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The present invention relates to the treatment
of oily waxes, and mere particularly to the sepa-
ration of wax-containing mixtures into fractions
of higher and lower melting point, using a solv-
ent comprising phenol, and additives comprising
water and paraffinic naphtha or kerosene.

This application is a division of copending ap-
plication Serial Number 774,230, filed September
16, 1947, and entitled “Solvent Fractionation of
Wax-Containing Mixtures.”

. The present invention is especially applicable
to the deoiling of hydrocarbon waxes containing
not more than about 70% of oil, ard to the
separation of wax mixtures of low oil . content
into fractions of different melting point. The
process of the present invention may be applied
in the refining, purifieation, or separation of wax
stocks such as petroleum slack wax, crude micro-
erystalline wax, paraffin waxes, petrolatum wax,
montan wax, ceresin, ozokerite, waxes from the
destructive or non-destructive hydrogenation of
mineral oil, synthetic hydroecarbon oil, shale oil,
coal, and waxes produced synthetically by the
catalytic reaction of hydrocarbons, or waxes de-
rived from the modified Fischer-Tropsch reaction
of carbon monoxide and hydrogen. 'The process
of this invention is especially applicable in the
separation of wax mixtures containing color
bodies and oil inte a higher melting wax fraction

of light celor and low oil content, and a lower :

melting wax fraction of darker color and con-
taining most of the oil originally present in the
wax mixture.

In accordance with this invention, a wax-con-
taining mixture is separated into fractions of
higher and lower melting point by countercur-
rently contacting the wax~containing mixture in
an extraction zone with an extraction solvent and
a solvent additive or additives at a temperature
such that two liquid phases are formed, one com-~
prising the higher melting wax fraction with
minor amounts of solvent and additive, and the
other comprising the lower melting wax fraction
with major amounts of solvent and additive, sep-
arating the liquid phases from one another, and
removing the solvent and additive from each.
The extraction solvent and additives employed
may have a density greater than that of the wax.
However, when the additive or additives are
partially immiscible with the extraction solvent
and are less dense than such solvent or the wax,
the additive or additives will flow countercurrent
to the extraction solvent and will appear with
that liquid phase comprising the higher melting

wax fraction. The success of the process depends -
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upon the control of the temperature throughout
the extraction zone and upon the regulation of
the proportions-of selvent and additive used, ahd
the points of introduction ef the wax-containing
mixture, the solvent, and the additive into the
extraction zone.

The extraction solvent may be defined as an
agent which, when intimately mixzed with a wax-
containing mixture, forms two liquid phases or .
layers, one comprising a raffinate phase con-
taining mostly wax of higher melting point than
the untreated wax and a portion of the solvent,
and the other comprising an extract phase con-
taining mostly solvent, and wax of lower melting
peint than the untreated wax, as well as a major
portion of the color bodies and oil originally
present in the untreated wax.

The solvent additive may be defined as an
agent wused in conjunction with the extraction
solvent for the purpose of modifying the char~
acteristies of the extraction solvent. The addi-
tive may lower the temperature at which selid
wax precipitates out of the extraction solvent, or
it may raise the miscibility temperature of the

xtraction solvent with the wax. However, the
additive chosen for a particular extraction solv-
ent must not excessively lower the selectivity of
the extraction solvent at the temperature of
extraction.

The extraction solvent may be employed in
amounts ranging from 1 to 5 volumes of solvent
per volume of untreated wax stock, while the ad-
ditive or additives may be used in amounts rang-
ing from0.05 to 1 volume per volume of untreated
wax.

The extraction solvent which may be employed
in accordance with the present invention com-
prises phenol. i

The solvent additive or additives, which are
usually employed in amounts constituting not
more than 50% by velume of the extraction
solvent, include water, and paraffinic hydrocar-
bons of from 8 to 18 carbon atoms, preferably
parafiinic naphtha or kerosene boiling within the
range of 250° F. to 600° F.

The process .of the present invention may be
carried out in a multi-stage batch countercur-
rent extraction system or in a continuous
countercurrent extraction system, preferably a
tower provided with perforated baffles or eontain-
ing a packing material such as ceramic shapes,
tiles, metal wool, or fragments of ceramic ma-
terial, glass, pumice, Carborundum, or concrete.
For most effective operations, a temperature
gradient is maintained in the system by means
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of heating or cooling coils or jackets, the tem-
perature increasing in the direction of flow of the
raffinate or higher melting wax fraction.

The present invention may be further under-
stood with reference to the accompanying draw-
ing which illustrates diagrammatically a con-
tinuous extraction system suitable for carrying
put the process.

Referring to the drawing, a wax~-containing
mixture is continuously introduced, in liquid con-
dition, into the extraction tower 1 through valve-
controlled pipe 2 at a rate of 100 volumes per
hour. An extraction solvent comprising anhy-
drous phenol is continuously introduced from ves-
sel 3 by means of valve-controlled pipe 4 and
manifold § into the upper section of the tower
below the raffinate outlet at a rate of 300 volumes
per hour. The first additive comprising water
is continuously introduced from vessel 6 through
valve-controlled pipe T into the extraction tower
| below the wax inlet at a rate of 30 volumes per
hour. The second additive comprising paraffinic
kerosene boiling between 400° F. and 600° F. is
continuously introduced from storage vessel 9
by valve-controlled pipe 8 into the extraction
tower | between the point of introduction of the
first additive and the outlet of the extract phase,
at a rate of 50 volumes per hour. An intimate
countercurrent contacting of the wax stock, the
extraction solvent, and the additives is effected
in tower i, 5 temperature gradient being main-
tained in the tower by means of coils {1 through
which a heating or cooling medium is circulated
as required, the temperature adjacent the top of
the tower being higher than that adjacent the
bottom of the tower, the contents being entirely
in the liquid phase. The wax stock being sub-
jected to the action of the solvent and additives,
is caused to separate by solvent action into two
fractions, the higher melting fraction wax pass-
ing upwardly through the tower together with a
minor amount of dissolved extraction solvent and
first additive, and a2 major proportion of the sec-
ond additive. 'The higher melting wax, solvent,

and additives are withdrawn from the tower .;

above the level of the dotted line {2 representing
the higher melting wax phase relatively free of
entrained, immiscible solvent and first additive.
The raffinate phase comprising the higher melt-

ing wax and dissolved solvent and additives is :

passed from the top of tower | through valve-
controlled pipe i3 into a vacuum evaporator or
still 18 wherein the solvent and additives are
removed from the higher melting wax by vapor-
ization, the solvent and additive vapors heing de-
livered by -pipe 15 to condenser 16, condensed,
and the condensate being passed by pipe T to
separator 18 provided with temperature control
“coil 19. 'The higher melting wax is drawn from
the bottom of evaorator i4 and delivered by valve-
controlled pipe 20 into storage vessel 2f. Such
wax fraction is white in color, and has a substan-
tially higher melting point and a lower oil con-
tent than the wax stock originally  charged.
The extract phase comprising the lower melt-
ing wax fraction, color bodies, oil, and the major
portion of the extraction solvent and the first
additive is withdrawn from the lower section of
tower | beneath the level of the dotted line 22
representing the extract phase relatively free of
entrained, higher melting wax. The extract phase
is delivered by valve-controlled pipe 23 info a
vacuum evaporator or still 24 wherein the solvent
and additive is vaporized from the lower melting
wax, the latter being drawn from the bottom of
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4 .
the evaporator and passed by valve-controlle
pipe 25 to storage vessel 26. The lower melting
wax is brown in color and has a lower melting
point and a higher oil content than the original
waxy stock.

The solvent and additive vapors are passed
from the top of evaporator 24 through pipe 2T,
condensed in condenser 28, and the condensate is
delivered by pipe 29 to separator 8. In separator
18 the parafinic kerosene (second additive) forms
an upper layer above the immiscible mixture of
phenol (solvent) and water (first additive). The
paraffinic kerosene is separated and returned by
pipe 30 to storage vessel 9, while the phenol and
water are passed by pipe 31 to fractionating tower
32 provided with reboiler or heating coil 33. In
tower 32 the water is fractionally distilled from
the phenol, and the latter is drawn as liquid bot-
toms and returned by pipe 34 to storage vessel
3. The water (which may contain a small amount
of phenol) is taken from the top of tower 32, as
vapor, by pipe 33, condensed in condenser 36,
and the condensate returned by pipe 37 to storage
vessel 8. A portion of the condensate may be re-
turned by valve-controlled pipe 38 to the top of
tower 32 as reflux. The condensate may contain
small amounts of phenol (up to 10%), the pres-
ence of which is not deleterious when the water is
subsequently used in the extraction tower I.

Depending upon the temperature of operation,
the first additive may be introduced somewhat
above the point of introduction of the liquefied
wax stock, for example, by means of valve-con-
trolled pipe &0 rather than through valve-con-
trolled pipe 17, or the first additive may be intro-
duced by both pipes 7 and 10. In general, the
raffinate wax phase withdrawn from the extrac-
tion tower will contain from 5% to 25% of solvent
and additive, while the extract wax phase will
contain from 55% to 90% of solvent and addi-
tive.

While, in the extraction system above described,
a specific combination of an extraction solvent
and additives were used, it is obvious that various
other combinations may be employed, depending
upen the nature of the wax stock to be treated,
the extraction temperatures, and the extent to
which the wax stock is to be separated into com-
ponents. In the event that the extraction is to
be carried out in a multi-stage batch counter-
current systern, for example, a 4-stage system
using the solvent and additives specifically set
forth above, the wax stock would be introduced
into the first stage extractor, the extraction sol~
vent (substantially anhydrous phenol) would be
introduced into the fourth stage extractor, and
the first additive, i. e., water, would be introduced
into the second stage extractor. The second
additive, e. g., paraffinic naphtha or kerosene,
would be introduced into the first stage extractor,
from which the extract phase is withdrawn, while
the raffinate phase would be removed from the
fourth stage extractor. The temperature would
increase progressively from the first stage to the
fourth stage, using the waxy stock, solvent, and
additives described hereinabove. It is to be
understood, of course, that the quantities and
composition of the solvent and of the additives
may be varied within certain limits. When the
second additive comprises hydrocarbons such as
Cs to Cis paraffin hydrocarbons, paraffinic
naphtha, or paraffinic kerosene, these additives
would leave the extraction system with the raf-
finate phase, i. e., the higher melting wax frac-
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tion, and would be separated and recovered
therefrom by distillation.

Exemplary of the solvent and additive ma-
terials which may be used in accordance with this
invention are the following, the quantities being
volumes per unit volume of wax stock.

Extraction solvent 1st additive 2nd additive

phenol 3::0.4 vols. paraffinic naphtha or kero-

water 0.3:£0.05
vols. sene, 0.52:0.05 vols.

The present invention is further illustrated
by the following example, which, however, is not
to be construed as limiting the scope thereof.

(1) A slack wax having a melting point of
113° F'. and an oil content of 24.2% by weight. was
extracted in a system similar to that shown in
the accompanying drawing, the extraction sol-
vent comprising 3 volumes of anhydrous phenol,
the first additive comprising 0.3 volume of water,
and the second additive comprising 0.5 volume
of paraffinic kerosene. The temperature in the
extraction tower was held constant at 95° F.
After countercurrent contacting and removal of
the raffinate phase from the top of the tower,
and the extract phase from the bottom of the
tower, the solvent and additives were recovered
from the wax fractions by vacuum evaporation
and fractionation. The results are shown in the
following table.

- s Charge Raffinate Extract

Weight Per Cent Yield | v+ 600y | Wax, 51.0% | Wax, 009
Melting Point, °F.._ . __.. 113.1 130.0 95.5
0Oil Content, Weight Per

Centeee e ___ 24.2 2.0 46.9
Refractlve Index at 176° ¥._ 1. 43625 1.42915 1. 44363

.P.IL Gravity.__________ 40.5
Color Brown White | Dark Brown
Firmness._____...__________ Nil Good Nil
Tackiness. - Poor Good Poor
Plasticity._. -| Too Soft Good Too Soft
Fiber Leng - Short Long Short
Flexibility___ - Poor | Moderate Poor

Where the extraction operation is conducted
in a tower, it has been found that a tower having
a height of about 40 feet and a diameter of 6 feet
is satisfactory. The tower is provided with suit-
able packing to within about 4 feet of the top and
bottom thereof, such spaces functioning as
quiescent zones in which entrained materials are
permitted to separate from the raffinate and ex-
tract phases, respectively. In such a tower, the
wax stock is charged at a point about 13 feet from
the bottom thereof, or approximately ¥ the dis-
tance from the bottom of the tower. The ex-
traction solvent is charged just above the upper
level of the packing, for example, 3 to 4 feet from
the top of the tower. The first additive may be
introduced adjacent the point of introduction of
the wax stock, for example, 2 feet above or below
the wax inlet. The second additive is introduced
approximately 2 feet below the point of intro-
duction of the first additive. These values may be
altered somewhat, depending upon the tower
design, the solvent and additives used, and the
temperatures maintained at various levels in the
tower. The raffinate phase is withdrawn from the
top of the tower, and the extract phase from the
hotfom thereof, the extraction solvent being more
dense than the wax stock.

I claim:

i. The method of separating a wax-containing
mixture into fractions of higher and lower melt-
ing point, which comprises countercurrently con-
tacting said wax-containing mixture in an ex-
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traction zone with an extraction solvent and &
solvent additive at a temperature such that two
immiscible liquid phases are formed, one com-
prising the higher melting wax fraction contain-
ing solvent and additive, and the other compris-
ing solvent and additive and the lower melting
wax fraction, separating the phases from “one
another, and removing the solvent and additive
from each, the solvent comprising 2.6 to 3.4
volumes of phenol per volume of wax-containing
mixture, the first additive cemprising 0.25 to 0.35
volume of water per volume of wax-containing
mixture, and the second additive comprising 0.45
to 0.556 volume of a paraffinic hydrocarbon con-
taining from 8 to 18 carbon atoms per volume of
wax~containing mixture.

2. The method of separating a wax-containing
mixture into fractions of higher and lower melt-
ing point, which comprises countercurrently
confacting said wax-containing mixture in an
extraction zone with an extraction solvent and
solvent additives at a temperature such that two
immiscible Hquid phases ‘are formed, one com-~
prising the higher melting wax fraction con-
taining sclvent and additives, and the other com-
prising sclvent and additives and the lower melt-
ing wax fraction, separating the phases from one
another, and removing the solvent and additives
from each, the solvent comprising 2.6 to 3.4 vol-
umes of phenol per volume of wax-containing
mixture, the first additive comprising 0.25 to
0.35 volume of water per volume of wax-contain-
ing mixture, and the second additive comprising
0.45 to 0.55 volume of paraffin kerosene per vol-
ume of wax-containing mixture.

3. The method of separating a wax-contain-
ing mixture into fractions of higher and lower
melting point, which comprises countercurrently
contacting said wax-containing mixture in an
extraction zone with an extraction solvent and
solvent additives at a temperature such that two
immiscible liquid phases are formed, one com-
prising the higher melting wax fraction contain-
ing solvent and additives, and the other compris-
ing solvent and additives and the lower melting
wax fraction, separating the phases from one an-
other, and removing the solvent and additives
irom each, the solvent being introduced into the
extraction zone near the point of withdrawal
of the higher melting wax fraction, the first ad-
ditive being introduced adjacent the point of in-
troduction of the wax-containing mixture, and
the second additive being introduced between the
peint of introduction of the first additive and the
point of withdrawal of the lower melting wax
fraction, the solvent comprising 2.6 to 3.4 vol-
umes of phencl per volume of wax-containing
mixture, the first additive comprising 0.25 to 0.35
volume of water per volume of wax-containing
mixture, and the second additive comprising 0.45
to 0.55 volume of a paraffinic hydrocarbon con-

‘taining 8 to 18 carbon atoms per volume cof wax-

containing mixture.

4. The method of separating a wax~containing
mixture into fractions of higher and lower melt-
ing point, which comprises counter-currently
contacting said wax-containing mixture in an
extraction zone with an extraction solvent and
solvent additives at a temperature such that two
immiscible liquid phases are formed, one com-
prising the higher melting wax fraction with
minor amounts of solvent and additives, and the
other comprising the lower melting wax fraction
with major amounts of solvent and additives, sep-
arating the phases from one another, and remov-
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ing the solvent and additives from each, the sol-
vent being. introduced into the extraction zone
near the point of withdrawal of the higher melt-
ing wax fraction, the first additive being intro-
duced between the point of introduction of the
wax~containing mixture and the point of with-
drawal of the lower melting wax fraction, and
the second additive being introduced between
the point of introduction of the first additive and
the point of withdrawal of the lower melting wax
fraction, the solvent comprising 2.6 to 3.4 vol-
umes of phenol per volume of wax- ~containing
mixture, the first additive comprising 0.25 to
0.35 volume of water per volume of wax-contain-
ing mixture, and the second additive comprising
0.45 to 0.55 volume of paraffinic kerosene per vol-
ume of wax-containing mixture.

5. In a method of separating a wax-contain-
ing mixture into fractions of higher and lower
melting point, wherein the wax-containing mix-
ture is contacted in an extraction zone with an
extraction solvent and solvent additives at a tem-
perature above the melting point but below the

_temperature of complete miscibility of the mix-
ture, the steps which comprise introducing 1
volume of liquefied wax-containing mixture into
the extraction zone at a point intermediate the
points of withdrawal of the higher and lower
melting waxes including the soivent and additive,
introducing 2.6 to 3.4 volumes of extraction sol-
vent comprising phenol at a point adjacent the

point of withdrawal of the higher melting wax
fracmon including solvent and additive, but inter-
mediate said point of withdrawal and the pomt of
introduction of the liguefied wax-containing mix-
ture, and introducing 0.25 to 0.35 volume of an
additive comprising water intermediate the point
of introduction of the liquefied wax-containing
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mixture and the point of withdrawal of the lower
melting wax fraction including solvent and addi-<
tive, introducing 0.45 to 0.55 volume of an addi-
tive comprising paraffinic kerosene at a point in-
termediate the point of introduction of the first
additive and the point of withdrawal of the lower
melting wax fraction including solvent and addi-
tive, effecting countercurent contact between the
liquefied wax-containing mixture and the sol=
vent and additives at a temperature such that
two immiscible liquid phases are formed, one
phase comprising the higher melting wax frac-
tion containing solvent and additives, and the
other liquid phase comprising the lower melting
wax fraction and solvent and additives, the tem-
perature in the extraction zone increasing in
the direction of flow of the higher melting wax
fraction, separately withdrawing the respective
liquid phases from the extraction zone, and re-
moving the solvent and additives from each
EDGAR W. CLARKE.
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