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AllQMP.'fIC HYDlOCAUOli11 IUARA'l'ICN 
PROM MQMATIC/NQl-MOp'l'?S mmus 

The preaant inventian relates tc aromatic hydrc~ark~=• 

•eparation fr01n aZoomatic/non-aromatic tnixtures. 

tn accordance with the invention there ia provided a ~ 
for separating a hydxocar!)on lllixture, especially a feed at:rnp, 

containing aromatic hydrcc:artions.and nan-aromatic hydrceoarhcm.a into an 

•~onsati=s·l•an raffina.ta and an aramatica-rich axt.racti which method 

comprises contacting the hydrac:arhcn lllixture or feed at:raam wit.!:. m 

organic ncm-quate::m.ary clathrate aalt hav~ leas than l5 carbon ati:ms 

in the cation, whereby the clath:rate aalt aelectively interacts ~i~~ 

tba aromatic component of the hydrocarbon feed ad.xture produci::.i a 

raffinate phase cf reduced aromatic content and a hydrocarbon-ui= 

cla'thrate extract phase of increased aroma.tic cant&nt containin; 1~• 

clathrate aalt and combined aromatic hydrccarban, separating i:::::e 

raffinate phaae from the extract phase and ralaa11ing the aro::-.uie 

hydrccarban from the clathrata aalt of the extract phaae to recova~ Ill 

aromatics-rich portion er stream and the organic non-quacernary sal;, 

which latcer can be recycled far contact wi~ fraah hydrocarbon fee~. 

The clathrate salts aelectivaly interact with the aro;;-.z:::.c 

components Of the hydrocarbon feed mixture, The OX'ianiC TJ::n• 

quatemary clathrate salt poaaeas non-quatarnaz:y aatione 11uc:;: a.s 

pbosphcm.ium, mnmanium, imidazclium, pyridiniWll and piperidinium ~d a 

monovalent or polyvalent anion. 'l'hey can be repraactad by fcrmub: 

( RnQff4-n ] A or . [ ~ • H&-11 ] A 

wherein R ia a radical independently selected fl:'Dm the group consiit­

ing of hydrogen, linea~ or brmicbed cl. -c12 alkyl, cr .. ci.2 
cycloalkyl, C7-C12 aralkyl and alkaryl and CrC1c a.cyl. 
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including inert or unreactiva •ub•titutaa ther•in and 'l'l'liX­

turea thereof, wherein th• total number of carbon atom• in 

the total of the Jl radical• in th• cation b leu than 16; 

u ia 1•31 

m ia l-51 

Q ia N or P1 

A is a monovalent or polyvalant won. 

'l'he aeparation is.conducted. either aJ:>ove the malting pcint cf 

the clatbrace salt hut below t.he decomposition temperature of either 

the •alt or t:he hydrocarbon feed or undex conditions such that the 

salt: !JOes into solution in the hydrocarhcm. feed. The clathrata .salt 

is separated from the aromat~c hydrocarbon with which it combines by 

e.g. washing with water. 

The organic: non-quatema:ry clathrate Hlt aolectively 

combines with the aromAtic hydrccarJ:)ons in the feed and produces a 

hinar:y liqui4-liquid phaaa ayatem, i.e., a raffinata phaea cf reduced 

aromatic c::ontant and an extract phase of inc:reaaed aromatic content 

containing the aromatic hydxocarbon combined with tha clathrate salt. 

'l'he raffinat:e and extract phases are separated, then th• aromatic: 

hydrocarbon-dathrat:e salt combination is itaelf ••para.tad int:o an 

aromatics rich stream and a recovered organic non-quaternary elathrat• 

aalt stream, which is, can he, and preferably recycled to the 

aeparation. 

P2SCIIP'l'l:Q)t OJI' THE QLATIJ) ART 

U.S. Patent 4,359,!IJS descxibes the aeparation of aromatics 

from mixed aramatica/aliphatic:s hydrocarbon atreams by liquid salt. 

extraction. 'l'he salts used are of the formula 
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wherein Q i• nitrogen, phospboroua er arsenic: 

A is a mcnovalent or polyvalent aniont 

R4Q is a manovalent or polyvalent cation in sufficient 

numbers to render the aalt electrically neutral; 

R is a h~ocarlx>n radic&l independ.ently aelaeted from the 

;rcup consisting cf linear or branched. C1·C20 alkyl, C5·C10 

eycloalkyl, C7•C20 arallcyl and alkaryl, and CrC:10 aryl, 

concluding inert or unreactiva s\lbatitutea therein and 

mixtures thereof, ~herein the total number of carbon atoms in 

the four R radicals totals at least l' and wherein not more 

than one R radical is mathyl. The Hp&raticn is performed by 

contacting the hydrocarbon feed with the salt @ove the 

melting point but below the decomposition point of the liquid 

aalt. The salt is seen co posaeas a cation which is 

quaternary and. contains at least l.' caxbon at.oma. 

The proceH of the preaent invention ia useful in treating 

lube atooks for the removal of aromatics to produce arotnatics lean 

raffinates or for the recovery cf aromatics such aa benzene, toluene 

and xylene in chemical feed streams. 

The separation employs a organic clathrate salt having a 

non-quatarnary cation poeae•sing fewer than 16 cation atoms. The salt 

may be a •liquid salt" by which is meant a molten fluid at the temper­

atun of extraction, from about rocm temperature (approximately 20°c) 

to about 400•c. preferably about 2o•c to 2oo•c, in which the solvent 

is present above its melting. point but below che decomposition temper~ 

ature of either the salt or the hydrocarbon feed. 

When used as a liquid Hlt the liquid salt can be a clear, 

pourable fluid or a melt. The salt can be a solid pxovic!ed it goaa 

into solution in the hydrocarbon feed under the conditions errployad • 

. contac:ting the salt; with the hydrocarbon faed permiu the 

salt to combine with the axomatie hydrocarbons pr•sent in the feed to 

• 
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produc• a l:linary liquid-liquid phase aystem. The extract phase of 

•alt plua aromatic• is usually the ll\Ore dense pha•• and exists either 

aa a separate di•tinct lowar phaH or as suspended droplets in a 

continuoua lighter pha•• (the raffinateJ. 

The process of 'the prase11e inven~icn employs organic non­

qu&t•rnary salts Which may be represen:ed by the fellowing fo%1llUlae: 

wherein O is nit:rogan1 phcaphoru11, or arsenic; 

R. is hydrogen, C1 -C12 linear or !>ranched •lkyl, C5~C12 

cycloalkyl, C7·C:12 ar&lkyl or alkaryl. and CrC10 aryl, 

including inarc or UDr•active •ub•~ances including h•t•rcatom 

ccntaining speci•• auch as alkoxy r and mixtures t:hareof. 

Wherein the total nut'ftl)er of carbon atoms in the sum of the a 
radical groups in the cation ia less than 111 

D is an 1ntag-er ranging f;rom 1-3: 

A is a monovalanc or polyvalent anion present in sufficient 

number to balance the electrical charge of Che cation. 

Representative R :r:adieals in the cation include met:hyl, 

ethyl, propyl, n.-butyl, ••c-butyl, t-butyl, n-pantyl, 2 methylbutyl, 

l•methylbutyl, n-hexyl, n-octyl, 2~ethylhaxyl, d.ecyl, stearyl, cyclo­

hexyl, p-chlo:robenyl, benzyl, p-methylbenzyl, 2-pbanethyl, tolyl, 

p-xylyl1 phenyl, chlorophenyl, d.ociecyl, trif1uorobutyl, n-eicoaonyl, 

cyclohexylbutyl, phenylbutyl, hutylpheny1, naphthyl and the like, The 

a radical may &lso he substituted with aubstituents inert under the 

process condition such aa C1-C12 alkoxy, Cs-C10 azyloxy and the less 

reactive halosrens fluorine and chlorine. 

• iliiinr 
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Repraaentative cations include triethylammonium, lutidiniwn, 

collidiniurn, 2•ethyl pyddinium, z-ethoxy p-yridinium, l·metJ\yl 

piparidinium, piperidinium, 1-ethylcollidiniwn, l-me~yl, 3-ethylimi· 

dazolium, 1-methylimidazoliwn. 

Anion• may be any of the ~ypical anion. COl\U\\On to salt forma­

t1otl including oarboxylatea, bentoates, sulfonatea and derivatives 

thereof, e.g.: 

D 

~Lo' 

Rn...,(;\ -\.!.../ · S03 

wherein R is OH, t1-C10 alkyl, C1-t10 alkaxy, n • 0-5. 

0 

R-~ .. 0
1 

whara R 111 .H, CF3, C1-C10 alkyl. Other typical anions include 

(fluoride, chloride, bromide, iodide, sulfate, naphthenata, bicarbon­

ate, bisulfide, nitrate, halometallate (e.g., tatrafluoro·borate) 

phosphonate, benzenephosphona.te, tetra-n-butylbora.nate, acetate and 2-

ethylthexancate, i.enz=ma••l:on1Ge, p ~olweaeau1fon•te, 

bettzezw11ulfone•e, 1'?la•nm1.yll•••••"'*'••••, ben:zenaphosphinate, 

benzoata, tetr•chloroaluminate, tetrafluorol)orata, bydroxide, 

methoxide, phencxid.e, 2,4, s-tri-t-butylphenoxida, tri11 (2-mathoxy­

ethoxy) acetate, tetra-i•ethylhexylboranate, tetra-sec-butylboranata, 

triethyl-i-echylhexylboronate, and the like. Pari:ic:ular examples 

include salicylate, triflate, 2,&-d.ihydroxy benzo&te. 
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Tha organic non-quate:Dair:y clathrata salts uaeful in the 

preaent invention are ayntheabed by techniques cOtl'lmOn to the art, 

The appropriate organic base i• reacted with the appropriace organic 

acid in a suitable aolvent such as tetrahydrofuran (THI'), or t:he 

reaction can be run neat (in the absence of solvent) if one or both of 

cha acid or base is liquid. 

Pre£erred ~anic non-qqatexnary elathrata aalt include 

triethylalllll'ICniu~ aalicylat•. lutidinum tri!late, oollidiniwn triflate 

( ~-H Cf3CQO•), 2-ethylpyridinium triflate, 2 ethoxypyridinium 

triflate, 1-methylpiperidinium triflate, triethylammoniwn Z,5-

dihydroxybanzoate, piperidinium triflat•, tripropyl ammonium formate, 

1-methyl piparidinium phenylacetate, triethyl ammonium m-nitroben­

zoate, quinolinium triflata. 

The extracting solvent. iA this procasa comp:daea an organic 

non-quaternary salt and can also include a small quantity of cosolvent 

or ccsclvents for th& liquid aalt1 such as water, acid, alcohol, er 

the corresponding acid of t.he anion radical. Water is eapecially 

useful because it ia inexpensive, ral&tively non-corrosive and can 

increase aelectivity in the sxt.raction; however, the use of water does 

diminish extraction capacity. 

The extraction process of tbe present invention is typically 

condUa~ed at between about 20°c to about 400•c. preferably about 2ooc 

to 2oooc. Pressures employed are preferably •tmospheric, but. elevated 

pressure may he employed, if nacesaa:ry, to maintain the hydroc&rbon 

feed in the liquid state, 

Tha &1110unt of salt used in the extraction process i• flexible 

and amounts ranging from about 50 to 400 ma•• t salt/feed can be 

employed, preferably SO to 100 ma.a \. The act:ual amounts of salt 

employed. will dapend on the &lllO\lnt of aromatics in the feed, the 

degree of separation desired, tb• particular chara.ateristica of the 

salt employeci. 

iii id 
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The dxtraction proceaa can be run on a batch or continuous 

basis, including countercurrent extraction. Procedure• •uch •• liquid 

me'ftlbrane •uspen•ion of the aalt CaJ1 also be employed. 

'1'he separation process produ~.s a binary two liquid phase 

system. Th• upper, lighter phase is typically the raffinate, of 

reduced aromatics content and very low salt content. The lower, 

heavier phase is the extracc containing the aromatic1-salt clathrate. 

Following physical eeparation of these two liquid phaaaa one 

from the other by typical techniques such aa cencrifugation. or simple 

deoantation, the salts are released. from the aromatics-salt clatbrate 
• 

by the addition of a polar, protic substitution agent such a• water, 

which breaks the olatbrate formi"9 a new binary liquid-liquid phase 

comp:riaing a light-upper phase of hyd:rocarbon and a heavier, lower 

phase of •alt-water. These phases can be aeparated by typical 

liquid-liquid sep~ration procaduru again such as centrifugation or 

decantation. The salt can be recovered from the •alt-water phase by 

distillation or flashing to remove the water. The recovered salt can 

then be recycled to use. Alternatively, som• aromatic-salt clathrace• 

can be declathrated by simply reducing the temperature of the 

aromatic-salt olathrate from the formation temperature to a reduced 

temperature, e.g., by cooling from so•c down to ambient. As another 

alternative the araomcic hydrocarbon salt clathrate can be heated co 

recover the hydrocar})on with Che s&lC being racycled. 

The present invention is descri~d a."td dell\Ollstrated in the 

following non-limiting examples. 

!lxample 1 

A number of •alta inada by combining 15 cations and 8 anions 

were aynthasiaed. Their malting points and toluene solubilitiea were 

·This Sheet Has Been Replaced 
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A number of salts from ·Table 1. and soma not appearing in 

Table l made up of different cation-anion pair combinarions were 

scre.ned ueing a l:l toluene/cyclohexane mixture for their abilicy to 

form tolune-aalt clathrates in ~he presence of the non-arot11atic 

cyclohexane. The reaults are presented balo~ in Table 1.A. 
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'the :results indicate that organic non-quatemary aalta fen 

tolu•n•-sal~ clathra.tes but that when the cation contains R radical 

groups, the •WI\ of the carbons in th• total aum of' the R radical 

groups must be less than l.6. Withou~ exception, when the cations 

trihexylaft'IRIOnium and tri-octylaancnium produced a salt, the resulting 

ealt ,_,as aoluhle in oyclohexane ai:il! in toluene, indiaatins that the 

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

lxampla 2 

organic non-qua.ternary salta were evaluated for their ability 

to separate varying volumes or 2: 1 benzene/cyclohexane solutions at 

2o•c and 50°C. The results are listed in Tabls 2. Mass balanc:es were 

not :recorded. 

FEB S '96 16:19 

Molecular ~eeognition Characteriaties of Liquid organic 
Salts By NMB Allalytis of 211 M BenaenerCyclohexane 

Triethylammonium 2,6-dihydroxybenzoate mp: l4-35°C 

Amt. 
Salt 
l g 
2 g 
5 9 

Liquid Phase 
2o•c Upper Lower 

l..81:1 4.8':1 
]. • 6!111 4 • 53: 1 
1.22;1 4.li;l 

&iquid Phase 
so•c Upper t.ower 

l.SB:l. 3.48:1 
l. 72 ;l. 6. l.l. :l 
l.l7:l 3.43:1 

Pipei:idinium triflate mp: 21-2s 0 c 

Amt. 
Salt 
l g 
2 g 
s 9 

IJ..quid PhaH 
2c•c Upper I.ewer 

1 • .95:1 3.00;1 
1.8111 2.6l:l 
1.54:1 l.19:1 

Wauid 
so•c Upper 

1.9211. 
1. 86:1 
1.fi&:l 

LOWlll' 

3.33:1 
2.88:1 
2.'75tl. 

2-atbyl pyridinium tritlate mp: c 2o•c 

Ame. 
Salt 
1 sr 
2 9' 
5 g 

Liquid Phase 
2ooc upper Lower 

1.14:1 5.05:1 
l.69:1 4.(0:1 
1.34:1 l.6811. 

Liquid Phase 
so•c ~per Lower 

1.86:1 l.OO:l. 
1.11:1 
l.43:1 

2.9311 
2.58:1 
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t.utidiniwn triflate mp: < 2o•c 

Amt. 
Salt 
l g 
2 9' 
5 g 

lfiquid Pha" 
20°c ~per Lower 

1.90t1 S.'7:1 
1.73:1 4.33:1 
1.31:1 3.!0tl 

Col1idinium triflate mp: '1-62oc 

Amt. 
Salt 
l. g 
2 9' 
s w 

Liquid PMH 
20°c Upper Low•~ 

1.82:1 ,,76:1 
1.69;1 4.6411 
1.24:1 4.08;1 

Pyridinium e:iflata mp: 73-76°C 

Amt. 
Salt 
1 !l 
2 9' 
s g 

Liquid Phase 
2o•e upper Lower 

Insoluble 

Liquid Phasa 
so•c Upper Lower 

1.15:1 . 4'.lt:l 
1.H:l 3.64:1 
1.4411 3,09:1 

'°iquid 
so 0 c Upper 

l.86:1 
l. 74i1 
l.25:1 

.PhtH 
Lower 
4.27t1 
4.22:1 
J.58:1 

Liquid Phaae 
S0°C Upp•r Lower 

1.88:1 tLSl;l 
2.00~1 5.70:1 
1.67:1 5.00;1 

Tripropylammonium fo%111at• Tllp: < -200 

Amt. 
salt. 
2 g 

Liquid PhaH 
2o•c Upper I.ewer 

l.6811 2.91:l. 

Liquid Pbase 
so•c Upper Lower 

l.74;1. 2.Sl:l 

l·Methyl piperidinium triflate 111p: S3-59°C 

Amt. 
Salt 
2 9' 

J.iquid Ph'" 
2o•c O'pper LoWllr 

Insoluble . 

lciauid fhHI 

so•c trpper Lower 
l..7Stl 3.80:1 

l·Methyl piparidinium pbenylacetate mpi < -20°c 

Amt. 
Salt 
2 g 

Liauid fhHI 

2o•c Upper Lower 
2.18:1 3.91:1 

Limaid Phase 
so 0 c Upper Lower 

Soluble 

Tri•thylammonium m-nitrobenzoate mp: 79-Bl•C 

Amt. 
Salt 
2 g 

Amt. 
Salt 
5 g 

Liavid PhaH 
2o•c Upper Lower 

insoluble 

Liquid Phasa 
2ooc Upper Lower 

Insoluble 

Liquid J>hase 
so•c tlpp•r t.cwer 

i. 12=1 2 • n : i 

Liqu,id VhaH 
so•c Upper Lower 

l.55i1 2.86:1 
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Prom this data it should be noted that aeleativitiH were 

generally lower at so 0 c: than at 2o•c:. aalactivites also generally 

cSacnaaecl as the all\Ount of aalt used increaHd. It: waa observed that 

tbs volume of the liquid clathrate phase tended to be larger at so 0 c 
than at 2o•c. 

Bpmlt l 

A series of organic non-quaternary •alts were evaluated on a 

model feed (Feed A) for selectivity and capacity and compared with 

N·methylpyrrolidone (NMP) containing various amounts of water for the 

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

CQD!pPJWlt 
Decal in 
htralin 
Bthylbenzene 
Mesitylene 

1MLE l 

reed A 

1-Methyl Naphthalene 
Phenanthrene 

Mall t 
49,80 
1.66 
7.74 
7.63 

lS.21 
ll.95 

/ 
11 

The test conditions and results are presented in ~able 4. 

I 

J 

i 

, I 
I 

... 
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TABLE 4 

111t and NftP/"20 Batch Extractton{l) Caoac1tyJSelecttvttv Bes•lts(2) with 25.0 q Feetlstock A 

RAFFINATE YIELD RAFF. SATS ----UPPER/LOWER PHASE(S)----
SALT %(31_ LJRAr._ " l 4) Sats+IRAr lliAt mr 

Trleta.Jlamaonium Saltcy1ate 60.8 84.02 1.59 0.34 0.30 . 
L1ttdtntut1 Trtflate 65.0 82.59 1.12 0.33 O.Zl 

CollidtntullL Triflate <•J 74.8 84.38 1.72 0.28 0.26 
(b 43,5(6) 95.73 1.88 0.09 0.04 

2-EthJlpyrtdtnium Trtflate 11.1 80.42 1.63 0.39 0.32 

2-Etboxypyrtdtntum Trtflate 91.5 78.99 1.54 0.43 0.28 

1-Hetbylpiperidtnium Triflate(7) 87.l 74.59 1.43 0.53 0.47 

Trletbyl111110ntam Dihydroxybenzoate 44,4(6) 93.45 1.88 0.13 0.07 

Ptper1d1ni• Triflate 96.0 73.17 1.22 0.67 o.&1 

"1P/IO LVI ff2'J 40.0 90.90 1.81 D.22 0.14 

rllP/11 LVI Ht(J 48.5 89.58 1.63 0.23 0.15 

NMP/15 LVI H20 68.7 86.80 2.54 0.20 0.13 

NMP/18 LVI HzO 69.8 84.64 1.88 0.28 0.19 

Feedstock 100 72.84(8) 
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TAQlE 4 (cont'd) 

Salt •ad NMP/HzQ latch Extracttoo(l) Capac1ty/Selec;t1yttr Be1ults(2) with zs.o g feedltack A 

Stngle stage batcb extraction wtth o.os mole salt (or 178 LVS Treat NMP/HzO) at so•c unless 
otherwise noted. 

Detenatned frDll mass balance and &C analysis. 

A measure of axtract1nt capac.tty. 

A measiwe of lube rafftnate quality. 

A measure of extractant selecttv1ty. 

Used 0.19 nole of salt. ExpertmeRt provided a d,rect comparison with lltP/H20 results at condttfons 
of equal mass of extractant. 

Extraction performed at 1o•c. 
Tbearet1ca1 yteld of Sats + lRAr raffinate phase. 
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All can be seen, extraction using organic non-quaternary sa.l.t• 

conpares favorably with extraction using NMP/K20. Due to solubility 

prcblell\s of the model feed in neat NMP ralatively large volumes of 

w.ter (10 LV't and more) wre required in order to observe phase 

eeparation. 

Beth triethyl atnm0nium dihydroxybenzoate and colliclinium 

triflate have higher ••lectivities for aromatics than NMP/H20. under 

conditicma of conatant treat, temperature and raffinate quality 

(evidenced by t satl and 1 ring aromatics in raffinata phase) • .both 

salts afford a significant yield credit (about 10 and 23\ for tri­

elbyammonium dahydroxybenzoate and collidiniurn triflate reapectively 

at !JOh sats and l • ring aromatics in tbe raffinate phase) . Col· 

lidinium triflate has the beat sehativit.y for aromatics, in parei· 

cular 2- and 3-ring- aromatics. As compared to NMP/H20 (at constant 

mass t treat) collidinium triflat.e (b) has a gr•ater selectivity for 

2~ aromatics and 3R aromatics by a factor of about 2.4 and 3.S respec~ 

tively, while the selectivity for satura.t:es and l ring aroma.tics is 

essentially equivalent. re is &lso seen t:hat: as salt creae is 

increased from 51 to 198 mass t, the aalt's selectivity (as meaaured 

by t sats and l ring aromatics in ra!finate) increased from about 84 

to Ht. 

Exampl.e 4 

Another series of experiMnts using" the organic non­

quaternary salts were conducted on a different model feed (Feed BJ 

containing sulfur and nitrogen containing compound•. In adcli tion the 

effect of adding a polar, protic additive (in this case water) to the 

salt was evaluated. The feed conipoaition is given in Ta))le s. 
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comcouent 
Decalin 
Tetralin 
'2thylbenzena 
Mesitylene 
1-Mathyl Naphthalene 
Phenanthrena 
Colli dine 
Dibensothiophene 

Masa t 
47.05 

7.22 
7.22 
7.22 

14.12 
11.29 
2.94 2.,. 

P.1 

THIS SHEET HAS BEEN 
REPLACED 

The conditions of these experimen~al runs and the results are 

presented in Table 1. 
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TABLE & 

Salt Batch Extcactipq(l) 5electiy1tx Result1 With 15q Feeclstock B 

Salt 

Tr1etbyl111111011twn sa11cylate(2) 

Triethylammonium dihydoxybenzoate 

Co111dtn111111 tr1flate 

Trlbutylat11110Atuat/Toluene SUlfonate 

Luthtd1ntum trtflate 

ftethylptpertdtnlwa trtflate 

Tetr1butylillll0At1111 saltcylate 

-------------- UPPER/LOWER PHASE --------------­
SAIS + 1 ·11NG AROMATICS 

-----Moles of H20---- -----Moles-of HzO----

None o.01s 0.03 None o.01s o.o3 

1.54 

1.83 

1.72 

1.23 

1.68 

(3) 

(3) 

1.79 

1.94 

1.96 

1.33 

1.99 

1.33 

(3) 

1.91 

1.79 

2.)3 

1.39 

1.41 

1.59 

l.54 

1.83 

1.72 

1.23 

1.68 

(3) 

(3) 

1.36 

1.67 

0.77 

J.07 

1.62 

1.49 

1.35 

1.48 

'J. 77 

1.26 

1.42 

1.41 5! -U'.! 
Cl.l 

"' ::i:: mm 
~~ > 
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~ JABLE & (conttnud) ~ 

m Salt Bitch Extract1onU) Select1Yltr Resllts Vtth 15g Feedstock B ~ .. 
m ~ 
N I 
m ------------------·-----·------- UPPER/LOVER PHASE ---------------------------------- iSI __ 2 RING+ AROMATICS 3 RING ARQMATICS Jct 

----Roles of H20--- Moles of H2(> ---Moles of HzO---- Moles of NeOH ~ 
:c 

Salt None o.ots 0.03 o.015 0.03 Holle o.ots o.o3 0.015 o.o3 .AO 

~ Trtethylamo{'iUll 0.38 0.35 0.38 0.42 0 .. 38 0 .. 26 0.24 .026 0.32 o. 26 £ . 
Hl tcyhte(2J tH \ 

- ~ TrtethylamoniUD 0.31 0.33 0.36 0.34 0.29 0.20 0.22 0.24 0.23 0.19 l 
gi. dt bydroxybenzoate • I 
g ... i ____ ,..... ., 

. f Calltdilium trtf11te 0.25 0.31 0.31 0.28 -- D.14 0.18 D.18 0.18 ... ~ J 
~ j 

. ~ Trtbtltylaamnfun 0.42 0.42 0.40 0.46 0.42 D.30 0.32 0.28 0.36 0.3& 
~~ p-toluene sa1foaate -w 

· ~ I L1ttdtntum tr1flate 0.31 0.32 -- 0.32 -- 0.19 o.19 -- 0.21 
-o 

G p. 

UI 

Heth.rlpiperid1nium (3) 0.54 0.54 0.43 0.46 (3) 0.51 0.49 0.37 o.38 
trtflate 

lSl 
A Tetrabutylammon1um (3) (3) 0.37(4) 0.38 D.38 (3) (3) 0.25 0.26 0.26 
~ saltc11atal5J I ~ 
1S1 ~x 

~ ~~I ~ 
-o \('}X D m> 
~ o~ 
m ~ 
• I tTl 
ISi : rn 
ISi ' z 
(.) 
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TABLE 6 (conttnued) 

(1) Single stage batch extraction with o.ol mole salt at so·c 

(2) 0.025 and 0.050 males of water used; 25 gram of feedstock B 

{3) Salt failed ta dissolve at so•c 

(4) 0.034 aoles Df water used 

(5) Comparattve CCllllpoqnd etlbraced by U.S. Pateat 4,359,596 
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From this it ie clear that the proceas of the present invention using 

organic non-quaternary salts to selectivity extract aromatic• from 

streams containing aromatics and non-aromatic• ia affected by the 

p:r.'9sence of water. The salt selectivity for saturates and l ring 

aromatics generally increases with increasing water content whereas 

the selectivity for 2 ring+ and l ring aromatics is either equivalent 

or worse than that for the salt under ~ conditions. These results 

are similar to those observed with NMP/H20 in Table 4 where increasing 

water content increased the selectivity for aaturatea and 1 ring 

aromatics in the upper raffinate phase. 

A8 ahown in Table 7, increasing the salt's water content 

decreasea t.he salt'• capacity while "increasing it• selectivity in a 

similar fashion aa that for NMP/H20. 

1iii1iii 
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TABl.E 1 

Effect of Water Actctit1ve Coftcenty:at1on 09 Salt Capac1ty(l) 

Mass of Feedstock 
Ex&c1~~. g 

. 
BAff111t1 Xie]d. I -------noles of HzO-·---- -------11Dles of H20-··---bll 1>.a Wi D...D Dex lW!ll Lil 

Trtetby1...,..1lltl sallcylate(3) 5.73 3.53 2.48 62 76 B3 
Lut1dtnium trtflate 4.41 3.17 11.d. 71 79 n.d. 
Ca11tdfn1U11 trtflate 4.78 3 •• 72 3.01 68 75 80 
1-Methylptpertdtnium trtflate -(2) 2.75 1.62 -(2) 83 89 

Tr1ethy1amon1111 4.26 3.04 3.55 71 80 86 dihydroX,Ybenzoate 

(1) All stngle stage batch extraction experfments carrted out wttb 15.D g of model feedstock B, 0.030 mole salt at so•c 
(Z) 

(3) 

Salt failed to dissolve at so•c under dry conditions 

Used 25 gratns of Feedstock B wtth 0.05 mole salt at so•c 
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This reduction in salt capacity with increasing water content 

can be exploited •• a means for brealcing the clathru:e, thereby 

apringing the aromatic molecules from. the salt and regenerating th• 

salt for reuse. 

T••t• conducted with methanol and et:hanol were leas con­

sistent than those employing water •• the additive but tended to go in 

the opposite direction. i.e., increased capaciity with no ox negative 

impact on aelectivity. 

hampl• 5 

'l'he organic non-quaternary salt. triethylatnmonium salicylate 

was compared with ·single-ataga NMP ext:raccion on three lube oil 

samples. 'l'he triethylammcniull\ salicylate was placed in a vacuum 

desiccator a:nd dried for several days before use. Th• salt was kept 

in the desiccator when not in 1111e becauae of its hygroscopic proper­

tiaa. The object was to produce raf!inates of similar Refractive 

Index by NMP extl:'action and liquid salt complexation. Tha lube oils 

treated were a 6DN, a 21DN and an extracted 150N base oil. All were 

n.on-waxy. "l'he condition employed ai:id nault obtained are presented in 

Tables BA, BB and BC. 

This Sheet Has Been Replaced 
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Data Sumll\ary For Triethylammonium 
lalicylatp Liquid Clatbrate lxpariment1 

J"e•d Baytown 60N coastal Distillate 
3xtraction aun # A :a c J:) 

Solvent Used LC LC t.C LC 
'l'emperature Ce) fiS SS S! '5 
Treat (wUJ 24.0 41.0 71.9 119.1 
H20 in Solvent (lvt) 0 0 0 0 

read Rt l. 4730 l..4730 l.'730 l..4730 
~eed Density 15C 0.8910 0.8970 0.8970 0.8970 
Peed Used (gms) 25.02 25.02 25.05 25.06 

Raff inate RI 1.4711 l..4696 1.4678 l..4662 
llaffinate Density lSC o.9'42 0.8911 O.BHI 0.8873 
Raffinate Recovera~ (gma) 20.96 21.25 20.35 20.06 

Extract JU 1.5101 1.5158 1.Sl.31 1.5354 
Bxtraet Density 15C N/A N/A D.'54l '1.0231 
Extract Recovered (gms) 0.99 1.85 2.84 3.80 

Yield RI (lvt) 95.13 92.64 88.52 90.17 
Yield Density (lvt) N/A 'N/A H.84 92.86 
Yield (wtt, Re~ weights) 95.0 91 • .99 17.75 84.07 

Cl vt calculaeeci) 95.79 92.Sl 88.46 84.99 
Average lvt yi•ld 95.46 92.58 88.61 89.34 

Base Case NMP Single Stage Baech Extractions 

hed Baytown 60N coastal Oistill•te 
Extraction Run 8 1 2 3 4 
Solvent uaed NMP NMP NMP .NMP 
Temperature {cl 65 so 65 65 
Treat (wt\') 56'.72 SB.46 116.57 1'72.85 
X20 in Solvent (lvt) 2 2 2 ' 
llaffinate RI 1.4684 l.4672 1.4'29 1.4593 
ltaffinace Danaity l.5C 0.8917 0.8896 0,8825 0. 9775 
Raffinate Recovered (gm•) 147 .:u 141.15 117.63 93.42 

Extract RI 1.5069 l.Sl.SS 1.4978 l.49l9 
Bxtraet Denaity 15C 0.9'75 0.9571 0.9191 0.9328 
Sxtract ltecovered (gu) 22.28 16.73 52.97 11.os 

Yield. RI (lv\) II.OS 87.99 71.06 60.40 
Yield Density (lvt) 90.50 BJ.04 74.31 64.?4 
Yield (~t, Jtec weights) 8'.16 89.40 H.9! 56.BO 

(lvt calculated) 87.37 90.15 70.08 Si.06 
Avaraga l.V\ yield 18.54 87.99 11.84 61.07 

This Sheet Has Been Replaced 

1•1111111 
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t>ata Summary For Triethylammonium 
salioylate Liquid Clathr1te Expe;iment1 

feed 5ayeown 250N CCastal Distillate 
lxcraetion aun # E 7 a H I 
Solvent Used LC LC LC LC LC 
Temperature (cl '5 15'! 65 65 85 
'rreac (wtt) S0.28 100.00 149.96 2'9.60 149. 84 
ll20 in Solvent (lvt) 0 0 a a 0 

Feed RI 1.4900 1.4900 1.4900 1 . .000 1.4, 
Feed Density lSC 0.9247 0.9247 0.9247 0.9247 D.9247 
Feed sacurat•• (wttl 54.30 54.30 54.30 !54.30 54.lO 
reed Aromatic• {wtt) • 45.70 45.70 45.70 45.70 45.70 
feed Used Cgms) 25.06 25.01 25.00 20.00 20.00 

Ratfinate RI 1.4856 1.4831 1.4812 1.4776 1.4814 
Raffinate Density l!C 0.'1.96 0.916'2 0.9135 0.9089 0.9141 
Raffinate Saturates (wtt) 57.0 N/A N/'A N/A N/A 
Ra!finate Atomatics Cwtt) 43.0 N/A N/A N/A N/A 
Raffinate Regovered (gms) 22.55 20.83 21.32 15.52 21.76 

l!lxcract: R:t 1.SS8l l.SlO 1.5448 l. SllUI 1.5486 
lxer&et n.nsity 1sc N/A l.0145 l.0397 l.0202 l..0631 
Extract R.ecovared (gms) l.82 3. 54 4.15 4.72. . 4. 07 

Yield RI (lvt) 93.95 86.68 86.16 19.74 87.20 
Yield Density Clvt) N/A 91.35 01.ll as.so 92.99 

average lvt 53.95 19.02 88.64 82. 77 90.04 
Yield (wtt, Rae weighcs) 92.Sl 85.47 83.71 7'.68 U.24 

{ l v\' calculated) 93.01 86.27 94,73 78.0l BS.22 
Average lv\ yield .93.50 aa.10 87.34 81.19 88.44 

tti'iiir 
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I>&ta SWMl&:cy 7or Triethylal'lftOllium 
Saliqylate Liquid Clatbrate lxparimenta · 

Base Case NMP Single Stage Batch Extractions 

Feed Baytown 250N coastal Diatillate 
Extraction Run # 5 ' 1 8 
Solvent Used NMP NM» NlO NMP 
'temperature (c) 65 6S 65 50 
Treat (wtt) 50.07 99.57 l.50.02 2519. 75 
K20 in Solvent (lvt) 2 2 2 2 

Raffinate RI l.4848 1.4789 l..4756 1.4701 
Raffinate Density lSC 0.9111 0.9097 o.,047 0.8913 
Raffina~a sa~urates (wtt) n.1 !f/A N/A H/A 
Ratfinate Aromatics (wt:t) 32.9 N/A N/A N/A 
Raff inate Recovered (gm•) 224.55 205.03 170.2' 121.13 

Extract RI l.5374 l.5295 1.5251 1.5264 
Extract Density lSC 0.9896 0.979' 0.974l 0.9766 
Extract Saturates [~it) 18.l N/'A N/A N/A 
Extract Aromatics (wU) 81.9 N/A N/A N/A 
Extract Recovered (gms) 24.87 43.14 74.91 75.75 

Yield RI (lvtl 90.ll 79.06 70 • .91 64.65 
Yield Density (lvt) . 91.67 78.54 7l..l6 65.45 

average lvl 90.l'l 71.06 11.0SI 6"5. 05 
Yield (wtt, Rec weight•) 90.03 82.'2 59,45 61.84 

(lvt c&loulaced) 90.U 83.!18 70.H 63.73 
Average lvt yield 90.80 80.19 71.05 64.61 

This Sheet Has Been Replaced 
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Date Summary For Triethylammcmium 
Saligylate Liquid Cla;bra;e ljxpari!pl'Atl 

Feed . 150N Bue Oil 
Bxtraoeion Jtun # ' 10 11 
SCJl vent Used LC LC LC 
'remperat:ure le) u '5 '5 
Treat (wtt) 4J.H 100.12 14'-80 
B20 in Solvant (lvt) 0 0 0 

Fud R.I 1.458' 1..4586 l.4586 
Feed Density l5C o.nn 0.8752 0.8752 
7eed Viscosity • 40°C ~J.026 29.026 29.025 
Feed Viscosity • ioo•c 4,95) 4.959 4.959 
Peed Viscosity Index 11.f 91.9 91.9 
!'eed trae4 (gms) 25.06 25.01 25.02 

Raff inate Jlt 1.4582 l.4579 1.4579 
Raffinate Densicy 1SC 0.8741 0.1741 0.8739 
Raffinate Viscoaicy e 4o•c 29.08'7 N/A 28.'11 
Raftinate Viacosity • ioo•c 4.967 ?It/A 4.'57 
Raf finate Visooaity Index 92.2 'S/A 92.1 
Raffi~at:e Recovered (gms} 24.72 24.15 23.10 

Bxtract RI N/A N/A 1.5295 
zxcract Density 150 N/A N/A N/A 
Bxtract Recovered (9'1'11s) 0.50 0,86 1.0l 

Yield :RI (lvtl N/A N/A 99.02 
Yield nensity (lvt} N/A N/A N/A 

average lvt N/A N/A !J!J.02 
Yield (wtt, Rec weights) 91.63 H.5' ,5,73 

(lvt calculated) 91.'7 "·" '5.17 
Average lvt yield ''·" 96.68 95.87 

Th" s 
IS . heet Has .Been Replaced 
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nate Summary For Triechylal'lll'l'IOniwn 
Salicylata Liquid C1•tbrata SXpariJ!!IJ)tl · 

Base Caa• NM1I Single Stage Batch lxtractiona 

reed MCT-10 Base Oil 
Jlxtraction Run # BB-24-U 8£-25-89 BB-2'·89 
Solvent traed NMP NMP NMP 
Temperature (c) '5 liS '5 
Treat fwU) 49.51 99.92 150.16 
K20 in Solvent: (lvt) 2 2 2 

Raff inate RI 1.4576 l..4572 l.456! 
Raffinate Density isc 0.8740 0.8727 0.1117 
Raffia.ta Viacoaity • co•c 28.710 N/A 28.326 
Raffinata Viscosity • 1oo•c 4.937 N/A 4.923 
Raffinat• Viacoaity Index 92. 7 N/A 94.8 
ltaffinate ltec:overed (gms} 196.'8 188.4J 182. 8' 

Extract 1lI 1.4952 1.4884 1.4861 
Extract Density l5C 0.9290 0.92'2 O.tl.76 
Extract •ecovared (gms) 4.19 10.90 lS,33 

Yield RI (lvt) t7.34 95.51 9l.J1 
Yield I>ensicy Clvt> "·" JS.33 92.37 

avera~e lvt J7.l4 '5.Sl 92. 64 
Yield (~t. Rec weight•) '7.91 94.53 !12.27 

(lvt calculated) H.05 94.80 92.64 
Average lvt yield 97.6' .95.16 9l.64 

This Sheet Has Been Replaced 
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The extraetion usiDg" the salt was conducted in the following 

manner. 

A small temperature ragulatad .batch u:t:action veaael was 

uaed •• the aeparation device. A kn.own. weight of diatillate waa 

placed in th• vessel and allowed to equilibrate to the desired reac­

tion temperature. 

Next, a known weight of the solid crystalline sale (dependent 

on the deaired treat) was placed in the extraction vessel and allowed 

to wa.rm up to the reaction temperature. As the mixcura was warming, 

the eryatala began to melt or dia•olva in t:he oil. After about ! 

minutes about half the crystals had diasolvad. When all of the salt 

had dissolved, a small perforated plate or screen suspended by a wir• 

was used ta mix the oil and liquid salt together. 'l'h• mixing rate waa 

100 atrokeE1 in one minute. When th• mixing wiu stopped, the emulaticn 

of small beak-like bUbbl•• started to settle to foxm two distinct 

pha•••· The two ph•••• were completely •ettled after 5 minu~es. The 

two phases were remixed as above and allowed to resettle ensuring 

complte and intimate contacing. 

The lower or ext:act phase was drained from the batch 

extractor int:o a prewaighed aapa:ratory funnel . Th• weight of the 

Sep-funnel and extract solution were recorded on the run eheets. The 

extract solution was then washed in the sep-funnel with a Jcncwn weight 

of water (-70 cc). The mixture waa well ahaken three times and. vented 

and allowed to settle after each shakin~. This procedure di&tngaged 

the clathrate from the oil and formed an emulsion. Caution should be 

exercised at this point for thi• reaction i• •om.what exothermic. To 

free the oil phase fr01D the emilsion, a lcncwn ~eight of toluene (20 

cc) was added, shaken. IUld allowed to settle. 'I'he lower phase 

(clathrate and water) was drained off into a second praweig'hed aep­

funnel. '!'he above washing procedure was repeacad iioting all the 

weight• and combining all the water phases id the second sap-funnel. 

The sep-funnel cantaining the water phasea was than washed twice with 

known weigbt:s of toluene (20cax2J to remove any trapped organics in 

the water. The orvania pbase11 were added back to the organics in th• 

FEB S '96 16:31 iliiiU 504 359 1025 PAGE.013 
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other ••p·funnel. 7inally. the sep-funnel containing the water phase 

was drained iuto a preweighed atrippin; fla1k, rewei;hed and stripped 

on. • rotovap uat:il all the water and residual toluene were removed. 

The flaak wa• then reweighed. and the contents were analyzed. for 

refractive index and density. The asp-funnel containing the organic 

material was also weighed, stripped and the oil analyaed for Refrac­

tive Ind•x and Density. 

The upper phaae lef1: in the batch extraction ve•••l (raf­

finata solution) was drained into a preweigbed aep-funnel. The 

solution and funnel were reweighed, then a known wei~ht of water (20 

ce) wu added. The mixture was shaken and allowed to settle (three 

times). 'l'he x-.action waa probably exothermic but was net noticeable, 

indicating a very small amoUDt of liquid salt was present. An emul­

sion was fomed as w:t th the extract. A known amount of hexane was 

added (20 cal to break the emulsion after shaking. 'l'ha water and 

· liquid salt or lower phase was drained t-o & second prawaigh•d sep­

funn•l. reweighed and the washing procedure repeated. The water 

waah:Lnga were combined and washed twice with hexane (20 ccX2) to 

remove any trapped organic material. All of the organic phas&s were 

combined in one sap-funnel wh,i.le all of the water phases were combined 

in the other ••p-funnel. The contents of each Hp-funnel were drained 

into one of two preweighed strippini flasks. Th••• flasks were then 

weighed ~ain, then the water o~ hexane was removed by rotova~ atrip­

ping. When this process was complete, t:he tlaaka were reweighed and 

the content• analyzed for Refractive Index and Density. 

The runs conducted on the extraced 150 N and base oil shews a 

yield debit. ~rraction for equal trea.t would fUX"th9r increaae the 

debit, aid sugge•t tbat the clalhrace i• lass suitable for the final 

stages of extraction whera main1y highly alkylated one or 2 ring' 

aromatics remain to be re1110ved. lfo RI or density yields could be 

obtained with the cl&chrate. 

As i• seen, triethylammcmium •alicylace shows up to a 4t 

yield credit at equal raffinate RI when used an the 60N and 250N oils. 

A high treat ia required for the elachrate to obtain this quality. If 

FEB 6 '96 16:32 1ii1iiir 504 359 1025 PAGE.014 
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th• NMP operating temperature were lowered to obtain the •ame quality 

product at the same treat level aa with the clathrate (i.e., at the 

same capacity) the NMP ••lectivity would improve &nd it is estimated 

that the yield credit for tb• clathrate would be about lt on feed. 

This Sheet Has Been Replaced 
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CJ.AIMS: 

l.. A method for aepara.ti~ a hydrocarbon mixt~•· especially 

a feed scream, containing aromatic hydrocarbcna and llCn-a:"omatic 

hyclrooarbona into an arornat1cs-1Hn raffina.te and an aromacics-rich 

extract; which method compri••• contacting the hydro~rbon mi~ture or 

feed stream with an organic non-quaternary clathrate •alt having less 

than lS carbon atoma in the cation, whereby the clathrata salt: 

aelectively interact• with the aromatic component of the hydrocarbon 

feed mi~ture producing a raffinate pha•• of reduced aromatic content 

and a hydroc&rbon•salt clathrata extract phase of increased aromatic 

content containing the clathrate salt and combined aromatic 

hyd%'0carbon, separating" the raffinate.phase from the extraot phase and 

\releasing the a-romatic hydrocarbon from. t:he clathrate aalt 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 l, wherein the cont.aoting Qf 

the organic non-quaternary clathrate salt with the hydrocarbon feed is 

conducted at a temperature above the melting point of the ealt but 

below the decomposition temperature(s} of both the salt and the hydro­

carbon feed.. 

3. A mathod according- to claim 1 or claim 2, wharein the 

o'rg'anic non-quaternary clathrate salt is used in amounts ranging from 

a.bout 50 ~o 400 mass \ salt to feed. 

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

contacting of the clatlirate salt and the hydrocarbon feed is oounter­

C\lrrent. 

5, A method according to any preceding claim, wherein ehe 

raffinata pha•e is separated from the extract phase by deeantation. 

FEB 6 '96 16:33 504 359 1025 PAGE.017 
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6. A method according tc any preceding claim, wherein the 

aromaeic hydrocarbon ia releaaed from the hydrocarbon7eale clathrate 

extract pbaH by the adclition of a polar, p:rotic aubstitution agent. 

7. A utbod according to any preceding claim, wharein the 

org~ic non-quateznary clathrate aalt i• ••laccad from th• following: 

A 

wherein Q is nitrogen, phosphorus, or arsenic; 

R is hydrogen, C:i -C:12 linear or branched alkyl, C5-Ci.2 

cyclo&lkyl, C:7-C12 aralkyl or alkaryl, and CrC:10 aryl, 

including inert or unreactive substances including heteroatom 

containing species, and mixtures thereof, wherein tha total 

number of carbon atoms in the sum of: tha R radic:al group11 is 

1.eaa than 11; 

n i• an int99er ranging frma 1-l; 

A ia a monovalent or polyvalent anion. 

a. A method according t.o claim 7, wherein the eat.ion of the 

organic non-quatemary clachrate salt is selected t:1'iethyla11V11onium. 

lutic!iniWll, collidinium, 2-ethy1 pyricliniwn, 2-ethoxy pyridinium. 

:i.-methyl pipaxidiniwn, piparidiniwn, 1·ethy1 collid.inium, 1-methyl, 

3-ethylimidazolium, 1·mathylimidazolium. 

FEB 6 '96 16:34 iiiiiili 504 359 1025 PAGE.018 
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t. A method acc:o:rding to claim 7 or cl•im a, Wherein the 

anion of the organic non-quaternary clathrate salt i•. selected tram 

carboxylates, banzoates, aulfonat•• napbthanate, bicarbonate, 

hiaulf!ide, nitrate, haloautallate, phosphonate, borate, aoetat:a, 

hydroxide, methoxidtt, phenoxiele, 'fluoride, chloride, bromide, and 

iodide. 

l.O. A method &=cording tc claim 1, wherein. th.a organic non· 

quatemary elathrate malt is •elected from triethyl ammonium 

aalicylate, lutidiniuni triflucroacatate, collidiniwn trifluo:roa.cetat$, 

2-eehyl pyridinium triflucroacetate, 2-ethoxy pyridiniwn tr.i:!luoro­

aeetate, 1-mathyl piperidinium trifluoroacetate, triethyl ammonium 2, 

6-dihydrcxybenzoate, 
0

piperidinium trifluoroacatate, tripropyl alM\C>nium 

fozmate, 1-methyl piperidinium phenyl acecate, trietbyl ammonium 

m-nitrobenzoata, quinolinium tritluoroac:etate. 

FEB 6 '96 16:34 11immr 504 359 1025 PAGE.019 


