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9 Claims.

This invention relates to a process of refining
petroleum with a selective solvent. More par-
ticularly, it involves -a process of treating nor-

mally liguid petroleum hydrccarbons in vapor

bhase with a liquid phase selective solvent to
effect a more efficient separation cof the hydro-
carbon conponents into fractim'ts er different
- chemical types.

As is well known, normally liguid petrcleum
contains a complex mixture of hydrocarbons of
different types. For example, certain natural
petreleums are known to contain a minor per-
centage of aromatic hydrocarbons and a m ajor
proportion of parafiins and/or naphthenes hav-
ing five, six and seven carbon atoms in the
naphthene ring. Because of close similarity in
properties it has been very difficult top separate
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_able and unpredictable reversal in the ef‘feetwe-

ness and selectivity Gf the sclvent extraction

- process is produced.

Accordingly, an object of the present mven-
tion is to provide a simple, effective and im-.
proved process of refining petroleum with a selec-
tive solvent | |

Another obJect is to provide a procesg ¢f re-

fining petroleum with a selective sclvent by

countercurrently contacting a normally liquid

Ppetroleum fraction with a liquid phase selective

solvent having a preferential solvent action for
one class of carbon compounds such as aro-
madtics, at a temperature no lower than the initial
boiling peint of said petroleum fraction under the
conditions of extraction and prefera,bly no lower

- than the dew point of the petroleum {fraction.

these hydrocarbons according to their chemical

types. Liquid phase extfraction of petroleum oils
with selective solvents at temperatures substan-
tially below the point at which the solvent is
completely miscible with the oils, constitutes one
known method of refining pctralnum and sepa-
rating aromatic and/or naphthenic hydrocar-
bons from the remaining oil. Although such a
process produces an extract containing relatively
more aromatic and/or naphthenic hydrocarbons
and a raffinate relatively more parafiinic in
nature, the separation is only qualitative and
yields fractions containing substantial quanti-
tles of hydrocarbons Whlch it was desired to
eliminate.

It is a well accepted geneval rule in the art
of selective sclvent refining that an inecrease in
the temperature of extraction, although it in-
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creases the vield of extract obtained, decreases

the selectivity of a given solvent and vields an
extract in which the separation between aro-
matics and/or naphthenes on the che hand and
paraflins on the gther hand is less sharp' than
obtained at lower temperatures. That i8, a8
temperature of extraction is increased, the vield
of raffinate is lowered and the extract contains
‘more and more of the hydrocarbons which it is
desired o keep in the raffinate. When the tem-
perature of thractmn 1s lowered, the vyield of
raflinate Increases hut it contains an increased
amount of the type of hvdrocarbons (e. g. aro-
matic and/cr naphthenic) which it ig desjred
to retain in the extract. - Accordingly, it has
heretofors been regarded as necessary to adopt 2
temperature intermediate the above menmoned
hlﬂh and low extremes such that g ei iVven solvent

will vield a satis factory quantity of raffinate and )
vet alse give a reasonably efficient separatmn 834

efinement of the pestroleum oils,

We have discovered that by incr asm;r the
temperature of extraction fto the boiling point
01 fthe nyc!rocarbonﬂ keing extracted. 8, remark-
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tive solvent extraction capable of ef
-stantially quantitative separation of aromatic

A further object is to provide a single multi-

‘stage extraction process for continuously sepa-

rating petroleum into a plurality of separate
portions comprising a fraetion highly aromatic
in character, a fraction containing a high con-

tent of the sulfur bodies present in the petroleum,

a fraction highly napnthenic in character and
a fraction cons sting of highly parafiinic com-
pounds. | | | -

Another object is to provide a process of selec-
‘ecting sub-

and/or naphthenic hydrocarbons from a nor-
mally liquid fraction of natural petroleum con-
taining paraffinic compounds having boiling
points as much as 20° to 60° F. higher than the
lowest boiling aromatic cempound present.

An additional object of the invention is to

provide a process capable of effecting quanti-

tative separation of aromatics from a fraction of
natural petroleum vgntmmng a minor proportion
cf hydrocarbons of the aromatic type.

A further object of the invention is to provide
improved selective solvents for extraction of
petroleum. | "

In the drawings, |

Fig. 1is a diagramm atic flow sheet 111uqtratmg
a, multi-stage vapor rhass selective solvent ex-
traction procse SR embmymg the pvmcjplﬂs of‘ this
invention.

Fig. 2 is a dmgramm atlc 111uera,t10n of a proc-—
ess utilizing a single stage vapor phase contacting
tower for carrying out the selective solvent eXx-
ir actmn process of this invention. -

Briefly, the process of this invention invoives
co*mtercmre_n_tly contacting normally liquid pe-
freoleum hydrocarbons with a higher boiling se-
Iective solvent maintained in liquid phase and
at a temperature above the boiling point of the
hydrocarbons being treated. By this process
aromatic hydrocarbons, or when desired naph-
thenic hydrocarbons, or both are selectively ex-
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tracted from the mixed vapor phase

petroleum
Lhydrocarbons, |

In the process as illustrated by the flow sheet
of Fig. 1, the petroleum stock to be treated is

passed from storage through pipe |, heat ex-
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flows throush line 25, heater 26 and line 27 to
the top of tower T in the same manner as in the

 previously described extraction step. From the

bottom of extraction tower T the solvent to-

]

changers 2 and 3, and conduit 4 to the vaporizer

5. The petroleum is converted from liquid to

vapor phase in the vaporizer 5 and then passes -

thrcugh line 6 and valve 2 to extracting column
1.

To insure intimate contacting in the extrac-
tion column between the vapor phase petroleum

and the liquid phase selective solvent, various

means may be adeopted. A tower filled with suit-
able packing of refractory earthenware, glass,
etc., comprises one effective form of apparatus
for this purpose. A tower constructed in the
same manner as an ordinary fractionating col-
umn of a bubble cap type is also an efficient
means of insuring effective contact between the
vapor phase petroleum and the liguid phase ex-
tracting solvent. In Fig. 1, three extraction
columns are shown but it is apparent that the
number may be increased or decreased as condi-
tions such as efficiency of the extraction, the
volume of materials to be treated, etc., require.

After extraction in tower 1 the raffinate va-
pors pass from the top of the tower through line
8 to the bottom of extraction tower 9. The raf-

finate from extraction tower 9 likewise passes °

through line 10 to tower (1 where the raffinate
hydrocarbons, still in vapor phase, are again ex-
tracted by the selective solvent. The final vapor
phase rafiinate flows from the top of extraction
tower 1{ through conduit {4 and control valve [5
to heat exchanger 2 where partial condensation
occurs. Provision is made for returning a por-
tion or all of the partial condensate from heat
exchanger 2 through valve controlled line {6 to
either extraction tower 8 or 11 or both by means
of independent return pipes controlled by vaives
i1 and 18 therein. The remaining ra
cooled in condenser {9, condensed to liquid phase
and passed to storage. Valve controlled con-
duit 16A provides means for supplying additional
condensate for reflux when the desired reflux
ratio is higher than that obtainable by using the
partial condensate alone.

The selective solvent which has been referred

to in the previous paragraphs, flows through ex-~

traction columns 7, 9 and {{ countercurrently
to the vapor phase petroleum being extracted.
Fresh solvent is admitted tc the top of tower
(| through inlet line 20 controlled by valve Z0A.

The solvent flows down through the column and .

extracts those hydrocarbons for which it has a
selective action from the upwardly flowing va-
por phase petroleum. The solvent with the se-
lectively disselved petroleum vapors is continu-
ously removed from the bottom of the column
through line 2( to vaporizer 22. To obtain more
efficient extraction it is desirable to heat the sol-
vent in a vaporizer such as 22 in order to vapor-
ize a substantial proportion of the dissolved hy-
drocarbons and recirculate these vapors to the
extraction column. This procedure tends to
eliminate hydrocarbons of the rafiinate type
which have condensed or which have been dis-
solved in the solvent. Also, the recirculation of
these vapors provides a method of adding heat
to tower I 1.

The solvent, after being heated in vaporizer
22. flows through line 23 into the top of extrac-
tion tower 9. The solvent then countercur-
rently extracts petroleum vapors in tower § and

inate is
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cether with the dissolved hydrocarbons is re-
moved through line 3f to vaporizer 32 where a

small portion of the dissolved hydrocarbons is
vaporized and returned to the extraction tower

1 through line 33. The selective solvent and ex-
tract then flow from the vaporizer 32 through

‘valve 34 and line 35 to fractionating still 36.

The extracted hydrocarbons are separated from
the selective solvent by distillation and are re-
moved from the top of the fractionating column
through line 37, passed through heat exchanger

3 and condenser 28 to storage.
The solvent is continuously recirculated from

still 36 throuch line 20 to the extracting system
as previously described. New or additional gol-
vent can be supplied to the system as needed
through valve controlled line 39 from the solvent
storage tanks. It is to be noted at this point
that the solvent entering the extraction systemnr
from the still 36 is heated to a temperature above
the boiling point of both the extract and rat-
fAnate. The temperature of the solvent in the
extraction towers must of course be maintained
below that at which a major proportion coif the
extract would be vaporized from or remain un-
dissolved in the solvent while being extracted.
This temperature is, however, above the ncrmal
dew point of the extract as well as of the raf-
finate hydrocarbons at the pressures existing in
the system. :

An auxiliary line 28 leading from vaporizer o
and a control valve 49 are provided so that the
petroleum vapors may be introduced into extrac-
tion tower § rather than into extraction tower 1.
When the vapors are so introduced, control
valve 40 will be open and valve {2 in vapor line
& will be closed. It is also apparent that the
incoming hydrocarbon vapors may be introduced
in both towers T and § by cpening both valves
40 and {2. |

Under various conditions it is desirable to re-
move side streams or cuts from the extracts of
the different stages of extraction. Accordingly,
valve controlled conduits 41 and 42 have been
provided for this purpose and permit the re-
moval of extract cuts from extractors 9 and ||
respectively. ‘The portions of extract remoeved
through these conduits will be separately dis-
tilled in a fractionating still similar to 36 shown
in Figure 1 to separate the extracted compounds
from the solvent. These additional stills have
been omitted from the flow sheet for the sake of
simplicity. |

By controlling the conditions of extraction in
the various stages it is possible to obtain an ex-
tract from treater 1 which is substantially free
from sulfur compounds and which is predomi-
nantly or entirely aromatic in chemical constitu-
tion. Likewise, by proper control an extract cut
from treater 8 which contains a high proportion
of sulfur bodies present in the petroleum and an
extract cut from treater {l which is predomi-
nantly naphthenic in character may be obtained.
In order to obtain these results it is of course nec-
essary to maintain the temperature in treater 1
above the boiling point of the sulfur bodies,
naphthenic compounds and parafiinic compounds
in the petroleum, but within the range at which
aromatic compounds are preferentially extracted
by the selective solvent. In a similar manner the
temperature in extractor 9 will be above the boil-
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ing point of the naphthenes and paraffins, but

within the range at which sulfur compounds are
preferentially dissolved by the selective solvent.
In treater {I the temperature will be sufficiently
high to cause vaporization of the paraffinic com-
pounds and yet within the range at which naph-
thenes will be extracted by the selective solvent.
Obviously, the specific temperatures, pressures

and solvent-to-oil ratio necessary to produce

these results will vary with the selective solvent
being used and with the petroleum stock being
treated. With a given solvent and a given stock
the proper conditions can be readily determined
by experiment.

In view of the above discussion it is apparent
that by the process represented in the flow sheet,
of Fig. 1 a petroleum fraction can be continuously

separated into four separate fractions of dig-

tinctly different chemical constitution by passing

the petroleum fraction through a series of three -

3

L

Oor more extraction zones, passing a liquid phase -

selective solvent through each of said eXtraction
zones, intimately contacting the peétroleum and
the selective solvent in said extracting zones,
maintaining said selective solvent in each of the
zones at a temperature no lower than the boiling
point of the petroleum fraction under the con-
ditions of extraction in that zZone, maintaining
the temperature of the solvent above the boiling
point of the non-~aromatic compounds in the first

zone of extraction but below the point at which

all aromatic compounds would be vaporized from
the solvent, maintaining the temperature of the

20

solvent in the second extracting zone above the

boiling point of the paraffinic and naphthenic

compounds but below the point at which all sul-
fur bodies would be vaporized from the selective

solvent and maintaining the temperature of the

solvent in a third extraction zone above the boil-
ing point of the paraffinic compounds, but within
the range at which substantially all the cyclic
non-benzenoid compounds are selectively dis-
solved. The paraffinic compounds will then be
removed in vapor phase from the third extraction
zone and aromatics, sulfur bodies and naphthene
compounds in the extracts from extraction zones
1, 2 and 3, respectively.

g
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An added refinement which may be utilized in

the process illustrated by Fig. 1 comprises Oper-
ating extraction towers T, 9 and 1! at successively
decreased temperatures and pressures. In this
species of operation extractor T will be main-
tained at substantially atmospheric pressures.
for example, extractor 3 at an intermediate re-
duced pressure and extractor If at the lowest

pressure and highest vacuum. Vacuum can be

311,
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produced by the use of condenser {9 and pump 45

or by other suifable and well-known arrange-
ments of apparatus. Throttle valves 43 and 44 in
vapor lines 8 and 8 respectively are utilized to
effect a pressure differential between extractors
9 and . Pumps 46 and 47 in lines 27 and 23
serve to feed the solvent from the zones of lower
pressure to the zones of successively higher pres-
sures. Pump 48 is provided in the reflux line to

extractor 9 to feed the reflux from line 16 to éx-~

tractor 9. This pump is necessary when as in
the case of the present species of operation ex-
tractor 9 is operated at higcher pressures than ex-
tractor 11,

By utilizing successively higher vacuum. that is
successively reduced vapor pressures in the suc-
cessive stages of extraction, improved separation
of aromatics from paraffins and greater efficiency
of operation may be obtained.

s}
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The flow sheet of Fig. 2 illustrates an alte
tive simple but very effective method for operat-
ing the process of this invention. In this arrange-
ment petroleum stock to be treated passes from
storage through valve controlled line 50, heat éx-
changer 51, line 52, heat exchanger 83, line 54,
vaporizer 5%, and line 56 to a single extraction
tower 57. The liquid phase selective solvent to-
gether with its dissolved extract flows from the
bottom of tower 57 through line 58 to vaporizer
68. A portion only of the extract is flashed into
vapor form and re-circulated through line. 60 to
tower 51, Solvent is continuously removed from
vaporizer 58 through line 61 ahd passed to still 62
for removal of the extracted hydrocarbons. The
extract is separated froin the solvent in fraction-
ating column 63 and flows through line 64, heat
exchanger 53, line 65 and cohdenser 66 to stor-
age. The selectwe solvent is continuously te-
moved from the still and re-circulated to extrac-
tion tower 57 through wvalve controlled line 617.
The liquid level in the vaporizers 53, 59 ang 62
is maintained above the éonduit conneéctions 54,
53, 81 and 67 to produce a liquid seal and prevent
the flow of vapors through these conduits

Raffinate vapors flow from the top of éxtrac-
tion tower 57 through line 68 to.Hheat exchanger
9! where partial condensation occurs. As much
of this partial condensate as is desired may be
returned to the extraction tower through Jjine 10
controlled by valve TI. The remainder of the
reffinate passes througih condenser 69 to storage.
Valve controlled conduit 12 provides means for
supplymg additional condensate to the reflux line
when the desired reflux ratio is higher than that

~obtainable with the partial condensate alone.

In a singlé stage extraction process it is essen-
tial that the vapor phase hydrocarbons and lig«
uld phase solvent be intimately contacted. One
efficient means for effecting this result comprises
the conventional bubble cap fractlonatlng column

~in which the vapors to be extracted rise upwardly

through a series of bubble caps and are thereby

I 1mate1y mixed with the downflowing extract-

ing solvent. Such an extraction tower is the
preferred form U.tlllZEd in the process of both

Pigs. 1 and 2.

To illustrate the characterlstlcs of the process

the following data are given.

A natural petroleum cut havmg a boiling range
of 200° to 300° F. was exXtracted in a single bub-
ble cap tower with an arrangement of apparatus
similar to that illustrateq diagr ammatically in
Flg 2. The data of g typical run using crude
xvienols which had been topped at 450° F' as the
selective eulvent are glven below:

Rate of petroleum feed_________cc./min__ 5
Rate of golvent feed________ ce./min.. 25
Teﬁlperatu“e at base of extraction col-
113103+ BN S °F__ 288
Temperature of raffinate vapor_______°F__ 216
Teémperature of still_________________ °F__ 490
Temberattire of éxtract vapor from strip-
pitig celumnh...-..-;__--_.___._.._____.-___.;__.__**F___ 249
Tempetature of Solverit entering extrac-
tlﬁﬂ, Cgiumn_..—.-"_.....-.._.._--.;-_-._-._-'.___.-GF_... 254
Tefnperatiire of stock entering column_°F__ 9245
Refliix ratio of raffinate_______________ . 14
BXtract ylﬁld.._...._-;__._..-_.....__...;_..._per cent_. 38
~Atfiiline peiat of stock fed__._________ "P.. 44.4
Aniling peint of raffinate_._____ F_. 85
Aniline point of extract__._________ ‘F__ 15

In this run thé temperatures of féed and seled-
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tive solvent were 5° to 10°, and 10° to 20°, respec-
tively, above the dew point of the stock.

' A series of tests was run to determine the effect
of reflux of the raffinate on the aniline point

volved and that the less volatile raffinate hydro-
carbons having a boiling point 20 to 60° higher
than that of the extract hydrocarbons would be
almost quantitatively separated as a vapor phase.

spread and yield of extract. Two series of data b There is, of course, a practical limit to the
were obtained, one for a solvent thinner ratio of range of boiling point spread between the ex-
five to one, and one for a ratio of one to one. The tract and raffinate hydrocarbons which is per-
extract vield was held constant to 40% and the missible if pure aromatics are to be obtained by
other variables, such as temperature, as close to selective solvent extraction in the vapor phase.
those values given above as possible. The reflux 10 When paraffinic and aromatic hydrocarbons are
ratio was varied during these tests to determine being separated, those paraffinic bydrocarbons
the effects on the aniline points of the raffinate = having a boiling point more than 100° F. above
and extract. It was found that the opfimum re- the boiling point of the aromatics are dissolved
flux ratio is zero. At th&t ratio the aniline point in the solvent and will be removad with the eX-
of the extract is as low as can be obtained With 15 tract in a vapor phase extraction process. Paraf-
that particular extract yield and solve?t stock fine hydrocarbons having boiling points 20° to
ratio. _’Fhe lqwer fthf yleéd_, ?}f course, the lower 60° F. above the boiling point o:f the aromatics
the aﬁnmé? pomgs_o the e"ifl ract. b of pero | 1 being extracted can, on the other hand, be effec-
it W ex; 1€ dOI‘zhm;ugll r?} Ii?:in 1{1 a,mfo ztizerc; 1880}1586115 20 tively separated as raffinate vapors. Parafline

! .Wa,st O?E:IIIII wzs o © 'r(?xim atel I th?'e(é 0 one hydrocarbons having boiling points equal to or

;gc?eeage d ratios up p& as i ghy as five to oné lower than the aromatics being extracted present

RS : : . ifficulty whatever si they are readily sep-
give appreciable benefits in the extraction proc- zgafé d in ﬁ; W N tor h&;lece Inegthere- Wiigs ywlfgn

ess. The increased efficiency of extraction which E Y pd B ihen: .

results from solvent ratios above five to one is g5 U(€ Parallinic and naphti€nlc compounds pres-

relatively small. - ent in the petroleum cut have boiling points no
In an arrangement of apparatus such as shown ~ more than 69° F. above the lowest hoiling aro-
in Fig. 2 where the still 62 is separated from the matic vffhlch s gxtracted, an extract free from
extraction column by ligquid seals so that extract these higher boiling compounds can be produced;
vapors cannot return to the extraction column, 3o  Table No. 1 illusirates results obtained with
it was found that the optimum raflinate to re- different solvents in treatments on different types
flux ratio was approximately 2:1. of petroleum oils.
Table No. 1
| : Extract | Raflinate|Solvent to: Raflinate
. Stock ani-t Extraet e oy
Solvent Natural petroleum stock treated - : : aniline aniline | stock reflux
SOTTER V lioe point|  yield puintl pqint ratio ratio
| o F. Percent ° I, °r. .

Phenol. oo oo 200-300° F. cut California crude. ... _. 44. 3 40 —44, 4 116. 2 5.6 1
51 TS I % 1 TS .} 4.3 18 1  —75.4 - 81.8 5.6 1
(D, T O T 44.3 501 —20.4 114. 4 5.6 1

Crude xylenol topped to 450° F_____ 300-400° F. cut California erude_ _..._.._ - 42. 5 19 -+11.6 44 5 1
) 0 1 TP 300-350° F. cut California erude._.______ 30. 4 26 —15.2 47. 6 5 1
DO e e 200-300° F. cut California crude..._.._.. 44. 4 40 -27 | 76 5 0

Triethylene glyeol. .. o _loaaan s {0 O IR IR 44, 4 39 ~—40, 4 102. 8 5 0.0

D0 e | e 1 IR 44, 4 30 | —30.8 95. 4 5.0 21. 9

! All aniline points were determined by the equal volume method or by refractive index.
7 Apparatus provided with liquid seal between extraction and extract stripper eclumns. .

It has also been found that with various selec-
tive solvents, such as xylenol, the extraction proc-
ess is selective with respect to raffinate hydrocar-
hons having a boiling point as much as 60° F.
above the boiling point of the aromatic hydro-
carbons being extracted. In ordinary selective
solvent liquid phase extraction processes, selec
tivity decreases with increase in temperatures.
At temperatures of 400 to 5C0° F., such as are
involved in the process of this invention, selec-
tive solvents have heretofore been regarded as
entirely ineffective since they dissolve the raffi-
nate hydrocarbons practically as readily as the
extract hydrocarbons obtained at lower temper-
atures. Also, it is a generally accepted principle
that as between two solutes dissolved in a given
solvent, the higher the boiling point of a given
solute the less is its tendency to vaporize from
the solution. That is, the lowest boiling dissolved
hydrocarbon components should most readily va-
porize from the solvent and the higher boiling
hyvdrocarbons (such as the rafiinate hydrocarbons
boiling 60° above the extract hydrocarbons in the
present process) should tend to dissolve and re-
main in solution. Certainly it is not obvious that
the much more volatile constituents would be se-
lectively dissolved at the high temperatures in-

60
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A selective solvent useful for the present proc-
ess should be highly selective and should have a
boiling point well above the end point of the
stock to be treated. A boiling point above ap-
proximately 300° ¥. will generally be found de-
sirable for extraction of normally liquid low boil-
ing hydrocarbons. Preferably the solvent should
not form constant boiling mixtures witii hydro-
carbons, but if such constant boiling point mix-
tures are formed, the solubility characteristics
of the solvent should be such that complete re-
covery by water extraction is possible. Constant
boiling mixtures of the solvent with water should
not be formed or additional complications will
result from the use of water in solvent recovery.
Various solvents with the above desiréd proper-
ties have been found and are listed in Table No. 2.

In order to test the relative selectivity of sol-
vents a simple comparative test was adopted.
This test consisted of adding a petroleum cut
having a boiling point of from 215 to 249° F. to
150 cc. of the solvent. The petroleum was added
slowly and with constant stirring so that the sol-

- vent could be maintainad at 259° ¥. during the

15

test. A portion of the dissolved petroleum was
vaporized from the mixture at this temperature
and the first 3 ce. of overhead were taken for an
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aniline point fest., The elevation of this aniline

point over that of the original stock is designated
“‘selectivity.”

Table No. 2 lists the solvenis tested in the
order of their selectivity as deftermined by this
method. Solvents having a selectivity factor
greater than 25 are operative in the vapor phase
extraction process: of this invention providing
they also have a boiling point substantially above
the dew point of the hydrocarbon fraction being
extracted. Attention is directed to the fact that
this test merely indicates the relative selectivity of
the solvents and that much greater aniline point
spreads are obtained by the actual process of this
invention. For example, Xylenol has a selectivity
of 32.1 as deltermined by the test bui gave an

aniline point spread of 103° P. between the ex-

tract and raffinate when used to treat a 200 to
300° F. boiling point petroleum cut (see Table 1).

10

15

Table No. 2 20
. T Selec Solu-
Solvent V.P.°F tivity | bility !
Resoreinol .. __._____. 520° e 60). 2 35 23
Diacetin.. o cocee . | 340 at40mm.____| 60 4}
Tetraethylene glycol...______ 203 at 0.1l mm._ .. 56 30
Phenol_ __ .. e | 300 . 55.1 80
Triethylene glycol.__ . _______ 580 . 55 26
Tetramine . .o oo 511 . o .__ H4. 3 48
Anisidine. . ool 430-484_ _________ 51.3 80
Diethylene glycol_ . ________ 47 . 51.1 20 30
“Carbitol” . 396 e 50.0 | 53
Acetamide._.... e | 432 L. 49, 8 22
Trigcetin. ____.__ e 498 . . 47, 7 Ly
Xylidine. . ___.___._._ | 412439 ____._ 46, 3 74
Acetanllide. . __ . ____ ST .. 45,8 | 80
Diethanolamine  ___. __._.___ 514 . 43. 9 15
Nitrobenzene ..o oo 4102 . 42 8 170 95
Aniline. oo . e 140 SR 42 4 | 140
“Chlorex’’ oo . N1y 39.7 | 166
Diaminopropanol. ... ________ d6at4mm_____ 39,7 15
Tricresylphosphate. .. . _______ 507 at20mm.__ .. 38. 9 )
Benzaldebyde oL ... | 888 e 38.2 | 162
Trlethamlamme- N S 531 at 160 mm___ 30. O 15
Bugenol_ . _ . ..__ 487 o 30. 4 44
Diphenylamme ______________ Y (I 34.6 | . 185 40
Acetophenone . ... 3906 . . 34, 4 150
Xylenol oo 450 . 32,1 140
“Carbitol’ seetate_____.__ I B V. S 32,1 168
Butyl earbitol_ __________._.__ 448 . . 29. 9 130
Phenetldme _________________ 444489 _________ 29. 5 200
Dibutyl phthalate. ... ... 410 at 20 mm . ___ 27.6 140
| 45

- IN umber of cc. of 215-240° F. straight run petrolenm cut dlsscﬂved
by 150 ce. of solvent at 250° ¥. and one atmt}sphere total absolute

pressure.

Tetraethylene glycol and f{riethylene g..ycol
have selectivity factors of 56.7 and 55 respec-
tively. These solvents also have very high boii-
ing points and are highly efficient selective sol-
vents for vapor phase extraction.

Triethylene glycol is a preierred selective soi-
vent for the present process. It has a very high
selectivity, is stable, non-corrosive and has the
very high boiling point of 550° F. The high se-
lectivity of this compound is illustrated by a run:
in which a petroleum stock having a boiling
point range of from 200° to 300° F. was treatea
and an extract produced having an aniiine poini
of —40° F. The spread of aniline point between
the raffinate and the extract was 143.2° as com-
pared with. 103° with Xxylenol under the same
conditions. Even with a 360° to 400° F. bciling
range petroleum cut which necessitated. extrac-
tion at much higher temperatures than with the
z00° t0.300° I, cut, a —24° . aniline exXtract was.
- produced. and. a.. total spread of aniline point be-
tween raffinate and extract of 104.2° obtained.
- In a six hour test at 500° I,

change of 0.1% determined from kojling point
curves taken before and after the test. Other
tests failed to show any: decomposition. of the

the maximum
decomposition of: the friethylene glycol was a
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triethylene glycol. The maximum corrosion ob-

‘served: on iron or steel was 0.088 inch per year

at 5H0° B,

In a long run usmg the type of apparatus
illustrated by Fig. 2, it was found that g smail
amount of triethylene glycol distilled ocver with
the extract and raffinate: fractionis. The amount
of triethylene glycol dissolved. inr the extract
portion of the hydrocarbons was of the order of
0.15% by volume. This small amount of tri-
ethylene glyeol is easily and completely removed
by water washing and the: solvent can then be
recovered by the evaporation of the Water there-
from.

A more advantageous method for recovering
the solvent from the wash water is to feed the -
water containing the solvent into the svill and

fractionating: column alchg with the extract

layer., This method has the advantage that it

breaks up the constant boiling mixtures of sol-

vents and high boiling extracts which may tend
to form. The water and hydrocarbon extract
come over as overhead and are readily sepa-
rated. In those cases where there has been
incomplete removal of water from the selective
solvent, the efiect is merely to render the sol-
vent more selective in the extraction step of the
process. That is, the aniline point of the extract
is lower and the yield of arcmatic hydrocarbons
decreased. |

As stated above, simple water washing com-
pletely removes even very minute amounts of tri-
ethylene. glycol which may be dissolved in the
petroleum. For example, it hds been found that
when a 300 to 400° P. cut of petroleum is con-
tacted with. a water solution conftaining 209%
by weight of triethylene glycol, no. detectable
amcunt of triethylene glycol ean be found in
the petroleum layer. These data indicate. that
triethylene glycol has a very high partition co-
efiicient between petroleum and water so that
this solvent readily diffuses almost dquanti-
tatively from oil to water.

Tetramine constitutes an additional example
of a selective solvent which is very efficient in
the process of this invention. This compound
is one of a generic group which may be repre-
sented by the general formula

NH;.CsHs.(CsH«NH) .. NH:

or
|:"-f(f0 2H4;N H)..C EHLNH-_—I,

The first formula is an open cham compound
exemplified by

diethylene triamine
- (NH.CiHWLNE.C:H NHy)
triethylene tetramine |
~ (NH:.CsH.. NH. C7H,NH. C:H.NHy)
and tetraethylene pentamine
(NHz. C:He:NH.C;HeNH. CoHs NH. C2Hi. NHy)

Examples of the second generic formula which
are ring compounds, are

diethylene diamine-

' _- O&H4
/ \ |
2H+

and trlethylene triamine

NH

N\

CiHe ?,H; o
- NHOHNE
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Tt will be noted that these compounds are char-
acterized in that they contain more carbon than
nitrogen atoms in their molecules and can be
formed by the interaction of ethylene dichloride
with ammonia followed by liberation of free
amine by treatment with caustic. These com-
pounds which have a boiling point above 300°
F. are in general eminently suited for use as
selective solvents in the process of this inven-
tion. -

Although a number of specific examples of
suitable selective solvents have been given and
although triethylene glycol is at present the pre-
ferred solvent for the process of this invention,
it should be apparent to those skilled in the art
that the broader aspects of the invention inclide
the use of a multitude of other selective solvents.
High boiling hydroxy ethers, illustrated by di-
ethylene glycol, triethylene glycol and tetra-
ethylene glycol, comprise one chemical type of
selective solvent most suitable for the process
herein disclosed. High boiling hydroxy esters,
illustrated by diacetin, dibutyl tartrate, and
butyl lactate, are also suitable. “Carbitol” ace-
tate and butyl “Carbitol” illustrate operative
compounds containing hydroxy, ether and ester
groups.

Experiments indicate that polar compounds se-
lected from the group consisting of hydroxy ben-
zenes, amines, amides, chlorinated hydrocarbons,
esters of polycarboxylic acids, and phosphoric
acid esters of hydroxy benzenes are in general
operative in the process of this invention. As
previously pointed out the solvent selected from

this group should have a boiling point sufficiently
high so that it can be readily maintained in liquid
phase under the conditions of extraction. In gen-
eral, a boiling point above approximately 300° F.
is desirable.

This application is a division oi our copending
application Serial No. 159,522, filed August 17,
1937, and issued as Patent No. 2,215,915, dated
Sept 24, 1940,

While the character of this invention has been
described in detail and numerous illustrative ex-
amples given, this has been done by way of illus-
tration only and with the intention that no limi-
tation should be imposed upon the invention
thereby. It will be apparent to those skilled in
the art that numerous modifications and varia-
tions may be effected in the praciice of this in-

vention which is of the scope of the claims ap-

pended hereto.

we claim: _
1. A process of separating components of a com-

plex mixture containing aromatic and non-aro-
matic carbon compounds having overlapping boil-
ing ranges which comprises passing said mixture
through an extraction zone, passing a liguid phase
selective solvent through said extraction zone, in-
timately contacting said mixture with said liquid
phase selective solvent, maintaining said selective
solvent in said zone at a temperature no lower
than the boiling point of said mixture, separat-
ing a vapor phase non- -aromatic raffinate from
said liquid phase solvent, removing the liquid
phase solvent containing dissolved aromatic hy-
drocarbons from said extraction zone, passing said
solvent together with its dissolvec compounds
to a separate stripping zone, maintaining a seal
between said solvent extraction and stripping
zones to prevent undesired return of vaporized
compounds, and altering the conditions in said
extraction zone by returning to said zone c¢on-

10

15

20

30

40

45

Hi

55

6()

85

70

(£

2,343,611

trolled amounts of vapor phase hydrocarbons
stripped from said solvent phase in said stripping
zone, said controlled amounts consisting of only
the more readily vaporized portion of the hydro-

carbons dissolved in said selective solvent.
2. A process of separating components of a

complex mixture containing aromatic and non-
aromatic carbon compounds having overlapping
boiling ranges which comprises passing said mix-
ture through an extraction zone, passing a liquid
phase selective solvent through said extraction
zone, intimately contacting said mixture with said
liquid phase selective solvent, maintaining said
selective solvent in said zone at a temperature
no lower than the boiling point of said mix-
ture, separating a vapor phase non-aromatic
rafiinate from said liquid phase solvent, partially
condensing said vapor phase raffinate, returning
said partial condensate to said extraction zone,
removing the liquid phase solvent containing dis-
solved aromatic hyvdrocarbons from said extrac-
tion zone, passing said solvent together with its
dissolved compounds to a separate stripping zone,
maintaining a seal between said solvent extrac-
tion and stripping zones to prevent undesired re-
turn of vaporized compounds, and altering the
conditions in said extraction zone by returning
to said zone controlled amounts of vapor phase
hydrocarbons stripped from said solvent phase
in said stripping zone, said controlled amounts
consisting of only the more readily vaporized por-
tion of the hydrocarbons dissolved in said selective
solvent.

3. A process of separating components of a
complex mixture containing aromatic and non-
aromatic carbon compounds having overlapping
boiling ranges which comprises passing said mix-
ture through an extraction zone, passing a liquid
phase selective solvent through sald extraction
zone countercurrently to said mixture and in an
amount of from approximately three parts sol-
vent to one part mixture to approximately five
parts solvent to one part mixture, intimately con-
tacting said mixture with said liquid phase se-
lective solvent, maintaining said selective sol-
vent in said zone at a temperature no lower
than the boiling point of said mixture, sepa-
rating & vapor phase non-aromatic raffinate
from said liquid phase solvent, removing the
liquig@ phase solvent containing dissolved aro-
matic hydrocarbons from said extraction zone,
passing said solvent together with its dissolved
compounds to a separate stripping 2zone, main-
taining a seal between said solvent extraction and
stripping zones to prevent undesired return of
vaporized compounds, and altering the conditions
in said extraction zone by returning to said zZone
controlled amounts of vapor phase hydrocarbons
stripped from said solvent phase in said stripping
zone, said controlied amounts consisting of only
the more readily vaporized porticn of the hydro-
carbons dissolved in said selective solvent.

4. A process of separating a petroleum fracfion
into four fractions of distinctly different chemical
constitution which comprises passing said petro-
leum fraction through a series of at least three
extraction zones, passing a-liquid phase selective
solvent through each of said extraction zones, in-
timately contacting .the petroleum and the se-
lective solvent in said 2zones, maintaining said
selective solvent in each of the zZones at a tem-
perature no lower than the boiling point of the

petroleum fraction under the condiftions of ex-
traction in that zone, maintaining the tempera-
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ture of the solvent gbove the boiling point of the
non-aromatic compounds in the first zone of ex-
traction but below the point at which all
aromatic compounds would be vaporized from
the solvent, maintaining the temperature of
the solvent in the second extraction Zzone
above the boiling point of paraffinic and naph-
thenic compounds but below the point at which
all sulfur bodies wouid be vaporized from the se-
lective solvent, maintaining the temperature of
the solvent in the third extraction zone above the
boiling point of parafiinic compounds but within

the range at which substantially all the cyclic

non-penzenoid compounds are selectively dis-
solved, removing parafiinic compounds in vapor
phase from said third extraction zone, removing
cyclic non-benzenoid compounds in the extract
phase cof said third zone, removing sulfur bodies

in the extract phase from said secend zone, and

removing aromatic compounds in the extract
phase of said first zone.

5. A process of separating components of a
cemplex mixture containing aromatic and non-
gromatic carbon compounds having overlapping
boiling ranges which comprises passing g liquid
phase selective solvent in one direction through
a series of extraction zones, introducing said com-
plex mixture intc an intermediate one of said
zones, intimately contacting said mixture and se-
lective solvent in said zone, maintaining the se-
lective solvent gt a temperature no lower than the
boiling point of said mixture in said zone, sepa-
rating a vapor pnase raffinate from said liquid
phase selective solvent, passing said vapor phase
raffinate ccuntercurrently to said selective sol-
vent in the remaining extraction zones on one side
of the aforesaid intermediate zone, removing the
liguid phase solvent containing dzssalved arQ-
matic compounds from said intermediate extrac-
tion zone, passing said solvent through the re-
maining extraction zones on the other side of said
intermediate Zocne, introducing an additional por-
tion of sald complex mixture into the aforesaid
remaining extraction zones, and countercurrently
contacting said liquid phase solvent with said ad-
ditional portion of the mixture.

6. A process of separating components of a com-
plex mixture containing aromatic and nocn-aro-
matic hydrocarion compounds having overlap-
ping boiling ranges which comprises passing said
mixture through an extraction zone, passing a liq-
uid phase selective solvent through said extrac-
tion zone, intimately contacting said mixture with
said liquid phase selective solvent, maintaining
said selective solvent in said zone at a temperature
no lower than the boiling point of said mixture,
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7. A process of treating a petroleum fraction
with a selective solvent which comprises passing
a petroleum fraction containing aromatic, cyclic
non-benzenoid, and paraffinic compounds through
a series of extraction zones, passing resorcinol
through each of said extraction zones at a tem-
perature substantially below its boiling point, in-
timately contacting the petroleum and the resor-
cinol in said zones, maintaining the resorcinol at
a temperature no lower than the boiling point
of the petroleum fraction under the conditions of
extraction, maintaining the temperature of said
resorcinol above the boiling point of the non-aro-
matic compounds in the first zone of extraction
and selectively dissolving aromartics in said resor-
cinol, maintaining the temperature of said resor-
cinol in a second extracting zone above the boil-
ing point of the paraffinic compounds and se-
lectively dissolving cyclic non-benzenoid com-
pounds in the resorcinol, and removing paraffinic
compounds in vapor phase from the last of said
extraction zones. .

8. A process of treatmg a petroleum fraction
with a selective solvent which comprises passing
a. petroleum fraction containing aromatic, cyclic

‘nen-benzenoid, gnd parafiinic compounds through

a series of extraction zones, passing diacetin
through each of szid extraction zones at a tem-
perature substantiaily below its boiling point, in-
timately contacting the petroleum agnd the di-
acetin in said zones, maintaining the diacetin
at a temperature no lower than the boiling point
of the petroleum fraction under the conditions
of extraction, maintaining the temperature of
said diacetin gbove the boiling point of the non-
aromatic compounds in the first zone of extrac-
tion and selectively dissolving aromatics in said

~ diacetin, maintaining the temperature of said

40

separating a vapor phase non-arcmatic rafiinate

from said liquid phase solvent, removing the lig-
uid phase solvent containing dissolved aromatic

hydrocarovons from said extraction zone, passing

said solvent together with ifs dissolved compounds
to & separate vaporizing zone, maintaining a seal

between saild solvent extraction and vaporizing

zones 1o prevent undesired return of vaporized
compounds, vaporizing only a portion of the hy-
drocarbons dissolved in said solvent in said vapor-

izing zone, and returning said vaporized hydro-

carbons to said solvent extraction zone.

60

diascetin in a second extracting zone above the

' boiling point of the paraffinic compounds and

selectively dissolving cyclic non-benzenoid com-

" pounds in the diacetin, and removing paraflfinic

compounds in vapcer phase from tine last of said
extraction zones. |

0. A process of treating a petrocleum fraction
with a selective solvent which comprises passing
a petroleum fraction containing aromatic, cyclic
non-benzenoid, and parafiinic compounds through
a series of extraction zones, passing anisidine
through each of said extraction zones at a tem-

perature substantially below its boiling point, in-

timately contacting the petroleum and the anis-
idine in said zones, maintaining the anisidine
at a temperature no lower than the boiling point
of the petroleum fraction under the conditions of
extraction, maintaining the temperature of said
anisidine above the beiling point of the non-aro-
matic compounds in the first zone of extraction
and selectively dissolving aromatics in said anis-
idine, maintaining the temperature of said anis-
idine in a second extmctmg zone above the boil-
ing point of the parafiinic compounds and selec-
tively dissolving cyclic non-benzenoid compounds
in the anisidine, and removing paraiiinic come-

" pounds in vapor phase from the last of said ex-

traction zones.
JOHN Q. CGPE. ~
WILLIAM H. CLAU_SSEN-. "
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