1 METHOD FOR PRODUCI NG BASE LUBRI CATING O L FROM WASTE O L 5 FIELD OF THE
| NVENTI ON 100011 The present invention relates to produci ng market abl 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 constituents fromlower quality base
oil constituents to produce a first high quality narketabl e grade 10 base
oil and a second lower quality base oil stream then treating the |ower
quality base oil streamto produce a second narketabl 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 100021 This invention relates to a high
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Fi ni shed lubricating oils are produced by conbining base oil (also known as

30 base stock, base | ube st i;, lubrication oil and
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the like) typically a mner 0 40 carbon atons and a
boi | i nd3poi ntl8t9&1 ween TdOneatioaseiaies to 3 bigh Efigiendy methorar sifinigg shasts oitsdo whi ch
enhance the prORES bds&8il Ahd bh& VBRASe RbduclBHhiRDinbludes the steps of separating at
least a portion of the base oil constituents (base oil fraction), typically mineral oil suitable
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 higher quality molecutles by removing sulfur, oxygen, nitrogen, chlorine
constituents and' the like -and more fully saturating the molecules thereby producing a
second marketable qualiiy base oil stream,
{0003) Annuvally 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.



nore suitable for its intended service. The quality, quantity and type of
base oil used depend upon the service for which the finished |ubricating
oil is made. 2 [0004] The quality of the base oil conmponent is typically
determ ned by several factors related to the oil's conpositional and

physi cal properties. The Anmerican Society for Testing and Materials (ASTM
has conpi |l ed ASTM D-6074-99 St andard &ui de for Char acteri zi ng Hydrocar bon
Lubricant Base Ols as a guide for testing the quality of 5 base oil
Simlarly, the Anerican PetroleumiInstitute (API) has prepared
Specification APl 1509, Engine G| Licensing and Certification Systens
Specification in order to help quantify and categorize base oil quality.
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10006] Typically, base oils and finished lubricating oils, by usage and/or handling,

20 become contaminated with oxidation and degradation producté, 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, metal working fluids, insulating or cooling -

30 fluids, process fluids or the like,
[6007) 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



engi nes, turbines and gears, hydraulic fluids, netal working fluids,
insulating or cooling 30 fluids, process fluids or the |like. [0007] Wste
oil is typically collected by a | arge nunber of regional waste oi

gatherers who collect it fromthe |local sites of utilization or production.
In the collection process, a great vgriety of oils, which were fornul ated
for nunmerous types of service, are 3 "m xed together thereby formng a
conposite of different types and qualities of base oil, chemcals,

contam nants and the |ike. [0008] Wth the ever-increasing desire to
conserve and nmanage our petroleum resources in a responsible way, there is
renewed focus on the need to recover and re- 5 refine waste oils to recover
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Pat ents 4, 1(0tstakd of he3ddietelband3BO BBy hbs Bigd s@@M, anSefRa, @hpmRERd, 366;
pyrolysis U.JS,.: X i .S, Patents .5 14 9 RE36, 922
and the i kee.§w§%'ﬂ.h§tl\%g€g??&ig?re(}g%%?ﬁgﬁl?{éé ngofSSref:osv e al{l%‘ed %"F‘g‘é&gs"% th§nd best
use for the bageseibfrom| the wage oil [fsh efficiengy) andcbridutiem s dighrmecedae mg highat was
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The ideal e]p-rcl;cggs%ngl lggugl{’lfg %I?e;srrial\l\g'zlijclk%g pd.?@#a%e%ts%,?ﬁb%@1,p5e,3r8%,§£]8t, %98%5,254;base ol
distillation U.S. Patents 4,101,414, 4,342,645, 5306419, 5,814,207, 5,980,698, RE38,366;
pyrolysis U.S. Patents 6,132,596; coking U.S. Patents 5,143,597, RE36,922 and the like.
20 However, creating fuel oils is not the highest and best use for the waste oil since the
energy and intense processing that was undertaken to originally produce the base oil from
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 idéal 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 [6011] 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



produce high quality products - both base oil; and byproducts, be
environnentally friendly and economcally viable and commercially sound.
Whi |l e several processes have been proposed for re-refining waste oil into
base oil, none are currently capable of neeting all the desired objectives
as effectlvely as the nethod descrlbed hereinafter. 30 [0011] For exanpl e,
waste oil has |ong been re-refined to*base oil using sulfuric acid to
separate contam nants from useful hydrocarbon conponents foll owed by
treatment with clay, however, few facilities of this type remain due to
poor base oil product quality and the generation of |arge anounts of
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[0013] Another method of re-refining waste oil to base oil utilizes solvent
extraction. This process also suffers from a yield/quality trade-off. U.S, Patents, -
20 4,021,333; 4,071,438; 4,360,420; 6,117,309; 6,319,394; 6,320,090 and 6,712,954
describe various processes involving some form of distillation followed by solvent
extraction. 1S, Patents 4,302,325 and 4,399,025 describe extraction processes on base
oil fractions, however derived. In these processes, a portion of the contaminated base oil
molecules (polars, aromatics, heteroatoms, unsaturates) are separated from the base oil
25 fraction using liquid/liquid extraction. This creates a purified base oil stream (raffinate)
and an exiract oil stream (extract) wherein some of the contaminated 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



oil fractions, however derived. In these processes, a portion of the
contam nated base oil nolecules (polars, aromatics, heteroatons,
unsaturates) are separated fromthe base oil 25 fraction using
liquid/liquid extraction. This creates a purified base oil stream
(raffinate) and an extract oil stream (extract) wherein sonme of the
contam nated nol ecul es are concentrated. The efficacy of separation of
quality base oil fromcontam nated nolecules is determ ned by severa

vari abl es including tenperature, treatnment ratio, residence tine, 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
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SUMMARY OF THE INVENTION

[0016] According to the present invention, a method for efficiently producing a
20 high yield of high quality base-oil 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 a
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. ‘
[p017] The invention further comprises a method for producing a highly purified
base o0il 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



20 high yield of high quality base oil froma waste oil conprises:
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 the base oil fraction into a high quality base oil streamand a

| ower quality base oil stream and, treating the lower quality base oi
streamto inprove or renove undesi r &bl e constituents of the iower quality
base oil streamthereby upgrading 25 the |lower quality base oil streamto
a marketable quality base oil stream [0017] The invention further
conprises a nethod for producing a highly purified base oil stream wherein
the high quality base oil stream produced above is further treated to
upgrade or renmpve undesiragple constituents and increase, the, ree of
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distill ation skreme doatipootuicetiat tht dadd loreinothe disbbadios zpreamagiuipettuiceast one
sufficient to vaporize a portion of the liquid feed stream thereby 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, a distillate outlet near the
top of the vessel, a lower portion and a 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

flash distillation zone.



bottom stream the nmethod conprising: passing the liquid streaminto a
heated liquid |ayer contained in a distillation zone and produci ng an
overhead stream and a bottom stream continuously heating the liquid |ayer
in the distillation zone to a tenperature sufficient to vaporize a portion
of the liquid feed streamthereby prgducing a bottom 20 stream and a

vapori zed distillate stream passing'a portion of the overhead stream out
of the distillation zone; passing a portion of the heated bottomstreamto
use as a charge liquid streamto another distillation zone or to use as a
product stream 100211 The invention further conprises a systemfor
separating a liquid stream conprising a plurality of constituents of

vari ed boiling points by_in-si b St Lon-.. 25 the method
conpri sing: charging théﬁll%glﬁﬁgﬁﬁgﬁ gh?ﬁaﬂﬁmgsl iquid layer in a
fl ash vesseljot?ayi ng &G [l cissteeweraliog ssiwhatic bioht pratessof] thaypregnidnyeastensi nl et, a

distillate qutlet near the top of the vessel, a lower portion and a bottom
streamoutl et ‘near the bottom of the vessel, the vessel containing a

heated liquid layer in_ its |ower portion, t e an overhead, stream
through t he I8} head F&@&11ed ch?fﬁa“ﬁ%l%'ia{“c?g?BF%BE‘L&%&%H%W@E’%D?O Bt r eam

outl ets 30 eamtd PUaSifadieBpriotgs dndex thdicgamict praas ift ao ambdigndnk afthe vessel to
produce a heated bottom stream and passing a portion of the heated bottom
stream back #6"t®e 1iquid layer in the flash distillation zone. 7 BRIEF
DESCRI PTI ON OF THE DRAWNGS [0022] FIG 1. is a generalized schematic of the
process of t#@4pr eseG Briveseneized sshpmatis plppsgrongembedimend obthe Prpgesat i ¢

di agr am of %fgggggﬁggqmggéggilation process, conbined 5 with a sol vent
extraction process and a hydrogenation process in an enbodi ment of the

i nvention; [0024] FI . S a generalized sgh [ nbodi nent
of the procé@gal of t ééﬁ'r‘égéﬂ}eg ’Zﬁ:\g/es‘r:] emat: °f§§%,%%8‘§ﬁétﬁf‘&§3’?9"?% 03

gener abi zed tixqhtesamttinventivh; aadt hi rd enbodi nent of the process of 10 the
present invention; and, [0026] FIGS. is a generalized schematic of a
fourth embogpgagpt of Fib8. RaQeRsSizeddchdntific Bf £HAM ehbbdRithi éMhe PRSER PTI ON OF
PREFERRED ENBCDI MENTS

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 separaticnt 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 500°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
typicatly 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 ol typically meets at least one of Groups I, IT or III as set



[0027] In FIG 1, a generalized enbodi nent of the present invention is
shown. In 15 the enbodi nent shown, a waste oil stream 12 is charged to a
base oil separation zone 14 where a portion of the base oil constituents
(base oil fraction), line 20, is separated from the other physical

contam nants, line 16, in the waste Qil. In actual practice, the various
physi cal contam nants are typically rfenoved fromthe base oil fraction in
such a way as to produce nore than one streambut for sinplicity are shown
herein to be separated 20 collectively and recovered through Iine 16 and
may include | ow nol ecul ar weight materials such as |ight hydrocarbons,
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process where a portion of the lower quality base oil molecules are separated. These

20 molecules may comprise polars, aromatics, olefins, unsaturates, heteroatoms and the like,
which are separated from the higher quality base oil molecules, which arc typically_
saturated, paraffinic and non-aromatic. The higher quality base oil molecules in line 24
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 26 will

25 typically have a higher concentration of sutfur, 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, molecular sieves and the like,
" as known to those skilled in the art.

30 ' [0030] In the third stage, this stream is p;l'ocesseld in zone 28 by hydrogenating,
alkylating, molecular reforming,;: molecular subétitutiné 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



of processes can be used to effect this separation including various forns
of extraction, distillation, filtration, centrifugation, absorption and
adsorption and the |like as known to 15 those skilled in the art. Typically,
the separation will take place based upon differences in the physical or
chenical properties of the base oil fraction and the various contam nating
materials. [00291 In the second stagg the oil base fraction is then fed to
zone 22 of the process where a portion of the |ower quality base oi

nol ecul es are separated. These 20 nol ecul es may conprise pol ars,

aromatics, olefins, unsaturates, heteroatons and the |ike, which are
separated fromthe higher quality base oil nDIecuIes whi ch are typically
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portion of the heated bottom stream in line 82 is withdrawn through a 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 bottom 94 and a
distillate recovery outlet 96 through which distillate is recovered through the top portion
of vessel 90. A bottom stream 98 is recovered from the bottom of vessel 90 and passed
via 2 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 asa
25 feed to a fourth flash distillation vessel 112. A liquid layer having a liguid 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 streams 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- 90 is heated to the temperature necessary to effect the desired separation of the
dist.:lllate by direct contact with the liquid layer in the bottom of the vessels.
[0035) Vessel 112 includes a top 114, a bottom 116 and receives feed from vessel
90 via a line 106. This vessel produces a distillate streamn through a distillate outlet 118

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



and passed to use as a fuel or the like. A bottomstreamis w thdrawn via
bottomoutlet 10 line 56 and passed to a second in-situ flash distillation
vessel 70. [00321 In-situ flash distillation vessel 70 includes a top 72
and a bottom74 with a distillate outlet Iine 76 positioned to recover a
distillate streamfromthe top 72 and_a bottomoutlet line 78 for
recovering a portion of a liquid Iaye"naintained in the | ower portion of
vessel 70 at a liquid level shown at 88. The streamrecovered fromline 76
has 15 a boiling range generally from about 350 to about 500F and is
typically used for fuel and the like. The bottom stream recovered through
line 78 is passed to a punp 80 and then through a feed inlet line 82 and a

heater 84 and returned thr é%g/“ne .83 to vessel 70.. A portion of the
heat ed bottorf‘n‘éht'sr\éeé fp Iy 5 af 130, Thechotth stremots grithdrapn fsowsd ading fed to a
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used 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 Il as specified by API

25 1509. )
[0039] The solventis 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 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 bo'étorn 170. Solvent is separated from the lower quality base oil in this
vessel, typicz;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.



5 to maintain the desired feed tenperature to vessel 112. [00361 The
product streamrecovered through line 124 typically conprises asphalt
range materials and includes polyners, high boiling point hydrocarbons,
salts, solids, other high boiling range materials, typically having a
boiling point greater than 1050F, and the |like which are included in the
waste oil stream42 in FIG 1. 10 [00371 Vessel 112 may well be a vacuum
distillation vessel if required to prevent degradation of the base oi
streamin this vessel. Steamor gas stripping my also be used in this
vessel to enhance distillation. [00381 The distillate streamrecovered from
vessel 112 through line 118, is passed to stage 2, zone 50, a sol vent
extraction section. The stream.in |ine 8 ed throu a heat
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This oil is typically suitable for sale as base oil under Group I, Il or 11 of API 1508.
[0042] In the practice of the present invention, it may be desirable in some
201 instances to chemically treat the waste oil with a base or aikati material such as sodium
carbonate, sodium bicarbpnate, sodium hydroxide, potassium hydroxide, or the like as
known to those skilled m the art in heater 44. This step conditions, stabilizes and
otherwise 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 to add an alkali or
basé 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 used to separate the
base oil fraction from the other waste oil constituent. In the practice af this invention it
30 ntay be desirable to use as few as two vessels or as many as eight vessels to effect this .
separafion. .
[0044] In ‘the embodiment described abo've flash vessels are "used to separate
vartous- constituents from the base oil fraction, These vessels include any vessel or system

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



[ 0040) In the hydrogenation section, hydrogen is added to stream 172 via
line 176 as shown. The streamis then passed through a heater 174 and into
a vessel 178, which acts as a guard bed to renove contam nants in the oi
that m ght otherw se poison the hydrotreating catalyst. This vessel has a
top 180 and bottom 182 and includes a,contact 5 - zone 184 containing a
catal yst, spent catalyst, activated clay or the |like as know to those
skilled in the art. It will be understood that hydrogen could be injected
into line 172 at a plurality of points or into vessel 178 at a plurality
of points. The product fromvessel 178 is recovered through a |line 186 and
passed to a hydrogenation reactor vessel 190. [00411 Vessel 190 has a top

192, a bott o £ELALY d be
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added at various pornts afong iné
various poi nt?& al ong the | ength of vessel 190. To sone extent, the olefins
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hetroat ons a ke are_ hyd enat e orm ng re’sa
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stream 5s recepsariad Stdamatpping i8 WLk th those MARSEt a@Q%]eX\%fo%nﬂaﬁc; latile
materi al s cor&sghatmgr nost of the contam nants are fl ashed via a ne 204

and passed to Us P&, di scharged after suitable treatnment to the

at nosphere of00ple |iké vessEh?, hohweted gronlel Hoytor® btteam WhisedbdddfBe 7 RWWoRERN

upgr aded, | stc;ﬁegg}{ is typically suitable
for sale as base o‘? %fmrg@mr%atliljd'%cfages’reldltﬁmp(g‘fatuﬁtwlt% Y'g'a'[“t?@‘iﬁﬂ) In the
practice of tf?iéo‘%‘ﬂégéﬁtveﬁsﬁ\ﬁelﬂﬂ bmpcrateti imthysabne fadlion asalehsel ’JOrbtheetmo

i nstang@s t o &bk Qgérhyn $frtﬁ'ea50tt5|n StrdRSh ﬁ%eoﬂﬁlto Ydsteh Sfam{?‘;ﬁm nin & @Omp mat er I al

such as sodium .carbonate, sodi um bl carbpnate, sodium ot assi um
hydr oxi de, orYEH®&Y9ss &2 as  known to those skilled in' the art in heater 44.

This step conntutjl ons, Insthardctizesr ﬂaE'q;rch& Wmoﬁeltw b&lidshite td”?onYMaSt e oil
streamto reduce the ten&enc to foul, to facilitat separation of the

waste oi | st FEBAS A Bring F“tcﬁ@ﬁ’f’ threpghslingngp, t"d"‘i?nt‘?arﬁc@lltl‘rﬂefaqxﬁal ity of

25 the non- bgpialt fonpatoot 0D so abotk G3EFLifkd aommt@nﬁmsthhtstrmmn ahsSeRiG desirabl e
t| | | ation vessels either

0 the Teed opcmenldRE O uBR i SiigPR uRas by ol s pagLeR o 0043) | n
t he enbodi ne#lt ingances fObe@hpabmm to fhowtreamds $ied 2dnemasiechstdifgepad.atie t he base
IOInl/e];I'It ?SLI ??bgnﬁrQJFanp&B%tg i%lerec;%'véreuctg mééhl ltng\%?as bﬁ%d@'&%@rg?sgrt }%eagf n;glys
as ei ght veskgfluce mtegglfh@@{ig g h!;gtly kighsa imdttal 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 into the top of the vessel. Vessels 152
and i34 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 150. The guaitd beds in parallel would be operated one at a time to
enable regeneration or clean out 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



(00441 In the enbodi nent descri bed above, flash vessels are'used to
separate various constituents fromthe base oil fraction. These vessels
i ncl ude any vessel or system that affects a 'single stage of separation
i ncluding sinple evaporators, thin or wped film12 evaporators, colums,
vessel s, tanks, pipes and the |ike as known to those skilled in the art.
[0045] In the enbodi nent descri bed above steamor a gas nmay added to
vessels 52, 70, 90 and 112 to help strip the light distillates fromthe
waste oil thereby enhancing 5 separation. Steamstripping is well known to
those in the art as a neans of enhancing distillation processes. [0046] In
vessel 52, no heated recycle bottomstreamis used because it is possible
to heat the inlet feed streamin heater 44 to a desired tenperature wthout
unusual concesaveryfspatent woblil peyify Fdirecoyes shedydiosns iy FSTEFERA FEEFS H1P3%e sane
fashion as vgssek, {QaRN7888kt i@, and 10 returning a portion of the bottom
streamin line 56 to vessel 52 an% mai nt.ai ni ng a bottom. Iay ip vesse
'%épdgs

52. [0047] 1193the pr alémaralspbe desiEablsita empEY FFATENERLTIPPIE Ty irable in
SOMe i Nst ang@sstli® ndH-bddg ol Night Sbit@mAtEseRBY thie dasctofir A gdilitiohdl ee8,cowldi ch has a

boi ling range typical from about 500 tq ANt0 . L.pation with
the stream i#5 qeﬁgde%ﬁhﬁi"rr Pi%‘;esﬁ@‘aﬁ%sf’ f gr?'glaif"ﬁ%n )}sﬁj rﬁh%i@%iﬁ%ﬂéﬁxﬁg{lf@%%aﬁs sui t abl e
for use as béigeemiviscosnigs otstripaing it © nadice vedaiiti n al | i nstances for a

suppl ement tq. the str i.n. i Ayt . isl fsedd@Sdehfale alhe
boi | i ng poi n@o?zgnge oﬁ\a‘twﬁgm#%ﬂ"g%t égsgﬁ‘%goa\?%‘agﬁﬁ?%ﬁgﬁ l{sf ne, 5% Cg.l’? be
modi fied if pretdinrdthethichepquotiibese pimetepdes feaythe lpwar quplity bast ol MPIGHTS i niti al

boi | ing poi nttherglgy ERRink | Kerst IIBH auaﬁﬁrtﬁ@bil Streafdl 5@ wisRfnlthe 3shcén@agon0oél but in
prior processées ‘has n6t been recovered in many instances. 20 .,0048] The
enbodi Hent  f epmaicageolsrs. destHEe AeHBYYES FPpiF Je jsgioug Q}‘gﬁ"t AP Have a
speci fic grayldiy Qe @fean@D whbiinhRS@névntratioh Rf Gametis,krscudsierags| vent  has
he sol vent Fremanpodusl = NARE LB PO R s Bak el Bhfige ced trte
i ntroduced i pis oftRednORsiQf probeesey sissled to thies sleicbed 32 stagendl by 3AnVRBE® sti || be
Fespect | vel yPorigoRgre JRTHE: 1ty AP Sy FALOMOR IG0E BIVEIR e one
hydr ogenat i om thé Bigl tiorlity hees sibbireardOp highr qualityrmelscyies dreaebp Syder RIGRfTEguUr ed i n
series or in it,p i%cr:rgalslnglthe &QHL gf Qzﬁlration 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 ;_J_oint contaminants
prior to re-use. The solvent can also be treated at this stage with bases.and the like as
knowa to those skilled in the art, to neutralize organic acids that may have built up in the
solvent.
25 [0034] In the embodiment of the presént invention as discussed above, a flash
distillation 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 (no; shown)
into flash distillation vessel 52 where a distillate stream 54 is recovered from t.tile waste
30 oil. The distillate stream typically will be burned as a process gas or condensed, s?parated
from any water, glycols and the like, a'{nd used as a fuel or the like. The bottom j:vaste il
outlet stream is passed or pumpeci to in-situ flash distiilation vessel 70 \-vherein' 3—it passes
into a pool of oil resident in the bottom of the vessel. The pool of:pil is kept at a

temperature between 400 and 600° F and préferably between 450 and 55Q°F by heating it



used prior to vessel 190. The guard beds in parallel would be operated one
at atinme to enable regeneration or clean out and rechargi ng of either of
the vessels without 30 interrupting flow to vessel 190. Simlarly, nore

t han one hydrogenation reactor could be operated in series or parallel to
edhance operation. [0050] In the enbo?inent descri bed above it may al so be
desirable to incorporate a hydrogen fecovery systemto recover hydrogen
from process stream 204. The hydrogen 13 recovery system would purify and
recover the hydrogen in this streamand recycle it back for use in stream
176 and/or 188. [00511 It may al so be desirable to enploy steam or gas
stripping in vessel 202 to help strip non-base oil -Iight contam nates from
t he base oil. An additional vessel could 5 also be added to further
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medi ci nal or, $r003§§|agdumﬂmﬁm%?hgﬁﬁgégﬁwiﬁ)as a lubricating base oi

in the |ndus?# BT & TOh AT n the enbodi nent shown
above, the s[tIﬂSﬁ]ent r 8essebfeoperatasrontahdmilapweincimhaes ve2@! 7 glingopuladt iligyid base oi |l s,

streams 164 18648 ul heSanbLOBHh 8-BHhbor ! ul 16?8 fPRlkepnf gocos! ng

and stor age y renovin POl n cont am nants
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aci ds that nay have sol vent
90, heated in the heater 1 0 and passed back into vessel 90. A portion of the recirculation

stream 82 is passed to flash distillation vessel 112. A liquid layer having a liquid level
110 is maintained in the lower portion of vessel 90. Vessel 90 produces a distilate streaf'ra

20 66 having a boiling range from about 500 to about 650°F.
[UOS’f] In the embodiment described above vessels 52, 70 and 90 are operated at
atmospheric pressure. These vessels could also be operated at pressure or under vacuum
as known to those skilled in the art, to effect similar separation of the base ¢il fraction
from the waste oil.

25 {0058] Vessel 112 is typically a flash distillation vessel, which is operated under
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 also 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



25 100541 In the enbodi nent of the present invention as discussed above, a
flash distillation systemis used to separate the base oil fraction from
the other waste oil constituents. The treated waste oil streamis heated
to between 250 and 450 F and preferably to between 300 and 400F in heater
44 and fl ashed across a valve (not show) into flash distillation vessel

52 where a distillate stream54 is recovered fromthe waste 30 oil. The
distillate streamtypically will be burned as a process gas or condensed,
separated fromany water, glycols and the |like, and used as a fuel or the
| i ke. The bottom waste oil outlet streamis passed or punped to in-situ

flash distillation vessel 70 wherein tit passes into a pool of oil

resident in the bottomof the vessel. The pool of; Qqil.is kept at a

t enper at ur ePdsaneE ds stroam iilso EIRedRE redrt puds %73‘8%‘?&,& mig%s%g% "550F by
heating it ikt lide08UORs Reafe®Bbtomiin@in Brusdiaa maintainthy debiyedtfid tapiperafuse punped
fromthe bottomof vessel 70, heated in heater exchanger 84 and passed
back into VBYEEF 4% Typically, the flowrate of this recircul ation stream
is sufficiepbsdjo pr owmitshkenddioestishovresboveikmabrpdviniigtnaiatogdd 2 giiipiisthger 84 to

keep the |iquid,|ayer I [ [ & BRb ig.ehndnligs vessel ) at
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76, and nafrorh abaipihgnd aid el disiillatianomd sertratioh PyResRENA STHBIE ERHBRY Phr ough t he

tubes of he ous ARG I REr AR ELLAhd veSdel HATHR DI FecdRGemEB IRbe 70 from
vessel 52 i%{d ‘Ee‘é‘f”éﬂ"%[yp @Iél’ ect cont ac? vvi‘t’h this liquid |ayer thereby

vapori zi ng eosdtituents of the waste oil with a boiling point |ess than
the tenperajygg® of iR dukriiiiofl phodsseusedrial vessaatd may bH Biyiskeation pocesam 76. 10

Distillate stream 76 typicall as a boili r r f about 350
to abBut 5019*!9‘”"&%8‘0?‘*5““%{‘%)%“3‘5 %&fg%ﬁ?w%?{g%"& of g a4y bg%gﬂfﬂbg#%snfgi’?’{nhe like. A
portion of {daer oilire st sieamleciles. | iSneh BRcdsss Jasiwledsotventaextrition With situ f1 ash

distillation vess %%§a§&b%l?ﬁhﬁ&@fgﬁfgﬁ§n&9(‘@w sy L1y, @L i nci pal as

el . 90..[0056
vessel 70 uBPINHAESHBAS Ftih%"t?gg'a%?t%ye €at the i ncomn ream by direct

s

contact. Thethylemuglgkol, agiethylefe-giydolmanofept allgy)) cether,s %Cé}?ﬂ@g%hr@’fﬁélt ween 550

and 750F of and, pfo%‘:]ﬁrag@l ﬁ-ﬁﬁg&%ﬁ:@i& £0Qwangh-ARP Bor Nw NeckblaRd dickrbbdie ough a
€ater 1 ’vvheeytﬂ

recircul ation neater V the oi|l Ts puml)e_dfrpmtlg@abttzgmof
vessels 90, atidmudintiviforsmidse weoliigre anoNHlaw Uy R 2¥Cl9R%% %‘&61 90. A
portion of w}g‘ogg;g r QMJcﬁ{B}oﬂﬂjrin;st R4S 2mbhflms,s edwtatkyl-hls hantlgloivk | at i on
vessel 112. "Aliquid |ayer havi g | i Ui d.le %I d 101 oh s, rgglthrét]&é_ned in the
| ower porti GWYB‘POTV@§§%I5‘3‘%‘.‘“‘%§‘Q31‘ ﬁ%a@%ﬁlﬁ@‘é 00 BOEROPTSEE "™ eam 20 96
havi ng a boifddemg I an@eméth@n yhudondi@ pteferad snitentBHORe process of the present
invention. In a preferred embodiment, extraction is undertaken at a temperature at which
20 the solvent and oil are at least partially miscible, typically between about 100 and about
250°F and preferably between about 130 and about 190°F. Typically, both the solvent
and oil are fed into the extraction column within this temperature :&‘ange although not
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
25 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 a
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
line 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
temnperatures 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



[ 00571 In the enbodi nent descri bed above vessels 52, 70 and 90 are operated
at atnospheric pressure. These vessels could al so be operated at pressure
or under vacuum as known to those skilled in the art, to effect simlar
separation of the base oil fraction fromthe waste oil. 25 [00581 Vesse
112 is typically a flash distillation vessel, which is operated under
vacuumrangi ng fromfull vacuumto 505 nrHg and preferabl e between 2 and 30
nHg. The feed stream 106 from vessel 90 is conbined with a recircul ation
stream 126,fromthe bottom of vessel 112 which has been heated to between
550 and 700F and preferably between 600 and 650F whereby the mass ratio is
between 1:2 to 1:40 feed streamflow 30 rate to the recircul ation stream

flow rate anetrqameﬁdpﬁraﬂala)pmlﬁeﬁ vRieolent Gomnik ol ad@ retifn th@bﬂdthé @nnStiheam i s
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supported on carriers such as activated carbon, kieselguhr, silica, alumina and the like
such as a cobalt-molybdenum on alumina, nickel-molybdenum on alumina or nickel—
20 tungsten on silica/alumina. Typically, the hydrogenation is undertaken at a space velocity
of about 0.l to about 10 and preferably between 0.5 and 2 volumes of liquid feed per
volume of catalyst per hour. Typically, only one reactor stage is used. However, several
stages can be used if desired by using multiple reactors in a series. After the
hydrogenation treatment, the base oil fraction is separated from the 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, although wide
variations in the suitable pressure are possible.
[0063) With both oil streams 156 and 206, if desired, a distillation column can be
used to fractionate the base oil inte different viscosity cuts. Many variations and schemes
30 are possible to incorporate regenerative or recuperative heat exchangers to recover heat
from process streams and optimize the thermal efficiency of the process.
(0064} . Additional processing may be undertaken on the distillate stream 54 from
vessel 52 such as further separating the constituents of this stream such as water, glycols,

solvents, light hydrocarbons and the like, thereby creating separate products which may



[ 00611 N-nethyl-2-pyrolodone is a preferred solvent for the process of the
present invention. In a preferred enbodi nent, extraction is undertaken at
a tenperature at which 20 the solvent and oil are at |east partially

m scible, typically between about 100 and about 250F and preferably

bet ween about 130 and about 190F. Typj.cally, both the solvent and oil are
fed into the extracti on col um within this t enperature Lange al t hough not
necessarily at the sanme tenperature. The sol vent dosage (percent of solvent
relative to feed) fed to the extraction colum is typically between 50 and
1000 % by vol une and 25 preferably between 100 and 500% Typically,
extraction is undertaken in a packed or trayed columm whereby the sol vent
is fed into the top of the columm and base oil is fed into the botton1 The
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nul ti-stage col ums and nbi nati1ons 5 thereo
at nospher i c&pietal WH’@P%F'&%SP@‘MP"‘%EWS o PBemers dan pag cefrafibase t o

separ at e t hgil giettiMenhd fhe aKe dseovdas hoRiskillediRGR2A}. I n a preferred enbodi ment of
t he present 0nﬁentl on as discusseq, above, hydrofi Shl ng i.s, used to purify
and sat ur at &9¢ Mmay iae peRyelegied i sgme '”§tf’?°§éﬁﬁ’95§9 ¢ rapsfer caldlystor The | ower

qual i ty baste ¢ikd assld‘nb‘eﬁm these Sitided Gh ik by t&Ehhhuee 2RAPerstivh obfhe Iae)cd{dtma per 10

barrel Qf b rapl e, between, 70 a 150 scf qf dr ogen per
parr ol o paiale biepd iRty BREHELAN SiRBiNER g HhsF e 5ot e sttt 12007
pref erably thetbepnvidinglidr 86 seppntoradfabe high Qalignishspoie ssleailadidnt the bet ween

about 100 a and preferably between about 500 and about
800 psig. Tﬁg'eﬁq%m&?%g?gm%gegg%d t hrough a guard
[0068] Id the tlurd stage of the process presented in the embodiment it may be

advantageous to have multiple guard beds, run reactors in parallel or series to utilized
20 phase separators or the like between reactors or between guard beds and réactors.
Furthermore, in some instances it may be advantageous to strip the base oil of light
-contaminants or further fractionate it into different viscosity cuts. Although the system:
described herciln does not utilize a hydrogen recovery system one could be employed to
recovery and 'fi;urify uniredcted hydrogen and reaction products after separation from the

25 . product base oil:
[006,9] 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 s!_cilicd
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 firel oil
cut,
- [0070] In FIG 3, a generalized embodiment of the present invention is shown, In

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

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



bed consisting of activated clay or spent catalyst and then through a

hydr ogenation 15 reactor containing one or nore hydrogenation catal ysts

wi th nmetal conponents from -G oups V(b), VI(b) and VIII of the Periodic
Tabl e, as known to those skilled in the art. Preferably conpounds of

ni ckel , nmol ybdenum vanadi um tungsten or cobalt netal supported on
carriers such as activated carbon, ki‘eselguhr, silica, alumna and the |ike
such as a cobal t-nol ybdenum on al um na, nickel - nol ybdenum on al um na or

ni ckel 20 tungsten on silical/alumna. Typically, the hydrogenation is
undertaken at a space velocity of about 0.1 to about 10 and preferably
between 0.5 and 2 volunes of liquid feed per volune of catalyst per hour.
Typically, only one reactor stage is used. However, several stages can be
used i f destroedhdytharphysipahedntamplagts,ime 8t §ris the nvaste 98r Inestual Afractice, thae

nydr ogenat i iy |.f SAMIRnah AP EREDIhay AEHERR o AEBAL AhehdrOfn L Ne

hydr ogen gas and atl ctl on pro ucts In a sh vesse whi ch may
be oper at edSlahﬁﬂ@ﬂgmte@roén@M'éan ong yiiamabut Yor siriplicijyraesssheweherain deveen a ful |

vacuum and ghout.y 1@@% ndQ%JoW?éﬂglhro‘ﬂ%igﬁne W@, h@Ha?”&;lddE‘ namoﬁwk&abl e
pressure are possi oil streamnms 156 i f

desired, a Heightimatesinls s¥¢ ‘é)l ighyiydeosard %wm&ml@arﬁ#tm&ewuy l!f‘F'i@gBase oi |

into di ffersmnuvrwﬁog%h&qumo& abmrmwaﬁm@&ghmﬁmﬁﬂad@ﬁwmncl@@ alif € possible
to incor por ate regenerative or recuper ative he t EX han ers 0510 recover heat

from pr oces 81E0#BEHEY £3¢ Topid h‘ﬂ}té"’{eﬁ'éart‘f‘i‘é%h‘r’&?atcé'ﬁlﬁlae @‘?E’?a’ﬁ)f“" H&¥ pr ocess.

[0064] Addi {41ana .namﬁﬁﬁm&ﬂatéﬁayolmeru@ﬂarahahen.k@myptdamy Rivilial dofifng St ream 54
from vessel 52 such as further ratllnfgig;t he cons |tu ts of bhls stream

such as wat Bnt @F%d’l‘@ 3b°'§o‘|°%‘éﬁt gh Prsg il AP EPOREEYE5H el 2 S P ke, thereby
creat img Se%fcﬂly&oﬁf@dﬂﬁﬁcﬁoc%bmiﬂolmles Ytablb €orusest mdnufactide hes baspgitaded to

o1 mpr ave. REND ST B0 3R S bt s SR PR Frilnatly 1 poges) "Tn -

t he pref err egbucoberdi nent onIy one distillate cut is taken fromvessel 112

Lo oerLher BrOeS s L% bl ShARPYEE ui bhoalafio i R0 SDISERINE, drcnd Rffer2 SeCON

cut or add not her |on sse not tear essel 112 to
further f raqw:tyr’caiee)lltrtméet:bhsé‘ngblqha]@( g i) ést separatedfroouihie lowei quplity b2s¢  vi scosity

gradepsand Ly oleahng Ry @g@ygyﬁeo.; \GBeoal RGN Pene RQGERREA sgparately in

stage and s eferre ment esc above shows
conti nuous hig bwnllbleh%@hlrftﬂh@fnt mﬂeéZ%W}&gfe% is mare fuly spwratgandrigptedforn cert ain

i nstances t @,.RavEal AV EToIBHLRAdnI contaminants which are recovered through a line 327, to
produce a highly purified base oil which meets the requirements of at least one of APL
1509, Group I, 1t or 11l which is recovered through a line 326. Various matefials,
20 contaminants, derivatives and products thereof and the like are recovered via a line 327.
(0872} The lower quality base oil is recovered through a line 323 and passed to a
lower quality base oil treatment zone 328 where it is more fully saturnt.e.d and treated for
the';"emoval of various elemental contaminanis which are recovered through a line 332, to
produce a marketable quality base oil which meets the requirements of at least one of API
25 1509, Group I,' 11 or Il which.is recovered through a line 330. Various matel_'iats
contaminants, derivatives and products thereof and the like are recovered via a line 332.
This is a relmivel); peneratized showing of a further process of the present invention.
However, it shows an important feature of the present invention.
{0073] {n the first stage, zone 314, the base oi! fraction is separated {rom physical
30 contaminants in the waste oil. Typically, such contaminants include water, light
hydrocarbons, solvents, solids, polymers, high molecular weight hydrogmbons,
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,

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



10 storage vessels between the stages to allow for process surges, contain
of f specification material, snooth operations, quality control purposes,
allow for nore than one cut of base oil distillate and the |ike as known
to those skilled in the art. [00671 It may al so be preferred in sone

i nstance 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 better separation of the high quality base
oil nolecules fromthe |lower quality base oil nolecules. [0068] Id ,the
third stage of the process presented in the enbodinent it may be

advant ageous to have nultiple guard beds, run reactors in parallel or

series to Yhdsk kiged in @Qarphﬁ@ﬁmgema&@mn@ Vil takbfladeibleed b \WRRenéee fCt Or S OF
bet ween guard bed an act or.s. ances it may be
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i nstances Ihtlg[! ﬂthb‘gg%llr a%%etrﬂo!%%atg EdGoricd phibdk| AbRatlar E‘Ieg}é and/ br 76

by hydrotrea t’hese i h a separate hydrotreating, stage as know to those
skill ed nlnﬁwafaﬁr heterggtamsiapchthe (ks yhick ﬁ’eﬁ@a’ﬁiﬁ%gﬁ’%fd@ th"‘"(%‘i‘h?N bee tthese streans

W th st rea%énzc%neﬁwc%m tﬁﬁJaﬂﬁMﬁecﬁBﬂaﬂﬁMﬁ&ﬂiﬁoﬂ&ﬁmﬁah@ Therixdananllisd r eans. | f
this | ater Eroac is enp lgldlt ma esirable to i }.udeafurther

fractionatiiA Wlayeicaly t\51""0(‘!Lh5 oL, CppigEriration opﬂijphrﬁﬂ‘w&?n’f pispec; ? But. [0070]
In FIG 3, awgRied aldireke e Whosks prRoéssafor tdbirieseltcot emdntibedne eeshown. | n

t he enbodi nent sho a_wast e. oi t.r C e oil
separ at i on ZHHE" \fﬂ“i‘ﬁn’a‘#‘%"‘% T h%‘ﬁghogql%]b%%a(ﬁle ngl% & gcrfés{ef ?’ c@ﬁfs (base
oil.frdcti O.r:l)tpusl fome o3 2Qractics, sleﬁarratoemb;rapnom@mrptm oelpaiar pipyes iaed |

cont am hant,s it Jﬁn%%q%) thIOEE SL{]Fd Wa«gt oil. In actual practice, the various

physi cal contani nan be renoved fromthe base oil fraction
in such itlo0&y as tlmﬂprﬂudw@@e ﬁﬁ?f@l @%&ﬁpi‘?ﬁ?éseﬁt“r a2t hyfgrenaingpl i city are

shown sher e"{]]\ inf EmolS&@ la'}é%rﬁﬂlg Holce@hd MBLiurRR Gbr HIRC RS e cdaiiatigh | i ne 316
and may incl ude T'ow ol ecul ar
thereof, as known to those skilled in the art to remove undesirable elements such as
sulfur, nitrogen, oxygen and the like and increase the percent saturation of at least a
portion of the hydrocarbon molecules in the lower quality bz}sc oil stream. The resulting
base oil produced through line 330 is typically of a quality sufficient to meet the.
20 -requirements for Groups I, II, or Il of API 1509.
{0076} - In the fourth stage, stream 324 is processed in zone 325 by hydrogenating, -
alkylating, molecular reforming, molecular substituting or the like or a combination
t};ereof, as known to those skilled in the art to remove undesirable elements such as
sulfur, nitrogen, oxygen and the like and increase the percent saturation of at least a
25 portion of the hydrocarbon molecules in the lower quality base oil stream. The resulting
base oil produced through line -5326 is typically of 2 quality sufficient to meet the
requirements for Groups I, II, or I of API 1509.
{0077} In FIG 4, a generalized embodiment of the present invention is shown In
the embodiment shown, a waste oil stream 412 is charged to a base oil separat;on zone
30 414 where a portion of the base oil constituents (base oil fraction), line 420, is separated
from the other phyS;lCIll contominants, line 416, in the waste oil. 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' be

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



5 weight materials such as |ight hydrocarbons, water, glycols and the like
typically having a boiling range generally bel ow about 500F, although it
may be desirable to include all nmaterials bel ow 650F, and hi gh nol ecul ar
wei ght materials and materials with low volatility including,

particul ates, polyners, salts and thg i ke typically having a boiling
poi nt greater than about 1050F. The Dase oil fraction recovered through a
line 320 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 havi ng
a boiling range between about 500 to about:1050F. 100711 In a high quality
base oil separation zone 322, a portion of the higher quality base oi

nol ecul es (high quality base oil) is separated fromthe |ower quality base

15 oi | ol eg E’lﬂﬁﬁﬁﬁérﬂl@@ﬂchqyﬁéhk ﬁﬁﬂm@ﬁﬁcﬁxs%:}te)r %?yreg]s a&ﬁnefl%g,czé,.ctammg.gaa line 324

and passed to a ual 1t ?/ base oi [ treatnent zone where it is nore
Of
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1509, G oupVaatility ingludipg, ipacgipylates. P@W“é%é%‘@raééi theriks teprally WH‘& aPpfingvar i ous
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Fecovered t ﬁgﬁébhwaﬂfft? Avddingn moRLdls s Bt ettt SESel o) |

treat ment zgpralB2SitWiefoetdi darbbisattiy fadfHabiny a dailing ahgcbeandn ticens®@cdof or  t he
renoval of wgrlﬁgg el enrental contam nants which are recovered through a
line 332, t&™ Gce a marketable quality base oil which neets the

requi r enent E)O@S] at | mamvmétrnﬁgmhlitzBasiﬁﬂgqpa:@immanalpod'ronlolt‘thcv\hi ch.is
recovered t 3 I QU ;. derivatives
and pﬁ%ductgg@ﬁngg b%nd“lﬁga?xgg{éltm g%%ég V|§Q%§?%ﬁ@mgggwg This is a
rel atively gleuhefr takg oibdolstvdnillnyer gbalidy bage pibeand pffce‘@eﬂslsihreﬁghtaﬁé'e yee&Ent

invention. ghe zlsg:‘{*&l\’lafbase ofl. FHONGR aﬂu!yrméefohﬁwmﬁ?ﬁw{ £ 1k obd\ Grbgsent
i nvention. 100 first stagé, zone 314, the base oil fraction is

separated fhéharahysseelnh bpdPidadh arr‘i‘F FPa‘ﬁf quality bﬁ%ﬁ@”\ﬁdﬁ‘i"é""ﬁ’i throughyaditeal |y, such

cont am nant g iznghi¢deia\Wah il oil dr Giiher thidd EC@EROOGe of @) MBitkdableshlitdls,

pol yners, hjgh npol ecul ar wei ght hydrocarbons, lubricating oil additives,
chenlgﬁls WBFPY and the Iike. Several processes or conbination of
processes ca:malqe usem lh@ﬁr&fsfagﬁ;toﬂbhilts tighasr ait fraottoniinepadedfepnvghysicals f or ns  of

extraction, k 'th%nw:!s&: ol rf‘%pm?t?@ ﬁl%ﬁ'tcrohttarﬂﬂ%é %lud9Q§i@f.pql fith and

adsor ption Sh¢ ”PH e as
hydroc'\rbons solvents. sohds, pofymers, 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 to
those skilled in the art. Typically, the separation will take pIace based upon differences in
the physical or chemical properties of the base oil fractlon and the virious contamma’nng
/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 base oil molecules, which are
typically saturated, paraffinic and non-aromatic. 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 or combinations thereof can be used to effect separation

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



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 contamnating materials. [00741 In the second
stage, the oil base fraction is then fed to zone 322 of the 5 process
where a portion of the lower quality base oil nolecules are separated from

the high quality base oil. These notlecul es may conprise polars, aromatics,
olefins, wunsaturates, heteroatons and the |ike, which are separated from
t he higher quality base oil nolecules, which are typically saturated,

paraffinic and non-aromatic. The streamin line 323 wll typically have a
hi gher concentration of sulfur, oxygen, nitrogen, olefins, 10 aromatics and
the like. Various processes or conbinations thereof can be used to effect

separati on qfﬁ\&r oR Hﬁ&rﬁHn@% abr%pqﬂktzm?orgﬁcghmgﬂahirtﬂw 8 e hike, LRESE
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oil stream The r | ._pr t typical |
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| nven § on | QP.BJJP W%nsil%t % h%ipo%argmaécﬂﬁpEunét\@‘ﬁﬂms@or"@ﬁhﬁctﬁl’e knt§ bdsed 412 is

charg dto Separation zone where a portion of the base
oi | constit yeitlly Yiatietodiol cabpmaienumy, hayippa batiog range kebyra aeHS Y 8m the ot her
physi cal copt.anggpt s, line 416, in the waste oil. In actual practice, the

[0082] In a high quahty base oil separation zone 522, a portion of the higher
quality base oil molecules (hlgh quality base oil) is separated from the lower quality base
20 oil molecules (lower quality base oil) and recovered through a line 524 and passed to a
high quality base oil treatment zone 528 where it is more fully saturated and treated for '
the removal of various elemental contaminants which are recovered through a [ine 525,t0
produce a highly purjfied base oil which meets the requirements of at least one of API
1509, Group 1, If or Il which is recovered through a line 526.. Vanous materlals
25~ contaminants, derivatives and products thereof and the like are recovcrr:d via a line 527.
The lower quality base oil is recovered through a line 523 are sold as a fuel oi! or further
treated to u;&grade‘the oil to a marketable quality base oil.
(0083] I the :ﬁrst stage, zone 514, the base oil fraction is separated from physical
contaminants in the waste oil. Typically, such contaminants include water, light
30 fwwdrocarbons, solvents, solids, polymers, high molecular weight hydro,cafbons, .
lubricating oij additives, chemicals, s‘a!ls and the like. Several processes or combination
of processes can Ee used to effect this separation including various forms of extrq?ction,
distillation, ﬁltrntion: centrifugation, absorption and adsorption and the like as known to .

‘ those skilled in the art. Typically, the separation will take place based upon differences in



vari ous physical contam nants may typically be renmoved fromthe base oi
fraction in such a way as to produce nore than one stream but for
sinplicity are shown herein to be separated collectively and recovered

t hrough line 416 and nmay include | ow nol ecul ar 20 weight materials such as
| i ght hydrocarbons, water, glycols and the like typically having a boiling
range general ly bel ow about 500F, al?%ough it may be desirable to include
all materials bel ow 650F, and hi gh nol ecul ar wei ght materials and
materials with low volatility including, particulates, polynmers, salts and
the like typically having a boiling 5 point greater than about 1050F. The
base oil fraction recovered through a line 420 typically consists of

hydr ocar bon nol ecul es suitable for use or manufacture into base oi

typically wt Bhy&a%alto@ctﬁ%.&ﬁ,sre;seﬂ.e@bm&ba@m MMammemahéds e&mrnafma bet ween
about 500 to about 1100F. [00781 In a severe ultra high qual |ty base oi

separati on PYRE422 3 portion of the 10 higher quality base oil nolecules
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contanmi nants | ncI vent S,
pol ymers, hexgeennsitieaas) aluef‘%eprgmtwwm dedikpo Ngr-ouﬂmﬁiswﬁ wEbirtionaddi t i ves,

chem gal's, ®akdRa@tustd® elffedf Separ2BNESTMesdh AGRE TR BE h@@qm@aaageom 20 of
processes can be used to effect this separatjion including various forns of

extracti on, Thegh J¥oopssss: iwfipd efY‘i“P’t’sa[}?rB‘ﬁ ° §1‘ffaf‘i"1“ugl3‘t' Btff‘t’o’hbgtﬁ?rﬁ?‘i’"on and
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t he separat @ggﬂw |1 laihkethtpé ce sr:\;gase 0. gcgf’e&%{:%ﬁvh rgg&i hysi cal or
a

chem cal ties t|on an tanlnatlng
,, materi aI salk2Bink,00 86 ar nemhensammastuag@tmg lve tesi likeperse combientipbn i s t hen
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oi | nol ecul es are separated via [T n
sulfur, mtrogen oxygen and the like and increase 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 526 is a highly purified base oil typicali); of a quality
sufficient to meet the requirements for one of Groups I, 11, or 11l of APY 1509.
20 [6036] By the process of the present invention, the base oil stream is sepatated
from the waste oil stream and thereafter separated into a high qualit).r base oil stréani and
a lower quality base oil stream with the lower quality base oil stream then being upgraded
to produce a saleable base oil streami. 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 advnntlages
aver existing process methodologies. The invention of this patent enables both of the
objcctives of manufacturing products that meet ll:1e demands of the market 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 base:oil from other undesirable



526. These nol ecul es may conprise polars, aromatics, ol efins, unsaturates,
heteroatons and the |ike, which are separated fromthe higher quality base
oil nolecules, which are typically saturated, paraffinic and non-aronatic.
The higher quality base oil nolecules in 30 line 424 are a high quality
base oil streamtypically having a percent of saturates greater than 90%
and a sul fur content |ess than about ¥.3 wei ght percent. The streamin |ine
426 wll typically have a higher concentration of sulfur, oxygen,

nitrogen, olefins, aromatics and the |ike. Various processes or

conbi nati ons thereof can be used to effect separation of these materials
fromthe high quality base oil. These processes include various fornms 21

of extraction, ultrafiltration, absorption, adsorption, nolecul ar sieves

and the Ii kcmmpaﬁents kthewmtrdctiord lﬂeeﬁlﬁe:ﬁ Ksl l'elqﬁﬂl:dlt@ bk h@latﬁ'EIB' mtl&!:@ﬂ%rdep ! G ﬁ a

generallze ent .in shown. |In the
enbodi nent ﬁm&%'mﬁn ’tg'?’ 3 OOI fand {5 fcf”ézﬂ}’ﬁ" 5155‘1"5 '"caﬁﬁfegﬂé'd’"’c@oés v &0V |
separ at i on ex#réion. 5Signilady, \mﬂnem greampdwdmmamcgf prédagedins esedidlativelp shdntduent s ( base

oi | fracti g sical contam nants,

line 516, i Fna‘én ﬁéﬂnﬁg?é&g:&fm%ﬁd@% Fogﬁgb E’{F‘Rg%zﬁ Q/%ase Oﬂefhlpsﬁ eotﬁfgé”ﬁﬂﬁm cal

cont ami nant'&ulinip cagkingaf soge gbthe émvé@okmﬂﬁmﬁmmdﬂmn{bﬂde oflrmbtulen in  such a

way as to QESQHIMG& ﬂaﬂ Qost. s AUHRer S R BrocBldls ARE aSic Ei%!e%‘f%ég% ShOW“ herein

to be sep % g 3 tuvely and recovered through 1 ne

include lo Fe?ﬂP 1B AEPIREYSHR! naterial s such as |ight hydrocarbons

wat er, gl yqedss] and W&eardhhé(eo trheppresaht! HveiBos, AGhask o:b@ia{ehmgasréﬂﬂ?@ general |y
o.inclu material s

below1abou% X 2l 4 nug | \ i rabl e

bel ow 650F, “‘SQQ‘E% "% i Ol eC L f‘%’r"“v\é} Q%Psegg‘ﬁ Srae S ey el ‘EfF% ohi th | ow

vol attPlity CPmmu@hcﬁgammwtfrcmltlm blsh qpaity bee il dedet the aricketelenil iske typical ly
having. A b&bbéréagmd Q%ﬂrzﬂfed ) tﬁélﬁ&f stég%nhﬁﬁﬁ&%er}%?gﬁﬂ I%L‘erhgﬁgﬁ g%ie fraction

recovered throug ical Iy consi on nol ecul es
suitabl e f&Fthg %"b%‘“gﬁﬁf?ﬁﬁsééiseﬂ@ hfﬁf'b itjarassibie fo pradyes; whl Weldwndhighg to 40

carbon ato qr@nshs@awuﬁhgmaheb@inbhnsf:ﬁ@ﬂ\gﬁt Aasienesa. ﬁhpg{gprﬁﬁ’@ st pAPout 1100F.
, a portion of the

[00821 In a q Qﬂg gl $Efe oil separation zone
hi gher 3?5?%’ seeep ‘é@@q¥¥WWWﬁﬁméﬁﬁWWFy base oil) is separated
fromis he | oowo] qual iAtiriRAsEantZR oPihk pRBhERKhES lilks%miytgyﬁhhcwhrgﬂse oil) and

recovered throuygh a,li e 524 ssed to a hig dal it ase oi
treatment 28 eolﬁg% 0{}\,{\"'(5 anp ‘fefq‘@"@agﬂ'% aynisptly fprg P‘éﬁ"b taﬂ‘EP“E/‘?SdJ&tcélﬁ for the

removal of oyme bidesical EFRMaste off MRk depRBing ol GadircNBse (@AY SIbRM ofthr ough a
line 525, tisorecovered 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 basc'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 feec!slock quality and their product quality and/or yield are highly influenced by
feedstock quality. The invention outfined herein is capable of processing a wide variety of
waste oils and still manuf’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 gooﬂl 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 upgrélding equipment is



produce a highly purified base oil which, neets the requirenments of at

| east one of API. 1509, Goup 1, 11 or Ill which is recovered through a
line 526.. Various materials 25 contam nants, derivatives and products
thereof and the like are recovered via a |ine 527. The |ower quality base
oil is recovered through a Iine 523 aje sold as a fuel oil or further
treated' to upgrade'the oil to a marketable quality base oil. 100831 In the
first stage, zone 514, the base oil fraction is separated from physi cal
contam nants in the waste oil. Typically, such contam nants include water,
light 30 hydrocarbons, solvents, solids, polyners, high nolecul ar wei ght
hydr ocar bons, lubricating oil additives, chemcals, salts and the |ike.
Several processes or conbination of processes can be used to effect this
separ ati on ivAwlespknsige tebuilders! dperatertin thie cBidnt MGdntiéthe gddt Bisk bl AoleBiles

[ ion, renkghidonh o, ahighil ob 0y BlegrpLien, UG LG ke s know

to those skil Int icalt
based upon @PFeineptmgletutespBy dQHIr&esophg/mgmalng procakigNtq@peftrcapbé tikdgs of the

base oil fr@ﬁhjlle@[hgﬁﬂ savid Ly fofe nating materials. (0084] In the
second stagiqﬂgﬁ]]he oi 1bagg%1?r gcﬁgn ‘?ESC%%en fed to zone 522 of the process

where & por of t H&e pBwEfhe gnap] disillyipssytin disdvsaduicass amadsapar at ed from

the 5 hi gheroveﬂuahushyt{zbamm@gcls oﬁ@'p&@ﬂh@@ste%pe‘?& P8 orHRY hdaiofR! ecul es may
conprise polLgrs, ar omat | Csiﬁebe"eﬁfs Hléc;c unsat yr at es, het er oat ons and t he i ke,
g

which are separ ated ™ FoRs i is85 $Pindlath wstelsnenablingl mere whi ch are

typi cal |y saftfasting edoratpandiihriéss campticanainequiph et dah staEEleS:ﬁmﬁlﬁxﬁamehdblés' ne 523

w | typi caldoy r ntrati of .s , hitrogen,
ol efins, ar o\rfatJlﬁgsé?’z:lnd{m Cgr&% © '9'%%'“ ’ﬁ%@p?"(?g&‘g‘é"? °(5'ry"ﬂ‘§ﬂ%? R PBns 10
therebt candipdiafes stjtably far 1‘“‘5@?’ pregsayingt proinumefadingeTie rgteaatiiladesodal @M t he hi gh

qual i ty basghygichl. contkh@sfs BTS@G%&?%oédq&laneov\&a{hb Qeali @ JBcoR am?)é;[lt% ﬂ‘Ct : OE
| Ke, as

uItraflltratllg"al%g%‘pfjr‘Il gsor ption, nolecul'ar sieves an
known to t hoSE"ERRIFTOLLPTPaYCts frerddifien to themss pil distiljateesuchies fug! ol asgkalt asd r eam 524 i s
processed i e hbﬂé‘hwﬁssﬂawshmamgaeraatdegaﬂaed h%kmbe@tnbnﬁve tHR'h:ﬁﬁclzll lﬂEaTnE ef or L“ ng,

of, as known

nol ecul ar syhstityting o r)ﬁ i nation here
to those skil ﬁ R Fand, At g ?VW li‘ﬂ%ég‘? IIE%I“’é“'E'I‘E'eI'fbrlﬁ“éer s‘lﬂE‘f?l as sul fur,
ni t r otfen, omylg@mnam@dtdpaatr inglcasta Adfuitine thzaaﬁgetolﬂﬁxe wmem.waﬁ Wsikniion of at
Stroam The'resal e DpaEraERs oF BslBea-ne Stish it e Bgbneed Vhemi ghi'y
purified bagecesiing ‘!Sﬂ){’lt%!rdllgh witked cojumhs. tRjash vessels do not have any packing and
thus have minimal surfaces and contact points for fouling deposits to occur. When packed
column are used to effect distillation the packing can become fouled .with tarry deposits
20 reducing packing efficiency and eventually restricting the flow 'md material in thc column
again resulting in mcreased operational and maintenance costs.
[0094] A surpnsmg beneﬁ? of the process is its ability to avoid the problem of
_ heat exchange} fouling typically experienced in waste oil processing facilities utilizing
ot surfuices to affect heat exchange. The return streams for vessels 70 and 90 are used to
23 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 desired separation
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 Ia_vcn: 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.



sufficient to nmeet the requirements for one of Goups I, 11, or IIl of AP
1509. 20 [0036( By the process of the present invention, the base oi
streamis separated fromthe waste oil stream and thereafter separated
into a high quality base oil streamand a |lower quality base oil stream
with the lower quality base oil streamthen being upgraded to produce a
sal eabl e base oil stream The conbi m&tion of these steps has produced a
surprisingly superior process that yields a surprisingly high quantity of
high quality base 25 oil. 100871 The use of this mnmulti-stage process
provi des several significant advantages over existing process

nmet hodol ogi es. The invention of this patent enables both of the objectives
of manufacturing products that nmeet the demands of the market for quality

useabl e progdgmi s andmehelvéiﬁ%ktrr&u&psyaﬁml dfiplged hecim bmURbduedd fapsieingi | produced

fromthe 30 waste oil ces. an _on [ guality base
o |t the expencester! GpRBsERt A dREy R s thsa: The
total base ik beeahmdtmcﬂut&ﬁammﬂtmmsmdnﬁﬁiyand 206 in FIG2 is nbre than
Tnen o b BTSS!, PArPAHE BliaPROGASERS oAl MRy HERE (YRERIE ua) 1LY,
When previ‘ols’extrac esses are use& g ar at ase'oil from
ot her sundesitsr abfeerEQambmgnanlt s mh@deﬁltfrté@tihmf"tbﬁ la@%#@scaﬂ@dr%m red to be

relatively 1|llﬁ'sttrqmemt'h£} lmnqﬁr(xttﬁg()in RfRANE %ahhﬁﬂ} ﬁﬁﬁiohst hd Bxagichiohs #nd
consequently results in a base oil yield | oss due to(ﬁver extrgctlon

Similarly, mesglepyigin digssngurbitbe iy Hieiesseliagt & seatont 409 vel y

intense trgad; ﬁ@ﬂ&nslnﬁly% 2bmideRg vbviad ahdlde@rrﬁe:rbyttm:spﬁl@l&u dGethbiagbasgdial i ty base
oil. This severe tre resuy sone of the base oi

nol ecul es |‘H’PB“%f“’l%fhnﬁ?ffﬂ"ﬂ‘&géscﬂi’tf"“r?t?%’%ﬂ?aﬂceg’bc‘g@ Urting in yield |oss.
Thus neither of these processes al one are capable of producing a high
yield and high quality base oil [0089] According to the present invention,
a base oil material is charged to extraction and intense extraction can be
used to separate the lower quality base oil, 10 containing contam nants,
fromthe high quality" base oil since the extracted oil is recovered and
upgraded in the next stage wi thout concern for yield |loss. Through the use
of the multi-stage process described herein, it is possible to produce a
high yield and high quality base oil due to the renoval of the threat of
yield loss. This surprising result has- not heretofore been achi eved using
known processing nethods.

rw-“




15 [0090] A further advantage of the present invention is its ability to
produce a high, vyield of base oil with an overall high quality. Typically
from about 45 to about 65 percent of the oil content of the waste oi
stream depending on the desired base quality of base oil 1is recovered in
stage 2 through stream 156 and an addjtion 10 to 30 percent of base oil is
produced in stage 3 through st ream 208. Typically, over 90 percent of the
base oil 20 contained in the waste oil stream 42 is recovered and/ or
upgraded t hrough the process described herein resulting in an overall base
oil yield of between 75 and 85% Typically known process only yield

bet ween 60 and 65 percent base oil. [0091] Another unexpected advant age of
the current invention over existing technologies is its ability to process
waste oils of varying specification and quality and 25 still produce a

hi gh yield of high quality basaiarks cEximtbng: processes are highly

i nfl uenced by feedstock quality and their product quality and/or yield are
hi ghl'y influenced by Jfggafst %it .. The.i.nvention outljned herein is
capabl e of processing a wgocsljetgr\clégfr‘{clq%?l Po uc‘wgi'%’yeﬁ‘?oséhéﬁﬁ'&uéﬂ ‘”15" Mhnuf act ur i ng
a hi gh qualfTom Vsl Bf methetromamisiegai n a hi gh yield of total base oi

product. 30 ,[0092] The §resedihg WA joRibndEHObRASH I:J?l?tilﬁerﬂﬁ)ﬂ%ﬁgked benef it
of reducing capit Sndl ure nown processes the goo hase oi |

| . .ex S.. Ihk
nol ecul es, are t" ﬁ%HPP@‘FF@ F&BEQFWHW t he contani nated base oil ol ecul es,
even though upgradi ng ofb)t fietigome 5866 fadtion kR RIntéRYIRQhalAe Necessary.
Because of thiSmﬁ@ﬁn&%ﬁﬁ%&%ﬂ&m$rﬂﬁﬁf nuit be si.zed |arger to process al
of the base oil nolecul es togetHer. g?ﬁ?'ﬁFW?”ﬂﬁgrading equi pment is 24
very expensive to buil d Qrdatmgehredbeer qhality haseoll streamito Inpr@@tor RMotde good base

oi | nol ecul es : f t ] ase.oil npl ecul es prior
to upgrading thﬁg{d&(l:%ﬁ??&?ﬂ%ﬁgcl.ﬁﬁogqye@grfégﬁ&g@ “gg%lﬁagty 2’ Sset%les“ffﬂb £di ng
processi ng equi PHEsbIcHAlitase pi} @pamsal | er t her eby saving capital and
operating costs. 5 [00931 The use of the type of distillation system

di scl osed herein is cqﬁsidﬁreq_hgv provi de substantial advantages over

previ ous systens. THe 'pF BEBolsiNyl qeherelndbs basopihfrectipr Bisenaeted froRnd econoni ¢

benefits silrceasictoilipes isktingpk of blsafidiol, asRhSdi@Malhl QendRiR, nifdtRCt i ve
separation]wﬁfF . ess cqnglicated e uugnant at each,s%age. Simdarly, it
enabl es  eXCAMTAHG LL5A Al Gractn. CRiFfSMHORRRIPtoY pidadsargfiofbound i n wast e
oil yielding a base oil 10 distillate suitable for further processing and
upgr adi ng. The Sequg.ml"hea rlnetﬁoef\ina'\{:ﬁllim ?fwherein the base oil fraction is separated from

the waste oil by distillation.

5. The method of claim 1 wherein the base oil fraction is at least partially

separated {rom the waste oil by vacuum distillation.

6. The method of claim 1 wherein the base oil fraction has a boiling point
_ between about 500 to about 1100°F,

7. The method of claim 1 wherein the high quality base oil stream and the
lower quality base oil stream are separated by at least one of the filtration, ultrafiltration,

molecular sieves, extraction, solvent extraction, absorption and adsorption.

8. The method of claim 1 wherein the high quality lubricant base oil

stream and the lower quality lubricant base oil stream are separated by solvent extraction.



physi cal contam nants al so enabl es good control over the separation of
contam nants vyielding valuable products in addition to the base oi
distillate such as fuel oil, asphalt and the like. The in-situ
distillation systemdescribed herein does not have nechani cal nmeans such
as those found in filmevaporators apd the like resulting in |ower capital
15 nmai ntenance and operating costs. X further advantage of the in-situ
distillation systemis that it avoids the typical problens of packing
fouling, which can be experienced when processing used oil through packed
colums. Flash vessels do not have any packing and thus have m ni nal
surfaces and contact points for fouling deposits to occur. \Wen packed
colum are used to effect distillation the packing can beconme fouled with
tarry deposits 20 reducing packing efficiency and eventual ly restricting
the flow and materi & Thamaethpd ofgtimnid whergiaiths sebvems s V-gthyi myintifssed
operational and naintenance costs. [00941 A surpr|S|ng benefit of the
process is its ability to avoid the p exchanger fouling
typically experiencé® Tht Rebadelslajm bﬁ‘@&’ég‘él‘%’@g'? &H‘f‘ﬁylbf"?"é’él SHF%I ¥2i ng hot
surfaces t groaf f, @fdup MR EroBX BNARGS! as TheifiechwPn 1500r eans for vessel s 70 and 90
are used to 25 maintain the tenperature in the liquid [ayer in the bottom
of the vessels. The oil fed into vessels 70 and 90 is heated to the

t enper at ure necessany The nefibéotcldithé vdesinrtadlowepmaliy basaoil isyredédyct cont act
with the |i s. The benefit is achieved
by heating? ﬁﬁ%’ﬁﬁgﬁdm enaﬁ:%aﬁgﬁtfn% C%?J% %’*’?“Z@”‘I Econtact with the hotter
fluid residing in the botton1|ayer of the vessel. Fouling reactions and
the |ike which typi 9?' l'yheoﬁ?lh'%d YERmSP1 SHRRAN ﬁE'lQ@erOcﬁﬁmy%aﬁtmt he boundary

| ayer of the hot surtaces 0O exchangers and result” in deposits,
reduced ef hiydbgnagd aneﬂunaihnﬂ@n&tﬁééuﬁﬁ%fﬂbléG%@H‘“’éﬁjé thedower gualiydgitce of a hot
metal surfages: b ik SubR fleRAind ebikd ng products. Thus the current

i nvention increases tTiciency of heat exchange, reduces mai ntenance
and ultimately increases egdipnent, availability. 25 [00951 The sol vent

extraction system enpl qyeshMsd 5 dhilias »ﬂl&@m@a%gﬁumnsam@akcm emﬁ ts by
producing APl Group Ill Base oil. No &%jn ng t echn
t

her et of or e hyéfagenzoi At Rismeerplyre fiopRboY 583%%3‘291“1 169 Pf@ﬁ“’&ﬁ%?m ty. [0096]

Wil e the Q\Emgﬁﬁ tol —m&ﬁ%o@&mﬁ%e%&cgewEdt&)ﬁdcdhyauﬁ@f@mnqa) vighcertai n of
5its preferre 0|n”ents 1t ol nte rlrents

descri bed @pé VI of g ?%‘Pi“ﬁ?é“bl“’a‘f‘ﬁ@? a %ﬂ’f‘ﬂoi"f‘f‘i"‘ﬁ?eﬁeﬁp S‘??p?lrpe u')rnea %‘ﬁa ?that many

vari ations @nd..nodi fications are

14. The method of claim | wherein the marketable quality lubricant is

group I or group Il base oil as specified in API 1509.

15. The method according to claim 1 wherein the undesirable constituents

consist of polars, aromatics, heteroatoms unsaturates, olefines.

16. The method of claim 1 wherein the base oil fraction is separated from
the waste oi! by distillation to produce at least one distillate stream ha.ving a boiling range
from about 500 to about 650°F and a distillate stream having a boiling point from about

650 to about 1100°F .



possible within the scope of the present invention. Many such variations
and nodifications may be consi dered obvious and desirable by those skilled
in the art based upon a review of the foregoing description of preferred
enbodi nents. 26 WHAT IS CLAIMED IS: 1. A nmethod for efficiently producing
a high yield of high quality base oil, fromwaste oil, the nmethod
conprising: a) separating at |east a portion of the base oil constituents
fromthe waste oil to produce a base oil fraction; b) treating the base
oil fraction to separate it into a high quality base oil streamand a
| ower quality base oil stream and, c) treating the |lower quality base oi
streamto inprove or renove undesirable constituents thereby upgrading the
| ower quality base oil streamto a marketable quality base oil stream 3.
The met hod of claim| wherein the base oil fraction is separated from the
waste oil by at | east?. ofe mdthadiofclaink &6 mberpin\e toast r pditeh iof Hatdisillate
evaporatio } sl J o L i 2 tractjon. extraction,
nB_fl'Cil‘h Il'l&\fll%td lgbm_mg réﬁké ﬁ’@rﬁ OL{ %b t@%ou%bﬁ%&%?ﬁ%%ﬁ%#hc éqwg

centrifugation, absorption and adsorption. Tm1 wherein
the base oiJu2ftydetq e siremsision tiaireating thsmindesirebleyeentamirants thprodivetthé | ati on. 5.
The et hod mfrkaibnd basd oivdedngi N the base oil fraction is at |least partially
separated fromthe waste oil by vacuumdistillation. 6. The nethod of claim
| wherein the base oil fraction has a boiling point between about 500 to
about 1100F. 7. The ifet Hednaliodaif alalin 17 Whekmithe iddesifbig Borisahdntsyardase oi |

stream and EM@ d! g ?gity base oil stream are separated by at |east one
. b . ) ) .
of the fllfra Fon?wﬁﬁ? g |?trat|on, nol ecul ar sieves, extraction, solvent

extraction, absorption and adsorption. 8. The nmethod .of claim 1l wherein the

ni gh quality |ubri cagt ADBSRoidorai @ 8lind Ryl L2l Gt ehde !PT 1 cant

base oil stream are separated by I'vent extraction. e met hod of
claim 11 wikFa if fHEr seteddnvperage og rppevsyndeairghlerqopstigenteto crenty a gy net hod of
clai m 1 wheugiid fakeeoihsrgdin qual ity base oil streamis a

20. The method of claim 19 wherein the high quality base oil is treated by

at least one of hydrogenating, atkylating and molecular reforming,

22. The method of claim 19 wherein the high quality base oil stream is
hydrogenated to reduce the quantity of undesirable constituents in the Jower quality base

oil and more fully saturate the base oil molecules,

7 23. The method of claim 22 wherein hydrogenation is undertaken using
hydrogen gas at a temperature from about 500 to about 1200°F and at a pressure from
about 100 to about 2000 psig in the presence of a catalyst containing group V(b), VI(b)

and VHI-of the periodic table metals and compounds thereof supported on a suitable,

24, A method for éfﬁcient!y producing an highly purified base oil from a
waste oi-i, the method comprising:
a) separating at least a portion of the base oil consﬁtuents from the
waste oil to produce a base oil fraction; _ '
b) treating the base oil fraction to separate it into a high quality
base oi! stream and a lower quality base oil stream; and,
c) treating the high qua!ily; base oil stream to upgrade or remove

undesirable constituents to create a highly purified base oil.



group |. group 11 or group Ill base oil as specified in APl 1509. 11 The

nmet hod of claim1 wherein the |ower quality base oil is treated by at
| east one of hydrogenating, alkylating and nol ecular reform ng. 12. The
met hod of claim 11 wherein the lower quality base oil is hydrogenated to

reduce the quantity of undesirable constituents in the |ower quality base
oil and nore fully saturate the base &1 nolecul es. 13. The method of claim
12 wherei n hydrogenation is undertaken using hydrogen gas at a tenperature
from about 500 to about 1000F and at a pressure from about 100 to about
2000 psig in the presence of a catalyst containing group V(b), VI(b) and

Vill of the periodic table netals and conpounds thereof supported on a
suitable carrier. 14.. The method of claim| wherein the marketable
quality lubricant is group | or group Il base oil as specified in API

1509. 15. The nethod according to claiml wherein the undesirable
constituents consi st25f Tigohehs], ofall i@y i whsreinhté Bﬁs@%llmtxddrl%ép%t%& €s,

ol efines. 16 e basge raction is

separ at ed frgﬁghﬁ%gﬁ§g§ﬂlw'm kﬁ °H?§FQF’@?P% “?8“bﬁ@ﬂ§E%LéTmP@B§b one
distillate sfiltetdom Heafilmgon ebtmcmmgpnmrggmon dbsmprionand ddséplidnt 0 about 650F and
a distillate stream having a boiling point fromabout 650 to about 1100F."'
28 17. The nethod of claim 16 wherein at |east a portion of the distillate
stream havi ng a boi | i%6g Trargehddrafielaii @6itwheld thobmbolitfra&afs sepaaedrbi ned wi th
the | ower qg@hh%mmgggpb &n@&ﬁean1pr|or to treating the undesirable
contam nants to produce 't mar ket abl e base oil stream 18. The nethod of
claim 17 wherein the unde5|rable contam nants are renoved by

hydrogenation. 19. A thdm&ﬁ&ioéfdélﬂﬂ ﬂﬁowﬁénﬂﬁ me ba\ﬁ‘bg’f ?xja&:oa h?athfe%p qual ity

base oil streamis further treated to upgr nove undes
const it uent sPAHIE eaarpted fom thgpyagte oibbi Yapyu %ﬁ'ﬁ@@"m I st ream 20. The rret hod of
claim 19 wherein the high quality base oil is treated by at |east one of

hydrogenati ng, al kyl i ecular reformn
y 9 9 y %t] DI%& qlod 01‘ claim 24 wherein the bas% oil fraction has a boiling

point between about 500 to about 1100°F.

27. The method of claim 24 wherein the highly purified base oil stream is
group Il or group TH base oil as specified in API 1509.

28. The method of claim 24 wherein the high quality base oif streant and
the 18wer quality base oil stream are separated by at least one of the fi {tration,

ultrafiltration, molecular sieves, extraction; solvent extraction, absorption and adsorption.

29. The method of claim 28 wherein the high quality base oil stream and

the léwer quality base oil stream are separated by solvent extraction.
. 30. The method of claim 29 wherein the solvent is N-methyl 2 pyrolidone.

31. The method of claim 24 wherein the high quality base oil is treated by

a! least one of hydrogenating, alkylating and molecular reforming.

32. The method of claim 31 wherein the high quality base oil stream is
hydrogenated to reduce the quantity of undesirable constituents in the lower quality base

" oil or more fully saturate the base oil molecules.



22. The nethod of claim 19 wherein the high quality base oil streamis

hydr ogenated to reduce the quantity of undesirable constituents in the

| ower quality base oil and nore fully saturate the base oil nolecules. 23.
The met hod of claim 22 wherein hydrogenation is undertaken using hydrogen
gas at a tenperature from about 500 fo about 1200F and at a pressure from
about 100 to about 2000 psig in the Presence of a catal yst containing group
V(b), VI(b) and VIII-of the periodic table nmetals and conpounds t hereof
supported on a suitable. 24. A nethod for efficiently producing an highly
purified base oil froma waste oil, the nethod conprising: a) separating
at least a portion of the base oil constituents fromthe waste oil to
produce a base oil fraction; b) treating the base oil fraction to separate
it into a high quality base oil streamand a | ower quality base oi

stream and, c) treating the high quality base oil streamto upgrade or
renove undeS|rabIe onRgLi r e oil. 29
25. The net hod of cfgl %Eﬁﬂﬁgﬁg?%Biﬁ ggbﬁgpiagp§39ﬁgkhygﬂg§p rated from
t he waste divdrogsn ge af émeféﬁﬁl@ fpm ghoyt 300|ta phayh 1000Fcand 7t HPEFF%“T?I M on,

evapor at i Onhoutfiioh kd Abiit0e0 bﬂaé hafkd ;Lr&s'éﬁ&'o@@ cat@ysh EaEdiridNaro Wby, iviigat i on,
absorption and adsorption of cIa|n125‘$here|n t he base oi

e
fraction i sa“Qe\ﬂgr%{ttﬁﬁjper‘f’?'ﬁﬁ%’f%'@“ g C‘B’i’ﬂou'ﬂi;? thFreof PPt a gtablehe et hod

of claim 2Gawheerein the base oil fraction is at least partially separated
fromthe waste oil by vacuumdistillation. 27. The nethod of claim 24
wherein the base oil fraction has a boiling point between about 500 to
about 1100F. 27. The4metinetiodobr dliciemy 2dbdudier wirmhigtheualiy phdeyoildioni 4 i ed base

oi | stream| p Ill base oil as specified in APl 1509. 28.
The net hod SStec aﬁﬁggﬁ&“ﬁkfeﬂﬁythe hi gh quallt¥ base oil streamand the
&

| ower quality base oil st epimtiget lSaspapaticsdf By bese off ewstituestrdiontthe he

filtration, ul thal bl bhHAkhQRbadRligedoRr Sieves, extraction, solvent
extraction, absorption and adsorption. 29. The method of cIa|n128 wherein

the high qual ity base oi P Severehintreatigg the base oil fraction usmg solvent extraction
under conditions or with a solvent which is at least partially miscible in ‘the ol to

separate it into an ultra high quality base oil stream and a tower quality base oil _

stream.

35. The method of claim 34 wherein the base oil fraction is separated
from the waste oil by at least one of distillation, vacuum distillation, evaporation,

filtration, ulteafiltration, extraction, centrifugation, absorption and adsorption.

36. The method of claim 35 wherein the base oil fraction is separated

ffom the waste oil by distitation.

37, The method of claim 35 wherein the base oil fraction is at least

partially separated from the waste 6il by vacuum distiliation.

38. The method of claim 34 wherein the base oil fraction has a boiling

point between about 500 to about 1160°F.

39, The method of claim 34 wherein the ultra high quality base oil stream

i group [ or group 11 base oil as specified in APL1509.



the lower quality base oil stream are separated by solvent extraction. 30.
The nmet hod of claim 29 wherein the solvent is Nnethyl 2 pyrolidone. 3 1.
The net hod of claim 24 wherein the high quality base oil is treated by at
| east one of hydrogenating, alkylating and nol ecul ar reform ng. 32. The
met hod of claim 31 wherein the high quality base oil streamis

hydr ogenated to reduce the quantity Of undesirable constituents in the

| ower quality base oil or nore fully saturate the base oil nolecules. 30
33. The nethod of claim 32 wherein hydrogenation is undertaken using
hydrogen gas at a tenperature from about 500 to about 1000F and at a
pressure from about 100 to about 2000 psig in the presence of a catal yst
containing group V(b), VI(b) and VIIlI of the periodic table netals and
conpounds thereof supported on a suitable <carrier. 34. A nethod for
efficiently produci g. ThemeshodiofHaiouidwhesgindlesselvesitlis N-methyI2 pyigdidens. oi |, t he
nmet hod conprising: a) separating at |east a portion of the base oil
constituents fromthe waste oil to produce a base oil fraction; b)
Severely treating tHé Basmethed oficlaje 89 Bhereia thégolyent gereetionit ydetakeh  ti nder
condi ti ONS Pkvelt 100 a8d S@Pvent which is at least partially mscible in the
oil to separate it into an ultra high quality base oil streamand a | ower
quality base oil _ stream 35. The nmethod of claim 34 wherein the base oil
fraction i s separated, Théashider ci@s Be whirkin e satvert eraktimneudbriakest i | | ati on,
vacuum di stil |l atjon, evaporation filtration, ultrafiltration, extraction,
cent ri f ugatyig so B@UF%H“BI‘P SR Ydslor ption. 36. The nethod of claim 35
wherein the base oil fraction is separated tYomthe waste oil by
distillation. 37. T t hod of . cl ai 5 .wher ej i action is
at least partiall ng‘egg? 'thg‘ap?frcf??ﬁ' Ir7’ ?gﬁﬂﬁ'\é\{&% sﬁf."F“‘tB’gg‘\?‘g"?ﬁﬁ‘r‘ﬁ% |a§{ﬂ|;| | ati on.
38. The netifhotleofacttnablomsdesigned toilimit dngaibment awl ¢nable geqd;sepratios ofhdoi | i ng

poi nt bet wegn ngQ%PtpﬁlQQ to about 1100F. 39. The nethod of claim 34 wherein
the ultra hi gH quality Base oi | stream

44. The method of claim 34 wherein the solvent extraction is undertaken

in a packed column,
45. The method of claim 34 wherein the residence time is sufficient to

enable efficient solvent/ oil contact and good phase disengagement.

46. The method according to claim 34 wherein a phase transfer catalyst is

used to enhance extraction.

47. The method according to claim 34 whereby the ultra high quality base

oil is further treated to fractionate it into at least two different viscosity cuts.

48, A method for separating a quu:id stream comprising a plurality of
constituents of varied boiling poi'ﬁfs' by in-situ flash distillation in at least one distillation
zone to produce at least one overhead stream and at least one bottom stream, the method
comprising:

a) passing the liquid stream into a heated liquid layer contained in
a distitlation zone and producing a overhead stream and a bottom stream;

b) maintaining heating the liquid layer in the distillation zone ata -
temperature sufficient to vaporize a i)ortion of the liquid feed stream’ thereby

producing a bottom stream and a vaporized distillate stream;



Fs group It or group Ill base oil as specified in APl 1509. 31 40. The
nmet hod of claim 34 wherein the solvent is Nnethyl 2 pyrolidone. 41. The
met hod of claim 34 wherein the solvent extraction is undertaken between
100 and 300F 42. The nmethod of claim 34 wherein the solvent extraction is
undertaken wth a solvent treat ra%io in excess of 3:1. 43. The net hod of
claim 34 wherein the solvent extraction is undertaken in an extraction
colum designed to limt entrainnent and enabl e good separation of the oi
and sol vent phases. 44. The met hod of claim 34 wherein the sol vent
extraction is undertaken in a packed colum. 45. The nethod of claim 34
wherein the residence tine is sufficient to enable efficient solvent/ oi
contact and good phase di sengagenent. 46. The nmethod according to claim 34
wherein a phase transfer catalyst is used to enhance extraction. 47. The
nmet hod according to cl ai oy B¥sivghariedstya pheeion lof tie distitite Gitedn byt dFase o0il is
further treated é@k$5§£%gonate it into at least two different viscosity
cuts. 48. A netho or separating a liquid .streamconprising a plurality
of constituents of vari éd fesingiangogios of hebhpated batforustiehrasd ugh stal | ation in
at least one di Glidelihis Seandf HEMEAURNAMH ES oluEARN PG QYghhead stream and
at | east one bottom stream the netho conprising: "a) passing the liquid
streaminto a heated liquid |layer contained in a distillation zone and
produci ng a over headigstrneaBmad ¢t cRinD ol 4 120ish pAMly of MafiRishilAbA LGS heating the
liquid |ayer in the distillation zone at a tenperature sufficient to
vaporize a%FdPtd on of the liquid feed stream thereby producing a bottom
stream and a vaporized distillate stream 32 <c) passing at |east a portion
8; E Eg ﬂ:a:; :aljl g;te t EHOS ?‘F&gﬁ%ﬁ‘{"ggfd@% aggv ?rgilnlal %E\slt gri;]e é“%ﬂ‘eeﬂa?ﬁ di@tﬁ?ﬁ%&ﬂ?g a portion
zone is operated under vacuum,

51. The method of ¢claim 48 wherein at least one of the flash distillation

zounes a packed column.

52. The method of claim 48 wherein two flash distillation vessels are

nsed.

53. The method of claim 48 wherein three flash distillation vessels are
used.

54, The method of claim 48 wherein four flash distillation vessels are
used.

55. The method of claim 48 wherein five or more distilfation vessels are
used.

56. The method of claim 48 wherein the liquid stream is a liquid prone to
fouling,

57. The method of claim 48 wherein the liquid stream is a hydrocarbon

stream. .



charge liquid streamto another distillation zone or to use as a product
stream 49. The nmethod of claim48 wherein a plurality of flash
distillation zones are used. 50. The nethod of claim48 wherein at |east
one of the flash distillation. =zone is operated under vacuum 51. The

met hod of cl aim48 wherein at | east gne of the flash distillation zones a
packed colum. 52. The nethod of clal'm 48 wherein two flash distillation
vessels are used. 53. The method of claim48 wherein three flash
distillation vessels are wused. 54. The nmethod of claim48 wherein four
flash distillation vessels are used. 55. The nethod of claim48 wherein
five or nore distillation vessels are wused. 56. The nethod of claim48
wherein the liquid streamis a liquid prone to fouling. 57. The method of
claim48 wherein the Iliquid streamis a hydrocarbon stream 33 58. The
nmet hod of clai m 48 wiferTét methefofclaigud dvhsteinathatiquist sitepst 8 vaitg 0l 59, The net hod
of claimb52 wherein an overhead stream having a boiling range from about
500 to about 600F and a overhead stream having a boiling.point from about
600 to about 1100F a¥e The Buthedef clagn 52 whweinat o5Heass streqnypayingd blisg ei n t he
bott om st r eaRael fonhRLEM0 2N8hodt 600Wahd @ BveiiRbdiitRaA hiving IR iligpbint fr@h i on zone,
at a tenperature suffici Q# to heat the liquid layer in the distillation
zone to a t@ﬁﬂé@gﬁUwgﬁgﬁﬁ*'@FBW “$H flash a portion of the liquid streamto
produce an overhead streamfromthe distillation zone. 61. The nethod
according to claim4 ere t gl tpe i I 1 an al kal
or base to condition th ed?#“ﬁf?%?m}%yﬁﬁgi?Plgﬁ%%ﬁs&%gagﬁﬂgdﬁ%éﬂod

accor di ng t portdnaetnmed towleatisitiytion heneadt k smiperaturelsaffieientdo hratthefiquid layer

in the distillation zone to a temperature sufficient to flash a portion of the liquid stream to

produce an overhead stream from the distillation zone.

61. The method according to claim 48 whereby the liquid stream is treated

with an alkali or base to condition the oil prior to distillation.

62. The method according to claim 61 whereby the alkali or base is one of

sodium earbonate, sodium hydroxide, potassium hydroxide.

63. The method according to claim 48 whereby the liquid stream is treated
to remove water, light hydrocarbons and low boiling point materials prior to flash

distillation.

64, The method according to claim 59 wherein the liquid stream is treated
using distillation to remove water and low boiling point constituents prior to in-situ flash

distillation.

65. the method according to claim 48 whereby the liquid stream is both
treated with an alkali of a base and treated to remove water and light hydrocarbons prior

to distillation.



sodi um car bonat e, sodi um hydroxi de, potassi um hydroxi de. 63. The net hod
according to claim48 whereby the liquid streamis treated to renove

wat er, |ight hydrocarbons and | ow boiling point naterials prior to flash
distillation. 64. The nmethod according to claim59 wherein the liquid
streamis treated using dIStI||atIOQ to renove water and | ow boiling point
constituents prior to in-situ flash Yistillation. 65. the method accordi ng
to claim48 whereby the liquid streamis both treated with an alkali 0? ,a
base and treated to renove water and |ight hydrocarbons prior to
distillation. 34 66. A systemfor separating a liquid streamconprising a
plurality of constituents of varied boiling points by in-situ flash
distillation; the method conprising: a) charging the liquid streaminto a
heat ed I|qU|d layer in a flash vessel having at least a top and a bottom
a liquid streaminl &6, 4 seest for sepegtipg e [ligeid stpagr compesippp phralithal vessel ;| a

| 'ower portigRuialfks B \hﬂ@&%mng Ntﬁ@-g} Hlﬂm fdsh BOBfarid) e nﬁﬂ’fbﬂ éHiﬂﬁﬁEmg% he vessel ,
the vessel containing a | ayer in i ion, to

produce an overhead str e‘&rr?*tafﬁ"‘@db‘h“‘tuﬁe“fé‘%W%%Waﬁif’ﬂ‘éﬁ”éﬁd 4B tom stream

from the bottomgtd &g lchta;tofnd ARk G 1tqhie shein iam, stdisaaar buwem the flash
vessel to produce a heatgd bo tophstream

B%§sun%n g@rtl E of the
heat ed bott om sPFPEH Bk ¥ess Fdﬁﬁ&“aggéP‘fH‘?ﬁ fMASAHi"t i 11 ation
zone. 67. The nﬁmhﬁdommeG&ﬁﬂnmsaemhammnmmaaphmmammnyIamrhﬂashmdnstiIIation

vessel s are used.to, produce a pl I|t nd a
plurality of pr8dlidk *GB%?@S,W ovf'% ¥ %mgéﬁ]tgéa}e H@uﬂ?t% glﬁgnffo wher ei n at
| east one on of sttehe ftfohxabd"bOdomlslrdamwilmn vessel s i s operated under vacuum

69. The method of claim §)7hemgrtﬁé Ebn%Fn skr@zfﬁ?rorg r‘lﬁ'c ﬁ’a@h szss&lh@ pfdda&ha
distillation vessels is col um . t hod of c|aim 67

wherein two fl abentegdibstions Ft&em@nd prEsagt eof%ﬂ"éfdﬁé’aa*ed %"M?H‘é““hﬁc}ﬁah df claim
67 wherein threeefilh@as hydiishé hispuisamivessel s are

67. The method of claim 66 wherein a plurality of flash distillation vessels
are used to produce a plurality of distillate streams and a plurality of product bottom

streams.

62. The method of claim 66 wherein at least one on of the flash distillation

vessels is operated under vacuum.

69. The method of claim 67 wherein at least one on of the flash distillation _

vessels is a packed column.

70. The method of claim 67 wherein two flash distillation vessels are used.

71. The method ‘6f claim 67 wherein three flash distillation vessels are

used. |
- 72. The method of claim 67 wherein four flash distiliation vessels are

used.
73. The method of claim 67 wherein five or more distillation vessels are

used.



used. 72. The nethod of claim 67 wherein four flash distillation vessels
are used. 73. The nethod of claim67 wherein five or nore distillation
vessels are wused. 35 74. The nethod of claim66 wherein the liquid stream
is a hydrocarbon stream 75. The nmethod of claim6l1 wherein the liquid
streamis a waste oil. 76. The nethoqbof claim70 wherein a distillate
stream having a boiling range from about 500 to about 650F and a
distillate stream having a boiling point from about 650 to about 1100F are
produced. 77. The nethod of claim 66 wherein the bottomstreamis heated
and a portion returned to the flash zone, to a tenperature sufficient to
heat the liquid layer in the first flash distillation to a tenperature
sufficient to flash a portion of the liquid streamto produce a distillate
streamfromthe first distillation zone. 78. The nethod of claim 70 wherein
t he bottons stream fHorht nsthedebriam G6 whereindihs findid sttcaroris @ bydecarboheat ed and a
portion retsyesped to the flash zone, to a tenperature sufficient to heat
the liquid layer in the second flash distillation zone to a tenperature
sufficient to flash a portion of the bottomstreamfromthe first flash

distillation zone tas. PhOfefed ofcliinSdli wHeRlnghSiquRamb 0Ny ishgsecond
distillation zone. 79. The method according to clai m66 whereby the |iquid

streamis treated with an alkali or base to condition the oil prior to
distillation. 80. THS. bt metiodcituiidi Mgy te@inCd cﬂ;tmhtzztrdadﬂﬁlaﬁﬁb’ab&ﬁn%' kali or

base is on hydr o t assi ydr oxi de.

81. The me? ﬂng’g ﬁgf:nts:’%?lg%% &%Q@%@ﬁ g 38%9 tg%bsyeq["h%avlnf"hgﬁgn%m“ggwﬁ s treated

to renmove wARUEAIBREbIE HIRP apehrestiesdoons prior to dlstlllatlon 82. The

met hod according to claim66 whereby the liquid streamis both treated

with an alkali or a ga§ﬁ ﬂ Jreated to renpve water and IuPht hydr ocar bons
e method of claim 66 wherein the bottom stream is heate

prior to distillatidn and a
portion returned to the flash zone, to a temperature sufficient to heat the liquid layer in the

first flash distillation to a temperature sufficient to flash a portion of the liquid stream to

produce a distillate stream from the first distillation zone.

78. The method of claim 70 wherein the bottoms stream from the second
flash distillation zone is heated and a portion returned to the flash zone, to a temperature
sufficient to heat the liquid layer in the second flash distillation zone to a temperature
sufficient to flash a portion of the bottom stream from the first flash distillation zone to

produce a distillate stream from the second distillation zone.

79. The method according to claim 66 whereby the liquid stream is treated

with an alkali or base to condition the oil prior to distillation.

80. The method according to claim 77 whereby the alkali or base is one of.

sodium carbonate, sodium hydroxide, potassium hydroxide.

81. The method according to claim 66 whereby the liquid stream is treated

to remove water and light hydrocarbons prior to distillation.

82. The method according to claim 66 whercby the liquid stream is both
treated with an alkali or a base and treated to remove water and light hydrocarbons prior

to distillation.



