; OPe3e_D A H60T,0 O L TREATMENT PROCESS This invention relates to a
process for the production of a process oil having an aromatic content of
at | east 20 % by wei ght and a pol ycyclic aromatic (PCA) content of |ess
than 3wt % In this application, aromatic content is neasured by the ASTM
D 2007 nethod, and PCA content is neasured by the I P 346 nethod. Process
oils are hydrocarbon m xtures that boil in the sane tenperature range as

| ubricant base oils, and like lubricant base oils, are deri ved from
petroleumdistillates by solvent extraction. However, unl WMW“ cant

as
oils which are rarely enpl oyed outside the |ubricating fi eI 'ﬂ’mﬂmﬂmjﬂ
have a wi de range of industrial applications. For exanple,

sol vents, anti-dust compounds, plasticisers and/or 10 extender s'1f9¢gp*
synthetic and natural rubbers, and in the manufacture of @MI nting inks. In

order to be suitable for these applications, the conposit Iﬂﬁwﬂ ”Md ess
oils have to be carefully controlled. Various nethods of ocess

oil's are known. For exanple, in GB 1426746, a petrol eum di sti*toaie is
contacted with furfural, arid the resulting primary 1 S extract is
re-extracted with furfural to produce a secondary extract and a
pseudorat!|'rnate. The pseudo-rafflnate is distilled fromfurfural, and then
de-waxed and hydrogenated to produce a process oil. A problemw th this
process is that it produces a process oil having a | ow aromatic content as

a result of the hydrogenatlo&m@Wounds, however) inpart 20
sol vent and swel | ing propert abl e for a nunber of
applications. Thi invedtionyelhtectod ot for (h@ﬁé\)duamﬁtﬁamraméssa)ﬂmamas oil,
however, shoul d. be kep becagi
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process oi Ilesbamhngvta/o hlngﬂsamaﬁtohcamﬁM@nB% mesufdby @fe ASRM X han 3 wei ght
%is prepared by re-extracting a primary extract under speC|f|c tenperature

and sol vent208bmegthed. 9ad PCAseptentigmpasyred by the P déemethpd. carried out in an

5 Process oils are hydrocarbon mixtures that boil in the same temperature range as
lubricant base oils, and like lubricant base oils, are derived from petroleum distillates by
solvent extraction. However, unlike lubricant base oils which are rarely employed
outside the lubricating field, process oils have a wide range of industrial applications.
For example, they are used as solvents, anti-dust compounds, plasticisers and/or

10  extenders for synthetic and natural rubbers, and in the manufacture of printing inks. In
order to be suitable for these applications, the compositions of process oils have to be
carefully controlled.

Various methods of preparing process oils are known. For example, in
GB 1426746, a petroleum distillate is contacted with furfural, and the resulting primary

15  extract is re-extracted with furfural to produce a secondary extract and a pseudo-
raffinate. The pseudo-raffinate is distilled from furfural, and then de-waxed and
hydrogenated to produce a process oil.

A problem with this process is that it produces a process oil having a low aromatic
content as a result of the hydrogenation step. Aromatic compounds, however, impart

20  solvent and swelling properties, which are desirable for a number of applications. The
polycyclic aromatic (PCA) content of a process oil, however, should be kept to a
minimum, because such compounds are undesirable for health and environmental
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5 extraction colum operating at an extract to solvent ratio of 1:1 to
1:1.8, a columm head tenperature of 50 to 90C, and a bottom tenperature of
20 to 60C. The bottomtenperature of the colum is defined as the | owest
tenperature in the extraction step. The head tenperature of the colum is
the tenperature at the uppernost region of the colum. Cenerally, it is the
hi ghest tenperature in the colum. 10 W have now di scovered an alternative
route for thg,Rroduction of process oils. Specifically, the present process
involves extracting the primary raffinate under specific operating

condi tions to JwERIQDEIE), pruces oil bavingwbighgromntia rahaPCH. contanteflesof at | east
20 by wei ght : B 5 Q 3 % ( F .~295 441 descri bes
a process ?‘ﬁnah%é%t é%?%ﬁ%%@%gf%}r%%%gaitpgﬂlgyte?%%:teéhd?irrlgpe;mf%S second

ext ract i ontenipepaturtiavisobent cotiditiqgns o Spaifically) chetpraress iecaptialedl ircsane such t hat
process _oils having the canposition of the present inyentign are not

b oduced.  SEESHA HAIY SeHAnG PR ERTAE (RIS P! Bl % brOBRetHor ¢ he
product i onydafhe@ni?é BLRVSS 90¢C, and DBotRInPfeRDerabPOBI 405 BOC. aheRRbACL i Ng @
petroleumdistillate with a polar solvent in an extraction colum 20 which
oper at es wientpestuse of therealemmpie defingd @s e 1gyest tempgaturegh the exientianisiep a primary
raf fi nate . t i ! raf fi nate
wth & pol SrETh EuEAEReRL bR N coltbyOHY e RPekid BELAT e 1 o

t enper at ur eoluthmt Generdily,gtie thethighist tténgpeledore anthe evtpan.at ure of the extraction
colum. Qf ste .n the ra of 0. .C Lthdrawi ng a
secondzligy ext P\gg%‘a‘feﬁ‘ggﬁ 4'%8%5%% qﬂlﬁrﬁ}g%?twsetr %e g‘i%,“?"'apﬁa"“é% é’? g?r%é\ée%]%m{ssai d pol ar

sol vent fr Bpacifigally, the prseha process invalves exfiagingtiegemhmrpiafhaeradercpetifity t he

t inventjon h ti rtent of than 20% by wej ght and
PCa. cont entaiens Saiisiafo poEy apcteptho) ralie i beopen o A b ab%all e for o

nunber of ppwtipkabi @PSA doffentfdddPthan 338 %0l vents, anti-dust conpounds, 30
pl asticisers and/or_ extenders for synthetic, and natural rubbers, and in the
manuf act ure offipf Pt #4iglepciibes a pracest wpvhigh 2 primarprefingledymitaried M ate is
contacied Webdy Girl@iofsted OHbFBer, the fc&X ESmftiohPiingoyed 4R dBhatfrbligut W shi ng
to be bound by any theory, the polar solvent is b€lieved to renove at |east
sane of t heilsfayng thesempestion of thepegsent inyertinarire noy pradacedet r ol eum di sti | | at e.
The procedure L ; s L oar : r portion of
t he col um, an‘g&g p |f‘rte{l%\;épersg??}ﬁgxg{og%é&%ggﬁgoﬁg%t%%rﬁ{P%?\ucglphtgﬁg colum. The
primary expmoeest oil, shesprbaesntomprrisihg:and conpri ses napht heni ¢, and pol ycyclic
aromati c conpo L. This extract, js wthdrawn fromthe base of the colum.
A pr of o r o) enird EReriE i Al it 30 PR R BR R PRe ot act
and r egycl @hich SpeetesyitiBlyotideh teRpaairedfBOWSBOPE, an extracti on col um whi ch
operates at a bottomtenperature of 30 to 80C, preferably, 45 to 75C, and
especially 55 b?b“é‘ WINE RPN @WP&%%F‘SWUP%‘DW he first extraction

step (a) is prg) @&tﬂ{ﬁh%%e%ﬁ%&q%haté’%thQ%ok?%ﬁh%%mﬁcti&rb&qlm ar sol vent
and the petroleumdistillate but may be controlled by additional cooling at

t he base owhiclhepesstesase bpibom taptparature that is highergbandhebattdmaismagratuppefithant

i nfluence YS! Q o0f the solvent enployed in

t he presen ﬁa%t\k}glrft%ﬁgﬁ%tf\%#}é%all?dggtt%rr%}/g%?ftlﬁggm@ t(ﬁe final conposition of the
pri mar%s r af | i nhwéthdawpgade@adary extraatiBore tieaoiumendS step c), ander at ure gradient is

mai nt ai ned al o the extractiqon cplumm, such that the head of the colum is
mai nt ai ned at "386%“%’6P@ﬁégﬁveebﬁemﬁa'?é?fﬁg%%jﬁt@yt; whi | st the bottom

t enper at urehd srodsBd difs prdiacedHy tepre@RnOifveatibPRSE af Hokhlic énraacoBhoree) . The
tenperature difference between the head tenper at ur e and the bottom

t enper at ur ®an 30% py weight agd pPEA gontentefless thag 34 by weight. Suchmiacesheilssre of

sol vent re i r medl St 3 i e range of 70
o 300 vor U rpRulie  PRRARELS b pbfle SRR, sl RdbubdlS £ oM 0V
% It 3houplastibiers amibyrekteaders foosyathetic artdhmturdl Inebbpns canid $reths olawefactute®f di st il | at e
rati o used w.ll.depend on the type of distillate enployed, For exanple, the
sol vent t Py ¥Pate ratio may depend on the boiling range of the
distillate, anfdkep aj, tie pefrbleein distiltitdlis camactPwit 4 E@morvaﬁtfm nedxgrapigaduced in
step a) is wthdrawn from an upper portion of the extraction colum and
re-extracted with a polar solvent in 3 second sol vent




extraction step (Step c). The procedure produces two phases: a secondary
extract at a lower portion of the colum, and a secondary raffinate at an
upper portion of the colum. In one enbodinent, 70 to 100% of the pol ar
solvent is renoved fromthe 30 primary raffinate, before the primary
raffinate is treated in the second solvent extraction step. Preferably, 95
to 100% of the polar solvent is renoved. The bottomtenperature enployed in
step ¢) IS pduhh eW'itﬁ&ﬁ%viQﬁn#éQ bk BolHdGy afy BE&Y,aRé YolaralveR iPbbliedddo €Speci al |y
75 to 90C. In one enbodiment, step”c) Is carried out using an extraction
col unm havi regnoxe ptdeast soteafthetRGYo eorapaynds asiginglly presen3io thg petralgum bot t om

t enperat ure 0 ure. di t be head
t enper at ur edgtﬁluézebgtth tg Be#?deurgr:%%rrgg cl?% gagg’ﬁ{sa@%. %?&S%Fﬁéaggégarla %ﬁ%’ ntog 50C. 5
;I'Ee {oot tom thermplem?,tatnﬂa pdfnlatyrmffmlaecan:;h L@pgmtmﬁﬁdnmﬁ_tlﬁtcmbm(mﬁhpqm?ageﬂqﬁnt t (r)]n

e tenpgrature .o e .qol ar sol,ven n rimary raffinate. Like the
bot t om { SpERaELF eoYsApifluanicp@prises pnbhenisrand pRlycyefic,tratraic cMRanesty ¢ om
t enper at ur eTHik eitfet i§ QRAMEWE Fomakd baae oSthe Polivay. e prefirédémipdinteyit, addi t i onal
cool ing at tt]e base of the extraction colu The second extraction step is

earned out BRlersoNeNisremayadifEam the/epsactandrecyeledn step a). This 10 increase in

extraction tenpREAHULS b 8atiB@Sftusinb 8n 818G blumh Wilich &RraQlaY 8 BbtronyEN the
pol ar solvent is renoved fromthe Secondary extract in step e), a process

oi | havi ng tempaaturadf38rie BEC, prefesibly 4huto 96°6r arideespecially p¥ tadlPé€d Thahe over al |
aromati ¢, CO rocess ol l. | t 0% i ght. The |ess
sol ubl e?%arg#t@ﬁﬁe@g%%tg%oﬁé% f§r§t0efc8%ulﬁ1é)h %trc Fﬁé?sf rirﬁgip ?lﬁndg%éé%g%@hw ate at an
upper port i empehtutdx tisogolae Bdlven andihe petrolam distilardbuamipbsenoolkdivy raf fi nat e.
This raffinate. may he renoyed f.romthe col.um, and distil]ed. The sol vent
recover ed n%{?ﬁ't?gg Fg(g% AR }éﬁsre of the,gxtzactipp, colin. em%mnr?ﬁ%%“fe }i’eﬁ&“ secondary

raf finate iisppttirt frifl@ehck Bn eHeSklebtivity amthsob@ht ytiver fittle Edteunt afplyyedlin ewaxed to
produce a lubricant ,base, oil (e.g. .S ith 96 VI). Step c).nmay be

Der for med BT Ve SHAR Wi ity On SRR FOmROSLIGN O g PHFRY ZATBR or abl y,
however 15 t hgrodae® Bdnk embodiert Ol éMPerbre iy RdndiRhinePdbhgtheBdracticne anount
of solvent relative to petroleumdistillate in the second extraction step

enpl oyed mesplusen, pychhps thedwarbofshe qahgnn is mentpingd ot 89 topk287( thepd solumBo t o 300
vol % and I akl V. t 0% i i o tion step,
t he p? eci Set%@@%%ﬂgﬁe{) ’ ‘%/hcl)mé? gs)??tﬁ"gég‘p%’% |ebi)s H@@ﬁ“ v?nhqu g(g%pggngs %%S%;éhléaﬁype of

di still ate tempéraye)l. Theotemperanipd differtive betearothe bedd teropalatateiahd tiedottarhi 0 may

depend on the boili.ng range of the distil]ate, and/or its crude origin.
Sui t abl e po‘le’éfpergtBTe\}%&?‘g%ftgsos‘%Ipffrél?fﬁtg%iéPagé’t{:'on steps a) and c) include
furfurabo phenathe ameudioPBRININ RIS F2@BRum BisBlled ahplyedmbybBinthe i S enpl oyed.
These and ot her aspects of the present invention wll now be described with

3 0 ref er erf@sa® 7P sR3Wcwbip arsfarshly. dPhia 459 volii & eseecipliy dRB A T0Yi ew of an
apparat us far ussul Be Peo&galﬁsfe ,rﬁo%vﬁ,rm%@ﬁe&se%mmo BfsBfRE fatid DQR On.  The
drawi ng depi cts an apparatus which conprises a first extraction colum 10,
a 4  secondtpendtanghbe fypaofidistiliate etployedh Fok examptti theisblventitodistilatentis 14, 16, 18
and 20. In pet um di st il 4 ed into.the first extraction
colum 10 aﬁ%ﬁdgggr}dé’gtté%éo\}m"igﬁa%ﬁrolf Lhre gdﬁsﬁuéﬁiahioglss &7 70 the extraction
colum 20 vi a [ThaeriRary Tifnsteprotiiced th step o) rewitideavrefrora al opgeoportienpler at ur e of
70C. The tenperature at the head of S the colum, 10 is 109 to 118C At

| east sane ! e’ftﬁgt'oﬁ'(ﬂ‘)&'y‘cﬂnﬁée'ﬁft@ﬁ'&f’i“ﬂthéri’ﬂlaﬁ%%‘fﬁ‘h'@rﬁs_@"%‘ﬂﬁﬁl&ﬁ’&)nts inthe
distillate é’c&adioﬁ%@h‘(ﬁep 8). U1 pkdbedust plodtics twad PRasesPs betBhidareestra@t@t a 26. This
is withdrawn fromthe base of the first extraction colum 10, and is

i nt r oduced IPWergPogtian of the qolmng pndcaotecendary gaffippte #hanjupper portion of thece di stil | ed,
the extract gygnd ' 0 ' : SiRieN N
conponent s %og t .gﬂgg{egﬁqo@g?eglgg?g?déo@mﬁg%pg%y o@rg r(l)tr}l}&ﬁ{emﬁ frfrst eext raction
col um 30 ginsrprafinateybefart therpimmn@ffindtads tratediin the sécondheolvent bitmetian 28 i s
reasur ed at el B YsSh Y8 of e o beHen il Xhebiln kit CONt Nt

employed in step c) is in the range of 40 to 90°C, preferably, 55 to 90°, and especially 75
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The primary raffinate 28 is then introduced into a distillation colum 14.
The .raffinate is isolated fromthe solvent, and introduced into the second
extraction colum 15 12 for further solvent extraction. Fresh furfural is
introduced into the colum 14 via line 36. The second extraction step is
earned out at a bottomtenperature of 75 C. The head tenperatures of the
colum is 107 to 115C. The extraction step produces two phases: a secondary
extract 30 @loptdIeas embddithélR, stp dtymaﬂf%d oBNEking a§%§9£&iaﬁ Yoludh havitigtae 34 at

t he colurm head. The secondary éexfract 30 is withdrawn fromthe second
extracti on head enddromiemperatunsiofip0rto 3@, iand albettdnh teapeture of dbrte 109 °Co produce a
process oil ol vevel | than 3 %
by wei ght, Thegenépﬂey%l?%ﬁa M c%t(’) eéehlt(:% heo e%r?e é’%ﬁahur%obo&%‘et%%&&ﬁ{egﬁ with the
primary rafth 7040, @refétably Setocepsi ty of the secondary extract 30 is determ ned

to provide an i ndj cation of the PCA content. of t extract 30, 25 The |less
sol ubl e Sconpondiit BotAm tepmpensiursefithe segend; %ﬁ‘i—f‘mQSteB?’S ig,feprRfient @t the om t he head

of the secqgg é?&%ﬁfe%ﬁﬂe%@la@@dlwmankah@&rﬁar?M&afﬂkdtﬁé hotit Rmératutd)i S
secondary raf}?l nate 34°is purified in distillation colum 18 to produce a

sol vent - f r ef thefrrstientzactiongempwpver.dhe batiogdiamperaturs of the seepndentracdgt waxi ng uni t
40. After , S il (500N
with 96 VI SQS&%E&? be ggr*o**%u“ce% o 'g°@8’#fab?’§:b&%é’gg’f@?@%ﬂ“ﬁﬁe@‘éﬁgnﬁgg14 (16 18

and 20 is rsemod extextidroster ie carded outas4 highkr bbtters tempetature thah stzp ). o'PhlscoI ums, it

I's pos Sfob | %}%%ééj %%xt%&%o% %n?fera%{r%?ecreggets tl?eOt 3ct]1vxtt ﬁ)le é@Ueen%t g‘g@? the> Exarrpl €

1n this Ex &NE E crude suitable
for |ubri ceplatar bcﬂmtmlrémmcbﬁ’dmtthmwmlaﬁyre&aicemsﬂq:e),ga proeesapipBavigas of Fi gure
1. This di I at e he first eﬁ‘hr acti.on col um at t enper at ure

of 77C. 5 i?r“&?“t’i“§° &gh‘@a@é’ﬁ ePYs pgced 14° PYRHLHRREF R’ first

extracti on pestessdil igdnor thdardosy Bl wdight dIThE lebd safuBlerpataifinicdompdfenysdf thé The
extraction colum is operated at a bottomtenperature 0 7OC The

t enper at ur é’"ﬁ‘t’“ytrﬁ@“ﬁe%’“@?“a%% AR BpRSHPOTHSN afgbesolventextiaehancolupydg At i ons

enpl oyed i Redolifary teifdateS @%@%nﬁé%ﬁﬁé feRRvEL FER R BluRA AR distifil. iThe Tabl € 2
below 10 T 1 2 primary finate yiel d71 % vol pri marﬁ/ rafiinate density at
q

70C0. 856 g/spivent irmvcgrecbmsrlwpcmbd fortreruget Irxo@lemi@@u@nw secamdarysecond sol vent
extracti Onf%?ﬂ%u Ip#:@ﬁedﬁﬂ hx@?ﬁfa}‘o @l{&rpa{.cﬁhﬁ?&\% aQe&t!B SReORd extraction

colum at ur al ea ed intr duced into the
extracti onlltbdbmhasatolléegvaﬁﬂﬂNmtlwd)VI)ZGO vol % The second extraction colum

is 15 operat ed %Efgl?%ogaﬁ?@otenpg{ngta%rfe Eexé 10n ﬁ“ ggeeh%§ure at the head

of the colum TS Sondi he second
sol vent20exﬂ>ra‘mblmmowbﬁgetha§meseunmbn eddmh is e'ifﬁbhiyed for beﬂhcswps Tabl e 3 secondary

re)a({ : ;.gta.t ge%ISIelt Eg?ll\l/()l gﬁfsg[zl'gl’?trd%ﬁfgvaeftg Ipe ro. eeumdcggﬁllattexfn te seco gractl Stepsecondar y

employed may be in the range of 100 to 400 vol %, preferably, 180 to 300 vol %, and
especially, 200 to 250 vol %. As with the first extraction step, the precise solvent to
distillate ratio used will depend on the type of distillate employed. For example, the
25  solvent to distillate ratio may depend on the boiling range of the distillate, and/or its
crude origin.
Suitable polar solvents for solvent-extraction steps a) and ¢) include furfural,
phenol and N-methylpyrrolidone. Preferably, furfural is employed.
These and other aspects of the present invention will now be described with
30 reference to the accompanying drawing, which is a schematic view of an apparatus for
use in a preferred embodiment of the present invention.

The drawing depicts an apparatus which comprises a first extraction column 10, a
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20 The secondary extract produced in this Exanple was anal ysed and found to
have a | P 346 PCA content of 2.85 w % and an ASTM D- 2007 aromati c cont ent
of 28 wt % The VGC of the extract was nmeasured using the ASTM D2140 t est
met hod, and found to be 0.90. The aniline point of the extract, as neasured
usi ng ASTM D611, was 62.4C. Various nodifications nmay be nmade to the

enbodi nent descri bed above 25 w thout departing fromthe scope of this

i nvention. feosndeexaagiion colums t12add @dur distilhgion eslamhs/146 16, I8mad 00.enments to
provi de an indication of th

. PCA content o articular extract and/ or
raffinate, ref r%&fq’ééetf?{m&sﬂ@?r 24 Hff?‘{-}fmt"ég" %ﬁﬁ%ﬁﬁ@é&ﬁlymaﬁbeﬂ omat ogr aphi c
techni ques. ko SnIGRAPHRYEH fedfiolfe S8radonumnGodiahe by Tho pr 0CeSS T or

the production of a process oil, the process conprising: a) contacting a
pet r ol eum déodunr 1G:is epexhtedhata hnttioprtersparatutetof 797 GanThetemperatirgat the headrofwhi ch

R A
sol vent fr ogonfporgntsin tHerdistillata 24l diggolveas shefiadifralnafoem aprinendxma@tti 260 Thive pri mary
B R ok e B ROHEY SRS 10 Ty XL LR OB o] i o
distillation column 20 for purification. Once distilled, the extract is removed for disposal
or otherwise.
10 The remaining components of the distillate 24 are withdrawn from the first
extraction column 10 as a primary raffinate 28. The density of the raffinate 28 is
measured at regular intervals to provide an indication of the PCA content of the raffinate.
The primary raffinate 28 is then introduced into a distillation column 14, The
raffinate is isolated from the solvent, and introduced into the second extraction column
15 12 for further solvent extraction. Fresh furfural is introduced into the column 14 via line
36. The second extraction step is carried out at a bottom temperature of 75 °C. The
head temperatures of the column is 107 to 115°C. The extraction step produces two
phases: a secondary extract 30 at the base of the column 12, and a secondary raffinate 34
at the column head. The secondary extract 30 is withdrawn from the second extraction
20  column 12 and purified in distillation column 16 to produce a process oil 32 having a
polycyclic aromatic (PCA) content of less than 3 % by weight, and an aromatic content
of more than 20 % by weight. As with the primary raffinate 28, the density of the
secondary extract 30 is determined to provide an indication of the PCA content of the
extract 30.
25 The less soluble components of the primary raffinate 28 are withdrawn from the
head of the second extraction column 12 as a secondary raffinate 34. This secondary
raffinate 34 is purified in distillation column 18 to produce a solvent-free raffinate 38
which is introduced into a solvent de-waxing unit 40. After solvent dewaxing to -9 °C
pour point, a lubricant base oil (S00N with 96 VI) 39 is produced.
30 The furfural recovered in columns 14, 16, 18 and 20 is recovered for re-use.
Instead of using two extraction columns, it is possible to use the same column for

both extraction stages.



tenperature of the extraction colum of step a), and in the range of 40 to
90 C, 10 d) withdrawing a secondary extract fromthe colum of step c), and
e) renoving said polar solvent fromsaid secondary extract. 2. A process
for the production of a process oil, the process conprising: a) contacting
a petroleumdistillate with a polar solvent in an extraction colum wherein
a tenperature gradient is maintained along the extraction colum, such that
the 15 temfermplere of the head of the colum is maintained at 80 to 120C
and the botto t‘ﬂﬂ%‘i r rawi ng a
primary raffi nrrtar{ Elﬁél?ﬁgw dgﬁrr%ﬂ%@taﬁéhﬁ& ?Bd&lgE?%g%S?%luét%lgommO% of the
pol ar sol vérblncdmbmstlemdat)tlohnmmmlilmmgrthmpgrawabﬂ?lga‘eé c) contacting the

primary raffinate . fr b ith a polar, _solvent in an xtraction
ol why ch ogt deBBRE e Rig et eisBPn BB R PR Chan ¢ he

bot t om senpgfahlE Ereﬂéatédh@l%"tr é’ﬂlhf.%uu‘ééﬂ it OfirsBdxeictivh BRshneyi ng a head
col um tenperature of 130C and a bottom tenperature of 70 to 100C, d)
wi t hdr awi n@lrﬁxrdé@éﬁdhwawwfrIéQNOE%o rFhe preragtigon aptunufis gpesgedyt a hottgm  e)
renoving s % [ o [rocess as
clained i n%&epa%rg fﬁ(ﬁb qﬂét QH}U%QMehrlé %?gg ¥?ler ens?g)bl%s—{%eﬁ Purm  of
step a) betowiitions Mplbmmethatﬁwteolma‘nt ehﬂcﬂmmh@faretshmnhadanmthe bottom
tenperaturglls from5 to 70C. 5 4. A process as clainmed in claim1l or claim
3, wherei n PA% tenperature difference in the colum of step c) between the
head t eopemabigee and the bottomtenperature is 5 to 70C. 5. A process as

cl ai med H;_aay—p:-acada-ag_r.l_a.l.m_»heuel_n_t etrol eum
di still at ¢ pempyEyEepteYieldt ep a) is in the [7Adgeclof 70 to 300 vol Y%

primary raffinate density at 70°C 0.856 g/ml

primary extract density at 70°C 1.006 g/ml

In the second solvent extraction stage, the primary raffinate is fed into the second
extraction column at 77°C. Furfural is preheated to 115°C, and introduced into the
extraction column at a wash rate of 260 vol %. The second extraction column is

15  operated at a bottom temperature of 75°C. The temperature at the head of the column is
107°C. The process conditions employed in the second solvent extraction stage are

summarised in Table 3 below,

Table3
secondary raffinate yield 80 vol %
secondary raffinate density at 70°C 0.842 g/ml
secondary extract density at 70°C 0.926 g/ml
20 The secondary extract produced in this Example was analysed and found to have a

IP 346 PCA content of 2.85 wt %, and an ASTM D-2007 aromatic content of 28 wt %.
The VGC of the extract was measured using the ASTM D2140 test method, and found
to be 0.90. The aniline point of the extract, as measured using ASTM D611, was
62.4°C. Various modifications may be made to the embodiment described above

25  without departing from the scope of this invention. For example, instead of using density

6



10 6. A process as clainmed in any preceding claim wherein prior to
contacting the primary raffinate with a polar solvent in step ¢c), 95 - 100%
of the polar solvent fromstep a) is renoved fromthe primary raffinate. 7.
A process as clained in any preceding claim wherein step c) is perforned
using the same extraction colum as step a). 15 8. A process as clained in
any preceding claim wherein the ratio of solvent to petroleun1disti||ate

enployed in step c) is in the range of 100 to 400 vol | fﬁpcess as
clai med in BRPUBMSBIELE PrgVide an wﬁcwp@rogm# RGaecqptantof appfticy ?ﬂe’ftw n
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a) contacting a petroleumn distillate with a polar solvent in an extraction column
which operates with a bottom temperature of 30 to 80°C,

5 b withdrawing a primary raffinate from the column of step a), and
removing 70 - 100% of the polar solvent from step a) from said primary raffinate,
) contacting the primary raffinate from step b) with a polar solvent in an
extraction column which operates at a bottom temperature that is higher than the bottom

temperature of the extraction column of step a), and in the range of 40 to 90 °C,

100 d) withdrawing a secondary extract from the column of step c), and
e) removing said polar solvent from said secondary extract.
2. A process for the production of a process oil, the process comprising:
a) contacting a petroleum distillate with a polar solvent in an extraction column

wherein a temperature gradient is maintained along the extraction column, such that the
15  temperature of the head of the column is maintained at 80 to 120°C and the bottom
temperature is maintained at 60 to 90°C,
b) withdrawing a primary raffinate from the column of step a), and removing 70 -
100% of the polar solvent from step a) from said primary raffinate,
c) contacting the primary raffinate from step b) with a polar solvent in an
20  extraction column which operates at a bottom temperature that is higher than the bottom
temperature of the extraction column of step a) and having a head column temperature
of 90 to 130°C and a bottom temperature of 70 to 100°C,

d) withdrawing a secondary extract from the column of step c), and



10M 10M 10MY
1090VE. () - ##$i 99HREWUS{ Y7! (YF' 1 109& () - F1! AyF' 110%: & ()-F1!, $yF ! 109& ()-F1

| 1yF' 1 10%&' () - F1! 1yF' | 109 () - F1! TyF' 1 109%{& ()-F1&","'-'." /" }' x(){Y7' 1 #U
M 109 ()-!1 M 109 ()-!; M 109 ()- 10 10
109s10%&' () -! AyF' | 10%&' ()-F1)*+G .. COWX6{ Y7!!;- 10%&' () -

st!10% & ()-!Dst!10%r& ()-!1st!109%& ()-!$ M10%t& ()-!

M 1096 ()5 SBPLLLiddhe tiid PORESenk BEVEIA hecod Bcldger 10° 108

10t,9°10% & {)-!; - 109&: (31- IN222WB" 3x3dE~\ =I'I: YKIO%&' () - #y10%&' () -

109&' ()- @ 10%&' ()- 109%& ().-3 1O%&.()rx33333333x/2=l1: . .

YRI00E () 9100 TIPSR SR AR SR R atys diffsrese e
#@0%! & ()- @!'M 10%! & () - F10%! & ()- @10%! & ()-

%O%! & ()- %Wf@}eﬂpﬁ @8‘3@%)3%%)9%?%@%@/&1? %223 @?@%Qf%%&%@émmm' ()-K(1

0%! & ()- @&LO%! & ()- @& 10%! & ()-556$696&6y66yX7K( @ 110%! & ()-

@@ 9! 10%! &tempaxgtusi fom § telRC10%! & () - K(10%! & () - 667i 7788888| [ NA4K10>! 1

0>110>! @9s10%! & ()- @' 10%! & ()- @Y10%! & ()- @3410%! & ()-

@s10%! & ( Y- 8882888 4ss WAdMiRedGh Llim 19& dldim IQWHDiq tig&etpera@rd OFerane () -

@o0% g& ()- @10% g& ()- @0% g& ()-z888888?7999vU4K @ 10%y g& ()- @0%

0& ()- @ 109@1Ha&ofunn (@{51%/ baydeh 1HOBRaE 1Ep GdMiee shd@d B3®oE ntperdureis 5T

[ vUWK @ @10% 9& ()- 0% 9& ()-@ @& 10%y g& ()- @ @S10% g& () -

@10% g& ()s @to%g g& ()-;; <r<<=He|[: VWK @ @ &10% g& ()- @ @M 10%y

0& ()-@ @+ 10% g ()- @ @l 10% g& ()- @0% g& ()- @0%

g& () - H===) >>>7?| [: vUAK :10%g g& ()-@ @ 2f 10% () 0S#10%g

08 ()- @ © STov Gpress B hing Ban preeynt s, YRTER BRI G Uik o
gl10% k -& ()- @10%k -& ()- 0%k -& ()- @110%k -& ()-10g gl10g gl0g g
@10% g& (pem%mmme;wm e i in ghe 1ngs o) 093008l 19 - @ @eB10% k
& ()-@@f'10%k -& ()- @9g 10%k -& ()- @ "10%Kk

- & () - ANB} BBBJ CCA protesk agl@medlia%nk preieding @ai@s wheebnkprioftq yon@o@ing M@l 0% k

& ()-@@L!'110%k -& ()- @ 10%k -& ()- @10%k -& ()-CC=D|D D||[: VWAK @
@' GLO% K - @rifnary@affindtd Qthk pofer GphvERL@ steB¥),l05--& 00)6 @R BolhPS6lkent &ofm -
@,10%k -& ()- @)10%k -& ()- Normal" "Heading 13]c" "Heading 23]c"

" Headi ng 33k of 68O fighthe ﬁﬁiﬁﬁr?,"rﬂféﬁré%l c" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c Headi ng 93] c"A "Default Paragraph

Font h. $. 55Vs,_AFHJLINPRTVS=

p
<=>? G\BCDEFGH JKIBHPRES ?:%@nifo‘{rrigr?ﬁ’?g‘%%%}x ?%?‘%6 %ﬁ%@%@%@ﬁ%@%@gmm

| " HSUR () *+, - L <=>7
RS () 1RSI0, 7 @ECOEFGH LN

15 8. A process as claimed in any preceding claim, wherein the ratio of solvent to
petroleum distillate employed in step ¢) is in the range of 100 to 400 vol %.
9. A process as claimed in any preceding claim, wherein the polar solvent for
solvent-extraction steps a) and c) is selected from the group consisting of: furfural,

phenol and N-methylpyrrolidone.



