; e3eZVWBXFY" bZ6ZTZfq:". ' Method of Rerefining Waste O by Distillation
,and Extraction *166166* Field of the Invention *G)0002* This invention
relates to the field of -rerefining waste oils for use i ndEbri cants and t he
Iéke, and in particular to nethods of ﬁ&efi ni ng waste oi APRr e -
rerefined base oils which incorporate steps of distillation folTowed by
extraction of undesirable contam nants with a liquid extractant. |U
Description of the Prior Art The prior art in this area is exenplified by
US patents 4,021,333, 4,071,438, and 4,302, 325. Such liquid liquid -
extraction finishi ng Yeheskaf Resedning Waste DL &y Hitfiaton qad Fﬁf?é‘ic'l’@nt advantage

relative to,al 1 base |5 oil rerefining processes of not requiring

t he consunaﬂ@wmmmmmm@mbgen or clay and of not generating any vol um nous or
hazar dous e roduct streans. However, such processes have heretofore
had significant"g% nom c¢ shortcom ngs. Because of these shortcom ngs, al

of the prior in thi sga[gq Iha]ve ng@gi red or are nearing
expiration V\”@‘meﬂmmb been ¢ : - 3U' Relative to

hydr of i ni shi g, tchI's the predom nant rerefined base oil finishing
process enpt oyed'cio??ozt he United States, such liquid-liquid extraction

pr ocessesrh ihinbé RiatddQo HRMéld & TBRfinidgWashyiE RIREY inBsHeSRs henbliRd ued on of
environnmental |y probl ematic byproducts, elimnate the need for high

t enper at pagculdtithetdde 3rdfetirgReEta bilsAd srodudélretdiine] AL oiis RN @RbMyraah€steps
(presumng a relatively non-toxic extractant is used), and elimnate the
need far opdistilla@indolowed by stractiop bbundrsinable aerdarhinantd with@. liquithextestant. unl ess
practiced according to the nethods of this invention, such processes either
rBquire a | arge and uneconomi c vol ume of solvent, which contributes to a

|l ow yield of rerefined base oil, or tion o 4 APR 2002 2 produce a rerefined
base oil of relatively |ow qua%%me DUk EE be more sinply produced via
clay finishing. Where a high quality base oil is required, these

shortcom ngs have heretofore caused these processes to be significantly

| ess costrhebid6t in\fs drétadledingined bynissiuteng 42003 RCE0r10H380AM 4HaY 329 sueh ifled

their commercial inplenentation, notw thstanding their inherent advantages.
Mor eover |liquichéxeadiopinibitg eedniarmocedsasghatathe ingeramtabicrimgefeldtin © altemetveibase, such
prior art processes may result in unacceptable fouling of process

déui pmentoll reryfpiag pracassesiofrot feayidngthesAnsuapion f hyslFjoet pisc'ayidd AtRPARNEGRIISY 8FY t he

i nvention are: 1) to, achi eve 2 rel ativeIH_x( higrh yi el d of hi p gu?lit%Li

r er ef i ned® BRI M FBIIUSNRRE P UL S8R T I WIRUT 3F R BOPTSSR: haﬁ? $6°F%YR% t he

vol ume of, [.eci y . ac j pro : ' i of a
ai ven qualTRgh SR M HiiRC baed SR B Ry S Db Pl Bl R e

ext ract anted rRGOYRIrYd 63454 RIBriE® BRIr A6 WihcdBhaRing 88 dofindrcidliydy, oduct  of reduci ng
the volune of recirculating extractant required. A further object of the

invention is to permt such efficient distillation and extraction w thout
unaccept abl e fouling of process equipnent. Mst broadly, the obj ect of the
iZhvent i ofkefadive tg hydreiishiag erhichdnie risgamingnt sarefinad basg @il Anighengrpaacesseerprioyed in
hydr of i ni shj n éi\(,)é rerefined oils which produces a base oil of_ conparable
qual ity Wit h"‘?e tﬁth-W‘én Pﬁ"'ldﬁiqg'ﬁieﬂba°§°"o’i§%‘?eéﬁscfﬂ'§1"a‘éﬁ’éf BAvisFAhhtydrogen.

liabili t'rgcﬁrce the production of environmentally problematic byproducts, eliminate the need for high
temperature, high pressure operations and thus are inherently safer (presuming a relatively non-toxic

extractant is used), and eliminate the need for periodic catalyst replacement and handling.

However, unless practiced according to the methods of this invention, such processes either require

a large and uneconomic volume of solvent, which contributes to a low yield of rerefined base oil, or



Summary of the Invention According to one aspect of the invention there is
« provided a process f-or récovering base oil of lubricating vgscom ty from

used oil, said process conprising the steps of distilling s l,dAuPRj? Qz in
a distillation apparatus; wthdrawi ng at |east a portion of at |eas

distillate fraction fromsaid distillation apparatus for further finishing;
delivering at |east a portion of said & |east one withdrawn distillation

fracti [tﬁigx% afré‘rr f’nl? a[sle% 154} r&glilvqutlc;@ghélng dvfﬁ@h' bhilasR rB fﬁ{alj éﬁ'@&&cea

sai d I awn ate trac Joext rac ant

| east alaveﬂuﬁfhipg)r Wlﬁmre af highiqdaletytaae baris ,recpmdd; thesy SHdr&Bnﬂm@Shﬂderd:tdméfeal n,
fromsaid t hdrawn distillate fraction; erelns istillation

appar apefssewgge%weﬁsaww@a icantlyrless coptfiegtivg fhep Mfﬂ? &i\mgo%g 35eqrAisly

wi t hdr gwie brRMded tHeiflicontdrd@hl R 1@9@%@&9snét%hityﬁélﬂg%rthélf %Pérf't‘gadvéﬁﬁéhfsd' ng
to anot her "aspect of the present invention there is provid a process for

r ecoveMargovsasenless| prasfticedibedoeding g the r@@@i@ds of thisohav et @uqh prm 31t progeses
conpri doil inadistillation
appar a ug@éﬂ%%&&%ﬁa&g]ﬁo@h@ﬁ%ﬂd}g&%&% ?ﬁl east a portion of at |east two

distillate fractions fromsaid I t| ratus for further
treatnent; extracting |rrpur|t|edsl’§értgﬁ1}ﬁ} Il?l &gne of said withdrawn

distillateghiag dltdb%b%s Md Aavandag&%fqh@mﬁwﬁ& 1)&@%@1&4&% Al v%%ﬁlhgﬁ‘ yiEd of

portion of said extractant, and inpurities dissolved therein m sai d at
| east digh qfaligaraefviedHmsand fdllewing| distdlatipacnd @n@aetmhe%tmreﬁawthdwsrﬂumet afion
apparatus h

e ey nf 3B e f b fler s i LSRR SRS ARERL BT o
appar akugactant loss at a given level of extractant recovery system complexity as a beneficial
byproduct of reducing the volume of recirculating extractant required. A further object of the
invention is to permit such efficient distillation and extraction without unacceptable fouling of
process equipment.
Most broadly, the object of the invention is to provide an economically attractive
alternative to hydrofinishing of rerefined oils which produces a base oil of comparable quality

with few of hydrofinishing’s operational and environmental liabilities.

Summary of the Invention

According to one aspect of the invention there is provided a process for recovering base oil
of lubricating viscosity from used oil, said process comprising the steps of :

distilling said used oil in a distillation apparatus;

withdrawing at least a portion of at least one distillate fraction from said distillation
apparatus for further finishing;

delivering at least a portion of said at least one withdrawn distillation fraction for further
finishing;

extracting impurities from at least one said withdrawn distillate fraction with a liquid
extractant;

removing at least a major portion of said extractant, and impurities dissolved therein, from
said withdrawn distillate fraction;

wherein said distillation apparatus has more theoretical plates than distillate fractions being
withdrawn from said distillation apparatus for further finishing.

According to another aspect of the present invention there is provided a process for
recovering base oil of lubricating viscosity from used oil, said process comprising the steps of:

distilling said used oil in a distillation apparatus;



According to a further aspect of the present invention there is provided a
- process for recoveri-ng base oil of lubricating viscosity fromused oil,
sai d process conprising the steps of: distilling said used oié in a
distillation apparatus; wi thdrawing at least two distillate f J}cﬁBRszpﬂgm
said distillation apparatus; extracting inpurities fromat |east one o
said withdrawn distillate fractions wih a liquid extractant; renoving at

220t 2 T BhaROEHL 81l FOhATOLREIN R R Sl g gyt

di sti | hpgdratls fop Padliedr ti2atheemt;nor e t han one theoretical plate for separating a
lighter wiwthdrawn distillate fraction froman_ i medi ately adj acent heavj er
di stil | at eS¥FagHRg FAPYHIH g ahleashnne; ofjsad withdawn, distiliate é’é?tﬁﬁlss‘&liﬂaal 1941 d
extractgntotafl SO provided by the present invention is base oil of

| ubricating Viscosity recovered fromused oil according to the process of

t he i nvent feowyvingpatdeashamiase porporedfsaidektmetaot iand mnputfiti¢shdissohwddbereing Fremoi |

is first. .pretreated, . i Ng,. ns Il known to those schooled in the
art, ¢ H ahEE OBEPE%%}‘%g}étlha%tw&gd‘%ﬁﬁ“eaﬁ%@oflf’on of the volatile |ow boiling
conponent SwHesih :ia&bﬂi@tiflﬂ[on! dpparaneIak intte irt]llihn| Mszrtihemtisal p%teﬁﬁe%g@d_, bdthesh
pretreatment,pro,ess al.so 1 ncorporates therna reatnment. or. adaitive

separ a_ta%HV%{n@B@dclmbWﬁh A L raghogh Wéfﬁﬁlfa&@stir@m é?lgfdﬂr%i”&aﬂ% amaatieduce
used oil' SARERERBSH! Y fithdr Udhect THGHe gﬁes%hﬁirﬁz%htiérpliﬁé% 8 pbvRdedPBIRRESs for
4,247,389, 4,420,389, 5,286,380, 5,306,419 or 5,556,548, the discl osures of

whi ch agcevénngolrase pd oé thbingatan gvikgpsite fiemeusee otlhsuidprocesFlsemprisingshg $ieps afacuum
distilled i,n..a: | L hawi.n ..hl e theoretical plates,

equi libri uﬁ%%g %lgg‘glfa%gfjgggg%gqlswéem& ars&%llmltatugti on appar atus enpl oyed nmust have
nore than eithdidndog etftleasatwplatiBate &ackioms!fronps£d disalibyyohapparan: e t han 11/ 2 or
nore than 2 theoretical plates, Vacuumdisti|lation i.n the aforesai d. packed
col umn sep&fECEEE frneufnf&ééjr%v ot kg5 ?rwgor?rsaﬁgam i SIFRIEE FashPns aﬂéﬁ‘idc
equi vakgidctfei | i ng range of approxi mately 650F (343C) to 1000F (537C) from
any remai ning | ow boiling conmponents not renoved during the pretreatnent
process antfHQviig atHeasha aajornshen of ¢ eviastahtaad amgurisessdissofifaddtherging from
unsui tgpllregst ondsaid ARt a%gf&st‘/ﬂ K OFadidg@r poration in lubricants and which al so

o i ven % ? ’

tend t rustrate so extraction finishing. Optionally, the vacuum
di stil | at i whersire piduaiistibtionapparatuy lmegnagahan phe thedreticdl plate Ifart eeparating a

vari ous Vi scosity cut Lch. are separately,sol.vent, finished: ver. it is
Hoei ¢ abeltel R ol s £ Bk ERRR et R SRE e G ot
separ aishichvigiputifies reaxiregtd disd sdid aiedickasdtian from the asphaltic residue.
Following distillation, the Tube fraction or, fractions are routed t

. . a
count er cur PERPIPYIET 8Y Itheypiegend i yeateR is Base il IHbHEAIRE O8Ity r@cebﬁﬁfgérpm

wher e 40&YoifARo R0h&fratbdshhrai igvbdiRat ant such as N-Methyl - 2-Pyrrol i done
(NWP) at a tenperature bel ow the tenperature of conipl ete m sci bl|lt¥nof t he

sol vent andotstmmasirise apefernd embedimentf the pragessattiel apl isfirst prelreateds egwinying
sol vent, af¢ ?vemle%%etf)ttﬂc?srees%ootlé& isfeuld Bcf ?GHPJV%]CC%,EI‘?HI%B ik eﬁ}dsfi: bglltl%nvgf ) and
t hereby preferentialTy extract undesirabl e inmpurifires, such as aromtics
and ungwatatiteatead bloyithgocanpmorats asditshlé ffor incorgoragamnin &rbdicanty.gePrefoaiilg) thisg
conpound fromthe oil over sone_.range of tenpergtures and pressures. |t
Shoul d PERIeAEe RESCEHLHIER PG ROGHD LA CEe AR i 2GS ePHENG sy frows m
i i scithd &t Wihidh dxipeesBIfyi dFanaldéit AR ueHudBRised lodlls frapenstty lto WAl Coich s Red & forth
purified. Raffinate and extract phases are forned in the | |(11L‘|3| dliquid
ext r actBU-SnPalehdnthed -8k | 4k » 10280806 SstMatiPetr PrPRE3athe, digrlastreie of
pol ar a8 MohforMOREN S Prefireddi@ndiit | | | ate which
The oil is then vacuum distilled in a packed column having multiple theoretical plates,
equilibrium stages, or steps. The distillation apparatus employed must have more than one
theoretical plate, and will preferably have more than 1% or more than 2 theoretical plates.
Vacuum distillation in the aforesaid packed column separates the base oil boiling range
material with an atmospheric equivalent boiling range of approximately 650°F (343°C) to
1000°F (537°C) from any remaining low boiling components not removed during the

pretreatment process and from the heavy asphaltic components and metals which are unsuitable



are undesirable in a finished base oil (including the polar and aromatic

‘ corrpounds) are concentrated in the extract phase, |eaving age APRG%QJQ
purified oil in the raffmate phase. Foll owi ng vacuumdi stillation’ pursuant
to the nethods of this invention, relatively | ow sol vent dosages in the
area of 25%to 100% solvent to oil generally give satisfactory results,
with the precise |evel dependent on thd character of the oil, and the

R N IR AR R g T Mg B

requi r exptibRally; aRPRsRIE disiHlihibe - stépPilQWEdBuR it cEdrogate tthe 165d daeillheninto
solvent i s separately stripped froamthe raffinate and extract phases and

I ecoveVEEOUSORSCOsItE RutS Whichsare sepgeately splveptdinishedy howeer it i9dosigblerthel ebfertyhal
Tube d

stri ppod isreRoh upERRT plobi@oht Mgy SehapREal iCheaopLaB P DactidiTirom
sui t abkhe aphaiti¢ tesiduer f or fueI bl endi ng, and may be bl ended with the Ilight
| ow boilin onmponent.s...Q whi c ve simlar, utilit The . .. .

| vent on SaiOTRER IS eufd tinstil & B3R Bl toufla L sbdnferphaSi tiquia
acconpagyidngiractoAsMch@s Elr@tuﬁ@g disk vbitghionwhett des are seiiadtad W@thfathradlﬁﬁtsuaf a
preferred _enbodi nent of the 1nvention. In that the individual underlyin

procesds L%M%thvlnwiygel«l@or@ ANMEBAeR) A HEMRETHBIe RElo8 éb%dem@aramet%fecampletq hey
are pregeibiae, 6Mnb E&@&lt%ﬁ?ﬁ%ﬂ CTB@E){HacVéﬂnE Gzﬂ%rd%%'ﬂ%@%' Bihr %Fgahf@so@%?i?%p

val ves, reactors, heat exchangers and ot her equi pment ich one of ordinary
ski || armixtuse dhareof | It sheelddrei prefeaensialy oriscihleywith rand dbé¢rehy pradersntiaiiyt extoct
functi A 0 ri r Wi re is a
senermtndesiil, dpbeERe B Adflics BRLUBRNER brd Pt R hf Blret lduehi
Descri phd oxygeh cbhalrhmg/edsrhp@mdﬂfeom niveoil ooer mmefmngdweﬁteﬁipafatdreedld pressuees.

follo npl e descri.bed with reference to Figure. oi | first
ent er \QAI %%BH@% coPLE OPeIRing Ff‘r%@“‘ieﬁ%‘g qEFHIFY, ﬁi}agYde Brese ﬁwbﬁhdééﬁémﬁm t

3. Propgsfuctiibieridl tis€ bR waldlYis BtinkPasitie@ar tial ly stabilises or separates
certain additives such as zinc dlalkyldlthlophos hat e (ZDP) and ot her
conponent s Reffinatre ands extrast |phages ciie demmadwinsiae gy gmﬂldl ¢xiaptor on ah@mapsy | Welh on
heat | “?m&\k)ﬂ' td ﬁ%k?%c&m&l%&‘iﬁ {Hé%’ts Pt g*oia? Qn&&oﬁ?af{? ‘dH}nﬁbﬁéﬂté bk A Ra cr§

as as ot I'eces rocess I pent . ter i ve mechani sns
ef f ect aregubddsgalsie aﬂm hi fistashednbale eomc(memcﬁntg ehe ipnkak vahidngromiatio oazdmpoundd:)atar@ n

s par enteegiaiansls Slech MAE Jat i LRl BT Poriie Ein E nafins ahtiec”

CorrpouMﬂowﬁlgavawmdhétﬂlaﬁb@ysammtt@rthe afetiods ofX@pphventles crelabieelyi 16wdlvent
Patents 4, 101,414 or 4,941, - their sep arat2®n i.n copjunction wth other

addi t i Jesagey inste\asen 0%2%%33&1.084) sQl¥ent 4p oghgaRsT Yoﬁ’é‘é%ﬁfitﬁ&ﬂ’tqrﬁ reggltsqiththe

s, 286, 3RQi@neve d%ﬁél&fh%n e EldActer! STERERY], Qﬁ&ﬂ{@oﬁﬁgﬁedo&sevm &th@%h&g?ehd y
may be integrated wth the next, vacuum di stillation step, as described in
US Pat dasired, 310161essmstlﬂwea@btﬂdmthednwmgse@ftthermvcrné@nsamgrpmmtdly heiige the
desira I ve. o) n of the water and |ight fue
conpongé gﬁ?ﬁ%ﬁ%ﬁﬁﬂﬁ@gﬁ%ﬂ%ﬁ%ﬁﬁﬁﬁpp1%%%%5 fromtreatnent unit 3 via line 4.
Fol | owi ng §ebawaig| @araviién, cthe ¢etnidtion ablveraissseparatel pstrigpead ifitoyn ﬁepmlfﬁtatcoamd

sai d wat er r ocess for di.sposal sai d be used for
ot | ShgrsPrise s BRAvE S i Grited MstiPost AERebPiig by Skt ahepTene Tube
procesglistiatiGiabieeadt ifa GRS b dilef high Qubty. THet Rfipyd sk@layt, t@idNGuUAy, bess
preferably because of the attendant foulbgg and thus the relatively short

peri od thredrgay lubg mmll%ta ﬁﬁeﬁr@uﬁdéltm aha fiedd or dar fuebblepdingcag may ke dlended ed)
cr ankc tﬂ@‘ﬁﬁ %v' éo?nﬂ HEBd“PWhachpr{a%%ﬁxﬁddf%ht may conprise only
a pre er an ends npl oye onj unction wth

comrer ci aI szmtlnvefxmuhamn henemecedmplanbhuwrstmctmm 1efexenceEnethg yc@mepanyaigs LP

di 94BLPG hosph 2sA . Such ch s,
conat s EBRGiTRTS oy of dRREr st e (liregeo] et pfofhag oF e

u plst r e&lﬂiIOe@flOlg Ny thtr mad@dlérnmﬁl ﬁlﬁ&ﬂ?)ngaiﬁﬁecg‘s alh]gld uwlFlﬁ dury acaztel wedi Eﬁow]g ad thke .
colum 6, and injected in the .arou efl ux | oops. (not shown) naqr y
associ AEHARTGH ith 5ot HFHALR ISR N ISCKrSHEMEHC (WM OPIHaBE GREBAGEAR of the
Concenbhﬁ&koﬂﬁwm(§ﬁ&bh§heﬁ%RH&&§m@%n&Bﬁﬁ?e@ﬂﬁﬁkﬁ@%ﬁwﬁ%%e%k%ﬁhﬂﬁy@ﬁﬁlﬁﬁﬁée
to conpl enent the defolling treatments described in the above paragraph)

The si mtplwrﬂlure@%mpmmed@echrbw pracasp Bt pafuaghieiph is nost likely to be
acceptabl e for ceutain



6 0,4 AP R 2002 hydraulic oils or other oils which are relatively free of,
» or have been freed of, any contam nants whi ch may cause foulgy pg I i Ng
pretreatnment, the oil is sent via line 5 to vacuum di sti Ilaﬂgmm. A
furnace (not shown) may be incorporated in line S prior to vacuum
distillation colum 6 if required to el evate the tenperature of the oil to
normal vacuumdi stillation tenperat ures. Vacuumdistillation colum 6
separates via fractional distillation the Iube fraction of the oil having
an at nospheric equival ent boiling range from approxi mtely 650F (343C) to
approxi mately |1 000F (537C). (Brief Bescripgionhd the®ohivimes of pi oneer US Pat ent
4,021, B33re MY LLHERRAS AW SR bf aFPefé@ed@H@ddlMexﬂr&ft%fn@gnﬁd?l conduct the
distillation wthout a fractionation colum or simlar apparatus”, and
contrary to usual re-refining practice, it is essential to the process of

this invention that this cbestL ‘lhd ﬁg&@’t‘?ﬁ o‘?ftfl fivedtibl @ fractionation columm

or other apparatus with nore eore I'ca B ate. It will preferably
have mppeidRaloPREuARY &mﬂéa%fth@folmﬁg &mﬁpla \WBscriBEd where?éaém.ettds' Fe&ure 1.

t heoretical plates. Optional ?/ and not shown, the columm may fractionate

t he | ubleed foléé‘ltrst@ntermﬁr@mMegea vigilinei nisto difeuling andi pypflashrigeccanuniv Bs doedesy

gr ades I f t a n en
e, WA ch ErBRE ° el Ry SRS drehiBste Shu RIGRTAT Rl P
extr actlmtkyl&tlaas@os;lstmtdmzam:andfothéle cappaicatsusf ths vaed alilt eivdt btherwise bhocked

out operat.j ons arate viscosi.ty grades of oil are desired,,. each
o1 scoortyiada ey bEtE ant et SO s e SaBav i e Bimp bF Sty disiRiton
ext r actQumn\¥)efsewélV b bite wcxw?&xegr@dﬁﬁn@ﬁ Ritbrati @ fcaledni HafoR Gffecting
however, it is desirable that effective fractionation with nultiple

t heor efhit slebibisatiassar aasaeniatde.cinelydingewiieeus i lsitatisasatemiative chemicgh and dharmak
asphal r f
convenEﬁe%ﬁ%ﬁts@eéfsgsﬁﬁgga?ﬁéggtr g)?ﬁ onﬁg?t%tgﬁégﬁ%%g%gﬁ%@ paf%l cul <'§1nrllOfZDP
pr ef er asmdl odter trineta;lhbldmpoands paekeiped diler eeapplayi, g ﬂoowxmnpbsdesendercbm Us

of 1 ho b BB st G4 EPER Bt ey ion i npRar poro B < Ry oRen

Tube degtdckibat g ﬁ}ftéx@ﬁip@éjdée‘z‘arlﬁecs |1rﬂ®83p§tleﬁ|tes 986,88MNahA1tRNS5I6, B, Dr IReit Mddrmial
can be i medi ately routed to a single f i ni shi n‘gl train. To further reduce
B

the ri SRCOFIPOBISION; Hgich norttwmgllwadnh‘? infegrajed) gdthy g neXt o/ 2pawe BERBHER SIeBuADed
ref | uX abiBibed OV loaldt SB0BY1bNThLlfHm bR dre AR And ool ) Gt %éslfiawn

fromthe packed sections acuumdistillation colum 6 w’l I nari

i nci deabalrtmovepaleadt e Imrhetavf/thee\satduen(bhgleafnfwcnmcmnntatfm plmeused celquvhieh ent
boilin nmar,i 1000 5370, a t hr ou

and g R Rl alnf S0 Rt o BN ol UG PSR R L e e

Ieqw vagmvhtyb?bdratngxﬁsadg?mrmmyabe bl}bck‘médé%rﬁﬁ@ﬁf sa(l&tﬁgf)m fol mh}c/i baalsﬁisfot braatigh
ine 7. The Ii roduct ol d as en nd so W t

ot hor * BYRGRRe Lo HHE S FOCRer el UHEIGF 5 of DIruose e isole e PuBO e

appl i edrddac@ny other economcally attractive basis. The heavy byproduct may
be sold or used as an asphalt extender, or as fuel or fuel blendin

conponent . Al temapmllYomth@lgha@@ﬂ prefeebly begauem of ghemiteadant h@ull%é‘ﬂﬂrtgéﬁ iteh or
fracti

extr ac ST gt petfod bl ol AHERALBARE (N CRb ALt bt (e
such asrankddst lapd c@itiBg oilslin tdos ma@nlwp)):oc(z&srlfmnr hmaycnonmmen ohly opresilksh aiitefor

extractat m, x1t such _as .NVP_.wi ter,.a enpey at ure
bl ow Ve B aRL Eis S5plbu B ¥ Eonhirer Bich Romsieth s iBlanf ehFFRERGU &
APR 200%1d% the&oaiBnerdY\Phérbict1 g Podisicedan e MBNL6ReAEpHospRate cersit fimedriBUB425A,
tenperatures In the area of 100F to 150F have been found therewith to give

good r ¢l FREMIRAH WHSISlEEWith VeRdordeeamBEndations. ovaudd o5 s estae ihfipe Bylp%fraahe
are pretenry ?ﬁ’mawtnolt Q}‘l\@\i’npﬁssgélgt@@rwﬁ{m&ﬁ?ﬁlﬁq ERUIRRMSAEmN 6, 481 ihRSred in the
depending on the quality of the finished end product desi red. ntrary

t he teaumprigeunsfre{lex mape fmotshown) ugspliassoniatesatite sagwnt él@tlilzmym q@ltamgﬁrﬂgl e
st age %ﬁ( It %t]hln%ﬁded chéeqtraﬁ(%y d ég?’?‘lta{l%maln%ﬂn ?Prtl?ets S 1&11 2%}’ Qlis% be

t heoretica st ag con or, of
Podbi eldasiedblee xd rcampmrne(north& \tslefcmllmgur@txﬁhﬂbldekombaa 1exth|eazdio®e szlra{grS]ﬂf)l eSheare

strongl ) ferred. Alternatively, multiple se tial mxer
gsP/mpHr ed approach descri e:dt n thlg paragraphpis mostqﬂﬁnly to be acceptaﬁ)? for cenam



stages may be enployed. Further contrary to the teachings of US patent
+ 4,071, 438, nitrobenzene i's an unattractive extraction sol v % Apgfgggzm
its toxicity. U The density difference between the extract rnate
phases is typically | ow when | ow sol vent dosages such as are effective in
the present invention are enployed. Accordingly, it nmay be desirable when
enpl oying a countercurrent extractor wher ei n the phases cont act by gravity
(as di iak e i m_lar e cent. ugal
e r acb o afs o Brdnl B AT Mo The R et PRy ERfEMills
Vvithoubvh%trﬁdi))ceﬁl@é fiihgdosage effective for rapi d separati on of the two
l'iquid phases |I. ~ of the extractlon t ower,, Ed refl ux the extraﬁ:tlo t qwer

by the int FelRRringdieiatmghte theopil ipsemlorigdite ndarvappEm ghstHiatigh SRR Pandl  of
the extifsde @Bﬁ%ﬁo&&“ﬁ%?soet 1'%@01‘99}afté21mr10fmé Bepgatt loafdcdtm ARl ilﬁYMn“Qol@?ﬁhr@(fﬁ or
11, the raffinate phase, typically conprising 90%of the oil and 10% of the
sol ventequpyad seselevateo tlgh t¢mprsatue o6 therfolli Famermsdl vassuny disollatign (emperatares.
wher e f I e y

thor ei oo HIREET BT B Bbfees T RS TG ooy SEalE Mo B RSB Rl g1
opt i onahviyg aars aambspheTit Néqudfalsvmt Bdhlmg Ufalnganrdﬂn apﬁjbxbﬁatél?t abored (B4B°U)6to
solvent if desired, sy nor anmounts are kngwn case

to mpPPW@XW"éel}ée]i%QQ%Pef—V §55] gqﬁtwa&f 19 the frachies a?tplwagéﬁl ﬁ)ﬁmé;q e
conpri sipig RA%6 of F&ﬂﬂeusleldéﬁmy 9&%&&1 © Qndhbetnel distilP@ss afsltﬁcma QUL tiohBtfonl 3
to extract solvent recover 5, where it is stripped of its solvent and
excess colamay or Sinelas gprasaius, ra@dw@mr%tré'nﬁo lllsélébmaWﬁnH& prartics, 14isaerdert®] to the
stripp e t ct ses
thr ough ot esr i nfgnhdl dRgank i BYEh o SiRet 6P BlorbRiodi iyl g e
Smal | appanafr%wmth meideethin snd thentetiowsyplite. dtiodltl ppeferablyi leak Inyort ahdrhenes yist e as
needed, t et%sate for un&@m dabl.e m n sol vent deconposition or |oss. 3

04 APﬁalgﬁco B Puor mare thap hsgr thegretiga a{ﬂ@eS;LS will preferably be one or

two stage Oiptibhdllyatan@modhbemWitehcShRANMhap FaRAbAate Qhe 1AW Frab@dsn $itbidePéaAD 1 N
the final or only stage. A reasonabl e con iguration is to enpl oy one stage

sol venﬂlSFle@o¢lém1§at@ﬁd@ng@/ae@|lynﬁcwt)h grades.t als bt ppe 9§ Wineh tin sertafor iniermediskase,
and twg, ?&ég% ﬁg Yot ith€ CONiEh Yar {h*%ﬁ &&%&a%ﬂ@%ﬁé&:@% B 1 Y& {]ec%ﬁrlé
Seco é) i‘l eavi er

and t he der vacuum wi t rt gas stripping, to renove t
sol venextragdat Iflrah thébalemeer afche pmasaus The apaltemative eciledreg antiopsratiays when

option Lgns evel oped. f or NI\/Pr ve in.vir ntube ol |
ool veneonatitf e Sl 2ELO BT olPHE SREELFlp opront iRy M mrl LSS o BRate
4, 057, 49dhcatéld 294nt&89urre4u M&acﬁéﬁ Whe?0 OndfiBle \astd)sﬁy lgl&iea?o‘:f oil b thhatinagy) es
of whi ﬁh are herein |ncorp§_ratedf by referenc ver,. in light of the
gener aPPYeuTail I GSB?QJBHWF Aetbe ga&f&)wonr%ﬂmwa ea@hpwéatg%ﬁp@ra&cﬁvcﬁmy

resul t e hBaviddebetERtioh floRetheUssRMtc doBMent i on, el aborate multiple effect
sol vent recovery schenes are general ly not required. Reasonable thernal

ef fici enci édthengh tharergre ¢ Wisdeagnse védceapibin comeenypnalydesigsc exrdigpraiiong der
parti C%&{ulnycéltlmlﬂe@;nahf&?agl réi%grea At ﬁ@ﬁ&quqﬁ\g%éa t‘bb«%r Pl%gﬁoggﬁgoﬁtv %e ure

processing system npl oyi ng t eat

it is dogl ﬁdlcmrcﬂwad{mglmajwcsmblhdtm afmamdeinu packéng m'nherhow&momadm yf the whbimn
oper at e ol, ut .te ratures above,600F t.h referred extracti.on
oo o Bt PR TP BE Ry B A S L bPe HFLRG RGeS aE SR aE
a sol veméant &ROVEEY9 &@mmna&wse ithSefiatl pyoutel & & istigld @nRhingheais oI e firthet he
raffi nate becones a finished base oil swtabl e for sale as such, or for

post f Fesiuehithiyriel aE foumar inohisi lwmaliit isedesieblyite dxr egngpatiBumpethevibi (et
conpouggiiig) Mish ﬁy%&m\/ﬁﬁhﬁ%ﬁm 1ﬁtb@l‘1§1§§i‘auﬁrﬁt¥fdrﬁﬁ{e' Jf}agk&i dectiGRi i onal 1y,

addi ti onal \})rocesm ng steps t%: enpl oyed suc otreating or clay
fini shing, @rcuurh@hscbnlllatlmyolbemf wulherdlmarémr@dddm@dlbmnamecmbmvoh residug sirdaon

col urm“ﬁth an atmospheric equivalent boiling range primarily above 1000°F (537°C), which passes
through line 8, and may also separate any remaining light byproduct with an atmospheric
equivalent boiling range primarily below 650°F (343°C), which passes through line 7. The light
byproduct may be sold as fuel, blended and sold with other byproducts of the process or other
fuels as a composite fuel, or applied in any other economically attractive basis. The heavy

byproduct may be sold or used as an asphalt extender, or as fuel or fuel blending component.



U .and countercurrent extractor 11, but such additional treatnents are
+general ly not required in'the process of the present i nventﬂq‘n.Ap&Zpﬂgng
stepping of the solvent, the extract is suitable for use as“an’i'n I
fuel or for blending with other byproducts of the process or other fuels to
make a conposite fuel. Alternatively, the extract may 5 first be cool ed
and/or treated with an anti-solvent such as water and placed in a tenporary
hol ding ta : : ff | j nt er i ! i se
o the sur | SasingEgrd SRERARAPE e, bedhe Bho i GHARELE e3hfh v i 9
requi r ddpughacodier Hetauliqed liguid exthetdrihewheraiat they afeeashtdcteddwvither iqed tiiqaat or
11 to inprove the o ] yield of th ocess. Alternatively, the
secondg%r‘r@“?adﬁfs?ﬁhlaé\@ﬁet@ds’gﬁ?l °§F¢§%\£ﬂ; ), dugfugaly or. PI}WOL_“S‘“‘%‘PM Fbeqtapt

sol veninigftbsyEticRlas NMPBKE @ boUE watdd Cdt 20bmptaREIBALH tRe ftekdtire of cdBlete
follow ng exanples illustrate the inprovenent achieved fromthe practice of
this | BUEHRilibref theexractat grdbd as an i ndex of base oil product quality,
however, other indicia of product quality are expected to be simlarly

af fected, such as viscosity index, polynuclear aromatic content, and
thermal and color stability. Exanple 1 This exanple illustrates the process
of the present invention. A sanple of used oil was prepared essentially as
provi ded in our previously referenced co-pendi ng applications, Exanple 1,

t hrough vacuumdistillation Stage 3, which is effected in a packed col um.
Specifically, substantially the foll ow ng procedure was enpl oyed. 500 grans
of 18-46-0 OAP fertilizer pellets were ground to a fine powder in a Krups
type 203 household coffee mll. The powder was then mxed in a lwo liter
Pyrex beaker with 1.6 liters of tap water and the m xture heated to 130 F
(54 C) on a stirring hot plate and magnetically stirred at that tenperature
for 15 mnutes. The stir bar was then renoved and the m xture allowed to
settle for 48 hours, during which it separated into a dark brown |iquid and
a light brown nmud |ike residue. The dark brown liquid was retained for use
as an aqueous reagent in the denetallization phase of the rerefining
process. 2,750 m. of used ail obtained froma whol esal e supplier was
introduced into a 4 liter Pyrex reaction kettle and vigorously stirred with
a propeller m xer introduced through the mddle kettle aperture as the
mantl e was electrically heated. The oil contained approxi mately 3% water by
distillation and 0.5% ash by ASTM D- 482, and was opaque. The tenperature of
the oil was continuously nonitored through one of the three side kettle
apertures. A second side aperture was connected to a condenser apparatus to
condense and col |l ect overhead vapors, which condensate was mai ntai ned
separately fromthe oil. Once the tenperature of the oil reached 190 F (88
O, 96 nmM of the reagent prepared in Step 0 above 10 0 ~r APR 2002 was
added through the third side aperture, after which that aperture was
sealed. Full electric heating was continued to 220F (104C), then suspended
for 15 mnutes to slow the tenperature ranp and allow formati on of | arger
particul ate, and then resumed until the tenperature reading was 280 F (
138C). The oil tenperature continued to rise to about 300F ( I 49C) due to
the warnth of the mantle and then stabilised. The oil was naintained at
about 300F (149C) under vigorous agitation for another 15 m nutes, after

whi ch the apparatus was di sassenbled and the oil was decanted into a four
litre Erlenmeyer flask. The separated condensate was exam ned and found to
be conprised primarily of anber water with a thin |layer of hydrocarbons
floating thereon. A three inch magnetic stir bar was then inserted into the
four litre Erlennmeyer flask COllallllllg the decanted oil, a n~odel ate
rate of stirring was initiated, and the (laslc was heated to 630F (332C) on
a twelve inch stin-ing hot plate, under a continuous gradual nitrogen purge
adm nistered to the side fitting of a ground gl ass connecting tube ~vlth
side gas fitting (Corning 9420-24) placed in the neck of the flask.

Over head vapors were condensed and col |l ected separately fromthe oil The
oil tenperature vas continuously nonitored via an infrared thernonmeter and
mai ntai ned in a range from about 610F (321 C) to G50F (343C) for one hour.
The flask was then renoved fromthe hot plate without cooling and pl aced
imediately into a customfitted cloth insulating jacket, while continuing
t he nitrogen purge.



The, fl ask was placed i mediately into a 2 ft. by 2ft. by 3 ft. (61 cmx 61
cmx 91 cn) vertical acrylic glove box with a slotted door p@ gPR\AgQO%
continuation of the nltrogen purge. Prepositioned in the glove bo

tainless ste uch r funnel resti 4 lHitre

Ilﬂgr/ef( :‘ln rteé’ﬁ %&P{,&tﬁl BRE™ %?ct%(‘?ﬂﬁﬁ’f"a%g BUrEr ‘f’?%'l‘ te @A 19 dtgﬂg&n PPepar ed
w th 97 gggrf foypd 9“\% e%lﬁ’g_g 4: J:;I g[ongI re"%m% §a§|%§fn QP%LHQL to?%S"/alodI Obfsotf tl{ég?lloon a

24cm di sk at man paper 00Sse€e d and a
VEgOr A | Gyl bird' pm@rlez e Fﬁ/@r SnighBiSantHuRié $ral) 8% u¥kaSF deBildal @Bk AJU:.QH@&A:@W
nitrogen feed Il'nes until the measured oxygen percentage in the box

measur ed obtfe fhist#d dnd @tediidt He3BedSC oRiPsky OtheachmMgs bitlis Patétt @ jor N &3, wcﬁ)tee&%so At
this point the nitrogen flush to the box was reduced to a | evel just

suf fi ci ewpntagtingin ;siedie stpgrsnixensettipr. e jiquid @Ktchctiansd pparatul @it owltigledivemssticalhe
ground gl ass connecting tube which had fed the mtp@gen purse to the flask
whs renoFEEeRRiEN RS R?S’WPéﬁF@"oﬂ"taﬂ'Pﬂad'?"l %E%C%P%P ?5’8@ & {5 vBRRAEr

f unnel F|I was . Su st.ant i al han o

Ovor al | PeRiaR Rt atin At b RIR At o G il Bty s efer

deret al | Is@sestrhfy bu%r%q.o id. F@Hpertc%twgth'ettea%Hﬁ%ed?bblﬁE@ntt@Oﬂa@b' 0@51?2%*!& lsat i on

in a conventional packed colum w't greatly dimnished ris oul i ng
rel ati ve ahQnatiddtiRadx@sktivs afvent ih light bf its foxicityl ust rati ve of one of several types
of optional preprocessing that may be enployed with the nethods of this
invention. After filtration, the oil contained between 0.005% and 0. 008%
ash (as neasured on different iterations [I \DayLi b\LI BH 00840 doe ael ~
I APR 2pghe fonsiy diffpiescechiabugenrimexiractisnd rafinatechtgsasdel tvaigally 1owwben lowrsolvent was
suitable only as a fuel, and not for reuse as base oil w thout 3dd|t| onal

processi AESA99HRECH 394 diediveid dheresRntiyROR AR SRR YT Rec R i 513 b8 $EF1RES ds
col I ect e%ggr%)rﬂ[glagmeilyco%%}cﬁrréﬁgxtr% tJor \pl?egelﬂﬁgphzllg?% L&aig%%{;st | %(?(‘Fl flask

and placed’in a 'I'tre vacuum di sti Ion UAder
appr oxi M@l ik B e G&%&P%mé@&%%w&%&@to?s gagop'erbmhé é)gragno%@eplmﬁmg two
inch (Scm dianeter distillation colum packed wi th 6nm porcel ain Berl

Saddl es aRferidAHAtA, Bitholiwaler) SEVEE 8dsabBdfRERve Ofr rdpRipséyardtitinbf thlo Ui Rjuldphb&dsl .
Heating was via upper and | ower electric mantles applied to the

disti | | atof tomedrhciskiswernahdoeihix thel exteadtian tawer by theiittighection afivaten prreet sbigentaeart ai n
pot pressure below | 5mm Hg and thus preclude the possibility of colum

f 1 oodi ng.!nemeit efiithegrpwaliof thp ggractphesratowqrds thepaiam ¢f s Fedteinge up to 650F
(343C) atnospheric equivalent (or up to 320F) (160C) at 2mm Hg), was

coll ected and set aside, and a new collection flask nounted, taki ng care to

mai ntain FYRY @ltlIaQtEPHgtthhnétQ P{s@%ﬁﬂ@a?fas ﬁQnW&Qhet&l ahggo & eathe solveéwéo =

Distillation was conti nued un t enperat ure ched

(3600), @hsswbih@giRk At td BAngs SshahkcdveRAT B, Whete NadtipBachiad RatFandtaéC)

at nospheri c equi val ent (480F (249C) at 2mm. A sonewhat hi gher atnospheric
equi val enf soteet andvardgi vedter| theaitin, camd ttienyudieatt itsel@is csttip pdxi ofeamly inaatep diteeeln (aitbough
production scale vacuumtower. The distillation receiver confaining the
base Tu b@pmngwq srealicameaat af Metsr seeioasdde. TRy ge redivpdemthe aplvqs\klf fesired. @nd s¢dliges
were then enp L§1ed on a portion of the base | ube distillate. In Sta e 1,

300nt of "E'H’é (s EeeRin Peatage dddie MPPWu%thﬁeVC?ﬂ‘X?eé‘”i"ﬁ"yathﬁéétkaé’F P
stirri ng t{&%%l)}péfg%ﬁs %&5% Zéﬁ%so V%%t%ﬂd NMD o?ae oﬂga@eé h'l’lcfugh\(x@e% :nggxt?égt JoRfent

appr oxi mate e mxture was into a separator
funnel, aqdva dRWednte n%@@bpew r@r@mémnmc%wwale% frné éfeht framgdm..nt @em@wat ure
was maintained as required with an electric forced air heat gun as separate
extract anid 1rahd 1 Naipeprarnestofiarda®dd ieVélgs thelealkrthilcfRR a2ddsses @xdughtitesphase
was drawn of f the bottom of the funnel and set aside for |ater solvent
recovery 1anth. ext &bt ressqoiarcaturjtmurreamtradm 10pfeell vadrhésd makplresslyenasay et ai ned
for Stage 2. In Stage 2 the process was repeated with an addl ~onal 75 m of
NVP, enpla(%??%@e'icﬁ‘@a Rgihe1ssEPY phHAeededntopfoamrenite e tavPidatifaImigarstoMePat e.
After a total of. such stages, the final raffinate was transferred to a
2 liter rotHY%B ?”[ hlﬁsfl ask heated with upper |ower eLectac'

~ant | es~mai nt ai ne_d~t 20" Ng~acuum -and-stripped with a 5 conti nuous
nitrogen purge through a 25mm di anet er “col um packed with 19 cm of 6mm
ceram c berl saddles. Once the crossbar tenperature reached 160C, heating
was stopped, and the oil, now stripped of residual NWP, was cool ed and the
vacuum and ni trogen purge stopped. (A simlar



apparat us and process can be enpl oyed far separation of solvent fromthe

. extract phase.) As a final purification step unnecessary in

configuration, the' sanple was filtered through two disks 10 %flfpmuquQZ
and one Swivewh@towry uhls 14 bhetS pitipeaferaldy be nue er teb Istage disilatidat urfls ets steardust - and
any other extraneous contam nants: The sanple was then submtted to an

i ndepend&nonjage iner gensirirpipg intessinabgy, O"‘WFQPQP fifeasppablesanfigyration isite smploy eneosi ty @
40 C (ASTM D445) 31.02 cst | 5 Colo &?ST P1500 <1.5 Exanple 2 This

exanpl e Sfa9p SUEpLpGoNery ydervapuym ‘W@I"V”B'B 2\ ?E%W"S'P pBese, a"é’§w? gpgesaivent i n

3001, 33900 et 0 R p S B b P Bl o B S o ™
used 0i |y 3iald {E ndd erblﬁ%r]tﬁﬁFlerM dxPadrpRdte! ‘Fhe]ﬁoW@ Bl ang'n‘ia‘g%ﬁo\‘.aﬁw a

five liter vacuum |st atron flask and di st und approximately 2 nm
K0 Cr oS 3Rar dekighd HetaIdpas Rk BKIP feckn IR GiRyiN IOBLIZBREM YFAME Ghitd, JudPad 416 Betdornet er
colum insulated with several |ayers of heavy duty alum numfoil but

Wi t hout inpid® katerds 3,481 966, 4/08T, #9014, 2EAH 80 01342154 €0, 390, 4aP RN D # 4 MR T, thetdiselosures
distillation 35 tenperatures enployed in Exanple 1, above. 300nml of

di sti | | &f ehigarethaein lmqrnogﬁetubserggrewy@ ridpwener. lga@i’éOftbwger@faéggngl@quemm@l
extractlon rocedure followed by stripping set forth in Exanple 1, above.

As in EPARPYI eauired tyjachievggatistre °|'WPS‘W§§‘ tBerplossrs @f e Cé%}‘\'"g?"&@'é elappater  nal |
s e A R U A N
‘¢ (ASTM LR Acthnafde GEnigvwel NQRIOPJ orw g@@ﬂﬁ%és Padiéul ly-lf'%egt LfatdnR p;mﬁtléeoexa”pl e

illustrates the increased solvent dosage required'to a I'eve a conparabl e
qual i ty wath theiblajanésSof tief dreszb &ty dysteNTEMxBIPIR By 6bRYiIng the hédl eeidiskd Bf thExipapl e 1,
enploying the prior art nmethod of F xarnple 2. 1000 m of used oil simlar
to that itémobley kan vagulm distiiéties cduramd (Ghichdigalhaeed aierage4tiapsalute anfpienaeurési ter
vacuumdl stillatlon flask and distilled under approxi nmat elﬂy

cr ossbardbPgEaeima the g@@ﬁeﬁe&lgcqonéqmn%qﬁlg’e &R reaRt neEe Y eal e rafftele adii aﬁ@Fter

col um i nsul ted WI h several |ayers of heavy duty |I U alum numfoil but
wi t hout 537:% hgsolveg reﬁ‘”’ﬁ?i%ﬁ’eéa?% Distillation was continued to
approximately the distillation tenperatures enployed in Exanples 1 and 2,
above. 300nml of distillate was then finished enploying the same four stage

sequent 'F’%howﬁ?@tsfr@ﬂoé hd ONMhdEMeRIING Rarfirald HaGHe Y inkhEd BRb rams@am wgge bsueX arrpl es
1 and 2, above wever, in the present instance, 150 (509 of N

enpl oyedr &t paaiiBhisg m&onahw iGte diffe@nBusoslity grR03, eyu2dl fdrmorﬁn@.miaingwiacamudesZ
above. The final, stripped, filtered, I ~ product was then submtted to an
i ndependemekd afnishad tubrjcatiog ot Eptionally, addittohaltphases$sirigl stenk Mgy besmblipged svtsaosity @
40 C (ASTM 0445) 32.69 cst Col or (ASTM D1500) <1.5
hydrotreating or clay finishing, or the oil may be further treated between vacuum distillation column 8
0 . and countercurrent extractor 11, but such additional treatments are generally not required in the

process of the present invention.

Following stnpping of the solvent, the extract is suitable for use as an industnal fuel or for blending with
ather byproducts of the process or ather fuels to make a compaosite fuel. Alternatively, the extract may
a3 first be cooled and/or treated with an anti-solvent such as water and placed in a temporary holding tank
to cause a secondary raffinate of intermediate quality to rise to the surface, which secondary raffinate,
after water stripping if required, can be returned with the lube fraction feed to primary extractor 11 to

improve the overall vield of the process. Alternatively, the secondary raffinate can be separately

9



?U The results in the ¢urrent Exanple 3 are only conparable to and no

< better than the results achieved in Exanple 1, which enpl oys tngfoﬁgg)ﬁmﬁf
the current invention, notw thstanding the doubling of solvent [

t hey pr esenétrigpéadioRent\ahd GhteH@@Fakd @ lube Sldck SOMferRaEGIGuaIly.i N sol vent dosage
achi evabl e in accordance with the-practice of the current '?~ invention is
of great commercial significance. Qperating and capital costs are both

mar kedly reduced., The major variable costs of operating a sol vent

ext ract i onTHapllowRg pgmales ﬁlusgafe theH@prowrrpeng pehjeyeq framy the prAciearaf thisdeveptiany Caled t he
cost of so]vent makeu or solvent | psses. These in tur re at | east

G rectly” ob Uit A REFR boserel Prodit v BaTever el fodudghoBlere ERRos
desi gn conpl exi f S0l Vi X i

dosi g, ot B Sty aBUARE bR es BRGaK e, o REE ks Bh R, S RIS R
| -4 O ~std¥ilg.2~0~ 15 requirenents in an efficient plant design can be net
t hrough heat integration with earlier process units, fuel consunption may
decline nore than SO%if the required solvent dosage is cut in half.
Accordingly, a 50%reduction in required solvent dosage approxi mately

hal ves t heExammgl@abl e cost of operating a solvent extraction finishing unit.
A significant reduction in capital costs, on the order of 20% can al so be
anticipated at a given |evel of design conplexity as the result of halving
the required sol vent dosaggHHThe size and capital cost of the

count er cur | Bhexagple lysirates 0cs§% ofIBE pERRt FueER A SamRls eised iof wes giepgyed
h . |
N A

enpl oyi ng curre I'nvent1on oIl genéral ly
conpar abl eydcu@\eREifkibn Gidgh i3t WhitisIWdEed meabeiled 888mAI dpekificdilf adbitintially the

achi evabl e, at noderate sol vent dosages |ess than or equal to 100%

ext r act ant follawifigeeekedulaavas ampukdd. st age liquid |iquid extractor is enployed.
For exanple, an ASTM D-1500 col our of less than 1.0 is routinely achievable
with a high degree of colour stability on lighter base oil fractions of

| ess than 200 SUS viscosity at 100F (37.8C). Moreover, rerefining according
to the near® HrmMERE 184F PP feriliztitnebsls verepHPYNdda aafneyrourreipty Hers PR eddci ng

t he. pol ynugl ea r ti. ontent of used Qqils ith | evels (J]P3468 basis) of
o8 T han B E8o SRR I R Fufe 143 et ol Prp Sl T Re8 3L 65,
achi evabl eyadugh uRSmiltIRNeh@R I Mo- ARde EbnGRFRERt pla®e Pdl Mgndfidany BB gsnAf
liquid liquid extraction finishing applied to rerefm ng, engineering
st udi es i neénpataeurd ats inthatepr BisLSlt bdrMaginah rantovpd aeaRS mixtursSalebantsealk fof 480r e
econom cally attractive than hydrofinishing, with total direct operating
cost for ahdurduingwiiitit sdpamted inloardace brevreliqdidsng k light brorn imidtlike (esided. (He Agrk
mai nt enance and depreciation, but excluding |abor, which should be i
conpar abl ePPHn B HET refained for pReaF atiRgOtsEedseny ke deRelalizagop Biasg of PpreEyining
I‘el;(ffi ning hydrotreatment unit and a return on investment that is ten to
fifteen -pePc nF'age poi nts higher over a wide range of base oil price
assunptions. Al though the invention has been described in terns of the
preferred and alternative enbodi ments disclosed herein, those skilled in
the art wi bl7s@ppoesHedbottBA Witk b Ahbiedits suRPIR WhLiAkddABS iRDd O dRee rRBdH
which fall wthin the scope of the invention a defined in the

kettle and wigorously stirred with a propeller mixer introduced through the middle kettle aperture as the

mantle was alectrically heated. The oil contained approximately 3% water by distillation and 0.5% ash
25 by ASTM D-482, and was opaque. The temperature of the oil was continuously monitored through cne
of the three side kettle apertures. A second side aperture was connected to a condenser apparatus
to condense and collect overhead vapors, which condensate was maintained separately from the oil.

Once the temperature of the oil reached 190°F (88° C), 96 mi of the reagent prepared in Step 0 above

{0



cl ains appended hereto. Al such nodifications and enhancenents are

cintended to be included within the scope of the clains app e r ‘0
~ APR 2002 16 CLAIMS: 1. A process for recovering base oil Tﬂg Rﬁﬂ%lm ng

viscosity fromused oil, said process conprising the steps of distilling
said used oil in a distillation apparatys; wthdrawi ng at |least a portion
of at least one distillate fraction fromsaid distillation apparatus for
furt herwds midstitmgugldehd thédi side ageriuensifiea whoalt ihan apdriusaivds atalbeastulioriectric

withdrawn distillation fraction for further finishing, extractin ]
pur sty Fenaiahg SRk CESnerisanmcni gt I Pafkes Pl it Wnprrayre
i qui d @xpraataeh: oheaRH fPlafder beaRhIak, BRI HenPREIMQNuAT] tBatdhRxdihdGkalhg
and inpurities dissolved therein, fromsaid withdrawn distillate fraction;

wher ei asal®@°di 6158 Chat Tbw oB ppapeatiuts ¢rasingest & tHfeter drone aP0D1 @) dhgnio the
distill i ' ] r ' i st Lati r
Furt her T SRR o et T o T B R B O B PR e P
vi scosivtigorbroagitesied foi dnotisai ¢ proess sftaonpeh shangppaneus tvepdisedsemdiegtand| thag

said used oil in a.distillation apparatus;.wthdraw ng at |east a portion
of at IBREE S5EMa &b Byt BRlerRer Mok T sapapled ek VAR st e
furtherfotiiead medompetd @eihiafidy ofRHibiet MeSerf Wi aathih east oFne/dedcatdnd floating
wi thdrawn distillate fractions with a liquid extractant; renoving at |east

a maj orth@6PHi on of said extractant, and inpurities dissolved therein, from
A three inch magnetic stir bar was then inserted into the four litre Erlenmeyer flask

containing the decanted oil, a moderate rate of stirring was initiated, and the {lask was heated to
630°F (332°C) on a twelve inch stirting hot plate, under a continuous gradual nitrogen purge
administered to the side fitting of a ground glass connecting tube with side gas fitting (Corning
9420-24) placed mn the neck of the flask. Overhead vapors were condensed and collected
separately from the oil  The o1l temperature was continuously monitored via an infrared
thermometer and maintained 1n a range from about 610°F (321°C) to 650°F (343°C) for one
hour. The flask was then removed from the hot plate without cooling and placed immediately
into a custom fitted cloth insulating jacket, while continuing the nitrogen purge.

The flask was placed immediately into a 2 ft. by 2ft. by 3ft. (61 cm x 6lcm x 9lcm)
vertical acrylic glove box with a slotted door permitting continuation of the nitrogen purge. Pre-
positioned in the glove box was a 10% inch (26.7cm) 304 stainless steel Buchner funnel resting
on a 4 litre Pyrex filter flask and under vacuum. The Buchner funnel had been prepared with 97
grams of Celatom FP-4 diatomaceous earth filter aid resting on a 24cm disk of Whatman #1
filter paper The glove box was loosely sealed and a vigorous nitrogen flush of the glove box
was initiated through four nitrogen feed lines until the measured oxygen percentage in the box as
measured on a GC Industries GC 501 Oxygen monitor, declined to 0.00% O,. At this point the
nitrogen flush to the box was reduced to a level just sufficient to maintain positive pressure and,
using the box gloves, the ground glass connecting tube which had fed the nitrogen purge to the
flask was removed and the contents of the flask were poured into the Buchner funncl Filtration
was substantially complete in less than one minute.

Overall, this preprocessing was undertaken both to substantially demetallise the used ol
and to make it susceptible to vacuum distillation in a conventional packed column with a greatly
diminished risk of fouling relative to untreated used oil. It is illustrative of one of several types
of optional preprocessing that may be employed with the methods of this invention. After

filtration, the oil contained between 0.005% and 0.008% ash (as measured on different iterations
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said at | east one of said withdrawn distillate fractions; wherein said
s distillation apparatus has nore than one theoretical plate |nterposed

bet ween any two i medi ately adjacent distillate fractions %&n%@q?
said distillation apparatus. 3. A process according to cl al m 2 one

of said at least two distillate fractions is a bottons fraction, and said
distillation apparatus separates said bbttons fraction froma Iighter

fract| oReld SIS, bIPHTLLARE L& FXLEAG! I8 nBtabe| L hd SRR or 4

A process recoverin ase ricating vi SCOST orh use
sai d pfansembaseaﬂr\mmongaddmeomﬂ ppsewsfng. di stilling said used oil in a

distillati ar at us; a i sti ate fracti rom
Sai d di ot | TPSRRERE adhen CRTOEs Pad: Fhgordmand PrebedbanGe) bfgRanl

sai d WiHehalr @ibedhh ﬁéatéd Althe Eﬂe%ew? la¥t hrkd aaéédqﬂ Ia%emtfea@atoaﬁm dlstllﬁtlon ARSR
2002 17 renoving at |east a ma ortion of said extractant, and

i npur i amcbélsuilebbmdﬁé@ppn@érreatnly nrmj gerosehes vaghen dupugtng tIAdReWAed sm) long e
R R C e e U T
f rom _a?xsulmeadwah efweraidpyem eﬁheheradute raluimsgum tﬁ?t ereamg was vig oppentaind Hower
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by-product froman i nmediately acent heavier distillate fraction from

whi ch iTheaH idistidléngindhe fuet é@tlﬂ'{*}lqmsﬁah@e uniod IO R (343 e X tmespheric eqyivalens (s s
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cuum col umm be rati

conpri ses a ng under pressure rocess
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somewhat higher atmospheric equivalent maximum distillation temperature can be anticipated

from a production scale vacuum tower. The distillation receiver containing the base lube
distillate was then removed.

Four sequential extraction stages were then employed on a portion of the base lube

distillate, In Stage 1, 300ml of the vacuum distillate was continuously mixed in a beaker on a

stirring hot plate with 75ml (25%) NMP as the mixture was heated to approximately 130°F

(54°C). The mixture was then poured into a separatory funnel, and allowed to cool to

approximately 120°F (49°C), which temperature was maintained as required with an electric

forced air heat gun as separate extract and raffinate phases formed. The



said used oil. 9. A process according to any one of clains tc&é further
 conprising a step of pretreating said used oil to reduce s & R 30025
propensity to foul said distillation apparatus. 10. A process according to

chal M 9, ek koS dradncit R bRt SrAR bt 36 Sbt YSEL 0P lbor SOdrR MG BH 1O

conprises a chemcal treatment of-the o process according to claim
9, wher eiditrfetdearttioR Rn@the DpRE FaGifdth PiisSwasdetbififotsthgd D 1h 86hYe @ tHeibdeBYwas
conprises thernmal treatnent of the oil at a tenperature in excess of 400F
(204C) f oepeatedanitt raagddidansl temtef NMRTEMployiad the Stege 1t efinate fruplas. of ik ongimal ocess
according to any one of clains 1 to 5, wherein the liquid extractant

conpr i sedistilatgo ABer adetalkaffaur sushstages, the Snal reffinaiscvasdrapsfertadde A g liteo ragndbetionp

wherein the polar organic solvent is N-nethyl-2 pyrrolidone. 14. A process
accor di nd'28% "eptas it UPRRFI0YES %g%%wwaf”l‘aéfé‘&ﬁz

and one i I r. di.sti t r ' ' '
FPom sai donrub R FReEhsGh s £ R b ool B 1 S AP H A i A
wherein s@igledli dhid haltRbARPAINE riRRed TR, hEARg WAP slohRRIN 8hd FB!oilPhRN €S
per distillate fraction being withdrawn fromsaid distillation apparatus.
16. A prooppsd ac eiick INMA, Gvas| cdbidt nd Meevaeiuin Sad Aitrdgéi pdri@kloppedappdinas has
nore than three theoretical plates per distillate fraction being w thdrawn
from sai chpparattis dndatocess cap pae@plaged for segaragtion o deRe @M the extractmhese)sts afiabr di ng
to claim2 or 3, wherein said distillation apparatus has nore than one and
one hal f RUffiseficn steRgInegrsaane!d 3 nRAF 90 seiotaiaRe'ep sample ik fitermddbougraivy disk§ acent

i stillat ti bei i th f aid. distj]]ati t . 18.
A05r oceos YbRETRE oG ol il 0o pargs B veclee B LY TSP ot PO AR AT e us
has nore egd}ébl%gﬁsl nt'élﬁﬁ:?ﬁt@.t #&e%an%&e%a%ﬁhe‘n@hﬁﬁig&stg(% R@nggntWraﬁonol' EEE‘%E' ately

adj acent ate tractions
with the following resuits:

Viscosity @ 40° C (ASTM D445) 31.02 cst
] Cofor (ASTM D1500) <1.5
Example 2

This exampie illustrates the relatively poor quality of oil, as reflected in ASTM D1500 Color, achieved
0 employing the prior art method of US patent 4,021,333 at a similar solvent dosage to Example 1,
above. 1500 mi of used oil similar to that employed in Example 1 was placed directly in a five liter
vacuum distillation flask and distilled under appraximately 2 mm Hg crossbar vacuur;n through a 19
inch long approximately two inch diameter column insulated with several layers of heavy duty
aluminum foil but without packing. Distillation was continued to approximately the distillation
25 temperatures employed in Example 1, above. 300ml of distillate was then finished employing the
same four stage sequential extraction procedure followed by stripping set forth in Example 1, above.
As in Example 1, 75 mi (25%) of NMP was employed at each stage. The final, stripped, filtered,

product was then submitted to an independent laboratory for testing, with the following resuits:

Y4 g Stripgsdeviiain one



being withdrawn fromsaid distillation apparatus. '19. A pr oceﬁ cordi ng
“toclaim2 or 3, wherein said distillation apparatus has nore lha;&
t heoretical plates interposed between any two i medi ately adj acent
dosti | | atMisoosity @ 6eticopsSTIAE44 W t hdr awn fa2amestai d di stil |l ati on appar at us.
20. A pr s ASIMBIHIONg to claim4 or 5,<2fherein said distillation
apparatus has nore than one and one half theoretical plates for separating
said |i ggier gthdrawn distillate fraction fromsaid i medi ately adj acent
heavi er te fraction. 21. A process according to claim4 or 5,
wherein said distillation apparatus has nore than two theoretical plates
for separating said |ighter wwthdrawn distillate fraction from said
i gredi at et 26h Sp?&lﬁiﬂﬁat&‘?ﬁe\"h&éas% §6N9H s Sgel bkl RMkchidde a SntHaPibfsfiafty 6Qfidi Ng
to claim4 or wherein said distillation apparatus has nmore than three -
t heor et i cilefiptted ie 85TV D1500 TaloA td theoilSBE@Amipie0N EMployind thel peuiart ehedtiod lof Bagnple
fraction fromsaid i nmedi ately adj acent heavier distillate fraction. 23.
Base oi | 201000utiraf osetlioi gmitarde thai dnypleyed inExareples 1 emd 2isarhlanet daentipingi fng litto t he
process of any one of clainms 1 to 22. .AFu3 .A nE.As. A . An. A A @3. A

. A5y. A e. vAgErrml;ﬁgatioAﬂﬁ[k@!d Aqqﬁ_lemunqqr @mrexinjately 2 mm Hg crossbar vacuum through a 19
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~_ @ @ 10%&e(90% 14M4fioh )in sde@nflBosage achievable in accordance with the practice of the current

25 invention is of great commercial significance. Operating and capital costs are both markedly reduced.

The major variable costs of operating a solvent extraction finishing unit are the cost of fuel for solvent
recovery and the cost of solvent makeup for solvent losses. These in turn are at least directly
proportional to the required soivent dosage at a given level of design complexity (number of solvent

30 recovery stages, stnpping column design, etc.). Indeed, given that a significant portion of initial thermal
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and capital cost of the countercurrent extractors and all solvent recovery systems, including
pumps, heaters, and columns, are reduced at lowered solvent dosages.

When employing the methods of the current invention, rerefined base oil generally
comparable in overall quality to hydrotreated base oil is readily achievable, at moderate solvent
dosages less than or equal to 100% extractant to feed, when a multistage liquid liquid extractor is
employed. For example, an ASTM D-1500 colour of less than 1.0 is routinely achievable with a
high degree of colour stability on lighter base oil fractions of less than 200 SUS viscosity at
100°F (37.8°C). Moreover, rerefining according to the means of the current invention is
particularly effective in reducing the polynuclear aromatic content of used oils, with levels
(IP346 basis) of less than 0.5%, which are difficult to achieve via hydrotreating, easily
achievable.

Just as importantly, and in contrast to prior art methods of liquid liquid extraction finishing
applied to rerefining, engineering studies indicate that the present innovative process is
substantially more economically attractive than hydrofinishing, with total direct operating cost
for all equipment downstream of the distillation unit, (including maintenance and depreciation,
but excluding labor, which should be comparable in either case) projected to be less than 50% of
a typical rerefining hydrotreatment unit and a return on investment that is ten to fifteen
percentage points higher over a wide range of base oil price assumptions.

Although the invention has been described in terms of the preferred and alternative
embodiments disclosed herein, those skilled in the art will appreciate many variations,
modifications and enhancements which fall within the scope of the invention a defined in the
claims appended hereto. All such modifications and enhancements are intended to be included

within the scope of the claims appended hereto.
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delivering at least a portion of said at least one withdrawn distillation fraction for further

finishing;

extracting impurities from at least one said withdrawn distillate fraction with a liquid
extractant;

removing at least a major portion of said extractant, and impurities dissolved therein, from
said withdrawn distillate fraction;

wherein said distillation apparatus has more theoretical plates than distillate fractions being
withdrawn from said distillation apparatus for further finishing,

2. A process for recovering base oil of lubricating viscosity from used oil, said process
comprising the steps of:

distilling said used oil in a distillation apparatus;

withdrawing at least a portion of at least two distillate fractions from said distillation
apparatus for further treatment;

extracting impurities from at least one of said withdrawn distillate fractions with a liquid
extractant;

removing at least a major portion of said extractant, and impurities dissolved therein, from
said at least one of said withdrawn distillate fractions;

wherein said distillation apparatus has more than one theoretical plate interposed between
any two immediately adjacent distillate fractions withdrawn from said distillation apparatus.

3. A process according to claim 2 wherein one of said at least two distillate fractions is
a bottoms fraction, and said distillation apparatus separates said bottoms fraction from a lighter
fraction from which impurities are extracted using said liquid extract.

4, A process for recovering base oil of lubricating viscosity from used oil, said process
comprising the steps of:

distilling said used oil in a distillation apparatus;

withdrawing at least two distillate fractions from said distillation apparatus;

extracting impurities from at least one of said withdrawn distillate fractions with a liquid

extractant,



10G, 10GS&9" 10%G8! () - OFSI STQUFV} [ 9_@

£ 10! - &10%' ()-1)! SR100& ()-! $! S’10%&' () - 310%& () - 3" 10%&' () - & $S&L0%& () - FVVW
VWA @ 10! | 10% & () - OF MLO% & () - &F‘ 10% & ()- 10 10 4 APR 2002
108" 10%&' () - ! - &10%&: () - WANAKNXYaB~

10! FF"10% & ()-MF, &$10%& () - M NF, &$10%\ b\ & ()-M3110% & ()- F(10% & () - Y10%
\& ()-YYZ9] B] " aB7@1

10\ 9810% v Y ; 0% &
e eyt SO PRl bl vk hd B g o A KA

- m " 19%1&s( pn@aimymm\amdl?ﬂ atd fratfEion; $(E)‘510?/<z7$10°/<z&' ()-6F"10% & ()-| 4

215 YRS B 3Ly A R R bt

Ilgf EO ;%lfv)vﬁhdfgfvmd{%ﬂh{et fkdction tonfen HudERately eﬁlﬁc&ﬁ’t"l@&v&i disfivhtd @He 8o from

10/ / | | Waichogmprrifiss arg eyteanied ysingapidcaaud extmagdant.() - G' 10%08 () - 9G' 10908 () - y!

S&L0%E ()5 ! &1 ; -1h
e (5.1 SO RS hecrd e iy WORONNERIPAR AN rhORESS @
{i {{. | ligitr BpietueOUORl (spid, HRGUSKDR (@ppardtud OSORa(es - s3] mg}mbx produgiSADBYRDL ()

;I_gLé:/L8Z%}&a?%eb%gﬁ%&v%v)%%gﬁ@g%&o% f‘ ?Igl ﬁ%\&%@g‘g& etr)a extrac?ted using said

F" 10988quill ekfr&tBE&' () - F" 109B&' ()- f@10%& ()-109B& () -;; aBbA

s- &109B& ()-+Z"109B& ()-!.f(-10% B(B&. () - @Z“ 109B& () - $&109B& () -

109B8&' () - n%dYN@ process accordmg to any one of claims 1 to 5, wherein said distillation apparatus
comprises a vacuum column operating under reduced pressure.

7. A process according to claim 6, wherein said vacuum column comprises at least one
of a random packing and a structured packing.

8. A process according to any one of claims 1 to 5, further comprising a step of
pretreating said used oil to remove entrained water and volatile low boiling components from
said used oil.

9. A process according to any one of claims 1 to 5, further comprising a step of
pretreating said used oil to reduce said used oil’s propensity to foul said distillation apparatus.

10. A process according to claim 9, wherein said step of pretreating said used oil to
reduce fouling comprises a chemical treatment of the oil.

11. A process according to claim 9, wherein said step of pretreating said used oil to
reduce fouling comprises thermal treatment of the oil at a temperature in excess of 400°F
(204°C) for an average residence time of at least ten minutes.

12. A process according to any one of claims 1 to 5, wherein the liquid extractant
comprises a polar organic solvent.

13. A process according to claim 12, wherein the polar organic solvent is N-methyl-2-
pyrrolidone.

14. A process according to claim 1, wherein said distillation apparatus has more than one
and one half theoretical plates per distillate fraction being withdrawn from said distillation
apparatus.

15. A process according to claim 1, wherein said distillation apparatus has more than two

theoretical plates per distillate fraction being withdrawn from said distillation apparatus.

16. A process according to claim 1, wherein said distillation apparatus has more than

three theoretical plates per distillate fraction being withdrawn from said distillation apparatus.
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23. Base oil of lubricating viscosity recovered from used oil according to the process of

any one of claims 1 to 22.



