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The present invention relates to aromatic hydrocar:tzx

separation from aromatic/non-aromatic mixtures.

In accordance with the invention there is provided a m
for separating a hydrocarbon mixture, especially a feed strzam,
containing aromatic hydrocarpbons and nan-aromatic hydrocarbons into an
aromatics-lean raffinate and an aromatica-rich extract; which metdcd
comprises contacting the hydrocarbon mixture or feed stream with an
organic non-quaternary clathrate salt having less than 1§ carbon agems
in the cation, whereby the clathrate salt selectively interacts with
the aromatic compenent of the hydrocarbon feed mixture producing
raffinate phase of reduced aromatic content and a hydrocarbon-salt
clachrate extract phase of increased aromatic content containing ite
clathrate salt and combined aromatic hydrocarbon, separating i:ze
raffinate phase from the extract phase and releasing the aromaric
hydrocarbon from the clathrate salt of tha extract phase to recover an
aromatics-rich portion or stream and the organic non-quaternary sals,
which latter can be recycled for contact with frash hydrocarbon fses,

The clathrate =maltg selectively interact with the aromz:zic
components of the hydrocarbon feed mixture. The exganic ren-
quaternary clathrate salt poasess non-qusternary cations suc:z as
phosphonium, ammonium, imidazolium, pyridinium and piperidinium and a

monovalent or polyvalent anion. They ¢an be represented by formuliz:

[n,,qu:,.,,] A or [h‘@d - Hs-u] A

wherein R is a radical independently selected from the group consizt-
ing of hydrogen, linear or branched Cy-Cyz alkyl, Cg-<p3
cycloalkyl, C9-Cys azalkyl and alkaryl and Cg-C1p aryl.
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including inert or unreactiva substitutes therein and mix-

tureas thersof, wherein the total number of carbon atoms in
the total of the R radicals in the cation is less than 16;

n is 1-3; '

m is 1-5;

Q is N or P;

A is a monovalent or polyvalent anion.

The separation is conducted either above the melting point of
the clathrate galt but below the decomposition temperature of either
the salt or the hydrocarbon feed or under conditions gsuch that the
salr goes into aclution in the hydrocarbon feed. The clathrate salt
ie zeparated from the aromatic hydrocarbon with which it combines by

e.g. washing with water.

The organic non-guaternary clathrate salt aclectively
combines with the aromatic hydrocarbons in the feed and produces a '
binary liquid-liquid phase system, {.e., a raffinate phagse of reduced
aromatic content and an extract phase of increased aromatic content
containing the aramatic hydrocarbon combined with the clathrate salt.
The raffinate and extract phases are separated, then the aromatic
hydrocarbon-clathrare salt combination is itself separated inte an
aromatics rich stream and a recovered organic non-quaternary clathrate
salt stream, which iz, can be, and preferably zrecycled to the

separation.

U.S. Patent 4,359,596 describes the sasparation of aromatics
from mixed aromatics/aliphatice hydrocarbon gtreams by liquid salt
extraction. The salts used are of the formula

[n ] [4]
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wherein Q is nitrogen, phosphorcus or arsenic;
A is a monovalent or polyvalent anion;
RgQ is a wmonovalent or polyvalent cation .in sufficient
numbers to render the salt electrically neutral;
R is a hydrocarbon radicidl independently selected from the
group consisting of linear or branched C;-Czp alkyl, Cg-Cip
cycloalkyl, C37-C¢ aralkyl and alkaryl, snd Cg-Cj;p aryl,
concluding inert or unreactive substitutes therein and
mixtures therecf, whersin the total number of carbon atoms in
the four R radicals totals at least 16 and wherein not more
than one R radical is methyl. The separation is performed by
contacting the hydrocarbon feed with the salt above the
melting poix'xt but below the decomposition point of the liquid
salt. The salt is Bseen ro posasess a cation which is

guaternary and contains at lesast 16 caxbon atoms,

The process of the prement invention is useful in treating
lube stocks for the removal of aromatics to produce arxromatics lean
raffinates or for the recocvery of aromatics such as benzens, tolusne

and xylene in chemical feed streams.

The separation employs a organic clathrate salt having a
non-quaternary cation possessing fewer than 16 cation atoms, The salt
may be a ”"liquid salt” by which is meant a molten fluid at the temper-
ature of extraction, from about room temperature (approximately 20°C)
to about 400°C, preferably about 20°C to 200°C, in which the solvent
is present above its melting point but below the decomposition temper-
ature of either the salt or the hydrocarbon feed.

¥Yhen used as a liquid salt the liquid salt can ba a clear,
pourable fluid or a melt. The salt can be a solid provided it goes
into golution in the hydrocarbon feed under the conditions employed.

. Contacting the salt with the hydrocarbon feed permits the
salt to combine with the aromatic hydrocarbong present in the feed to
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produce a binary liquid-liquid phase system. The extract phage of
salt plus aromatics is usually the more dense phase and exists either
a8 a separate diastinct lower phase or as suspended droplets in a
continuous lighter phase (the raffinate). '

The process of the prasent invention employs organic non-
quaternary salts which may be represented by thea following formulae:

[n,.uug.n] [A]; “@N-ﬂ als  or

- R

]|
. \

R

wharein Q is nitrogen, phosphorus, or arsenic;
R is hydrogen, <{1-Ciz linear or branched alkyl, Cs5-C13
cycloalkyl, C€7-C1z aralkyl or alkaryl, and Cg-Cyip aryl,
including inert or unreactive substances including hetercatom
containing species wsuch as alkoxy, and mixtures thereof,
whaerein tha total number of carbon atoms in the sum of the R
radical groups in the caticn is less than 16;
n is an integer ranging from 1-3;
A is a monovalent or polyvalent anion present in sufficient
number to balance the electrical charge of the cation.

Represgsentative R zadicals i{m the cation include methyl,
ethyl, propyl, n-butyl, sec-butyl, t-butyl, n-pentyl, 2 methylbutyl,
d-methylbutyl, n-hexyl, n-octyl, 2-ethylhexyl, decyl, stearyl, cvclo-
hexyl, p-chlorcbenyl, benzyl, p-methylbenzyl, 2-phenethyl, tolyl,
P-xylyl, phenyl, chlorcphenyl, dodecyl, trifluorobutyl, n-eicoscnyl,
cyclohexylbutyl, phenylburyl, butylphenyl, naphthyl and the like. The
R radical may also be substituted with substitusnts inert under the
process condition such as C1-Ciz alkoxy, Cg-Cip aryloxXy and the lass
reactive halogens fluorine and chlorine.

- i
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Representative cations include triethylammonium, lutidinium,

collidinium, 2-~ethyl pyridinium, 2-ethoxy pyridinium, 1-methyl
piperidinium, piperidinium, 1-ethylcollidinium, l-methyl, 3-ethylimi-
dazolium, 1-methylimidazolium.

Anions may be any of the typical anions common to salt forma-
tion including carboxylates, benzoates, sulfonates and devrivatives
thereof, s.g.:

RO

where R is OH, Cj-Cjg alkyl, £]-Cip alkoxy, n = 0-5.

Rn -
©

wherein R is OH, C3-Cjp alkyl, C1-C1p alkoxy, n = 0-5,

0
v—d - o’

where R is H, CF3, C3-Cip alkyl. Other ctypical anions include
(£luoride, chloride, bromide, iocdide, sulfate, naphthenate, bicarbon-
ate, bigulfide, nitrate, halometallate ({(e.g., tetrafluoro-borate)

methenssulfcnabe;  trifiuorermethanesulfanate— —dodesydsulionate

phosphonate, benzenephosphonate, tetra-m-butylboranats, acetata and 2-
ethylthexancate, benzemgsuifonate,- p-teluenesulfonate, p-chioxe-

bonzeneseifonste- Fhencxybenzeneoul-fonate benzenephosphinate,
benzoate, tetrachloroaluminate, tetrafluoroborate, hydroxide,

methoxide, phenoxide, 2,4,6-tri-t-butylphenoxide, txig (2-methoxy-
ethoxy) acetate, tetra-2-ethylhexylboranate, tetra-sec-butylboranate,
triethyl-2-ethylhexylboronate, and the 1like. Particular examples
include salicylate, triflate, 2,6-dihydroxy benzoate.
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The organic non-quaternary clathrate salts useful in the
present invention are synthesized by techniques common to the art.
The appropriate organic base is reacted with the appxdpriaca organic
acid in a suitable molvent such as tetrahydrofuran (THF), or the
reaction can be run neat {in tha absence of solvent) if one or both of
the acid or base is liquid.

Preferred organic non-quaternary clathrate galt includa
triethylammenivm salicylate, lutidinum triflate, collidinium trifiace
( -H CF3C00-}, 3-ethylpyridinium triflate, 2 ethoxypyridinium
txiflate, 1-methylpiperidinium  triflate, triethylammonium 2,6~
dihydroxybenzoate, piperidinium triflate, tripropyl ammonium formate,
1-methyl piperidinjum phenylacetate, triethyl ammonium m-nitroben-

zoate, quineclinium triflate.

The extracting solvent imn this process comprises an organic
non-guaternary salt and can also include a small quantity of cosolvent
or cosolvents for the liquid salt, such as water, acid, alcohol, or
the corresponding acid of the anion radical. Water is eepecially
useful because it is inexpensive, relatively non-corrosive and can
increase selectivity in the extraction; however, the use of water does

diminish extraction capacity.

The extraction procees of the preeent invention is cypically
conducted at between about 20¢C to about 400°C, preferably about 20°C
to 200°C. Pressures employed are preferably atmospheric, but elevated
pressure may be employed, if necessary, to maintain the hydrocarben

feed in the liquid state,

The amount of salt used in the extraction process is flexible
and amounts ranging from about S0 to 400 mass t salt/feed can be
employed, preferxably 50 to 100 mass %. The actual amounts of galt
employed will depend on the amount of aromatics in the feed, the
degree of separation desired, the particular characteristics of the

salt employed.
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Thae éxtraction process can ba run on a batch or continuous
basis, including countercurrent extraction. Procedures such as liguid
mewmbrane suspansion of the salt can also be employed.

The separation process produces a binary two liquid phase
system. The upper, lighter phase is typically the xaffinate, of
reduced aromatics content and very low salt content. The lower,
heavier phase is the extract containing the aromatics-salt c¢lathrate.

Following physical separation of these two liquid phases one
from the other by typical techniques such as centrifugation or simple
decantation, the salts are released from the aromatics-salt clathrate
by the addition of ; polar, protic substitution agent such as water,
which breaks the clathrate forming a new binary liquid-liquid phase
comprising a light-upper phase of hydrocarbon and a heavier, lower
phase of salt-water., These phases can be separated by typical
liquid-liquid separation procepdures again such as centrifugation or
decantation, The salt can be recovered from the salt-watexr phase by
digtillation or fiashing to remove the water. The recovered salt can
then be recycled to use, Alternatively, soms aromatic-salt ¢lathrates
can be declathrated by simply reducing the temperature of the
aromatic-salt clathrate from the formation temperature to 2 reduced
temperature, e.g., by coeoling from 50°C down to ambient. As another
alternative the araomtic hydrocarbon salt clathrate can be heated to
raecover the hydrocarbon with the salt being recycled.

The present invention is described and demonstrated in the

following non-limiting examples.

EXAMPLES

Example )

A number of salta made by combining 15 cations and 8 anions
were pynthegsized. Their melting points and toluene solubilities wers
_—
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A number of salts from -Table 1, and some not appearing in
Table 1} made up of different cation-anion pair combinarticns were

screened using a 1:1 toluene/cyclohexane mixture for their ability to

form tolune-gsalt clathrates in the presence of the non-aromatic

cyclchexane. The results are presented below in Table 1A.
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The results indicate that organic non-gquatermary salts form
toluene-salt clathrates but that when the cation contains R radical
groups, the sum of the carbons in the total sum of _chu R radical
groups wust be less than l16. Without exception, when the cations
trihexylammonium and tri-occtylammonium produced a salt, the resulting
salt was goluble in cyclohexane and in toluene, indicating that the

salt is inappropriate for use in aromatics/non-aromatice separations,

Examele 3

Organic non-quaternary salts wers evaluated for their ability
to separate varying volumas of 2:1 benzene/cyclchexane sclutions at
20°C and 50°C, The results are listed in Table 2, Mass balances were

.

not recorded.

IABLE 2

Characteristics of Liquid Organic

Molecular R

ecognition

S A Y

O <’ 2 El1S 8

L3t

Tristhylammonium 2,6-dihydroxybenzoate mp: 34-315°C

Amt,

Salt 20°C Upper Lower 50°C Upper Lower
1 g 1.88:1 4£.83:1 1.88:1 3.48:)
29 1.69:1  4.53:1 1.72:1  €.11:1
5g 1.32:1 4.38:1 1.37:1  3.43:1

Piperidinfum triflate mp: 27-23°C

Amt, Liguid Phage Ligquid pPhage

salt 20*C Upper Lowsar 50¢C Upper Lower
lg 1.95:1 3.00:1 1.92:1 3.33:1
2g 1.68;:1 2.63:1 1.86:1 2.88:1
5g 1.84:1 3.39:1 i1,66:1 2.75:1

2-athyl pyridinium triflate mp: < 20°C

Amc. Liguid phase Liguid Phase
Salt 20°C Upper Lower 50°C Upper Lower
i1g 1.84:1 5.08:1 1.86:1 3,00:1
2 g 1,69:1 4.60:1 1.82:1 2.93:11
5g 1.34:1 2,681 1.43:1 2.58:1
—_—
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tutidinium triflate mp: < 20°C
Anmc. Liguid phase liguid Phase
Salt 20°C Upper Lower s0°C Upper Lower
lg 1.90¢1 8.47:1 1.98:1  4.84:1
29 1.73:1 4.,33:1 1.88:1 3.64:1
5 g 1.38:1% 3,801 1.44:1) 3.,098:1
Collidinium triflate mp: €i-62°C
Amt, Liquid Phase biguid Phase
Salt 20°C Upper Lower 50°C Upper Lower
g 1.82:1  4.76:1 1.86:1 4.27:1
- 1.69:1 4.64:1 1.74:1 4.33:1
Sgqg 1.24:1 4.08:1 1.25;1 3,58:1
Pyridinium triflate mp: 73-76°C
Amt. Liguid Phage Liguid Rhase
Balt 20°C Upper Lower 50°C Upper Lower
lg 1.88:1 €.88:1
ig Insolubls 2.00:1 5.70:1
5 g 1.67:1  5.00:1
Tripropylammonium formate mp: < -20°
Amt. Ligquid phase Liguid Phage
salt 20°C Upper Lower 50°C Upper Lowar
2 g 1.68:1 2.91:1 1.74:1 2.583:1
1-Methyl piperidinium triflate mp: 53-53°C
Amt. higuid Phase Ligquid Phage
Salt 20°C Upper Lower 80*C Upper Lower
2 g Insoluble . 1.75:1  3.80:1
1-Msthyl piperidinium phenylacetate mp: < -20°C
Amt. Liguid Phane Ligquid Phaseg
Salt 20°C Upper Lowex 50°C Upper Lower
2g 2,18:1  3.91:1 Soluble
Tristhylammonium m-nitrobenzocate mp: 79-81°C
Ame. Liguid phase Liguid phase
Salt 20°C Upper Lower 50°C Upper Lower
r -4 Insoluble 1.92:31 2.63:1
Quinolinjium triflate wp: 67-69°C
Amt. Liguid Phase Liguid Phage
Salt 20°C Upper Lowar S0°C Upper Lower
sg Insoluble 1.55:%  2.88:1
—_—
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From this data it should be noted that selectivities wera
genexrally lower at 50°C than at 20°C. BSelactivites also generally
decrsased as the amount of galt used increased. It was observed that
the volume of the liquid clarhrate phase tended tc be larger at 50°C

than at 20°C,

Example 3

A series of organic non-quaternary salts were evaluated on a
model feed (Feed A) for selactivity and capacity and compared with
N-methylpyrrolidene (NMP) containing various amounts of water for the
extraction of the same fead. The feed is described in Table 3.

' TABLE 3 1
Fead A

Component Mags %

Dacalin 49,80

Tetralin 7.66

Ethylbenzene 7.74 ,
Mesitylene 7.63 !
1-Methyl Naphthalene 15.21

Phenanthrene 11.95

The test conditions and results are presented in Table 4.

-
This Shest Has Been Replaced
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JABLE 4
and Batch Extraction{l) Capac alectivit 2) with 25.0 o¢
s wngﬁ& YIELD IUI\FF. sms4 ;;--Emmowm ﬁss(s)ﬁ
Triethylammonium Salicylate 60.8 84.02 . 1.59 0.34 0.30
Lutidinium Triflate 65.0 82.59 1.72 0.33 0.21
Collidinium Triflate (a 74.8 84.38 1.72 0.28 0.26
u& 43.5(6) 95.73 1.88 0.09 0.04
2-Ethylpyridinium Triflate .1 80.42 1.63 0.39  0.32
2-Ethoxypyridinium Triflate 91.5 78.99 1.54 6.43 0.28
1-Kethylpiperidinium Triflate(7) 87.1 74.59 1.43 0.53 0.47
Triethylammonisom Dihydroxybenzoate 44.4(6) 93.45 1.68 0.13 0.07
Piperidinium Triflate 96.0 73.17 1.22 0.67 0.67
NMP/10 LV% H20 40.0 90.90 1.81 0.22 0.14
NMP/11 LVX H20 48.5 89.58 1.63 0.21  0.15
NMP/15 LV% H20 68.7 86.80 2.54 0.20  0.13
NMP/18 LV% H20 69.8 84.64 1.88 0.28 0.19
Feedstock 100 72.84(8) - - -

d3ovidayd
NH3d S¥H LH3HS SIHL
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(1)

(2)
(3)
(4)
{5)
(6)

(7)
{(8)

Stngle stage batch extraction with 0,05 mole salt (or 178 LV% Treat NMP/H20) at 50°C unless
otherwise noted.

Determined from mass balance and GC analysis.
A measure of extractant capacity.

A measure of Tube raffimate quality.

A measure of extractant selectivity.

Used 0.19 mole of salt. Experiment provided a direct comparison with NHP/H20 results at conditions
of equal mass of extractant.

Extraction performed at 70°C.
Theoretical yield of Sats + IRAr raffinate phase.

daov1day
NH38 SVYH LITHS SIHL
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As can be seen, extraction using organic non-quaternary salts
compares favorably with extraction using NMP/HzO. Due to solubility
problems of the model feed in neat NMP relatively large volumes of
water {10 LVE and more) weére required in order to observe phase

separation.

Both triethyl ammonium dihydroxybenzoate and collidinium
triflate have higher selectivities for aromatics than NMP/Hz0. Under
conditions of constant treat, temperature and raffinate gquality
{avidenced by t sats and 1 ring aromatica in raffinate phase}, both
salts afford a significant yield credit {about 16% and 23% for tri-
elhyammonium dehydroxybenzoate and collidinium triflate rezpectively
at %0%+ sats and 1 ring aromatics in the raffinate phase). Col-
lidinium triflate has the baest selectivity for aromatics, in parti-
cular 2- and 3-ving aromatics., As compared to NMP/HZ0 ({(at constant
mass ¥ treat) collidinium triflate (b) has a greater selectivity for
2R aromatics and 3R aromatics by a factor of about 2.4 and 3,5 respec-
tively, 'whih the selectivity for saturates and 1 ring axomatics is
essentially equivalent. It is also seen that as salt ctreatc is
increased from 51 to 198 mass ¥, the salt’s selectivity (as measured
by ¥ sats and 1 xing aromatics in raffinate) increased from about B84

to 96%,

Example 4

Another series of experiments using the organic non-
quaternary salts were conducted on a different model feed (Feed B)
containing sulfur and nitrogen containing compounds. In addition the
effect of adding a polar, protic additive (in this case water) to the
galt was evaluated. The feed composition is given in Table §.
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Decalin

Tetralin
Ethylbenzene
Mesitylene

1-Methyl Naphthalene
Phenanthrens
Collidine
pibenzothiophene

47.08
7.22
7.22
7.22

14.12

11.29
1,94
2,94

P.1
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The conditions of these experimental runs and the results are

presented in Table 6.
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al c action(l)

Salt

 Triethylammonium salicylate(2)

Triethylammonium dihydoxybenzoate
Collidinium triflate
Tributylammonius/Toluene Sulfonate
Luthidinium triflate
Methylpiperidinium triflate

Tetrabutylammonium salicylate

UPPER/LOMWER PHASE

TABLE 6
1 {1 Wit
----- Moles of H20----
None 0.015 0.03
1.54  L.79 1.91
- 1.83 1.94 1.79
1,72 1.9 2.13
1.23 1.33 1.39
1.68 1.99 --
(3) 1.33 1.41
(3) (3) 1.59

1.83
1.72
1.23
1.68
(3)
(3)

Holes of H20----

0.015
1.36
1.67
0.77
1.07
1.62
1.49
1.38

0.03
1.48
i.n

GOV Idad
NHHE SVH LAEHS SIHL
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JABLE 6 (continmed)

t

es

(%
Moles of Ho0

0.015 0.03
0.42 0.38
0.34 0.29
D.28 --

0.46 0.42
0.32 -

0.43 0.46
0.33 0.38

tra {1)
....... i-__---;--.--‘-------

«---Moles of H30---
Salt None 0.015 0.03
Triethyl amo?im 0.38 0.35 0.38
salicylate(2
Triethylammonium 0.31 0.33 0.36
dihydroxybenzoate ,
Collidinium trifiate 0.25 0.31 0.31
Tributylammoniun 0.42 0.42 0.40
p-toluene sulfomate
Lutidinium triflate 0.31 0.32 --
Hethylpiperidinium (3) 0.54 0.54
triflate
Tetrabuty)ammonium 3) @3) 0.379
salicylate(S)

S

t

UPPER/LOWER PHASE

1

---Moles of H20----
_ Rome 0,015 0.03
0.26 0.24 .026
0.20 0.22 0.24
0.14 0.18 0.18
0.30 0.32 0.28

0.19 0.19 --
(3) o0.51 0.49
(3) (3) 0.25

----------------------------------

Molaes of HeOH
0.015 0.03
0.32 0.26
0.23 0.19
0.18 -

0.36 0.36
0.21 -

0.37 0.38
0.26 0.26

sV Iday
‘ NZdd SYH LIFHS STHL
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TABLE 6 (continued)

(1) Single stage batch extraction with 0.03 mole salt at 50°C
(2) 0.025 and 0.050 moles of water used; 25 grams of feedstock B
(3) Salt failed to dissolve at 50°C

(4) 0.034 moles of water used

(5) Comparative compound ewbraced by U.S. Patent 4,359,596

-vz—
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From this it is clear that the procees of the present invention using
organic non-quaternary sgalts to selectivity extract aromatics from
streams containing aromatics and non-aromatics is affected by the
presence of water. The salt salectivity for sn:urat;s and 1 ring
aromatics generally increases with increasing water content whereas
the gelectivity for 2 ring+ and 3 ring aromatics is either equivalent
or worze than that for the salt under dry conditions. These results
are similar to those observed with NMP/H20 in Table 4 where increasing
water content increased the smelectivity for saturates and 1 ring

aromatice in the upper raffinate phase.

As shown in Table 7, increasing the salt’s water content
decreases the salt’s capacity while increasing its selectivity in a

similar fashion as that for NMP/H20.
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JABLE 7

f of Wa tiv t Salt Capacityl(l)

Mass of Feedstock

Salt

Triethylammonium salicylate(3)
Lutidinfum triflate
Coll{dintum triflate
1-Hethylpiperidinium triflate

Triethylammontium
dihydroxybenzoate

(1) A1l single stage batch extraction e
feedstock B, 0.030 mole salt at 50°

5.713

4.41

4.78

~(2)
4.26

X
-moles of Hz0

xperiments carried out with 15.0 g of model

C

9.015
3.53
3.1
3..72
2.75
3.04

o -

(2) salt failed to dissolve at 50°C under dry conditions

(3) Used 25 grams of Feedstock B with 0.05 mole salt at 50°C

62
!

-(2)
n

woles of Hp0
0,015

76
79
75
83
80

------

-9z -
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d8 SYH 133Hs §

oo

SEYT AT B HOMU3SH Wds2:28 96, S8 €34

IHL ’

9°d




FEB @5 ’S6 ©2:25PM RESERRCH & DEV LABS - P.7

THIS SHEET HAS Bi’:‘Z.EN |
REPLACED

- 27 -

This reduction in salt capacity with increasing water content
can be exploited as a means for breaking the clathrate, thereby
springing the aromatic molecules from the salt and :e_generating the

salt for reuse.

Tests conducted with methanol and ethanol were less con-
gistent than those employing water as the additive but tended to go in
the opposite direction, i.e., increased capacity with no or negative

impact on selectivity.

Example §

The organic non-quaternary salt triethylammonium salicylate
was compared with single-stage NMP extraction on three Ilube oil
samples. The triethylammonium salicylate was placed in a vacuum
desiccator and dried for several days before use. The salt was kept
in the desicecator when not in use because of its hygroscopic proper-
ties. The object was to produce raffinates of similar Refractive
Indax by NMP extraction and liquid salt complexation. The lube oils
treatad were a 60N, a 210N and an extracted 150N base oil. All ware
non-waxy. The conditicn employed and result cbtained are presented in
Tables 8A, 8B and 8C.
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TABLE 83

Data Summary For 'rnethyhmornium

Fead Baytown 60N Coastal Distillate
Extraction Run # A . B c D
Solvent Used c LC c LC
Temperature {(c) 65 §5 63 65
Treat (wt¥k) 24.0 48,0 71.9 118.8
Ha0 in Solvent (lv¥) 0 0 ] 0
Fead RI 1.4730 1.4730 1.4730 1.4730
Feed Density 15C 0.8970 0.8970 0.8970 0.8970
Feed Used (gms) 25.03 25.02 25.05 25.06
Raffinate RI 1.47112 1.4636 1.4678 1.4662
Raffinate Density 18C 0.89%42 0.8518 0.88%8 0.8873
Raffinate Recovered (gms) 20.96 21.25 20.38 20.06
Extrxact RIX 1.5101 1.5158 1.5131 1,5354
Extract Density 15C N/A N/A D.9543 1.0231
Extract Recovered (gms) 0.99 1.85 2.84 3,80
Yield RI (Awvy) 85.13 92.64 #8.52 $0.17
Yield Density (1lvy) N/A N/A 88.84 92.86
Yield (wt¥%, Rec weights) 95.49 91,99 87.7% 84.07
(1vé calculated) 95.79 92.53 88.46 84.99
Average lvt yield 95.46 92.58 88.81 89,34

Base Case NMP Single Stage Batch Extractions

Fead Baytown 60N Coastal Distillate
Extraction Run # i . 2 3 4
Solvent Used NMP NMP NMP NMP
Temperature {c¢) 65 50 65 65
Treat (wt¥) 56.73 58.46 116.%7 172.85
E20 in Solvent {lv¥) 2 2 3 2
Raffinate RI 1.4684 1.4672 1.4629 1.4593
Raffinate Density 15C 0.8917 0.8896 0.8825 0.877s
Raffinate Recovered (gws) 147.25 141.16 117.63 83.42
Bxtract RI 1.506% 1.5158 1.4978 1.4939
Extract Dengity 15C 0.5475 0.9571 0.9391 0.9328
Extract Recovered (gms) 22.28 16.73 52.97 71.05
Yield RYI (1vh) 88.05 87.9% 71.06 €0.40
Yield Density {lv¥) 90.50 89.04 74,38 84.74
vield (wty, Rec weights) 86.88 89.40 €68.55 S6.80
(1v¥ calculated) 87.37 90.15 70.08 SB.06
Average lvs yield 88.64 87.99 71.64 61.07
This Sheet Has Been Rep
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IABLE SR

Data Summary For Triethylammonium

Feed Baytown 250N Coastal Distillate
Extraction Run # E F G H I
Solvent Used e c c Lc e
Temperature (c 113 (11 (11 1 as
Treat {wtk) 50.28 160.00 149.9¢6 299.60 149.684
Hz0 in Solvent (lvk) 0 0 o 0 0
Feed RI 1.4800 1.4900 1.4900 1.4%00 1.49
Feed Density 15C 0.9247 0.9247 0.9247 0.9247 0.9247
Feaed Saturates (wt%) 54.30 54.30 $4.30 %4.30 54.30
Feed Aromatics (wty): 45.70 45.70 45.70 45.70 45.70
Fead Used (gms} 25.08 25.01 25.00 20.00 20.00
Raffinate RIY 1.4856 1.4831 1.4812 1.4776 1.4814
Raffinate Density 15C 0.519¢6 0.9162 0.9135 0.5089 0.9241
Raffinate Saturates {wt3) 57.0 N/A N/A N/A N/A
Raffinate Aromaticg (wt¥) 43.0 N/A N/A N/A N/A
Raffinate Recovered (gms) 22.55 20.03 21.32 15.52 21.76
BExtract RI 1.8583 1.5349 1.5448 1.5398 1.5486
Extract Density 15C N/A 1,.01458 1.0397 1.0202 X.0631
Extract Recovered (gms) 1.82 3,54 4,18 4.72 . 4.07
Yield RI (lv¥} $3.95 86.68 8€.16 79.74 87.20
Yield Density (1lv%) N/A 81.35 01,13 85.680 52.88
average lvs 93.95 . 8%.02 88.64 82.77 90.04
Yield (wt%, Rec weights) 92.53 85.47 83.71 76.68 84.24
{lvs calculated) 93.04 86.27 84,73 78.01 B5.22
Average lv¥ yield 93.50 83.10  87.34 81.19 88.44
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Data Summary For Triethylammonium

Baze Case NMP Single Stage Batch Extractions

Feed

Extraction Run #
Solvent Used
Temperature {(c)
Treat {wt¥)

H20 in Solvent {1lv%)

Raffinate RI

Raffinate Density 15C
Raffinare Saturates (wty)
Raffinate Aromatics (wt¥)
Ratffinate Recovared (gms)

BExtracr RI

Extract Density 15C
Extract Saturatas (wtk)
Extract Aromatics (wth)
Extract Recovered (gms)

Yield RI (1v¥)
Yield Density {1lv¥)
average 1lvy
Yield (wt%, Rec weights)
(lv¥ calculacted)
Average lv¥ yield

'98 16:38

THIS SHEET HAS BEEN ’

Baytown 250N Coastal Distillate

5
NMp
€5
$0.07
2

1.4848
0.9188°
67.1
32.9
224.55

1.5374
0.98%6
18.1
81.9
24.87

90,11
.81.67
90.11
90.03
80.861
50.80

(]
NMP
(31
99.57
2

1.4789
0.5097
N/A
N/A
205.03

1.5295
0.9796
N/A
N/A
43.14

78.06
78,54
78.08
82.62
83.38
80.18

7
WP

13
150.02
2

1.4756
0.3047
N/A
N/A
170.25

1.528%1
0.5743
N/A
N/A
74.91

70.91
71.25
71.09
63.45
70.98
71.05

8

NMP

50
298.73
2

1.4701
0.8373
N/A
N/A
121.13

1.5264
0.97€66
N/A
N/A
75.75

64.65
65.45
€5.05
61.84
€3.73
64.61
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Table 8C

Date Summary For Triethyl

CPAOR 1 SO Y- 101)

anmon,

ium
> qel 5

[iae

Feed . 150N Base 0il
Extraction Run # 9 10 11
Solvent Used Lc LC ) 4o,
Temperature [c) &5 65 65
Treat (wté) 49,96 100.122 149.80
Ha0 in Solvent (lv¥) 0 0 ]
Feed RI 1.4586 1.4586 1.458B6
Feed Density 15C 0.8752 0.8783 0.9752
Peed Viscosity § 40°C 25.026 29.026 29.026
Feed Viscosity @ 100°C 4,958 4.959 4,959
Peed Viscosity Index 51.9 s1.9 91.9
Feed Used (gms) 25.06 25.01 25,02
Raffinate RI 1.4582 1.4578 1.4579
Raffinate Density 15C 0.8748 0.8741 0.8738%
Raffinate Viscosity @ 40°C 29,087 N/A 28.%11
Raffinate Viscogity @ 100°C 4.967 N/A 4.957
Raffinate Viscosity Index 92.2 N/A 82.7
Raffinare Recovered (gms) 24.72 24.15 23.10
Extract RI N/A N/A 1.5288
Extract Density 15C N/A N/A R"/A
Bxtract Recovered {(gms} 6.60 0.86 1.03
Yield RI (lvt) N/A N/A 99.02
Yield Density (Ivs) N/a N/A N/A
average lvt . N/a N/A 93.02
Yield {(wt%, Rec weights) 97.63 96.56 $5.73
{1v¥ calculatad) 97.67 56,62 95,87
Average lvk¥ yield 97.87 96.68 95.87

\
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Base Case NMP Single Stage Batch Extractions

Feed

Bxtraction Run §
Solvent Used
Temperatura {¢)
Treat (wtd)

H20 in Solvent (lv¥)

Raffinate RI

Raffinate Density 15C
Raffinate Viscogity @ {0°C
Raffinate viscosity @ 100°C
Raffinate Viscosity Index
Raffinate Recovared {gms)

Extract RI
Extract Density 15C
Extract Recovered {(gms)

Yield RI (1v¥)

Yield Density (1vk)
average lvs

Yiaeld (wty, Rec weighta)
(1vt calculated)

Average lvt yield

96 16:31

MCT-10 Base 0il

BE-24-89
NP

-1

43,51

2

1.4587¢
0.8740
28.710
4,917
92.7
196.48

1.4952
0.5290
4,18

$7.34
97.82
$7.34
57.%1
98.05
97.63

RE-25-8% BB-26-85
NMP NMP
65 s
99.92 150.16
2 2
1.4572 1.4565
0.8727 0.8717
N/R 28.326
R/A 4.923
N/A 9¢.8
188.45 182,89
1.4884 1.4861
0.9262 0.9176
10.50 15.33
95.51 92.91
$5.33 32.37
$5.51 92.64
94.53 82.27
$4.80 92.64
95.16 $3.64
TmsShmﬁEhsBemaRqﬂmmd
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The sxtraction using the salt was conducted in the feollowing

manner .

A small temperature regulated batch extractien wvessel was
used as the geparation device. A known waight of diastillate was
placed in the vessel and allowed to equilibrate to the desired reac-

tion temperature.

Next, a known weight of the solid crystalline salt {(dependent
on the desired treat) was placed in the extraction vessel and allowed
Eo warm up to the reaction temperature. As the mixture was warming,
the corystals began to melt or diszsolve in the oil. Aafter about 5§
minutes about half the crystals had dissclved. When all of tha salt
had dissolved, a small perforated plate or scrsen suspended by a wire
was used to mix the oil and liquid salt together. The mixing rate was
100 strokes in one minute. When the mixing was stopped, the emulation

" of small beak-like bubbles startsd to settle to form twe distinct
phazes. The two phases were completely settled after § minutes. The
two phases were remixed as above and allowed to resettle ensuring

complte and intimate contacing.

The lowsr or extract phase was drained from the Dbatch
extractor intc a preweighed sgeparatory funnel. The weight of the
pep-funnel and extract solution were recorded on the run sheets. The
axtract solution was then washed in the sep-funnel with a known weight
of water (~70 cc)}. The mixture was well shaken three times and vented
and allowed to settle after each shaking., This procedure disengaged
the clathrate from the oil and formed an emulsion. Caution should be
exarcigsed at this point for this reaction is somewhat exothermic. To
frse the oil phase from the emulsion, a known weight of toluene (20
cc) was added, shaken and allowed to gettle. The lower phase
{clathrate and water) was drained off into a second preweighed sep-
funnel. The above waghing procedure was repeated noting all the
weights and combining all the water phases in the second sep-funnel.
The sep-funnel containing the water phases was then washed twice with
known weights of toluene (20ccx2) to rzemove any trapped organics in
the water. The organic phases were added back to the organica in the
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other sep-fumel. Finally, the sep-funnel containing the water phase
was drained irnto a preweighed stripping flaek, reweighed and stripped
on a rotovap until all the water and residual t:olucne‘ were removed.
The flask was then raeweighed and the contents were analyzed for
refractive index and density. The sep-funnel containing the organic
material was alsc weighed, stripped and the oil analyzed for Refrac-

tive Index and Density,

The upper phase left in ths batch extraction vessel (raf-
#inate solution) was drained into a preweighed sgep-funnel, The
solution and funnel were rewsighed, then a known weight of water (20
ce) was added. The mixture was shaken and allowed to settle (three
times). The reaction was probably exothermic but was not noticeable,
indicating a vexy small amount of liquid salt was present. An emul-
sion was formed as with the extract. A known amount of hexans was

added (20 cc) to break the emulsion aftex shaking. The water and

* l1iquid salt or lower phase was drained to a second preweighed sep-

FEB 6

funnel, reweighed and the washing procedure repeated. The water
waghings were combined and washed t.wi.ce with hexane (20 ccx2) te
remove any trapped oxganic material. All of the organic phases were
combined in one sep-funnel while all of the water phases were combined
in the other sep-funnel. The contents of each sep-funnael were drained
into one of two preweighed stripping flasks, These flasks were then
waighed again, then the water oY hexane was removed by rotovap strip-
ping. When this process was complete, the flasks were reaweighed and
the contents analyzed for Refraotive Index and Density.

The runs conducted on the extraced 150 N and base oil shows a
yield debit. Correction for equal treat would further increase the
debit, and suggest that the clalhrate is less suitable for the final
stages of extraction whera mainly highly alkylated one or 2 ring
aromatics remain to be removed. No RI or density yields could be
obtained with the clathrate.

As is seen, triethylammonium salicylate shows up to a 4%
yield credit at equal raffinate RI when used on the 60N and 250N oils.
A high treat is required for the clathrate to obtain this quality. 1I£
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the NMP operating tewperature were lowered to obtain the same quality
product at the same treat level as with the clathrate (i.e., at the
same capacity) the NMP selectivity would improve and 1; is estimated
that the yield credit for the clathrate would be about 1% on feed.
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CLAIMS :

1. A method for separating a hydrocarbon mixtufre. espaecially
a feed stream, containing aromatic hydrocarbons and non-aromatic
hydrocarbons intc an aromatics-lean raffinate and an aromatics-rich
extract; which method comprises contacting the hydrocarxbon mixture or
feed stream with an organic non-quaternary clathrate salt having less
than 18 carbon atoms in the cation, whereby the clathrate salt
selectively interacts with the aromatic component of the hydrocarbon
feed mixture producing a raffinate phase of reduced amtie content
and & hydrocarbon-salt clathrate extract phase of increased aromatic
content containing the clathrate salt and combined aromatic
hydrocarbon, saparating th.e raffinate phase from the extract phase and
‘releasing the aromatic hydrocarbon from the clathrate sgalt of the
sxtract phase to recover an aromatics-rich portion or stream and the
organic non-quaternary salt, which latter can be recycled for contact

with fresh hydrocarbon feed.

2. A method according to claim 1, wherein the contacting of
the organic non-quaternary clathrate salt with tha hydrocarbon feed is
conducted at a temperature above the melting point of the sgalt but
balow the decomposition temperature(s} of both the salt and the hydro-

carbon feed.

3. A mathod acecxrding to claim 1 or claim 2, whearein the
organic non-quaternary clathrate salt is used in amounts ranging from

about 50 to 400 mass % salt to feed.

4. A method according to any preceding claim, wherein the
contacting of the clathrate salt and the hydrocarbon feed is counter-

current.

S, A method according to any preceding claim, wherein cthe
raffinate phase is separated from the axtract phase by decantation.
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€. A method according te any preceding claim, wherein the
aromatic hydrocarbon is released from the hydtocarbon:-saln clathrate
extract phase by the addition of a polar, protic substitution agent.

7. A method according to any praceding claim, wherein the
organic non-quaternary clathrate salt is selected from the following:

R
an‘u.n A N 2 O N-H A ’ or

F‘R 'qu-
/
N A
\

- R.J»._J

wherein Q is nitrogen, phosphorus, or arsenic;
R is hydrogen, C3-Cy2 linear or branchéd alkyl, Cg-Cj2
cycloalkyl, C9-Ci3 aralkyl or alkaryl, and Cg-Cip aryl,
including inert or unreactive substances including hatercatom
containing species, and ;nix:ures thereof, wherein the total
number of carbon atoms in the sum of the R radical groups is
less than 1§;
n is an integer ranging from 1-3;
A is a monovalent or polyvalent anion.

8. A method according to claim 7, wherein the cation of the
organic non-quaternary clachrate salt is selected triethylammenium,
luf.i.di.nium; collidinium, 2-ethyl pyridinium, 2-ethoxy pyridinium,
1-methyl piperidinium, piperidinium, 3l-ethyl ocollidinium, Ii-methyl,
3-ethylimidazolium, 1-methylimidazolium.
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9. A method zmccording to claim 7 or claim 35, wherein the

anion of the organic non-quaternary clathrate salt is _selected fxrom
carboxylates, benzoates, sulfonates naphthenate, bicarbonate,
bisulfide, nitrate, halometallate, phosphonate, borate, acstate,
hydroxide, methoxide, phenoxide, ‘fluoride, chloride, bromide, and

lodide.

10. A method according to claim 7, vwhexein the organic non-
quaternary clathrate salt is selected <£from triethyl ammonium
salicylate, lutidinium trifluorcacetats, collidinium trifluorocacetate,
2-athyl pyridinium trifluorcacetate, 2-ethoxy pyridinium trifluoro-
acetate, l-methyl piperidinium trifluorcacetate, triethyl ammonium 2,
6-dihydroxybenzoate, piperidinium trifluorcacatats, tripropyl ammonium
formate, 1-methyl piperidinium phenyl acetate, triethyl ammonium
m-nitrobenzoate, guinolinium trifluoroacetate. .
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