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MJTAGENI Cl TY, At agenicity of a lubricating oil extract, pegisdsndst | NK
oil and procéss orl “for tire manufacture, obtained by sol vent " extractron of.
vacuum di stillates or vacuumresids, is 5 reduced by sel ectively

re-extracting the lubricating oil extract tolvrenove 3-7 ring pol ynucl ear
aromatics. Solvent extraction of lube distillates and de-asphalted oils
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function of the 3-7 ring polynuclear aromatic content in the extract. Due
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exposure to ro ean tire
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the more carcinogenic products produced in the refining of petroleum.
Recently, there has been growing concern over public and worker exposure to the
- polynuclear aromatics (PNA's) from distillate aromatic extracts (DAE's) used in the tire
industry. Untreated lube extracts derived from vacuum distillates have been
20 demonstrated to produce a number of tumors in mouse skin painting bioassays, and as
- such they are labeled "May Cause Cancer" in the European Union.

The mutagenicity of lube extracts is believed to be a function of the 3-7 ring
polynuclear aromatic content in the extract. Due to concerns for worker exposure to
these carcinogenic extracts, public exposure to road-side tire dust and used tires, the

25 European tire industry is interested in converting from using the currently available toxic
DAE's to non-toxic DAE's.

Since petroleum refiners that market these products must provide labels outlining
potential risks associated with the use of these products, there is a significant incentive to
upgrade DAE's to make them non-carcinogenic.

30 The EU utilizes the polycyclic aromatic (PCA) content of DAE's as an indication
of their toxicity, as measured by a gravimetric test, IP346. For treated DAE's the EU



30 The EU utilizes the polycyclic aromatic (.PCA) content of
DAE' s as angl 6l jon of their toxicity, as neasured by a gray ric
test, [P346wtgghr’&ﬁ§eat ed DAE's the EU ~ WD 98/ 44075 N
PCT/ US98102562 -2- requires the PCA content of the product as neasured by
| P346 to be below 3 weight % for non-toxic |abeling. The nut.agenicity of
petroleumdistillates may ‘al so be neasured @n a Mutagenicity Index (M1.)
scal e via an ASTM approved procedure called the Mdified Ares Assay, as 5
described in réjuirds thie PQA Contentnofishe produyt asfméxstred by UR34% txt be bedow Grweight %
Fractions using a Modjfied Sal nonella Miutagenicity Assay", by G R.

Bl ackburn, CeﬁPr‘EmwabﬂhﬂngOXi cology 2, pp. 63-84, 1986 and U.S. Patent

4,499, 187, the enti Ef/,\@?eﬁa ' .
reference. Cur rent"LI?)‘gl I'C el‘i\gﬁ t?gfp LS. |'s£§tﬂg{é§t gﬂﬁsgggaé%gﬁﬁ%ﬂ a%g{aggtgcuy
less than | f pyderqNEL padaie vidhe ASTM-apProved procedure calll the Modifled>Amds Alssdy] a5m
the foll ow ng exanpl es, a PCA content of 3 W% accp}rﬂg’i‘tng to | P346, does
not nedessari Hoscaibed in"Predigting ¢¥°@P8W°‘M°f§¢€9(ieﬂﬂﬂals_ o8 Rragtions ysinga.

requi renent i Ny . | e nl 1"%‘ frg S .. cal
eval uati on of Mﬁ'éﬁgg*@ﬁﬁél%oﬁﬂégﬁ“p&gs&%ﬁ\yy&|%n§ “vac u%% of
DAE' s has beeTosiRBRgs! 2,3pe 63184, 986 ol U.SC Patent 4,999,187, theleritire contegits BEwhich
content below 3 w% since the boiling points of pany _of the PCA's fal]
wi thin the sasee hesehydneprperatad byrrefesencge Currentpalicy intbe AL B is that the;mepsupedss s
oils to be pr C | 1,56, LhAat i CA's to reduce toxicity has
been shown toRg'g' 'ﬁ‘?‘tlb%?]%ggg&ﬁgf@gékg%ﬂ}gaisn reduction in MI. can be

obt ai ned by oxi dat iAzrwilltbeevideit@binahe followirg éxainples,d PCA donten of Bevttk, oduct s
within the non-toxic ran&eéé 20 ) One nethod of treating process
oils to reducaceosdingtnIRI4¢: dogs no ngeessarily,equaetoprMd. of . Yghould beneted-that

01 Tess than DeRyREnlRERtish AEMRER ofe, ok U s Bt it A pfiricelaRRRGT)
distillate byoffmtagenioity bfémplésh a pol ar solvent in a counter-current
extraction colum, such that the volume ratio of the primary extract to the
pol ar sol vent is i fonMentionplwaceym stripping of DAE's has been demonstrated to be ineffective
15 in reducing PCA content below 3 wt%, since the boiling points of many of the PCA's fall
within the same range as that of the desireable components of the process oils to be
produced. Likewise,; oxidation of PCA's to reduce toxicity has been shown to be of
limited effect. While some reduction in MLI. can be obtained by oxidation, the reduction
is insufficient to bring the products within the non-toxic range.
20 - One method of treating process oils to reduce the PCA content is described in EP
0417 980 Al, wherein process oils with an aromatic content of more than 50 wt% and a
PCA content of less than 3 wt% are prepared from a primary extract of a lubricating oil
distillate by re-extracting with a polar solvent in a counter-current extraction column,
such that the volume ratio of the primary extract to the polar solvent is in the range of
25 from 1:1 to 1:1.8. Notably, the polar solvent used for the re-extraction is the same
solvent utilized in the initial extraction step.
Disadvantageously, according to EP 0 417 980 Al, the temperature in the head
region of the extraction column must be at least 10°C higher than the temperature at the
bottom of the column, requiring careful monitoring and control of column temperature

30 differentials.
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counter-current extraction colum. 5 Summary of the Invention A
first object ofenipecatyeasenitoringandconsrol iof a countei-cryrent extractiopsalupinty of a

| ubricating oil extract, useful in ink oil and process oil for tire
manuf act ure, obtai ned by solvent extraction 'of vacuumdistillates or vacuum

resids, 5by sel %@!ﬁ!{néﬁwftf'@@{é%ﬁ&p“ ng the lubricating oil extract to renove
3-7 ring polyn . 10 A second object of the
present i nvention i g firstoljéos of thegresshtigeentiontisredficing thebmutagenicity afia lubricating t
by selectively re-extracfing thﬁ eé<tract .0, I enove ?f_? ri 0 gnu | ear
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t enper at ure nogj i 5’@5{%&- gl,lye[ XAl Y Qktih pr esent
i nvention is r%&%‘hﬁg{ e ‘&ﬁ'ﬂ%@%e&?’?y of a 1%@,‘ eg?%’&g%’ﬁtl ng %ﬁe
extract from alubficatingoilcestraeictoaembye 3+7 ring podyruckeddiaroimatict 0 an exi sting
unit. One enbodi nent of ';J’ue ,%éeig{ét Il nvention i.s egipr.ect ed to a.process of
reduci A8 t he Mit aged reRd obiert of the preseptinvention i3 reguping the mytagegicity of a
re-extracting . ' | ' : M\ ; TatTa | Q) vent,
di fferent fromﬁﬁbhggﬁgﬁg# éxg'%f& cstelﬁgirll%g%fevé&rﬁ#ntﬁ% orm aﬂég%lgg%éa%);’ raffinate

and a secondar polgmiciés arothatics iepesumtéramreheextmetionl eolymn afvithout teepénsiver 20
t he secondary extract mx;, and sipar at i n&:pt he secondary raffinate and the

secondary ext r tREpergture menitpring apd gontigl eguPMSAL- s o/ vent .

A third object of the present invention is reducing the mutagenicity of a
15 lubricating oil extract from a solvent extractor by a low cost addition to an existing unit.
One embodiment of the present invention is directed to a process of reducing the
Mutagenicity Index of a lubricating oil extract by re-extracting a lubricating oil extract
with a second extraction solvent, different from the first extraction solvent, to form a
secondary raffinate and a secondary extract mix; separating the secondary raffinate from
20 the secondary extract mix; and separating the secondary raffinate and the secondary
extract from said second extraction solvent.
In another embodiment, the present invention is directed to a process for reducing
the PCA content of a lubricating oil extract by re-extracting a lubricating oil extract with
a second extraction solvent, different from the first extraction solvent, to form a
25 secondary raffinate and a secondary extract mix; separating the secondary raffinate from
the secondary extract mix; and separating the secondary raffinate and the secondary
extract from the second extraction solvent. _
~ In another embodiment, the present invention is directed to a process for reducing
the PCA content of a lubricating oil extract by mixing an anti-solvent with a lubricating
30 oil extract mix from a solvent extractor to reduce the solvent capacity of the extraction



I n anot her enbodi nent, the present invention is directed.to a process for-
reduci ng tmommntent of a lubricating oil extract by re- echyiisohioig2 2
lubricating oil extract with a second extraction solvent, different from
the first extraction solvent, to forma 25 secondary raffinate and a,
secondary extract m x; separating the secondary raffinate fromthe
secondary extract m x; and separating the s&condary raffinate and the
secondary extract fromthe second extraction solvent. In another

enbodi ment , tsobvept ankincrenseiits selectivitysfor PCA, end mlmgﬁhmmlsfeftorfamkidtmlm; t he
PCA content of -a l.ubr | cat oi | extr an anti-solvent with a

| ubri cating gparation °tt“?“' comp WS Sh%‘%f’ Sextractor to reduce the
sol vent capacity of the extraction. WO 98/ 44075 :

PCT/ US98/ 02562 -4- sol vent and increase its selectivity for PCA's, and
cooling the gfiDes ~ phase separation of non-toxic conponents
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I n conjunction e acconpanyi ng draw ngs, all of which are given y

i |l ustration thehgconmpadying dravings, allrogwlﬂch@r@gwmbpﬂbmttomoﬂoemdmndﬂ gure 1
is a schematig .il) uz},ratlon of an, apparatus for pract|C| ng the first and 10
second enbodilfitatye WYSRONn ent i on, wherein a counter-current
extractor is provi endtic

schematic illust ralﬁ?gr '%Iaasgh appa?ﬂ?ﬁ“ﬁ?fﬁpaﬂ&a&gjﬂ%}l {tggn%ﬁ?%ﬁrrsrﬁofnent
of thm pr esersbcondmﬂodunents\bﬁmmpmsem inventionpwherein adoustemcumrentrextradiorésd i nt o
a streamof a gr sol vent extract qJ! o _ Figure 3 is a graph’
whi ch illust rpag H%‘h DSRLagtiofn s ment i onal vacuum stripping in

removing PCA's fr 'é:sﬁlsatgnatiémt&tauata%a@l i ttgtpﬁtﬁ the thfrd

ef fecti veness of selFective re-extraction acco sent
i nvention, i rembadimemof BE4refenvinvénion, wherein an antl-so]vent stream is introduced into a

g ';

 stream of a primary solvent extract.
15 Figure 3 is a graph which illustrates the effectiveness of conventional vacuum
stripping in removing PCA's from DAE.
Figure 4 is a graph which illustrates the effectiveness of selective re-extraction
according to the present invention, in removing PCA's from DAE.
‘Figure 5 is a graph which illustrates the effect of multiple re-extractions on
20 Mutagenicity Index of the extract phase.
Figure 6 is a graph demonstrating the correlation between measured M.1. and the

relative PCA content of various DAE's.

Detailed Description of the Invention
‘25 Further scope of applicability of the present inverition will become apparent from

the detailed description given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since various changes and modifications
within the spirit and scope of the invention will become apparent to those skilled in the

30 art from this detailed description.:



Fi.gure. 5 is a graph which illustrates the effect of multiple re-extractions -
on 20 . Mo Ysi ty | ndex of the extract phase. Figure 6 PCT/OSIR02562
denonstrating the correl ati on between neasured M1. and the relative PCA
content of various DAE s. Detail ed Description of the Invention 25
Further scope of applicability of the present invention will becone
apparent fromthe detailed description given>hereinafter. However, it
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PCT/ US98/ 02562 According to the first and second enbodi nents of the present
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extract fromsaid s Cli s ]
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solvent, enters the counter-current extraction columm 10, and sel ective
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t 20 | d,_which | PCA- | et | Lcatl i
oxt ract - whi cn SHpr 8 oufat-Bhetrt PSR E0pin, o, el selEfnG cB britilon Sles Bho!

15 within the column. A secondary raffinate stream 20 is separated, which is composed of a

PCA-depleted lubricating oil extract, which may be separated from the remaining
extraction solvents by conventional techniques, such as distillation or flash-off, and
utilized as the desired products discussed above; a non-toxic ink oil or a processing oil
for rubber manufacture. | |

20 The PCA's which are removed by the selective re-extraction process exit the
counter-current extraction column 10 in stream 19, along with a major amount of the
secondary extraction solvent, which may be removed by conventional techniques, such as
distillation or flash-off, and the secondary extraction solvent thus recovered may be
recycled into the system. '

25 Typically, the primary extraction solvent is one used in conventional solvent
extraction techniques, such as phenol, N-methylpyrrolidone (NMP) or furfural.

The secondary-extraction solvent is selected to be different from the first
extraction solvent, and is selected to have a higher dielectric constant (€) than that of the
primary extraction solvent. Suitable examples of a secondary extraction solvent within

30 the scope of the present invention include, but are not limited to dimethylsulfoxide
(DMSO), sulfolane and propylene carbonate. The dielectric constant of the secondary



- extraction solvents by conventional techniques, such as distillation or,
flash-of f, @b I zed as the desired products di scussed ab
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The PCA's which are rempved by the selective re-extraction process exit the

counter-current extraction colum 10 in stream 19, along with a major ‘
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PCT/ US98/ 02562 - 6Thedielestric cmstanﬂsmésﬁmempresmﬁgﬂvé salventdoare as follons: 80,
depending on the dielectric constant of the primary extraction solvent.
Additionally, the secondary extraction sol vent may be a m xed sol vent, so
long as the dielectric constant. of the mpXgpfgq IS 9reater than the
dielectric constant of the first 5 ‘TYt‘r'a‘ctlon sol vent. Such m xed
sol vengs include, but are nogolvedti t ed to NVP/ wat Ppgral / wat er,

NW et hyl ene glycol, furfural kgkipyl ene gl ycol and4 @eeycl ohexane. The

di el ectric constants of sone represent ative sol qut@zgsé as follows: TABLE

| 10 : t _ o @t C
furfural ' 46 C{&i@{ﬁféﬁ%ﬂ@%[errﬁ @seec’ B1ETP Lerrl

1@ 25°C
15 sulfolane ' 44 @ 25°C
: - ethyleneglycol = 412@25°C
water _ 77 @ 25°C
triethylene glycol 23.7@ 23°C
DMSO o -46.6 @ 25°C.
20

The polarity of the solvent is related to the ‘;alue of the dielectric constant;
therefore, the higher the diel_ectrié constant, the greater the polarity of the solvent.
Additionally, as is evident from the & values of furfural, the value of the dielectric
constant is sensitive to changes in temperature. Generally, an inverse relationship exists

25 . between dielectric constant_ and temperature, such that as temperature decreases, the
dielectric constant of a given solvent increases. Therefore, one manner-of adjusting the
dielectric constant of the secondary solvent according to the present invention is to cool
the secondary solvent, thus raising its dielectric constant.

In a third embodiment of the present invention, il_lusﬁrated.in Fig. 2, an anti-

30 solvent stream 16a is added to the lubricating oil extract- mix 15 exiting the solvent
extractor (not shown), which is cooled by a heat exchanger 17.

The thus mixed anti-solvent/lubricating oil extract streams enter the a settling

vessel 12 wherein they are separated into a PCA-lean phase 20 and a PCA-rich phase 19,

exiting the settling vessel.



phenol. S 9.8 @60[err] C propyl ene carbonate 65.1 @

25[ err] C 15WO 98/44075 sul f ol ane - PCPIYS98702562
25[err] C ethyl ene gl ycol 41.2 @25[err] C water
77 @25[err]C triethylene glycol 23.7 @23[err]C DVBO p

46.6 @25[err]C. 20 The polarity of the solwent is related to the value of
the dielectric constant; therefore, the higher the dielectric constant, the

greater the polari t,chﬁgd@gog,g R Lol HR3bleni@f o SeEMbA Gk b N 2
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one manner of ad ust i,n t ﬁﬁ@{ nt
according to t “;SYE%‘E t. ?ﬁ&g’ﬁﬂﬁﬁ vme%tfgﬂ{c?%gﬁ%ﬁdééss%g&gﬁ sol Vent, tghus
rai singsits dighafista goodUntilsdffent.| Otier E\htablt semmmmvm cbhhmmmsaré

i nvention, ill strated in Fig. 2, an anti - (ﬁl vent stream 16a is
added to the | AP watet, WPMYE@EFWW‘Q@@@TW@“W @‘esg?r\%ﬂﬂpléxt ract or
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anti-sol vent/ | ubri eans en e a set nglgvessel 12
wherein they anthodfiheit iﬁa?d:el da!-.:ly atldegfo xistingisohent dtrastion systenh; au relatipélp fow

19, exiting the settling vessel WD 98/ 44075

PCT/ US98/ 0256 308t/ - Accord| ng to the third enbodi nent, the anti-solvent is
sel ected such that s the s

extraci®on sol vent, g FERCESE gﬂé"é ésf' ﬁ?t\?ﬁ‘?&klké’rtﬁééﬂt}&tq@& tabﬁhe

E”t i -sol vent s ﬁlﬁn@%so?%édcdrﬁdaﬁ éﬁtﬁa@ﬁbxbéblwﬁdﬁelubﬁbati‘@ off extraet, i aglmige from 0Nt .
or exarrpl e, when furfural is used as the primary sol vent, | ene
to 2, more preferably from 0.3 to 1. Advantageously, the solvent treat may be reduced
substantially by lowering the temperature of the secondary extraction solvent, which
provides not only a benefit in using less solvent, but also generally increases the yield of
15 final product.
The temperature range for the selective re-extraction of the present invention may
range from about 0°C to 100°C, preferably from about 20°C to 65°C.
When utilizing a mixed solvent as the secondary extraction solvent, the ratio of
the solvents may range between 99:1 and 1:99, with the relative concentrations being
20 selected according to the dielectric constant of the mixed solvents.
According to the third embodiment of the present invention, the ratio of anti-

solvent to primary extraction solvent may range from 1:99 to 99:1, with the relative

concentrations being selected according to the dielectric constant of the

solvent/antisolvent mixture.
25. b
EXAMPLE
Batch extractions were conducted on two different DAE's: a 700 S.U.S. (700”)
furfural extract and a 450 S.U.S. (450) furfural extract. The extractions were
conducted at differing solvent treats and temperatures and were performed in a 1L
30 jacketed glass extraction apparatus. Some samples were successively extracted with

fresh solvent in order to simulate cross-current, multistage operation.



5 glycol is a good anti-solvent. Qher suitable sol.wvent/anti-sol vent
conbi nat i onggrgsfseeAMP/ Wat er, furfural |l propyl ene carbonate anGger )
furfural /sul folane, for exanple. As can be understood from Fig. ,%s,y tﬁgz_
materials necessary to effect the third enbodi nent may be easily added to

exi sting solvent extraction systens, at relatively |ow cost. 10 ‘
According to the process of the present inv&ntion, the solvent treat, i.e.
the volunme ratio of secondary extraction solvent:|lubricating oil extract,
may range from 0. 2Therelevantehsmicaband physigalpassmesers of shejtw % weresneasyred t he
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final product. The tenperature range for the selective re-extraction of the
present invention may range fromabout O[err]C to 100[err]C, preferably
fromabout 20[err]C to 65[err]C. Wen utilizing a m xed solvent. as the
secondary extraction solvent, the ratio of the solvents nay range between
99:1 and 1:99, with the relative concentrations being 20 - = selected
according to the dielectric constant of the m xed solvents. According to
the third enbodi ment of the present invention, the ratio of anti- solvent
to primary extraction solvent. may range from1:99 to 99:1, with the
relati ve concentrations being selected according to the dielectric constant
of the solvent/antisolvent m xture. 25 EXAMPLES Batch extracti.ons were
conducted on two different DAE's: a 700 S.U S. (700") furfural extract and
a 450 S. U S. (450") furfural extract. The extractions were conducted at
differing solvent treats and tenperatures and were.performed in a IL 30
jacketed gl ass extracti on apparatus. Sone sanples were successively
extracted -with fresh solvent -in order to sinulate cross-current, nultistage
operati on. WO 98/ 44075

PCT/ US98/ 02562



-8:. The relevant chenical and physical paraneters of the two DAE' s were
measur ed pri oWOi98/44875extraction in order to provide an appropr iFITAISISHES62 ne
for evaluation of the inventive process. The initial paraneters of the

DAE' s are presented in Table 11, bel ow WD 98/ 44075
PCT/ US98/ 02562 -9- TABLE Il 700" Extract 9. 450" Extract API
8. 45 10. 6 Pour Pt, F 53.2
Sul fur, wt% _ 4.8 . 4.2 Nitrogen,
ppm - 2300 TABLEH 1800 Basic N, ppm
- 467 kv 40 C, cS - 1983
_ kv 100 C, cS 36. 76 24. 16 | BP
685. 6 651. 2 5% - 700" Extract 450" Extract
766.6 10% API 8438.45 1005 30%
910. Pour Pt, F 857.3 50% 5§32 944
897.3 90% Sulfur, wt% 10164.8 £90.7 EP
1097 Nitrogen, ppfi94. 6 wt/o Aromatics 2300 1866 3
81.9 Mono- ar OMBFaGR N, ppm 14.3 . 463 O
D -aromatics 14. 3 7.9
Tri-aromatics kv40C, cS ' 10. 0 1983 8.9
Tetraaromatics kv100C,cS 5.1 36.76 5.6 24 16
Pent aromati cs 12. 3 11.0
1B 685.6 651.2
5% 797.5 766.6
10% 843 795
30% ' 910 8573
50% 944 897.3
90% 1016 990.7
EP _ 1097 1094.6
wt% Aromatics 893 - 81.9
Mono-aromatics 14.3 13.0
Di-aromatics 14.3 7.9
Tri-aromatics 10.0 8.9
Tetraaromatics _ 5.1 5.6
Pentaromatics ' 12.3 11.0
Aromatic Sulfur Compounds 11.7 6.7
Unidentified Aromatics _ 21.6 28.7
Mutagenicity Index 33 29
PCA by IP346, wt% : 17.4% 17.3%
5 Comparative Example A

In order to demonstrate the significance of the present' inventive process over the
conventional technique of vacuum stripping, the 450" extract was subjected to vacuum
stripping, and various cuts of product were obtained by stripping off the front end and
PCA contents were measured by IP346. Fig. 3 is a graph which illustrates that no

10 statistically significant decrease in PCA content is obtained by vacuum stripping. Even at
yields of only 39 vol% of stripped product, the PCA content is 17.1%, compared to
" 17.3% in the untreated DAE, which is within the statistical error of the test. This test



Aromatic Sul fur Conpounds 11.7 . 6.7 L
Uni denti fi tics 21.6 :

Mut ageni ci_tﬁ?ﬁgg? 3.3 %W%y

| P346, wt % 17. 4% 17.3% 5

Conparative Exanple A In order to denonstrate the significance of the
present inventive process over the conventdi®nal techni que of vacuum
stripping, the 450" extract was subjected to vacuum stri pping, and vari ous
cuts of prodimticatesrthatahe tixiePICASs as¢ distribiutes] thidughdnet the boiling pointrisige6fithe

contents were neasured by IP346. Fig. 3 is a graph which illustrates that
no 10 sAaP| extrach) | y significant decrease in PCA content is obtained by

vacuum stri ppi ng. i oS 9 o - t he
pea cont ent s 17 1ggie BFenk (U 0Wing eofiibe, 38 o Bludf¥ arklyHH RGP RN

wi thin the siuseéd iatordetito efore rapidly ebaludte she MIhoftheaatious sebéhddPy feffinabes. The
PCT/ US98/ 02562 i ndi cates that the toxic PCA s are distributed throughout
the bdiling giemativeangltical methodimeasugssithe relative concantrations. of PGATs) andhisg

exanpl es, an ' VA | used in order to
rmrgprapi dl ya@é}&?ﬂﬁ?ﬁbﬁg%ﬂﬂlﬁ%ﬁ?@f e %fﬁ%‘ﬁéﬂg@gs\ﬂ&arff raffinates. The 5
al ternative anal yFig 8lis agtdphdiempastating thé eornrelation betwesn medsredt M gndothe

PCA' s, and is applicable toogrU(Je oil, distillates, extracts, raffinates

and basest ocFkejativeiRCA gontents of varus extrasts: The comelation besween measureddviilnansh

measured M . ' Bﬁ\é Oﬂé‘? « O3 \egh r s. _The.

correl ation g%&vx\ggﬁ: Angé@hét\eaga ) .'Ean E’tée? g "vlgﬁ P{&@%S%?&ﬁ&%ggre@%§ge'd The
predijpted M hsihgtlﬂiregrbs‘sﬁﬁcbdiﬁﬁeﬁmlﬁgre. obt ai ned 10 usi ng the
regression equation in Fig. 6. Exanple I 200 nL of the 700" extract was

m xed with 400 nL of DMSO sol vent (200%treat ratio) in a IL glass
extraction agggiggqs. The m xture was heated to 250[ ERR]F (121[ERR]C), 15
vigorously s t 1000 rpmfor 25 mnutes and allowed to separate into

two phases. The | pofindsofithé 700MéEracewas inbiedveith 400 ML SFDMSOSoHRAER208%C UUM

to renove the DVBO, . ) )
treat ratio) in a 1L glass extraction apparatus. The mixture was heated to 250°F (121°C),

15 vigorously stirred at 1000 rpm for 25 minutes and allowed to separate into two phases.
The lighter raffinate was stripped with nitrogen under vacuum to. remove the DMSO,
resulting in a PCA-lean secondary raffinate which was 81 vol% (80 wt%) of the original
extract. The heavier PCA-rich secondary extract phase was also vacuum stripped of

| solvent, resulting in a PCA-rich extract which measured 20% of the original extract

20 volume. The M 1. of the secondary raffinate was determined by the Modified Ames

Assay test to be 1.5.

Example 2 _ .
200 mL of the 700" extract was mixed with 400 mL of DMSO in a 1L glass

25 extraction apparatus. The mixture was heated to 150°F (66°C) and vigorously stirred at
1000 rpm for 15 minutes and then allowed to separate into two phﬁses. The lighter
- secondary raffinate was stripped with nitrogen under vacuum to remove the DMSO,
resulting in 2 PCA-lean secondary raffinate which was 88 vé]% (87 wt%) of the original
extract volume. The M.1. of thé secondary raffinate was me;ts__ured as 1.5, which
30 represents a 50% reduction in M.1. with only a 12% yield loss by volume,



resulting in a PCA-lean secondary raffinate which was 81 vol % (80 w % of

t he origi nal Qo¥#75 The heavier PCA-rich secondary extract pRETESI8A2S62 SO
vacuum stri pped of solvent, resulting in a PCA-rich extract which nmeasured
20% of the original extract 20 volume. The M. of the secondary .
raffinate was determ ned by the Mddified Anes Assay test to be 1.5. Exanple
2 200 nL of the 700" extract was mixed with 300 nL of DMSOin a IL glass 25
extraction apparatus, The mi xtur S ateqd to 150[err]F (66[err]C) and
vigorously stirred a@“ﬁﬁb’éﬁm’&ﬁsi‘g‘},\ggm ’H‘Eﬂpg%s Land 2 thatthsreswiractioy temperatire
into two phase | : / o i . | i i en
under vacuum t ?)mly E&%ﬁéﬂ%gq%%? g%[ﬁ’/ tvfl ﬁ‘fé’t’f géglﬁjlg&?l ‘ggﬁé‘@g@%‘nﬁa@y&w bt fhd
raf finate whi cReswhdayGaffinhts (87 Wt % of the original extract volune. The
M1. of the secondary raffinate was neasured as 1.5, which 30 '
represents a 50%reduction in MI. with only a 12%yield | oss by vol une.

WO 98/ 44075 Example _

PCT/ US98/ 02562 ngly, it is clear fromExanples | and 2 that the
re-extraction tenperfgdniple way pfepareftanditrearddias in Bramplee] yad2, cexceptithat the
detrinment to the reduction in toxicity of ,the secgndar,y raffinate.

Exanpl e 3 A satgmperafice andiseat satiowere vatied, dg order to,determine whetherbpitep }'iSG&S@QBld
A : _ . : ; ;
whet her et tor PgoeR it fterflns o W/t Efamitd s WERE 1 Lo e BRAH TG the
10

Exanpl e 3, the rdlhtive PEA cBheflf.ct ed by the rel ative PCA content.

Experimental parameters and results for Exanples 1-3 are sunmarized in
Table 110, bel ow. T/ABperimestalpasargeters and resultgfor Examplesilcdpre sumpasized in Table

3(3\1/0 % g\gﬁ " 111, below. 1P£16d' [err] M. s Meas. 1 250[err]F  200%
TABLE 1II
_ y Yield . :
15 Ex.no, Temp. Treat  (vol%) (wi%) Pred.! MLI Meas’ ML
1 - 250°F  200% 81 80 1.4 1.5
2 - 150°F  200% 88 - 87 1.6 1.5
3 100°F  300% 88.3 87.1 1.1 -
'Predicted M.I. from relative PCA content
20 ’Measured M.1. from Modificd Ames Test
Examples 4-7
Examples 4-7 were prepared similarly to Examples 1-3, except that the 450"
extract was used as the untreated extract. A mixture of 300% DMSO0/100% cyclohexane
25 (treat relative to the sample volume) was used as the secondary extraction solvent, and

multiple extractions were performed. The number of extraction stages and the extraction

" temperatures were varied as indicated in Table I'V, below.



2 150[err]F  200% 88 87 1.6 -~ 1.5.3
1 OOF 30W6mws/44075 88. 3 87.1 1.1 - - pCPURo4 M. "
fromrelative PCA content 20 2Measured M 1. from Modified Anes
Test Exanples 4-7 Exanples 4-7 were prepared simlarly to Exanples 1-3, ‘
except that the 450" extract was used as the untreated extract. A mixture °
of 300% DMSQ 100% cycl ohexane 25 (tré‘a‘t relative to the sanple

vol une) was used as the secondary extraction solvent, and multiple
extractions were perfornmed. The nunber of extraction stages and the
extractlonterrperatures were varied as din Table IV, bel ow. WO
98/ 44075 m‘—“f ' PCT/ '/ US98/ 02562
-12- TABLE IV Yield Ex. No. stages Yislgp. (vol%) (M%) Pred. MI. Meas.

M. PCAY% ergd No. stages Telp.  (volte) (wt%)[ Préed ML Me3s M1 80pPLA%? 0. 72

306 6534 120[4 7] F35°F75[§E§325 6%)% 770(123;3 08 0. 48 63 2.5 7
. rr o 0

4 1 50[err F 466 036 - 03 2. 9 10

3PCA neasured ccor d| 3 5':346 2 g%?a d nstrate that pr ogtgct yield
may be increas€d by u |I| P nor e tr tlonsages at a | oner “

tenperature, W thaout . an increase in. tOXICIty as neasured by the PCA
conteMt. Fig. 5is Aﬂ'f%?“"?‘ﬂ’égﬁ cted M1. as a function of the number

of 15 : stages for 300% DVSQO 100% cycl ohexane extraction of the 450"
extract, as in Exaﬁp: l.
as to sinulate a nu %}géigﬁi §?sg§iééﬂﬁ?ﬁogﬁ !tﬁla' 6'2*%?8‘?;(3 Bﬁlﬁgé'ﬁ@r%l ot

in Fig. 5 derexfaitic tagesiani ldver telﬁgermr@fwndfauoxn increase if Poxicitys a8 friehéuted b
t he nunber of extraction stages. Myreqver, .in this case the neasured P

content of t ke BEAdeantent, Big Phwa plog phithe psedictad M.b s gduncting of theswmberof
15 stages for 300% DMSO/100% cyclohexane extraction of the 450" extract, as in Example

5. Each extraction stage employed fresh solvent, so as to simulate a multistage cross-
current extraction procedure. The plot in Fig. 5 demonstrates that the degree of
detoxification is sensitive _fo the number of extractioh stages. Moreover, in this case the
measured PCA content of the product from the 7-stage extraction met the below 3 wt%

20 limit for non-toxic treatéd extracts iri Europe, as well as the M.1. (0.3) met the less than 1
standard currently utilized in the U.S., at a product yield of 77 vol% (73 wt%).

.Examples 8 and 9 __
Treatment of Examples 8 and 9, using the 700" extract, is summarized in Table V,

25 | below. _
Extraction of 700" Extract with DMSO and DMSO/Cyciohexane

x.No.  Solvent Treat Temp Yield Pred Measd. PCA %'

Ml MI
8 DMSO 300% 75°F  73% 0.6 0.61 5.7
9 DMSO/C-H 300/100% 75°F 88%  0.76 03 6.2

30 “By IP346



20 © - limt for noen-toxic treated extracts in Europe, as well as the
MI1. (0.3) mwo98M#er®ess than | standard currently utilized in pdyusdseess2at
a product vyi.eld of 77 vol % (73 w% . Exanples 8 and 9 Treatnment of Exanples
8 and 9, using the 700" extract, is sunmarized in Table V, 25 bel ow.
TABLE V Extraction of 700" Extract wi th DVSO and DVSQ -Cycl ohexane Ex. No.
Sol vent Tr eat Tenp Yield Pr od 13- Measd. PCA % err] M

M 8 DVSO 00% F

5.7 9 DVSQ G- H Thess Q@e%dwatez@p{eﬁiﬁﬁie of %@w&meﬂ ancnon with 130 PM$O0

6.2 30

DCT/ Usos/ 02562 mppves the seleqiity ot solvellbfot BCAR £ad results in bigher productyields at
conj unction w tapprodtatelyhosante ddgeeessfl detuxificatipn.of t he sol vent for PCA' s and
results in hi gher product yields at approximately the sane degree of
detoxification. 5 Exanpl es 10 and 11 In Exanples 10 and 11, an
anti-solyent, q Mclql, was mxed with furfiural at a ratio of 70/30
(voI/voIs) fiir ‘glycol and used as the re-extraction solvent.
Exanpl e 10 utilized IhiBxahples 10ahd d¢]an m»gmmwmmememamhma
extract. Results are summarized in Table Vi mq?\glnd 10 TABLE VI Yield Ex.

No. Treat at §&He of 70/30 (vol/yphfurfiralisthylene g usedas the re-extractiomsoiwent.
100ferr] F Exﬁ%ngle 103%%1 the 450" ex act Whife é:?ample 11 utilized the 700" extr3&” Results

100[err] F

L4

are summarized in Table VI, b_elow.

10 ) .
TABLE Vi
Yield
Ex, No. Treat Temp (vol%) (wt%) Ml PCA%
10 100%  100°F 42 39.6 - 29
15 11 100%  100°F 75 73.5 0.7 -

These data indicate that addition of an anti-solvent to an existing lubricating oil
extract, composed of a DAE and a conventional extraction solvent, is effective to reduce
either or both of the M.1. or the PCA content of the DAE.

20
Comparative Examples

The following Comparative Examples are taken from the text of EP 0 417 980
Al, Table 2, examples 1-3, the entire content of which is hereby incorporated by
reference.

25
TABLE VII
Comparative Primary Extract: Mesoraffinate
Ex. No. Furfural ratio Yield (wt%) PCA (wt%)
B 1:1.5 51 2.1
30 C 1:15 34 1.9
D 1:1.5 31 1.2



These data indicate that addition of  an anti-solvent to an existi ng;' .o
lubricatin ract, conposed of a DAE and a conventional: on
sol vent, gwg’f*’ég'i‘,%ve to reduce either or both of the MI. or"%’&@éﬁg ‘
cont ent of the DAE. 20 Conparative Exanples The foll owi ng Conparative
Exanpl es are taken fromthe text of EP O 417 980 Al, Table 2, exanples 1-3

the entire content of which is hereby incotjporated by reference. 25 TABLE
VI Conparative Primary Extract: - Mesoraffinate Ex. No.

Furfural ratio YA@ |ch B%é’él from the coE@éra(% HataPeach of Comparatwe Eximples B, C

51 3
1.9 D and D have drasu@lly reduced secondary raffinate (mesorafﬁnate) yields,-as compgred to
98/ 44075 PCT/ US98/ 02562

-14- As can b@emdmdﬁﬁ"ﬁg%?}%%frtgfP(féerﬁé?venﬂgﬁch of Conparative Exanpl es
B, C and D have drpy %mfﬂtlb}’it hasbies deennined fay theptysioal Ropertiessthé DAE'€re-

yi el ds, as conpared to the secondary raffinate yields of the present
i nvent son. | nextractedtdcgording thdhe p@mﬂmdﬁs@mdm@c@wm noicdrpsticaily altered, bpwingi es
of the -DAEs re-

t d h d | d
process are nmftﬁtap‘éé?'r?e %C' tg Pﬂ%’”ﬁgm%dgﬁg’gg@ﬁ*fyan: angsgm nts
suitable for use i ?B gb h@i%@ﬁﬁ&i it Mgl &'W&lkﬂﬁtﬂﬁdﬁﬂleﬁﬁ%emeﬂ

e obvi o Eﬁ

described, it wll us that the sane may be varied in many
Such vari at i cinsmanyewayst Such variationsiangaot tgb%lmmdtaaﬂ epmretﬁmthpuspiut aadld

f th f b
one. ski| 1 od 1 108 oF the iy 9.5 PRew ey S8 o REb SR B PR ke i o
of thgyf ol | oWyaG {Cdr@iiftended to be included within the scope of the following claims.




WO 98/ 44075

PCT/ US98/ 025ezowwna| m -15- | . PCT/US98M2862:S S
for reducing-the polycyclic aromatic content of a lubricating oil extract
obt ai ned by extracting vacuumdistillates or vacuumresids with a first
extraction solvent 5 to forma prlmar raff|
extract m x and recoveri ng said lubricati ng extr. ymar y
extract m x, q&ﬁ@tﬂ' re-extracting said Iubrlcat w)‘mm ith a
second extracti vent different fromsaid fi rst vent, to
forma secondary raffi nate and a secondary extract m x;

separating said secondary raffinate fromsaid secondary ext ract m x; and
separating sai d. secohpmwwfaduamg thepolyejiclic mﬂd&ot)teeb@ﬁadubnm”damact
second extracti SoJ,v cess_accordi. m 1, .wherein
sai d second ext ?JD‘H' *?‘6‘!'%?& nggméilgglotes or Va°“HF’gfﬁ§39&?‘§|a§lH?r?’%m‘c‘¥R&t°Aw
than saig first ?&xt &Eﬁhﬁ Ry SPnsE dndAprimaty Gxfrhdt Hhix Ad Folirity SRl Sﬁéaéxhé oil
sel ecte fromt e group consisting of” phenol, 'N-net hyl pyrrol done an
furfural. 3. exﬁhetﬁnmssd$nmpmra¢gnwe comanme wher ein said second

extraction solvent is selected. m t.he Stl of

di met hyl sul foxi de, JETERHRCHNS sat‘{‘t‘ gl °§F’§‘E #con m"‘“"ﬁ?‘&ﬁ% different
carbonate. fron] 64id Bi-é?%ﬁﬁ'ﬁctﬂﬁ%wéh{‘% FetmCd s%baﬂ&rymaee EhcPibddo
extraction sol vent 1s a mxture of solvents. The process

according to clmixm 4, wherein said second extractlon sol vent m xture is
sel ected fromthe grou ConS| tlna ofN— ﬁ'@ re I|do e/ wat er

furfural®water, ‘%/?5‘ pecandary FXtract mix#pdene
gl ycol and di et hY' Séébé\;ﬁ é’&& t§9nd said secoﬁda extIiB%ﬁB?rPsal %pcond

according to claim1 erern t e po ycyc Ic aronmatic content
secondary raf f iextraetionssolvests t han 3 % by wei ght .

2. The process according to clain'_x 1, wherein said second extraction solvent has a
15 higher dielectric constant than said first extraction solvent and said first extraction solvent
is selected from the group consisting of phenol, N-methylpyrrolidone and furfural.

3. The process according to claim 2, wherein said second extraction solvent is
selected from the group consisting of dimethylsulfoxide, sulfolane, triethylene glycol and

20 propylene carbonate.

4. The process according to claim 2, wherein said second extraction solvent is a

mixture of solvents.

25 5. The process according to claim 4, wherein said second extraction solvent mixture
is selected from the group consisting of N-methylpyrrolidone/water, furfural/water, N-
methylpyrrolidone/ethylene glycol, furfural/ethylene glycol and
dimethylsulfoxide/cyclohexane. |

30 6. The process according to claim 1, wherein the polycyclic aromatic content of said

secondary raffinate is less than 3 % by weight.



WD 98/ 44075 L

PCT/ US98/ .0 y - 7. A prbcess for reducing the pol ycyghi %&g&tic
cont ent of %ggﬁm)‘ro#gati ng oil extract obtained by extracting ggg@ﬁm

I : .
di stiIIateWth an extraction solvent to forma |ubricant
oil extract mx, c w5 m xi ng an anti-solvent with
\ m X to reduce-t6he sol vent capacity of said

onpr | si
said lubric “ iﬁ “ﬂ‘\gﬂ! )
extraction Xmmn ‘,! F ‘HCreasing its selectivity for polycyclic aromatic

conmpounds; arffd éooling the mixture to facilitate phase separation of
non-t oxi ¢ conponents fromthe toxic pol yc3{cl I C aromaticeﬁg onents., 10 8.

The process akcor dApgocess faraeducing the pelyryelic aromatic qontent g qikextract

sel ected from.the oup - consi st | of.. phe \ t vyl '
furfural. 9. °b‘a“??f_g£3b?’8?é‘§§g 3%%‘838?“%%“- %%ﬁ}aalc‘h ?&\i/d%)e(’lrng?/&n{ %gag%e@f Pat N
sol vent is fugfmrnalibridadt dibextract mis Jothprising: Sol vent is selected fromthe
group consisting.of ethylene glycol, propylene carbonate, sulfolane and
di met hy! sul f oxi demixing an anti-solvent with said lubricating oil extract mix to reduce the solvent
capacity of said extraction solvent while increasing its selectivity for polycyclic aromatic
compounds; and - ' |
cooling the mixture to facilitate phase separation of non-toxic components from

the toxic polycyclic aromatic components.

10
8. The process according to claim 7, wherein said extraction solvent is selected from
the group consisting of phenol, N-methylpyrrolidone and furfural.
‘9, The process according to clait 8, wherein said extraction solvent is furfural and

15 said anti-solvent is selected from the group consisting of ethylene glycol, propylene

' carbonate, sulfolane and dimethyl sulfoxide.



