting said distillate mixture to settling in 
a separating Zone to form phases rich in Water 
and solvent respectively, separately treating each 
phase to Separate therefrom a fraction compris 
ing water containing a Substantial amount of 
solvent, recycling said fraction to the aforesaid 
settling Zone for further phase separation, and 
commingling said intermediate condensate with 
Said recycled fraction. 

4. In the solvent extraction of oil with a high 
boiling selective solvent which is partially misci 
ble with water at ordinary temperature wherein 
as a result of the extraction a mixture of solvent 
and oil is produced, said mixture, after exposure 
to elevated temperatures sufficiently high to va 
porize solvent therefrom, containing bodies cor 
rosive to steel, the method of recovering the sol 
vent from the oil for reuse in treating fresh feed 
oil which comprises heating a mixture of the sol 
vent and oil to an elevated temperature substan 
tially above the boiling temperature of the Sol 
vent, vaporizing a substantial portion of the 
heated mixture including a large portion of the 
solvent in the substantial absence of steam, sub 
jecting the vaporized portion to partial condensa 
tion to form an intermediate condensate con 
prising materials boiling Substantially in the 
range intermediate that of the oil and the sol 
vent, removing said intermediate condensate, re 
moving uncondensed solvent, withdrawing the 
unvaporized portion of the heated mixture of oil 
and solvent, distilling remaining solvent from 
the Withdrawn heated mixture with the aid of 
steam to form a hot condensate of Solvent and 
water, introducing said condensate to a sep 
arator, forming therein phases respectively rich 
in Water and Solvent, introducing the water-rich 
phase to a distilling column, distilling therefrom 
a distillate comprising solvent mixed with a 
smaller proportion of water, withdrawing the 
unvaporized portion consisting essentially of wa 
ter, introducing said Solvent rich phase to a sep 
arate distilling column, distilling therefrom a 
distillate comprising water mixed with a small 
proportion of Solvent, withdrawing the unvapor 
ized liquid comprising treated solvent from said 
separate distilling column, condensing the dis 
tillates produced from both said columns, con 
ducting the condensed distillate to the aforesaid 
separator for further separation into phases and 
commingling said intermediate condensate with 
said condensed distillate. 

5. The method according to claim 4 in which 
the solvent comprises furfural. 

6. In the solvent extraction of oil with a high 
boiling selective solvent which is partially misci 
ble with water at ordinary temperature where 
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in as a result of the extraction a mixture of sol 
went and oil is produced, said mixture, after 
exposure to elevated temperatures sufficiently 
high to vaporize solvent therefrom, containing 
bodies corrosive to steel, the method of recover 
ing the Soivent from the oil for reuse in treat 
ing fresh feed oil which comprises heating a 
mixture of the solvent and oil to an elevated ten 
perature Substantially above the boiling tenes 
perature of the solvent, vaporizing a substantial 
portion of the heated mixture including a large 
portion of the solvent in the substantial ab 
sence cit steam, Subjecting the vaporized portion 
to partial Condensation to form an intermediate 
condensates comprising materials boiling substan 
tially in the range intermediate that of the oil 
and solvent, removing said intermediate con 
densate, removing uncondensed solvent, with 
drawing the unvaporized portion of the heated 
mixture of oil and solvent, distilling remaining 
solvent from the Withdrawn heated mixture with 
the aid of steam to form a distillate inixture of 
Solvent and Water, introducing said distillate to 

5 
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a separator, forming therein phases respectively 
rich in water and solvent, introdicing the water 
rich phase to a distilling column, distilling there 
from solvent mixed with a smaller proportion of 
water than that in the water-rich phase, with 
drawing the un vaporized portion consisting es 
sentially of water, introducing said solvent-rich 
phase to a separate distilling column, distilling 
therefrom water mixed with a smaller proportion 
of a solvent than that in the solvent-rich phase, 
withdrawing unvaporized Solvent substantially 
free from Water from the bottom of said sep 
arale distilling column, condensing the distillate 
produced froin both said columns, conducting 
the condensed distillate to the aforesaid sep- . 
arator for further separation into phases in the 
presence of fresh solvent-Water condensate and 
conningling Said intermediate Condensate with 
the condensed distiliate from said columns. 

7. The method according to claim 6 in Which 
the solvent, comprises furfural. 

WYNKOOP KIERSTED, JR. 
  


