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-1- ADDI TI ON OF CO SOLVENTS TO FURFURAL

FOR ARQVATI C EXTRACTI ONS _ : The invention relates to separation of
aromatic conpounds fromgas oil and lube oil fractions u3|ng a
furfural/co-solvent m xture. Ref i ni ng of crude 0| o roduce

| ubricating 0i"YO 71095391 one of the oldest refinery arts. 1329 des
are fractionated to isolate a suitable boiling range naterlal,
usually in the 600 to 1100[err]F (316 to-#3C) range, to : produce a
distilled oil fraction. Various solvent purlflcatlon steps are then
used to reject conmponents & : i :

Aromatics are too unstableEgﬁﬁkﬁﬂﬁﬁxxﬁﬁExxﬁﬁﬁﬂiﬂnﬁo vari ous means to

renmove aronmat i ompotential |lube fractio
sol vents were proposgﬁefiﬁv?#gﬁﬂﬂszga ?Fr§8tfﬁﬂ?r ?QJQ% aramagxﬁas been a
preferred sol veaompounds afamm ged3 ®ilhandt hubes5oil fracttionsnusdovgah f urf ural

extraetion unitgypehea Py $ls°1vent mixturefUrfural is denser than oil and
related to for

It Js | vent for aromati¢s. Wen
furfural and a heavyngg?'n*?%c‘fﬁ 1i"hg°fBF?ﬁ't‘%? lubricatingsgideiemch
of the aranatlceneoofehheoéldéutIneﬁﬂpeuylarﬁé. Sujptablecichiudeg, aze extract
phase or dense H&Eg;aﬁaeéeseo isolateC8Nkak BhBTe "BSi1 g YahgR" RHRELESL,
separates froma ra o .

usually 1n the 600 to 1100°F (316 to 593°C) range, to
produce a distilled oil fraction. Various solvent
purification steps are then used to reject components not
10 suitable for lubricating stock. Aromatics are too
unstable, and refiners resort to various means to remove
aromatics from potential lube fractions. While many
‘solvents were proposed for aromatics extraction, furfural
has been a preferred solvent since about 1933 when the
15 first commercial furfural extraction units were built.
Furfural is denser than oil and related to
formaldehyde. It is a solvent for aromatics. When
furfural and a heavy oil fraction mix, the furfural
dissolves much of the aromatics content of the heavy 011.
20 Upon settling, an extract phase or dense furfural phase
containing most of the aromatics separates from a raffinate
phase of lighter hydrocarbons with a reduced amount of
aromatics. As in most liquid/liquid.extraction processes
the separation is not perfect. Some aromatics remain in
25 the raffinate and some furfural dissolves in the raffinate.
Fractionation of the extract and raffinate recovers the
furfural solvent for reuse.
Some representative patents on prepargtion of
lubricants by solvent extraction include US 2,698,276, US

. 30 3,488,283 and US 4,208,263 which are incorporated by
reference.
. Dearomatization of lube distillates by furfural

extraction is discussed in U.S. Patent 2,079,885. Since
the furfural unit is often a bottleneck in the. lube
35 refining process, improvement in the capacity of furfural



phase of |ighter hydrocarbons with a reduced anmount of aromatics. As
in nost liquid/liquid extraction processes the separation is not
perfect. Sone aromatics remain in 25 the raffinate and sone furfural
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representati v&'ﬁﬁ’%?& on preparation of | ubricants bf?é‘ﬁ?gﬁﬁ‘s
ext.raction include US 2,698,276, US 30 3,488, 283 and US 4, 208, 263 whi ch
are incorporated by reference. -2- Dearomati zation of |ube
distillates by furfural extraction is discussed in U S. Patent
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. re! t t imp: £
- 2- W t h8ut si ossi{)l se %%t??/l terOLﬁ J'ht?e gF value to t eﬁnube
refining i ndust PRYEPK®RBP8re, it is an object of the pr esent

i nventionst o i nproveIthhasunbéwrbéere found ithat the afditionwE @thers

It has now been addi td . r..al des,

preferably havi ﬁ&azag'i gﬂgé{&l&%sb s%_éaér)l'{;b (isr ?H%‘ﬂﬁésg ?ﬁ%ﬂﬁ% %’8‘%

25C, inproves tAessathantgbout 40 @ 25°C, improves the capacity of .
furfural for extraction of nitrogen, sulfur compounds and
aromatics. Nitrogen and sulfur compounds are sludge

10 precursors. The process of the present invention results
in improved thermal and oxidation stability of the lube
basestock.

The invention therefore includes a process for the
separation of a mixture of organic compounds which

15 comprises contacting the organic compound mixture with a
mixed solvent comprising furfural and one or more ethers
and/or aldehydes, preferably having a dielectric constant
less than about 40 @ 25°C, to form two phases and
subsequently separating the phases that formed.

20 The invention further includes a process for the
production of lubricant oil from an aromatic containing
petroleum fraction comprising contacting the petroleum
fraction with a solvent comprising furfural and one or more
ethers and/or aldehydes, preferably having a dielectric

25 constant less than about 40 @€ 25°C, under extraction
conditions, producing an aromatics reduced raffinate
product.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

30 Feedstock '

Hydrocarbons which may be separated according to the
process of the present invention include hydrocarbon oil
fractions obtained by direct distillation, by thermal or
catalytic cracking or by hydrocracking. The extraction of

35 low boiling aromatic containinq hydrocarbon oil fractions
with the solvent mixture of the present invention yields



furfural for extraction of nitrogen, sulfur conpounds and aromatics.
Ni trogen and sul fur conpounds are sludge 10 precursors. The process of
the present invention results in inproved thermal and oxidation

stability of the |ube ‘basest ock. ~ The invention therefore

I ncl udes a pr r the separation of a m xture of nj
conpounds whi ?ﬁ&i@oy&ﬁ conpri ses contacting the organic corrp&%%g%ﬁ#/@?ﬁre
w t.h a m xed sol vent conprising furfural and one or nore ethers
and/ or al dehydes, preferably having a di et3€tric constant | ess than
about 40 [err] 25[err]C to formtwo phases and subsequent |y

separating the ShBsEantiplly puney arpmatic hydrogqgrbong sinchoasi bengene
i ncl udes a procasad teludre production of lubricant oil from an

aromati ¢ cont ai ni ng . etrol.eum. fraction, conpri.si contacting.the
pet r ol eum fra%?*%r?’{ﬂoct = J%OP\?‘Q&’-"B% 3 Rﬁﬁagﬁé“b‘i
nor e et héeedaterks haiddmgidn theelububeantidoildny diasgest r The25

constant kess 't faadsbecks Hayl Hypicd1N§ bbiprisd Hyddda¥tidn having about

conditions, produgj a reuati,cs, keduce af finate .produci .
DETAl LED DESCRI BTPRRIBE (e EEE%EN?‘? é&?qntt apdcasfifal Poliing
Hydr ocar bons whpeknhegf Ab®BY A1N0EF 45837C) npantickdarly thope diawingfa t he
grese{ltd! n;/_elnltltsan wd?.éwdﬁf)wcw-:@bbr (37:}%:3!‘ rcaC&bsgerPééé‘gsq B¥st
irect distillatio rmal or ca c ,cracking or R
hydr ocr acki ng. ?ﬁﬁgﬁ %[%?%ﬁr??tmnsl BW‘%&‘%% é'rebﬁéﬂg% Egn?épn? ng
hydrocar 80n oi | (899%C) dies 1000°F (&BBS8FCY he Bwsecdistitlate Dhibriwmant esent
invention yiel dgtocks are usually referred to as neutrals and are the
distillate fractions of the vacuum tower.

Solvent Extraction
Solvent extraction is conducted by contacting the
15 distillate fraction with a selective solvent. 8ince the
feedstock contains aromatics usually ranging from at least
about 25 wt.%, specifically from 25 to 80 wt.$% and more
specifically from 30 wt.% to 60 wt%, the feedstock is
initially subjected to an extraction step. Extraction
20 utilizes a solvent which is selective for aromatics, such
as furfural, and removes the aromatics which contribute to
poor stability and VI.
The solvent extraction is conducted with a solvent to
oil ratio in the range of from about 0.5:1 to 10:1, such as
25 in the range of from about 0.75:1 to 5:1, depending on the
feedstock. '
The operating conditions for furfural extraction cover
a temperature range of about 75°F (24°C) to about 350°F
(177°C), preferably from about 100°F (38°C) to 325°F (163°C)
30 and more preferably from about 125°F(52°C) to 300°F(149°C).
. The yield in terms of volume percent typically ranges from
30 to 80. The operation may be condudted as a batch or
. continuous operation.
The characteristics of the product of solvent
35 extraction are very important, and consideration of the
solvent extraction conditions coupled with the choice of
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- 3- substantially pure aromatic hydrocarbons such as benzene
and tol uene. This process is particularly applicable to
paraffinic f eedst ocks boiling in the lubricant boiling range.” The 5

feedst ocks may_typically conprise hydrocarbons havi ng about
600[ err] F+ (31‘%‘[’%& initial boiling point and a final boi [qqéns“’%%‘
poi.nt of about 1100[err]F (593[err]C), particularly those having a

boili ng range of about 700[err]F (371[err44€) to 1050[err]F (566C), nost

preferably those fractions boiling in_the range of 750F 10 - 399[err] C
to-1000[ err] F ( 598fecip] Rgcessnras Foyiachieve: 8 gﬁﬁ‘?‘i‘%rﬂlth the d?éﬂﬂ%b are

usual |y referre¢iseositypcand &1, amkianm yield of high NI Ipridndtr det i ons of

t he vacuum t owe : actl . ol vent

extraction is C(%n 111'8?38 %’9 @n‘%%%fﬁ%%wfggam%isﬁ‘ﬁﬁ% e fraction with a
sel ective solvent. Thacresmting raffiinake: shpuld havea Forf s 18388 |y
rangi ng fgom at abgastt 85, i;eféﬂuny Fp M THe spematicaltedddednrdzinate W . %

and nore eci.fical]ly froom3 .%1tq..60 % th eedst o
initially subj -EhRgif cantaln *cﬂ??% ‘é‘:’?agg‘?t Borpedt, °'“Z§‘£°s' &ﬁﬁ%f@g’lx
sol vent whi ch | sanglingt fvom faboulr Athttiac S0 wich, even more mrdfierablyaftom

renoves the aroqglbpgSyhgch contribute to poor stability and VI.

Th | ven Xtr [ | n Wi l_Lven
e solvent extract 8ﬁe 2x€§£clggﬁ§jma§: eapggfogmédté§ conventional

10 means, such as in a multistage countercurrent system, in a
column with packing material or provided with perforated
plates or in a column with a rotating shaft provided with
discs.

Solvent .

15 The process of the present invention involves the
addition of one or more ethers and/or aldehydes to furfural
to enhance its extraction‘performance. In particnlar,'
aliphatic ethers, glycol ethers, aromatic ethers, cyclic
ethers and diethers, and aromatic aldehydes, have a high

20 capacity for aromatics as well as paraffins in lube
distillates and are miscible with lube distillates at
temperatures as low as 100°F.

The ability of solvent to solvate ions is determined

. by it's polarity, which is usually reported as a dielectric

25 constant. A highly polar solvent has a high dielectric
constant. Ethers and aldehydes for use as co-solvents in
the process of the present invention preferably have a
dielectric constant € 25°C of less than about 40,
preferably less than about 30, more preferably less than

30 about 20 and even more preferably less than about 10.

The process of the present invention involves the
addition of small volumes of one or more co-solvents to
furfural to enhance the extraction performance. Suitable
co-solvents include aliphatic ethers such as dibutyl ether

35 and tertiary amyl methyl ether (TAME); glycol ethers such

. as monoglyme, ethylene glycol diethylether (ethyl glyme)



oil ratio in the range of fromabout 0.5:1 to 10:1, such as 25 in the
range of from about 0.75:1 to 5:1, depending on the f eedst ock.

The operating conditions for furfural extraction cover a tenperature
range of about 75F (24[err]C) to about 350[err]F (177[err] O,
preferably from about 100[err]F (38[err]C) to 325F (163C) 30 re
preferably froYREEEN! 125[err] F(52C) to 300F(149[err]C). PCT’“?ﬂazlqﬁzgl d
in ternms of volunme percent typically ranges from 30 to 80. The
operat.ion may be conducted as a batch or =5= cont i nuous operation.

The characteristics of the product of solvent 35 extraction are ver

i mportant, and sbés@iethylene eflyced monoethyd| other i aronatic, ethryF: FY

coupl ed with thggChetESxPbenzene (anisole)h@7é0838enzene (phenetole);
PCT/ US96/ 13756 ¢ )

. -4- eegl..l
necessary to acRYEVECeHPeRR @ HiSthRES 8UFP RS tetranyaro ongy?gﬁg?Vl,
maxi mum yi el d ofi,Ai ghoxane ranfld, 3 dioxolane;carenatic plighydes gucheas
extractiog Sevebbh¥a1d3h¥Fe and séﬁh%?ﬂﬁiabhyﬂé;réﬂdﬂﬁﬁ%ﬂhﬁﬁﬁoﬁhérbate a Vi

Choul d cont ai n SebEBol hei TAPGH Same, SRAERELS Groravaty Shd"Ehead | 1C1C

from about 10 tdiélewtrit earestanhss preferably from 10-20 wt. %
IABLE 1
Dielectric | Density @ 20°c Boiling
constant gl/cc oint °F/C
@ _25°c
Dibutyl Ether 3.06 0.764 288/142
10 TAME i 0.77 185/85
Monoglyme 7.2 0.868 185/85
‘Ethyl Glyme 0.842 250/121
Diethylene 0.999 395/202
Glycol

15 Monoethyl Ether ) ,

) An_:!._s_g}e 4.33 0.996 311/155
THF 7.39 0.888 150/66 |

1,4 Dioxane . 2.21 _1.034 212/100
1,3 Dioxolane 7.34 1.060 167/75
20 Benzaldehyde 19 1.044 352/178
Saligz}aldehyde 17 1.146 386/197

Generally, the co-solvent is added in an amount less
than about 35 vol.% based on total solvent, such as less
than about 25 vol.% based on total solvent, less than about

25 15 vol.% based on total solvent and less than about 10
vol.% based on total solvent, depending on the feedstock.
For example, a 5 vol.% co~solvent/95 vol% furfural blend
may be used in the extraction process of the present
invention when the feedstock is Arab Light heavy neutral
30 distillate. :



The extractions may be performed by conventional 10 means, such as in a

mul tistage countercurrent system in a colum w th packing materi al
or provided with perforated plates or in a colum with a rotating
shaft provided with di scs. Sol vent 15 The process
of the present_jnvention involves the addition of one or nore ethers
and/ or al dehyd¥@¥8%% ¢ ur al to enhance its extracti onPPEPP¥AABACe.
In particular, al i phatic ethers, glycol ethers, aromafic ethers,
cyclic ethers and diethers, and aragatic al dehydes, have a high 20
capacity for aromatics as well as paraffins in |ube distillates and
are niscible with | ufe-gpiventsitfar aise in the prpeeas wLsthe prasert
100[ err]F. inventiohh8188i have/ £bl RN boiats hVekée e |oF diaaf M ned
C

by it's polarit wWhi LS | y repor S di el ectri

constant. A hi éﬁﬂ";‘/‘tpgﬁa{“s%?%n )ﬁﬁgf%&'#ﬁyhg igP%c’E?'P-%e of from about,75
Et hers and al defepd290fCr and emare Erefizrablys innthe: rangd of Froae abouft 106
present igventi gy RH&k@rably have a . dielectric constant [err]
25[err] C of |ess than about . 40, preferably | ess than about 30, nore
preferably |ess thanTBg addigipn oD Fankeldentsppruch as PHD \to Euriurad

about 10. improveghétercspacityf fdic axteactionVebidiat I8 fem e
addi tion of S”H'd'is‘éihﬂﬁés%i%@ﬁ@ fing%éi%'c%‘i@ié%to furfural to
p ul t'abl e

enhance the extraction perfornmance. 0-sol vents incl ude
ali phatic ethers sucHe8sofi eorselvanks izs furfuzal extractiommay riscrease

et her (TABE); gltheokratElinate Spidld at thelsaiieeglffifate Xt iVe/ ANdex
di et hyl et her (e%5i5.9|¥ﬂg)process of the present invention also allows for
retrofitting existing equipment.

The addition of the co-solvents of the present .
invention also reduces the temperature of miscibility of

15 the resultant furfural/co-solvent blend with the organic
compound mixture compared to furfural alone. The
temperature of miscibility of the solvent and the oil is
defined as the temperature at which the solvent and the
distillate are miscible in all proportions.

20 An additional advantage of the furfural/co-solvent
mixtures of the present invention is that to reach the same
extraction result as when using furfural alone the
necessary quantity of furfural/co-solvent may be smaller.

At the same selectivity as furfural, the furfural/co-

25 solvent mixtures of the present invention generally have a
better solvency than furfural alone. For example, when
high boiling hydrocarbon 0il distillates or residual
hydrocarbon oil fractions are to be extracted, the solvency
of furfural fails and relatively high solvent ratios have

30 to be applied.

Another advantage of the present invention is the
somewhat higher solvency of the furfural/co-solvent
mixtures renders it possible to perform extraction at lower
temperatures than with furfural alone. Operation at lower

'35 temperature prevents undesirable conversions of thermally
unstable compounds present in the mixture and enables the
separation of any such products formed more efficiently..
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and di et hyl ene gl ycol nonoethyl ether; aromatic ethers such as

nmet hoxybenzene (ani sol e) and et hoxybenzene (phenetol e); cyclic
ethers and di ethers such as tetrahydrofuran (THF), 1, 4 di oxane and
1, 3 di oxol ane;_ aromati c al dehydes such as 5 benzaldehyde and

sal i cyl al dehya'éo YR ni xt ures” t her eof . Table 1 bel ow PFIUSIGTE
suitabl e co-solvents and their di el ectric constants.

Dielectric Density @ 20C Boiling =7=- Const ant
g/ cc Point [err]F/C @25[err]C

Di butyl Ether Fhes following examples 111“51:1'32?88)"-!421’!96358 of the TAME
0.77 piéeddlit invention. Monogl yne 0. 868
185/ 85 Et 84 250/ 121
Di ethyl ene ﬂlyab %i%'ﬂ% herggléeutral dls%‘g}&ﬂ%ﬁ l?iavmg the a ycol
15 Mbonoet tgroperfes as set forth /peloW cin Table 24 8a8s used for €addo6
311/ 155 5 extractlo'ﬂ‘“ixample. 7.39 0. 888 150/ 66
1,4 Dt oxane 2.21 1.034 212/ 100 1,3

Di oxol ane 7.34 1. 060 - 167/ 75



20 Benzal dehyde 19 1. 044 352/ 178

Sal i cyl al dehyde 17 1.146 386/ 197
Cenerally, the co-solvent is added in an anmount |ess t han about 35
vol . % based on total solvent, such as |ess ‘than about 25 vol . % based
on total solvent, |ess than about 25 15 vol . % based on total sol vent
and | ess thanvgBSL %o vol . % based on total sol vent, d@ﬂ@ﬁﬁ?ﬁﬁ“%n
t he feedstock. For exanple, a 5 vol. % co-solvent/95 vol % furfura
bl end may be used in the extracti ofg-process of the present
I nventi on when the feedstock is Arab Light heavy neutral 30 distillate.
WD.97/ 09291 IABLE. 2 PCT/ US96/ 13756
Co-solvents for use in the process of the present i nvention al so
have a boiling point inpidjserttid dff Ara®Light H Ueuttkal10 piglitiaté.,
preferably int TTOom apour /5
preferably in the rangmrgﬁi e ndex on 5 to 175&.5062 he
addi tion of co-polvents, awgheeavikl, to furfyral 18.8
5 Rinematic Viscosity @ 100°C | 18.07 ¢S
Kinematic Viscosity @ 300°F 6.036 cS
Total Sulfur 2.9 wt.%
Aliphatic Sulfur 0.40 wt.%
Total Nitregen 1200 ppm
10 Basic Nitrogen 311 ppm
Paraffins . 12.2 wt.%
Mono Napthenes 5.5 wt.%
Poly Naphthenes 17.1 wt.%
Aromatics _ 65.2 wt.% ﬂ




I nproves its capacity for extraction of aromatics from | ube

distillates without loss in selectivity. Use of co-solvents in
furfural extraction may increase 10 the raffinate yield at the sane
raffinate refractive index (RI'). The process of the present

I nvention alsQ allows for retrofitting existing equ

The addition ?Wéﬂ%o-solvents of the presegt gin&en??@ﬂh%ﬁ%%pss
reduces the tenperature of mscibility of 15 t he resul tant
furfural/co-solvent blend with the organr@=- conpound m xture conpared
to furfural alone. The t enper at ur e of niscibilitﬁ of the_so|vent

and the oil is Foxjgagh: furfurpd/cersrlvent dlandfia: be; kested 2Hraled
the di stétdqe atich Extradtdonwas | p@ropriidd Qs a dhe liter AN

addi tional advant 0 e furfur - ' o}

present invent i%?lg’?%et?%aéfafs %‘éfgﬁ%ﬁégsﬁgﬁﬂ“' @ﬁprrg’cé%%gi s% éh‘gcs
when usi ng fur fef dtheAwab (Idght heavy.neutral \digkiklate were heated and
furfural /go-sol ysidedBints t3E ldx®raction apparatus (Saventewag! addedity as

furfutal, the furfural /co-_ 25 . al yen L X f t invention
general |y have Bhe vessel &q g’w?olt@ négsi'ﬂ%% #gujl:‘fu tgltéaﬂgg:n«g&gﬁ%? exanpl e,
when hi ghobreent raf hyelage rekiok| ofii 511} |2ikangd 3:dsi dlhese
hydrocarbon oi | {64 | £F8 de 19e re¥bfPEd OCb ddCL60Y,V2D0% and 3009
furfural fails an relané)‘l?veé/ hi g ol vggt ratios have 30 ho ge

appl i €d. sofvent, 4o5age) 1, an THESEF2TEL L IS BRFSAEPER 78 ( he
sonmewhat 10i gher tempexacyres ranging freml 200-230%93-110°C) i xengeheender s
it possible to pEré{Qd SXIdSRldrt) atld bPYeFeached th&E@&dlc#ies than with

conver oi ons. of FREPRERFSTer tne xtizg, was ARLERERY ok o BirH e R oehy A0 e
and enabl es therpm. Aftepagitahion, &he mixtupe odretallowedetonsgettle
efficiently.  gor 15 minutes at the extraction temperature and separted

15 into a raffinate and extract phase.

The two phases were weighed to ensure material balance
closure. The solvent was stripped from the extract and
raffinate with nitrogen under vacuum. The stripped
raffinate and extract phases were weighed and the raffinate

20 yield was obtained. Final raffinate samples were analyzed
for API gravity and Refractive index (RI). ' API gravity was
measured on the final extracts.

In Examples 1-3, furfural was used alone. The
furfural/co~-solvent blends tested were furfural/dibutyl

25 ether (Examples 4-6), furfural/TAME (Examples 7-12),
furfural/moncglyme (Examples 13-18), furfural/ethyl glyme
(Examples 19-21), furfural/diethylene glycol monoethyl
ether (Examples 22-25), furfural/THF (Examples 26-34),
furfural/anisole (Examples 35-38), furfural/l,4 dioxane
30 (Examples 39-41), furfural/l,3 dioxolane (Examples 42-44),
furfural/benzaldehyde (Examples 45-46) and furfural/
- salicylaldehyde (Examples 47-48). Vol.% furfural/vol.% co-
solvent, extraction temperature and solvent dosage for each
. example are set forth in Table 3.
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tenperature, the mxture was agitated for 5 m nutes at 1000

After agitation, the mxture was allowed to settle
the extraction tenperature and separted 15
phase. The two phases were weighed to ensure material bal ance

cl osure. The solvent was stripped fromthe extract and
Wi th nitrogen W8MReicuum The stri pped
phases were wei ghed and the raffinate 20

raffinate sanples were analyz
(RI). API gravity was

I n.Exanples 1-3, furfural was used al one.
bl ends tested were furfural/dlbutyl

furfural / TAME (Exanpl es 7-12)
furfural/ethyl glyne
nonoet hyl et her (Exany
furfural /ani sol e (Exanpl es 38
39-41), furfural/1,3 dioxol ar
furfural /benzal dehyde (Exanpl
(Exanples 47-48). Vol . % furf
tenperature and sol vent dosag
Tabl e 3.

ed

rpm

for 15 m nutes at
into a raffinate and extract

raffi nate

raf fi nat e and REIVUSGN3I756
yi el d was obtai ned. Final
for ABL gravity and Refractive index

neasured on the final
‘The

%0

25

extracts.

furfural/co-sol vent
ether (Exanples 4-6),

210 (99)
210 (99)
210(99)
210(99)
210(99)
210 (99)
201 (94)
201 (94)
205 (96)
205 (96)

95 volg Furf/5 vol% 1,4 Dioxane
95 vol% Furf/5 vol% 1,4 Dioxane

95 vol% Furf/5 vol% 1,4 Dioxane

90 vol% Furf/10 vol% 1,3 Dioxane

90 vol% Furf/10 vol$ 1,3 Dioxane

90 vol% Furf/1l0 vol% 1,3 Dioxane
90 vol% Furf/10 vol% Benzaldehyde

———

90 vol% Furf/10 vol% Benzaldehyde

90 vol% Furf/10 vol% Salicylaldehyde
30 vold Furf/10 vold Salicylaldehyde

fred( Exanpl es 13-18),
iflet hyl ene gl ycol

anpl es 26-34),

39
40
41

42
43
44

45
46
47
48

sal i cyl al dehyde
extraction
set forth in
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The results from the batch extraction examples are
shown below in Table 4. Commercially, lube extraction units
are operated to a RI specification since for a particular
lube crude and type of refining process, raffinate RI

5 " correlates with the viscosity index (VI) of the dewaxed oil
(DWO), with lower RI corresponding to higher VI. Analysis
of the data in Table 4 shows that for extraction the
furfural/co-solvent blends are more effective than furfural
alone, resulting in a 2-3 volume % improvement in raffinate

10 ield at constant raffinate RI.
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petrol eum fraction with a solvent conprising furfural and one or

nore et hers and/ or al dehydes, preferably having a dielectric
constant | ess than about 40 @25[err]C, under extraction conditions,
produci ng an aromatics reduced 15 raffi nate product. The co-sol vent
may have a dielectric constant | ess than about 30 @25C. The

co-sol vent mayV@909291 haye a3 dielectric constant |ess than aRSHUSIIEL5C,
The co-solvent may have a dielectric constant |ess than about

10" @25C. The co-solvent may be in an anegypd in the range 20 of | ess
than 35 vol.%total solvent. The process of the present

i nventi on may have aln summationpetheupresent hinventjeonopbrovideabauprsteds

about 350[ err] Feor the separatioWOo2’40822dure of i
PCT/ US96/ 13756 P e of orgapic compounds which

Caim1l. A et G¥FPGisessantacking thes oxganiq saupound mixtyrgowhthnd xt ur e
conpri si ng t he mixed cdolvemtacompyisling furfural gard oneoBgomdgentsture with
a m xed s®l vent gSPr@itsS| f I r e r
aldehydesgto fo?é%tvw#é%Iy&efégﬁgégsgsgﬁﬁagzggg%{|négfhggégggég #%3 EHQ?

f or med. about 44€,25°¢, tALoER NP Rhases ajd: subseguentlvinere t he
separating the phases that formed.

The present invention further provides a process
for the production of lubricant oil from an aromatic
10 containing petroleum fraction comprising contacting the
petroleum fraction with a solvent comprising furfural and
one or more ethers and/or aldehydes, preferably having a
dielectric constant less than about 40 @ 25°C, under
extraction conditions, producing an aromatics reduced
15 raffinate product. The co-solvent may have a dielectric
constant less than about 30 @ 25°C. The co-solvent may
have a dielectric constant less than about 20 @ 25°C. The
co-solvent may have a dielectric constant less than about
10 @ 25°C. The co-solvent may be in an amount in the range
20 of less than 35 vol.% total solvent.
The process of the present invention may have a .
temperature in the range of from about 75 to about 350°F.



ether or al dehyde has a dielectric constant of |ess than about 40 at

a tenperature of 25[err]C 10 Caim3. The nethod according to
claim1l1, where the ether is selected fromthe group consisting of

al i phatic ethers, glycol ethers, aromatic ethers and cyclic ethers,
and the al dehyde | n aromati c al dehyde. Claim4. The nethod
according to c %’Wﬂ%ﬁ‘ where the 15 ether is selected i s FEOME ﬁfroup
consi sting of dibutyl ether, tertiary anyl nethyl ether, nonoglyne,
et hyl gl yne, di et hyl ene gl ycol nomd®thyl ether, anisole, phenetole,
tetrahydrof uran, di oxane, dioxal ane; and the al dehyde is sel ected
fromthe group consisting of benzal dehyd&%szo sal i cyl al dehyde.

Claimb5. A nmethod faldine Kepa siethodofornntive gseparation ofCanpoyganie Xt ure

conprising the ' i DS g i Ce C ' re with
a m xed sol venté‘éﬁ%ﬂ%%&g‘e %%mi’ggﬁﬁlr‘%lt%ené% ogfr %%%gg@oﬁ#or e
conmpounds sel ecexgps: compgqund mjxtyreuwithimixed) sylvent gomprisings and

cycl } c 3 "dp@EAEF#] tehd Gni@ 040 mbRasetherd (b Rictydes the caPaSeFo t hat
are 10orned.

. Caim6. T et hod cqrdin o cl.aim5, where
the ar orBR890%4 (Rd BedaRabing' B Maeqn el e fobpbatsg
constant of |less than 40 at 25[err]C i :
Claim 2. The method according to claim 1, where the
ether or aldehyde has a dielectric constant of less than

about 40 at a temperature of 25¢C.

10 Claim 3. The method according to claim 1, where the
ether is selected from the group consisting of aliphatic
ethers, glycol ethers, aromatic ethers and cyclic ethers,

" and the aldehyde is an aromatic aldehyde.

Claim 4. The method according to claim 1, where the
15 ether is selected is from the group 'consisting of dibutyl
ether, tertiary amyl methyl ether, monogiyme', .ethyl glyme,
diethylene glycol monocethyl ether, anisole, phenetole,
tetrahydrofuran, dioxane, dioxalane; and the aldehyde is
selected from the group consisting of benzaldehyde and
20 salicylaldehyde. '

Claim 5. A method for the separation of an organic
compound mixture comprising the step of contacting the
organic compound mixture with a mixed solvent comprising
furfural and one or more one Or more compounds selected

25 from the group consisting of aromatic ethers and cyclic
diethers to form two phases; and sepai'ating the phases that
are formed.

Claim 6. The method according to claim 5, where the
aromatic ether and cyclic diether have a dielectric
30 constant of less than 40 at 25<C.

* [~ L M $ *
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-19- Claim7. The nethod according to claimb5, where the
aromatic ether is selected fromthe group consisting of ani sol e and
phenetol e; and the cyclic diether is selected fromthe group

consi sting of_dioxane and di oxal ane. 5 Claim8. A nethod for the
separation of W7 Ani ¢ conpound m xture conprising PHEU 738
contacting the organi ¢ conmpound m xture with a m xed sol vent

conpri si ng furfural and one or no+Ee<onpounds sel ected fromthe
grbup consisting of aliphatic ethers and glycol ethers to form 10

twp phases; and sepd@laimg.t hEhehuetbod haccerdinteedlaim 5, where thel ai m
i ool others hesiasind thef bThE1e806 CtcH the group LBRALLELRy 6E S and
gl ycol ethers hav ielectric . onst an S a

S5lers] G anisole and phenetoler.and Y craldcaMigEReT s Rekectel: o
the 15 al i pfreon chet lgroupsconsistingfoHdidkany eand dioxalanaeg of

di butyl ether-and tertiary anyl nethyl ether, and the gl ycol ether

|5 setected from the.groug cogsl St Sy ene sesIARIbHSE Sh MkodhiC® "0
compound mixture comprising the step of contacting the
organic compound mixture with a mixed solvent comprising
furfural and one or more compounds selected from the group
consisting of aliphatic ethers and glycol ethers to form
10 two phases; and separating the phases that are formed.

Claim 9. The method according to claim 8, where the
aliphatic ethers and glycol ethers have a dielectric
constant of less than 40 at 25¢C.

_ Claim 10. The method according to claim 8, where the
15 aliphatic ether is selected from the group consisting of
dibutyl ether and tertiary amyl methyl ether, and the
glycol ether is selected from the group consisting of
monoglyme, ethyl glyme and diethylene glycol monoethyl
ether.

20 Claim 11. A method for the separation of an organic
compound mixture comprising the step of contacting the _
organic compound mixture with a mixed solvent comprising
furfural and one or more aromatic aldehydes to form two
phases; and separating the phases that are formed.

25 Claim 12. -The method according to claim 11, where the
aromatic aldehyde has a dielectric constant of less than
s about 40 at a temperature of 25¢C.
’ Claim 13. The method according to claim 11, where the

aromatic aldehyde is benzaldehyde or salicylaldehyde.

T



et her.

20 . ‘daim11l. A method for the separationgpfo é® Bronic .

conmpound m xture conprising the step of contacting the sTEpfanic
conmpound m xture wi-th a m xed sol vent conpri sing ~ furfural and one or
‘more aromati ¢ al dehydes to.formtwo phases; and separ at S

phases that ar# fornmed. - 25 Claim 12. The met hod accl
claim1l, where PET arwnmmmem SRGANIATIONeCt i C O\
erature o

| ess t han about 40 at a te 50C. : | '
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