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@ Method of separating aromatic and nonaromatic hydrocarbons in mixed hydrocarbon feeds.

@ A process for separating aromatic and nonaromatic hy-
drocarbons which comprises a continuous solvent extraction
- solvent decantation process. The process is particularly well-
suited for a hydrocarbon feed comprising hydrocarbon mineral
oils as a nonaromatic component wherein the process pro-
vides improved stability of said hydrocarbon mineral oils, nor-
mally suceptible to thermal degradation and oxidation and, fur-
ther, decreases the tendancy of such oils to form sludge. The
process involves: (a) contacting (24) such hydrocarbon feed
(10) with an aromatic selective solvent (57) to provide an aro-
matic-rich solvent phase (28) and a raffinate phase (26), (b)
cooling (30, 32) the aromatic-rich soivent phase (28) to bring
about the formation of two phases; (c) introducing the phase
of the cooled aromatic-rich solvent phase {28) to a decantation
zone (34) with an anti-solvent (44) for aromatic hydrocarbon in
said aromatic selective solvent to provide an aromatic-rich ex-
tract phase (36) and a solvent phase (48) (d) removing anti-sol-
vent (54) from said solvent phase (48) and recycling said sol-
vent phase (57) to the extraction zone (24); and (e} recovering
the aromatic-rich extract (40) of step (c) and the raffinate (66)
of step (a).
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DESCRIPTION

METHOD OF CTUPARATING AROMATIC AUD FOUARCMATIC HYDROCARIONS 1IN

MIZED HYDROCARRCOH FEEDS
This invention relates to a process for the

separation ¢f aromatic and nonaromatic hydrocarbons from
a mixed hydrocarbon feed, and more particularly, to the
separation of aromatic and nonaromatic hydrocarbons in
nigh yeilds from a mixed arom;tic, naphthenic and
paraffinic'hydzocarban feed while making efficient use
cf process compenents. Further, said process
significantly decreases the eneréy requirements
necessary for the separation of aromatic and nonaromatic
hydrocaribons. The process is particularly well adapted
to the separation of arcmatics.from naphthenic/
paraffinic hydrocarbons in a mixed hydrocarbon feed
wherein the nonaromatic component comprises mineral oils
and is especially well-suited for lubricating oils
(hereinafter referred to aé lube oils).

The separation of aromatic and nonaromatic
hydrocarbons (generally referred to as deéromatization)w
from mixed -hydrocarbon feeds has long been recognized as
necessary for a number of varied reasons. For example,
when a BTX fraction (benzene toluene and xylene) is the
aromatic fraction it may be used as a raw material in
the manufacture of petrochemicals, or as an additive for
gasoline to increase its octane rating. Further; the
nonaromatic fraction derived from these mixed feeds have
varied uses as fuels, solvents and the like and, thus,

are also highly desirable. Such utilities for the
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aromatic and nonaromatic fractions have'resulted in the
deQelopment of varied dearomatization processes with the
goal being to improve the economics of these processes. -

Of particular interest and difficulty is the
purification of lube oils, wherein the removal of
aromatic-type hydrocarbons is necessary to improve the
viscosity index, thermal and cxidation stability, and
color of the lube oils. The presence of aromatic-type
hydrocarbons in lube oils affects the quality of these
oils due to the low viscosity index, poor thermal and
oxidation stability, high carbon residue, and poor color
of such aromatic-type hydrocarbons. The aromatic-type
hydrocarbons present in lube oils différ significantly
from the BTX fraction found in higher hydrocarbon
mixtures and as a result present different separation
problems.

A general review of separation processes
follows. '

Various processes have been suggested for the
separation of the aromatic and nonaromatic hydrocarbons
of a mixed feed wherein the aromatic is a BTX ﬁraction;
Among tﬁese processes is a prpcéss employi@g an
extraction column for separation of a BTX fraction which
introduces a glycol solvent/water solution, BTX and
reflux to a two step distillation column., BTX is then
distilled to remove water and entrained glyéol. A
similar process has been suggested wherein two
distillation columns are employed with the BTX fraction

and water being distilled in the second column. In
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addition, a process using two distillation columns

wherein the second column is employed to distill theé BTX

fraction and other components, has been suggested.

Thne aforementioned processes have not proven
satisfactory when the separation of aromatic
hydrocarbons has_been from other than a BTX fraction,’
particularly when the pzécess-was employed for the
dearomatization of lubricating oils. Therefore, a
number of processes have been proposed for the
dearomatization of mixed hydrocarbon feeds containing
various aromatic hydrocarbons. Theée processes have
been directed, in large part, to the choice of the
éxtraction solvent, For example, U.S. Patent Nos.
2,400,732 and 2,402,799 disclose extraction/
distillations employing a solvent containing primarily
water as the extraction solvent. Numerous water based
solvents have been suggested for the extraction of
aromatic hydrocarbons from mixed hydrocarbon feeds but
to date such'extraction solvénts have not proven to be
saéisfactory. These include water based extraction
solvents such as: glycol/water wherein up to 50 percent
glycol is added {(U.S. Patent 2,400,802); methanol/water
(U.S. Patent 3,985,644):; water/non-oxygenated ofganic
solvents (U.S. Patent 2,298,791); water/amines (U.S.
Patent 2,401,852); and water/inorganic salts, acid or-
bases,_or organic substances (U.S. Patent 2,403,485).
The problems associated with employing a water-based
extraction solvent are well known in the prior art.

Various. processes have been suggested to help
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overcome the problems associated with employing water
based extraction solvents ., PFor example, U.S. Patent
1,783,203 discloses the use of dry alcohols (Cl-c3)
for treating heavy petroleum oils. The problems
relating fo the flammability and toxicity of such
alcohols are well known in the art. U.S. Patent
1,908,018 discloses the .use of glycol ethers in a
process for refining mineral 0ils by separating the
paraffinié and naphthenic éﬁrtion thereof wherein the
glycol ether is mixed with the mineral oil and the
mix;ure is cooled to provide a paraffinic layer and a
napihthenic layer. U.S. Patent 2,337,732 discloses the
use of ethanolamines for removing aromatics from a
hydrocarbon distillate, comprising gasolines or light
hydrocarbons (Cl-cs), by an extraction-distillation
process. U.S. Patent 2,295,612 discloses the use of low
molecular weight polyhydric alconols for separating
aromatic mixtures to obtain resin-forming ccﬁpounds.
U.S. Patent 2,129,283 discloses the use of a beta,
beta'-dichloro diethyl ether and 2-30% propylene glycol
as the solvent for extracting naphthenic impurities from
lubricating oils at temperatures from 120°F to 200°F.
U.S. Pateht 3,379,788 discloses the use of alkylene .
oxide agdducts of phenyl glycidyl ether and U.S. Patent
2,834,820 discloses the use of mixed alkylene oxide
adducts of ethylene or propylene oxide as solvents in
dearomatization processes.

To overcome the felatively low yields, purities

~

and solvent recovery problems of the above processes
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several dearomatization processes have been suggested

employing extraction and distillation. These include:

solvent extraction-steam distillation processes (such as

‘those disclosed in U.S. Patent Nos. 3,417,033;

3,714,034; 3,779,904; 3,788,980, 3,735,154 and

3,966,589); processes employing multiple extraction

"zones and azeotropic distillation (e.g. U.S. Patent

3,789,077) ; processes employing distillation and
stripping columns (U.S. Patent Nos. 4,048,062 and
4,177,137); and multiple distillation proceéses {e.qg.
U.S. Patent 3,461,066).

Unfortunately these processes employ
distillations. Further, high capital and energy costs
are generally associated with empléying such processes.
Therefore, alternative processes have been sought
whereby these problems may be minimized.

U.S. Patent No. 3,431,199 discloses a method of
separating aromatic hydrocarbons from a mixed
hydrocarbon feed by use of solvents comprising
diethylene élycol, dipropylene glycol, sulfolane and
mixtures thereof. The process is directed to the
separation of light aromatics by extraction at
temperatures preferably betweeﬁ 80° and 130°C and
employs azeotropic distillation with acetone to effect
separation of the aromatic hydrocarbons. The process
preferably employs solvent with 2% to 8% by weight water.

© U.S. Patent No. 3,551,327 discloses an
extraction distillation process which employs a

sulfolane-type solvent.

0043685
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U.S. Patent No. 3,985,644 discloses a method of
separating naphtha into aromatic and paz;ffin-rich
fractions with a methanol-water mixtures; The solvent
is separated from the aromatic-rich phase by lowering
the temperature of the mixture. As indicated therein,
the solvent comprises methanol/water mixtures. These
are highly toxic and flammable mixtures.

U.5. Patent No. 4,086,159 discloses a method
for separating aromatic hydrocarbons from mixed
hydrocarbon feeds by use of an ethoxylate -alkane polyol
solvent in an extraction-distillation process. The
ethoxylated alkane polyol solvents high boiling point
provides for the recovery of high boiling aromatics such
as ethylbenzene and polysubstituted benzenes. The
process necessarily requires sizable quantities of
energy to carry out the energy intensive distillation
sfeps.‘ 7

U.S. Patent 4,179,362 discloses a method for
separating a:omatic-éontaining petroleuﬁ fractions into
aromatic-rich and paraffinic-rich hydrocarbon streams by
use of a methanol/water extraction solvent (having at
least 10 volume percent water in the extraction solvent)

in an extraction zone at a temperature of about

- w

150°-450°F. The extraction employs water in the
extraction step to reduce hydrocarbon solubility in the
aromatic-rich extract. The extraction step is followed
by further additions of water (distilled water) to the
aromatic-rich extract such that the water/methanol

solvent contains at least 80% water, by volume. The
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water and methanol must then be removed by flash
distillation, an energy intensive process, or'by some
other process such as using super critical CO2 as an
extraction solvent. The Qse»of methanoi)water solvents
for treating higher distillates tends to require higher
process pressures and suffers from the safety
constraints associated with methanol/water solvents,
e.g., high flammability and high toxicity.

The above processes éhow the intense interest
in devgioping a dearomatization process which lowers the
cost of those processes heretofore used commercially.
U.S. Patent 3,985,644 éuggests one such method for
achieving this goal, i.e., by reducing the use of
energy-intensive steps, e.g., distillation.

Such dearﬁmatization processes are of
particular interest in the dearomatization of mineral
oils, e.g,;‘luse oils. Dearomatized lubricating oils
are, generally speaking, naphthenic-and or paraffinic-
type viscous materia;s‘having a low rate of viscosity
change with change in temperature, i.e., relatively high
viscosity index, a high degree of thermal and oxidation
stability, low carbon-forming tendency, good éolor, and
high flash points. Lubricating oil feedstocks are
generally recovered as heavy d}stillates or bottoms from
the vacuum distillation of crude oils. A crude lube oil
fraction contains many different chémical components,

e.g., paraffins, naphthenes, aromatics, and the like.

" In order to obtain refined lubricating oils of

relatively good quality and high viscosity index, the
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practice has been £o0 remove componenté, such as aromatic
and polyaromatic compounds, which tend to lower the
viscosity index of the lube 0il.. The removal of these
aromatic components has heretofore been caé:ied out by ‘
processes as above-described and processes such as
disclosed in U.S. Patent Nos. 2,079,885; 2,342,205;
3,600,302; 2,773,005; 3,291,728; 3,788,980; and
3,883,420, '

U.S. Patent 2,079,885 discloses a process for
refining hydrocarbon qils containing aromatic and
non-aromatic components by counter current extraction at
elevated temperatures with selective sclvents such as
furfural or phenol, cooling the aromatic-rich extract
and oiling out the raffinate and recycling the diled out
raffinate. Unfortunately such a process results in some
raffinate losses in the aromatic-rich extract.

U.S. Patent 2,342,205 discloses a solvent
recovery scheme wherein aliphatic and aromatic
hydrocarbons are washed with water and then distilled.

U.S. Patent 3,600,302 discloses a method of
upgrading petroleum distillate fractions by extraction
with a m;xed solvent comprising an aromatic organic
compound héving a 6 membered ring containing at least
one polar functional group and a diethylene glycol ether
having the genefal formula: ’ .

R- (OCHZC!:IZ) Z-OH

U.S. Patent 2,773,005 discloses a procesé
-wherein light lubricating oils are extracted by use of

phenol and water. The phenol is recovered from a second
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extract fraction wherein said extract fraction contains
aromatic-type hydrocarbons and phenol (;xtraction
solvent). Thus, the process requires regeneration of
the extraction solvent by means of additional separation
processes since the "second extract fraction" contains
phenol (a relatively toxic compound) and aromatic-~type
compounds.

‘U.S. Patent 3,291,728 discloses a process
wherein a raffinate and extract fraction from an
extraction process are washed with 25 percent to 50
percent, by volume, water. TQe process employs the use
of extraction solvent reboilers to recover solvents.

U.S. Patent 3,788,980 discloses a §rocess for
the recovery o: aromatic hydrocarbons wherein a
feedstock is contacted with a mixture of water and a
solvent. The mixture containing aromatics is introduced
to a distillation zone maintained at the bdiliné point
of the mixture of aroéatics with steam being introduced
at the bottom of the distillation zone. Thus, a
distillation zone is necessariiy employed to remove the
aromatic-type compounds.

U.S. Patent 3,883,420 disclosas a process for
removiné aromatic hydrocarbons from an extract phase by
use.of a mirture of steam and a lower molecular weight
paraffinic hydrocarbon (solveﬁt). The solvent is
recovered gy steam stripping or by extractive
distillation foliowed by a sclvent recovery column.
There is disclosed in copending application

United States Serial No. 164,039, filed June 30, 1980,
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corresponding to Furopean Apvplication No. A2364/U commonly
assigned, a solvent extraction-solvent decantation process
wherein solvent purification with mixed hydrocarbon feed
or raffinate can be employed. The instant process
eliminates these solvent purification steps.

The process of this invention is to be
distinguished from the prior art in that the instant
process provides a solvent extraction-solvent
decantation process that is economically advantageous,

i.e., energy efficient, and overcomes problems inherent

_ in the above-described processes.

The instant invention provides a process -for

" the separation of aromatic and nonaromatic hydrocarbons

from a mixed hydrocarbon feed in which an aromatic
selective solvent, preferably relatively low molecular
weight polyalkylene glycols and mixtures thereof, is
employed. The process utilizes an extpaction-
decantation process whereby aromatic and nonaromatic
hydrocarbons are recovered without or with'minimal
distillation to recover the aromatics such that the
aromatic and nonaromatic fractions are recovered in
relatively high yeild using a minimum of process
equipment; thereby minimizing capital investment, while
providing an energy efficient process.

According to the present invention, aroﬁétic
and nonatomatic hydrocarbons in a mixed hydrocarbon feed
(referred to as the “feed") are effectively separated

using minimal process equipment and energy in a
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continuous solvent extraction-solvent decantation
process comprising the following steps:

{(a) contacting the hydrocarbon feed,'at a
temperature of at least about 150°C, in an extraction
zone with an aromatic selective solvent to provide an
aromatic-rich solvent phase containing primarily
amomatic hydrocarbons and aromatic selective solvent and
a raffigate phase containing primarily nonaromatic

hydrocarbons;

(b) c¢ooling the aromatic-rich solvent
phase to bring about the formation of two phases;

(c) introducing said phases of the

-

- cooled aromatic-rich solvent phase to a decantation zone

and introducing thereﬁith about 0.5 to about 25.0
percent by weigﬁt of an anti-solvent for said aromatic
hydrocarbons in said aromatic-rich solvent phase to
proQide an arcmatic~-rich extract phase containing
primariiy aromatic hydrocarbons and a solvent phase
containing primarily aromatic selective solvent and
anti-solvent; .

(d) removing anti-solvent from said
solvent phase and recycling said solvent phase to the
extraction Zone of step (a); and .

(e) recovering as products the aromatice
rich extract of step (¢} and the raffinate of step '(a).

In addition, entrained and dissolved solvent
may be removed from the aromatic-rich extcact and

raffinate by means of a water wash process.
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As noted above, there is an industrial need for
an energy efficient process for the separation of
aromatic and nonaromatic hydiocarbons in a mixed
hydrocarbon feed, particularly in the dearomatization of
crude lube oils. Naphthas, heating oils, light oils,
cracked gasolines, dripolenes, lubricating oils, light
paraffin distillates, heavy distillates, kerosene and
the like, can contain between about 20 to 90 percent by
weight aromatic~-type hydrocarbons, e.g., BTX or
polyaromatics. Since the individual hydrocarbon
compounds which make up these hydrocarbon feed streams
are well known they will not be discussed extensively,
except to note that the mixed hydroearbon feed enmployed
herein may be .any petroleum fraction containing
_aromatics, such as for exaﬁple naphthas (virgin or
cracked) kerosené, gasoline, heﬁting oils, lubricating
oils, light paraffin distillates, heavy distillates and
residual oils. Preferably, the feed stream is a light
paraffin distillate, heavy distillate or a lube oil
fraction. '

The aromatic hydrocarbons present in heavy

hydrocarbon feeds, e.g., lubricating oils, generally -
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include: alkylbenzenes, indanes, tetralins, indenes,
naphthalenes, fluorenes, acenaphthalenes, biphenyls,
phenanltrenes, anthracenes, diacenaphthalenes, pyrenes,
chripenes, diaceanthrancenes, benzpyrenes and other
various aromatic feed components,

‘The solvents which are employed in the instant
process have typical desirable characteristics for use
in this process as follows: (a) high selectivity for the
aromatic feed components at the extraction temperature;
{(b) high solvent capacity for the aromatic feed
components at the extraction temperatures {i.e., low
solvent to feed ratios); (c) low vapor pressure at the
temperature Qf extraction to avoid the use of
pressurized equipment; (d) low capacity for the aromatic
feed components at the lower decantation temperature;
(e) chemiéal and thermal stability under the process
conditions; (f) adaptable to a wide range of feeds; (g)
available at a reasonable cost; (h) noncorrosive to
convention;l metals of construction; (i) relatively low
toxicity, i.e., environmentally safe; and (j) have a
relatively high density such that there exists a
sufficient difference between_the density of the
extraction solvent and the hydrocarbon (raffinate)
product.

The solvents used in the instant process tend
to be water-miscible organic liquids (at process
temperatures) having a boiling point and decomposition
temperature higher than the extraction temperature. The

term "water-miscible" solvents includes those solvents
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which are completely miscible with water over a wide
range of teméeratures and those solvents which have a
high partial miscibility with water at room tempetatuie,
since the latter are usually completely miscible at
process temperatures. The solvents are generally polar
and contain carbon, hydrogen and oxygen, with some
exceptioqs. )

.Representative of the solvents employed in the
process are the low molecular weight polyalkylene
glycols and the like. Examples of the solvents employed
are. ethylene glycol, diethylene glycol, triethylene
glycol, tetraethylene glycol, 1l,3-butylene glycol,
1,2-but§lene glycol, 1,5-pentaethylene glycol, and
mixtures thereof and the like. -The preferred solvents
are diethylene glycol, triethylene glycol, tetraethylene
glycol, or mixtures thereof. The most preferred solvent
is triethylene glycol.

It is believgd that other solvents having the
aforementioned solvent characteristics may be employed
in addition to the aforeméntioned solvents, among these
being: amines such as diethylene triamine and
triethylenetetramine; alkanolamines such as
monoethanolamine, diethanolamine, and trieihanolamine;
sulfolane; N-methyl-z-pyrrolidoﬁe; aromatic compounds
such as dimethylphthalate and diphenyl ether; and -
halogenated compounds such as perchloroathylene,
1,1,2-trichloroethylene and 1,2,3,trichlorupropane, or
mixtures thereof.

The anti-solvent émployed in the instant
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process is preferably water although any compound that
tends to decrease the solubility of the aromatic _
hydrocarbon in the aromatic selective solvent may be
empléyed. Water is the preferred anti-solvent since the
energy requirements of the process are significantly
minimized by removing the water by flash distillation or
by stripping, thereby generating steam for use in this
or other processes. Other suitable anti-solvents
include ethylene glycol, glycerine, low mo}eculgr weight
alcohols and the like. The concentratioéon of the
anti-solvent as determined in the decantation zone is
that amount which effectively decreases the solubility
of the‘aromatic hydrocarbon in the aromatic selective
solvent as determined by the amount of aromatic
hydrocarbon in'the aromatic selective solvent leaving
the decantation zone. The anti-solvent employed in the
instant process further promotes the formation into two
phases of the aromatic-rich solvent phase sucﬁ that an
aromatic-rich phase and solvent phase are formed

Absent the addition of anti-solvent the formation of
such phases may be incomplete and unsatisfactory and, thus,
commercially prohibitive. Geqetally the concentration
of the anti-solvent present in the decanation zone is in
the range of from about 0.5 to 25.0 percent by weight
based on the total weight of the aromatic~-rich solvent
phase with éhe range from about 0.5 to about 15.0
pefcent being preferred and the range from about 5.0 to
about 10.0 beihg most preferred. Some portion of the

anti-solvent present in the decantation zone may be
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provided by anti-solvent present in the aromatic-rich
solvent phase obtained from the extracti&ﬁ zone. The
actual concentration of the anti-solvent in the
decantation zone may be higher than 25.0 percent by
weight depending on the selection of the hydrocarbon
feed, aromatics present .in the feed, aromatic selective
solvent employed and the like. The aforementioned
concentrations designate the total water present in
the decantation zone irrespective of its source.
Anti~solvent is preferably addea to the aromatic-rich
solvent phase prior to the decantation zone so as to
provide for superior separation in the decantation zone.

Generally, to accomplish the extraction,the
ratio of aromatic-selective solvent to hydrocarbon feed
in the extractor zZone is in the range from about 2 to
about 20 parts by weight of solvent to one part by
weight of feed, the ratio from about 3 to 1 to about 15
to 1 being preferred and the ratio from about 4 to 1 to
about 12 to 1 being the most éreferred. The broad range
may be expanded upon when nonpreferred extraction
solvents ére used. The optimum solvent to feed ratio
depends upon whether high recovery (yield) or high
purity (quality) is being emphasized, although the
instant process will generally result in both high
recovery and high purity. .

The instant process ié further characterized in
that the vapor pressure at the top of the extraction
zone is typically less than about 120 psig and often

less than about 100 psig. This is highly advantageous
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in terms of ease of ;peration and the capitgl
expenditiare required for carrying out the separation
process. The actual pressures in the extraction zone
may be higher or lower depending on the particular
hydrccarbon feed treated, the solvént employed, the
selected antisolvent and its concentration, and the
selected temperature at which the extraction is carried
out. The pressure employed in the decantation zone is
generally that pressure which is required to éause the
aromatic-rich solvent phase to pass through the

decantation zone. Generally a small pressure drop

(pressure gradient) is observed across the decantation

zone.

The temperature of the extraction zone is
generally.at least About 156°C and is generally in the
range of from about 150°C to about 275°C, preferably in
the range of from about 170°C to about 250°C and most
preferably from about 200°C and about 240°C. The
temperature in the extr#ction zone.is not c;nstant
throughout and there will generally be a temperature
gradient up to about 30°C or higher as between the

temperature of the aromatic selective solvent inctreduced

to the extraction zone and the temperature of the aromatic
selective solvent phase exiting the extraction zone. The
decantation zone is generally maintained at a temperature

in the range of from about 50°C to about 200°C below the

0043685

temperature of the extraction zome such that the temperature

is preferably in the range of from about 25°C to about

150°C, more preferably about 25°C to about 100°C and
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most preéerably from about 25°C to about 70°C. The
temperature employed in the decantation zone depends, in
part, upon solubility of the aromatic hydrocarbon in the
extraction solvent, the amount of anti-solvent present
in the decantation zone and the viscosity of the
selected solvent'at the decantation temperature.

The equipment used in the instant processs,
both for the gxtraction, distillation, if any, and the
decantation, is of conventional design, e.g9., an
extraction columA of the multistage reciprocating type
containing a plurality of perforated platés centrally
mounted on a vertical shaft driven by a motor in an
oscillatory manner can be used as may columns containing
pumps with settling 2zones and sieve trays with upcomers
or downcémers, (Counter-current flow is generally
utilizied in the extraction column.) The separation in
the decantation zone can be conducted in a decantation
tank with no internal elements but preferably the
decantation tank contains coalescing elements or baffles
to aid in the separation. The preferred decantation
zZone comprises a coalescer with a porous media, such as
that exemplified by Selas Corporation (Model No.
LS—GOP),'having a depth-~type coalescing element (fibrous
bed coalescer element). It is understood that the
*decantatation zone" is a separation zone wherein phase
formation occurs and wherein anti-solvent is present.

The anti-solvent is preferably added prior to the

decantation zone.

Heat exchangers, reservoirs, and solvent
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regenerators, if necessary, are also of conventional
design as well as are the various extractors and
decanters used in the various embodiments hereinafter
described. The extractors emplecyed are preferably
multi-stage counter-current extractors, but can be any
of the well-known types,>as aforementioned.

“The instant process generally provides for an
overall recovery of the arom&tic hydracarbon of from
about 70 to about 95 percent or better based upon the
weight of aromatic in the original hydrocarbon feed and
usuélly provides for similar recoveries for the

nonaromatic hydrocarbons.

Experimental Procedure

In carrying out the examples the extraction
column comprised a Karr (TM) reciprocating plate
extractiop column made of 2 inch (internal.diaméter)
glass pipe, having anjin&ernal volume of about five
liters;and having reciprocating plates spaced two inches
apart. All internal metal parts are made of No. 316
stainless steel except the reciprocating plates which
were Teflon (TM). The decantation zone comprised a
decantation tank with or without baffles or a glass
separator {Model No. LS-60P from Sel;s Corporation of
America) equipped with a depth-type coalescing element.
A fibrous bed coalescing element is the preferred
coalescing element.. The tubing employed throughout was
generally No. 316 stainless steel tubing having a 3/8

inch outside diameter with a 0.035 inch wall thickness.
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A water stripper was employed comprising a 4 inch
(insfde diameter) glass distillation column packed with
stainless steel protruded metal packing (0.24 inch x -
0.24 inch).

The oil content of the various phases was
determined by a gas chromatograph (Hewlett-Packard Model
5750) having a 2 millimeﬁer X 6 foot glass column packed
with a 3 percent OV-10l1 on Chromosorb W (TM) equipped
with a flame ionization dectector. The water content of
the various phases was determined using a Karl-Fisher
automatic titrator (Model 392) and an automatic burette
(Fisher Model 395).

- The viscosity index (referred to as the VI).for
éhe hydrocarbon feed and the raffinate product were
initially determined by ASTM method D2270-75. The

Viscosity Index for the raffinate product is a measure

7 of the purity of the raffinate product with a higher

Viscosity ‘Index indicating a raffinate produét of higher
purity.' The viscosity index was then determined by
measurement of the refractive index of the hydrocarbon
feed or raffinate product at 60°C. by correlating the
viscos@ty index as determined by ASTM D2270-75 to the
refracti&e index at 60°C. The values given for the
viscosity index in the examples is the viscosity index
as determined by measuring the refractive index at
60°C. In addition, the yield (volume % based on the
total feed volume) was calculated from the refractive
index at 60°C. Such yieldé are reported for the

examples hereinafter.
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Temperatures and pressures were measured by

conventional detection meanse.
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The invention is also illustrated by the accompanying

drawings, which are referred to in the Examples. In the

drawings:=

Fig. 1 is a schematic flow diagram of an illustrative

embodiment of the invention.

Fig. 2 is a schematic flow diagram of the process
as employed in Examples 2 to 22,

"Referring to Figure 1l:

The mixed hydrocarbon feed is introduced at 10

th:ouéh line 12 to pump 1l4. The. feed passes through
_lipe 12 and heat exchanger 156, 18 and 20 where it is
heat exchanged with aromatic-rich extract and raffinate,
respectively to preheat the feed. The feed is then heat
exchanged in heat exchanger 22 with steam in line 54
(steam formed by distilling the anti-solvent, i.e.,
water, from the solvent phase when water is the
anti-solvent) prior to introduction to extraction column
(zone) 24. An aromatic selective solvent, preferably
having a temperature’in the range of from about 150°C to
"about 275°C., most preferably about 200°C.to about
240°C, is ihtroduced near the top of extraction column
24 via line 57 and percolates down column 24 removing
aromatics from the hydrocarbon feed forming raffinate
and an aromatic~rich solvent phase. The raffinate,
containing primarily non-aromatics, exits the tecp of the
column 24 via line 26 and ih heat exchanger 20 preheats
the mixed hydroca£bon feed and is cooled inm turn by heat
exchange with the 'incoming mixed hydrocarbon feed. The

raffinate passes to extractor 39 where it is contacted

A
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with water {when water is the selected anti-solvent the

extractién water is water removed from the aromatic

selective solvent) to recover aromatic selective solvent

present in the raffinate so as to form a water phase

(containing aromatic selective solvent) and a final

raffinate product. A second water extracﬁion takes
place in extractor 38 wherein the aromatic-rich extract
from decantation zone 34, discussed hereinafter, forms a
water-phase (containing aromatic selective solvent) and
a final aromatic product. The water-phases from
extractors 38 and 39 contain primarily water and small
amounts of aromatic selective solvent that was dissolved
or entrained in the aromatic~rich extract and
raffinate. The combined water-éhases are recycled to
decantation tank (zone) 34 via line 44, as needed, if-
water is the selected anti-solvent.

It should be pointed out that the terms "phase"

and "product" are named after their main components,

. which is present in the phase in an amount of at least

50% by weight and in most cases in an amount of 80% by
weight or higher. The aromatic-rich solvent phase,
containing primarily aromatic selective solvent and
aromatic hydrocarbons, leaves the bottom of extraction
column 24 via line 28 and heat exchanger 30 where it is
cooled with aromatic selective solvent in line 48. Ther
aromatic-rich solvent phase is further cooled to promote
two phase formation, if necessary, in cooler 32.
Recycled aromatic selective solvent and anti-solvent,
when water is the selected anti-solvent, are introduced
via line 44 to decantation tank (zone) 34. Thus, the
solvent contained in line 44 is returned to the

process.. The anti-solvent is preferably added to the
aromatic-%ich solvent phase prior to decantation tank

(zone) 34 to further promote phase forﬁatron, e.g. at 46
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of the drawing, in the decantation zone although the

anti-csolvent may be added directly to decantation tank

"(zone) 34 if desired. The anti-~solvent in the

solvent/anti-solvent mixture of line 44 reduces the
solubility of the aromatic hydrocarbon in the aromatic
selective solvent to a'degrée not obtainable by simple
cooling of the aromatic-rich solvent phase. The
anti-sol;ent is present in decantation tank (zone) 34 at
a concentration of from about 0.5% to about 25.0% by
weight, based on the weight of aromatics and solvent in
decantation tank (zone) 34, preferably from about 0.5%
to 15.0% by weight and most preferably from about 5% to
about .10.0% by weight. The presence of the anti-solvent
decreases the solubility of the aromatic in the solvent-
such that typicaily less than about 2% weight percent
aromatic and often less than about 1% weight percent,
leaves decantation-tank 34 via line 48.

The aromatic-rich extract phase of decantation
tank (zone) 34 exits.via line 36 to wate}-extraction
column 38 where it is contacted with water (preferably
water derived from the removal of water from the solvent/
anti-solvent mixture) from the solvent phase of
decantation tank (zone) 34. ‘This extréction with water =
removes extrained and dissolved solvent from the
aromatic-rich extract phase.

The solvent phase of decantation tank (zone) 34
passes via line 48 through pump 50 to heat exchanger 30
wherein it heat exchanges with hot aromatic-rich solvent

of line 28 prior to introduction to distillation column
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{zone) 52. If further heating of the solvent in line 48
is desired an additional heat=~exchanger (not shown) may
be provided to allow heat exchange between the solvent
phase of line 48 and the solvent of line 57. Such .
additional heat-exchanger would also serve to cool the
solvent in line 57, if necessary. The use of a
distillation zone in the instant. embodiment is not
intended to be limiting.since any means for decreasing
the concentration of the anti-solvent in the )
aromatic-selective solvent may be employed. ‘The use of
a distillation zone is preferred when the'anti-éolvent
is ‘'water since the steam.gene:ated therein may be
advantageously and economically employed in éhis and/or
‘other processes (not shown). ' 7
When water is the selected anti-solvent the

solvent phase in line 48 is introduced to distillation
zone 52 wherein water is distilled, preferably under
pressure, and removed as steam via line 54. Steam in
line 54 is heat exchanged at 22 with the mixed-
hydrocarbon feed after wbidh the steam may be condensed
by cooler 62, and the water condensate may be employed 7
in extractors 38 and 39. Alternatively, the steam
leaving heat ‘exchanger 22 may be advantageously employed
in this or other processes (not shown). VHeat exchange
at 22 ray result in the condensatioa of small amounts of
aromatic selective solvent present in the steam
(incidated at 22 by a dashed arrow). This solvent can
be recycled to extaaction column 24 by compining the

solvent with the solvent from line 57 from distillation



- 25 =
zone 52 (not shown). By such use of éaid process steam
the heat input to the process may be minimized.

As above discussed.alternative schemes may be
substituted for that above-described for the removal of
the anti-solvent, depending on the selection of the
anti-solvent. The above described scheme is
particularly aévanhageous in terms of the reduction ig
energy required :6 carry out the instant process. For
example, the abové-described extraction~decantation
process éesulﬁs in a reduction in energy reguirements
for the dearomatization, as compared tﬁ conventional
dearomatization processes, by as much as 50 percent to
about 80 percent. .

The total water in the system can-be easily
determined because the amount of water introduced at 46
to decantation tank (zone) 34 can be controlled.
Allowances must be made for water losses through leakage
and upsets so as to maintain thé amount of water (the
selected anti-solvent) present in decantation tank
(zone) 34 at from about 0.5 to about 25.0 perceht by
weight and most preferably from about 5.0 to about 10.0
percent.

In carrying out examples 2 to 21 the process
depicted in Figure 2 was employed wherein certain
features discussed in refegence to Figure 1 were not
employed. The mixed hydrocarbon feed was introduced in
line 70 from aﬁ'external feed source (not shown) and was
heated in heatér 72. The heated feed then passed

through line 74 to extraction column (zone)} 76.

0043685
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Aromatic selective solvent was introduced near the top
of extraction column 76 via line 104 after heating in
heater 105. The aromatic selective solvent percolates-
the down column 76 removing aromatics from the
hydrocarboﬁ feed, forming raffinate and an aromatic rich.
solvent phase (hereinafter designated RS as the phase
for rich-solven£). Thé raffinate containing primarily
non-aromaéics, exits the top of column 76 via line 78
and is collected as :affinaterproduct. The viscosity
index of the raffinate product is then measured by
meéspring the gefracﬁive index of the raffinate. at 60°C
as hereinbefore discussed.

‘The RS phase in line 80, containing Qtimarily
aromatic selective solvent and aromatic.hydrocarbons, is
cooled in heat exchanger 82 (generally comprising one or
more cold water heatvexchanger in series) and is intro-
duced to mixer 86. Mixer 86 may be an enlarged segment
of the tubing employed to feed the contents of lines 84
and 86 to line 88 for introduction to decantation zone
90 or a conventiénal mixing means. Mixer 86 herein
comprises a mechanical magnetic stirrer. Anti-solvent
(in the instant examples water is the anti-solvent) is
introduced via line 102 and the RS phase and the
anti-solvent are mi#ed and introduced to decantation
zone 90. In this embodiment the decantation zone may be
a decantation tank or a fibrous bed coalescer as .
hereinbefore described. In addition, it may be desirable
to employ a filter in line 88 (not shown), e.g., an in

~

line cotton filter, to remove solids present in the
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phase in line 88. This is especially desirable when a
fibrous bed coalescer is employed and such a filter was
generally employed herein when a fibrous bed coalescefiwas
employed. The anti-solvent may be added tc decantation
zone 20 directly if desired, i.e.;, line 102 may
alternatively be introduced to decantation zone 90
although such is not preferzed. As afopementioned, the
addition ‘of the 3nti-solvent'reduces the solubility of
the aromatic hydrocarbon in the aromatic selective
solvent such that an aromatic-rich extracﬁ phase is
formed and a solvent phase is formed containing
p:édominantly sclvent and anti-éolvent (hereinafter
referred to as the wet LS (lean solvent)phase. ~

The aromatic-rich extract phase of decantation
zone 90 leaves decantation zone 90 through line 92.

The wet LS phase of decantation zone 90 leaves
the decantaion zone via line 94 and was introduced to
water stripper 96 whgrein some portion of the water (the
selected anti-solvent herein) in the wet LS phase was
removed, condensed in water condenser 98 and introduced
to water accumulator 100. Water, employed as the
anti-solvent, is introduced via line 102, as required to
provide the des;red concentration of water
{(anti-solvent) in decantation zone 90; Solvent exité
water stripper 96 (hereinafter referred to as the dry LS
{lean solvent) phase via line 104 and is introduced to
extractor zone 76 after heatihg in heater 105 as
hereinbefore discussed. The dry LS phase contains some

residual water and may contain up to about 5 percent by
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weight water or higher. Typically less than about 4
percént by weight water is present in the dry LS phase.
As hereinbefore discussed, a small amount of oil is
present in the dry LS phase. .
The following examples are provided to
iilustrate the invention and are not to be construed as

limiting such in any way.
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EXAMPLES 1

The above~described piocess, according to
Figure 1, is employed for the dearomatization of a crude
lubricating 0il feedstock having a viscosity index of
about 74 (as determined by ASTM Method D2270-75). The
viscosity index is a measure of the amount of aromatic
hydrocarbon present in the nonaromatic hydrocarbon. The
amount of aromatic hydrocarbon present in the
nonaromatic hydrocarbon decreases with increasing
viscosity index. Thus, a viscosity index for the
raffinate product greater than 74 indicates that
dearomatization.has occurred.

The aromatic-selective solvent is triethylene
glycol and the anti-solvent is water. The temperature
in the extraction zone is about 200°C.. and the
temperature in the decantation zone is about 140°C. The
anti-solvent is present in the decantation zone in an
amount from about 5.0 percent to about 8.0 percent by
weight. Tﬁe solvent to feed ratio in the extraction
zone is about 6 to 1.

The raffinate product has a viscosity index of
about lbl wich the ratffinate goﬁprising about 80 to
about 85 percent by weight of'the crude lubricating oil

feedstock.
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EXAMPLES 2-4

The process as depicted in PFigure 2 was carried
out according to the Experimental Procedure and the
above description of Figure 2 except that the
decantation zone comprised a decantation tank with
baffles to improve phase separation. Table 1 sets forth
the results of examples 2 to 4. The feed employed in
examples 2 to 4 was an unrefined lubricating oil
containing predom%nately cls to Cyy paraffin and
aromatic compounds. The viscosity indexes reported in
Table I for the hydrocarbon feed and raffinate product
_are for feed and raffinate whicﬁ are not dewaxed. The

raffinate product yield is based on the waxy raffinate

product.



0
PUNRESES, VAT TN T
¥

ntarts o

X * !
sk it A s

0043685

-3 -
TABLE I
Example 1
2 3 4

VI of Feed 27 78_ 78
Extraction Solvent 4.7 4.9 4.7
to Feed Ratio?
Dry LS Temperature (°C)§ 206 210 ND6
Decantation Zone (°C) 145 146 146
Hy0 in dry LS (wt %) 3.41 3.51 3.17
H20 in RS (wt %) 3.52 3.13 3.12
0il in dry LS (wt )5 2.63 2.22 1.85
Hg) in wet LS (wt %) 6.76 11.18 11.55
0il in wet LS (wt %)5 2.59 2.29 2.13
Water stripper (°C)4 158 154 158.5
VI of Raffinate 91 89 95
Raffinate Yield (volume %) ND6 87 78

1

Example 2 did not have baffles in the decantation

tank.

Volume ratio

The Dry LS temperature introduced to the extraction

zone is reported.

Temperature at the bottom of the water stripper.

The o0il in the wet LS and dry LS phases is mostly

aromatic feed components.

Not determined.
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Examples 5 to 21

Examples 5 to 21 were carried out according to
the process depicted in Figure é and the above described
Experimental Procedure. The mixed hydrocarbon feed
exployed in examples 5 to 21 was a lubricating oil
feedstock comprising a light paraffin distillate having
viscosity.indexes as reported in Table II. The results
of examples 5 éo-Zl are set forth in Table II. The
viscosity indexes'reported in Table II for the feed and
raffinate product are for feed -and raffinate product
which aré not dewaxed. Raffinate yield is based on the

waxy raffinate product.
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’ TABLE II (cont'd)
T Examplel
20 21
VI of Feed 77 - 17
Extraction Solvent 6.2 6.3
to Peed Ratio? '
Dry LS Temperature (°C)3 235 231
Decgntation Zone (°C) 36 37
H90 in dry.LS (wt %) 4.13 3.98
Ho0 in RS (wt %3 3.96 4,01
0il in dry LS (wt %)3 0.94 0.85
H20 in wet LS (Wt %) 9.08 9.32
0il in wet LS (wt %)5 1.05 0.95
. Water stripper (°C)4 151 151
VI of Raffinate 107 106
Raffinate Yield (volume 3) 73 73
1  Examples 5 and 6 developed a leak in the fibrous
bed coalescer. )
2 Volume ratio.
3 ' The Dry LS phase temperature when introduced éo

4 Temperature at the bottom of the water stripper.

5 The cil in the RS, wet LS and dry LS phases is a

mixture of aromatic and monaromatic feed

f.‘omponents °
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1. A process for the dearomatization of a
mixed hydrocarbon feed characterised by the following
steps: .

(a) contacting,said feed in an extraction
zane at a temperature of at least about 150°C with an
aromatic selective solvent to provide an aromatic-rich
solvent phase_containing aromatic ﬁydrocarbons and
aromatic selective solvent and a raffinate containing
nonaromagic hydrocarbons;

(b) cooling said aromatic-rich solvent
phase to bring about the formaéion of two phases;

(c) introducing said phases of the cooled
aropatic-rich solvent phase to a dec;ntation zone and
intfoducing therewith from about 0.5 to about 25.0
percent by weight of an-anti-solvent for said aromatic
hydrocarbons in-said aromatic selective.golvent to
provide an aromatic-rich extract phase containina
primarily aromatic hydrocarbons and a solvent phase
containing primarily aromatic selective solvent and
anti-solvent;

(d) removing anti-solvent from said
solvent.phase and recycling said solvent pnase to the -
extiaction zone of step (a); and

(e) recovering as products the
atomatic—rich extract phase of step (¢) and the

raffinate of ste? (a);
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2e A prbcess as claimed in claim 1, characterised in
that the aromatic selective solvent is selected from the
group consisting of polyalkylene glycols and mixtures

-thereof.

3. A process as claimed in claim 2, characterised in
that the aromatic selective solvent is triethylene glycol.
4, - A process as claimed in any one of the preceding
claims characterised in that the anti-solvent in step

(c) is employed in an amount from about 0.5 to about

15.0 percent by weight.

5. A process as claimed in claim 4, characterised in
that the anti-solvent in step (¢) is employed in an
amount from about 5.0 to about 10.0 percent by weight.

6. A process as claimed in any one of the preceding
claims,- characterised in that the anti-solvent is water.
7 A process as claimed in any one of the preceding |,

claimé, characterised 'in that the temperature in the
extraction zone is from about 150°C to about 2.'75°C°

8. A process as claimed in claim 7, characterised in
that the temperature in the extraction zone is from about
170°C to about 250°C. |

S. A process as claimed in claim 8, characterised in
that the temperature of the extraction zone is from about
200°C to- about 240°C. ,

10. A process as claimed in any one of the preceding
claims, characterised in that the temperature in the
decantation zong& is from about 2500. to &dbout ﬂ50°C.

M. A process as claimed in claim ‘10, characterised
in that the temperature in the decantation zone is

to about 100°C. :

12. A'process as claimed in claim 11, characterised
in that the temperature in the decantation is from about

from about 2500 to about 100°¢.
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13. A process as claimed in any one of the vreceding

claims, characterised in that the ratio of solvent to

feed in the extraction zone of step (a) is in the range
of about 4 to about 12 parts by weight of solvent to

one part by weight of feed.

14, A process as claimed in eny one of the preceding
claims, characterised in that it includes the additional
step of separately cohtacting the raffinate and aromatic-
rich extraét of step (e) with water to form two water
phases containing primarily water and aromatic selective
solvent.

15. A process as claimed in claim 14, characterised
in that it includes the additional step of recovering
the aromatic selective solvent of the water phases and
recycling said solvent to step (c).

16. A process as claimed in any one of the preceding
claims for the dearomatization of a mixed hydrocarbon
feed comprising a lubricating oil fraction which is
characterised by the following steps: ,

(2) contacting said feed at a temperature of
from about 15000 to about 27500 in an exbraction zone
with triéthylene‘glycol'to provide an aromatic-rich
solvent phase containing primarily aromatic hydrocarbons
and triethylene glycol and a raffinate containing
primarily nonaromatic hydrocarbons;

(b) cooling said aromatic-rich solvent phase to
bring about the formation of two phases;

(¢) introducing said phases of the cooled
aromatic-rich solvent vhase to z deczatation zonetat a .
temperature of from ebout 2500 to about 70°C and intro-
ducing therewith from about 0.5 to about 25.0 percent
by weight water to provide an aromatic-rich extract
phase containing vrimarily aromatic hydrocarbons and a
solvent phase containing primarily triethylene glycol
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and water; :
(d) distilling water from the triethylene
glycols T ‘

(e) recycling the triethylene glycol of step
(d) to step (a);

(£) separately contacting the raffinate of step
(a) and the aromatic-rich extract of step (c) with water
to form two water phases containing primarily water and
triethylene glycol;

(g) combining the water phases of step (£);

(h) recycling at least a portion of the comblned
water phase of step (g) to step (¢); amd

(i) recovering the aromatic-rich extract and
raffinate of step (£).
17. A process as claimed in any one of the preceding
claims, characterised in that less than gbout two percent
by weight aromatic hydrocarbon is present in the solvent
phase of step (c).
18. Product of a process as clalmed in any one of the
preceding claims.
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