METHOD FOR PRODUCI NG BASE LUBRI CATING O L FROM WASTE O L 5HELD OF | RE

| NVENTI ON [ 0001] The present invention relates to produci ng nmarketabl e base
oil fromwaste oil by a process conprising separating base oil range
constituents fromthe other conponents of the waste oil, thereafter
separating the high quality base oil ?onstituents fromlower quality base
oil constituents to produce a first high quality nmarketable grade 10 base
oil and a second lower quality base oil stream then treating the |ower
quality base oil streamto produce a second mnar ket abl e grade base oi
product. The total base oil yield of the first and second products and
fraction of high quality base oil produced fromthe waste oil by this
process is greater than the quantity produci bl e by previous processes.
BACKGROUND OF THE | NVENTI ON 15[ 0002] This invention relates to a high
efficiency nmethod for refinigreepirorOPREDUCINGBASEE base oil and ot her

val uabl e products, which | DUBRERIINGOIEL OVASEP@®IBt i Nng at | east a
portion of the base oil constituents (base oil fraction), typically mneral
oi | suitable for lubrication | j ili;ng point usually between
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nol ecul es havgnPR&Er GANGAL At BAktiRads lolpsdRad 4 fifs: figh (sda@t? nfafi@Rble Rehdt he | ower
gquality base oil streamto at |east partially convert fhe const]tuents
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constituents e lLike -and nor saturating the nolecul es thereby
produci ng a é@@&ﬁﬁgﬁﬁ?E%?%b?@gﬁﬁs?fFvH%hég“ Tm®?P§§§PPFHBﬁ§%ﬁHH§5IIy | ar ge
vol unmes of fiwnssloddy thidproaesstis greptep ibas tha neanfity pchdudide moprbdous deces$es.ni shed:-
| ubricating oils are produced by conbining base oil (also known as 30 base

stock, base |ube stock, |ubpyEt@esunDWeTAEINVENRIGGAti on oil and the |ike)

typically a mneral oil with between 18 tqo 40 carbon atons and a boiling

poi nt Heét weed¥Bb t o huRvepirsatatete mhigh eiiriensy medar for rRbaingMptroildithance t he
properties ofprddier Bas6il Qid oth@Kulighld prodiotsSwiith indldded HeOstept bSsehathtmpded
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for lubrication service with a boiling point usually between 500 and 1100°F, from the

various physical contaminants and other hydrocarbon fractions of the waste oil,

20 separating from the base oil fraction a portion of the lower quality molecules such as

those containing hetero atoms, unsaturates, polars and aromatics, thereby creating a first

high quality marketable base oil stream and a stream wherein the lower quality molecules

have been concentrated and thereafter further treating the lower quality base oil stream to

at least partially convert the constituents conta'ining hetero atoms, unsaturates, polars

25 and ajomatics to highcr quality molecutles by removing sulfur, oxygen, nitrogen, chlorine

A constituents and’ the like -and more fully saturating the molecules thereby producing a
second marketable qualiiy base oil stream.

{6003] Annually large volumes of finished lubricating oils are produced

worldwide. Finished lubricating oils are produced by combining base oil (also known as

30 base stock, base lube stock, lube stock, lube oil, lubrication oil and the like) typically a

mineral oil with between 18 to 40 carbon atoms and a boiling point between 500 to about

1050°F with chemical additives which enhance the properties of the base oil making it

more suitable for its intended service. The quality, quantity and type of base oil used

depend upon the service for which the finished lubricating oil is made.



2 [0004] The quality of the base oil conponent is typically determ ned by
several factors related to the oil's conpositional and physical properties.
The American Society for Testing and Materials (ASTM has conpil ed ASTM
D-6074-99 Standard CGui de for Characterizing Hydrocarbon Lubricant Base Gls
as a guide for testing the quality of2 5 base oil. Simlarly, the American
PetroleumiInstitute (APlI) has prepared Specification API 1509, Engine Gl

Li censing and Certification Systens Specification in order to help quantify
and categorize base oil quality. The conpositional properties relate to
actual chem cal conposition of the base oil, such as the presence of
certain contam nants ot her than hydrogen and carbon in the base oi

nmol ecul es and the configuration, formor 10 structure of the base oi

mol ecul es. THEOMhysi calhegraisert thebase eil seraponent fitigpigndly fdetemineddystverfie base

oi |'s when telsmsis l-dlhtd@lrt@@ﬁfdd%&dm)ﬁ\ﬁ)fﬁmﬂgﬂ’d fﬁi}ﬁ}:# Rp &H%B (’)ﬂBE %g?ﬁ%gggﬁ? |
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oxi dat i on an@ha@la@eeygat B AR TH GheS basharh1Choledults |afid u&%\&m&a%m aptm for eeze,
other aoils, fine uI ates, additive products and t he |iKe. Service can

al so réful't SH"%LHEHE; ¢ basp, ofl molepviese I aPYS%lraame%m@fe t?H@pe“fqmarwapér t he
chemi cal additid d6s ollseheysteania pedEThed RRyDiidghdidle shdkt proRrteé of Wiscodity, . These
cont am nant s " c??[}gfﬁ.mx %eﬂ{%ce the desired performance of the oils or
render the oily RIAGUIPIEERY 848 ™ise in their 25 intended services and
necessitate ditppsal PIr&l aoentiyrits deéstghatedyix cland‘mattomi“ﬂadum?) of base Once
deened unfit fo r n n are typically
cal | ed wast e 0| roH?seI f aaé gt wp%ag Ea@ﬁfgfq:ra% onlts ?@cc&ﬁaﬁg thh '&l%lr %llysméi ag&

synt hetlpcal | yomwé@naimmpetthat Grawps &Y. Weapd ri‘dt tybiealky dtbaeafr basc glérbyltm, and

include oils;that sy}rﬁ.’@h@@i@ dhd HeQikt!S Bheft? ot R SRS whe oi iy by bi nes
and gears, hydraulic fluids, netal working fluids, Insu 3 ¥ cool i ng
30f l ui ds, pr 6leifiedsip Lﬁ?regpSOIr i prelly j FEhese (QIoyDY |avsasinsioaliy dlﬁtgl w\s &3l thy

col | ect ed by canck@fa€l6n mm&g@rpeggntg@ght@mu V;g@.—_gtt)em@éxl gat herers who coI l ect it
fromthe locﬂﬂ?ltes 3} |zat,| 'WH(Q gc{léructlonablnth%}:oll i on
process, 26! vari depicy %quélsa nighed Jubrica P E52ge 3nd/or bag us types
of serwedce, &e®@me contaminated with oxidation and degradation products, water, fuels, solvents,
antifreeze, other oils, fine particulates, additive products and the like. Service can also
result in changes in the molecular structure of the oil and/or the chemical additives
thereby changing the original nature of the oil. These contaminants or changes may
reduce the desired performance of the oils or render the oils unsuitable for use in their
25 intended services and necessitate disposal or replacement with new, uncontaminated oil.
Once deemed unfit for use or service, these contaminated oils are typically called waste
oil or used oil. Waste oil can be either petroleum or synthetically based oil, that may or
may not have been in service and include oils that typically are used as lubricants for
engines, turbines and gears, hydraulic fluids, meta! working fluids, insulating or cooling -
30 fluids, process fluids or the like,
[0607] Waste oil is typically collected by a large number of regional waste oil
gatherers who collect it from the local sites of utilization or production. In the collection

process, a great variety of oils, which were formulated for numerous types of service, are



3 m xed together thereby form ng a conposite of different types and
qualities of base oil, chemcals, contamnants and the |ike. [0008]Wth the
ever-increasing desire to conserve and manage our petroleumresources in a
responsi bl e way, there is renewed focus on the need to recover and re- 5
refine waste oils to recover the base,oil contained therein. Currently, the
vast majority of the collected waste 0il is conbined with industrial fuel
oils and burned as a conbustion fuel, This practice not only contributes
significant pollutants to the environnment, but al so wastes energy and
contributes to our dependence on foreign oil. Those nost famliar with the
problem including the U S. Environnental Protection Agency and the
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al so been re-refined to base 0il utilizing a process known
crude oil or through synthesis processes is lost when the oil is consumed by combustion.

Furthermore, the resource itself is lost. Hence, waste oil burning does not fully meet the
ultimate objectives of conservation and recovery.

25 [0010] The ideal re-refining process would produce a high percentage of base oil,
produce high quality products — both base oil- and byproducts, be environmentally
friendly and economically viable and commercially sound. While several processes have
been proposed for re-refining waste oil into base oil, none are currently capable of
meeting all the desired objectives as effectively as the method described hereinafter.

30 [0011] For example, waste oil has long been re-refined to base oil using sulfuric
acid to separate contaminants from useful hydrocarbon components followed by
treatment with clay, however, few facilities of this type remain due to poor base oil

product quality and the generation of large amounts of highly toxic, environmentally



as hydrotreating or hydrofinishing. Several patents describe various
derivatives of the 5 process including U S. Patents 4, 431,524; 4,432, 856;
4,512,878; 4,941,967; 5,045,179 and 5, 447,625. This treatnent nethod
typically enploys sonme formof distillation to separate- a base oi
fraction fromother contam nants, followed by treatnment with hydrogen at

el evated tenperatures and pressures over a catalyst. Wile this nethod has
been successful in saturating some aronatics and non-saturated conpounds,
severe 10 hydrotreating (higher tenperatures, pressures, hydrogen
concentrations, residence tine, etc) is required to sufficiently saturate
oi | nol ecules and achi eve the physical and conpositional properties of

hi gher quility base oils. Unfortunately, these severe processing conditions
can result | MeABfusAckand Flay Kudse Thifvehofrserstsdathres fannedefam vss in mayase oi |
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sol vent extréi‘}fe?’f)‘ﬁe%Pﬁ@@é?é@n%W@WW%E@PWCSat renmovi ng sone of the

aromatics, pemEBp and Axtad uﬁﬁb&df&&faﬁﬁmgdﬁasml—ﬁmw%se 6i0 uliRs Rolblle desired
| evel of S p Lll neces
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i nherent trade-off ual it ield In orde et high
qual i ty base e¥iactiony H{SdpﬁﬂléFrﬂ 102332 ‘b@%@ﬁd@@@be(%@@n@ Bocepugs elnbase

6,712, 954) . 30Gh&AS hB{v@Qél' @ér'ﬁ!:tﬂ Iﬁ‘ﬁffe&qymckﬁ@’\@ ﬂ'ﬁ@ff:&stﬁeec%ntg%mﬁt% §as& yipe are
capabl e of produci ng either g{egrua ity ﬁ el d, but not both Thi s

yre
is due to th&OFStE: okrs, P‘H@a‘\‘ﬁé ogtoms, Wﬁ?t@ﬁteﬁc?ﬁf‘s?e@%%te‘i)fma thei opee Qthri ety of
types, 2gual i fra@Pnaiidg qq.nﬂraqmmmﬁaloaanm& BRaEcPNFEALE Blsk 31 S&Jaﬁct&fﬂ{ate) bet ween
quality and gu&antlt t hat |sEtp i nherent in thes
nd an extract oil stream (eXfract wherem some of the contammated molecules are
concentrated.  The efficacy of separation of quality base oil from contaminated
molecules is determined by several variables including temperature, treatment ratio,
residence time, contact, and the presence of other fluids added to the oil and solvent. In
30 the extraction process there is continual trade-off between selectivity (the amount of good
base oil taken with the extract) and purity (percent of contaminated base oil molecules left
in the raffinate), .
[0014] Typically solvent extraction processes are effective at removing some of

the aromatics, polars and unsaturated compounds. However, to reach the desired level of



10 processes. Furthernore, nost known process of this type typically can
only produce a G oup | base oil. An additional disadvantage of this process
is that the extract formed by solvent extraction of waste oil is also prone
to reformati on assuned to be pol ynerization. This polynerization is
believed to be catalyzed by acid and_.can be reduced through addition of
base or blending with fuel oil or other anti-polyner chem cals thereby
addi ng 15to the overall production cost. Furthernore, the resulting product
is alowquality base oil, which may be difficult to market. SUMVARY OF THE
| NVENTI ON 100161According to the present invention, a nethod for
efficiently producing a 20 high yi el d of high quality base oil froma waste
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conprising: separating at | east
This polymerization is believed to be catalyzed by acid and can be reduced through

addition of base or blending with fuel oil or other anti-polymer chemicals thereby adding
15 to the overall production cost. Furthermore, the resulting product is a low quality base

oil, which may be difficult to market.

SUMMARY OF THE INVENTION
[0016] According to the present invention, a method for efficiently producing a
20 high yield of high quality base 0il from a waste oil comprises: separating at least a portion
of the base oil constituents from the waste oil to produce a base oil fraction; treating the
base oil fraction to separate the base oil fraction into a high quality base oil stream and 2
lower quality base oil stream; and, treating the lower quality base oil stream to improve or
remove undesirable constituents of the lower quality base oil stream thereby upgrading
25 the lower quality base oil stream to a marketable quality base oil stream. -
[0017] The invention further comprises a method for producing a highly purified
base oil stream wherein the high quality base oil stream produced above is further treated
to upgrade or remove undesirable constituents aﬁd increase the degree of saturation
thereby producing a highly purified base oil that has a wider potential market for use and
30 value. The highly purified base oil can be made to white oil quality thereby becoming
suitable for use in the pharmaceutical and food processing industries as well as being
suitable as a high quality base stock for use in high quality or specialty lubricants.
[0018] The invention still further corﬁprises a method for efficiently producing a

highly purified base oil from a waste oil, the method comprising: separating at least a



portion of the base oil constituents fromthe waste oil to produce a base
oil fraction; treating the base oil fraction to separate it into a high
quality base oil streamand a |lower quality base oil stream and treating
the high quality base oil streamto upgrade or renove undesirable
constituents to create a highly purified base oil. The highly purified base
oil 5streamis typically APl G oup IF or Goup IIl quality. [0019] The
invention further conprises a nethod for efficiently producing ultra high
quality base oil froma waste oil, the nethod conprising; separating at

| east a portion of the base oil constituents fromthe waste oil to produce
a base oil fraction; treating t he base oil fraction using the severe
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vapori ze a pGFtthPFecﬂ“ cPRREtupTE, ity the dvage of r‘%Bﬁ‘ﬁEéP%%f"gta‘”d’utt"eﬁb Bot t om 20
stream and afbysamqrﬂgzt&d uet|t1§ﬂ1e kdvat enleshr eamitiop dessiilg hereipap tdpamtedfintole gvgr head
stream ut of .t istillatiaon z Iy n t ed bottom
str eam O Uus élltlg %lﬂélﬁlél}l 3SE Pfl Qtrea gmcfa lo%tscfhoptg bike BR'S ﬁ‘%ﬂl Bﬂhrs rpgfhclaquts

ream not her di st ation zone or to
use as a proqbusstblestbrpedme a&@@BarQﬁﬁiéI bagpvahivtiignis puitaklp r uredmpieh quadityandy st em f or
separating ag éc&ﬂ&ﬂxhﬁ&a&éam conprising a plurality of constituents of varied

boi l'i ng poi nt In-situ flash distillation;,K 25 the method conpri sing
charging the9928Lii d stihearentior Jriencompases|s Hehed §°%1§F8‘?mi"ﬁ aaj“l‘"fdagﬁa't}essel

having at | eagh I@Slrtgcmplé’iﬁmy @f@ﬁitit&ﬂ% oavatrteaub;dn§pd11eam inntteﬂashamltstonl | at e
outl et near the to e, Vess porti

.ﬂ ﬁ fesha cf"tr &a Etttlé)ngosteream

out| et 'Hear th& 15????‘5’#1“6 att"ﬁém’t?éggré’ Heet ea?fé’ge Y M ToTh- 4 T eated |iquid
| ayer in its bbawe strgar, theomethddocopiposing pasimgdbe lidpéd stresinrintarm ltehted)dlghldt he
overhead outlet and.a bott mlg&,g‘&z‘?r[pe%l dﬁ;&ﬁ% EPB# tfeg,ﬂrgngqtﬂoggm 30

conti nuously Wéat’?" amefjﬁleabo om s rom vessel produce a
heat ed bot t orstreany; eanmralnwypla@sfsngﬂge dapdraeoin b dtsﬁ@tlﬁeét"@dfj t?ott’tlﬁ"rﬁ’tgfter eam back

to the liqui 4 fR%E 10l VApdrBE alfpb@eA ofline tlighidakddOdire&R Nereby/producing a bottom
20 stream and a vaporized distillate stream; passing a portion of the overhead stream out of
the distillation zone; passing a portion of the heated bottom stream to use as a charge
liquid stream to another distillation zone or to use as a product stream.
{0021} The invention further comprises a system for separating a liquid stream
comprising a plurality of constituents of varied boiling points by in-situ flash distillation;
25 the method comprising: charging the liquid stream into a heated liquid layer in a flash °
vessel having at least a top and a bottom, a liquid stream inlet, 2 distillate outlet near the
top of the vessel, a lower portion and 2 bottom stream outlet near the bottom of the vessel,
the vessel containing a heated liquid layer in its lower portion, to produce an overhead
stream through the overhead outlet and a bottom stream from the bottom stream outlet;
30 continuously heating the bottom stream from the flash vessel to produce a heated bottom
stream and passing a portion of the heated bottom stream back to the liquid layer in the

tlash distillation zone.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0022]FIG 1. is a generalized schematic
of the process of the present invention; and, [0023]FIG 2. is a schematic
di agram of a preferred distillation process, conbined 5with a sol vent
extraction process and a hydrogenation process in an enbodi nent of the
invention; [0024]FIG 3. is a general ized schematic of a second enbodi ment
of the process of the present invention; and, [0025]FIG 4. is a generalized
schematic of a third enbodi nent of the process of 10the present invention;
and, [0026]FIG 5. is a generalized schematic of a fourth enbodi ment of the
process of the present invention. DESCRI PTI ON OF PREFERRED EMBODI MENTS
10027]In FIG 1, a generalized enbodi nent of the present invention is shown.
In 15 the enbodi ment sh qg&@@Fk gCharged to a base oi
separation zone 14 mhergﬁg pg;ﬁ?gﬁﬁg?hiﬂﬁﬁgﬁge ol %onstltuents (base oi
fraction), W03l 20, iFiG deparencedizedrsohrmpHeobbhPcpTRisheRIFScdRtAMiant s, | ne
16, in the YRSt e oil. In actual practice, the various physical contam nants
are typically renoved fromthe base oil fraction in such a way as to
produce nor n on r.ea f.or si i to be
separ at ed Z%M%gfle t?@%?vs%ﬁ r%%gW QF r%ﬂ% di ?ﬁ%§Q%&QE Ell%&mr&linclude | ow
mol ecubar wedithhit soivattexiration prachs ad 4 hygmemwm\rmﬁbm A% embgdinegnt Oéﬂhycol s and
the like ty%h%ﬁﬁ . having a boiling range generally bel ow about 500F,

al t hough it be desirable to include all materials below 650F, and high
nmol ecul ar mel%ht materials and materjal s th Ig ¥Viatllh y i ncl udi ng,
parti cul at ed0028b| yneFiC 3s‘aF‘tg§m§‘|1fﬁedtsFﬂée“1af"k & AN APPSR P @‘ 8671 ng 25

poi nt great%rmkbﬁamaggaﬁmdQﬁQF The base oil fraction recovered through a
line 20 typically consists of hydrocarbon nolecul es suitable for use or

f b sspd h
manut act ur eéb[ﬂgg ¢ as @l s %%%%%ﬁielﬂéc bk obd iR e%@otﬁﬁ@lﬁ%ﬁth@t[ﬂ&@% apd having a

boi l'i ng range ween abou to a ut 110F. I'n a high quality base oi
separ d0i on zlwypesgd invantiparariblon of the higher quality base oil nol ecul es
(high quality base oil) is separated fromthe |ower quality base oi

[0026] FIG 5. is a generalized schematic of a fourth embodiment of the process

of the present invention,

DESCRIPTION OF PREFERRED EMBODIMENTS
[0027] In FIG 1, a generalized embodiment of the present invention is shown. In
15 the embodiment shown, a waste oil stream 12 is charged to a base oil separaticn zone 14
where a portion of the base oil constituents (base oil fraction), line 20, is separated from
the other physical contaminants, line 16, in the waste oil. In actual practice, the various
physical contaminants are typically removed from the base oil fraction in such a way as to
produce more than one stream but for simplicity are shown herein to be separated
20 collectively and recovered through line 16 and may include low molecular weight
materials such as light hydrocarbons, water, glycols and the like typically having a
boiling range generally below about S00°F, although it may be desirable to include all
materials below 650°F, and high molecular weight materials and materials with low
volatility including, particulates, polymers, salts and the like typically having a boiling
25 point greater than about 1050°F. The base oil fraction recovered through a line 20
typically consists of hydrocarbon molécules suitable for use or manufacture into base oil
typically with 18 to 40 carbon atomsg ‘and having a boiling range between about 500 to
about 110°F, In a high quality base o,il separation zone 22, a portion of the higher quality
base oil molecules (high quality bas't?. oil) is separated from the lower quality base oil
30 molecules (lower quality base oil) a.n_‘d recovered through a line 24 for sale as product

base oil. This high quality base oil typically meets at least one of Groups L, IT or Il as set



30nol ecul es (lower quality base oil) and recovered through a line 24 for

sal e as product base oil. This high quality base oil typically neets at
| east one of Goups I, Il or Ill as set 8 forth by APl 1509. The | ower
quality base oil is recovered through a Iine 26 and passed to a | ower

quality base oil treatnment zone 28 ere it is nore fully saturated and
treated for the renoval of various elenental contam nants which are
recovered through a line 32, to produce a narketable quality base oil which
meets the requirements of at |east one of 5 APl 1509, Goup I, Il or 11l
which is recovered through a Iine 30. Various nmaterials contam nants,
derivatives and products thereof and the |like are recovered via a |line 32.
his s arehih 'bg%'py 1967 ol &R B B 1s0bockdiE BFoABRSHnel shltBushigesent

i nvention. I't an inportant feature o resent invention.
[0028] I n t hetofa lpwgr qs%ié)gbasc Q‘bH@t“@!{‘t 2qnp @8 BhYe itdt Pore Mt RERY @S Biftidat ed from

physical 10 EP&E@éﬂd%ﬁﬂztf%doﬂs éléhfbntﬁlﬁ&in@mﬂiahts wﬁupbﬁaécbve;edsmﬁgh@ambam nant s
i ncl ude wat er, }6/ rocar ons, solyents, solid n? YR
B erts of’at Ig

nol ec o d“ LU, ‘ty PR OF Y Bitfe e‘?] ﬁé e %fgh

ular welogie FFy*H'i“ efphliogrality s ofl dyhigpe SR TVeS * SRt salts
and the |i keAPiSesoer@Joum CICGSHEﬁrhzeﬂs iscrettivirad thiramph tafhanOCé@sets maeriabe used t o
effect this se |n riou Lagd 19 ihstillation,
filtration, ﬁg‘?ﬁ ?’%‘ﬁeg AL %du |£(})1Er’1re%n88lﬁ§§[(l)(?p eﬁéér? and. { gelmg e as known
to 15 those 'ﬂkis islaedatlvalytgbreraazeﬁ shoTwylpBQfdiEIpyoceSLShéthswsfﬂ?aﬂ‘ieé@w\nﬂww%ke pl ace

based upon dlfferen nghem cal properties of the base
oil fraction’ a avsaﬂgﬂég%n?gehgﬁcogﬁxgﬁgﬁam%1 materials. 10029]1n the second

stage, the ol0028lase fndbs firghftage zpnveld fhé@asFG“f‘@ﬁé’“zszseﬁafrat?%°rbﬁ’%@§ls where a

porti O{h of tt@xta'nméﬂ{s ﬂuéhklMétebaﬁerﬂjléallﬁoéﬁmﬂoﬁ@mams Iepde akad, fErese 20
nol ecul es npri se PO ar s, aromatlcs

X g ?f‘ ﬁh urés%g UI{‘ to%asrbonQEt er oat ons
and the |ikef YW@H“Sar% vEWHa s d PPYBRT-t HIERhMPIFETaT JATE" v BRSE Y™

nol ecul es, Whbgtutiag 6 idﬁmvékabﬁeyncﬁla,tsahmnddhe likar aéwﬁrahpmcawdommhammmti c. The
hi gher qual ! éﬁ/ base. ol be usedqg%%feec thi segar?q%n%'ﬂ%luﬁrng inJE's %}mgUP‘éﬂt[taMlohase oi |

stream typi c& PYEREY FRg"a" per cen rates greater % and a
sul fur cont entstlllaests filthation, adntrifbgagord abaerpgm andeadeasgiion anthibe §l‘°r @dﬁ?‘i"%tol ine 26
will ES typi ﬁla s&ﬂl@@s‘ﬁghe rt. "I?;lt\%lly G\ étfoﬁwlptgkeq;lacg WaskdMipon @Y@EERs imi t rogen,

ol efi n§, aromatics an us processes or conbi nations thereof
can be USed tho pbysicabar chespent amOPQﬁT#PS@f thF H?ﬁé‘” drastion par e yarighs CoRR™MAERE qual ity
base oil. Thgsg.processes include various fornms of ext ractl on filtration,

ultrafiltration, absorption, adsor t|o | ecul es t | i ke, as
known to thof®28ki | | elr thp sgoRes sipee; hS(S’[lglﬂ%eg%"HO"t Hgtg'i“hf &é’ 5?"59e quﬁl s stream
i's proc ESSEd phoBesZ WhEre 28 0R1on Y dieagwEratubing basa| ddyhaleduley arersepapated. aFhese

reformng,:. nolecular substitutin t t her eof ,
as knotth to FOGSUETRAY PR ROPHR %{%m% SFEPHSH%HS%M&%%@%F’%% !;egkg déér)rlg{r?’t s such as

sul fur, nitr %&ﬁ ar0xapgend doch thidigherkeuabitycbasencit ewirsulesh avhjsbrase iPicalit ur at i on
of at least a «Sl,l el #F goyé{‘%ﬁﬁaﬁ}ﬂg RihRoGAHY Bie bt mblRGuidsAMRiRe gpal ity

base oi | stré%{ Fesu
are a high quality base oil stream typically having a percent of saturates greater than 50%

and a sulfur content less than about 0.3 weight percent. The stream in line 26 will

25 typically have a higher concentration of sulfur, oxygen, nitrogen, olefins, aromatics and

the like. Various processes or combinations thereof can be used to effect separation of
 these materials from the high quality base oil. These processes include various forms of

extraction, filtration, ultrafiltration, absorption, adsorption, molecutar sieves and the like,
" as known to those skilled in the art.

30 ~ [0030] In the third stage, this stream is processed in zone 28 by hydrogenating,
alkylating, molecuiar reformmg,, molecular subst:tutmo or the like or a combination
thereof, as known to those skilled in the art to- remove undesirable elements such as
sulfur, nitrogen, oxygen and the like and incredse the percent saturation of at least a

portion of the hydrocarbon molecules in the lower quality base oil stream. The resulting



base oil produced through line 30 is typically of a quality sufficient to
neet the requirenents for Goups I, Il, or IIl of APl 1509. [0031]Fig. 2
shows an enbodi ment of the invention. In stage 1 a flash distillation
system zone 40 is shown for separating the base oil fraction fromthe other
components of 5 the waste oil streanP A waste oil streamis charged through
a line 42 through a heater 44 and a l'ine 46 to a first flash distillation
vessel 52 Flash distillation vessel 52 includes a top 53 and a bottom 57
and includes a distillate outlet line 54 and a bottomoutlet |line 56. A
distillate stream having a boiling point range up to about 350F is
recovered via Iine 54 and passed to use as a fuel or the like. A bottom

streamis wt hdr 0] | et t cond
oty 1 astregied: et B8 dg %0 5" PO, » Rl sRASER Aol Aot ECOTT
vessel 70 i neheigesutafor Spoupd, Hivd 1A obdPkIGA?. 74 with a distillate outlet line

76 positi One%&g F €COMET) Rl a%tembbéthent%whemﬁhwmt xtaqmsg&smﬁma bot t om
outlet |ine or

recovering a portion of ng%;ﬁﬂ % mai ntai ped in the
| ower porti ofysigh zoresidds shogn for Se&aqailftﬁil‘?jbaP%‘?}b‘T’acg the otaer compRneRt Pham
r gc OverS%gFf r@g‘\\]aét@&l Jtﬁa[haﬁ whidte Bil b?éalﬂ llglgnal:g%ﬂgﬁm@ﬁ?ﬂﬁﬁﬁizl throfighonhealeogt 350 to
about and 1S t or fu tt om stream
recover ed th'f“tS’d’dH’el4 gﬁt é{”ékja‘é@?@i}“ ’t"iﬁseg%aﬂffhél& ‘3%‘8“ ??é%@?h‘}‘: uf}&sha a feed
inlet I'ine 8@pahenda rhﬁamev a¥indlndts & distiltarcoitiethine Srydndlaibogor@ Butteblinegiésel  70. A
portion of the.h t tLomstr amin |i i I h aline
86 and fed tédésnﬁ ’33 %a‘"ngtabof ‘n§ Hm{drag%eu %%Egr?gi\]/égsgs%%{vg%@ %Eif"g%,ﬂ In-situ
flash distil hmitpa-nd toass el 2 BBl drthed likde ianﬁbmptr@m iamtithdrawvie ot owist a
distiliate rgeoy XBEQ&%M{J%?Q%W{)Q% Nbinetbndbsdizbl ate is recovered through

the top portlon of ottomstream 98 is recovered fromthe
bottom of vef98l 90 alickitpHashdistiliatian yess6! 7@ Inglydgsptenuigiind 2 Beftfg 1oWthahd to a

line 102 andpasaeshiv the F6hRaticHed l&éec&@r hldmnawarea:a fﬁbnf &E%m7$ﬁl{mm to
vessel 90. A portion of _stream 10

ro 0
feed to a foE‘?‘f"H" qutisictne P o ’F‘Tc’éiffrf“er‘? é@é‘e‘& al’ﬂﬂ'g hﬁe m?fﬂta'&e E?yté is°haV| ng a
liquid level élr&& bfS/e$3ElI 70 ald Mgl [Evel tH&@nIao&aarThaetrehmmwom‘redvfmme Bhas Vessel 90

d d | at t h t bout
B50F  Fooaa] THELRYS T ang pp SiCedBns S8 ARPGuHap BTG Harahl 10 2000
the tenper at tedike.nTheittbin Gtatach teauyened ttmough dind lsmmsqsifmtarpemvé@@@ gien The o |
fed into, veshehion 10A990% BPalsh iERH kb diETBENRIN TS ARE 9501 1 0

effect the d separati on of discillate direct contact with the
| iquid | ayer periot ﬁehqj@@rp(blpnngm strépm ipdige 82 i withdrawn througha line 86 and fed to a

third in-situ flash distillation vessel 90.

20 [0033] In-situ flash distillation vessel 90 includes a top 92 and a botiom 94 and a
distillate recovery outlet 96 through which distillate is recovered through the top portion
of vessel 90. A boitom stream 98 is recovered from the bottom of vessel 90 and passed
via a line 98 through a pump 100 and to a line 102 and passed via a heater 104 to line 108
as a return stream to vessel 90. A portion of stream 102 is passed through a line 106 as a

25 feed to a fourth flash distillation vessel 112. A liguid layer having a liquid level 110 is
maintained in the lower portion of vessel 90. Vessel 90 produces a distillate stream
having a boiling range from about 500 to about 650°F.

{0034} The return sireams for vessels 70 and 90 are used to maintain the
temperature in the liquid layer in the bottom of the vessels. The oil fed into vessels 70

30 anci- 00 is heated to the temperature necessary to effect the desired separation of the
distjliate by direct contact with the liquid layer in the bottom of the vessels.

[0635) Vessel 112 includes a top 114, a bottom 116 and receives feed from vessel
90 via a line 106. This vessel produces a distillate stream through a distillate outlet 118

having a temperature from about 650 to about 1050°F. A liquid level is also maintained



[ 00351Vessel 112 includes a top 114, a bottom 116 and receives feed from
vessel 90 via a line 106. This vessel produces a distillate streamthrough
a distillate outlet 118 having a tenperature from about 650 to about |050F.
Aliquid level is also maintained 10 in this vessel at a |level shown at
130. The bottom streamis withdrawn through a line 120, passed via punp 122
to a discharge line 124 through which a portion of this streamis recovered
as a product. A portion of this streamis also returned via a line 126 and
a heater 128 to join the feed streamin inlet Iine 106. This heated bottom
steam 126 is used 5to maintain the desired feed tenperature to vessel 112.

[ 0036] The product streamrecovered through line 124 typically conprises

asphalt range nmterials and . ncl Jpolyners, high.boiling point

hydr ocar bons,™ &4 ‘feésje?%toal Py ,Shogf]ﬁg?fnrsﬂ ﬁ}? %8?‘1‘ R ’gr‘f'@tggrﬁ’ﬁ? g}’?%b& liney pi cal |y
havi ng a boi ll2hgaped vit pguetide a tikehargt GbOR4 throskhtwidcH d poetiontuf eis @regmi ncl uded
in the waste ] N, E 037) Vessel 112 |1 ,be a
vacuum di st i Ilﬂfﬁ‘%ﬁﬁ \g(gggréﬁlclt'fArp e'q%ﬁ%? fet(?]{ggS %eapmrJé\?g%fe%ud-réeédrvé%g?%@oﬁ%@f’df‘he base
oi | stream i heaierj138 tpdein die feeGistscam 1p inlejdine Wi6r iThishertedrbatformbteam 26 isged in this

vessel %o enH@ﬂ‘a‘riﬁtaﬂlit%de&deé?&e@f&mp@r@t@%&lJé?ﬁel di;stillate streamrecovered from
vessel 112 tg@%ggh line 118 is passed to stage 2, zone 50, a solvent
*Pion.

extraction s THE® RpFushitiesm reeoysed thrangh ding, Eddyiceily eospgises asmhali heat
exchalnger lﬁ?ar@él@hateﬁala aSdDin¢Rtds dolyaitsl Righ \bﬁﬁiﬁl‘?'pcziiaaflgydr&hxibﬁns,sQa{lt‘é,efbtlidi,r eagi ng
vessel is shown with.a top 144 and a hottom 142 A contact section 146 is
shown schemat’i ¢a [F@D?lﬁngtrﬁ'ggeé“élhef'glis’d%?aﬁ?'%ﬁv"bgfa ?W@’g\}’&‘ggTef‘“eWh% QP
processi ng and the bireagechsyesinadurded & thdngasty ofitstrédadBi2an@IG Uppl i es sol vent to an
upper prti OTO(BfII Vess%s %14(1)2 H\gﬁtvelk béa Haﬂmy bi iiﬁti&r{ @Eseﬂf?p'qu{[e%%os%lvgn?nt
typically noves dc_)vvnvvaré y, counter-currently to the oﬁ, whi ER TS

i ntroduced Jesrefiatign affhe bpsstoil sisant in dutveaset Stwaptdr g sSUip®ing T alsp bhusgdial ity
base oi |l nol getls@sus@kfenhfeONBlRGnM th a portion of the solvent fromthe top
of vessel 14?@3nd pasiﬁd via a line 157 to a vessel 152 having a top 158
and a bott om%88 wher &hg fielillatg sirapregoseredoisom uesesd 142 Brovghlned& é repsed and t he

bfaise oi | |h S, m@e?, Mhe’is_()laahblﬂ’dh: a;et&ﬁcttoas@ﬁ@du% stremiimi.&térzewpa%ssci tlmlrcﬁagh qr?: ity
ol1l, C | ca W e e require nts Qr ou l, or as
Opesi 11 by s Rl Bxthelt? b shiter bERE AT 16 i sl ais i 1§ ne 364

and r et ur nedstowntwith asgl Mdntd paiomdg.ng camdt SLDnAGe isSHSLERhMEERLyIid | S
typically tr %tcglgertpgrtigﬁ myeeve%f. .| SOIJCR%!‘(?C%ASH};%Q{! storage system is shown at 148
and supplies solvent to an upper portion of vessel 140 near its top via a line 150. The
solvent typically moves dOanardly; counter-currently to the oil, which is introduced
20 near the bottom of contact section 146. The high quality base oil molecules are recovered
with a portion of the solvent from the top of vessel 140 and passed via a line 157 to a
vessel 152 having a top 158 and a bottom 160 where the solvent is separated from the
base oil and the base oil is passed via a line 156 to product. This stream is high quality
oil, which typically will meet the requirements for Group I, II or III as specified by API
25 1509. '
[0039] The solvent s recovered through a line 164 and returned to the solvent
processing and storage system where it is typically treated to remove water, low boiling
point contaminants, neutralize acidity and the like as known to those skilled in the art and
returned to solvent storage ready for repeated use. A bottom siream 135 is recovered
30 from base oil separation vessel 140 and passed to a solvent separation vesse! 154 having a
top 168 and 3 bot;torn 170. Solvent is separated from the lower guality base oil in this
vessel, typica.:lly by distillation and passed via a line 166 back to the solvent processing
and storage system 148. The lower quality base oil recovered from the bottom of vessel

154 is passed via a line 172 to the third stage, zone 60, a hydrogcnation section.



poi nt contam nants, neutralize acidity and the Iike as known to those
skilled in the art and returned to solvent storage ready for repeated use.
A bottom stream 155 is recovered 30 from base oil separation vessel 140
and passed to a solvent separation vessel 154 having a top 168 and a bottom
170. Solvent is separated fromthe lgwer quality base oil in this vessel
typically by distillation and passed via a line 166 back to the sol vent
processi ng and storage system 148. The | ower quality base oil recovered
front the bottom of vessel 154 is passed via a line 172 to the third stage,
zone 60, a hydrogenation section. 11 [00401lIn the hydrogenation section,
hydrogen is added to stream 172 via |ine 176 as shown. The streamis then

passed t hrough a heate into a vesse a guard
bed to r erm\Fg’ Bt ami tl'hgﬁ%‘ysdr?s’?“gﬂ'és% fign Pl n’ns #tzg %@AHS\AEZ%%%}@Z% t he
hydr ot r eat i ngsieainaliyie bireaiitis tew pssdlthrivegh aaheatcrpl'/’&a@i iateck Yrogel biH wBigh and

| ud t act 8 t
act i vat od ciod) “oF &8 OF) o nihinRaflp it B AP hiAP R REIR,

under st ood  thipdrbtréayic catpdyst. Joiglvassiehas mpcpdB@and bettem | 1Fhandpgudes agomdiral ity of

poi nt Sgof i nLo. %@%ﬁrﬁglm}%g cﬁ:ﬁly&@- sBén‘t' E@Al}s% )éctﬁftate@ghf‘&rsche [Tikess Rh@dltsahost r om vessel
178 |s recovere rou nd passe n reactor

dr ogenat.i
vessel 190. SF‘@@MT}“%%’%%F ““1191‘3 “ﬁ%t%dflﬁbhﬁ%e“ %PUHde%?ﬁt%‘gEfog gf’ udes a
catal ytic b%%rélﬁﬁefplaﬂxté‘&‘ﬂﬁ@@@ﬂl Yt bﬁuﬁd@@dpo&tts Vﬁllelpmdsct[ﬁomnnasdail’}&ng line

186 as shown by a lin at, vari ength of vessel
190. To Sonds BXVEHt thr‘i“ﬁé ﬁ’i‘eelfsﬁﬁ‘éd ﬁsﬁd%(?ﬁié estlogén?{;?ﬁg%gldgont ani nants such

as sul fur, r{o{mpgen \&xs;gmn,hahetupdaz cartmttnand% g ihdludes arataltiipdreddnat ed
form dgn satur at ed {}3%15 ARG 'zﬁ'&g'lﬁg 18484 %9\%@5& b §ip€ g QURds of

hydr o 8'65‘3’( f7eam s r cove roug line 200 to a vessel
202 where 15M0btatpnins aimgdmlaigﬁl doredilAd.-Tg SWBSGX‘???F: t‘!qﬂféefé‘éﬁ‘[‘da'ﬁ? FHfEs are

fllashed via cﬁmhhﬂ.g cglgtélm s RS %?g.slfhp dﬁ%ﬁe@%xfr ﬁ'hetrddt&ﬁ@ﬁfdg&d lid brer suitabl e
treatnent to t

ere or the lik The olvver dq’u%{g %‘FO” vt\lm ch has
now been updwdgeenated @m@@%%ﬂ"ﬂ‘%@ﬁ’@ﬁ@"lﬂ?%“% bt oS Yy pi cal Iy
sui tabl e for,,gak&. a5 PRA&: @tréamumafove@mmgh 110200 tol 2 OésseRD2 WHOD. [0042] I'n
the practice of the present |nventt\§g t beﬂds r‘f%ball Fm 45%?@3 .
i nst arlées toVO&aﬁ@rr‘i“@%‘PaI‘%/cW‘P@é{‘cg 145k OhHE 8" ?)’I"Iml ¥R 5 ase or a nat eri al
such as sodigimees & henatial, dxohigemahércardnatmentsiodicuatmbsplizro i the Jikpot assi um

hydr oxi de, ar, the to_thos ) Lec n ater 44.
This step comllf"i"ﬁri’é'lém%f’gbﬁlakv% "N %&?%Aéés %eéd'?r?%nﬁ%%éta 1 gz\;\'gste oi |

stream to rethics! i h@xchl@ﬁdmbcyfoztsalefambﬂse Olt wndérdirpypi It 1 pellaf g &F h%oi‘:’on of the

waste oil st i nt tet dvent@Rdit tnthy SRN@RED It MEsottidal 1ty of
e the non b;;g@ﬁ*‘0|l Sflgot ég&&&% U tHE BlesdB frivEntBR it tnfhy s Y O e

ceftain instan
to addfan al ksthrcesoio chramjeally dreiles ‘&?Sterﬁﬁlr"é“h(ﬁ bagg,er ;’g‘f gt“ri‘altq“g{il %‘8‘?1“\/58%@ s either

in the feed élwoﬁﬁmso&;%waﬁmﬁ&é @@dmrﬁ)myabf&@bbtyssmmt@dtohMeV@ssellke 4500431l n
t he enbodi nent al & t he base

escri bed abo f our ves are use seRaL
oi | fracti onkmoparptthase gkiHed e el 1BibeaE s ?'E"fjé'ﬁ? oot “cf“ﬁ oractice of this
i nvention i tgiherwise neutralizes the waste oil stream to reduce the tendency to foul, to facilitate
separation of the waste oil stream into its constituent parts and to enhance the quality of
25 the non-base oil products. In certain instances it may also be desirable fo add an alkali or
base to one or more of the distillati(.)n vessels either in the feed stream, recycle stream or
directly into the vessel.
{0043} In the embodiment described above, four vessels are us.ed to separate the
base ofl fraction from the other waste oil constituent, In the practice of this invention it
30 may be desirable to use as few as two vessels or as many as eight vessels to effect this .
separation. .
[0044] In the embodiment described abo've flash vessels a:e used to separate
various- constituents from the base oil fraction, These vessels include any vessel or system

that affects a smglc stage of separation including simple evaporators, thin or wiped film



30may be desirable to use as few as two vessels or as many as eight vessels
to effect this separation. (00441In the enbodi ment described abo've, flash
vessel s are used to separate , various constituents fromthe base oi
fraction. These vessels include any vessel or systemthat affects &single
stage of separation including sinple gvaporators, thin or wped film 12
evaporators, colums, vessels, tanks, Pipes and the |ike as known to those
skilled in the art. [0045]In the embodi ment described above steamor a gas
may added to vessels 52, 70, 90 and 112 to help strip the |ight
distillates fromthe waste oil thereby enhancing 5separation. Steam
stripping is well known to those in the art as a neans of enhanC|ng

distillation epsREESSeSumhd0AEd & e bottom stream
s used becajséglt I's 3333|b | e thﬁ EﬁWﬂﬁ?gﬂ@% g??e ?H‘ Bater 44

to a de5|redaFenperature wi t hout unusual concern for fouling. This vessel
coul d be openagsp i n tihme &meamﬁaﬁ Béserbed@ Above S8Rk or79g4%ym4t}eaﬂ&édr{9 ?s@egﬁ and

10r et ur ni ng I’ 0] z é &stream in line vesse
mai nt ai ni ng §2’E7(Obt ?ﬂ% 1 g)rhe str1 e ht gigtillates from the waste oil thereby enhancing
5 separation. Steam stripping is well known to those in the art as a means of enhancing

distillation processes.

10046] In vessel 52, no heated recycle bottom stream is used because it is possible
to heat the inlet feed stream in heater 44 to a desired temperature without unusual concern
for fouling. This vessel could be operated in the same fashion as vessel 70 by heating and

10 returning a portion of the bottom stream in line 56 to vessel 52 and maintaining a bottom
layer in vessel 52.

[0847] In the practice of the present invention, it may be desirable in some
instances to bring the stream recovered through line 96, which has a boiling range
typically from about 500 to about 650°F into combination with the stream in line 172 for

15 hydro-treatment since this stream is suitable for use as base oil. This stream is not used in

all instances for a supplement to the stream in line 172 but may be used if desired. The

boiling point range of the material recovered through line 96 can be modified if desired to
produce material having a slightly higher initial boiling point or the like. This stream is
also useful as base oil but in prior processes has not been recovered in many instances.

20 [0048] The embodiment for stage 2 described above applies to solvents that have
a specific gravity greater than the base oil. In cases where the solvent has a specific
gravity less than base oil the solvent would be introduced into the solvent treating vessel
in the bottom and the base oil would be introduced intp the top of the vessel, Vessels 152
and 154 would still be configured to remove solvent from the raffinate and extract

25 respectively.

[0049] While Fig. 2 shows one guard bed, vessel 178, and one hydrogenation
reactor, vessel 190, two or more guard beds, configured in series or in parallel, could be
used prior to vessel 190. The guard beds in parallel would be operated one at & time to
enable regeneration or clean ou.t and recharging of either of the vessels without
30 ' interrupting flow to vessel 190, Similarly, more than one hydrogenation reactor could be
. operated in series or parallel to enhance operation. '
' [0050) In the embodiment described above it may also be desirable to incorporate

" a hydrogen recovery system to recover hydrogen from process stream 204. The hydrogen



[0047] I n the practice of the present invention, it may be desirable in sone
I nstances to bring the streamrecovered through |ine 96, which has a
boiling range typically fromabout 500 to about 650F into conbination with
the streamin line 172 for 15 hydro-treatnent since this streamis
suitable for use as base oil. This sfreamis not used in all instances for
a supplenent to the streamin line 172 but nmay be used if desired. The
boiling point range of the nmaterial recovered through line 96 can be
nodified if desired to produce material having a slightly higher initial
boiling point or the like. This streamis also useful as base oil but in
prior processes has not been recovered in many instances. 20 [0048] The
enbodi ment for stage 2 described above applies o solvents %hgg ave a

$He &6l vent has

| p
speci fic gragtavgrygraam wpuld puy endaeqgua thediviirogqnin s stream god regy
a specific ogavktystle8s 374 snanr b@se oil the sol vent woul d be introduced into
the solvent treating vessel [n,th ottagm and ' be
i ntroduced iB0F1t he tHP2HASY eede@'éa&cg? Fm@‘)e%és%% msér%gﬁﬁ%%&g%ﬁ%%%#%osti Il be
confi gured tily enpuen-sat vidtightferoamitdie froaf fie hateeiladel additiond vessdzpuldpect i vel y.
[0049] Véhl le F%q%e £ c&%rt]c? ﬁ\%heg&?ocgyﬁn%gasgglging}ﬁ‘é%é@ﬁy ARy rRA6ha@ilEt BXARRYENAL i ON

react or, vesd nor e guar eds, configured in series or in
paral | el , codifferedseisossi cys drotripping i eorsdre yad@tlityThe guard beds in paral | el

woul d be Opef}g%ﬁd onepahe @mbbdifent QeMRB | BoV-CHONGE Bid RMsQ toClegaite @Ut  and
recharging of erther of the vessels w thout goknterrgg&%ng flow.to vesse
190. Si i | arpaytionrrsithe higharaustife bess A Brgleresi fiom the loaprgaliy brseoth BOSHFat ed i n

series or pa{h@rle[l,)ﬁlcregtglge&nﬁ@m% Quafyaakosll stfd@5Bk Ivwhei:hethe ndnoshiratimt ofdescr i bed
above it may al so be desirable

el e o DS, PSR B4 5 DU BBt v
woul d puri f yqang HagCelV afeainhia2 mpeitiogignconsentritios of browativs.cnaldrsy ensyletaiss,i t  back
for usein Sﬁertggartgi%ggxd%ﬁed{ik%ris &i@i?et. Ii is also possible to further upgrade the high quality

base oil stream using processes similar to those described in stage 3, by converting a

portion of the aromatic, polar, unsaturated, heteroatom molecules and the like remaining

15 in the high quality base oil stream, to higher quality molecules thereby further purifying
it, increasing the degree of saturation and thereby producing an highly purified base oil.
This oil may be suitable for use as a white oil in the medicinal or food processing
industries as well as a lubricating base oil in the industrial lubrication markets.

[0053] in the embodiment shown above, the solvent recovered from the lower and

20 high quality base oils, streams 164 and 166, is combined and purified in the solvent
processing and storage unit by removing water and other low boiling goint contaminants
prior to re-use. The solvent can also be treated at this stage with bases.and the like as
known to those skilled in the art, to neutralize organic acids that may have built up in the
solvent.

25 10034} In the embodiment of the presént invention as discussed above, a flash
distiltation system is used to separate the base oil fraction from the other waste oil
constituents. The treated waste oil stream is heated to between 250-and 450 F and
preferably to between 300 and 400°F in heater 44 and flashed across a valve (nor; shown)
into flash distillation vesse! 52 where a distillate stream 54 is recovered from tﬁle waste

30 oil. The distillate stream typically will be bumed as a process gas or condensed, s:eparated
from any water, glycols and the like, a'{nd used as a fuel or the like. The bottom }'Naste oil
outlet stream is passed or pumped to in-situ flash distillation vessel 70 'fvherein‘ sit passes
into a pool of oil resident in the bottom of the vessel. The pool of: oil is kept at a

temperature between 400 and 600° F and preferably between 450 and SSQ“F by heating it



[0051] It may al so be desirable to enploy steamor gas stripping in vessel
202 to hel p strip non-base oil |ight contam nates fromthe base oil. An
addi ti onal vessel could 5al so be added to further process the base oil, in
line 206 by further fractionating it to create different viscosity cuts or
stripping it to reduce volatility. 1QQ521ln the enbodi ment described above
in stage two is used to separate a portion of the higher quality base oi

nol ecul es fromthe | ower quality base oil nolecules thereby creating a
first high quality base oil stream 156 wherein the concentration of 10
aromatics, polars, unsaturates, heteroatons and the like is |ower and a
second | ower quality base oil stream 172 wherein the concentration of

aromatics, polars, unstur tes eroat ons and_th I|ke| her. It is
o bes! bofs s B BE peTeHans oL R Rimar 9 Beetier PPl Lsi ng
processes Siheatbdin hbmrtahda&ged%mdi dassed bagk sftageseB70. Bypicabip iy ﬂomgteaafportl on of

the aromati gh.s F}thr%élﬁuoﬂnsi%LrHréts% meﬁﬂoeh%%.? %gﬂh?%&e&cﬁa’ﬂg\e alt | ke
remai ni ng 15i qual Tty base o stream to highe qu et
mol ecul es t vsehahger ﬁ{:tOtlﬁm thp lingid Yaverdpaof of dilresidentinrlep Hotiem @€ the eressadf atsat uration

and t hgr eby i Qgsli'l@«!i ntgmﬁé}atbr'egglllechE’uErEJth?dthpacﬁﬁreQ' Jilst:llyé' ?raé?"olll ’fﬁayanpe suitable

for use as a white oil nmedi ci na pr ocessi n% i ndustries as
wel | as a | ubinidnipg wepuisasiovoind ajhighRegnolds gyraber rhéﬂuswﬁmbeaaaf A §hr ket s.

[ 0053] I n t hqemspodi nemt “@hewnst@bm\émenﬁg%sssmowwa{ve@@m/ﬁm%dfuqu&he | ower
and 20 high qua |t¥]vtgase oils, streans 164 and 166, .i.s conbi ned and

purified in PHEIY ﬁthqﬁ'rdo'é%"*é§5’ei‘ie(5’ya"ﬁ6°”§t“5r°8’§5mﬁﬁ? pt BY asdlh W fat er and
ot her | ow bchblhhglgo:mdesathaﬁdﬁtt@menamcsft}pruqmﬁ ldyer ah@ erdting diktiiatesstrbane?d. can al so

be tr ﬁt ed isttllgtle% resat 1ca1 hasasoeﬁm Qilglge{qgg?railrhronhsoc)lﬁr}gm E)(())ut%&?lg e skilled

in theart, neu (4 ani c -ac n the
sol vent. 25 llﬁd) B4ﬂplaqallr hmdmmiﬂind mresd tfordiel minethpliles @nmomqn\pé Hie |bcm)rrasreﬂn scussed

above, a {132l dbStLLatd Alre SR RchliBEE: [QcPaparate the base ofl

fraction fromth er waste oll constituents.” The treated waste oil
streamis hd%ﬁ5ébl to Bisespe¥horzstes an@ A5G Privging! gy eesset Zbrsjnstaohdsdigviden 300 and

400F i n heatygk, fhheaide Hc@rﬁlhggtr@ﬁxrﬁ}scﬁreﬁ c\éﬁthefern{erzfa,md%s@mf) oil Bteptfat Ash
distillation'vessel 52 wheré a distillate st recovered fromthe

wast e 130 oi IiempPrRErgbevien pad @ds7t59@éﬁ#ﬁmw?ferahﬂy9et‘<xmﬂ|60%ﬂd889£éﬂ heating process
gas or condgng@dgh asl@a@naﬁameazeprmwremmebu :s@hMF@'f&nﬁtﬂQb&ﬁbﬁh dfivieesl and used
as a fuel or_the ED?’ ﬁs e oil ‘gg{g t str 61{;’1 §LEa\ssed or
punped to i i1odiepig F‘Iﬂé"slﬁa'ﬂf g BAsFes Hackaua gpssey 40 frRArqn Pt e rgHEton | i o a
pool of oil strem steiatpasséu ﬁoh&szbmtttlmmm&esiehelzves&ﬁj:d lasrdnaa\pﬁgad lipfid lovdl i s kept

at a tenper re bet 0 and.60QF a et n 0 and 550F
by heati ng ﬁﬁbjisﬂf "fe% me m heaov?e{a (l’rtrl%"uq Sls?qgo Wes Fﬁoa%&ﬁce adm?ﬁate %:I%?ml s punped

from the bot%d;mma‘ahpémewaﬁpmhmwtwahfe@t)‘é’r exchanger 84 and passed back
into vessel Eo%«nr Typ' QM 3émb5chﬁerL'd95‘éhl§e§ta90vave§sm $2,"78 Ghd 608 bpehleaSh F €am i s

sufficient to provid uat e heat exchange I n heater exchanger 84 to keep
the 1iquid IaHWPhe(lﬁ)BG‘—FS“E?F st vesgely @eldtalsp he PRrEAtasot PEAESTOT UPRST VASEWR| ) at

as known to those skilled in the art, to effect similar separatien of the base cil fraction
from the waste oil.

25 [0058] Vessel 112 is typically a flash distillation vessel, which is operated onder
vacuum ranging from full vacuum to 500 mmHg and preferable between 2 and 30 mmHg.
The feed stream 106 from vessel 90 is combined with a recirculation stream 126 from the
bottom of vessel 112 which has been heated to between 550 and 700°F and preferably
between 600 and 650°F whereby the mass ratio is between 1:2 to 1:40 feed stream flow

30 rate to the recirculation stream flow rate and preferably between 1:10 and 1:20. A
distillate stream is produced and passes through a distillate outlet 118 having a boiling  +
point range from about 650 to about 1050°F. A liquid level 130 is aIso mamtalned in
vessel 112, The bottom stream is withdrawn through a line 120 passed via pump - 122 to .

a discharge line 124 through which a portion of this stream is recovered as a product. A



5 the desired tenperature, thereby creating the desired distillate
fraction 76, and nmaintaining turbulent flow and a high Reynol ds nunber

t hrough the tubes of heater 84. [0055] The waste oil stream entering vessel
70 fromvessel 52 is heated by direct contact with this liquid |ayer

t hereby vaporizing constituents of tjie waste oil with a boiling point |ess
than the tenperature of the liquid |ayer and creating distillate stream 76.
10 Distillate stream 76 typically has a boiling range generally from about
350 to about 500F and is typically condensed and used for fuel and the

i ke. A portion of the bottomstreamin l[ine 82 is passed to a third
in-situ flash distillation vessel 90 [0056]Vésse| 90 operates on a simlar

principal as vessel 70 usi ui m ng stream
by direct cROFEQ! thisghgam isd[}gﬂe%f“éfifte ﬁ"e lﬁ? m?dya catePlZla?(?jtom t@a s[tljeﬂlgg‘r ature
bet ween 550inR0Ghe/1D6.FTINE heatadl bestoef ez isynsdslat me:ahmﬁmf(ﬂearfd feFQmmPWmPPeatl ng it

t hrough a reC| rclulégtl on heater 100 whereby the oil is punped fromthe

bott om of vt S heated in the heater 100 and passed back into vessel

90. A porti®asaf t helnrtlesimbodimantishormsabpyeifmepbei @Vﬁ@&g@éa‘%sdfﬁawg

di stildatio \égﬁlsdg teart o on ol inBMicd vLsS€£42, b@‘Qb Rek Ai2ltb Eti'-ib dott eMBlondntd 1S
mai nt ai ned ovver portion of vessel 90 Vesiﬁfé roduces a

distillate ﬁ@méhﬁﬁ@@%ﬂlﬁﬁ\?l diggiltatiqnoAnd jseRyratigh Ecesy- £ 850U " about  650F.

[0057] I n t hgyseihadiisR pbind 8 e bbesh ADyRhOARSEEIrS0 B2 oil T&d anehnOP tiase oper at ed
at atnospheric pressure. These vessels could also be operated at pressure
or under va¥aitffras known to those skilled in the art, to effect sinilar

separ ati on mhedihe bam éxirhetib ambéssnsetinmmssdhé4ﬁ/\asst@@WISEP@BPKO%@P%/esseI 112

gt T 1 ofiePth B HHIRd el Bliny £Pakon oSHLEGalis bR Sl AR,
The feed st leamqidy besonil ewisetlesg0 Sheh propasien deriudet 9ivanty SERstien| ¥ith on stream

126 fromth hah H-rhatied alkd) brérnvgen 550 and
700F and pre eg%l%m%geﬂ\ﬁggﬁ%%a%&énmﬁoﬁmmﬁg?gﬁ ﬁfﬁpgﬁﬁi%:o is between
t

1:2 to 1: 40ethplewt- @rqobamewlew dpsolmane(er #IKE) T & W flow rate

and prefer a?(!eﬁonpeﬁ) WeR Mc: 4Guakidlactiod). 10&-aﬂdy5§stel' lof tiew &ﬁd’neaﬁﬁ Id&amﬁxﬂduced and
passes throu |st|IIate out | t 11 rnange from

about 1%50 t@l%é‘ﬁ'ﬂe“‘ﬂfg‘(‘ﬂﬁm‘q& EiPyEs H"’P%@'@Pﬁi‘% '%Yl)g pgréol‘ é'lnehth in vessel
112. The bot{@musdel €aiichiSronydrindr disradehr mogholiae,| |Ine—alll@eandpaestsmlowa punp 422

to a dischar l%y%éfg%l%%%?!}lSﬂ“@%&n{i#ﬁLlO\V ?ﬁ%lgg{ﬁgiélégqu&)éhﬁ O§ﬂt€$ %né s recovered

as- a product mis a returne V|aaI|ne 126
and a heatefqoek2B to jmnﬂh)tlneoymﬂqrdemmamrefenb@sol\{entrferth!@ﬁﬂceﬁﬂrﬂféheméﬁ‘é?f’éd bott om

streamis used (o %r%t%rrﬁi etrrh)%di&%ﬁtl E;ﬁgctfoﬁ%nhé‘r&%{ #h Wu@eﬁaﬂrevaeﬁﬁﬁix 112.

[0059] I n t h&"VEMiSB own above It be advant ag ous tng a
strippbng 5tlgp@1vsm}@hd aib ars tablgppt P@Tlﬁh’em'é‘"r‘b‘?rﬁl‘l’é"agf bejuesg gput 340 and gl 0"550 and 112

to strip |igh-rCOIRRRRRShEWRabde 190 hndadbsluzaamt h[@'pidilll@{ both deisolverand
separation process. [he stri

t th
bot t om hal f 264 ol |§& f‘i‘éé@%l‘heoer‘gf‘cé‘ gﬁgluﬁ‘fllw‘%@e‘g’&f?@é t“rf f’%e@ég%/eslsgl g !nthe

necessarily at the same temperature. The solvent dosage (percent of solvent relative to
feed) fed to the extraction column is typically between 50 and 1000 % by volume and
23 preferably between 100 and 500%. Typically, extraction is undertaken in a packed or
trayed column whereby the solvent is fed into the top of the column and base oil is fed
into the bottom. The packed column can contain either structured or random packing of 2
conventional type known to those skilled in the art. Water may be injected into the
solvent or extraction column as desired to control solvent selectivity. Similarly,
30 temperature gradients or regional heating or cooling can be used at various points along
fine 50 or across the extraction column to affect performance and selectivity as known to
those skilled in the art. Recycles of both raffinate and extract at similar or different
ternperatures can also be employed. In some instances it may be beneficial to remove a

side stream from the extraction column, cool raffinate or extract streams, cool the side



[ 0060] The extraction process used in vessel 140 nmay be any separation
process 10 known to those skilled in the art for the separation of high
quality base oil nolecules fromlower quality base oil nolecules. Such
processes include solvent extraction, with materials such as ethanol,
di acet one-al cohol, ethyl ene-glycol -nmopo(l ow al kyl) ether,
di et hyl ene-gl ycol, di et hyl ene-gl ycol nono(l ow al kyl) ether, o-chl orophenol
fiirfural, acetone, formc acid, 4-butyrol acetone, |ow al kyl-ester of |ow
nmono- and di carbonic 15 acids, dinethylformam de, 2-pyrrolidone and N-(low
al kyl) 2-pyrrol i done, N-nethyl-2- pyrol odone, epi-chlorohydrin, dioxane,
m)rphol i ne, |owal kyl -and am no( | owal kyl ) nor phol i ne, benzonitrile and

- (1 ow al ky bty $eparaiede pantich <pﬂnt&$plhmn&bm teertill ahd) Rt e oil {oQﬁ)eﬁcl;llumn The
N— met hyl - 2-p rr ol vent. or he process of the present
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necessarily wtsepdie GaBRvdneigeeihabads &1, The sol vent dosage (percent of sol vent
relative to [Ogﬁﬁ) fed to tEPff xtraction colum is typically between 50 and
1000 % by vo and 952 BEbies g C@m&@& NeBh PSRyt Hientisp asdliseissd ahevey |
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is fed into of t ol u and, base, oj | he bottom The
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sel ectivity. Simlar tenperature gradi Pegi onal
cool i ng can H¥ thouti 851°F\aad i nowsmiripdi tat betwecondporti HY &d @houta&f?ﬂ@sm& gl

extraction cgkmbiytvenvabl 26kt sBEEJIQbIRE i o those
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oper atpd at aRRIAh Cfldalumib SFicHy SRR PRl a1 S8k, OF der o

separate the solvent fromt a pre di ment of
the present Sfbetitdidn ah%‘“d?é%%’%%ﬁblé{t?@v@en Ay dnd i vefusiss aliquid fsddert o purify

and sat ur at eyohufa@ dfQRIystGeHoint yryﬁeaﬂ@ Qily ortréLRMt :ﬁJsEd rl@dwe'%ére&veréfhe | over
qual ity base oil stream s. mxed wth 50 to 2000 scf of hydrogen per 10

barrel ~of ba&¥&ort PEe‘He Bir 895E5da Py @sipe (MNe 7RCRqIM 8Ost Al ogen per
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800 psig. ThHepirnlkt, uepiessupds berdlech har it glaciung sal abohie th0cBIES itougtg wirfe act i vat ed
clay or speq}an&%ﬂnﬁesuﬁ%% m&n trhr0 Slgh a hydrogenation 15 reactor

cont ai ni ng one or o enation cat al ysts with netal conmponents from
-Groups V(b)I0063] (b) aWih bqtlp bll @!feamhéﬂéad P@fglifcleshiadh |agiistiigiok ndwnn tam Hehose
skilled in thg t@tﬁtacnda ﬁt@ikﬁrbgsgloﬁ 1&&%%9&%!:955& BleE lﬁ/%Jn% vﬁﬂl:gﬂqg@%ﬁé%&\éanadl um

t ungsten or cobal ported on carriers such as activated carbon

ki esel§uhr, 25 PQSEB‘G t‘amﬁﬂawe aqﬂawtaﬁée pij teeupsraite heat exchentsay o-rPROVSFGRINUM on

al um na, ni gked prgBkyRESRLHRY GRinfHelil tRA@mal e fiiGKEbf thelfodeldNgst en on
silicalal um[Q%dLTypl ca the hydrogenation 1s undertaken at a space

vel ocity of t 0 1A4d5%aﬂdat%esw Iambepw@FWaerhbétsw@@rﬁtrea%S%Ffamz vol unes

of liquid f@gﬁel}ﬂrsu&iﬁslﬁiﬂleﬂiﬁp@ﬂﬁlaﬂ%%&nsﬂ@énthéﬂiﬁls st?éxﬁlsmlakwate@@lyyowne_ react or
stage 1I's use

. Howey sever a e n be used if desir by using
ml tiple reégkvﬁrfti\i%ﬁteiﬁ’d?@ﬂ?%§a“d,&$"t@% ﬁ’ﬁ@ ?G?tﬂéé‘ﬁ’é{apdﬁ“%‘?téﬁ‘s r'?%/a? t he base
oil fraction is separated fromthe hydrogen gas and 25 volatile reaction
products in a flash vessel, which may be operated at reduced pressure.
Typically, the pressure is between a full vacuum and about 100 psig,
al t hough wi de variations in the suitable pressure are possible.




[0063] Wth both oil streanms 156 and 206, if desired, a distillation colum
can be used to fractionate the base oil into different viscosity cuts.
Many vari ations and schenes 30are possible to incorporate regenerative or
recuperative heat exchangers to recover heat from process streans and
optim ze the thermal efficiency of the process. [0064]Additional
processi ng may be undertaken on the distillate stream 54 from vessel 52
such as further separating the constituents of this stream such as water,
gl ycols, solvents, l|ight hydrocarbons and the |ike, thereby creating
separate products which may 17 be used or further upgraded to higher

qual ity products. These product streans nay also be further treated to

i nprove their quality as known to those skilled in the art. [0065]1In the

preferred epbadi B’Bﬁﬁ'thé}HJpgra@éﬂ% Fﬁgﬁetr 'thW ;ﬁ-ocﬁl\:!tts Trsed ﬁgcﬁl@t sftrEﬂLp az'saﬁssgl 112 for
further proceE%L?g I n, stage possi b e second cut or

add 5 anot el ‘"E*Et?dofﬁé‘f’li’rB‘ff IW§§@FY E(SHFB?W’S‘H@WF)S"EUF@ é‘r‘hf\ﬂéssel 112 to further
fractionat e[oolig basernoihk peiesied E:hl&thﬁhehporw Mﬁ:llﬁkbfcfuﬁﬁ @itn MR GASAt Y Orades

and the lik t rocessed separately in stage 2
and stage 3? zfﬁ?bgkgﬁﬁﬁméfsé‘fge\"rsg’&c gﬂﬂbﬁ aﬁ@r?f’ssg’é"s@rtf“ﬁeﬁseﬁ VRt %rh"éla/s )
cont i ndious #dothwer hativmEon tdse! (nhxrshevrs kg essel I 12 tﬁﬁythhdrzdmnté dhalbsseio certain
I nstances t 95“9\%%0 gmdﬁgem're% SCD&[?&?#IQ ﬂ%gﬁ'ﬂ? | Cafllasc Ot Epagltpeéj?r:)gtgﬁs to

all ow for process surges speci i"on° At &
oper ati ons, P@Gﬁkﬁﬁgﬂ@@hﬂﬂ@mmﬁhm®9§£§ aIIOM/for nmore than one cut of base

oi | distillgpgsand tig |prelft‘f're@scn}89£%htt&sérm9§%b§}é' Eo@g doﬂtmtug\& bk [0067] 11

may al so be referred in sonme I nstance to use a ase transfer catalyst or
the like asbq&wwhq Broetibee- Yimay|be desinble fecestpip m%ceérmaweentrrwedla}per ation of

the segond sbagevesdel safwe&me%ﬁ@aﬁaﬁrowh&r;ﬁb&sstga%eefcsmm GHQ%crﬁ%ﬂﬂoﬁCt ivity and
the like of the proggss ar e, enhan

ed, thereb rovi di for
separation BFPH r‘?P‘aﬂé‘r‘%ﬂV"‘H@f%f°bP‘f"P%ﬁr é@ﬁ" "s"“f’? ?rﬁé“tl gb@f’ quality

base o0il nobiedistiias.and the like as known to those skilled in the art.

[0067] It may also be preferred ini some instance to use a phase transfer catalyst or
the like as known to those skilled in the art, to enhance the operation of the second stage
15 ¢ of the process whereby the efficiency, selectivity and the like of the process are enhanced
thereby providing for bétter separation of the high quality base oil molecules from the

lower quality base oil molecules.
[0068] In the third stage of the process presented in the embodiment it may be
advantageous to ;mve multiple guard beds, run reactors In parallel or series o ulilized
20 phase separators or the like between reactors or between guard beds and reactors.
Furthermore, in some instances it may be advantageous to strip the base oil of light
rcontaminants or further fractionate it into different viscosity cuts. Although the system:
described hercrn does not utilize a hydrogen recovery system one could be employed: to
recovery and s|’3;urif'y upire.'icted hydrogen and reaction producls after separation from the

25 . product base oil:

[0069] In certain instances it may be desirable to upgrade the distillate 'stréam 54
" and/or 76 by hydrotreating these in a separate hydrotreating stage as know to those sl_{ilied
in the art. Alternatively, it is possible to combine these streams with stream 172 and/or

. stream 96 and hydrotreat the combined streams. If this later approach is employed it may

30 be desirable to include a further fractionation stage to produce a base oil cut and a fuel oil
cut.
- [0070] In F1G 3, a generalized embodiment of the present invention is shown. In

-the embodiment shown, a waste oi} stream 312 is charged to a base oil separation zone

114 where a portion of the base oi! constituents (base oil fraction), line 320, is separated



[0068]In the third stage of the process presented in the enbodinment it may
be advantageous to have multiple guard beds, run reactors in parallel or
series to utilized 20 phase separators or the |ike between reactors or
bet ween guard beds and reactors. Furthernore, in sone instances it my be
advantageous to strip the base oil of, Iight 'contam nants or further
fractionate it into different viscosity cuts. Al though the system descri bed
herein does not utilize a hydrogen recovery system one coul d be enpl oyed-
to recovery and Purify unireacted hydrogen and reaction products after
separation fromthe 25. productbase oil: 100691In certain instances it may
be desirable to upgrade the distillate strearn 54 andfor 76 by
hydrotreating these in a separate hydrotreating stage as know to those
skilled in frbme ther other Ahysénhenniapésiagts, ling 316 ipths svabk elltlo acwstprasticet these streans

Wi th stream,lids & L}@‘/cgrcoﬁsrm@rm %pcﬁl@%@yﬂr@mv@amoﬁme eapkiinRdictfeans. |f

this later approach is e It ma Obe desirable to include a further
fracti onat i 8§hatvayas tﬂ@roﬁv%m@h@ Qﬁ‘éé‘éﬂa’ﬁ‘r fut &g simpHeity age shepst begin todgt |

[0070] I n Fl GpRated cARBRIEH! dnéQ@toﬁt‘FéﬂQﬁﬂo[@lnﬁneoflﬁtah@n*@f'G&ﬁ:ﬁlﬂ& IdwMeBélleN i s shown.
In the enmbodi nent shown, a.wa stream 312 ddﬁqﬁe gﬂﬁ‘%{to a base oil

separation Yoad meesaliauchas lighh f"ic‘H °"&f""“f"|’i'é4!368}§é“ W8 (base oil
.fraction), bdilufgemﬁgEQ;endrﬂlySﬁwﬁbtﬁdﬂO"FBalmb(ﬂm it gy bé Hlﬁ?rabllﬂ'l)éﬁhdnﬂib all

contanlnants I|n 316 e oil ctual , practice, .t he various
physi cal coﬁ‘t’“ﬁﬂ"i'% FP¥ 699/5! E'HPF?’ mRiFeqlar ‘Veé%\?@ “FIP Shd ﬂ‘i@“ﬂéé"éfhd?‘t’ fraction
in such a waylatAsy meluzmﬁg}qbumaﬂmr @olyd‘mn silend the dikentypbally kg sibefiingci ty are
eyt Pubor P R RAh R BRI P O 3o e 310
hydr ot@ar bongpicuibt ensist gf nglodesrbamaoltdutes kuilable tfqrpm:ra'lma;mhavnemgo hasbmll I ng range

S Y e ARt éQ@ﬁﬁ:bﬁLLtQBfl% Habind R ol AR SRR ol sgagbude a'|

materials befo ecu ar- wel g terials and naterials
with | ow vohmliiOP@";F i ncluding, particulates, polyners, salts and the |ike

typical |y hao & bpid i oRkesd aﬁ@spg,ransm@dae abo Ut poHABOSE neThagnebase o |
fraction recovered throug
quality base oil mo!ecules (hrgh quahty base oil} is separated from the lower quahty base

15 oil molecules (lower quality base oil) and recovered through a line 324 and passed to a
high quality base oil treatment zone 325 where it is more fully saturated and treated for
the removal of various elemental contaminants which are recovered through a line 327, to
produce a highly purified base oil which meets the requirements of at least one of APt
1509, Group I, 11 or III which is recovered through a line 326. Various mateﬁals,

20 contaminants, derivatives and products thercof and the like are recovered via a line 327.

0072} The lower quality base oil is recovered through a line 323 and passed to a
tower quality base oil treatment zone 328 where it is more fully saturat.e.d and treated for
tlle~;-emovnl of various elemental contaminants which are recovered through a line 332, to
produce a marketable quality base oil which meets the requirements of at least one of APl

25 1509, Group l; [I or III which.is recovered through a line 330, Various m'atei_"ia!s
contaminants, derivatives a‘nd praducts thereof and the like are recovered via a line 332.
This is a relativcl} generalized showing of a further process of the present invention.
{lowever, it shows an important feature of the present invention.

{0073] In the first stage, zone 314, the base oi! fraction is separated from physical

30 contaminants in the waste oil. Typically, such contaminants include water, light
hydrocarbons, solvents, solids, polymers, high molecular weight hydrogarbons,
lubricating oil additives, chemicals, salts and the like. Several processes or combination
of processes can be used to effect this separation including various forms of extraction,

distilation, filtration, centrifugation, absorption and adsorption and the like as known to



10 typically consist of hydrocarbon nol ecul es suitable for use or

manuf acture into base oil typically with 18 to 40 carbon atons and having a
boi l i ng range between about 500 to about 1050F. 100711ln a high quality
base oil separation zone 322, a portion of the higher quality base oi

nmol ecul es (high quality base oil) is,separated fromthe |ower quality base
15 oil nolecules (lower quality base oil) and recovered through a |ine 324
and paned to a high quality base oil treatnment zone 325 where it is nore
fully saturated and treated for the renoval of various el enental

contam nants -whi ch are recovered through a line 327, to produce a highly
purified base oil which neets the requirenents of at |east one of APl 1509,
Goup I, 11 or IIl which is recovered through a |line 326. Various

mat eri al s, tR&E eilleadni maﬂt STypidsity] thatdpuratonawitl tape plahebbsd tjve ddbfences th t he li ke
are recovered vi.a.a 3 r

recover ed t ﬁ %Haﬁtt ar cihcrﬂtcal §%)§crttgs dpQ’ZI?elba;I; dp?l flragt\fﬁt an%ﬁ?u&'&gj %Eﬁbgh

treat ment zoneiaB28 where it is nore fully saturated and treated for t he
removal of [H@ﬁii ous qyll %‘EQJOEJ sty nh‘@rﬂll%&t ﬁ‘acﬁm ﬁhhcﬁrfgd SRy §5288t thd1r ough a
line 332, t0 pfoduce a marketa ase ol l which neets the

requi fementysocess were zemtonmﬁ@wdpwmualzs l’*J:“'!*S(BQ molgeeyi sepprpted fromthe which i s

recovered tf04ERabisk N, 339ese\4a51b@tb§ Bt &fntpakes pstm’@,t ﬁ-ﬂhﬁtﬁ:ﬁlt slefirder i vati ves
and pr oduct s t hereof and t(t}tae I Ere recove ]e_ g E }r@' 332... This is a
rel ativel y Ug&iEnias ioseptamsand e 'ltﬁ‘ which NFF?’?@'P”% ‘6’83’5 tefigr aplily bl g

i nvention. Mt&\aeyetm;chmte g?mm;asaamtmpmfrmmmfmmmtmftmIsm}nnehmt

i nventi on. 1ln ir sta a ction is
separ at ed f3‘r~ rh"’gh(}%'l’@aq‘“ ﬁ’g}?gﬁ PLo% R %“riﬁ" o}lg%et? i?ﬁ'?é% h OIEtﬂ%al ly, such
cont aui nantasorhdticd udeha/tatewandus ghoteskes dr caatitations thmﬁwmysed%ﬂf@b pol yners,

hi gh nol ecul_ar we| . g JUBE| N v cchem cal's,
salts and tSﬁPe'I!'(ihOk giaels P-Eaﬁé?}p'fh% high @Iaht? NG OFHl @&Q&et_;ge f8lud

everal pProcesses r co i nati on processes can be
used to ef fragoustiims of egeetion; Wral iﬁ%tloadtbﬁgpttpafqdéqi%f'mo'ﬂ?#%cuﬁf SigXef Aokt i on,

distill at| aRe th [ zls%@&rl ,g[;mecgmgdf;nfka@| on, absor pt| on and adsor ption and the

| i ke as known t hose skil Iedinthe art t he, separation
will take d%’t?é basé@l“’a‘b‘wfﬁ‘ SHER SEFEh LRSS PrReeTse "brﬁiylg %ﬂiy %Fmﬁﬁr‘?étfﬁgtal
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materi al s 7411 n the seco e, the oil act en fed to
zone 322 of‘L‘t‘"FRar % o Hﬁé%g‘oﬁ%%ﬂ@ g?fr*ﬁ BrregeYe ‘H] es'I"'ab\;\/e eng 1ty *base oil
nol ecul es afuius apatal edeér o thd Ekhnghincredk itteyperagesatoiation ﬁ’l’rtésleistrml ecul es may
conprise pol acs, g,a%%oca%% QL?JtﬁﬂﬁtheLﬂf@h&Lt: B il LA OBk QBiAnd the i ke,

which are sERAFSY romt ase oil_nol ecul es, which are
typi cal |y sabupitredivcedahrpgh Raec3Hhis Wb‘ﬁﬂ“ar‘tfn‘aﬂi“’é“)' aeient 5L e | | ne 323

W1 goypi Caﬂeht}‘reh@é/t?roﬁottt.&hett of ANGIEATI 11869, ON of sul fur, oxygen, ni trogen,
olefins, 10 aromatics and the Ii kewa¥a [i ous oces nat| ons

)
t her eof canf0p¥lused n&edpriaspes &fd (‘.f’rPr??Fss 8%%*‘“??2% %’tohygfogm? "B t he hi gh
quality basﬁkﬁéting hbesfir REFGERES Gfoldchial sibstitming i couke filkenorsa obmigntipact i on,

ultrafiltration, absorption, nol ecul .ar. ellke as
known to t hibeeolsRs knosg ‘? r‘POP“nﬂ‘algeﬁt‘“ éeoﬁgl:?) Teﬁ‘o’("h‘e“df'sﬁm@é gféﬁgﬁé’e‘mg%‘?eam 323 is
processed i gaQMro3es odyed Ml B ¢iRAkhd heredsd tind peydentt samgt,tlorrm[ gdeistr r ef or m ng,
nol ecul ar substituting or. the |i r80f known to

t hos&5ski | | eatignpltidydipearhop "Péf-‘ﬁ‘_ﬁt‘ﬁe!"t‘}}?d%‘%‘t’rqgfﬁ an“é‘t"é o "§ T8 rysul8le S0 Y ur
nitrogen, OxNMIeN HhfhcddBrolptk Bna DS nanpea@eoft - queiey méﬁmensatt oreeit thon of at

| east a portion of the hydr ca 0 cules in the lower quality base oil
stream Thefeﬂ'é§met‘fﬁf?@ EPél%se‘ E @ﬁﬂgé@) through line 330 is typically of a
qual ity suffgpgfient tgQ meeta éeht&ahzed embodiment of the present invention is shc;)wn In

the embodiment shown, a waste oil stream 412 is charged to a base oil separation zone
30 414 where a portion of the base oil constituents (base oil fraction), line 420, is separated
from the other physical contaminants, line 416, in the waste eil. In actual practice, the
various physical contaminants may typically be removed from the base oil fraction in
such a way as to produce more than one stream, but for simplicity are shown herein io‘bé

separated collectively and recovered through line 416 and may include low molecular



20requirenents for Goups I, U or Ill of API 1509. (0076)In the fourth
stage, stream 324 is processed in zone 325 by hydrogenating, al kyl ati ng,
nol ecul ar reform ng, nolecular substituting or the |like or a conbi nation

t hereof, as known to those skilled in the art to renove undesirable

el enents such as sulfur, nitrogen, oxygen and the like and increase the
percent saturation of at |east a 25 portion ol die hydrocarbon nolecules in
the lower quality base oil stream The resulting base G| produced through
line 326 is typically of a quality sufficient to neet the requirenents for
Goups!, Il, or H of APl 1509. [00771In FIG 4, a generalized enbodi nent of
the present invention is shown. In the enbodi nent shown, a waste oil stream
412 is charged to a base oil separation zone 30 414 where a portion of the

base oil cORgfahtirReHaf sﬁdaawghowdmar@@klm g],lcb@enﬁmkelt@.camﬁmged fromthe
ot her physi cal- contiimi

t 6, u
practice, -tPpil "\’ﬂ&'i"‘l‘%ﬁ%"?fﬂs& E’&'I ab%ﬁp%qﬁ.l ﬁg'ﬁi"g‘ ‘hﬁ@\’,\g’i/f)‘is'éai’l'e-l'ﬁ? t dFéhDved from
the base 0i mafeFi@ICbEION §50°FS u;mhmgh Walcs Waghd mathdae aﬁohﬁto_hiﬂamtﬁn&vst ream but
through | et BRRA TR e s et < speaBr i mielPEal o such as
| i ght Hydr opambgrmcr tinmt byt 19507E.0IThe bmd cﬁlhﬁachmd(&cdvyrpd dabigl abHni42g a boiling
i1 et er apBelbr o B e h sl S PR SRS ANt er ol s
wi t h | ow votyaicilly wigh | holdddirhen atpray srddabiag eﬁ:pllxpg)taygréztsvcema}imtsS@rtd the Iike
typically h%ykpg ofePOi 1ing 5 point greater than about 1050F. The base oi

fraction recovered through a line 420 typically consists of hydrocarbon
mol ecul es s[#078bl e f brra sawee whra highrawnlity base oil speretionazoes 4322 potionoathey with 18

to 40,gar 8?@%%%;t9%&er@vﬁa&u@s E}ﬁ%\' a,mtyr@aggemb@tsxm@d%wmcﬁmrt0 about

1100F [O severe ultra 'ﬁ qual'ity base oil separation zone 422, a
portion of ardityiigsheipmeleculss Apyvgryy %E“E)P!')%Ir“éEYPFeééhr(’?ﬁhd‘H‘“ﬁdé‘f f¥y base oil)
i's separ at e%lé;rscbrfecﬁlmaieehk?ms mglahuatlty vaRod tﬂjldaumla@mheeﬁ ofid maupqual ity base

oil) and recoverdth u ne 424 for.s r oduc se.oil. This

hi gh quali ti/“o%{é ayiet io 9%{%@1?{’? Tag oé"eﬁ‘ﬂual'téigsf @r‘féPCBYer t@rﬁ'bgg‘almcll or 111

as set fortbs hyd Alelsold 209 fuelldiieor Ifighverirequad ko dpgrabatbe oibtol a mskatabieaynetited t hr ough a
and, are.,sold as a fuel oil or further treated to upgrade the oil to

l'ine
a mar%gt abl %Sﬁuél ity 15base oil. 100791In the first stage, zone 414, the
base oi |l frHo7%lon i slcbplsiatied z¢ne & ik, {peybasecadl| fraction is separated from physical

contammants in the- waste oil. Typically, such contaminants include water, light
hydrocarbons, solvents, solids, polymers, high molecular weight hydrocarbons,
lubricating oil additives, chemicals, salts and the like, Several processes or combination

20 of processes can be used to effect this separation including various forms of extraction,
distillation, filtration, centrifugation, absorption and adsorption and the like as known lo
those skilled in the art. Typically, the separation will take pIace based upon differences in
the physical or chemical properties of the base oil fraction and the various contammanng
/materials. _

25 [0080} “In the second stage, the oil base fraction is then fed to zone 422 of the
process where a portion of the lower quality base oil molecules are separated via a line
526. These molecules may comprise polars, arqmatics, olefins, unsaturates, heteroatoms
and the like, which are separated from the higher quality ]:;aSc oil motecules, which are
typically saturated, paraffinic and non-‘lromntie. The higher quality base oil molccu'les in

30 line 424 are a high quality base oil stream typically having a percent of saturates greater
than 90% and a sulfur content less than about 0.3 weight percent. The stream in line 426
will typically have a higher concentration of sulfur, oxygcn,‘ nitrogen, olefins, aromatics
and the like. Various processes pr combinations thereof can be used to effect separation

of these materials from the high quality base oil. These processes include varios forms



contam nants in the waste oil. Typically, such contam nants include water,

| i ght hydrocarbons, solvents, solids, polyners, high nolecular weight

hydr ocarbons, lubricating oil additives, chenmcals, salts and the |ike.
Several processes or conbination of processes can be used to effect this
separation including various forns of extraction, distillation, filtration,
centrifugation, absorption and adsor%tion and the |ike as known to those
skilled in the art. Typically, the separation will take place based upon
differences in the physical or chem cal properties of the base oil fraction
and the various contam nating materials. 2500801l n the second stage, the
oil base fraction is then fed to zone 422 of the process where a portion of
the lower quality base oil nolecules are separated via a |line 526. These
ol ecul es n@fyetﬁ-gggﬁ' R ARdiBH Sabso@ﬂtﬂﬁ%k&?lonoh%febm15:&&5@@ UkQliRs as het er oat ons
and the like, which are separated he hi gher quality base oi
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sul fur cont &nte amin line 426
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ol efins, ar hOGRSS 68 1R hetGR FREMAL hons t her eof
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base oi | . Tticises physies souamingnts faﬂ’efYR,‘&?”V&NC’FWWO“‘ZF bse @ik fiagtiopipn,
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known to thoSe skil | ed he art. 100811l n FlI awg%[;eral i z d enmbodi nent
a
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for sinplici separated col | ectively and recovered

through I i neouﬁme'\a?mdhqwoqtri@$‘h6eThbwsﬁ@!‘ef&%“%{‘r“’iqye'iﬁ%f‘w A&l s such as

I'i ght (fydr OQF&:‘QQ%MJ%?ﬁfdrocg'b%cr%lé“cuﬁﬂﬁmﬁlh@ fdrivkCortnydnb Gathek YntdrBase 8y a boi |l i ng
range gener | ow about 500F, althaou

esira to include
al |l materi aWQ‘Cﬁb/I Wil 5RO carker ﬁP@haWaé‘E&FQPR’%Vé?ﬁ beﬁ%f’f"éf‘t?oél{)é{)%afﬂd material s
with ['ow volatdfibsee, i ncluding, :particulates, pol yrrers salts and the |ike
typi cal Iy "havi ng boilin eat er t an ab ut | O50F. e oil
fraction ret8¥dred tl’?r?)gb ar?'Ity %é 8 6‘"’?? ?"Egl“% ohei qsf}neo ‘Q%?dr ocar bon
mol ecul es stiatighe dinolerakes (Oich rpainf tred aib) és ﬂepm@edtfmetholowewlpiﬂﬁé#sley with 18
to 40, carbon, at [ 13hPHlsseaQP at 0 about
1100F“S[OOB?iPﬁ%%ﬁa@ﬂvepﬁ}é '@%a&bﬁgg{dm Vérgd;g]?oggf%ﬂﬁf%ne 55&;55 a aort| on of
t he hi gher q.gmmvmyy llmafsetl matmmzoecwe\she(mntghmqmﬁﬂlvtsgwrbta%@\ddreptf f% .separ at ed
fromthe | ower hhli¥e 2358 '0i |) and
recovered th¥ 6%"8}\{% OFV o83 @%ﬂt’%g" %h mgfsﬁg*etg%l I(lc)l‘?ire ﬁéf’gmg&'g@ ‘base qi |
t r eat ment zpnaalcsaaugzumepl&;f‘nd biss mmyhteh fratts jbeswmfmf@dfahlﬂ”! prefddlf or t he
renmoval of Uil £ Mn@ 580, I §650H6 n@ibraRr ough a
j 1 be 525, txﬁﬁ) %uql ell ‘?Fﬁnhﬂ ”hﬁg[}% {%gaaa%@ tagbc‘am‘m nV\/m ch neets Wé%
requi Renent sormﬁmlamml mxsatwoh'@d eiotysps thasepd a“‘t}héu‘be are repqvesl ViR lingREER s
recovered t i rm]iéggg ft Sold® 0N bA B RARGTS,
derivati ves?gmgg(@a 'tg%&e ﬁgrr%cg v"gr%d t a ke are recovered via a |line 527.
The | ower quaitadttgyum:sbt!@mil tqasfﬂitf'@@bl?élt“é@@ﬁﬁ?%‘hgh aline 523 are sold as a
fuel oil or dyggther iy tﬁ?'h‘?tdsn‘h@ 28RS UK HakiitOfkdetidnds &pﬂﬁéd@drﬁbﬂ)@acﬂual ity base
oil. I0083|F t'he nfirst stage, zone 514, the base qil !d (Etl_l gnhtl S
separ at ed fp@man§l ggthe waste oil. Typically,” such cont'lm:nants include wae

30 hyvdrocarbons, solvents, solids, polymers, high molecular weight hydromrbons .
ubricating ofil adc_Jitives, chemicals, salts and the like. Several processes or combination
of processes can be Used to effect this separation including various forms of extra":ction,
distillation, ﬁttraticn; centrifugation, absorption and adsorption and the like as known fo .

" those skilled in the art. Typically, the separation will fake place based upon differences in



contam nants in the waste oil. Typically, such contam nants include water,
| i ght 30 hydrocarbons, solvents, solids, polyners, high nolecular weight
hydr ocdbons, |ubricating oil additives, chemcals, salts and the |ike.
Several processes or conbination of processes can be Used to effect this
separation including varlous forns 05 extraction, distillation, filtration,
centrifugation, absorption 'and adsorptlon and the i ke as knomn to those
skilled in the art. Typically, the separation will take place based upon
differences in 22 the physical or chem cal properties of the base oil
fraction and the various contam nating materials. [0084]1n the second
stage, the oil base fraction is then fed to zone 522 of the process where a
portion of the |lower quality base oil nolecules are separated fromthe 5

hi gher qual iht phyeRE@r SliehidiDhroserlee 6f thelbiesa! frRUaT and Ul viakiohs BBteEkdtiag MaY
conprise polars, aromatics, olefins, unsaturates, heteroatons and the |iKke,
whi ch are s‘@?f&’l“’é‘t ed fromt he hi gher quality base oil nolecules, which are
typi cal ly smbasat ed, Inpwiebmﬂ&ta@ﬂdhmnbaa& Dacebd 13.thehhed & fomasel ﬂfﬂhb ne 523 will

typically have a hi .con rati o itro ol efins,
a)r/gmatl c)s/ a?{ﬂcet“h“’hﬁ"?igm"\’?a?fctg &’w" %’3@%%“3 gr‘mog%% %gfpgﬁ”s?g 'g? eof can be
used to ef figgher a:aa}ba'ria‘sq @hmdfcuteheﬁ“besmt.vgrqualrts nfoleowiest they domglisequbls, t y base

oil. These zﬂB@%?%‘F&iné %éa BesV Adidriins| 08 TR rfc%fs ﬁﬁiér{ E]‘Etsépg ted Wolr@fi 1 tration,

absorption, sorption, ecul ar sieves an as known to those
skilled in higher atmht.v [b@ﬁ@&S! meleetes, owhich chres tyaigally saturetedn PBUc andprascessed i n

zone 525 byqrwmcogm@@&eaagm 18k 6y bt HPicalDaRCHhigher Bl @ftRiBDof SMeCUl ar
substituting or the like_or a conbination 15 thereof, as known to those

skilled in PHenap¥rogs. Pafinsy Bompifeand e lke.o VAR (PEOCETTEHOr FOmBHRYNF | ni t r ogen,

oxygefp and ﬂhEl‘@oflchrk&: laéuitolcmmeq;aﬁnémtm&r:ﬁmtalsfﬂ,humémugmmmfy tafe dileast a
portion of the h cul (83S al.i t aste0 oil stream

The resul ti h§h %ce%‘fsl ’“f au‘éaé'aust KBy off Iellnﬁ‘é“og%” e rat'ﬁ“' ?HS purified base
oil typi cal écyorpﬁonamqwlarszyvesmfdftlinedlke.rashtownmb@set:m&edrreqlgnmerrents for one of

G oups |, { H S?r I 'In?r?e thikd stt;'réos?ream 38 1£ Ss]e? Wzoﬁub%ﬁﬂ%ﬁbﬁen‘a&né he present

i nventi on, streamis sep arate rom t he waste oi [, stream and
t hereafter ?ib\ﬁiaw&t walequiny gefaming H“C%ﬁSBJF"l fubstiyaiae opithe Uler rahromRinagionr ower

qual i {y basgebi asSkrro@arfh\mdsbsmm ih Q¥ gua&]b\xeyunb@s&m@ulem&&sr aRfnat hen bei ng
upgraded to produce a sal eab| e l?ase oj|l streani. The ¢ # altl on of these
I

steps has pPOHLES@SE. Sueph prd thy lise artiaprrass tbﬁrﬂ?@&%‘ssmt“ﬁéi?"
sur pri si ngl iz{ormrghtmll@ﬂ%bafrbbnwfiolelaulg&'ﬁn(ﬂuaxbw& ){uah]@ﬁﬁse?cﬁmtrham 1mo&zm’£@e use of

exi Sti ng. pr Bo0L AP BAUPBY s et VRveRrTish oot ShoRef R AL ee botn
of the sufficient to meet the requirements for one ol_'GroupsI 11, or 111 of API 1509
20 [0086] By the process of the present invention, the base oil stream is sepatated
from the waste oil stream and thereafter separated into a high quality base oil stréani and
a lower quality base oi! stream with the lower quality base oil stream then being upgraded
to produce a saleable base oil streanmi. The combination of these steps has produced a
surprisingly superior process that yields a surprisingly high quantity of high quality base
25 oil. .
[0087] The use of this multi-stage process provides several significant advant.ages
over existing process methodologies. The invention of this patent enables both of the
objectives of manufacturing products that meet ll:1e demands of the maorket for quality
useable products and the desire to maximize the amount of base oil produced from the
30 waste oil, Exiting processes can only produce high quality base oi} at the expense of the
process efficiency or yield foss, | '
 [0088] The total base oil produced through Iin:as 156 and 206 in FIG 2 is more
than has been ﬁroduced by prévious processes and is of higher overall quality. When

previous extraction processes are used to separate the baseoil from other undesirable



obj ectives of manufacturing products that nmeet the demands of the market
for quality useable products and the desire to naxi mze the anount of base
oi |l produced fromthe 30waste oil. Exiting processes can only produce high
quality base oil at the expense of the process efficiency or yield |oss.
(0088) The total base oil produced thrgugh lines 156 and 206 in FIG 2 is
nore than has been produced by previous processes and is of higher overal
quality. Wien previous extraction processes are used to separate the base
oil from other undesirable 23 conponents, the extraction treatnent is
required to be relatively intense in order to produce high quality base oi
and consequently results in a base oil yield |loss due to over extraction.
Simlarly, when previous hydrotreating processes are used relatively
i ntense treanmmnnmj&ea@mmﬁoweqmmﬂm&;hﬂm&dd@he&ﬂﬂﬁﬂ?dﬂ@%ehﬁghhﬂ%ﬁ'ity base
oil. This [ ac t he base oi
%ﬁcyo%f:@hlﬁl{ lﬁﬂtn%gste 0115.3m§ %L’E:qﬁe%tl* f i fej}lsal%ase%lll )ﬁl%és% chle §ﬂ DY | oss.

nol ecul es into snal non- base oI ecu resu Thus
nei t her of %‘H@é’éﬂ p$=5ttlérbs@@erap@w@!séwérommmf@ems qm’wdlmlatlgelmdnm@h yield and

hi gh qual i tiealRsEs Raln rdAR8S; %%ﬁﬁ%gbﬂﬂm high Elﬂ‘ﬁt}f@)ﬁé@%ﬂ Pinid Ve b2 e @ base oi |

material is cr mged to extragtlon and intensé extraction can be used to
separ at e t HEU[SHREPCIRPT sPye Bhde bise pil molegyles it @prignbencimolsartss, fromthe

hi gh qual i trysultibg &eyiei lossiThaendither of ieteaRdcedesQidne his cﬁﬁﬁl@‘b@ﬁﬁ&lcﬁ’@q upgraded in

t he next stage ncern.for yield | oss. Through the use of the
nultl-stagégg 5%%%@%5%533“%P%F%Lreln it is possible to produce a high

yi el d and HP4AI qual iAcsordias eo dicl prekos ineentidae artaseovibmatfialt Behirpddent of yield
[oss. Thi s SRt %idnﬂtefnspes& :Jt.cdag%an BOLseRSY ﬁg.fatgftﬁe P}%J%%guaﬂr}l Seepn 'Sl ng known

processi ng net hods r age o invention is
its dBilityorynips Saueinantsifgmn yheehigh @palipa bese mlll siggiet the anfr'@mértall Is hi gh

quality. Ty&beeaédlayscl t:gsgame@baué n&&t&g@xv&b&ﬂ&on@e‘ém REViERMss. %mh%lﬂhé’hée content of
desjired base quali base oil is

t he waste Ohh eam % ﬂg E .the

recovered i°h"S{HYe S PRF ﬁgfﬁc’ fl RS ftdBpossible ﬁrﬁaﬁﬂth‘%‘ﬁ‘ei@“?@'géo per cent of
base oil i ﬁthjhpdﬂsendduertoshcagﬁof&! bithOhegB: FlyleRiABs2Bifis sube@inQ?éanthasover 90
percent of t contained in the wgste oil stream42 is

recovered ARd) mgm”emFg QJVFHEHG m?ﬂ@“ﬁ?ﬂ%@@@ escribed herein resulting in
an ovéral | {@#88le oi | Ayrmeliedadyﬁmmtoﬁxaepr@& imnation 304s abiip/ t6 plollee K RRWN process

only yield yl%ﬁi olp&Y of} with Qr(lj ov%?allqa?gh%ﬁﬂlty tilypzcally "rom about 45 to about 65 percent
of the oil content of the waste oil stream, depending on the desired base quality of base oil
is recovered in stage 2 through stream 156 and an addition 10 to 30 percent of base oil is
produced in stage 3 through stream 206. Typically, over 90 percent of the base oil

20 contained in the waste oil stream 42 is recovered and/or upgraded through the process -

described herein resulting in an overall base oil yield of between 75 and 85%. Typically
known process only yield between 60 and 65 percent base oil.
[0091} Another unexpected advantage of the current invention over existing

technologies is its ability to process waste oils of varying specification and quality and _

]
L

still produce a high yield of high quality base oil. Existing processes are highly influenced
by fee:{stock quality and their product quality and/or yield are highly influenced by
feedstock quality. The invention outlined herein is capable of processing a wide variety of
waste oils and still mnnuf'acturing a high quality base oil and maintain a high yield of total
hase oil product. , ‘

30 [0092] The present invention also-has the unexpected benefit of reducing capital
expenditures. In known processes the good base oil molecules are typically treated with
the contaminated base oil molecules, even though upgrading of the goo'dl base oil
molecules may not be necessary. Because of this the upgrading process must be sized

larger to process all of the base oil molecules together. Typigally upgrﬁding equipment is



100911Anot her unexpected advantage of the current invention over existing
technologies is its ability to process waste oils of varying specification
and quality and 95 still produce a high yield of high quality base oil

Exi sting processes are highly influenced by feedstock quality and their
product quality and/or yield are high%y i nfluenced by feedstock quality.
The invention outlined herein is capabl e of processing a wide variety of
waste oils and still manufacturing a high quality base oil and naintain a
high yield of total base oil product. 30100921The present invention al so
has the unexpected benefit of reducing capital expenditures. In known
processes the good base oil nolecules are typically treated wth the
cont am nat ed base oil nol ecul es, even though upgradi ng of the good base oi
mol ecul es mE§TYFgpenpide Wé@é@ydromratséntwsamnf intdntien theh@oﬂlbﬂé aflimB@cpssocess bust

be sized | angex g,mgrgg,ﬁsl% al a nol ecul es t oget
Typi pal Iy upgq:ecftﬂ equi pE OLtm%at%dq%\i}Jegr g.?er?(‘)p%eé“rﬂlgsl Ve & HeETt ‘g"gaHH oper at e.

In the curré ’P‘ﬁ\/‘%f"PBW‘"ﬁh@Y @%@ﬁjﬁﬂbb&@mﬂing morsgu esipare caepasisdded from the
cont ani nat edmbiés the@by sk ith1a8d d%iaﬁ'ﬁg dofts UPYr adi ng the cont am nat ed

nol ecul es oi ng 0 th rading processin pnent can be sized
smal | et theﬁ%y savi Esﬁp??fl‘éf’%éﬂod‘% SRSy @%‘g’ﬁ%i ersmoe@@mtrml tase of the

type of di seiovidatsilonnty sdvenmgbs sodrcp&eﬂuh@&temﬂ Ti® ;ﬁ&@s&lpdﬁfd@ﬂacfdﬁml?{iow de

subst anti al .gdy I QUS st ens rocess provid
addi tional effi @%}éﬁgﬁ&o %’%gcbg'ﬁleg}/% ¢ e ’ G5 A I‘E%' Petgs“’ffs?é‘é‘ 'é‘pn'BP’é f | ash

vessel s enabffictys Wrélf’éﬁ\‘lféd(tsﬁ mpﬂ;eqb@ree,mpmmtwm&h s$ap6 SSinaIADY, iteadbRd equi pnent
at each st ageeliHt Hphdiidnof tie coﬁtﬁiﬁmrﬁégﬁéﬁlﬁ ﬁLu%EP‘in \%ﬁi%aoua%é s %que o

cont am nant | ically found 1 n wast Ireldin

distiflate gﬁ‘l‘{g"oF‘ém?tﬁr fog {firiEfeprofsrigeandi H@WQN& 'ﬁ‘pygse&@hnhg refidel SEquent i al

renoval of physilcahtatontamiss aRibks @b@Ocdlﬂfﬂéih:lv@:SthQ@ raG NS &htg@)/n%ﬁtst he .

separation ua csma Itiron to the
QEIdﬁngg%l@mléﬁ'gﬁJuas X’f’ﬁ%‘?”’“ﬁ fhe% RQFWE‘ gxeq qilkesphaitgad i n-situ

base oil disti e's
di still ati ote $ifys fToerinekits disiiliagion etyetr:r&|déncﬂ&e$ere:etdod§auﬂ1aﬁeaﬁ&ﬁm&ﬁrhcdﬁ?an5 such as

those foundgip Li M. S dth esul ting in |ower capital 15
mai nt enance and Soﬁggreaﬁ)?ﬁcg @3@ VIR ta d, tL(e AATAEE Ot love Senite ¢y

di stil¥ ati ofrigigaanetendeoperpting cpﬁs Aioitlits advhlﬁagay)[)thedli-51tpldtsbl|laﬁﬁi555@1femp§lckl ng
fouling, whigh ﬁﬂfﬂsQﬁc S'Efll?zﬁ \'O%Qﬁlg%' mgﬂg ?Juﬂ%e%ﬂc Hluf heljgecl)-{ﬁrl’éﬁé rough packed

col ums. Flash vessel s do not have 'hl mal
surfaces ankfotentssed pibihrpugh I?“G‘redfc@}ummg:lid’ep@@iﬂds nptchavecany lpzxcuhhemd packed

colum are ausmvé@u%{l@macélaﬁa éohiaatpbﬂﬂ f&rhﬁzlll?@&éégsf}gm%@&rb. uled with

tarry deposits 20re cking efficienc eventua y res ricting the
fl ow and neterial® f’ﬁﬂf%‘g%(? ‘F ‘Hf'f"’éié'éﬁ Rackingsqan ¥"F°ﬁ@e foylep pith dsyeldpasser at i onal
and ntenaqil(ceng(pms:ﬁrg e%&ﬁ%d\c\&mn:prylré‘strmgnghﬁmﬁi‘vl dnd Qlatehid1h MEQAGSHS 1S 1ts
ability to @Yﬂ'rgultt F%m%cf&geﬁmgcmnona gl;[df gt lfniaﬁger fouling typically

experi ence ess| &Sutilizing hot surfiices to
af f ect heat[ﬁﬁﬂdd:hange‘\ Sﬂi"h@ln"étemfmoémt@mﬂﬂrs abRigs®lasoid heagishiddDopr e used to

_ heat exchanget fouling typically experienced in waste oil processing facilities utilizing

hat surfices to affect heat exchange. The return streams for vessels 70 and 90 are used to

25 maintain the temperature in the liquid layer in the bottom of the vessels. The oil fed mto
vessels 70 and 90 is heated to the temperature necessary to effect the desnred separntxon

by direct contact with the hquld layer in the bottom of the vessels, Thé benefit is achieved

by heating and vaporizing the oi! through direct contact with the hotter fluid residing in

the bottom Inycf of the vessel. Fouling reactions and the like which typically occur when

30 evaporation occurs at the boundary layer of the hot surfaces of heat exchangers and result
in deposits, reduced efficiency and rﬁaintenance are réduced due to the absence of a hot

. metal surfaces in which to deposit fouling products. Thus the current invention increases

the efficiency of heat exchange, reduces maintenance and ultimately increases equipment

availability.



25 maintain the tenperature in the liquid layer in the bottom of the
vessels. The oil fed into vesSelS 70 and 90 is heated to the tenperature
necessary to effect the desired separation by direct contact with the
liquid | ayer in the bottomof the vessels. The benefit is achieved by
heating and vaporizing the oil through direct contact with the hotter fluid
residing in the bottom |l ayer of the Vessel. Fouling reactions and the |ike
whi ch typically occur when 30 evaporation occurs at the boundary | ayer of
the hot surfaces of heat exchangers and result in deposits, reduced
efficiency and mai ntenance are reduced due to the absence of a hot netal
surfaces in which to deposit fouling products. Thus the current invention
i ncreases the efficiency of heat exchange, reduces naintenance and
ultimately foogsyeas esmquivmmracnaﬁsylﬁﬁ%ﬂpﬁym Beoditv bast praxfutedasptpirising sy st em
enpl oyed herein has t i Goup |11
Base oil . 5)? H)émejg (r:???] E P%o O%Eg%ét%ﬁﬁ%r ﬁﬂagg?bhe@%hdﬂ; le to
produce baslcas baeh alt lctdntpcts:wha@kpttﬂfah!ﬂhighQUPWQG] Wil e the present invention

has been de[% bed twhﬂi h@ﬁ:@&ﬁﬁnmn&?ﬁa&%e& RicriBidtes riEBfcetd &ftaigabodi ment s,
it is p0|nte hat t nbodi nents descri bed are illustrative rather

t han I5i mi tiitsg Plieﬁffﬂfétemb@dfaﬁﬂs tihds noipg Quirthat e bl drsFiRedt Fons are

possi bl e w mmtﬂtﬁehﬁthﬁﬁﬂﬁqwﬁné 1h%aiﬂfe€b$@mat mmyemmtraﬁs anh/la‘rbyhﬁsuﬁ)hs arari ations
and nodi fications \H’% consi.der ed obvi o andMges r b e b &)se skilled

in the art neasdle W “5 peaRs @by Pf“FFé“ 'bVF%t?BI ng '@’sé“c pP B3 Dr ef erred
enbodi nent Smoer:ﬁn@sAhMBe cdnsilerad bbvdahs fand depirabbbhyi timge &L:lhdghthymlb@ed)f hi gh

qual ity base oil fro .6, i t he net hod consi sting
essenti al | y"Pgp A Eview oFinE f°’§g°g“§\§§f°§ﬁ fohéPékﬁgédttqﬂPg{nLemsst ream conpri si ng
contam nants including at | east one of water, |ight hydrocarbons, solvents,
solids, polyners, high nolecular weight hydrocarbons, |ubricating oil
additives, chemcals, and salts fromthe waste lubricating oil and a first
bottom streamin a first flash distillation zone; b) separating a
first flash distillation stream having a boiling range from about 350 F.



to about 500 F. fromthe first bottomstreamto produce a second bottom
stream by contacting the first bottomstreamwth a heated portion of the
second bottom streamin a second distddlation zone at a tenperature
selected to produce the first flash distillation stream C)
separatl n% a second flash distillation stream having a boiling range from
about to about 650 F. and a third bottom streamfromthe second
bottom stream by contacting the second botto strea a heat orti on
of the third bot fORFIEPT EARPIHCRB IR VigldsRi FH’%PP/ ﬁé’"gf"”éat“é é"ra ure
sel ect adpricating pibdrcwethhe caneistingd:ssantially ofti sti |l ati on stream

separating a third flash distillation stream having a boiling range from
about 650 Fa)to atreuting @5@stMateasickam famprising lsotteminastsriecydife atnteetieonehifr d
bot t omwater eaghtbiydeerathdas,i sugvehtie sbitds| GolydietspMigh meddtular teight NBairedrijoas,t i on

of the Ieufgﬂkgt%gopgacﬁ% %Eérﬁ@m 'aﬁ‘d &k AUk the m&é auu,@att.hgau mrsenratbo@m;n;%m% ature

sel ect ft fﬁmﬁj ce flash distillate stream

cont actthg=t' R ¢Hi Ftdf’”ﬂoﬁi”h d| stillation streamwi th a sol vent ef fect i ve to
separ at e hi qual it m | ower a it ase 0| a

extraction Bgne g '8%83‘&5? ?'f‘lsé‘ %St@?tlloé‘agﬁﬁeﬁ'?" éﬁgrl‘ﬁ fe gaoé%'@ aB?‘I'tS‘)’gh

sol vento edt 2005 { rfecamiheffirgt Gakem gligan tojprpdise aéﬁqonéﬁett%ls 241 by eangpcting the 1)

separ afitsnpottdne sthiaghwitfuahedtst fxasen afithe seachd bogtosodteamtin & eeq)nd)d:smﬂetlan gineeam of

producty ﬂe%eﬁﬂﬁe kélé’cté?ﬁ@%rd@!'u!:e the first flash d3lilla3BRa&ni;Nng the | ower quality base
oil and the solvent to produce a |lower quality base oil stream and

h) conbi ni ng) t hes@p%r:a@ngafséc%ﬁ@f|9§hsﬁsln|sét%ws£>@arﬁMﬁ Wil rta.kge froBgoutied-i ty
base OH S aé?oti? nd a%nfrg bottma\ns*t)ream hom F]heasienccﬁ’l% o?t%ﬁmsgtﬂeg t@ o%%m?ngnﬁng The

streamt?g ah

met hods‘?ff’"‘é%’/ rqw i”%ﬁe%h A h?ﬁ%d BYytigR At thﬁgh'gdewmﬂ@mdmaﬁh'éd drYHoT BRI sti ng
of et hatrelempeiafire sedareedab potuote the sérphefiash glstitadion stgso(;| ow al kyl ) et her,

di et hyl ene-gl ycol, di et hyl enegl ycol nono(l ow al kyl ) et her, o-chl orophenol
furfural, adetonegpafadingrd thididiagh digtillatiory stodaactsivimg @ bolliogwednky fromsibewt 650° F.ow
noNo-  @shodt CAODORNE a dsurGhDbottdmnselehiIffort thamhiEEbot@nPitreal bydomctagdhd\thirdow

al kyl )Fo@or{?x e wﬁge%eatf\'a Feid¥ Lot emfurﬂ} E& streeaﬂf‘om%%ﬁ)rrtlpmfﬂra'tlan zc;#e%ang

nmor phol 1 ne OW a nor ine, benzonitril
i - (1 otEmRekAP SEIFTtS iOd%OCQﬁ OB ARuIsYe &b 0 bt hod of ol B m 1 wherein

nore than 90 percent of t e oi.l in the used waste_.oil strea
recover ed. e) P contacting the thlrdbf%s diStldathn stream with a solvent effectlve to separate hugh

quality base oil from lower quality base oil in a solvent extraction zone and recovering a stream of
high quality base oil and solvent and a stream of lower quality base oil and solvent; and

f) separating the high quality base oil and the solvent to produce a stream of product
high quality base oil;

g) separating the lower quality base oil and the solvent to produce a lower quality base
oil stream; and

h) combining the second flash distillation stream with the lower quality base oil stream
to produce a combined stream and passing the combined stream to hydrogenation to produce a
high quality base oil stream.

2. The method of claim 1 wherein the solvent is selected from the group consisting of ethanol,
diacetone-alcohol,  ethylene-glycol-mono(low  alkyl)ether,  diethylene-glycol,  diethylene-
glycolmono(low alkyl)ether, o-chlorophenol furfural, acetone, formic acid, 4-butyrolacetone, low-
alkyl-ester of low mono- and dicarbonic acids, dimethylformamide, 2-pyrrolidone and N-(low alkyl)-
2-pyrrolidone, N-methyl-2-pyrolodone, epi-chlorohydrin, dioxane, morpholine, low-alkyl- and
amino(low-alkyl)morpholine, benzonitrile and di-(low-alkyl}sulfoxide and phosphonate.

3. The method of claim 1 wherein more than 90 percent of the base oil in the used waste oil
stream is recovered.



