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The present invention zrelates to aromatic hydrocartzxz

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
s 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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feed streans containing mxtures of aromatic hydrocarbons and non-aromatic *
drocar- bons are separated into aronmatics |ean streans and aro-_natic

rich streams by contacting the hydrocarbon=- &tream wi th &n;A§ BBETHAS BEEN

non-quaternary clathrate salt having a cation containing | essgapagERb6

carbon atons. The clathyate,salt{s _selective I nt.e il the

mat it conmponents of the ﬁ’yg‘r‘%lé‘ r 5O\ ﬁéfee m"‘:{:él,%r'es "f etcorgan c"r aad “agx-

non- quat er nary cl at hr at etuFap ttheseefes\hegein the toral 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-§;

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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quaternary cations sugﬁﬁgs pﬁac 5hon|un1 amoni um i m dazolium pyr P& ni um
and piperidiniumand a nono- valent or polyval ent anion. They can:be
represented by fornula: [err]

.
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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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wher ei n REP 85497 o B 04T Fﬁ%ﬁéﬁd’éﬁ%ﬁ? selected fromthe group condr&ti ng
of hydrogen, linear or branched (Jerr]-(err] al- kyl, Jerr]-C erLrl ———
ia\pycl oal kyl, Cerr]-Cerr] aralkyl and al karyl and ([ err] - Cens $HEFTYHAS BEEN
ihcluding inert or unreactive substitutes therein and m xt yres tREPLACED
wherein the total nunber of carbon atons in the total of tiié R radicals in
the cation is |less than 16; nis 1-3; mis 1-5; Qis Nor P
; 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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A%is a rmnovaﬁ ent or pol yval'e \a’rﬁ oR>  The separ ation is conducteB7ither
above the nelting point of the clathrate salt but bel ow the deconp05|t|on

tenperature of either the salt or the hydrocarbon feed or
such.that the salt goes into solution in thé hydrocarbon f
clathrate salt is separated fromthe aromati c hydrocarbon
conbi nes by e.g. washing with water.
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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
thereof, s.g.:

RO

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

Rn -
©

and derivatives

wherein R is OH, C3-Cjp alkyl, C1-C1p t‘lkoxy, n = 0-5,

e

where R is H, CFy, C;-Cig alkyl., Other ctyplcal

anions include

(£luoride, chloride, bromide, iocdide, sulfate, naphthenate, bicarbon-
ate, bigulfide, nitrate, halometallate ({(e.g., tetrafluoro-borate)
metheneaul fonabe- trifluorermethanasulfanate— —dodecydsulionate
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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descri bes t he separation of aromatics from m xed aromat I cs/ aI | phat I CcS

hydrocar - P THIS SHEET HAS BEEN
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FEB B

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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bon streans By Ti %i?'é@t“ﬁ%&“%ﬁﬁ%hﬁﬂ%e liquid salt's used arePof the
formul a [Rlerr]Q[Al wherei n Q is nitrogen, phosphorous

or; arsenic; A is a nonoval ent or pol yval ent anion; RL-0pfal ) i-3—a
monoval ent or pol yval ent cation in sufficieny . nunbers |tTf SHEEF hf_‘ﬁ@‘%%tl
electrically neutral; Ris a hydrocarbon radical independ®f#i{yiD

sel ected

—

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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from the group consisting o |Hn8é§FV 67%br anched Cerr]-Cerr] al kyA-. e

Cerr]-Cerr] cycloalkyl, (Qerr]-Cerr] aral kyl and al karyl, and
Cterr]-Cerr] aryl, concl udi ng inert or unreactive substi - tutes therein
and m xtures thereof, wherein the total muhber of carbon atons in the
four Rradicals totals at | east 16 and wherein not nore than one.R v
radi cal is met h The,  separation i ormed by cont act) AYISt HEET HAS BEE
hydr ocar bon feed %t‘fﬂ“’f‘ﬁ% 'g‘gl'f%fﬁﬁ?fé“fﬁg 'IH% 1 Fhg poi nt bu{ bel BEPLAED
deconposition point of the liquid salt. The salt is seen to possess a
cation which is quaternag Youmber 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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and cont aFFB %at'9§ eBRAIERESEIRG & TR OffS SUMARY CF THE I \VERT on
Aromati c hydrocarbons are separated from hydro- carbon feed streans
conprising m xtures of aromatic hydrocarbons and non-aronatic hydr ocar bons

by con- tacting the hydrocarbon feed with an organi ¢ nonqu §gﬂ%§.yH BEEN
clathrate salt having a cation containing | ess than 16 car on g

organi ¢ non-quaternary clathrate salt selectively conbi nes £ h t..c
aromati ¢ hydrocar- bo in the feed and eroducgs & biwnary |iquid-Ii qcrl d
phase system i.e, finat g phase pf Geduceg ar-omgi [ c
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DETAILED DESCRIPTICN O T
hydr ocarbons may be sel ectively separated from hydrocarbon feeds conpri sing
mat i ¢ hydrocarbons and non-aromati ¢ hydrocarbons by

contatting hydrocarbon feed with an organi<igl-athrate- THIS SHEET HAS BEEN

m Xtures of aro-

FEB &

toluene-

groups,

156] [ESEARCH, & DEV LABS | NVENTI N Aromatjc p.17

REPLACED

The results indicate that organic non-gquatermary salts form
salt clathrates but that when the cation contains R radical
the sum of the carbons in the total sum of the 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

insppropriate for use in aromatics/acn-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.

'96 [B:18

IABLE 2

Molecular Recognit:.on Characteruucs of mquid orgamc

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

Amt, liquid Phase

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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47 salt havi ng a ﬁor?zdﬁmmﬁzc%l‘-ﬁﬁ possessing |l ess than 16 carhes
at ons. The process is useful -in treating |ube stocks for the renoval of
aromatics to produce aromatics lean raffi- nates or for thd TEgsewery Hak BieEN
aromati cs such as benzene, .« 16 - REPLACED

tutidinium triflate mp: < 20°C

Amt. Liguid Pbase liguid phage

Salt 20°C Upper Lower s0°C Upper Lower

1g 1.90:¢1 S5.47:1 1.95:1  4.684:1

2 g 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: €1-62°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

2g 1.69:1  4.64:1 1.74:1  4.332:1

Sg 1.24:1 4.08:1 1.25:1  3,38:1

Pyridinium triflate mp: 73-76°C

Amt. Liguid Phage Liguid Phase

Balt 20°C Upper Lower 50°C Upper Lower

lg 1.88:1 €.88:1

ig Insolubls 2.00:1 5.70:1

s g 1.67:1  5.00:1

Tripropylammonium formate mp: < -20°

Amt ., Liguid Phase Liguid Phase

salt 20°C Upper Lower 50°C Upper Lowar

2g 1.68;1 2.91:1 1.74:1  2.53:1

1-Methyl piperidinium triflate mp: 53-53°C

Amt. Liguid Phase Liquid 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 Liquid Phase

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

2 g Insoluble 1.92:1 2.63:)

Quinolinjium triflate wp: 67-69°C

Amt. Liguid Phase Liguid Phage

Salt 20°C Upper Lower 50°C Upper Lower

sg Insoluble 1.55:%  2.88:1

_—
Tﬁﬁi’cﬁ tlii | Been Re ]ac
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t ol uene and xyI ene I n chenﬁ%mﬁéeﬁvéﬁ?%ans The separation enpl eyssa
organic clathrate salt hav- ing a non- quaternary cation possessing fewer

than 16 cation atons. The salt nay be a "liquid salt"” byw ,
molten fluid at the tenperature of extractien,- from about |dJ&MH $&HTeAS BERN

(approximately 20[err] C ) to about 400[err]C., preferably aboutRE§ a1

C. to 200 C, in which the solvent is present above [ ts ‘% oi nt but
bel ow t he deconposition FEMFEE F352 it SPGB hated, rpat se T‘ﬁév St AP bon
f eed. When usegessradly ilguexd asabe°ct ban| pyjldodC salselachivibes &lso generally

dacreased 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
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.

-
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¢l ear, poUFRIPEE%H| GRT70 REFEMRCH (% DEYHEBSal t can be a solid providedPi® goes

into solution in the hydrocarbon feed =ubRler the conditi

Contacting the salt with the hydrocarbon feed per- mts |[tTHS SHEET HaS BEEN
conbine with the aromatic hydrocar- bons present in the|feed REPLACBUuUCe &

binary liquid-lig- uid phase system The extract phase
aromat- ics is usually the nore dense phase and exists
separate distinct | ower phase or as suspended dropl ets

s—enployed

of salt plus
either as a
|n a cont| uous

lighter phase (the raffinatd. 8 STh& &r oSes & o t I pves-gant-l m;en on
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r‘ionquatern??fss%ast gzmﬁ:m”%mrvemsent ed by the fol I ow ng fbrm'jl'%\i:,

[err]

THIS SHEET HAS BEEN
REPLACED
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wherein Q% Bﬁi'tg?oa%’ﬁ?mp'ﬁ%?ﬁ'éfﬁ? Lg#S arsenic; R is hydrogen, p.a
(err]-err] linear or branched alkyl, Clerr]-Cerr] cycloalkyl ,

Cerr]-Cerr] aralkyl or alkaryl, and CJerr]-Clerr] aryl, cludi ng i nert
or unreactive substances - 20 - THIS SHEET HAS BEEN
REPLACED

FEB B8

'86 18:23

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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i'ncl udi ng &% okt Fr BN FEFEARMG, Jpeti®Es such as

t hereof, wherein the total nunber of car-

sz-

gomponent

Decalin

Tetralin
Ethylbenzene
Mesitylene

1-Methyl Naphthalene
Phenanthrens
Collidine
pibenzothiophene

al koxy,-, and mi xtur &s?

THIS SHEET HAS BEEN
REPLACED

47.08
7.22
7.22
7.22

14.12

11.29
1,94
2,94

The conditions of these experimental runs and the results are

presented in Table 6.

FEB & 'S8 1B:27
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, : : o : P.2
bon at oms P (& SPRIRET TR FOEV EX° groups in the cation is less than 16;
nis an integer ranging from1-3; A i s agzmonoval ent or pol yval ent anion
present in sufficient nunmber to balance the electrical charge of the

Tation. Representative Rradicals in the cation inclu e_nephgkr~eququ.
propyl, n-butyl, sec-butyl, t-butyl, n-pen- tyl, 2 nethgrﬁﬂﬁﬁﬁ ET HAS BEE
3-methyl butyl, n-hexyl, u-octyl, 2- ethylhexyl, decyl, gtearyREPLAFEPohexy |
p- chl orobenyl , benzyl, p-nethyl benzyl, 2-phenethyl, tolyl, p-xylyl,

0.03
1.48
i.n
1.26
1.42
1.41

-----Holes of H20----
0.015
1.36
1.67
0.77
1.07
1.62
1.49
1.35

Rone
1.
1.83
1.72
1.23
1.68
(3)
(3)

0.03
1.91
1.79
2.13
1.39
1.41
1.59

0.015
1.79
1.94
1.96
1.33
1.99
1.33
(3)

=emn=s-==-==z- UPPER/LOWER PHASE -----n--n--=--

~----Moles of Hp0----

None
1.54
1.83
1.72
1.23
1.68

(3)

(3)

Triethylammonium dihydoxybenzoate

Collidinium trifiate

Tributylammoniua/Toluene Sulfonate

Luthidinium triflate
Methylpiperidinium triflate
Tetrabutylammonium salicylate

salt
 Triethylammonium salicylate(2)

_

T
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phenyl , cHBHopefF 24P SEFEST & OFY H%or obut yI, n-eicoso- nyl, - F-3

cycl ohexyl butyl, phenyl butyl, butyl phenyl 23naph- thyl and the like. The R
radi cal may al so be substituted with substituents inert un EREELt PREITEN
tondition such as Cerr]-Cferr] alkoxy, Clerr]-Cerr] aryldxy angggheebess !
reactive hal ogens fluorine and chl orine. Represent ati ve Cet+ons—rrchude ™
triethyl ammoni um | utidi hi 8ol & di nfBum 2- & hyl py8 di "kum 2- et hoxy
pyridinium 1-nethyl pipéri|®i nsums pi peridihiwn 1- eshyl ¢l | idinium
1-nethyl, 3-ethylim dazohi 1- met hylinidazolium
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» < i . .P'4 .
Ani ons majEDHee arRy @f‘ﬁpﬁmﬁﬁlwéﬁﬁ%;ns comon to salt formation including

car boxyl ates, benzoates, sulfo- nates and derivatives thereof, e.qg.:. [err]l
where Ris OH ({err]-Cerr] alkyl, Cerr]-Cerr] alkoxy, nETBDSHEET HAS L5 '
: ' - 24 - REPLACED

TABLE 6 (continued)

(2) 0.025 and 0.050 moles of water used; 25 grams of feedstock B

(3) Salt failed to dissolva at 50°C

(4) 0.038 moles of water used

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

(1) Single stage batch extraction with 0.03 mole salt at 50°C
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aher ei n RFER 88}196 CPR2PTM RESERRCY 88 W™ err]-err] al I;Qxy, n=0..5. P's[ err]

THIS SHERT Ha\c T
@ - 25 - REPIa s '

L v
— e ——— -

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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p- chl or obenzenesul f onat e, phenoxyben- zenesul fonate, be
benzoate, tetra- chloroalum nate, tetrafl uoroborate, hyd
t de, phenoxide, 2,4,6-tri-t-butyl phenoxi de27tris(2- net
tetra-2-et hyl hexyl boranate, tetra-sec-butyl boranate,
triethyl-2-ethyl hexyl boropat e d the like. Particular anpl es ingcl ude
salicylate, triflate, ZF%QﬁFﬁ%?QW"oéﬁfo%ﬁpé‘.’“y v e""?)?g'gzr(ﬁggpﬁgﬁ-ccfﬁa?&eér nary
clathrate salts wesefbd explodtedppresenveansyion kspeking thenthathixaee) [fhereby

t echni ques springing the aromatic molecules from the salt and regenerating 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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common to THeart, a?h%spﬁ;% c%?"lséf'%v lc')‘?Baanl c base is react ed with the
appropriate organic acid in a suitable solvent such as tetrabydrofuran
(THF), or the reaction can be run neat (in the absence 0&H§@k¥§ﬁkksa? ©
or both of the acid or base is |iquid. “Pheferred organi c epageet € ﬁﬁ ry
clathrate salt in- clude triethyl anmoni um salicyl ate, '
collidiniumtriflate [err] TABLE sa

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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2- et hyl pyrﬁggi Ri G tarzlmf%s,mﬁmegf Rzgxlygp??/ri dintumtriflate . P
1- met hyl pi peri di ni um triflate, triethylanmonium2,6
piperidiniumtriflate, tripropyl ammoniumformate, 1-nefhyl
phenyl ace- tate, triethyl armoni um m ni t roB&mzoat e, qui
The extracting solvent in this process conprises an

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

This Sheet Has Been Replac
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: FEB 86’96 SERRCH , - :
argani c non-quaternary 55F nd-can so include a small ‘quantity o

& DEV -19

cosol vent or cosolvents for the I|qU|d salt, such as water, acid, alcohol,
or the corresponding acid of the anion radical . Wter is espeC|aIIy usef ul

because it is inexpensive, relatively non-gorsosive and
selectivity in the extraction; however, the use of wate
extraction capacity. REPLACED

FEB &

THE SHEE T AS SheN

IABLE 0B f{cont'd)

Data Summary For Triethylammonium

Baze Case NMP Single Stage Batch Extractions

Feed Baytown 250N Coastal Distillate
Extraction Run # 5 6 7 8
Solvent Used NMp Nmp NMP NMP
Temperature {(c) -1 65 13 50
Treat {[wt¥] $0.07 99.57 150.02 288.7%
H20 in Solvent {1lv%) 2 2 2 2
Raffinate RI 1.4848 1.4789 1.4756 1.4701
Raffinate Density 15C 0.9188°  0.5097 0.9047 0.8573
Raffinare Saturates (wty) 67.1 N/A N/A N/A
Raffinate Aromatics (wt®) 32.9 N/A N/A N/A
Raffinate Recovaraed (gms) 224.55 205.03 170.25 121.13
BExtracr RI 1.5374 1.52958 1.52%1 1.5264
Extract Density 1sC 0.98%6 0.9796 0.95743 0.976¢6
Extract Saturatas [wtk) 18.1 N/A N/A N/A
Extract Aromatics (wt%) 81.9 N/A N/A N/A
Extract Recovered (gms) 24.87 43.14 74.91 75.75
Yield RY (lv¥) 90.1x 78.06 70.591 64.65
Yield Density {lv¥) .81.67 78,54 71.26 65.45
average 1lv¥ 80.11 78.08 71.09 €5.05
Yield (wt¥, Rec weights) 90.03 82.62 63.45 61,84
{lv¥ calculated) 90.61 83.98 70.98 63.73
Average lv¥ yield 90.80 80.19 71.058 64.61
o
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FEB @5 ’ 2 27PM RESE| LABS : : o :
7 The ex%rac??oﬁzproces§R8 &Hﬁg present invention is‘typically P.11

conducted at between about 20[err] C to about 400[err]C , preferably about
20[err]C. to 200[err] C Pressures enployed are preferably at o
el evated pressure may be enployed, if necesd3ary, to nmintaifn theRm%Agég

BLtiN

f

Table 8C

Date Summary For Triethylammonium

- [iae

»

-1%11Y 4" >

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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hydr ocar boht} &% naﬁzmlﬁm §05¢1 &S

extraction process is flexible and anmounts ranging fr

The anount of salt used i i ¥he

50 to 400

mass % salt/feed can be enployed, preferably 50 to 1QOriassiset Hhkeppet Lial

amounts of salt enployed will
t he degree of sepa-

f eed,

t he salt enpl oyed.
i ncl udi ng countercurr

ti nuous basi s

rati on desired,

the particular
The extraction process can be run on a batch or con-

depend on t hé2anount off ar onREMAEEDN t he

char acteri-sti‘cs of

i nu is, |i ' #ﬁﬁ;&ﬁﬂ&&ﬁ&h&@i Pro- cedures such as
i qui d nenbrane suspension of the sa

Dar.e Sumry for ‘rrie:hyhmmonium

FEB &

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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can al so be Rl Tyt = e sabaral F¥R process produces a binary .t v *®i quid
phase system The upper, lighter phase is typically the raffinate, of
reduced aromatics content and very |ow salt content. The |owelS sHea & sroy
phase is the extract containing the aronati8-=salt clathrate. Fakbiowigpg
physi cal separation of these two |iquid phases one fromthé Other—by

typi cal techniques such centrifugation or _sinple decantation, _ the salts
are re- |leased fromthe aro fo:r'si?'s‘%'%”gcl‘:%ﬁ ﬁ?gtt g’%)f"?%@“%d%? t"gﬁn"’ owing
pol ar, protic sub®madoegiion agent such as water.

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

This Sheet Has Been Replaced
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whi ch br e RS 86186 c PRERPLERSERRSH % MY EB%ew binary |iquid- 1iquid phaSe”

conprising a |ight-upper phase of hydro- carbon and a heaw ase
of salt-water. These phases can be separated by typical Illq'ﬁﬁﬂd-ﬂiﬁﬂ'ﬂIMa BEEN
§epara- tion procedures again such as cent¥#fugati on or ddgant aRERLAGED The
salt can be recovered fromthe salt-water phase by distill atlon or flashing

AtermarCiive v blher JGRGI0Y REIAT Lo 3o L opluliily B4 LitdiBrnee

Al terna- tively, sone r ONBL es can rat
sinmply reduci ng ¥ drainedridite rec Prsvweighed fc5irning |f&¥%‘al’t“"t‘19§?4n‘&t’e"ﬁm#t he
formation tenper kU &otévad until all the water and residual toluene 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-
funnel, reweighed and the washing procedure repeated. The water
washings 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
weighed again, then the water or hexane was remocved 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£

This Sheet Has Been Replaced
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reduced t EEB@BATAr 82 2FMRESERRM EViE> from 50[ err] C. down to anbient’.

anot her alternative the araontic hydro- carbon salt clath

As
| ! F4es SRTE P et
to recover the hy- drocarbon with the salt being recycl edi Ther ) REEN
invention is described and denonstrated in 3he f-ol | owi ng =t | B

exanpl es.

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.

This Sheet Has Been Replaced

FEB 6 ’SB 16:32 “III‘“II!“I“”'“II‘ S84 359 1825 PRGE.B1S




- FEB @5 * : '
8 EB @5 ’96 ©2730PM RESEARCH & DEV LABS Ly \\p| ES P.17
EXAMPLE | A nunber of salts nmade by conbi nisag.

and mnﬂl‘zynt hesi zed. Their nelting ﬁ”@f&m -
toluene solubilit |lmmm‘mr" d and areé@éreported in , :

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.

This Sheet Has Been R
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Table 1. FEB©6 76 @2:30PM RESERCH & BEX LAY salts from Table 1, and s.orrg'lﬁot
appear - ~—‘_‘__‘Tngﬂ—ﬂ—lliabl-e 1 made up of diffp ation-anion
pair ’ﬂ re screened usingfa 9
¢l ohexane nmi xture ’myﬂm\i to forntl o6l une-sa
clathrates in the brééemceno non-aromati c cycl ohex-

ane. The results are presented below in Table 1A
TABLE 1

€. 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

o

F‘R 'qu-
/
N A
\

- R.Jb_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.

This Sheet Has Been Replaced
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Mel ting Poi "5F % err]z&)mwl énEVSSPbi 1ity[err] of Or gani ¢ . P19
Salts (py =_pyridinium pip = p|per|d|n|un) [
YA

e,
"""-m.o- S
.

< i
R BT

75 ;UCROACETATE SAiI CYL NZOATE Di HYDROZ(\{BENZOATE

s i EE R
35Et[err]C[err]H[err]N+ Lig. S 59, S Lig, S
180, | 4-Me[err] py+ 38, S 2,4,6- I\/E[err]C[errLH[err]H+ 61. S
79, S 49, S 9944 mg:hommq;mm claim 7 gy gQlaim 3, wherein the

71, S Li ganidn of the l&fjahic hbdQueternary clathratd ishlt s selected from
" carboxylates, 19 geﬁiugtn. sulfonates rl%§hth§nate, bicarbonate,
bisulfide, n.{t:ate, halometallate, phosphonate, borate, acstats,
hydroxide, methoxide, phenoxide, ‘fluoride, chloride, bromide, and

lodide.

122, |

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. .

[
heet Has Been Replaced
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Nepi p+
NEt[err] H+
NB[ err] H+
Npr[err] H+
NMVe[ err ]
NE[ err]
NBu[ err] +
TOLUENE
SULFONATE
115, |

92, S

L/

o o omione NI

FEB 86 'S5 853531%” RESEARCH & DEV LRBS

102. S 62 s- 46,1

- 45. S
41, S 41, S
44, S ~Iys - s

220, | 141, |
65, SI, |

51, S SL

ansTiCY PHEYL
M NTTROEENZOATE mﬁmaﬁ:imaspmmu . PY+
105, 5 ; 2- Et py+

Organic non-quaternary clathrate salts having less than
16 carbon atoms in the cation are used in ssparating hyd:ocarhén
mixtures, aspecially feed streams, into an aromatics-rich fraction and
an aromatics-lean fractiom. Preferred salts are collidinium
trifluorcacetate and triethylammonium dihydroxybenzoate.

This Sheet Has Been Replaced
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3_,5-Et['§rr]x,[err]H[eu].\'r'r Liq, ! - Lig, S
Lig, S : _ 4%Le%rr]py+ . 2,4,6-M .C[err]H[err]H+

1263l

109.;I .

Et Gay+
14(13?"_ S

92, |

NE[ err] H+
NBu[ err] H+
Npr[err] H 63, S
NMerr] + 241, |

AROMATIC HYDROCAREONS SEPARATION

FROM AROMATI-C[NON-AROMTIC MIXTURES

>250, | -

The present invention relates to aromatic hydrocarboas

separation from aromatic/non-aromatic mixtures.

In accordance with the invention there is provided a metkzd
for Eeparating a hydrocarbon mixture, especially a £feed strean,
containing aromatic hydrocarbons and non-aromatic hydrocarbems into an
arométics-lean raffinate and an aromatics-rich extract; which metkod
comprises contacting the hydrocarbon mixture or feed stream with an
organic non-quaternary clathrate salt having less than 16 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 aromatic content and a hydrocarbon-szzlt
clathrate extract phase of increased aromatic content containing the
clathrate salt and combined aromatic hydrocarbon, separating the
raffinate phase from the extract phase and releasing the arczatic
hydrocarbon from the clathrate salt of the extract phase to recover zn
aromatics-rich portion or stream and the organic non-quaternary salk,

which latter can be recycled for contact with fresh hydrocarbon fead.

The clathrate salts selectively interact with the aromatic
components of the hydrocarbon feed mixture. The organic non-
quaternary clathrate salt possess non-quaternary cations such as
phosphenium, ammonium, imidazolium, pyridinium and piperidinium and a

monovalent or polyvalent anion. They can be represented by formula:

[ Ralban | A or [R‘"\@N. - Hem | A

wharein R is a radical independently selected from the group consisz-
ing of hydrogen, linear or branched C;-C;; alkyl, Cg-Ci2
cycloalkyl, C7-C;; aralkyl and alkaryl and Cg-Cpq aryl.
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NE[err]Jf'

NB[ err]

106. - Lig. |

i

i 3

[err] S = soO mlﬁrﬁiﬁﬁﬁﬁ?htly soI uble, I = insoluble ﬁ ’ CtMENT SHEIH
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including inert or unreactive substitutes thereimr—ami—mixe.
tures thereof, wherein the total number of carbon atoms in
the tctal of the R radicals in the cation is less than 16;

n is 1-3;

m is 1-5;

Q is N or PB;

A is a monovalent or polyvalent anion.

. The separation is conducted either above the melting point of
the clathrate salt but below the decomposition temperature of either
the salt or the hydrocarbon feed or under conditions such that the
salt‘ goes into solution in the hydrocarbon feed. The clathrate salt
is separated from the aromatic hydrocarbon with which it combines by

e.g. washing with water.

The organi¢ non-quaternary clathrate salt selectively
combines with the aromatic hydrocarbons in the feed and produces a
binary liquid-liquid phase system, i.e., a raffinate phase of reduced
arqmatic content and an extract phase of increased aromatic content
containing the aromatic hydrocarbon combined with the clathrate salt.
The raffinate and extract phases are separated, thenr the aromati
hydrocarbon-clathrate salt combination is itself separated into an
aromatics rich stream and a recovered organic non~-quaternmary clathrate
salt stream, which is, can be, and preferably recycled tc the

separation. -

DESCRIPTION OF THE RELATED ART

U.S. Patent 4,359,596 describes the separation of aromatics
from mixed aromatics/aliphatics hydrocarbon streams by liquid salt

extraction. The salts used are of the formula

[ [ ]
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wherein Q is nitrogen, phosphorous or arsenic;
A is a monovalent or polyvalent anion;
R4Q is a monovalent or polyvalent cation in sufficient
numbers to render the salt electrically neutral;
R is a hydrocarbon radicdl independently selected from the
group consisting of linear or branched C;-Cyq alkyl, Cg-Cjg
cycloalkyl, C7-Czg aralkyl and alkaryl, and Cg-Cig aryl,
concluding inert or unreactive substitutes therein and
mixtures thereof, wherein 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 poiﬁt but below the decomposition point of the liquid
salt. The salt is seen to possess a cation which is

quaternary and contains at least 16 carbon atoms.

The process of the present invention is useful in treating
lube stocks for the removal of aromatics to produce aromatics lean
raffinates or for the recovery of aromatics such as benzene, toluene

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.

When used as a ligquid salt the ligquid salt can be a clear,
pourable fluid or a melt. The salt can be a solid provided it goes

into solution in the hydrocarbon feed under the conditions employed.

Contacting the salt with the hydrocarbon feed permits the

salt to combine with the aromatic hydrocarbons present in the feed to
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cl ear cycl ochexane sol ubl e
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sol ution sol ution
continuous lighter phase (the raffinate).

The process of the present invention employs organic nom-

quaternary salts which may be represented by the following forxrmulae:

{ RnQH4-n ] [ A ]; R?ii%i)N - H Af; or

H

/
R N A

\
R

wherein @ is nitrogen, phosphoxrus, or azsenic;

R is hydrogen, C3-C;2 linear or branched alkyl, C5-Ciy
cycloalkyl, C7-Cy aralkyl or alkaryl, and Cg-Cyq aryl,
including inert or unreactive substances including heterocatom
containing- species such as alkoxy, and mixtures thereof,
wherein the total number of carbon atoms in the sum of the R
radical groups in the cation is less than 16;

r is an integer ranging from 1-3;

A is a monovalent or polyvalent anion present in sufficient

number to balance the electrical 'c':hazge of the cation.

Representative R radicals in the cation include methyl,
echyl, propyl, n-butyl, sec-butyl, t-butyl, n-pentyl, 2 methylbutyl,
J-methylbutyl, n-hexyl, n-octyl, 2-ethylhexyl, decyl, stearyl, cycle-
hexyl, p-chlorcbenyl, benzyl, p-methylbenzyl, 2-phenethyl, taolyl,
p-xylyl, phenyl, chlorophenyl, dodecyl, trifluorcbutyl, n-eiccsonyl,
cyclohexylbutyl, phenylbutyl, butylphenyl, naphthyl and the like. The
R radical may also be substituted with sgubstituents inert under tha
process condition such as C;-Cypz alkoxy, Cg-Cyg aryloxy and thae lass

reactive halogens fluorine and chlorine.
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sol ution ur o-
S colluélnlum, 2- eggyl pyridinium, 2- ethoxy pyrldlnlum, l-methyl

piperidinium, piperidinium, 1-ethylcollidinium, 1-methyl, 3-ethylimi-

dazolium, l-methylimidazolium.

Anions may be any of the typical anions common to salt forma-

tion including carboxylates, benzoates, sulfonates and derivatives

thereof, e.g.:

0

ol

Rn 8

cC-o0

where R is OH, Cj1-Cyq alkyl,

Rn .

wherein R is OH, C1-C1g alkyl, Ci-Cio alkoxy, n = 0-5.

C1-C1p alkoxy, n = 0-5.

0
[ e
R—C -0
where R 1is H, CF3, C3-Cyg alkyl. Other typical anions include
{fluoride, chloride, bromide, iodide, sulfate, naphthenate, bicarbon-
ate, bisulfide, nitrate, halometallate (e.g., ctetrafluorc-borate!}
methanesulfonate, trifluorormethanesul fonate, dodecylsulfonate,

phosphonate, benzenephosphonate, tetra-n-butylboranate, acetate and 2-

ethylthexanoate, benzenesulfonate, p-toluenesulfonate, p-chloro-
benzenesulfonate, phenoxybenzenesulfonate, benzenephosphinate,
benzoate, tetrachloroaluminate, tetrafluorcborate, hydroxide,

methoxide, phenoxide, 2,4,6-tri-t-butylphenoxide, tris{2-methoxy-

tetra-2-ethylhexylboranate,
and the like.

ethoxy) acetate, tetra-sec-butylboranate,

triethyl-2-ethylhexylboronate, Particular examples

include salicylate, triflate, 2,6-dihydroxy benzoate,
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The organic Réne-%iugternary clg&ez:[a%gesalts useful in the
present invention are synthesized by techniques common to the art.
The appropriate organic base is reacted with the appro'priate organic
acid in a suitable solvent such as tetrahydrofuran (THF}, or the
reaction can be run neat (in the absence of solvent) if one or both of

the acid or base is liquid.

Preferred organic non-quaternary clathrate salt include
triethylammonium salicylate, lutidinum triflate, collidinium triflate
( —@-H CF3C00-), 2-ethylpyridinium triflate, 2 ethoxypyridinium
trif|1at:e, l-methylpiperidinium triflate, triethylammonium 2,6~
dihydroxybenzcate, "piperidinium triflate, tripropyl ammonium formate,
1-methyl piperidinium phenylacetate, triethyl ammonium m-nitroben-

zoate, quinolinium triflate.

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

diminish extraction capacity.

The extraction process of the present invention is typically
conducted at between about 20°C to about 400°C, preferably about 20°C
to 200°C. Pressures employéd are preferably atmospheric, but elevated
pressure may be employed, if necessary, to maintain the hydrocarbon

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 ¥ salt/feed can be
employed, preferably 50 to 100 mass ¥. The actual amounts of salt
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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S - The extraction process cdi (eemyh-on a batchZor conty 3 "5
I S

basis, including countercurrent extraction. Procedures such as liquid

membrane suspension of the salt can also be employed.

The separation process pfoduces a binary two liquid phase
system. The upper, lighter phase is typically the raffinate, of
reduced aromatics content and very low salt content. The lower,

heavier phase is the extract containing the aromatics-salt clathrate.

. 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, pro&ic 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 procedures again such as centrifugation or
decantation. The salt can be reéovered from the salt-water phase by
distillation or flashing to remove the water. The recovered salt can
then be recycled to use. Alternatively, some aromatic-salt clathrates
can be declathrated by simply reducing the temperature of the
aromatic-salt clathrate from the formation temperature to a reduced
temperature, e.g., by cooling from 50°C down to ambient. As another
alternative the araomtic hydrocarbon sals clathrate can be heated to

recover the hydrocarbon with the salt being recycled.

The present invention is described and demonstrated in the

following non-limiting examples.

PLES

Example 2

A number of salts made by combining 1S cations and 8 anions

were synthesized. Their melting points and toluene solubilities were
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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 combinations were

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

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

cyclohexane. The results are presented below in Table 1A.
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H sum of the carbons in the REPLACEMENT SHEET
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The results indicate that organic non-quaterngg?qgg?tf?E%rm

toluene-salt clathrates but that when the cation contains R radical
groups, the sum of the carbons in the total sum of the R radical
groups must be less than 16. Without exception, when the cations
trihexylammonium and tri-octylammonium produced a salt, the resulting
salt was soluble in cyclchexane ardd in toluene, indicating that the

salt is inappropriate for use in aromatics/non-aromatics separations.

Example 2

Organic non-quaternary salts were evaluated for their ability
to separate varying volumes of 2:1 benzene/cyclohexane solutions at
20°C and S0°C. The“results are listed in Table 2. Mass balances were

not recorded.

TABLE 2

Molacular Recognition Characteristics of Liquid Organic

Salts By NMR Analysis of 2:1 M Benzene:Cyclchexane

Triethylammonium 2,6-dihydroxybenzoate mp: 34-35°C

Amt., Ligquid Phase Liquid Phase

Salt 20°C Upper Lower 50°C Upper Lower
i1g : 1.88:1 4.89:1 1.88:1 3.48:1
2 g 1.69:1 4,53:1 1.72:1 6.11:1
S g '1.22:1 4.38:1 1.37:1  3.43:1

Piperidinium triflate mp: 27-29°C

Amt . Liquid Phage Liguid Phasge

Salt 20°C Upper Lower 50¢C Upper Lower
i1g 1.95:1 3.00:1 1.92:1 3.33:1
2 g 1.88:1 2.63:1 1.86:1 2.88:1
5¢g 1.54:1 3.39:1 1.66:1 2.75:1

2-ethyl pyridinium triflate mp: < 20°C

Amt. Liquid Phase id Phas

Salt 20°C Upper Lower 50°C Upper Lower
ig 1.94:1 5.05:1 1.86:1 3.00:1
2 g 1.69:1 4.60:1 1.81:1 2.93:1

Sg 1.34:1 J.e8:1 1.43:1 2.58:1
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Lutidinium triflate mp: < 20°C

Amt . Liquid phase Liquid Phase
Salt 20°C Upper ° lower 50°C Upper Lower
l1g 1.80:1 5.47:1 1.85:1 4.64:1
2 g 1.73:1 4.33:1 1.88:1 J.64:1
Sg 1.38:1 3.90:1 1.44:1 3.09:1
Collidinium triflate mp: 61-6§2°C

Amt. Liquid Phase Liquid Phase

Salt 20°C Upper Lower S0°C Upper Lower
lg 1.82:1 4.76:1 1.86:1 4,27:1
2 g 1.69:1 4.64:1 1.74:1 4.22:1
S g 1.24:1 4.08:1 1.25:1 3.58:1

' Pyridinium triflate mp: 73-78°C

Anmt, -~ Liguid Phase Liquid Phase
Salt 20°¢ Upper Lower 50¢C Upper Lower
lg 1.88:1 6.88:1
2 g Insoluble 2.00:1 5.70:1
5g 1.67:1 5.00:1
Tripropylammonium formate mp: < -20°

Amt. Liquid Phase Liquid Phase
Salt 20°C Upper Lower 50°C Upper Lower
2 g 1.68:1 2.91:1 1.74:1 2.53:1
1-Methyl piperidinium triflate mp: 53-59¢C

Amt. Liguid Phase Liquid Phase
Salt 20°C Upper Lower 50°C Upper Lower
2qg Insocluble . 1.75:1 3.80:1

1-Methyl piperidinium phenylacetat%_ mp: < -20°C

Amt. Liguid Phase Liquid Phase
Salt 20°C Upper Lower 50°C Upper Lower
2 g 2.18:1  3.91:1 Soluble
Triethylammonium m-nitrobenzoate mp: 79-81°C

Amt, Ligquid Phase Liguid Phase
Salt 20°C Upper Lower 50°C Upper Lower
2 g Insoluble l1.92:1 2.63:1
Quinolinium triflate mp: 6€7-69°C

Amt. Liguid Phase Liquid Phage
Salt 20°C Upper Lower 50°C Upper Lower
5¢g Insoluble 1.55:1 2.86:1
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Tri et hyl ammoni

Phase Sal t I
From this data it should be noted that selectivities were
generally lower at 50°C than at 20°C. Selectivites also generally
decreased as the amount of salt used increased. It was observed that
the volume of the ligquid clathrate phase tended to be larger akt S50°cC

than at 20°C.
Example 3

A series of organic non-quaternary salts were evaluated on a
model feed (Feed A) for selectivity and capacity and compare& with
N-methylpyrrolidone (NMP)} containing various amounts of water for the

extraction of the same feed. The feed is described in Table 3.

>

TABLE 3

Feed A
Component Mass %
Decalin 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.
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50 W/ 1.67:1 5. 0in
TABLE 2-co | egul er Recogni tion Characterils
Organi c &Ems Yiggi\nal ysis o 2:1 M Benzene: Cyl gh

Li quid Phase ‘ Li q| d Phase Sal t 20[ er
50[err] C Upp “\\ Tri pronyl anmoni u '
-20{err] 1 68: 1 -2201: 1 1.7441

1- Met hyl plperldlnlun1tr|flate np; 53-59[err]C. 29

| nsol ubl e 1.75:1 3.80.1

As can be seen, extraction using organic non-quaternary salts
compares favorably with extraction using NMP/H20. Due to solubility
problems of the model feed in neat NMP relatively large volumes of
water {10 LV¥ and more) were required in order to observe phase

separation.

Both triethyl ammonium dihydroxybenzoate and collidinium
triflate have higher selectivities for aromatics than NMP/H,0. Under
conditions of constant treat, temperature and raffinate quality
{evidenced by % sats and 1 ring aromatics in raffinate phase), both
salts afford a significant yield credit {about 16% and 23% for tri-
elhyammonium dehyé;oxybenzoate and collidinium triflate respectively
at 90%+ sats and 1. ring aromatics in the raffinate phase). Col-
lidinium triflate has the best selectivity for aromatics, in parti-

cular 2- and 3-ring aromatics. As compared to NMP/H0 (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, while the selectivity for saturates and 1 ring aromatics is
essentially equivalent. It is also seen that as salt treat is
incregsed from 51 to 198 mass %, the salt’s selectivity (as measured
by ¥ sats and 1 ring aromatics in raffinate) increased from' about 84

to 96%.

Example 4

Another series of experiments wusing 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

salt was evaluated, The feed composition is given in Table 5.
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TABLE 5

Component
Decalin

Tetralin
Ethylbenzene
Mesitylene

l-Methyl Naphthalene
Phenanthrene
Collidine
Dibenzothiophene

3

presented in Tahle 6.

Mass %
47.
.22
.22
.22
14.
11.
.94
.94

Tr et hyl anmmoni um m ni

0s

12
23

2

The conditions of these experimental runs and the results are
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The test

conditions and results are presented in Table 4.

TABLE 4

Capaci t y/ Sbis Bleetil

RAFFI NATE
% (3)

Sal4 cyl at
0.34
82.59

(a)

Salt and NMP/H err] O Batch Extra

1| fks[err] with 25.0 g Feedstock éEBLLAEtMENT SHEET

|1E ATS + UPPER/ LONER PHASH[ err | "SALCT
i ) Sats + |RAr 2R + Ar  3RAr rijetgyl ggqg m
e 60.8 _ 55 . 84.02 2"‘ P .59?l
0.30 LutidiniumTriflate &5-0
1.72 0. 33 0.21 CollidiniumTriflate
Frofetls it is clear that %ﬁe:ggﬁ'o::ess of the Jprzgent: inventlo&using U- 20

ocrganic non-quaternary salts to selectivity extract aromatics fram

streams containing aromatics and non-arcmatics is affected by the

presence of water. The salt selectivity for saturates and 1 ring
aromatics generally increases with increasing water content whereas
the selectivity for 2 ring+ and 3 ring aromatics is either equivalent
or worse than that for the salt under dry conditions. These results
are similar to those observed with NMP/H,0 in Table 4 where increasing
watey content increased the selectivity for saturates and 1 ring

aromatics 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/H50.
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[err] Si ngl—e—st—age—bai—c—h—e*t—#axtion with 0.05 nole salt

of lube ralfl
a direct co

[err]Used 0.19 nole of salt.
/Herr]Oresults at conditigng

NVP/ H err] O S50[err nI ess ot herwi se noted. [err] D4t gr-mte
bal ance and pig A measure of extractant capagi

yoel d of Sats + 1RAr raffinate phase.

extractant. [err] Ext ract i on performec7at 70[err]C. [err] Theor at |caI

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 regenerating the

salt for reuse.

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

impagt on selectivity.

Example S

The organic non-quaternary salt triethylammonium salicylate
was compared with %ingle-stage NMP extraction on three 1lube oil
samples. The triethylammonium salicylate was placed in a vacuum
desiccator and dried for several days before use. The salt was kept
" in the desiccator when not in use because of its hygroscopic proper-
ties. The object was to produce raffinates of similar Refrxactive
Index by NMP extraction and liquid salt complexation. The lube oils
treated were a 60N, a 210N and an extracted 150N base oil. All werxe
non-waxy. The condition employed and result obtained are presented in

Tables 8A, 8B and 8C.



13 As can be seen, extraction using organic non-
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TABLE 8A

Data Summary For Triethylammonium

Salicvlate Liquid Clathrate Experiments

Feed Baytown 60N Coastal Distillate
Extraction Run # A . B c D
Solvent Used LC LC LC LC
Temperature (c) 63 65 65 65
Treat (wt%) 24.0 48.0 71.8 119.8
H20 in Solvent (1lv%) 0 ) 0 0
Feed RI 1.4730 1.4734 1.4730 1.4730
Feed Density 15C 0.8%70 0.8970 0.8970 0.8970
Fegd Used {gms) 25.02 25.02 25.05 25.06
Raffinate RI 1.4711 1.4696 1.4678 1.4682
Raffinate Density"15C 0.8942 0.8918 0.8898 0.8873
Raffinate Recovered (gms) 20.96 21.25 20.35 20.06
Extract RI 1.5101 1.5158 1.5131 1.5354
Extract Density 15C N/A N/A 0.9543 1.0231
Extract Recovered {gms) 0.99 1.85 2,84 3.80
Yield RI {1lv%) 95.13 92.64 88,52 90.17
Yield Density {1lv%} N/A N/A 88.84 92.86
Yield {(wt¥%, Rec weights) 95.49 91.59 .B7.75 84.07
{1v% calculated) 95.79 92.53 88.46 84.99
Average lv% yield $5.46 92.58 88.61 89.34

Base Case NMP Single Stage Batch Extractions

Feed Baytown 60N Coastal Distillate
Extraction Run # b 2 3 4
Solvent Used NMP NMP NMP NMP
Temperature {(c} 65 S0 65 65
Treat (wt%) . 56.72 58.46 116.57  172.85
H20 in Solvent (lv%) 2 2 2 2
Raffinate RI 1.4684 1.4672 1.4623 1.4593
Raffinate Degsity 15C 0.8917 0.8839¢6 0.8825 0.8775
Raffinate Recovered (gms) 147.25 141.16 117.63 93.42
Extract RI 1.5069 1.5155 1.4978 1.493¢%
Extract Density 15C 0.9475 0.9571 0.3%3391 0.9328
Extract Recovered (gms) 22.28 16.73 52.97 71.05
Yield RI (lvy) 88.05 87.99 71.086 60.40
Yield Density (lvy) 90.50 89.04 74.38 64.74
Yield (wt¥, Rec weights) 86.86 89.40 68.95 56.80
{lv¥¢ calculated) 87.37 90.15 70.08 58.06

Average lv¥ yield 88.64 87.99 71.84 €1.07



LV % and nore) were required in order to observe phase, £ 3
triethyl ammnium-d-hydroxybenzoate and col Iidiniumtr *A@MEQT% eI
sel ect|V|t|es for R 1a2d4CS than NWP/ H err] O Under ¢omditions of

constant tr e and raffinate quality (evide C?JM!J gt §f @
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the raffinate phase). Collidiniumtriflate has the best

TABLE 8B

Data Summary For Triethylammonium
Salicvlate Ligquid Clathrate Experiments

Feed Baytown 250N Coastal Distillate

Extraction Run # E F G H I
Solvent Used LC LC LC LCc LC
Tempgrature (c) 65 6S 65 65 85
Treat {wty) 50.28 100.00 149.96 299.60 149.84
H,0 in Solvent (lv¥) Q 0 0 0 Q
Feed\RI 1.4900Q0 1.4%00 1.4500 1.4900 1.49
Feed Density 15C 0.9247 0.9247 0.9247 0.9247 0.9247
Feed Saturates (wt%) 54.30 54.30 54.30 54.30 54.30
Feed Aromatics (Wt%) 45.70 45.70 45.70 45.70 45.70
FPeed Used {(gms} 25,086 25.01 25.00 20.00 20,00
Raffinate RI 1.4856 1.4831 1.4812 1.4776 1.4814
Raffinate Density 1SC 0.391%6 0.9162 0.9135 0.9089 €.9141
Raffinate Saturates (wt%} 57.0 N/A N/A N/A N/A
Raffinate Aromatics (wt%) 43.0 N/a N/A N/A N/A

Raffinate Recovered (gms} 22.55 20.83 21.32 15.52 21.78

Extract RI 1.5583 1.5348 1.5448 1.5388 1.5486
Extract Density 15C N/A 1.0145 1.0397 1.0202 1.06831
Extract Recovered (gms) 1.82 3.54 4.15 4.72 4.07
Yield RI {lv%) 93.95 . 86.68 86.16 79.74 87.20
Yield Density (1v%) N/A 91.35 01.13 85.80 92.8%
average lvy 93.55 89.02 88.64 82,77 90.04
Yield (wt%, Rec weights) 92.53 85.47 83.71 76.68 84.24
{i1v¥ calculated) 93.04 86.27 84.73 78.01 85.22

Average lv% yield 93.50 88.10 87.34 81.19 88.44
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TABLE 8B {cont‘’d)
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Data Summary For Triethylammonium

Salicylate Ligquid Clathrate Experiments '

Base Case NMP Single Stage Batch Extractions

Feed

Extraction Run #

Sqlvent Used

Temperature (c)

Treat (wt¥%)

H0 in Solvent {1lvy)
Raffinare RI

Raffinate Demsity 15C
Raffinate Saturates (wt¥)
Raffinate Aromatics (wt¥%)
Raffinate Recovered {gms)

Extract RI

Extract Density 15C
Extract Saturates (wt%)
Extract Aromatics {(wt%)
Extract Recovered {gms)

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

Baytown 250N Coastal Distillate

5

NMP
65
50.07
2

1.4848
0.9188
67.1
32.9
224.55

1.5374
0.9896
18.1
8l.9
24 .87

80.11
91.87
90.11
90.03
90.61
90.80

6
NMP
65
99.57
2

1.4789
0.9097
N/A
N/A
205.03

1.5295
0.3796
N/A
N/A
43.14

78.06
78.54
78.06
82.62
83.98
80.19

2
NMP

65
150.02
2

1.4756
0.9047
N/A
N/A
170.29

1.5251
0.9743
N/A
N/A
74.91

70.91
71.28
71L.09
69.45
70.98
71.05

8

NMP

50
299.75

1.4701
0.8973
N/A
N/A
121.13

1.5264
0.97686
N/A
N/A
75.75

64.65
65.45
65.05
61.84
63.73
64.61
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Anot her series of experinments using the organic non- quaternary salts were

conducted-Bﬁ“é‘ﬁTf+EfeﬂL_nndel feed (Feed B) containing.sulfur and nitrogen
contai ni ng TEOSRAY) eb n addition the effect of adding
addi tive (| ry to the salt was eval u- at
conposi ti on m’#’mﬁ "Wble 5.
Conponent Mass % - 31 - Decal i n
47. 05 Tetralln 7.22 Et hyl benzehe
7.22
Table 8C

Date Summary For Triethylammonium
Salicylate Liquid Clathrate Experiments

Feed . 150N Base 0il
Extraction Run # 9 10 11
Solvent Used LC LC LC
Temperature (c) &5 65 65
Treat {wt¥%) 49,96 100.12 149.80
Ho0 in Solvent {lv¥) 0 0 0
Feed RI 1.4586 1.4586 1.4586
Feed Density 15C 0.8752 0.8752 0.8752
+ Feed Viscosity @ 40°C 29.026 29.026 29.028
Feed Viscosity @ 100°C 4,959 4.953 4,959
Feed Viscosity Index 91.9 91.9 91.3
Feed Used (gms) 25.086 25.01 25.02
Raffinate RI 1.4582 1.4578 1.4578
Raffinate Density 15C 0.8748 0.8741 0.8739
Raffinate Viscosity @ 40°C  29.087 N/A 28.911
Raffinate Viscosity @ 100°C 4.967 °~ N/A 4.957
Raffinate Viscosity Index 92.2 N/A 92.7
Raffinate Recovered {gms) . 24.72 24.15 23.10
Extract RI N/A N/A 1.5295
Extract Density 15C N/A N/A N/A
Extract Recovered (gms) 0.60 0.86 1.03
Yield RI {1lv%) N/A N/A 99.02
Yield Density (lv¥) N/A N/A N/A
average lvk . N/A N/A 99,02
Yield (wt%, Rec weights) " 97.63 96.56 95.73
(lvs calculated) 97.67 96.68 95.87

Average lv¥ yield 97.67 96 .68 95.87
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Table BC {continued)

Date Summary For Triethylammonium
Salicylate Liquid Clathrate Experiments '

Base Case NMP Single Stage Batch Extractions

Feed MCT-10 Base 0il
Extraction Run # BE-24-89 BE-25-89 BE-26-88%
. Solvent Used NMP NMP NMP
Temperature f{c} 65 &5 65
Treat (wt%) 49.51 $9.92 150.16
Ho0 in Solvent {(lv¥) 2 2 2
Raffinate RI 1.4576 1.4572 1.4565
Raffinate Density 15C 0.8740 0.8727 0.8717
Raffinate Viscosity @ 40°C 28.710 N/A 28.326
Raffinate Viscosity @ 100°C 4.937 N/A 4.923
Raffinate Viscosity Index 92.7 N/A 94.8
Raffinate Recovered (gms} 196.48 188.49% 182.89
Extract RI 1.4952 1.4884 1.4861
Extract Density 15C 0.925¢ - 0.9282 0.9178
Extract Recovered (gms) 4.19 10.90 15.33
Yield RI (1v¥) 97.34 ©95.51 92.9%1
Yield Density (1lv%) 97.82 95.33 52.37
average 1lvk 97.34 . 95.51 92.64
Yield (wt%, Rec weights) 97.31 94.53 92.27
{lv¥ calculated) 98.05 . 94 .80 92.64

Average lv¥ yield $7.69 95.16 92.64
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The extraction using the salt was conducted in the following

manner.

A small temperature regulated batch extraction vessel was
used as the separation device. A known weight of distillate was
placed in the vessel and allowed to equilibrate to the desired reac-

tion temperature.

Next, a known weight of the solidlcrystalline salt (dependent
on the desired treat) was placed in the extraction vessel and allowed
to warm up to the reaction temperature. As the mixture was warming,
the crystals began to melt or dissolve in the oil. After about 5
minutes about half the crystals had dissolved. When all of the salt
had dissoclved, a sm&il perforated plate or screen 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 started to settle to form two distinct
phases. The two phases were completely settled after S5 minutes. The
two phases were remixed as above and allowed to resettle ensuring

complte and intimate contacing.

The lower or extract phase was drained from the batch
extractor into a preweighed separatory fumnel. The weight of the
sep-funnel and extract solution were recorded on the run sheets. The
extract 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 ¢il and formed an emulsion. Caution should be
exarcised at this point for this reaction is somewhat exothermic. To
free the oil phase from the emulsion, a known weight of toluene (20

cc) was added, shaken and allowed to settle, The lower phase

{clathrate and water) was drained off inte a second preweighed sep-

funnel. The above washing procedure was repeated noting all the
weights and combining all the water phases in the second sep-fumnel.
The sep-funnel containing the water phases was then washed twice with
known weights of toluene (20ccx2) to remove any trapped organics in

rhe water. The organic phases were added back to the organics in the



Salt Batch Extraction[err] Selectivity Results Wth 15 Eecedstaock B

UPPER/ L ONERS Bhgedas Been Replaced REP

e o M QI iien
Herr]O i les of Herr]O Salt

None  0.015  0.03 ~"None  0.015 0.03 Tri et hymirodi 4irfEB 1397
saldicyl ate[err] 1.54. 79 1.91 154 1.
1. 4B Tri et hyl ammoni um di hydozybenzoat e 1.33 1194 1.79 1.
1.67 1.77 Collidiniumtrifliate Fremefd 1.96

2.13 obH@r sep-fné¥. Finally, Ehé busbyhaieDnidnthlningents Sakéonmbee

I gs  fhogiained o o prbbibned sqBhing riaon sRordhAl ARl HiRiert 1l 21

(3) ®n38 rotbvag until AB) the witeld and resibiud? toluene were removed.
The flask was then reweighed and the contents were analyzed for
refractive index and density. The sep-funnel containing the organic
material was also weighed, stripped and the oil analyzed for Refrac-

tive Index and Density.

The upper phase left in the batch extraction vessel (raf-
finate sclution) was drained into a preweighed sep-funnel. The
solution and funnel were reweighed, then a known weight of water {20
cc) Qﬁs added. The mixture was shaken and allowed to settle (three
times). The reaction was probably exothermic but was not noticeable,
indicating a very small amount of liquid salt was present. An emul-
sion was formed as with the extract. A known amount of hexane was
added (20 cc) to break the emulsion after shaking. The water and
liquid salt or lower phase was drained to a second preweighed sep-
funnel, zreweighed and the washing procedure repeated. The water
washings were combined and washed twice with hexane (20 cciz) to
remove any trapped organic 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-funnel were drained
into oﬁe of two preweighed stripping flasks. These flasks were then
weighed again, then the water or hexane was removed by rotovap strip-
ping. When this process was complete, the flasks were reweighed and

the contents analyzed for Refractive 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 where mainly highly alkylated ome or 2 ring
aromatics remain to be removed. No RI or density yields could be

obtained with the clathrate.

Ag 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. If



Tetrabutylammpgkuﬁkégl|cylate (3) (3)
1.35 1.1

PHASE Iml ’"’Il I][’ I’l I il 2 RING + AROWATI CS

AROVATI CS Mol es of Herr]O N(*I
Mol es of Herr]O Mol es of NeOH Sal t

0.015 0.03 None 0.015 0. 03 - 35 - 0.015 0. 03
0.38 0.35 0.38 0.42 0.38 0.26 0.24 . 026

sal i cyate[%ér] Tr| et hyl anmoni um 0.31 0.33 0. 36
0. 22 | BPInS Grepoenichyelnenybenaead aoOBbLid) gw PREAPARY:

0.25 0. 3lprodicBlat téd %8me trear lev }4 18 0. Tty .
Trbutyl anmoni um___ 0.42 0. 42 40 “o""zfé‘ the, qlzthraosesax e0. 32 the 0.28
0. 36 0.38"° capacity) the mMp seleCthICY would improve and it is estimated

th
at the yield cradit for the clathrate wauld be about 1% on feed.
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Sel ectvity

OReg:lil tsOV\'g2 Feedstock B p t TH ﬂ, e Lutid ﬁE#MééMﬁﬁEﬁlEﬂ—
(I;/Egr;yl P perg ’ uuffmg"jtyl arm%llj@n B( J%J)J'H'%S) 0. 37 epry g

te[er

0. 38 (3) 0. 25 - Q¢26 0. 26 salicyl
[err] Single stage batch extraction with 0.03 nole salt gt

[err]0.025 and 0.050 ol es of water used; 25 grams of fgedstock B (3) Sakt

0.51

580199?

fail ed tocgirgsol ve at 50[err] C

1. A method for separating a hydrocarbon mixtqre, especially
a feed stream, containing arxomatic hydrocarbons and non-aromatic
hydrocarbons into an aromatics-lean raffinate and an aromatics-rich
extract; which method comprises contacting the hydrocarbon mixture or
feed stream with an organic non-quaternary clathrate salt having less
than 16 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 aromatic content
and % hydrocarbon-~salt clathrate extract phase of increased aromatic
content containing the clathrate salt and combined aromatic
hydrocarbon, separating the raffinate phase from the extract phase and
releasing the aromaéic hydrocarbon from the clathrate salt of the
extract 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 the hydrocarbon feed is
conducted at a teméerature above the melting point of the salt but
below the decomposition temperature({s) of both the salt and the hydro-

carbon feed.

3. A method according to claim 1 or claim 2, wherein the
organic non-gquaternary clathrate salt is used in amounts ranging from

about 50 to 400 mass ¥ salt to feed.

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

current.

5. A method according to any preceding claim, wherein the

raffinate phase is separated from the extract phase by decantationm.
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selectivity for 2 ring+ and 3 ring aromatics [
equi val ent or worse than that for the salt under

§. A method according to any preceding claim, wherein the
aromatic hydrocarbon is released from the hydrocarbon-salt clathrate

extract phase by the addition of a polar, protic substitution agent.

7. A method according to any preceding claim, wherein the

organic non-quaternary clathrate salt is selected from the following:

R
RnQH4-p Al, @4 - H A, or
[~ - -
R,- n
/
N A
\
- R J L
wherein Q is nitrogen, phosphorus, or arsenic;
R 1is hydrogen, C3-C12 linear or branched alkyl, Cg5-Cis
cycloalkyl, . C7-Cy3 aralkyl or alkaryl, and Cg-Cyg aryl,

including inert or unreactive substances including hetercatom
containing species, and mixtures thereof, wherein the total
number of carbhon atoms in the éum of the R radical groups is
less than 1s;

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 clathrate salt is selected triethylammonium,
collidinium, 2-ethyl pyridinium,

lutidinium, 2-ethoxy pyridinium,

i-methyl piperidinium, piperidinium, 1l-ethyl collidinium, 1-methyl,

3-ethylimidazolium, l-methylimidazolium.
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dry conditions. These resul ts af fidlal. (o those ob- served

with NVPHerr]Oin Table 4 V\/ner laced ARE | : ;
i ncreased V|t for mﬁﬂmﬁ ‘u ‘ “f i .
t he upper nﬂg## own in Tat @ 7, | ncr easi
the salt's W tent decreases the salt'|sic@pacFEN 1987 |
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as that for

9. A method according to claim 7 or claim 8, wherein the
anion of the organic non-quaternary clathrate salt is_selected from
carboxylates, benzoates, sulfonates naphthenate, bicarbeonate,
bisulfide, nitrate, halometallate, phosphonate, borate, acetate,-
hydroxide, methoxide, phenoxide, 'fluoride, chloride, bromide, and

iodide.

10. A method according to claim 7, wherein the organic non-
quaternary clathrate salt is selected £rom triethyl ammonium
salicylate, lutidinium trifluorcacetate, cellidinium triflucrcacetate,
2-eth§1 pyridinium trifluorcacetate, 2-ethoxy pyridinium trifluoro-
acetate, l-methyl piperidinium trifluorocacetate, triethyl ammonium 2,
s-dihydroxybenzoate,'piperidinium triflucorcacetate, tripropyl ammonium
formate, 1-methyl piperidinium phenyl acetate, triethyl ammonium

m-nitrobenzoate, quinolinium trifluoroacetate.
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TABLE 7 Effect of Water Additive
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ABSTRACT

AROMATIC HYDROCARBONS SEPARATION
FROM AROMATIC/NON-AROMATIC MIX ES

Organic non-quaternary clathrate salts having less than
16 carbon atoms in the cation are used in separating hydrocarbon
mixtures, especially feed streams, into an aromatics-rich fraction and
an ' aromatics-lean  £fraction. Preferred salts are collidinium

trifluorocacetate and triethylammonium dihydroxybenzoate.

P,

au
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ORGANIC NON-QUATERNARY CLATE
S5ALTS FOR PETROLEUM SEPARATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

Hydrocarbon feed streams containing mixtures of
aromatic hydrocarbons and non-aromatic hydrocar-
bons are separated into aromatics lean streams and aro-
matics rich streams by contacting the hydrocarbon
stream with an organic non-quaternary clathrate salt
having a cation containing less than 16 carbon atoms.
The clathrate salts selectively interact with the aro-
matic components of the hydrocarbon feed mixture.
The organic non-quaternary clathrate salt possess non-
quaternary cations such as phosphonium, ammonium,
imidazolium, pyndmxum and piperidinium and a mono-
valent or polyvalent anion. They can be represented by
formula:

R j

wherein

R is a radical independently selected from the group
conmsisting of hydrogen, linear or branched C;-Cj; al-
kyl, Cs-C;a cycloalkyl, Cy-Cj3 aralkyl and alkaryl and
Ces~Cjo aryl, including inert or unreactive substitutes
therein and mixtures thereof, wherein the total number
of carbon atoms in the total of the R radicals in the
cation is less than 16;

nis 1-3;

m is 1-5;

QisNorP;

A is a monovalent or polyvalent anion.

The separation is conducted either above the melting
point of the clathrate salt but below the decomposition
temperature of either the salt or the hydrocarbon feed
or under conditions such that the salt goes into solution
in the hydrocarbon feed. The clathrate salt is separated
from the aromatic hydrocarbon with which it combines
by e.g. washing with water.

w
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U.S. Pat. No. 4,359,596 describes the separation of
aromatics from mixed aromatics/aliphatics hydrocar-
bon streams by liquid salt extraction. The liquid salts
used are of the formula

R4QJ[A]

wherein

Q is nitrogen, phosphorous or arsenic;

A is a monovalent or polyvalent anion;

R4Q is a monovalent or polyvalent cation in sufficient
numbers to render the salt electrically neutral;

R is a hydrocarbon radical independently selected
from the group consisting of linear or branched C;_Czo
alkyl, Cs-Cio cycloalkyl, Cs-Cyo aralkyl and alkaryl,
and C¢-Cjo aryl, conclnding inert or unreactive substi-
tutes therein and mixtures thereof, wherein the total
number of carbon atoms in the four R radicals totals at
Jeast 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 point

" but below the decomposition point of the liquid salt.

The salt is seen to possess a cation which is quaternary
and contains at least 16 carbon atoms.

SUMMARY OF THE INVENTION
Aromatic hydrocarbons are separated from hydro-

- carbon feed streams comprising mixtures of aromatic

hydrocarbons and non-aromatic hydrocarbons by con-
tacting the hydrocarbon feed with an organic nonquat-
ernary clathrate salt having a cation containing less than
16 carbon atoms. The organic non-quaternary clathrate
salt selectxvely combines with the aromatic hydrocar-
bons in the feed and produces a binary liquid-liquid
phase system, i.e., a raffinate phase of reduced aromatic
content and an extract phase of increased aromatic con-
tent - containing the aromatic hydrocarbon combined
with the clathrate salt. The raffinate and extract phases
are separated, then the aromatic hydrocarbon-clathrate
salt combination is itself separated into an aromatics
rich stream and a recovered orgamic mon-quaternary

" clathrate salt stream, which is recycled to the separa-

tion.
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The organic non-quaternary clathrate salt pom
23 non-quaternary cations such cations as ammonium,
phosphonium, pyndlmum, imidazolium, and piper-
dinium, preferably ammonium and pyridinium, and a
monovalent or polyvalent anion.

The salts can be represented by the following for-
mula:

" [RaQHa—nJlAL @N—H [A}, or

wherein
. Q is nitrogen, phosphorus, or arsenic;

R is hydrogen, C;-C12 linear or branched alkyl,
Cs-C12 cycloalkyl, C3-Ci2 aralkyl or alkaryl, and
Ce-C1o aryl, including inert or unreactive substances
including heteroatom containing species such as alkoxy,
and mixtures thereof, wherein the total number of car-

.bonatomsmmesumofﬁwkmdxcalgroupsmﬂle

cation is less than 16;

n is an integer ranging from 1-3;
A is a monovalent or polyvalent anion.
The separation of aromatic hydrocarbons from the

hydrocarbon feeds is performed by contacting the hy-

"drocarbon feed with the organic non-quaternary

clathrate salt either above the melting point of the salt
but below the decomposition temperature of either the
salt or the hydrocarbon feed or under conditions such
that the solid sait goes into solution in the hydrocarbon
feed.

DETAILED DESCRIPTION OF THE
INVENTION

Aromatic hydrocarbons may be selectively separated
from_hydrocarbon feeds comprising mixtures of aro-
matic hydrocarbons and non-aromatic hydrocarbons by
contacting hydrocarbon feed with an organic clathrate



simfar Refractive Index by NMP extraction and |iquid salt conplexation.
The lube oils treated were a 60N, a 210N and an extracted N | i,

Al'l were non- waxy. The condition enployed and result obtei1 QE@EN? SHEET
presented in Tables 8A. 8B and 8C.
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salt having a non-quaternary cation possessing less|than
16 carbon atoms.

The process is useful in treating lube stocks for the
removal of aromatics to produce aromatics lean raffi-
nates or for the recovery of aromatics such as benzene,
toluene and xylene in chemical feed streams.

The separation employs 2 organic clathrate salt hav-
ing 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 temperature 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 temperature of either the salt
or the hydrocarbon feed.

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

Contacting the salt with the hydrocarbon feed per-
mits the salt to combine with the aromatic hydrocar-
bons present in the feed to produce a binary liquid-lig-
uid phase system. The extract phase of salt plus aromat-
ics is usually the more dense phase and exists either as a
separate distinct lower phase or as suspended droplets
in a continuous lighter phase (the raffinate).

The process of the present invention employs organic
nonquaternary salts which may be represented by the
following formula:

. R
R,QHs_ J{A): N—H | [AL or

wherein

Q is nitrogen, phosphorus, or arsenic;

R is hydrogen, C;-Ci2 linear or branched alkyl,
Cs-Ci2 cycloalkyl, Cy-Cy2 aralkyl or alkaryl, and
C¢-Cio aryl, including inert or unreactive substances
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including heteroatom containing species such aslalkoxy.
and mixtures thereof, wherein the total number of car-
bon atoms in the sum of the K radical groups in the
cation 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.

Representative R radicals in the cation include
methyl. ethyl, propyl, n-butyl, sec-butyl, t-butyl, n-pen-
tyl, 2 methylbutyl, 3-methylbutyl, n-hexyl, n-octyl, 2-
ethylhexyl, decyl, stearyl, cyclohexyl, p-chlorobenyl,
benzyl, p-methylbenzyl, 2-phenethyl, tolyl, p-xylyl,
phenyl, chlorophenyl, dodecyl, trifluorobutyl, n-eicoso-
nyl, cyclohexylbutyl, phenylbutyl, butylphenyl, naph-
thy! and the like. The R radical may also be substituted
with substituents inert under the process condition such
as C;~Ci; alkoxy, Cg~Cio aryloxy and the less reactive
halogens fluorine and chlorine.

Representative cations include triethylammonium,
lutidinium, collidinium, 2-ethyl pyridinium, 2-ethoxy

~ pyridinium, 1-methyl piperidinium, piperidinium, 1-
ethylcollidinium, 1l-methyl, 3-ethylimidazolium, 1-
methylimidazolium.

Anions may be any of the typical anions common to
salt formation including carboxylates, benzoates, sulfo-
nates and derivatives thereof, e.g.:

Ra ‘D
il
c—09

where R is OH, C;-C;q alkyl, C;-Cip alkoxy, n=0.5.

Rs

wherein R is OH, C;-Cjp alkyl, C;-Cj0 alkoxy, n=0.5.

R—C—0©




Sol vent Used

LC LC LC LC

Tenperature (C.) 65 65 65 65 T2t
(W % 24.0  48.0 719 119.8  |REPLAOBMENT SHEET
Solvent (1v % 0 0 0 0 r—Feed R
1.4730 1.4730 1.4730 1.4730 Feed Densi}y} 1
0. 8970 0. 8970 o 8970 0.8970 °© Feed Used [gms’r)g JAN 1338
25. 02 25. 02 ffinate
1.4711 1. 4496 %FS‘“RB% g%@ecl'cloa“‘yl Y PICRLAHARS;j ¢ y

0 m@g@e (flugridgs chloride, bromideciodide, s ;

0. 8942 0. 8918
Recover ed 20. 96

napat@fate, bikdbamate, bisuifiieOsitrate, halomeral-
late (e.g., tetrafluoro-borate) methanesulfonate, tri-
fluorormethanesulfonate, dodecyisulfonate, phospho-
nate, benzenephosphonate, tetra-n-butylboranate, ace-
tate and 2-ethylthexanoate, benzenesulfonate, p-tol-
uenesulfonate, p-chlorobenzenesulfonate, phenoxyben-
zenesulfonate, benzenephosphinate, benzoate, tetra-
chloroaluminate, tetrafluoroborate, hydroxide, methox-
ide, phenoxide, 2,4,6-tri-t-butylphenoxide, tris(2-
methoxyethoxy)acetate, tetra-2-ethylhexylboranate,
tetra-sec-butylboranate, triethyl-2-ethylhexylboronate,
and the like. Particular examples include salicylate,
triflate, 2,6-dihydroxy benzoate.

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 appropriate organic acid in a suitable
solvent such as tetrahydrofuran (THF), or the reaction
can be run neat (in the absence of solvent) if one or both
of the acid or base is liquid.

Preferred organic non-quaternary clathrate salt in-
clude triethylammonium salicylate, lutidinum triflate,
collidinium triflate

( O N=—H CF;C00™),

2-cthylpyridinium triflate, 2 ethoxypyridinium triflate,
l-methylpiperidinium  triflate, triethylammonium
2,6dihydroxybenzoate, piperidinium triflate, tripropyl
ammonium formate, 1-methy! piperidinium phenylace-
tate, triethyl ammonium m-nitrobenzoate, quinolinium
triflate.

The extracting solvent in this process comprises an
organic non-quaternary 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 especially useful because it
is inexpensive, relatively non-corrosive and can increase
selectivity in the extraction; however, the use of water
does diminish extraction capacity.



Extract R 1.5101 1.5158 1.5131 1.5354

Extract Density. 15C N A N A 0. 9543 1. -
Extract Recovered 0.99 1.85 2. 84 3 g ACEMENT SHEET
Yield Rl (lv % 95. 13 92. 64 88. 52 Qo1 .

Yield Density (1v % N A NA , 88. 84 92. 86| 43 JAN 1998i ql g
95. 49 91. 99 87.75 84. 07 (WM % Rec We ghts)

(1v % cal cul at ed) 95.79 92.53 88. 46 84

Average 1v %yield

Fhel extractidi? ppSeess of &heSpresent &wﬂm is
typically conducted at between sbout 20° C. to about
400° C., preferably about 20° C. to 200° C. Pressures
empioyed are preferably atmospheric, but elevated
pressure may be employed, if necessary, to maintain the
hydrocarbon feed in the liquid state.

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

The extraction process can be run on a batch or con-
tinuous basis, including countercurrent extraction. Pro-
cedures such as liquid membrane suspension of the salt
can also be employed.

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

. containing the aromatics-salt clathrate.

" Following physical separation of these two liquid
phases one from the other by typical techniques such as
centrifugation or simple decantation, the salts are re-
leased from the aromatics-salt clathrate by the addition
of a polar, protic substitution agent such as water,
which breaks the clathrate forming a new binary liquid-
liquid phase comprising a light-upper phase of hydro-
carbon and a heavier, lower phase of salt-water. These
phases can be separated by typical liquid-liquid separa-
tion procedures again such as centrifugation or decanta-
tion. The salt éan be recovered from the salt-water
phase by distillation or flashing to remove the water.
The recovered salt can then be recycled to use. Alterna-
tively, some aromatic-salt clathrates can be decla-
thrated by simply reducing the temperature of the aro-
matic-salt clathrate from the formation temperature to a
reduced temperature, e.g., by cooling from 50° C. down
to ambient. As another alternative the araomtic hydro-
carbon salt clathrate can be heated to recover the hy-
drocarbon with the salt being recycled.

The present invention is described and demonstrated
in the following non-limiting examples.



Base Case NWP Single Stage Batch Extractions

Bayt own 60N Coastal Distillate Extraction Run #{REPLACEMENT SHEET
2 3 4 Sol vent Used - c
NIVP ' NIVP Tenperature (C. 65

65 Treat (w % ™ 56.(872) s8.46° 116|543 JAN988
Herr]Oin Solvent 2. 2 2 2 LAV
0 Raf finate Rl EXAMBBES 1.4672 1.4629 1. 4593
Raffi nate Density 0. 89]_.7 %Jé@ﬁﬁ’LE 10. 8825 0. 8455 +5€

A number of saits made by combining 15 cations and
8 anions were synthesized. Their melting points and
toluene solubilities were determined and are reported in
Table 1.

A number of salts from Table 1, and some not appear-
ing in Table 1 made up of different cation-anion pair
combinations were screened using a l:1 toluene/cy-
clohexane mixture for their ability to form tolune-salt
clathrates in the presence of the non-aromatic cyclohex-
ane. The results are presented below in Table 1A.

TABLE |

Melting Poiat ("C.) and Toluene Sclubility! of Organic
Salts (py = pyridinjum, pip = piperidinium)

TRIFLUOROACETATE SALICYLATE BENZOATE DIHYDROXYBENZOATE

Y+ 78,5 48, SL 38, S 1, s

Z-Etpy+ Lig. S 41. 8 Lig. § 117.§

15-Et3CsHaN 4+ Liq. § 59, S Lig, § 180, 1

2,4-Mepy+ 38,8

24,6-MejCeHzH+ - 61, S 79. 8§ 49, 8 146, S

" Quinolinium 68. S .8 Lig, S 168,1

EtOpy+ Liq. § - —_ -

pip+ 28, 8 12,1 - 196, I

Mepip+ 55, 8 102. 8 €2, S 146, 1

NEi;H+ - 45. S Lig, S 4.8

NBu;H+ 41, S 41, S " Lig, S 81, S

NpryH+ 44,5 45, 8 Lig, S 94,5

NMes 20,1 141, 1 LI 160, I

NEY.,. 6s, S1 84,1 1 41,1

NBug. 5L S 87, SL 54,8 104, L

TOLUENE PHENYL
SULFONATE M-NITROBENZOATE FORMATE ACETATE

2-Etpy+ 92,5 —_ Lig, § Lig, §
33-EnCeH3IN+ Lig, I - Lig. § Liq, S
24-Mexpy-+
246 MesCgHoH+ 126, ] Lig, S -
Quinolinium 109, I s Lig, S Lig, S
EtOpy+ - . - -_ -
pip+ 129, SL 141, 8 Lig. T 99, SL
Mepip+ 92,1 113. s Lig. [ Lig, X
NEyH+ 71, 8 80, S Lig, I Liq, S
NB“JH+ 66, S — -— -—
NpraH + 63, S — Lig, § -_—
NME‘+ 41,1 — >250, I ' —
NEw.. 106, I —_ Lig, [ -
NBu,., 1, SL - Lig. S Lig, I

IS = soluble. SL = dightly saluble, I = iasoluble



Raf f'i nat e Recovered 147. 25 141. 16 117. 63 93. 42 (gms)

Extract Rl 1.5069 1.5155 1.4978 1.493 :
Extract Density |SC 0.9475  0.9571  0.9391 0. dREPLACEMENT SHEET
Extract Recovet ed 22. 28 16. 7; 52.97 . 71.45
Yield R (1v % 88. 05 87.9 71.06 60.4Q | gg! o
Density (1lv % 90. 50 89. 04 TIAREIA 64,74 1§(i ‘glug B
86. 86 89. 40 68. ical Properids ofd Range of 1 iquid Qrganic N te ing\gts gTTHS)
(1V % cal cul at ed) 87. 37 9Q|, 15 70.08 Towe§8 O
M.P. oluene Water Cyclohexane
Anion Cation? 'C. 2°C src. wC  NC mcC ¢, Commams
Benzoate 1 12127 SL S SL -— - precip.
©olo:s?
Benzoate 1 8386 | SL s -_ -— clear  precipiute at 10:407
sclution
Benzoate 3 Liquid § -— See -— cloudy  clear possible 2:1 addition?
Comment wiution  solution  sohution at 10:40¢
Benzoate 4 Liqud S - I S clear clear eyclohexane sofubje
solution  soiution
Benzoue H Ligid S -— 1 S clear tlear cyclchexane soluble

solation  solucion

2-Hydroxy- 1 ss-60 1 SL s -— clear precip.
benznate solution
2-Hydroxy- 2 108.5-113 I SL s - -— cloudy  clathrate at 10:157
benzoate solution
2-Hydroxy- 3 47-825 S -_— S -— clathrate  clathrate
benzoate
2-Hydroxy~ 4 Liqud S -— 1 .SL clear clear cyclohexane soluble
benzoate solution  sclution
2-Hydroxy- ] Liquid § -_ 14 1 dear clear cyclohezane soluble
benzoate solation  solution
Trifluro- ! 99.5-101.5 1 SL -4 - -— -—_
acetate
Trifluro- 2 3638 1 sL S -— cloudy  clathrate
aceate solution
Trifloro- 3 Liqguid § - s - clathrate  clathrate
aceute
Trifluro~ 4 Liquid § - 1 1 clear clear cyciohexane soluble
acatate solution  scluton
Triflurc- s Ligqd § = -~ 1. ] dlexr clear ¢yclohexane soluble
acetate solution  solution
Phenyl~ 1 1ns-123 SL . S S -— - precip.
aceme lo:s% .
Phenyl- . b4 98-101 SL 3 s - - clear precipitate at 10:407
awsate solution
Phenyl- 3 Ligd § -— I 1 clear clear passible 2:1 addition?
wetale solation  solution  solnton at 10
Phenyl- 4 Liquid § - 1 1 clear clear cycdohexane soluble
acetae solution  solution
Phenyi- ] Liqud S -— 1 1 clear clear cyciohezane soluble
scetale solution  solution
Diphenyl- 1 465-148 1 SL s -— _— -
acetate R
Diphenyl- 2 158-1605 1 1 s -— - -
acetue
Diphenyle 3 446 S -— s - clear ¢clear cyclobezane slight
acetate solation  solutios  solution
Diphenyls 4 Lignid § -— I 1 dlear clear cyclobezane soluble
acetate solntion  soludon  solution
Dipbenyl- s Liqud S -— 1 1 clear clear cyclobexane soluble
aceate . solation  solution  solution
3-Hydroxy- 1 =180 I 1 1 s - -—
beazaate
3Hydroxy~ 2 1345133 | 1 H] - - -
benzoate
3-Hydroxy- 3 9s-Jo1 1 I s -— -_— —
benzoate
3-Hydroxy- 4 Liquid 1 SL 1 I - -—
benzoate .
3-Hydroxy- 5 Liguid 1 sL 1 t - -
benzoate .
4-Hydrozy- 1 215217 1 1 S -— - —
‘benzoste .
4-Hydroxy- 2 1615169 I H -1 — - —
benzoate
4&Hydroxy- 3 116-118 I | s - —_ —
benzoate
4-Hydroxy- 4 Ligud I 1 1 5 - -
- benzoate
4&Hydroxy- ] Liquid 1 sL 1 t - -
benzoate
2.6-Dihydraxy- t 156-151.5 1 1 1 s - —-
bexzoate
15-Dihydroxy- 2 189.5-191 1 s I 4 -_— -
bemzoate
16-Dihydroxy- 3 M3 5 - s - cathrate cluhmaie
bexzoate 10:9% 103
1,6-Dihydroxy. 4 1

Liquid S - 1 1 clear clear cyclobexans solubie



Average 1v %yield 88. 64 87. 99 71. 84 61. 07
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TABLE 1A-continued .

Physical Properties of a Range of Liquid ic Non ternary Low Mditing Salts

Toluenes
_ M.P. Toluene Water  __Cyclohexane®

Anion Cation? *C. 0°C. s0°C. 20°C. °C. 20°C. S C. Commens
benzo.atc solution  solation
2,6-Dihydroxy- 5 Liquid § -— 1 I clear clear cyclohexane soluble
benzoate _ solution  solution’
p-Toluene i 180-183 ] i s - - -
sulfonate
p-Toluene 2 128-129.5 SL S s - - -
sulfonate
p-Toluene 3 -2 1 1 s - - -
salfonate
p-Toluene 4 40-45* § —_ S - “Clear clear *v. hygroscopic
salfonate solution  solution  solution at 10:40°
p-Toluene s 8-50 S - H 1 clear clear cyclohezane saluble
sull‘ox.me solutios  solation  solutioz at 1
p-Anisate 1 142-144 | SL S -_— - -
p-Anisate 2 85-90 § - s -— - clear

. solution
p-Anisate 3 failed to synthesize
p-Anisate 4 ' failed to synthesize
p-Anisate 5 . failed to synthesize

%} = benzylammosium: 2 = piperidinium; 3 = triethylammoniuny: 4 = trihexylammonium; $ = trioctylammonium
*Toluene cycloheaane 131 by volione was used inless otherwise indicated
S = soluble: I = insoiudle; SL :w slightly solble

The results indicate that organic non-quaterpary salts
form toluene-salt clathrates but that when the cation
contains R radical groups, the sum of the carbons in the
total sum of the R radical groups must be less than 16.
Without exception, when the cations trihexylam-
monium and tri-octylammonium produced a salt, the
resulting salt was soluble in cyclohexane and in toluene,
indicating that the salt is inappropriate for use in aroma-

_ tics/non-aromatics separations.

EXAMPLE 2

Organic non-quaternary salts were evaluated for their
ability to separate varying volumes of 2:1 benzene/cy-
clohexane solutions at 20°- C. and 50° C. The results are
listed in Table 2. Mass balances were not recorded.
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TABLE 8B-conti nued

REPLACEMENT SHEET
11 13 JANK 1838

TABLE 2 4,.__-_

Molecular Recognition Characteristics of Liquid Orginic

Salts by NMR Analysis of 2:] M Benzene:Cyclohexane

Amt. Liquid Phase Liquid Phase
Salt 20°C. Upper Lower  50° C. Upper Lower

Triethylammonium 2,6-dihydrozybenzoate mp: 34-35°C.

g 1.88:1 4.39:1 1.88:1 3.48:1

g 1.69:1 4.53:1 1.72:1 - 6.1

5g 1.22:1 4.38:1 1.37:1 3.43:1
Piperidinium triftate m;: 27-29" C

lg 1.95:1 3.00:1 1.92:1 1.33:1

2g 1.88:1 2.63:1 1.86:1 2.88:1

5g 1.54:1 3.39:1 1.66:1 2.75:1

2-cthyl py ridinium triflate mp: < 20° C.

g 1.94:1 5.05:1 1.86:1 3.00:1

2g 1.69:1 4.60:1 1.81:1 2934

5g 1.34:1 3.68:1 1.43:1 T 2.58:1
Lutidinium triflate mp: < 20° C.

lg 1.90:1 5471 1.95:1 4.64:1

g 1.73:1 4.33:1 1.88:1 3.64:1

Sg 1.38:1 3.90:1 1.44:1 3.09:1
Collidinium triflate mp: 61-62° C.

ig 1.82:1 4.76:1 1.86:1 4.27:1

2g 1.69:1 4.64:1 1.74:1 4.22:1

Sg 1.24:1 4.08:1 1.25:1 3.58:1
Pyridinium triflate mp: 73-76" C.

tg 1.88:1 6.88:1

2g Insoluble 2.00:1 5.70:1

Sg 1671 5.00:1

TABLE 2-continued

Molecular Recognition Characteristics of Liquid Organic
Saits by NMR Analysis of 2:1 M Benzene:Cyclohezane
Amt. Liquid Phase Liquid Phase
Saht 20°C.Upper Lower S0°C.Upper  Lower

Tripropylammonium formate mp: < —20°

2g 1.68:1 2911 1.74:1 2.53:1
lfMethxl piperidinium triflate mp: 53-59° C.

2g Insoluble 1.75:1 3.80:1

1-Methyl piperidinium ghen_zlacetate mp: < —20°C.
2g 2.18:1 3.91:1 Soluble

Triethylammonium m-nitrobenzoate mp: 79-81° C.
2g Insoluble 1.92:1 2.63:1

Quinolinium triflate mp: §7-69° C.

5g Insoluble 1.55:1 2.86:1

From this data it should be noted that selectivities
were generally lower at 50° C. than at 20* C. Selecti-
vites also generally decreased as the amount of salt used
increased. It was observed that the volume of the liquid
gatMate phase tended to be larger at 50° C. than at 20°



Data Sunmary For Tri et hyl anmoni um 2 |

Cl.at hrate Experinents Tenperature (C.) 65 IEP%QWENT

65 85 Treat (wt % 50. 28 100. ¢O 149. 96

299. 60 149.84 Herr]Oin Solvent (1v % 0 19 JAN1998 D
0 0 Feed R 1.4900 1.4900 1.4900 1.p
1.49 Feed Density 15C 0.924% 0. 9247 0.|9247 0-92aT
0.9247 Feed Saturates (w % 54. 30 54. 30 4. 30 54. 30
54. 30 Feed Aromatics (WM % 4 .70 45. 70 45. 70
45.70 Feed Used (gns) 2%’@8’“‘1’1-53‘3 01 25. 00 20. 00
20.00 Raffinate R A series of organi¢ néhS§uaterndry'daits werelevahil? 1.4776
1.4814 ated on a model feed (Feed A) for selectivity and capac-

ity and compared with N-methylpyrrolidone (NMP)
containing various amounts of water for the extraction
of the same feed. The feed is described in Table 3.

TABLE 3
. Feed A
Companent Mass %
Decalin . 49.80
Tetralin 1.66
Ethylbenzene 174
Mesitylene _ 71.63
{-Methyl Naphthalene 15.21
Phenanthrene 11.95

The test conditions and results are presented in Table 4.

TABLE 4

Salt and NMP/H;0 Barch Extraction! Capacity/Selectivity Results? with 25.0 g Feedstock A
RAFFINATE YIELD RAFF. SATS + UPPER/LOWER PHASES

SALT . % (3) IRAr, % (4)  Sats + IRAr ZR + Ar 3RAr
Triethylammosium Salicylate . 608 8402 1.59 %7 0.30
Lutidinium Triflate 65.0 8259 L 0.33 0.21
Collidinium Triflate (@ .8 8438 LR 0.28 0.26
®) 4358 95.13 *.1.88 009 0.04
2-Echylpyridinium Triflate 3 30.42 1.63 0.39 032
2-Etkozypyridinism Triflate 9LS 7899 L34 0.43 0.28
1-Methylpiperidinium Triftate” - 811 74.59 1.4 0.3 0.47
Triethylammonium Dihydroxybenzoate 44.45 9345 1.88 013 0.07
Piperidinium Triflate 96.0 nn 12 0.67 0.67
NMP/IOLV % Ha0 ' 40,0 90.50 181 ax 014
NMP/II LV % B0 485 $9.58 1.63 023 0.15
NMF/ISLV % H;0 68.7 86.80 254 020 a.13
NMP/18 LV % H:0 £9.8 8864 188 028 o9
Feedstock 100 72843 - - -
’Shdenphxbummmmm: (or 178 LY % Treat NMP/H;0) &t 50° C. ualess atherwise noted.

ined from mass balance and GC analysis.
(3) A meassre of carractast capacity.
;CIAM of lude raflinate quality.
A measure of extracuast selectivity.
'&db.wadecfull.&pchmmﬁddndkeampuﬁonwiﬁNMPﬁiﬁmdmnmdhhuofqulmdm
TExtraction performed a1 ° C.
ical yield of Sats + 1RAr raffinste phase.



Raffinate Density 15C 0.9196 0.9162 0.9135 0. 9089

0.9141 Raffinate Saturates (WM % 57.0 N A A N

N A Raffinate Aromatics ( 43.0 N A N/ AWPLACENEMASHEET
NA (w % Raffnmate Recovered 22.55 20. 13 21. 32 1%. 52
21.76 (gnms) Extract R 13 1. 5583 1.534P l? QMQS}QQG
1.5318 1.5486 Extract Density 15C N A 1 0145 1.0397
1. 0202 1. 0631 Extract Recovered (gms) 1.82 3o AT

4.72 4.07 Yield RIAf tun ¥ seen, extraction uSihg%rganic %—Eﬂater- 86.16 ...
79.74 87.20 Yi el dnkinsaltsy cbripabds favorablyNuhth extractith tming  O1- 19

85. 80 92.89 NMP/H;0. Due to solubility problems of the model

feed in neat NMP relatively large volumes of water (10
LV % and more) were required in order to observe
phase separation.

Both triethyl ammonium dihydroxybenzoate and
collidinium triflate have higher selectivities for aromat-
ics than NMP/H>0. Under conditions of constant treat,
temperature and raffinate quality (evidenced by % sats
and 1 ring aromatics in raffinate phase), both salts afford
a significant yield credit (about 16% and 23% for triel-
hyammonium dehydroxybenzoate and collidinium tri-
flate respectively at 90% 4 sats and 1 ring aromatics in
the raffinate phase). Collidinium triflate has the best
selectivity for aromatics, in particular 2- and 3- ring
aromatics. As compared to NMP/H>O (at constant
mass % treat) collidinium triflate (b) has a greater selec-
tivity for 2R aromatics and 3R aromatics by a factor of
about 2.4 and 3.5 respectively, while the selectivity for
saturates and 1 ring aromatics is essentially equivalent.
It is also seen that as salt treat is increased from 51 to 198
mass %, the salt’s selectivity (as measured by % sats and

1 ring aromatics in raffinate) increased from about 84 to
96%.

EXAMPLE 4

Another series of experiments using the organic non-
qQuaternary 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 salt was evalu-
ated. The feed composition is given in Table 5.

TABLE 5
Component Mass %
Decalin 41.05
Tetralin .2
Ethylbenzene 722
Mesitylene 7.2
{-Methy! Naphthalene 14.12
Phenanthrene 11.29
Collidine 2.9
Dibenzothiophene 29

The conditions of these experimental runs and the
results are presented in Table 6.
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88. 44

7 8 Sol vent Used ME 6 NMP v INIvE
Tenmperature (C.) G5 — a5 5Q Treat (W %
50. 07 99. 57 150 02 St BuchcEstpacgiop!iSeleetiviy B equlls With1S g Eeastock By U7 2
2 2 UPPER/LOWER PHASE
SATS + 1 RING AROMATICS
Moles of HO — Moles of ;30
Sait None 0015 003 Nome 0015 0.03
Triethylammonium salicylate? 154 LY 1.91 1.5 1.36 1.48
Triethylammonium dihydoxybenzoste 183 194 179 1.83 1.67 i hen g
Collidinium triflate n 196 13 Ln 077 -
Tributylammonium/Toluene Sulfonate 123 1.3 139 L3 1.07 1.26
Luthidinium trifiste 163 1.9 - 1.68 1.62 -
Moethylpiperidinium trifiate ) 1.33 141 ) 149 142
Tetrabutylammonium saficylate 3) o) 1.59 3) 135 141
UPPER/LOWER PHASE
—2RING + AROMATICS 3 RING AROMATICS
Mola oﬂi@ Males of ;O Moles of HhD Moles of NeOH
Salt 0015 001S 003 Nose Q0I5 QO3 eots 003
Triethylammonium o.ss 0.35 ass 042 038 026 024 0% 032 026
salicylate? ]
Triethylammoniom 031 633 Q3 03¢ 029 020 a2 0% 023 ol9
dihydroxybeuzoate
Collidinium triffate 025 031 031 028 — 004 QI8 A H] 0.1% —
Trbwtylammonium 042 042 040 046 042 030 032 Q28 03 036
TABLE 6-continued
Salt Batch Extraction! Selectivity Results With 15 g Feedstock B
p-toluene sulfonate
Lutidinium triffate ™ 031 032 2 — 032 —~ 019 019 - 8.21 -
M_le‘:hylpipeﬁdinium () 054 054 043 046 (3 051 049 037 038
mllate .
Tetrabutylammonium (3) (3) 037% 038 038 (3) (3) 025 . 026 026
salicylate’

ISingle stage batch extraction with 0.03 male salt a1 ¢° C.
Ianzs-uaosomou‘orwamzsmdrmk B
Salt failed to dissolve o1 30* C.
034 moles of water used
3Comparative compound embraced by U.S. Pat. No. 4,359,596

From this it is clear that the process of the present in-
vention using organic non-quaternary salts to selectivity
extract aromatics from streams containing aromatics
and non-aromatics is affected by the presence of water.
The salt selectivity for saturates and 1 ring aromatics
generally increases with. increasing water content
whereas the selectivity for 2 ring+ and 3 ring aromatics
is either equivalent or worse than that for the salt under
dry conditions. These results are similar to those ob-
served with NMP/H,0 in Table 4 where increasing
water content increased the selectivity for saturates and
1 ring aromatics in the upper raffinate phase.

As shown-in Table 7, increasing the salt's water con-
tent decreases the salt’s capacity while increasing its

selectivity in a similar fashion as that for NMP/H;0.




Raffinate Rl 1. 448 1.4719 1. 4756 1.4701 _Raffinate.

Density 15C 0.9188 0. 9097 0. 9047 0. 8973 R EMgQTLg s
67.1 N A "NA NA (w 9% Raffinate Aronm RFPW 19
N A N A NA (w % Raffinate Recovered . _2? 559%5 03
170. 29 121.13 (gns) Extract R 15 1. 5374
1.5251 1.5264 Extract Density 15C 0. 9896 0. 979 0.9743
0.9766 Extract Saturates (WM % 18.1 N A _ A N A
TABLE 7
Effect of Water Additive Concentzation on Salt Capacity!’
Mass )
of Feedstock Raffinate
Extracted. g Yield, %
moles of HHO moles of HyO
Salt Dry 0015 003 Dry 0015 003
Triethylammonium 573 35 148 &2 76 83
salicylated
Lutidinium triflate 441 317 ad TN P nd
- Collidiniem trifiate 478 372 301 68 75 80
1-Methylpiperidiniom 2y 2715 162 () 83 89
triflate
Triethylammonium 426 304 3155 T 80 86
dihvdroxybenzoate

LA single stage batch extraction experiments carsied out with 15.0 g of model
feedstock B, 0.030 mole sali at 30° C.

2541t failed to dissolve at 50° C. under dry conditions

3Used 25 grams of Feedstock B with 0.05 moje salt at 50° C.

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 regenerating the salt for reuse.

Tests conducted with methanol and ethanol were less
consistent 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 5

The organic non-quaternary salt triethylammonium
salicylate was compared with single-stage NMP extrac-
tion on three lube oil samples. The triethylammonium
salicylate was placed in a vacuum desiccator and dried
for several days before use. The salt was kept in the
desiccator when not in use because of its hygroscopic

properties. The object was to produce raffinates of
similar Refractive Index by NMP extraction and liquid
salt complexation. The lube oils treated were a 60N, a
210N and an extracted 150N base oil. All were non-
waxy. The condition employed and result obtained are
presented in Tables 8A. 8B and 8C.



Extract Aromatics (W % 81.9 N A N A
Recovered (gns) 24. 87 43. 14 74.91

90. 11 78. 06 70.91 64.65 Yield Density (1lv ¢
78. 54 71. 26 65. 45 average 1v % 90.
71.09 65.05 Yield (Wt % Rec weight s) 90. 03 82.
61.84 (1lv % cal cul at ed) 90. 648 83. 98 7Q.

Average 1lv %yield

90. 80 71. 05
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Dawu Summary For Triethylammonium
Salicylate Liquid Clathrate Experiments

Feed Baytown 60N Coatal Distillate
Exteaction Run # A ;] C D
Solvent Used 1C LC LC 1cC
Temperature (C.) 65 65 65 65
Treat (wt %) 240 43.0 ns 119.8
H30 in Soivent (1v %) 0 0 0 Q
Feed RI 1.4730 1.4730 1.4730 1.4730
Feed Density 15C 0.3970 0.8570 0.3970 0.8970
Feed Used {(gms) 25.02 25.02 25.05 25.06
Raffinate R1 14711 14696 - 14678 1.4662
Raffinate Density 0.8942 08918 0.8898 0.8873
15C

Raffinate Recovered 20.96 21.25 20.35 20,06
(gms)

Extract R1 1.5101 1.5158 1.5131 1.5354
Extract Density. 15C N/A N/A 0.9543 1.0231
Extract Recovered 0.99 1.85 284 3.80
(8ms)

Yield RI (Iv %) 95.13 - 9264 £8.52 90.17
Yield Density (1v %) N/A N/A 88.84 92.86
Yield 95.49 9199 87.75 84.07
(wt %, Rec weights)

(lv % calculated) 95.79 92.53 88.46 8499
Average 1v % yield 95.46 92.58 88.61 89.34

Base Case NMP Single Stage Batch Extractions

Feed Baytown 60N Coastal Distillate
Extraction Run # I 2 3 4
Solvent Used NMP NMP NMP NMP
Temperature (C.) 65 50 65 65
Treat (Wt %) 56.72 58.46 116.57 17285
H20 in Solvent 2 2 2 2
(tv %)
Raffinate RI 1.4684 1.4672 1.4629 14593
Raffinate Density 0.8917 0.8896 0.8825 0.8775
15C
Raffinate Recovered 147.25 141.16 117.63 93.42
(gms)
Extract RI 1.5069 15155 1.4978 1.4939
Extract Density 15C 09475 0.9571 0.9391 0.9328
Extract Recovered 228 1673 52.97 7105
(gms)
Yield RI (tv %) 88.05 8799 71.06 60.40
Yield Density (Iv %) 90.50 89.04 74.38 6474
Yield 86.86 89.40 68.95 55.80
(wt %, Rec weights)
{1v % calculated) 87.37 90.15 70.08 $5.06
Aversge 1v % yield 88.64 87.99 7184 61.07
TABLE 8B
) Data Summary For Triethylammonium
Silicylate Liquid Clathrate Experiments
Feed Baytown 250N Coastal Distillate
Extraction Run # E F G H I
Solvent Used LC LC ic LC LC
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TABLE 8B-continued
Datz Summary For Triethylammonium
Silicylate Liquid Clathrate Experiments
Temperature (C.) 65 65 - 63 65 85
Treat (wt %) 50.28 100.00 149.96 299.60 149.84
H70 in Solvent (1v %) 0 0 0 0 0
Feed R1 1.4500 1.4900 1.4900 1.4900 1.49
Feed Density 15C 0.9247 0.9247 0.9247 0.9247 0.9247
Feed Saturates (wt %) 54.30 54.30 54.30 54.30 34.30
Feed Aromatics (wt %) 45.70 45.10 45.70 45.70 45.70
Feed Used (gms) 25.06 25.01 25.00 20.00 20.00
Raffinate Rl 1.4856 1.4831 1.4812 14776 1.4814
Raffinate Density 15C 0.919¢ 0.9162 0.9135 0.9089 0.9141
Raflinate Saturates (wt %) 570 N/A N/A N/A N/A
Raffinate Aromatics 430 N/A N/A N/A N/a
(Wt %)
Raffinate Recovered 2253 20.83 2L32 15.52 21.76
(gms)
Extract R1 ) 1.5583 1.5349 1.5443 1.5388 1.5486
Extract Deasity 15C N/A 10145 1.0397 1.0202 1.0631
Extract Recovered (gms) 1.82 354 4.15 472 4.07
Yield RI (1v %) 93.95 86.68 86.16 79.74 §7.20
Yield Density (1v %) N/A 91.35 oL13 85.80 92.8%
average v % 93.95 89.02 83.64 ° 2.1 90,04
Yield {wt %, Rec weights) 92.53 85.47 8371 76.68 84.24
{lv % calculated) 93.04 86.27 84.73 8.0 85.22
Average 1v % yield 93.50 88.10 87.34 81.19 88.44
Base Case NMP Singel Stage Batch Extractions
Feed Baytown 230N Coastal Distiilate
Extraction Run # 5 6 T 8
Solvent Used NMP NMP NMP NMP
Temperature (C.) 65 65 65 50
Treat {wt %) 50.07 99.57 150.02 299.75
H0 in Solvent (1v %) 2 2 2 2
Raffinate RI 1.4848 1.4789 1.4756 1.4701
Raffinate Density 15C 0.9188 0.9097 0.5047 0.8973
Raffinate Saturates 67.1 N/A N/7A N/A
(wt %)
Raffinate Aromatics 329 N/A N/A N/A
(wt %)
Raffinate Recovered 224.55 205.03 170.2% 121.13
(gms) .
Extract Ri 1.5374 1.5295 1.5251 1.5264
Extract Density 15C 0.9896 0.9796 0.9743 0.9766
Extract Saturates (w1 %) 18.1 N/A N/A N/A
Extract Aromatics (wt %) 819 N/A N/A N/A
Extract Recovered (gms) 24.87 43.14 74.91 75.75
Yield RI{1v %) 90.11 78.06 70.91 64.65
Yield Density (1v %) 91.67 78.54 71.26 65.45
average lv 9 90.11 78.06 nos 65.05
Yield (wt . Rec weights) 90.03 82.62 69.45 €1.84
{1v % calculated) 90.61 §3.98 70.98 $63.73
Average 1v % yield 90.80 80.19 71.05 64.61




TABLE 8C Date Summary For Tri et hyl ammeni um
Salicylate Liquid O athrate Experinents Feed

150N Base O | Extraction Run # 9
Sol vent Used LC LC LC JSELAEEMEN‘I $HE'E'T
65 65 65 Treat (Wt % 49. dg 12
149.80 Herr]Oin Solvent (1v % 18 ¢ 0 % JAN 1998
1. 4586 1. 4586 1. 4586 Feed Density 15C 0.8752
0.8752 0. 8752

TABLE 8C

Date Summary For Tricthylammoniam
Salicylate Liquid Clathrate Experiments

Feed 150N Base Oil
Extraction Run # 9 10 11
Sojvent Used GI;C Glgc éC
Temperature (C.) _

Trelxpe(::t %)( 43.96 I(%IZ 14:.80

i vent (1v 0
gfd:lsol v 1.4586 1.4586 1.4586
Feed Deasity 15C 0.8752 0.8752 0.8752
Feed Viscosity @ 40° C. 29.026 29.026 29.026
Fead Viscosity @ 100° C. 4.959 4939 4.959
Feed Viscosity Index 91.9 919 919
Feed Used (gms) 25.06 25.01 25.02
Raffinate R1 1.4582 1.4578 14579
Raffinate Density 15C 0.8748 0.8741 0.8739
Raffinate Viscosity @ 40° C. 29.087 N/A 28.911
Raffinate Viscosity @ 100° C. 4,967 N/A 4.957
Raffinate Viscosity Index . 922 N/A 92.7
Raffinate Recovered (gms) 4.7 4.15 21.10
Extract R1 N/A N/A 1.5295
Extract Density 15C N/A N/A N/A
Extract Recovered (gms) 0.60 0.86 1.03
Yield R1({1lv %) N/A N/A 995.02
Yield Density (1v %) N/A N/A N/A
TABLE 8C-continued
Date Summary For Triethylammonium
Salicylate Liquid Clathrate Experiments

average Iv % N/A N/A 99.02
Yield (wt %, Rec wetghts) 97.63 96.56 95.73
(1v % calculated) $7.67 96.68 95.87
Average 1v % yield 91.67 96.68 95.87
Base Case NMP Single Stage Batch Extractions

Feed . MCT-10 Basc Oil
Extraction Run # BE-24-89 BE-25-89 BE-26-%9
Sotvent Used NMP NMP NMP
Temperature (C.) 65 65 - 65
Treat (wt %) 49.51 99.92 150.16
H,0 in Solvent (1v %) 2 2 2
Raflinate RI 1.4576 1.4572 1.4565
Raffinate Density 15C 08740 08727 0.8717
Raffinate Viscosity @ 40° C. 8.710 N/A 28.326
Raffinate Viscosity @ 100" C. 4937  N/A 4923
Raffinate Viscosity Index 92.7 N/A 94.8
Raffinste Recovered (gms) 196.48 188.49 182.89
Extract R1 1.4952 1.48%4 1.4861
Extract Density 15C 0.9290 0.9262 09176

) Extract Recovered (gms) 419 10.90 1533

Yield RI(lv %) 97.34 95.51 9291
Yield Density (1v %) 97.82 - 95.33 92.37

average lv % 97.34 95.51 92.64 -




Feed Viscosity @40[err] C 29. 026 29. 026
Viscosity@100[err] C 4.959 4.959 4. 958
I ndex 91.9 91.9 91.9 Feed Used (g
25. 06 25.01 25.02 Rafinate R

1.4578 1.4579 Raffinate Density 136 0.5748
0.8739 Raffinate Viscosity @40[err] C. 29. 087 N A
Raffi nate Viscosity @100[err]C. 4.967 N A 4. 95

Vi scosity | ndex
24.72 24.15
1.5295

29. 026 Feed
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Date .mmmary For Triethyiammonum
Salicylate Liquid Clathrate Experiments

Yield (wt %, Rec weights) 97.91 94.53 92.27
{Iv % calculated) 98.05 94.80 92.64
Avernage v % yield 97.69 95.16 92.64

The extraction using the salt was conducted in the
following manner.

A small temperature regulated batch extraction ves-
sel was used as the separation device. A known weight
of distillate was placed in the vessel and allowed to
equilibrate to the desired reaction temperature.

Next, a known weight of the solid crystalline salt
(dependent on the desired treat) was placed in the ex-
traction vesse] and allowed to warm up to the reaction
temperature. As the mixture was warming, the crystals
began to melt or dissolve in the oil. After about 5 min-
utes about half the crystals had dissolved. When all of
the salt had dissolved, a small perforated plate or screen
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 started to settie to form two
distinct phases. The two phases were completely settled
after 5 minutes. The two phases were remixed as above
and allowed to resettle ensuring complte and intimate
contacing.

The lower or extract phase was drained from the
batch extractor into a preweighed separatory funnel.
The weight of the sep-funnel and extract solution were
recorded on the run sheets. The extract solution was
then washed in the sep-funnel with a2 known weight of
water (~70 cc). The mixture was well shaken three
times and vented and allowed to settle after each shak-
ing. This procedure disengaged the clathrate from the
oil and formed an emulsion. Caution should be exer-
cised at this point for this reaction is somewhat exother-
mic. To free the oil phase from the emulsion, a known
weight of toluene (20 cc) was added, shaken and al-
Jowed to settle. The lower phase (clathrate and water)
was drained off into a second preweighed sepfunnel.
The above washing. procedure was repeated notmg all
the weights and combining all the water phass in the
second sep-funnel. The sep-funnel containing the water
phases was then washed twice with known weights of
toluene (20ccx2) to remove any trapped organics in the
water. The organic phases were added back to the or-

N A




Extfact Density 15C

(gms) 0. 60
N A N A
N A

Tri et hyl ani noni m
average 1v %
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-funnel

97 gadics in th@®thér sep-funBiel. Finally, the s

containing the water phase was drained int
weighed stripping flask, reweighed and stripped on 2
rotovap until all the water and residual toluene were
removed. The flask was then reweighed and the con-
tents were analyzed for refractive index and density.
The sep-funnel containing the organic material was a'lso
weighed, stripped and the oil analyzed for Refractive
Index and Density. _ _
The upper phase left in the batch extraction vessel
{raffinate solution) was drained into a pre\yexghed sep-
funnel. The solution and funnel were reweighed, then a
known weight of water (20 cc) was added. The mixture
was shaken and allowed to settle (three times). ‘;’he
reaction was probably exothermic but was not notice-
able, indicating a very small amount of liquid salt was
present. An emulsion was formed as with the extract. A
known amount of hexane was added (20 cc) to break the
emulsion after shaking. The water and liquid salt or
lower phase was drained to a second preweighed sep-

funnel, reweighed and the washing procedure repeated.
The water washings were combined and washed twice
.with hexane (20 ccx2) to remove any trapped organic
material. All of the organic phases were combined in
one sep-funnel while all of the water phases were com-
bined in the other sep-funnel. The contents of each
sep-funnel were drained into one of two preweighed
stripping flasks. These flasks were then weighed again,
then the water or hexanre was removed by rotovap
stripping. When this process was complete, the flasks
were reweighed and the contents analyzed for Refrac-
tive 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 where
mainly highly alkylated one or 2 ring aromatics remain
to be removed. No RI or density yields could be ob-
tained with the clathrate.

As is scen, triethylammonium salicylate showsup 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. If the NMP operating
temperature 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 im-
prove and it is estimated that the yield credit for the
clathrate would be about 19 on feed.



( 1\/ % cal-cul_at prl\

97. 67 96. 68 Bl pravs

Ext action

NVP

65 Treat (wt %
Solvent (1v %

1. 4576 1.4572

0. 8727 0.8717

67 96. 68 95. 87 Base Case

NIVP Tenper at ure
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§iL 99. 92 150-46~H err] &
WHhat is claimed 152 _ 2 Raffinatp R .
1.} RORod R sePifaBinpHyrbarbBir feed streams O+ 0720

contammg mixtures of aromatic hydxocathons and non-
aromatic hydrocarbons into aromatics lean raffinate
streams and aromatics rich extract streams by contact-
ing the hydrocarbon feed streams with an organic non-
quaternary clathrate salt having less than 16 carbon
atoms in the cation, whereby the clathrate salt selec-
tively interacts with the aromatic component of the
hydrocarbon feed mixture producing a raffinate phase
of reduced aromatic content a hydrocarbon - sait
clathrate and an extract phase of increased sromatic
content containing the clathrate salt and combined aro-
matic hydrocarbon, separating the raffinate phase from
the extract phase and releasing the aromatic hydrocar-
bon from the clathrate salt of the extract phase to re-
cover an aromatics rich stream and the organic non-
quaternary salt which is recycled for contact with fresh
hydrocarbon feed.

2. The method of claim 1 wherein the contacting of
the organic non-quaternary clathrate salt with the hy-
drocarbon feed is conducted at temperatures above the
melting point of the salt but below the decomposition
temperature of either the salt or the hydrocarbon feed.

3. The method of claim 1 wherein the organic non-
quaternary clathrate salt is used in amounts ranging
from about 50 to 400 mass % salt to feed.

4. The method of claim 1 wherein the contacung of
the clathrate salt and the hydrocarbon feed is counter-
current.

§. The method of claim 1 wherein the raffinate phase

is separated from the extract phase by decantation.

6. The method of claim 1 wherein the aromatic hy-
drocarbon is released from the hydrocarbon - salt
clathrate extract phase by the addition of a polar, protic
substitution agent.

7. The method of claim 1, 2, 3, 4, 5 or 6 wherein the
organic non-quaternary clathrate salt is selected from
the following: :




Raffinate Viscosity @40[err]C. 28. 710 N A 288Rp '

Vi scosi ty—@380ferr[ T~ 4.937 NA 4.923 Raf{ B'P HERT SHEET
I ndex 94.8 Raffinate Recover¢dj( ) 9q. 4
118. 49 \‘!‘iﬁﬂ& “mm‘n\t R 1oab5h 5 san o l
1.4861 Ex Nty 15C 29 0. 9290 ‘0. 9262 0.9176
Extract Recovered (gns) 4.19 10. 90 1%.33 Yield R (1v
% 97. 34 95.51 92.91 Yield Densi ,
97. 82 95. 33 92. 37 average glv % 97. 34

95.51 92. 64

R
R.QHs_ J[A). @N—H [A] or

wherein

Q is nitrogen, phosphorus, or arsenic;

R is hydrogen, C;-Ci2 linear or branched alkyl,
Cs-Ci12 cycloalkyl, C7-Cy3 aralkyl or alkaryl, and
Ce~Cio aryl, including inert or unreactive sub-
stances including heteroatom containing species,
and mixtures thereof, wherein the total number of
carbon atoms in the sum of the R radical groups is

~ less than 16;

n is an integer ranging from 1-3;

A is a monovaleat or polyvalent anion.

8. The method of claim 7 wherein the cation of the
organic non-quaternary clathrate salt is selected from
the group consisting of triethylammonium, lutidinium,
collidinium, 2-ethyl pyridinium, 2-thoxy pyridinium,
l-methyl piperidinium, piperidinium, l-ethyl col-
lidinium, I-methyl, 3-ethyl imidazolium, 1 me-
thylimidazolium.

9. The method of claim 7 wherein the anion of the
organic non-quaternary clathrate salt is selected from
the group consisting of carboxylates, benzoates, sulfo-
nates, naphthenate, bicarbonate, bisulfide, nitrate, ha-
Jometallate, phosphonate, borate, acetate, hydroxide,
methoxide, phenoxide, fluoride, chloride, bromide, and
jodide.

10. The method of claim 7 wherein the organic non-
quaternary clathrate salt is selected from the group
consisting of triethylammonium salicylate, lutidinium
triflate, collidinium triflate, 2-cthyl pyridinium triflate,
2-ethoxy pyridinium triflate, 1-methyl piperidinium
triflate, triethyl ammonium 2, Mihydroxybenzoate.
piperidinium triflate, tripropyl ammonium formate,
1-methy! piperidinium pbenyl acetate, tri ethyl ammo-

nium m-mtrobenzoate. quinolinium triflate.
¢« & & $ @
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ORGANIC NON-QUATERNARY CLATHRATE
SALTS FOR PETROLEUM SEPARATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

Hydrocarbon feed streams containing mixtures of
aromatic hydrocarbons and non-aromatic hydrocar-
bons are separated into aromatics lean streams and aro-
matics rich streams by contacting the hydrocarbon
stream with an organic non-quaternary clathrate salt
having a cation containing less than 16 carbon atoms.
The clathrate salts selectively interact with the aro-
matic components of the hydrocarbon feed mixture.
The organic non-quaternary clathrate salt possess non-
quaternary cations such as phosphonium, ammonium,
imidazolium, pyridinium and piperidinium and a mono-
valent or polyvalent anion. They can be represented by
formula:

R : |
RaQHs— A or @N—H&- miA

wherein _

R is a radical independently selected from the group
consisting of hydrogen, linear or branched Ci-C;; al-
kyl, Cs-Cjz cycloalkyl, C7-Cj; aralkyl and alkaryl and
Cs-Cyo aryl, including inert or unreactive substitutes
therein and mixtures thereof, wherein the total number
of carbon atoms in the total of the R radicals in the
cation is less than 16;

nis 1-3;

m is 1-5;

QisNorP;

A is a monovalent or polyvalent anion.

The separation is conducted either above the melting
point of the clathrate salt but below the decomposition
temperature of either the salt or the hydrocarbon feed
or under conditions such that the salt goes into solution
in the hydrocarbon feed. The clathrate salt is separated
from the aromatic hydrocarbon with which it combines
by e.g. washing with water.



Date Summary For Tri et hyl ammoni um ‘ Salicylate Li
Experinents Yield (wt % Rec wei ghts) 97.91 94. 53

calycul at ed) 98. 05 94. 80 92. 64 Average 1lv %yi el _ rﬁ{ﬂﬁﬁpgg
95. 16 92. 64 The extraction using the salt was conductpd)ir e

fol | owm ng manner. A smal | terrperatureg;ggul ated batch extfagti

was used as the separation device. A kn wei ght of distilllate was pl aced

in the vessel and allowed to
2. Description of the Related Art
U.S. Pat. No. 4,359,596 describes the separation of
aromatics from mixed aromatics/aliphatics hydrocar-
bon streams by liquid salt extraction. The liquid salts
used are of the formula

ReQiiA]

wherein
Q is nitrogen, phosphorous or arsenic;
A is a monovalent or polyvalent anion;
R4Q is a monovalent or polyvalent cation in sufficient
numbers to render the salt electrically neutral;
. R is a hydrocarbon radical independently selected
from the group consisting of linear or branched C;_Caqg
~/ alkyl, Cs-Cig cycloalkyl, C1-Czo aralkyl and alkaryl,
and C¢-Cjp aryl, concluding inert or unreactive substi-
tutes therein and mixtures thereof, wherein 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 point
“but below the decompoasition point of the liquid salt.

. The salt is seen to possess a cation which is quaternary
. and contains at least 16 carbon atoms.

SUMMARY OF THE INVENTION

Aromatic hydrocarbons are separated from hydro-
- carbon feed streams comprising mixtures of aromatic
hydrocarbons and non-aromatic hydrocarbons by con-
N tacting the hydrocarbon feed with an organic nonquat-
ernary clathrate salt having a cation containing less than
16 carbon atoms. The organic non-quaternary clathrate
salt selectively combines with the aromatic hydrocar- -
bons in the feed and produces a binary liquid-liquid
phase system, i.e., a raffinate phase of reduced aromatic
content and an extract phase of increased aromatic con-
tent - containing the aromatic hydrocarbon combined
with the clathrate salt. The raffinate and extract phases
are separated, then the aromatic hydrocarbon-clathrate
salt combination is itself separated into an aromatics
rich stream and a recovered organic mon-quaternary
clathrate salt stream, which is recycled to the scpara-
tion.



equilibrate to the desired reaction tenperature. Next, a
the solid crystalline salt (dependent on the desired treat] eaad Jaiiild
the ex- traction vessel and allowed to warmup to the reacti errperature
As’the mixture was warmng, the crystals began to nelt or Hi >so1 MARn]gp@e
oil. After about 5 min- utes about half the crystals had df spol ved. \Wen
all of the salt had dissolved, a snall Perforated plate or] screen suspvm'déd
by a wire was used to mx the oil and liquid salt togetherte.Ihe [ xing rate
was 100 strokes in one Theibrganithaoniquaternary) glathraté salp padsesidse emul at 1 on
of as non-quaternary cations such cations as ammonium,

phosphonium, pyridinium, imidazolium, and piper-

dinium, preferably ammonium and pyridinium, and a

monovalent or polyvalent anion.

The salts can be represented by the following for-
mula:

[RAQHs_AJAl ‘@N-H {A}, or

N

wherein
. Q is nitrogen, phosphorus, or arsenic;
R is hydrogen, C;-Ciz linear or branched alkyl,
Cs-Cj2 cycloalkyl, C3-C;2 aralkyl or alkaryl, and
C6-Cy9 aryl, including inert or unreactive substances
including heteroatom containing species such as aikoxy,
and mixtures thereof, wherein the total number of car-
. bon atoms in the sum of the R radical groups.in the
cation is less than 16;
nis anmtegerrmgmgfrom 1-3;
"o A is a monovalent or polyvalent anion.
i The separation of aromatic hydrocarbons from the
hydrocarbon feeds is performed by contacting the hy-
"drocarbon feed with the organic non-quaternary
clathrate salt either above the melting point of the salt
but below the decomposition temperature of either the
salt or the hydrocarbon feed or under conditions such
that the solid salt goes into solution in the hydrocarbon
feed.

DETAILED DESCRIPTION OF THE
INVENTION

Aromatic hydrocarbons may be selectively separated
from_hydrocarbon feeds comprising mixtures of aro-
matic hydrocarbons and non-aromatic hydrocarbons by
contacting hydrocarbon feed with an organic clathrate



smat| beak-1i ke bubbles started to settle to formtwo disti
two phases were conpletely settled after 5 minutes. The two
ref. xed as above and allowed to resettle ensuring conplte an
cont aci ng. The | ower or extract phase was drained fromthelbatch
extractor into a prewei ghed separatory funnel. The wei ght of {t Sep- funnel

and extract solution were recorded on th® run sheets. The extiract s -
was then washed in the sep-funnel with a known wei ght of water
The nmixture was wel | shiihaNings sen-quaternary cation possessing less than

16 carbon atoms.

The process is useful in treating lube stocks for the
removal of aromatics to produce aromatics lean raffi-
nates or for the recovery of aromatics such as benzene,
toluene and xylene in chemical feed streams.

The separation employs a organic clathrate salt hav-
ing a non-quaternary cation possessing fewer than 16
cation atoms. The salt may be 2 “liquid salt” by which
is meant a molten fluid at the temperature 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 temperature of either the salt
or the hydrocarbon feed.

When used as a liquid salt the liquid salt can be a
Clear, pourable flnid or a melt. The salt can be a solid
provided it goes into solution in the hydrocarbon feed
under the conditions employed.

Contacting the salt with the hydrocarbon feed per-
mits the salt to combine with the aromatic hydrocar-
bons present in the feed to produce a binary liquid-lig-
uid phase system. The extract phase of salt plus aromat-
ics is usually the more dense phase and exists either as a
separate distinct lower phase or as suspended droplets
in a continuous lighter phase (the raffinate).

The process of the present invention employs organic
nonquaternary salts which may be represented by the
following formula:

S R
fR,QH4_ JIA]: N=—H | [A] or

wherein

Q is nitrogen, phosphorus, or arsenic;

R is hydrogen, C;~Cj3 linear or branched alkyl,
Cs-C12 cycloalkyl, C;-Cy; aralkyl or alkaryl, and
C6-Cio aryl, including inert or unreactive substances



times and vented and allowed to settle after each shak- ing.
di sengaged the clathrate fromthe oi'l and forned an enul si on.
shoul d be exer- cised at this point for this reaction is sorf
m'cG To free the oil phase fromthe enulsion, a known wei ght
cc) was added, shaken and al- |lowed to settle. The | ower phdg
and water) was drained off into a secord prewei ghed sepfunne

REPLACEMENECSHEET

oAUTT UTT

i §ﬁ%®%i@20

sé (clathrate
| . The above
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washi ng procedure was repeated noting all the weights and c
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wat er phases in the secmqiu@eslmmmmwmmmmsucbmaimm the wat er

and mixtures thereof, wherein the total number of car-
bon atoms in the sum of the R radical groups in the
cation 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.

Representative R radicals in the cation include
methyl. ethyl, propyl, n-butyl, sec-buty], t-butyl, n-pen-
tyl, 2 methylbutyl, 3-methylbutyl, n-hexyl, n-octyl, 2«
ethylhexyl, decyl, stearyl, cyclohexyl, p-chlorobenyl,
benzyl, p-methylbenzyl, 2-phenethyl, tolyl, p-xylyl,
phenyl, chlorophenyl, dodecyl, trifluorobutyi, n-eicoso-
nyl, cyclohexylbutyl, phenylbutyl, butylphenyl, naph-
thy! and the like. The R radical may also be substituted
with substituents inert under the process condition such
as C;-Cy alkoxy, C¢~Cio aryloxy and the less reactive
halogens fluorine and chlorine.

Representative cations include triethylammonium,
lutidinium, collidinium, 2-ethyl pyridinium, 2-ethoxy

. pyridinium, 1-methy! piperidinium, piperidinium, 1-
ethylcollidinium, 1-methyl, 3-ethylimidazolium, 1-
methylimidazolium.

Anions may be any of the typical anions common to
salt formation including carboxylates, benzoates, sulfo-
nates and derivatives thereof, e.g.:

R ?

where R is OH, C;-Cig alkyl, C;-Cjo alkoxy, n=0.5.

Re
SO~

wherein R is OH, C;~Cyg alkyl, Ci1-Cio alkoxy, n=0.5.

i
R—C—0©



phases was then washed tw ce with known weights of toluene (28
renove any trapped organics in the water. The organic phase< EER&CEM&&E SE’EEET

back to the or- '
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wherein R is H, CF3, C;-Cjgalkyl. Other typical anidns~
include (fluoride, chloride, bromide, iodide, sulfate,
naphthenate, bicarbonate, bisulfide, nitrate, halometal-
late (e.g., tetrafluoro-borate) methanesulfonate, tri-
fluorormethanesulfonate, dodecylsulfonate, phospho-
nate, benzenephosphonate, tetra-n-butylboranate, ace-
tate and 2-ethylthexanoate, benzenesulfonate, p-tol-
uenesulfonate, p-chlorobenzenesulfonate, phenoxyben-
zenesuifonate, benzenephosphinate, benzoate, tetra-
chloroaluminate, tetrafluoroborate, hydroxide, methox-
ide, phenoxide, 2,4,6-tri-t-butylphenoxide, tris(2-
methoxyethoxy)acetate, tetra-2-ethylhexylboranate,
tetra-sec-butylboranate, triethyl-2-ethylhexylboronate,
and the like. Particular examples include salicylate,
N/ triflate, 2,6-dxhydroxy benzoate.

The organic non-quaternary clathrate salts useful in
the present invention are synthesized by techmqus
common to the art. The appropnate orgamc base is
reacted with the appropriate organic acid in a suitable
solvent such as tetrahydrofuran (THF), or the reaction
can be run neat (in the absence of solvent) if one or both
of the acid or base is liquid.

Preferred organic non-quaternary clathrate salt in-
clude triethylammonium salicylate, lutidinum triflate,
collidinium triflate

¢ O N—H CFC00™).

2-cthylpyridinium triflate, 2 ethoxypyridinium triflate,
l-methylpiperidinium  triflate, triethylammonium
2,6dxhydroxybenzoate, piperidinium triflate, tripropyl
ammonium formate, 1-methyl piperidinium phenylace-
. tate, triethyl ammonium m-nitrobenzoate, quinolinium
triflate.

The extracting solvent in this process comprises an
organic non-quaternary 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 especially useful because it
is inexpensive, relatively non-corrosive and can increase
selectivity in the extraction; however, the use of water
does diminish extraction capacity.



ganics in the other sep-funnel. Finally, the sep-funnel contaj

wat er phase was drained into a pre- weighed stripping flask,
stripped on a rotovap until all the water and residual toluen

material was al so wei ghed, stripped and’the oil anal yzed for Re

| ndex and Density.
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removed. The flask was then reweighed and the con- tents were}anal yBAR 1999
refractive index and density. The sep-funnel i

contai ning the ofganic

The extraction process of the present invention is
typically 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
hydrocarbon feed in the liquid state.

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

The extraction process can be run on a batch or con-
tinuous basis, including countercurrent extraction, Pro-
cedures such as liquid membrane suspension of the salt
can also be employed.

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

. containing the aromatics-salt clathrate.

" Following physical separation of these two liquid
phases one from the other by typical techniques such as
centrifugation or simple decantation, the salts are re-

leased from the aromatics-salt clathrate by the addition

of a polar, protic substitution agent such as water,

which breaks the clathrate forming a new binary liquid-
liquid phase comprising a light-upper phase of hydro-
carbon and a heavier, lower phase of salt-water. These
phases can be separated by typical liquid-liquid separa-
tion procedures again such as centrifugation or decanta-
tion. The salt éan be recovered from the salt-water
phase by distillation or flashing to remove the water.
The recovered salt can then be recycled to use. Alterna-
tively, some aromatic-salt clathrates can be decla-
thrated by simply reducing the temperature of the aro-
matic-salt clathrate from the formation temperature to a
reduced temperature, e.g., by cooling from 50° C. down
to ambient. As another alternative the araomtic hydro-
carbon salt clathrate can be heated to recover the hy-
drocarbon with the salt being recycled.

The present invention is described and demonstrated
in the following non-limiting examples.




The upper phase left in the batch extraction vessel (raffin

was drained into a prewei ghed sep- funnel. The solution and|{RE

rewei ghed, then a known wei ght of water (20 cc) was added.
shaken and allowed to settle (three tines). The reaction was
exot herm ¢ but was not notice- able, indicating a very small
liquid salt was present. An enulsion wa® formed as with the
known amount of hexane was added (ZQWFEES)reak t he emul sijo
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extract A
n after

shaking. The water and liquid salt &Aﬁﬁ ;i)hase was dr ai Nége=tea-serona

prewei ghed sep-

A number of salts made by combining 15 cations and
8 anions were synthesized. Their melting poiants and
toluene solubilities were determined and are reported in
Table 1.

A number of salts from Table 1, and some not appear-
ing in Table 1 made up of different cation-anion pair
combinations were screened using a 1:1 toluene/cy-
clohexane mixture for their ability to form tolune-salt

_ clathrates in the presence of the non-aromatic cyclohex-
- ane. The results are presented below in Table 1A.

TABLE 1
e Melting Point (*C.) and Toluene Solubility? of Organic
Salts (py = pyridinjum, pip = piperidiniurmn)
TRIFLUOROQACETATE SALICYLATE BENZOATE DIHYDROXYBENZOATE

Y+ . 78, 8 48, SL 38 8 117, 8

2Ewpy+ Lig. S 4.8 Lig, S 17,8

31,5-EyCsH3N+ Lig, S 59, S Lig, S 180, I

2,4-Meapy+ 388

24,6MCzH+ - 61.S 79,5 49,5 146, §

Quinolinfum 68, S 7.8 Lig, § 168,1

EtOpy+ Lig. § - - -

pip+ - 28,8 122, 1 - - 196,1

Mepip+ 55,8 102. 8 62,5 146, 1

NEt;H+ - 45, Liq. S 4.8

NBu3H+ 41, 8 4, s Lig, S 61, S

NprsH+ 4“,S 45, Lig, § 9, S

NMesy 20,1 141, 1 1L I 160, T

NEy, 65, Sl Y1 42,1 141, 1

NBug.,. 51, S 87, SL 54, 8 104, [

TOLUENE PHENYL
W . SULFONATE  M-NITROBENZOATE FORMATE ACETATE

py+ 115,1 105, § Lig, I -
2-Etpy+ 92, S - Lig, S Liq, S
3S5-EnCeHN+ Lig, I - Liq, § liq, S
24-Meppy+
24,6-Me;CgHH4+ 126, 1 #, S Lig, §
Quinolinium 109, 1 17,5 Lig, § Liq, S
EtOpy + - . = - -
pip+ 129, SL 141, 8 Lig. I 99, SL
Mepip+ _ 92,1 13,8 Liq I Lig, I
NE;H + s 80, S Lig, I Lig, S
NprsH+ 6,5 - Lig, S -
NMeg .. 41,1 - >250,F + —~
NEy.. 106. 1 _— Lig, —_
NBu,.,. T, SL — Lig. S Liq,1

1S = soluble. SL = alightly soluble, I = insoluble



while all of the water phases were com bined in the other sep-

contents of each sep-funnel

were drainedd into one of two pre
stripping flasks. These flasks were the@Amg;ghed agaln

hexane was renoved Dy T Olgh

then

the flasks were rewei ghed and t
M.P. Toluene Water q:lohenne"’
Aaion Cation® *C. 0°C. 50°¢C 200C. 0°C. 10'C. 50° C. Comments
Benzoate 1 124-127 SL H] SL - -— precip.
T les?
Benzoate b4 13-% 1 SL § - - clear  precipitate at {0:407
salution
Benzoxe 3 Liguid S - See - cloudy  clear possible 2:1 addition?
Comment wiution  solution  sohution a1 10;40¢
Benzaate 4 Liqud S - 1 s ¢lear clear cyclohexane soiuble
soludon  solution
Benzoate 5 Liquid S —_ 1 S clear tlear cyclohezane saluble
solution  sofution
-Hydroxy- 1 $5-60 1 sL S -— clear precip.
benzoate sajution
2-Hydroxy- 2 10835-1t3 1 SL s -_— —_ clondy  clatheate at 10:157
benzoate solution
2-Hydroxy- 3 47-625 S - § -_ clathrate  clatbrate
benzoare'
2-Hydroxy- 4 Liguid S - 1 SL clear clear cyciohexane soluble
benzoate solution  solution
2-Hydroxy- s Liquid S — 1 1 clear clear cyclobexane soluble
benzoate solution  solution
v Trifluro- 1 99.5-101.5 1 SL s —_ - -
acetate
Trifluro- 2 3638 1 SL S - cloudy  clathrate
acetate salutien
Trifluro- 3 Liquid S - S -— clathrate  clathrate
aceute
Trifluro~ 4 Liquid § -— 1 1 clear clear cyclohexane soluble
acelate wlution  solution
" Trifluso- § Liquid § - 1. 1 clear clear gyclobexane soluble
scetate solution  solution
Phenyi- 1 118121 SL . S S -— - precip.
atztae 10.5% .
Phenyl- 2 9101 SL s K] -— —~ elear presipiate at 10:402
acetate solution
Phenyl- 3 Ligud S - 4 1 clear clear possible 2:1 addition?
acetate solotion  solution  solution 2t 10:
Phenyl- 4 Liqud S - 1 1 clear clear cydohexane soluble
acetate solution  solution
Phenyle 5 Liquid S -— 1 1 clear clenr cyclohexane soluble
acetate i soluion  solution
Diphenyl- 1 65148 1 sL & - - -
acetate N
Diphenyl- 2 158-1605 1 1 s -— - -
aceiate
Diphenyl- 3 4346 S -— S -— clear clear cyclobezane slight
acetate solution  solution  solntion
Diphenyl- 4 .Liqud S - i 1 clear clear cyclohexane soluble
scetate solution  soludon  solution
1N _ Diphenyl- S Liud § - 1 1 dear  clear  cyclohexans soluble
acctate . solution solution  solmtion
3.Hydraxy- 1 m-180 1 ¢ ] s — —_
benzoate
3. Hydroxy- 2 1345139 1 1 S —_— —_ —_
benzoate
3-Hydroxy- 3 9101 I b1 s _— -— -—
benzaste
3-Hydrory- 4 Liquid 1 SL ] I - -
_ benzoare
3-Bydroxy- s Liguid I s 1 t - -
beazoate .
4-Hydroxy- b} 213-217 1 1 s -_ - —
benzoate .
4-Hydroxy- 2 161,519 1 1 . 8§ -— — —
benzoate
4-Hydroxy- 3 116-118 1 4 s - - —_
beazoate
benzoate
4+Hydroxy- 3 Liqud 1 SL 1 ¢ -— —
benzoate
2.6-Dihydroxy- H 156-1575 1 1 1 S - _—
bemzoate
16Dihydroxy. 2 1895191 1 s t 1 - -
bewzoale
2.6 Dihydroxy- 3 U35 S - § - clashrate  clathrale
bexzoate 10:5% 10:58
1.6-Dihydroxy. 4 Liquid S - } 1 clear clear cyclohexane soluble




tive Index and Density. The runs conducted on the extraced UHEPIM MRS T
oil shows a yield debit. Correction for equal treat would fur ~|>4i‘=hcﬁfé‘é§-§?‘iw€ET
t he. debit, and suggest that the clalbrate is less suitable fo herftbhgﬁl

stages of extraction where mainly highly alkylated one or 2 r 3 1999
remain to be renoved. No Rl or density yields could be ob- taj (.th the

clathrate. As is seen, triethylar nmonil@m sal i cyl ate shows up t
Yield credit at equal r?fflpgze Ri ‘f’ﬂ%?.z“‘n%%%;.?:ﬁ‘ue%he 60N and B N

hi gh treat is |cqu-.l|ccli.hru1 T

ysical Prog%”es of a Range of Liquid Organic Non-Quaternary Low Melting Salts

Toluene/

M.P. Toluene Water —Cyclohexane?

Anion Catioa? *C. wC s0°C 20°C. 0°C 20C 50°C. Comments
benzo'ate solution  solution
2,6-Dihydroxy- 3 Liquid § —_ I i clear clear cyclohexane soluble
benzoste . solution  solution’
p-Toluene 1 180-183 1 i S - - -
sulfonate
p-Toluene 2 128-195 SL S s - - -
sulfonate
p-Toluene 3 6-12 1 1 $ — - —_
sulfonate
p-Toluene 4 40-45* § - ] - clear clear *v. hygroscopic
suifonate solution  solution solmi{m at !0':40”
p-Toluere s 48-50 8§ - 1 1 clear clear cyclohexine soluble
sulfonate solution  solution  solution at 10:40%
p-AAmsa‘ te ; ‘:52:;;4 ; SL s -— - -
p-Anisate - —_ § - - clear

W ) solution
p-Anisate 3 falled to synthesize
p-Anisate 4 failed to synthesize
p-Anisate s . failed to synthesize

%] = benzylammosiuar; 2 = piperidinium: 3 = tricthylammonium; 4 = triheaylammonitm; § == trioctylammonium
Toluene cyclobexane 1:t by volume was used unjess otherwise indicared
§ = soluble; 1 = insojuble: SL = slightly soluble

The results indicate that organic non-quaternary salts
form toluene-salt clathrates but that when the cation
contains R radical groups, the sum of the carbons in the
total sum of the R radical groups must be less than 16.
Without exception, when the cations trihexylam-
monium and tri-octylammonium produced a salt, the
resulting salt was soluble in cyclohexane and in toluene,
indicating that the salt is inappropriate for use in aroma-
tics/non-aromatics separations.

EXAMPLE 2

N Organic non-quaternary salts were evaluated for their
ability to separate varying volumes of 2:1 benzene/cy-
clohexane solutions at 20" C. and 50° C. The results are
listed in Table 2. Mass balances were not recorded.



clathrate to obtain this quality.
| onered to obtain the sane quality product at the sane treat

the clathrate (i.e., at the sane capacity) the NWP sel ectivitly V\DQM
prove and it is estinmated that the yield credit for the clathrate. ??g

about 1% on feed.
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TABLE 2
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Molecular Recognition Characteristics of Liquid Organic

Salts by NMR Analysis of 2:1 M Benzene:Cyclohexane

Amt. Liquid-Phase Liquid Phase
Salt 20° C. Upper Lower 50° C. Upper Lower
Trieth monium 2,6-dihydroxybenzoate mp: 34-35" C,

lg 1.88:1 4.89:1 1.88:1 3.48:1

2g 1.69:1 4.53:1 L72:1 6.11:1

5g 1.22:1 4.38:1 1.3%ul 3.43:1
Piperidinium triflate m;: 27-29° C.

g 1.95:1 3.00:3 1.92:1 3.33:1

2g 1.88:1 2.63:1 1.86:1 2.88:1

5g 1.54:1 3.39:¢ 1.66:1 2.75:1

2-ethyl 52 ridinium triflate mp: < 20° C.

1g 1.94:1 §.05:1 1.86:1 3.00:1

lg 1.69:1 4.60:1 1.81:1 2831

o’ 5g 1341 3.68:1 1.43:1 2.58:1
Lutidinium triflate mp: < 20° C.

1g 1.90:1 5.47:1 1.95:1 4.64:1

2g 1.73:1 4.33:1 1.88:1 3.641

5g 1.38:1 3.90:1 1.44:1 3.09:1
Collidinium triflate mp: 61-62° C.

1g 1.82:] 4.76:1 1.86:1 4.27:1

2g 1.69:1 4.64:1 1.74:1 4.22:1

g 1.24:1 4.08:1 1.25:1 3,58:1
Pyridinium triflate mp: 73-76" C.

g 1.88:1 6.88:1

2g Insoluble 2.00:1 5.70:1

Sg 1.67:1 5.00:1

TABLE 2-continued

Molecular Recognition Characteristics of Liguid Organic

Saits by NMR Analysis of 2:1 M Benzene:Cyclohexane

Amt.

v Salt

2g
2g

Liquid Phase Liquid Phase
20°C.Upper Lower 50" C. Upper Lower
Tripropylammonium formate mp: < —20°

1.68:1 2911 1.74:1 2.53:1
1-Methyl piperidinivm triflate mp: 53-59° C.
Insoluble 1.75:1 3.80:1

1-Methy! piperidinium phenylacetate mp: < —20' C.

2g

2g

Sg

2.18:1 3.91:1 Soluble

Triethylsmmonium m-nitrobenzoate mp: 79-81° C.

Insoluble 1.92:1

Quinolinium triflate mp: 67-69" C.

2.63:1

2.86:1

Insoluble 1.55:1

From this data it should be noted that selectivities
were generally lower at 50° C, than at 20° C. Selecti-
vites also generally decreased as the amount of salt used
increased. It was observed that the volume of the liquid
clathrate phase tended to be larger at 50° C. than at 20°
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A series of organic non-quaternary salts were evalu-
sted on a model feed (Feed A) for selectivity and capac-
ity and compared with N-methylpyrrolidone (NMP)
containing various amounts of water for the extraction
of the same feed. The feed is described in Table 3.

TABLE 3
, Feed A
Companent Mass %
Decalin 49.80
Tetralin 1.66
Ethy.!benune 1.4
Mesitylene 7.63
1-Methy!l Naphthalene 15.21
N Phenanthrene 1195
The test conditions and results are presented in Table 4.
TABLE 4
Sait and NMP/H,0 Batch Extraction’ Capacity/Selectivity Results? with 25.0 g Feedstock A
RAFFINATE YIELD RAFF. SATS + __ UPPER/LOWER PHASES
SALT % (3) fRAr % (8)  Sms + IRAr 2R + Ar  3IRAT
Triethylammonjum Salicylate 60.8 3402 1.59 04 0.30
Lautidinjum Triflate 65.0 82.59 Ln 033 0.21
Collidinium Triflate (a) 748 8433 n 028 0.26
@) 43.56 95.73 *. 188 09 0.04
2.Eshylpyridiniom Triflate e 3042 1.63 039 0.32
2-Ethozypyridinium Triflate 91.5 78.99 1.54 0.43 028
1-Methylpiperidinium Triflate? - 871 74.59 143 0.53 047
Triethylammonium Diyydroxybenzoate 4446 9345 1.88 13 007
jura Triflate 96.0 73.17 122 0.67 0.67
NMP/I0LV % H.0 40.0 90.90 .81 . 022 0.4
NMP/LL LV % H,0 488 £9.58 1.63 023 0.15
NMF/15 LV % R0 68.7 86.80 254 0.20 o1
(v NMF/I2 LV % H,0 69.8 84.64 188 a28 a9
Feedstock 100 72848 —_ — —
ISingle stage batch exmraction with 0.08 mole salt (o 178 LV % Treat NMP/H10) ¢t 50° C. uness otherwise noted.
2Determined from mass balance and GC analysis.
(3} A measare of exzractant capacity.

;O)Amofhbe raffinate quality.
‘A measure of extractant selectvity.

. ‘&m_wmxms;m provided a direcy comparisan with NMP/H10 resalts at conditions of equal mass of extrsctant

raction performed &t 70° C.
$heoreticat yield of Sats + TRAr raffinate phase.
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re
ﬂra’g%"sa £ pares favorably with extraction using
NMP/H;0. Due to solubility problems of the model
feed in neat NMP relatively large volumes of water (10
LV % and more) were required in order to observe
phase separation.

Both triethyl ammonium dihydroxybenzoate and
collidinium triflate have higher selectivities for aromat-
ics than NMP/H;0. Under conditions of constant treat,
temperature and raffinate quality (evidenced by % sats
and 1 ring aromatics in raffinate phase), both salts afford
a significant yield credit (about 16% and 23% for triel-
hyammonium dehydroxybenzoate and collidinium tri-
flate respectively at 90% <+ sats and 1 ring aromatics in
the raffinate phase). Collidinium triflate has the best
selectivity for aromatics, in particular 2- and 3- ring
aromatics. As compared to NMP/H;O (at constant
mass % treat) collidinium triflate (b) has a greater selec-
tivity for 2R aromatics and 3R aromatics by a factor of
about 2.4 and 3.5 respectively, while the selectivity for
saturates and 1 ring aromatics is essentially equivalent.
It is also seen that as salt treat is increased from 51 to 198

- mass %, the salt’s selectivity (as measured by % sats and

- 1 ring aromatics in raffinate) increased from about 84 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 salt was evalu-
ated. The feed composition is given in Table 5.

TABLE 5
Component Mass %
Decalin 47.05
Tetralin 1.2
Ethylbenzene 7.22
Mesitylene 122
1-Methyl Naphthalene 14.12
Phenanthrene 11.29
Collidine 294
Dibenzothiophene 294

The conditions of these experimental runs and the
results are presented in Table 6.
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hydr ocar bon f eed.

2. The method of claim1l wherein the cc
organi ¢ non-quaternary clathrate sait with the hy- drocarbor
conducted at tenperatures above the nelting point of the salijt
deconposition tenperature of either the salt or the hydrocaribg
The nethod of claim1 wherein the organic non- quaternary cljat
used in anmounts ranging from about 50 &6 400 nass % salt to|fe
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met hod of claim 1l wherein the contacting of the clathrate sdli_apd. the
hydr ocar bon feed_is_counter: TABLE 6
Salt Baich Extraction’ Selectivity Results With 15 g Feedstock B
UPPER/LOWER PHASE
SATS + ! RING AROMATICS
Moles of HO Moles of H:0
Salt None 0.015 0.03 None 0.015 4.03
Tricthylammonium salicylate? 1.54 179 1.91 1.54 1.3 148
Triethylsmmonium dihydaxybenzoate 183 1.94 179 1,83 1.67 .77
Collidiniam triflate 172 1.96 13 L7 0.77 -
Tributylammonium/Tofuene Sulfonate 1.23 1.33 1.39 L3 107 126
Luthidinium triflate 1.68 1.9 ) 1.68 1.62 _
Methylpiperidinium triflate : 3 133 1.41 )] 1.49 142
Tetrabutylammonium salicylate » ) 1.59 3 1.35 1.41
UPPER/LOWER PHASE
2 RING + AROMATICS 3 RING AROMATICS
Moles of H Moles of Hy0 Moles of H20 _Moles of NeOH

Salt Nope 0015 003 00IS 003 Nose 0015 003 60t5 oM
Trethylammonium 033 035 038 042 038 026 024 06 032 026
salicylate? )

\/ Triethylammonium 031 033 036 034 02 020 022 024 023 o
dihydroxybenzoate
Collidinjium iriflat= 025 @31 031 028 — 014 ©I3 QI8 0.18 —_
Tributylmmonium 042 042 040 Q46 042 030 032 Q28 036 036

TABLE 6-continued
Salt Batch Extraction! Selectivity Results With 15 g Feedstock B
p-toluene sulfonate
Lutidinfumtriflate 031 032 — 032 — 019 019 - 0.21 —_
Methylpipesidinium = (3) 054 054 043 046 () 051 0.49 637 038
triflate .
0.26

Tetrabutylammonium  (3) (3 037 038 038 () 3 0.25 0.26

salicylate®

ISingle siage batch extraction witk 0,03 mole salt a¢ 30° €.
20,025 snd 0.050 moles ummasmmmm B

Sale

Qo

failed 10 dissolve a1 50° C.
moles of water used

I¢omparative compound embraces by U.S. Pat. No. 4,359,596

From this it is clear that the process of the present in-
vention using orgamc pon-quaternary salts to selectwny
extract aromatics from streams containing aromatics
and non-aromatics is affected by the presence of water.
The salt selectivity for saturates and 1 ring aromatics
generally increases with . increasing water content
whereas the selectivity for 2 ring+ and 3 ring aromatics
is either equivalent or worse than that for the salt under
dry conditions. These results are similar to those ob-
served with NMP/H,0 in Table 4 where increasing
water content increased the selectivity for saturates and
1 ring aromatics in the upper raffinate phase.

As shown-in Table 7, increasing the salt’s water con-
tent decreases the salt’s capacity while increasing its
selectivity in a similar fashion as that for NMP/H,0.
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: 5. The method of claim 1l wherein the raffiate phd Eﬁﬁ%@a

fromthe extract phase by decantati on. 6. The net hod of clggpfiic &ﬁ%?
the aromatic hy- drocarbon is released fromthe hydrocarbon |-
clathrate extract phase by the addition of a polar, protic gulis
7. The nethod of claim1l1, 2, 3, 4, 5 or 6 wherein tihd
non-quaternary clathrate salt is sel ectjé:tj fromthe fol I ow ng:

salt
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TABLE 7
Effect of Water Additive Concentration on Salt Capacity!’
Mass )
of Feedstock Raffinate
Extracted. g Yield, %
) moles of HyO moles of H:O
Salt Dry 0015 003 Dry 0015 0.03
Triethylammonium 573 353 248 62 76 83
salicylate3
Lutidinium triflate 441 317 nad. Tl 9 ad
- Collidinium triflate 478 372 301. 68 75 80
1-Methylpiperidinium 2 275 162 () 8 89
triflate
Triethylammonizm 426 304 355 T 80 86
dihydroxybenzoate

YAl single stage batch extraction experiments carried out witk 15.0 g of model
stock B, 0.030 mole salt at 50° C.
It failed to dissclve st 50° C. under dry conditions

Nsed 25 grams of Feedatock B with 0.05 mole salt at 0° C.

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 regenerating the salt for reuse.
" Tests conducted with methanol and ethanol were less
consistent. 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 5

The organic non-quaternary salt triethylammontum
salicylate was compared with single-stage NMP extrac-
tion on three Iube oil samples. The triethylammonium
salicylate was placed in a vacuum desiccator and dried
for several days before use. The salt was kept in the
desiccator when not in use because of its hygroscopic

propertics. The object was to produce raffinates of
similar Refractive Index by NMP extraction and liquid
salt complexation. The lube oils treated were a 60N, a
210N and an extracted 150N base oil. All were non-
waxy. The condition employed and result obtained are
presented in Tables 8A. 8B and 8C.
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TABLE 8A
Data Summary For Triethylammonium
Salicylate Liquid Clathmie Experiments
Feed Baytown 50N Coatal Distillate
Extraction Run # A B C D
Solvent Used 1C LC LC LC
Temperature (C.) 65 65 65 65
Treat (wt %) "24.0 48.0 719 119.8
H70 ia Solvent (1v %) 0 Q Q a
Feed R} 14730 1.4730 14730 1.4730
Feed Density 15C 0.8970 0.8970 0.8570 0.8970
Feed Used (gms) 25.02 25.02 25.05 25.06
Raffinate RI 1.4711 1.4696 1.4678 1.4662
Raffinate Density 0.3942 0.8918 0.8398 0.8873
15C
Raffinate Recovered 20.96 21.25 20.15 20.06
(gms)
Extract R1 : 1.5101 1.5158 1.5131 1.5354
Extract Density.15C N/A N/A 0.9543 Lo23t
Extract Recovered 0.99 1.85 2.84 3.80
(gms)
Yield RI {Iv %) 95.13 - 92.64 88.52 90.17
Yield Density (Iv %)  N/A N/A 88.34 9286
Yield 95.49 91.99 87.75 84.07
(Wt %, Rec weights)
(lv % calculated) 95.79 92.53 88.46 84.99
Average 1v % yield 95.46 92.58 88.61 89.34
Base Case NMP Single Stage Batch Exatractions
Feed Baytown 60N Caoastal Distillate
Extraction Run # 1 2 3 4
Solvest Used NMP NMP - NMP NMP
" ‘Temperature (C.) 65 50 65 65
Treat (wt %) 56.712 58.46 116.57 172.85
H0 in Solvent 2 2 2 2
(iv %) . :
Raffinate R1 1.4684 1.4672 1.4629 1.4593
Raffinate Density 0.8917 0.8896 0.8825 0.8775
18C
Raffinate Recovered 141.25 141.16 117.63 93.42
(gms)
Extract RI 1.5069 1.5155 1.4978 1.493%
Extract Density 15C 0.9475 0.9571 0.9391 0.9328
Extract Recovered 228 1673 5297 71.05
(gms)
Yield RI (Iv %) 88.05 8799 71.06 60.40
Yield Density (1v 95) 90.50 £9.04 .38 6478
Yield 86.86 89.40 68.95 56.80
(wt %, Rec weights)
(lv % calculated) 81.37 90.15 70.08 $8.06
Aversge 1v % yield 88.64 82.99 7.4 61.07
TABLE 8B
Data Summary For Triethylammonium
Silicylate Liquid Clathrate Experiments i
Feed ) Baytown 230N Coastal Distillate
Extraction Run # E F G H i
Solvent Used LC 1C LC LC Koy
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TABLE 8B-continued
Data Summary For Triethylammonium
Silicylate Liquid Clathrate Experiments
Temperature (C.) 65 &5 - 63 65 35
Treat (wt %) 50.28 100.00 [49.96  299.60 149.84
H;0 in Solvent {lv %) a 0 0 0 o
Feed RI 1.4900 1.4900 1.4900 1.4900 1.49
Feed Density 15C 09247 09247 0.9247  0.9247 0.5247
Feed Saturates (wt %) 54.30 54.30 54.30 54.30 54.30
Feed Aromatics {(wt %) 45.70 45.70 45.70 45.70 45,70
Feed Used (gms} 25.06 25.01 25.00 20,00 20.00
Raffinate RI 1.4856 1.4831 1.4812 14776 14814
Raffinate Density 15C 0.919¢ 0.9162 0.9135 0.9089 0.91414
Raffinate Saturates (wt %) 570 N/A N/A N/A N/A
Raffinate Aromatics 430 N/A N/A N/A N/A
(Wt %)
Raffinate Recovered 2255 20.83 2132 15.52 21.76
W/ (gms)
Extract R1 - 15583 1.5349 1.5448 1.5388 1.5486
Extract Density 15C N/A 1.0145 1.0397 1.0202 1.0631
Extract Recovered {gms) 1.82 3.54 4.15 4.72 4.07
Yield RI (1v %) 93.95 86.68 86.16 79.74 87.20
Yield Density (Iv %) N/A 91.35 01.13 85.80 92.39
average v % 93.95 §9.02 88.64° 82.77 . 90,04
Yield {wt %, Rec weights) 92.53 85.47 83.71 76.68 84.24
(v % calculated) 93.04 86.27 84.73 78.01 85.22
Average 1v % yield 93,50 88.10 87.34 81.19 88.44
Base Casc NMP Singel Stage Batch Extractions
Feed Baytown 250N Coastal Distillate
Extraction Run # 5 6 7 8
Solvent Used NMP NMP NMP NMP
Temperature (C.) 65 (3] 65 50
Treat (wt %) 50.07 99.57 15002  299.75
H;0 in Solvent {lv %) 2 2 2 2
Raffinate RI 14848 14789 1.4756 1.4701
Raffinate Density 15C 09188  0.9097 0.9047  0.8973
. Raffinate Saturates 67.1 N/A N/A N/A
Nt (Wt %)
Raffinate Aromatics 32,9 N/A N/A N/A
{wt %)
Raffinate Recovered 224.55 205.03 170.2% 121.13
(gms)
Extract Rl 1.5374 1.5298 1.5251 1.5264
Extract Density 15C 0.989¢ 0.9796 0.9743 0.9766

Extract Saturates (wt %) 18.1 N/A N/A N/A
Extract Aromatics (Wt %) 8l.9 N/A N/A N/A
Extract Recovered (gms) 24,87 43.14 7491 15.75

Yield RI (Iv %) 90.11 78.06 70.91 64.65
Yield Density (Iv %) 91.67 7854 71.26 65.45
average v % 90.11 78.06 noy 65.05
Yield (wt %. Rec weights) 90.03 £2.62 = 6945 61.84
{1v 9% calculated) 90.61 83.98 70.98 61.73

Average 1v & yield 90.80 80.19 71.08 64.61
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R ts hydrogen, (err]-Clerr] linear or branched al kyl, w{%@?}i&{
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Clerr]-Cferr] aryl, incl udi ng inert or unreactive sub- 15MAR‘1999
stances includi ng heteroatom contai ni ng speci es, and

m xtures thereof, wherein the total nunber of CAror At ons
in the sumof the Rradical groups is 18 | esp than 16; .
nis an integer ranging from1-3; A is a nonoval ent or

pol yval ent ani on. 8. The claim7 wherein the cation
of the organi c non-quaternﬁﬁg%gﬁﬁr at e salt ds salected from

Date Summary For ’l‘nethylunmt_msum
Salicylate Liquid Clathrate Experiments

Feed 150N Base Oil )
Extraction Run # 9 10 11
Solvent Used 6!.C éc 6‘;’3
‘Temperature (C.) ]
Treat twt %) 49.96 mg.xz 143.50
in Solvent (lv % 0o
;_!:g:;l v 14586 14586  1.4586
Feed Density 15C 08752  0.87%2 0.8752
Feed Viscosity @ 40° C. 29026 20026 29026
Feed Viscosity @ 100° C. 4,959 4959 4,959
Feed Viscosity Index 919 91.9 91.9
Feed Used (gms) 25.06 25.01 25.02
Raffinate R1 1.4582 1.4578 14519
o Raffinate Density 15C 05748 08741 08739
' Raffinate Viscosity @ 40" C. 29087 N/A 28.911
Raffinate Viscosity @ 100° C. 4967 N/A 4.957
Raffinate Viscosity Index 92.2 N/A 92.7
Raffinate Recovered (gms) 24.72 24.15 23.10
Extract RI N/A N/A 1.5295
Extract Density 15C N/A N/A N/A
Extract Recovered (gms) 0.60 0.86 1.03
Yield RI (Iv %) N/A N/A 99.02
* Yield Density (1v %) N/A N/A N/A
TABLE 8C-continued
Date Summary For Triethylammonium
Salicylate Liquid Clathrate Experiments
average Ilv % N/A N/A 99.02
Yield (wt %, Rec weights) 97.63 96.56 9573
(1v 9% calculated) 97.67 96.68 95.87
Average 1v % yield 97.67 96.68 95.87
Base Case NMP Single Stage Batch Extractions
R Feed MCT-10 Base Oil
Extraction Ron # BE-24.89 BE-25-89 BE-26-39
Solvent Used NMP NMP NMP
Temperature (C.) 65 6 - 65
Treat (wt %) 4951 99.92 150.16
H,0 in Solvent (v %) 2 2 2
Raffinate RI 1.4576 1.4572 1.4565
Raffinate Density 15C 0.8740 0.8727 0.8717
Raffinate Viscosity @ 40° C. 28710 N/A 28.326
Raffinate Viscosity @ 100° C. 4937  N/A 4923
Raffinate Viscosity Index 9.7 N/A 94.8
Raffinate Recovered (gms) 196.48 188.4% 182.89
Extract RI 1.4952 1.4884 14861
Extract Density 15C 0.9290 0.9262 09176
Extract Recovered (gms) 4.19 10.90 1533
Yield RI (Iv %) 97.34 95.51 9291
Yield Density (Iv %) 9782 - 95.33 92.37

average v % 97.34 95.51 9264 -



the group consisting of triethylamonium |utidinium mg@ﬁ”ﬁm‘ “@ﬁ&
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brom de, and Date Summary For Triethylammonium
Salicylate Liquid Clathrate Experiments

Yield {(wt %, Rec weights) 97.91 94.53 92.27

(lv % caiculated) 98.05 94.30 92.64

Average lv 7 yield 97.69 95.16 92.64

The extraction using the salt was conducted in the
following manner.

A small temperature regulated batch extraction ves-
sel was used as the separation device. A known weight
of distillate was placed in the vessel and allowed to
equilibrate to the desired reaction temperature.

Next, a known weight of the solid crystalline salt

ot (dependent on the desired treat) was placed in the ex-
traction vessel and allowed to warm up to the reaction
temperature. As the mixture was warming, the crystals
began to melt or dissolve in the oil. After about § min-
utes about half the crystals had dissolved. When all of
the salt had dissolved, a small perforated plate or screen
suspended by a wire was used to mix the oil and liguid
. salt together. The mixing rate was 100 strokes in one
minute. When the mixing was stopped, the emulation of
small beak-like bubbles started to settle to form two
distinct phases. The two phases were completely settled
after 5 minutes. The two phases were remixed as above
and allowed to resettle ensuring complte and intimate
contacing,

The lower or extract phase was drained from the
batch extractor into a preweighed separatory funnel.
The weight of the sep-funnel and extract solution were

N recorded on the run sheets. The extract 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 shak-
ing. This procedure disengaged the clathrate from the
oil and formed an emulsion. Caution should be exer-
cised at this point for this reaction is somewhat exother-
mic. To free the oil phase from the emulsion, a known
weight of toluene (20 cc) was added, shaken and al-
lowed to settle. The lower phase (clathrate and water)
was drained off into a second preweighed sepfunnel.
The above washing.procedure was repeated noting all
the weights and combining ali 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 remove any trapped organics in the
water. The organic phases were added back to the or-



i odi de. 10. The method of claim7 wherein th e
quaternary clathrate salt is selected fromthe group ‘E? R3PONO
of triethylanmonium salicylate, |utidinium triflate, *collidiniu
triflate, 2-ethyl pyridiniumtriflate, 2- et hoxy pytidini =
triflate, 1-nmethyl piperidinium triflate, triethyl ammonium 2,
6- di hydr oxybenzoat e, piperi@Pniumtriflate, trip i um
for mat e, 1-neth I petidinj 11aC . b] et hyl anmmo-

ni um m ni trobenzoat e,8 .%IBI ﬁmﬁkﬁeﬁ#ﬂg}%ﬂeﬁ%‘mi ﬁé"wp fulnnel *
* % x % containing the water phase was drained into a pre-

weighed stripping flask, reweighed and stripped on a
rotovap until all the water and residual toluene were
removed. The flask was then reweighed and the con-
tents were analyzed for refractive index and density.
The sep-funnel containing the organic material was a'lso
weighed, stripped and the oil analyzed for Refractive
Index and Density. '

The upper phase left in the batch extraction vessel
(raffinate solution) was drained into a preweighed sep-
funnel. The solution and funnel were reweighed, then a
known weight of water (20 cc) was added. The mixture
was shaken and allowed to settle (three times). '!'he
reaction was probably exothermic but was not notice-
able, indicating a very small amount of liquid salt was
present. An emulsion was formed as with the extract. A
known amount of hexane was added (20 cc) to break the
emulsion after shaking. The water and liquid salt or
lower phase was drained to a second preweighed sep-

funnel, reweighed and the washing procedure repeated.
The water washings were combined and washed twice
_with hexane (20 ccx2) to remove any trapped organic
material. All of the organic phases were combined in
one sep-funnel while all of the water phases were com-
bined in the other sep-funnel. The contents of each
sep-funnel were drained into one of two preweighed
stripping flasks. These flasks were then weighed again,
then the water or hexane was removed by rotovap
stripping. When this process was complete, the flasks
were reweighed and the contents analyzed for Refrac-
" tive 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 where
mainly highly alkylated one or 2 ring aromatics remain
to be removed. No RI or density yields could be ob-
tained 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. If the NMP operating
temperature were lowered to obtain the same quality
product at the same treat level as with the clathrate (ie.,
at the same capacity) the NMP selectivity would im-
prove and it is estimated that the yield credit for the
clathrate would be about 19 on feed.
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What is claimed is:

1. A method for separating hydrocarbon feed streams
containing mixtures of aromatic hydrocarbons and non-
aromatic hydrocarbons into aromatics lean raffinate
streams and aromatics rich extract streams by contact-
ing the hydrocarbon feed streams with an organic non-
quaternary clathrate salt having less than 16 carbon
atoms in the cation, whereby the clathrate salt selec-
tively interacts with the aromatic component of the
hydrocarbon feed mixture producing a raffinate phase
of reduced aromatic content a hydrocarbon - salt
clathrate and an extract phase of increased aromatic
content containing the clathrate salt and combined aro-
matic hydrocarbon, separating the raffinate phase from
the extract phase and releasing the aromatic hydrocar-
bon from the clathrate salt of the extract phase to re-
cover an aromatics rich stream and the organic non-
quaternary salt which is recycled for contact with fresh
hydrocarbon feed.

2. The method of claim 1 wherein the contacting of
the organic non-quaternary clathrate salt with the hy-
drocarbon feed is conducted at temperatures above the
melting point of the salt but below the decomposition
temperature of either the salt or the hydrocarbon feed.

3. The method of claim 1 wherein the organic non-
quaternary clathrate salt is used in amounts ranging
from about 50 to 400 mass % salt to feed.

4. The method of claim 1 wherein the contacting of
the clathrate salt and the hydrocarbon feed is counter-
current. '

- 5. The method of claim 1 wherein the raffinate phase
is separated from the extract phase by decantation.

6. The method of claim 1 wherein the aromatic hy-
drocarbon is released from the hydrocarbon - salt
clathrate extract phase by the addition of a polar, protic
substitution agent. .

7. The method of claim 1, 2, 3, 4, 5 or 6 wherein the
organic non-quaternary clathrate salt is selected from
the following: :
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[RAQHs - ,](A], \@N—H [A), or

wherein

Q is nitrogen, phosphorus, or arsenic;

R is hydrogen, Ci-Ci2 linear or branched alkyl,
Cs-Ci2 cycloalkyl, C7-C;; aralkyl or alkaryl, and
C¢-Cio aryl, -including inert or unreactive sub-
stances including heteroatom containing species,
and mixtures thereof, wherein the total number of
carbon atoms in the sum of the R radical groups is
less than 16;

n is an integer ranging from 1-3;

A is a monovalent or polyvalent anion.

8. The method of claim 7 wherein the cation of the
organic non-quaternary clathrate salt is selected from
the group consisting of triethylammonium, lutidinium,
collidinium, 2-ethyl pyridinium, 2-thoxy pyridinium,
1-methyl piperidinium, piperidinium, 1-ethyl col-
lidinium, I-methyl, 3-ethyl imidazolium, 1 me-
thylimidazoliumi.

9. The method of claim 7 wherein the anion of the
organic non-quaternary clathrate salt is selected from
the group consisting of carboxylates, benzoates, sulfo-
nates, naphthenate, bicarbonate, bisulfide, nitrate, ha-
Jometallate, phosphonate, borate, acetate, hydroxide,
methoxide, phenoxide, fluoride, chloride, bromide, and
iodide.

10. The method of claim 7 wherein the organic non-
quaternary Clathrate salt is selected from the group
consisting of triethylammonium salicylate, lutidinium
triflate, collidinium triflate, 2-ethyl pyridinium triflate,
2-cthoxy pyridinium triflate, i-methyl piperidinium
triflate, triethyl ammonium 2, 6-dihydroxybenzoate,
piperidinium triflate, tripropyl ammonium formate,
I-methy! piperidinium phenyl acetate, tri ethyl ammo-

nium m-nitrobenzoate, quinolinium triflate.
: * & & 3 @
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ABSTRACT

AROMATIC HYDRCCARSONS SEBARATION
FROM AROMATIC/NON-ARCMATIC MIXTURES

Qrganic non-quaternary clathrate salts having less than

1§ carbon atoms in the cation are used in separating hydrecarbon
mixtures, especially feed streams, into an aromatics-rich fracticen and
an aromatics-lean fraction. Preferred salts axe collidinium
triflucroacetate and triethylammonium dihydroxybenzoate.




