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This invention relates to a process for the sep-
aration of petroleum into solid and liquid frac-
tions. The process of the invention is particu-
larly adaptable to the separation of crystalline
and amorphous waxes from lubricating oil dis-
tillates and petroleum residues, Tt may be utilized
in the treatment of any petroleum fraction from
which it is desired to separate waxy material.

Many crude oils from which lubricating oil is
produced contain wax. Wax is found associaied
with the lubricating oil fractions of paraffinic base
crude oil and with the lubricating oil fractions
produced from many of the so-called mixed base
and asphaltic base crude oils. T is not only of
doubtful lubricating value but limits the tem-
perature at which lubricants containing it may
be used. At low temperatures a wax-containing
lubricating oil congeals to a, semi-solid state. The
temperature at which an oil congeals is comimon-
Iy referred to as its bour-point. Therefore in
the production of lubricating oil from petroleum
fractions containing wax it is advantageous and
customary to remove a substantial portion of the
wax or wax-like substances present in the oil in
order to lower the pour-point of the oil so that
the lubricating oil may be effectively nsed at Jow
temperatures.

Several methods well known in the art are
employed at present for the production of low
bour-point lubricating oil stock from petroleum
fractions which contain wax. Briefly deseribed
‘these methods employ a liguid which is a solvent
for all the liquid components of oil at the de-
waxing temperature but which has almost no
solukility for all the solid components thereof
at the same temperature. The dewaxing tem-
perature employed depends upon the desired
bour-point of the lubricating oil or upon the
amount of wax to be removed. For example, in
conventional dewaxing Pprocesses, such as propane
dewaxing or solvent dewaxing employing a mix-
‘ture of methyl ethyl ketone, benzene and toluene,
if it is desired to produce a lubricating oil hav-
ing a pour-point of about —10° F, it is necessary
to earry out the dewaxing operation at a tem-
perature of about —45° F. to about —50° F, in
2 propane dewaxing process and at g tempera.-
ture of about —25° F. in the above-mentioned sol-
vent dewaxing process. If it is desired to pro-
duce a lubricating oil having a pour-point of
about 0° P. the dewaxing temperature must
usually be about —35° P. and about —10° ¥, for
a propane dewaxing and a solvent dewaxing
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brocess respectively. Thus, the pour-point of
2 petroleum lubricating oil depends to a great
extent upon the dewaxing temperature employed.
As indicated, the temperature differential be-
tween the dewaxing temperature and the pour-
point of the dewaxed oil in conventional com-
mercial propane dewaxing operation is consider-
able, usually at least 30° F. While the tempera-
ture differential between the dewaxing tempera-~
ture and the pour-point of the dewaxed oil in
the conventional solvent dewaxing with MEK,
benzene, and toluene is usually only 10 to 15° F.,
this solvent mixture requires external refrigera-
tion which entails additional equipment, ma-
terials and expense.

It is an object of this invention to provide a
method for obtaining g lubricating oil which has
& pour-point substantially the same as the de-
waxing temperature and to provide a method for
obtaining a lubricating oil which has a pour-point
appreciably lower than that obtained by conven-
tional propane dewaxing and at least comparable
to that obtained by methyl ethyl ketone, benzens
and toluene solvent dewaxing at the same de-
waxing temperature. It is another object of this

Jnvention to provide a method for dewaxing

lubricating oil to yield lubricating oils of low
bour-point at a relatively high dewaxing tem-
perature and which permits rapid fltration and
washing rates of the resulting wax cake. It is
still another object of this invention to provide
an economical method of producing a lubricating
oil having a low bour-point. These and other
objects of the invention will become apparent
from the discussion of the invention as set forth
hereinafter.

It has now been discovered that lubricating
oil possessing a low bour-point, substantially the
same as the dewaxing temperature employed,
may be produced by a method which comprises
dewaxing a wax-containing mineral oil iraction,
such as a lubricating oil distillate or petroleum
residue, with a liquid solvent mixture of a nor-
mally gaseous, readily liquefiable hydrocarbon,
such as propane, or a liquid mixture of hydro-
carbons containing the same, and an alkanone
and/or an alkenone and/or an alkanol of 4 to §
carbon atoms ineclusive, and particularly methyl
ethyl ketone and/or methyl isobutyl ketone.
More particularly it has been discovered that raw
(wax-containing) petroleum distillates and raw
(wax - containing) petroleum  residues, deas-
phalted if required, may be processed (dewaxed;
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to produce a lubricating oil having the desired
pour-point by a treatment which comprises: dis-
solving the wax-containing mineral oil fraction
in a lquid solvent such as methyl ethyl ketone,
mesityl oxide, and methyl isobutyl ketons, or &
mixture thereof, at a suitable elevated tempera-
ture, usually within the range 100° F.-200° F'., de-
pending upon the volume ratio of the liguid sol-
vent to.the hydrocarbeon material to be dewaxed;
cooling ‘the resulting solvent~oil :solution: 1o a
selected dewaxing temperature and at the same
time introducing inte said solution an amount of
liguid propane so that, at said selected dewax-

ing temperature, the proportion of lirprid. splvend

to liquid propane is between about 1:9 by velume

and about 4:1 by volume, said coaling “being

effected either by means of @it external refrig-
erant or preferably by employing propane as an
internal refrigerant. oL :

For obvious reasons it is preferred that propane
be employed as an internal refrigerant.
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may conveniently and readily be accomplisbed

(as is well known by those skilled in the art) by
adjusting the feed rate and amount-of theTiguid

propane to the solvent-oil solutionr amd af the

some time adjusting the rate and ‘amount of
gaseous propane vaporizing therefrom. During
fhe cooling step, agitation of the resulting ad-
mixture may advantageously be employed. As
required or desired, vaporization of the Tiguid
propane may be carried out at subatmospheric or
at atmospheric pressures. Tt is also possible to
vaporize the liquid propane 4t a pressure greater
than atmospherie, being Timited of course by the
vapor pressure of propane at the particular tem-
perature.

With reference to the special solvent mixture of
the invention, in accordance with a preferred em-
bodiment thereof, it is preferred to employ @ lig-

uid solvent mixture of propane and methyl ethyl +

ketone when dewaxing a wax-containing petrole-
um distillate fraction. The use of & Iiguid sol-
vent mixture of propane and methyl iscbutyl ke-
‘tone 'when dewaxing a wax-containing petroleum

residue represents another preferred practice. In .

general the invention is -particularly applicable
ta the dewaxing of a high viscosity index waxy oil,
i. e., @ petroleum. fraction which daes naot con-
fain an appreciable amount of mornocyclic. aro-~

matic compounds. The ‘4nvention, however, is j;

applicable to both solvent extracted and unex-
tracted oils. When the invention is applied to
residual petroleum stocks, such.as a Waxy short
residue, these stocks should advantageously be
first deasphalted if necessary.

As indicated hereinbefore, in a .conventional
propane dewaxing process wherein liquid propane
is employed both as an internal refrigerant and
as. the only solvent, the pour-point of the dewaxed
oils is usually about 30-45° F. ‘higher than the
dewaxing (wax-filtering) temperature. Simi-
larly in a dewaxing process. employing the con-
ventional solvent mixture of methyl ethyl ketone,
benzene and toluene the pour-peint-of the result-
ing dewaxed oil is about. 10-15" P. higher -than
the dewaxing temperature. .FPropane dewaxing
however has an advantage in that. propane may
also be employed as an internal refrigerant
whereas in a methyl ethyl kefone (hereinafter
referred to as MEK) _benzene-toluene solvent de-
waxing operation an-external refrigerant must.be
employed. This is-a-disadvantage since: addition-
al equipment must be employed and the dewaxing
operation is more expensive.

A dewaxing process employing & solvent mix-~
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ture consisting of MEK, benzene and toluene and
wherein propane is utilized as an internal refrig-
erant, does not afford a satisfactory method of
producing low pour-point lubricating oils. The
pour-point of a dewaxed lubricating oil produced
by such solvent treatment is usually about 20-25°
F. higher than the dewaxing temperature em-
ployed. For example, when employing a solvent
mixture of MEK-benzene-toluene in the propor-
tions by volume; 40-40-20, respectively; at dewax-
ing temperatures of _15°F and —30° F. the de-
waxed lubricating oils produced had a pour-point
90 and 25° F. higher, respectively, than the de-
waxing temperature. These great differences be-
tween pour-point and dewaxing temperature were
due-to the fact that propane comprised approxi-
mately 10-20% by volume of the solvent mixture
present in the filtrate. ‘The resulting excessive
solvent. action of the propane in addition to the
MEK-benzene-toluene retarded wax precipitation
(increased its solubliity in the solvent-oil solu-
fion) and as a result gave pour-points 20-25° F.
higher than the dewaxing temperature. Further-
more, it wasnot possible to remove all of the pro-
pane even when the dewaxing and propane re-
moval (propane being used as an internal refrig-
erant) were carried out at relatively low pres-
sures, in the order of 3-90 inches mercury abso-
lute. Additionally it was found that lower de-
waxing temperatures favored an increase in the
amount of propane retained in the solvent-oil
solution.

Oxygen-containing polar organic compounds
such as methyl ethyl ketone (MEK), mesityl ox-
ide (hereinafter referred to as MO) and methyl
isobutyl ketone (hereinafter referred to as MIBK)
reduce the solubility of wax-materials in mineral
oil. These solvents however are also poor sol-
vents' for the liquid (non-wax) components of
minergl oil. This is not surprising in view of the
markedly similar chemical and pliysiedal proper-
ties of the normally solid (wax) and Tiquid (oil)
comnponents of mimreraloil. The dewaxing solvent
of the invention may if desired be modified by
other solvents, especially the well known dewax-
ing solvents.. Aromatic ‘hydrocarbons such as
benzene, toluene should not be included and are
undesirable because of the relatively large solu-
bility of waxes therein.

1t is possible however by employing & polarma-
terial such.as MEK, MO and MIBK or mixture of
the same as a dewaxing salvent, to produce &
Tubricating .oil having a pour-point identical to or
substantially the same. as, i, ., not. greater than
10° F. above, the dewaxing temperature. Be-
cause of the poor solubility of petroleum fractions
in these polar solvents a high solvent. to oil ratio
must be.employed, at least 10, usually 30 volumes
of the polar solvent. (MEK, MO or MIBK) per
volume of hydrocarbon ‘material to be dewaxed.
However, since the polar solvent in a. commercial
operation. must be recovered and. recycled,. fhis
method. is not. economically practical because. of
the. excessive cost.of the solvent recovery opera-
tions. Furthermore, at. low temperatures .and
particularly at low solvent to hydrocarbon ratios,
demixing usually oceurs,. resulfing. in the forma-
tion. of three. phases, a solid phase wax, a liquid
polar solvent. phase and a. liguid. hydrocarbon
phase. which contains. a considerable. amount. of
the undesired wax.

Solvent mixtures. comprising a- polar organic
liquid, particularly MER, MO or MIBK or mix-
tures:of the same, and propane, wherein: propane
is-employed.nat-only as:an active-solvent.bui.alse
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25 an internal refrigerant are however excellent
dewaxing solvents. Particularly effective solvent
compositions comprise g liquid mixture of a polar
solvent and propane wherein the volume ratio of
the polar organic liquid to propane is between

about 1:1 and about 4:1. An especially effective ’

solvent composition comprises a liquid mixture
of a polar solvent, such as MEK, MO and MIBEK,
and propane wherein the volume ratio of the

polar solvent to the Propane is about 7:3. 10

In the dewaxing operation according to the
brocess of the invention, various ratios of sol-
vent to the Wax-containing mineral oil material
may be employed, depending upon the desired

bour-point of the lubricating oil to be recovered, 15

the degree of dewaxing sought, the amount of
Waxy material present In the raw mineral oil
fraction (distillate or residue) and upon the
equipment available as well as sundry economic
and practical considerations.
vent to mineral oil volume ratio of from about 2:1
to about 10:1 is satisfactory, however, a volume
ratio of from about 4:1 to about 6:1 is more bre-
ferred.

Advantages to be obtained by employing the 25

brocess of the invention in a dewaxing operation,
are illustrated by the results of a number of ex-
periments which were carried out (1) wherein
conventional dewaxing liquid mixtures of MEK-~
benzene-toluene ‘were utilized as
solvent, employing propane as an internal refrig-
erant, and (2) wherein 3 liguid mixture of MEK-
bropane was employed as the dewaxing solvent,
and at the same time employing propane as an
internal refrigerant.
ried out in the following manner.

Dewaxing equipment normally employed for
standard HVI crude evaluations was used for the
dewaxing operations. The equipment consisted
of a T
separate externally chilled filter with a 0.66 sq.
ft. filter area. A hot water bath was used for
preliminary heating of the Dressure vessel and
its contents to the desired solution temperature.

An insulating jacket was brovided to enclose the 45

vessel during the chilling and filtering periods.
The wax-containing lubricating oil distillate

(wax content about 7.5% by weight. and which

after conventional furfural or phenol solvent ex-

traction and dewaxing vields a rafinate having 59

a viscosity of 250 S. S. U. at 100° F,), conse-

In general a sol- op

the dewaxing 20

The experiments were car- 35

gallon pressure vessel (bomb) and g 40

quently termed g 250 distillate, from & West
Texas Ellenburger (WTE) base stock and de-
waxing solvent were charged to the dewaxing
bomb. In the case of MEK-propane dewaxing
the MEK was added at this point and the pro-
bane was added later, as described hereinafter.
In g similar manner the solvent mixtures of
MEK-benzene and toluene were added. The
bomb was then immersed in the heating bath
and heated to about 140° P, to assure complete
solution of the oil and waXx in the solvent. The
bomb was then removed from the heating bath
and the contents thoroughly mixed by end over
end rotation of the bomb. After enclosing the
bomb in the Insulating jacket in g vertical posi-
tion on a suitable blatform scale, flexible hoses to
propane feed and suction lines were connected
and suitable valves opened to start the chilling
cycle. The propane feed and suction line valves
were regulated to maintain suitable chilling rate.
In the case of the MEK-propane dewaxing ex-
beriments the amount of bropane is additionally
controlled in order to achieve the desired MEK-
bropane volume ratio at the dewaxing tempera-
ture,

When the desired dewaxing temperature was
reached, suction was applied until a constant
weight (in the case of the MEK-benzene-toluene
solvent dewaxing) or a desired weight wags
reached (usually in the case of the MEK-propane
solvent dewaxing). The bropane lines were then
disconnected and the pressure vessel connected
to the chilled filter. An air line provided with a
pressure gauge and a pressure regulating valve
was attached to the inlet at the top of the bomb
and the vent on the filter opened until the filter
was full of liquid. After adjusting the pressure
regulator to 10 p. s. i g. and opening the dis-
charge port of the filter, the filtration was timed
to the point of pressure drop on the gauge. The
solvent was then stripped from the dewaxed oil
and wax and the resulting products weighed.

When external chilling was used instead of
internal (propane) chilling, the same brocedure
of heating and mixing the bomb was used but

. the bomb was chilled in a kerosene bath refrig-

erated with Dry Ice, prior to attachment to the
chilled filter.

The results of these experiments are set forth
in Tables I and II.

TABLE I

MEK Dewaxing of WTE 250 Distillate

.......... A B C D E F G H J

Solvent Oil Ratio, by vol_____

Solvent Composition:
MEK, percent v___
Benzene, percent v.
‘Toluene, percent v_

Dewaxing Temp., °F

Yield, Oil Recovery:
Percentw.___.0__.____._
Percentv_.__.______ -

Propane in Filtrate, percent

Filter Rate, G. P. H./

Ol Properties;:

API Gravity_________
8. U. Vis. at 100° ¥
8. U. Vis. at 210° F.
Viscosity Index.____
Flash, °F

Pour-Point 8

2] 13 4 4 24 4 4| 34 i4

40 40 40 40
40
20

(PP-DWT)s_._._____ 777

! Propane after chilling contained 0.10% v. MEK, 0.22% v. benzene and 0.03% v. toluene.
2 External chilling with no agitation,
# Vacuum increased to 26 inches mercury during chilling,

¢ G. P. H./sq. ft.=gallons

per hour per square foot of filter area.

8 Average of thres determinations,
¢ Pour-point minus the dewaxing temperature, °F,
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- TPABLEILY
“propune-MEK “Dewazing of WTE 250 - Distillate

T
TR MO eem e mmmm o m mm o e = K L M N 0
. Bolvent Oil Ratio, by e P 4 4 4 4 4
“Bolvent’ Gomposition: :
TMEK, pereent L2 L - 50| ~60:| .70 “80
Propane, percent-v....... - 50 40, 30 “20
Dewaxing Temp.,"F o coccumnn- 15 1 =15 |-—15'—15) ~—158
5 ¥déid,-Recovery: - .
Percent Weeeeacmenmeommmmomns 68.9 1. 76.5 | '80.5 | "77.3
~Pereeft V.o o oooaooammomammmns 68.8. 762 11802 “76.7
“Rilter Rate, G.-P.-HYBq 1 17-1 -371 .34
0il Properties:. )
APL'Gravity .. -_.--- 95:9 {257 |25.7 | '25.2
8. 17.:Vis: at:100% F.__. 333 | --287 | ~328 359
8. 7. "VUis. at’ 210° F.. &4 514 53 55
- Yiscosity Fndex .. oioomeosem- 05| 92| " 93 92
~Flash,%F e 450 | 465 |owooo-| 43D 440
) ]?ouf—"Point.-.. .- =3 -7 =7 | <13 -10
CPP-DWT) - ceeamne- .12 -8 8 2 8

$"Designations-are the'same as in Table 1.

“Phe -data of Table' I ‘demonstrate “that a-de-
waxing ‘operation, -employing a solvent miixture
-of *MEX-benzene-toluene and - advantageously
“utilizing propaie _as an internal refrigerant, con-
" sistently yieldsa dewaxed ‘lubricating oil ‘having
a pour-poing considerably higher than the dewazx-
“ing “temperature, &t least 15° F. up to 25° F.
“higher. Furthermore -the - wax-filtration ~rates
are ‘low, consequently restricting production of
“poth-wax and dewaxed Jubricating -oil.

“The-data set forth in Table II, however, illus-
trate that when -5°liquid MEK-propane dewaxing
-golvent is employed the’ pour-point of ‘the result-
-4ng dewaxed oil -gpproaches the -dewaxing tem-
-perature. For -example when’ MEK and propane
are ‘employed in a volume ratio ‘between -ghout
‘111 and -about 4:1 ‘the -pour-point - of the de-
-waxed:lubricating .gil is not greater than 8° F.
- ahove:the ‘dewaxing temperature and at a MEK
“to propane volume ratio ©of 17:3 the temperature
differential between -the -pour-point -of +the de~
waxed .oil .and the dewaxing temperature
amounts to only 2°.F.

As.indicated hereinbefore, the .dewaxing tem-
_perature employed depends to .a .great .extent
upon the extent of wax-removal _desired. .As.a
general rule to obtain a relatively wax-free lubri-
cating oil or petroleum fraction (e. g., -& Very
low pour-point’ lubricating oil) relatively low de-
waxing temperatures are required. .In the'prac-
+ice of “this invention it -is -preferred, however,
to operate at a dewaxing temperature of ‘between
about 0° F. and about __40° ., the:temperature
range between about- _15°.F. .and.about —30° F.
being preferred.

Another advantage of the invention, as illus- °

trated by the data set forth in Table 1T is-that
the filtration rate of the wax-solvent-oil admix-
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e st the dewaxing v mperaturetis:gre‘aﬂy in-
srreased. ;Eor,;exa.m;‘zle,':at,‘~501venrfratios-:0f:MEK
~to-propane-of [1:1 -gnd :8:2:the filter rates, €x-

-pressed -aszgallons per:hr. per -gq.: £t .of fltering
-grea,:at@a temperature of —15°F., are - 1=2nd 17,
:respectivély. “Whereas,. at:a solvent ratio of MERK
-topropane of 7-3-the-filter rateis:37, increases.of
T600°% ~and _about 120%, -respectively.

.A-feature of :the -invention:is that-by <the use
of wax coniditioners the filtration rate.of the wax-
:solvent=oil -admixture may be-substantislly "in-

- creased. (Added: advantages aceruing’ dherefrom

.gre-that the yield of -gil :is increased by ‘the use
-of - wax conditioner, fltration rate may be:in-
;'creased;asmuch:as:severakhundred:.per cent:and
-the per -cent -yield: of ~oil:may be increased 410
“59%. In ;general -those :which- are well known
~in the -art as pour=point .depressants :are -also
-suitable aswax corditioners :in the practice ~of

-the invention. “These wax -conditioners:may e

‘addedin an-amount up toabout.1%:by yolume:of
~the.material 4o-be dewaxed.

-T claim:as ‘my.:invention:

1. The process of dewaxing a mineral: lubri-
scgting oil -distillate -containing about 7.5% by
weight-of "wax which comprises: cooling liquid
.admixture :of rsaid wax-containing mineral -oil
-gigtillate and a dewaxing solvent consisting es-
.sentially -of :a liquid mixture -of methyl ethyl

~ketone-and propane, the:solvent to-oil volume ra-

tio being-about 4:1 and the ‘ketone to propane
volume :rafio being about 7:3,:t0 precipitate-solid
wax from-the-oil, artd separating the:precipitated
“waX.

.92, The process:of ~dewaxing-a substantially -as-
phalt-free wax-containing mineral : lubricating

-oil distillate which compriges: -cooling -a “Hguid

-gdmixture:of said-mineral-oil distillate and a de-
Wwaxing -solvent :consisting ‘essentially of methyl
-ethyl: ketone-and propane, +the-solvent to-oil-vol-
ume ratio being. irom about-4:1-to°6:1-and the

-ketonerto propane volume ratio-being from about
£3:2 to=4:1, $o ‘precipitate :solid wax from ‘the-oil,
and separating: ithe-precipitated wax.

-CHARLES -F.‘SACRA.
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