1 PROCESS AND SYSTEM FOR REGENERATI ON OF SPENT LUBRI CATION O L Field of
the I nvention [0001] The present invention generally relates to the

di sposal of spent lubrication oil, and nore particularly to processes and
systens for regeneration of spent lubrigcation oil into nultiple fractions
i ncluding base oil by enploying rectification and nulti-stage nolecul ar
distillations. Background of the Invention goooz The refinery process of

crude oil produces ROLESSOANDISHITEMEOR BREGENEBATONGOR ubri cati ng
pur poses, called base oil. In ﬁtﬁ‘i‘ﬂﬁﬁmgfﬁﬁ’)ﬁ% Ei | is obtained and
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separated into fractions in i st fon colum which is fed by
the residue of an atnospheric columm. Cenerally, only about 3-5% of the
crude oil is suitable for being used as _base oil. Due to various viscosity
requirenents for different |ubrilisld ofghplnyedieqs the Dbase oil nust not be
either too volatile or too viscous. [0003] As its term suggests, the base
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quality o e lubrication ol are I'Ves.
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antiwear . additives, additives inproving the Viscosity |Index, additives for
| over i ng e BYLplepbasitons laﬂﬂaﬁnas‘?asarﬂil t PEBIOY BE; BstiHeRIon; ik mudigtage
antifoam gaddi-ti.Ves:dR04] I ndustries use many types of lubrication oils

i ncluding engine lubrication oil, hydraulic oil, transfornmer oil, turbine
oil, conpressor oil, marine oil, and the like. After lubrication oils

reach their usage |life span, {h are . di ed as spent lubrication oil
(waste oil). [0005] Spent Iubbf‘@é“f’ﬂﬂd(?kﬁg‘*olls"r"ﬁ‘i‘ﬁ‘%ri ous sources or
applications have different characteristics and contain a cohort of
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resul ti NGatbFReyB@bIuAn. tdkncRNG! Hfy ab&i& 3-5% of the crude oil is suitable for being used
as base oil. Due to various viscosity requirements for different lubricating purposes, the
base oil must not be either too volatile or too viscous.
[0003] As its term suggests, the base oil is used as the base for formulating
lubrication oil. To improve the quality of the lubrication oil are added multiple additives.
The additives include antioxidants, detergents, dispersing additives without ash, antiwear
additives, additives improving the Viscosity Index, additives for lowering the pour point,
antirust and anticorrosion additives, and antifoam additives.
[0004] Industries use many types of lubrication oils including engine lubrication
oil, hydraulic oil, transformer oil, turbine oil, compressor oil, marine oil, and the like.
After lubrication oils reach their usage life span, they are disposed as spent lubrication oil
(waste oil).
[0005] Spent lubrication oils from various sources or applications have different
characteristics and contain a cohort of contaminants. When lubrication oil is used, it is
being contaminated by extraneous contaminants introduced from the surrounding air and
the engine. Contaminants from the air include dust, dirt, and moisture; and air itself may
be considered as a contaminant since it might cause foaming of the oil. The contaminants

from the engine include the metallic particles resulting from wear of the engine, the



2 carbonaceous particles due to inconplete fuel conbustion, the netallic
oxi des present as corrosion products of netals, the water from | eakage of
the cooling system the water as a product of fuel conbustion, and fuel or
fuel additives or their byproducts, whigh mght enter the crankcase of
engi nes. [0006] During lubrication oil fisage are fornmed many matters
causing the deterioration of the lubrication oil. The exanples of the
formed matdrBnaceqis| nagécled disgle, inceraplgigetie! eanabustion, sbe nistadlippyidescprssensledge
denotes a_.i r ' tar., S Lht. a carbon particles that
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Lacquer refers to a hard or gunmmy substance that deposits on engine parts
as a resufHeghe siFpeice Phge&Sudge in the oil to high tenperature operation
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deposi t s GG Hisk o-SRPRE TS i %‘eégﬁpﬁ@%%esc%%ﬁgﬁ rPILth?d%leStoglrtt Aedf yel

and not fg&epar phkickdtth@nres® krond theCRRbMHBREC c@hblitigh othHP?ﬁéﬁ.urS%d%ehﬁay )
increase in |acquer and sludge deposits nay be caused by lubrication oil.

[ 0007] Théeppsibpe vediews msitsofithe angineon remhindneobdifldatigdrsoyn iarthie odntaesqueant s
t hat may ccur _during operation. For .exanple, water even in small anounts
causes 1 ST o Bk RBEY Sirdce RLIGRETof pas Slriabelventls S et TR or
sl udge (efudgi @ng Khic RigheynpR8ir®idperafids s a0 SeluBlMPodadtY 88ndidd Ayheir oi |
handl i ng equi pment, contributes to foam ng problens, and lowers the

el ect ri ci ¥ydativguraeinoin e eple canpopbe (filisradceit aml diposit Parthhengine earts ollhel
particles > T RO , It g6 T t u ssive
hear . soot THEO R kB3t erhL el TELEWG CERPORD G BRISRGESRRE of
met al f atwigoke.th¢ rngiddi it i @Rratal. udgelonwdepaiidss Ehpgamim| kadbhadeass dgasitand
cl earances; .| acquers _or varni sh cause sticking of valves, and resi st
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reduce their viscosity beyo a safe ntam nati o
| ubri cat icenseditly lwbti¢ntioe@ili er oil increases viscosity and interferes with

the oil C[MO%” ati Onl”heagr%ggr%iiesngf ltuggce{tl%grgilc egir%ia? ct\é(‘:li Haygny contaminants that may
occur during operation. For example, water even in small amounts causes rusting of iron
or steel. The water also results in forming water sludge (emulsions) which may clog oil
passages, pump valves and other oil handling equipment, contributes to foaming problems,
and lowers the electricity insulation property of lubrication oil. Furthermore, solid
particles such as dirt, dust, grit and metallic fragments cause excessive wear, scoring of
bearing surface, and possible failure due to seizing of metal fatigue. In addition, sludge
deposits clog small oil passages and clearances; lacquers or varnish cause sticking of
valves, and resist against the continuous operation of oil pump. Finally, liquid
contaminants such as unburned fuel from engines dilute lubrication oil and possibly reduce
their viscosity beyond a safe load. Contamination of the lubrication oil with heavier oil
increases viscosity and interferes with the oil circulation, affecting the lubricating valve
and heat transfer capacity.
[0008] Current methods for treating spent lubrication oil include processing into

fuel o1l by simple processing and blending, acid treatment, conventional distillation,



and heat transfer capacity. [0008] Current nethods for treating spent

| ubrication oil include processing into fuel oil by sinple processing and
bl endi ng, acid treatnent, conventional distillation, 3 solvent extraction,
and ultrafiltration. Problens arising fromacid treatnent include
environmental issues associated with the disposal of acid sludge and spent
earth, low product yield (45-65% and inconplete renoval of netals,
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pretreating the spent [lubrication oi rectify e-treated spent

| ubri cat i em@eityt of prwcesseandagdnighivn dif esedndafyr weste.ong f waste tshleestpant waste

| ubri cati on oi l,, trﬁﬁ“"“ ng it. reduced ogﬂel i m nat ed ibrllt erference.in
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per f or m n@ulihg bi memba@es M @eapablitdioshhddgd thomsh @bid BeHeepdddcted spent
| ubrication oil to recover multi-grades of base oil, thereby the recovered
|'i ght diesel fraction and base oils are obtained for further wuse, and the

remai ni ng of the spent |ubricag, il els ]?i scharged. [0010] In another
enbodi mrent of the process, thgg‘gﬁgm?%fo%hree nrvgrél?nng i ncl udes operations of
sedi nmentation and precipitation to renove |arge particles or contam nants,
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fraction from the spent lubrication oil, resulting in reduced or eliminated interference in
subsequent molecular distillation caused by the light diesel fraction, and performing multi-
stage molecular distillations of the rectified spent lubrication oil to recover multi-grades of
base oil, thereby the recovered light diesel fraction and base oils are obtained for further
use, and the remaining of the spent lubrication oil is discharged.
[0010] In another embodiment of the process, the step of pretreating includes
operations of sedimentation and precipitation to remove large particles or contaminants,
cenfrifuge to remove particles and free water, vacuum for dehydration and deodorization,
and/or application of chemicals for enhancements.
[0011] In another embodiment of the process, in the step of rectifying the
recovered light diesel fraction includes petrol, light diesel or some hydrocarbon substance.
[0012] In another embodiment of the process, in the step of performing multi-stage
molecular distillation, the molecular distillation is preferably performed in two or three

stages.



[0012] In another enbodi ment of the process, in the step of performng
multi-stage nolecular distillation, the nolecular distillation is
preferably performed in two or three stages. 4 [0013] In another

enbodi ment of the process, in the step of performng nulti-stage nolecular
distillation the performance is determfied by operation tenperature,
pressure and distance between a condenser surface and evaporator surface.
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multi-sta r distillation the operatjon tenperature i s increased
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distillation. [0015] Another enbodi nent of the present invention provides a
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di stillation. I'n anot her enbodi nent o system 1n
mul ti - st age obtelned dibrafurther use, and the remaining of the spent lubrication oil is discharged.

[0016] In another embodiment of the system, the pretreatment unit is configured to
perform operations of sedimentation and precipitation to remove large particles or
contaminants, centrifuge to remove particles and free water, vacuum for dehydration and
deodorization, and/or application of chemicals for enhancements.

[0017] In another embodiment of the system, the recovered light diesel fraction
includes petrol, light diesel or some hydrocarbon substance.

[0018] In another embodiment of the system, the multi-stage molecular distillation
unit is preferably configured to perform two or three stages of molecular distillation.

[0019] In another embodiment of the system, in the multi-stage molecular
distillation unit the operation temperature is increased sequentially in a series of molecular
distillation, and the operation pressure is decreased sequentially in the series of molecular
distillation.

[0020] In another embodiment of the system, the multi-stage molecular distillation
unit comprises a plurality of molecular distillation stage, where each of the plurality of

molecular distillation stage comprises a molecular distillation column having a material



distillation unit the operation tenperature is increased sequentially in a
series of nolecular distillation, and the operation pressure is decreased
sequentially in the series of nolecular distillation. [0020] In another
enbodi ment of the system the nulti-stage nol ecular distillation wunit
conprises a plurality of nolecular distfllation stage, where each of the
plurality of nolecular distillation stage conprises a nol ecul ar
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distillation colum, a _vacuum neans coupled with the nol ecul ar
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The objectives and ot her advantages of the Tnvention wll becone apparent

f rom t he mekinuwisngicdetied loédedesdr prdignarst pprvefesrgred Bebbidlitymemtisbridatoeof i n
@ prv

connectioq_ wi.t h tge acconpanyi ng drawi ngs. Brief Description of the

Dr awi ngs ?88%§fmﬁwf?8FF@d enbodi nents according to the present invention

wi || now foe2zidescr i bigd owjebhvdsaigoeits adihtddde o FigUheSiioh RviMbe&dind h§Rrent
reference nunerals denote |like elenments. 10024] FIG 1 is a functional

bl ock f| ofkemathe followine dsialed slssdrintion efemefered smbotlimente Hierdodibin icenrdctan oj |
i n accor j -Egg i ent of the present invention. [0025] FIG 2
shows a g@ﬁ@ﬁ%&#%&gﬁ%§k |§g¢§%iof the system for regeneration of spent
| ubrication oil in accordance with one enbodi nrent of the present invention.

[0026] FI G 3 shows an exenplary cross-section view of the nol ecul ar
distillation colum in accErifhmescription offtbedavdmgtent of the present

i nventi on.
[0023] Preferred embodiments according to the present invention will now be

described with reference to the Figures, in which like reference numerals denote like
elements.

[0024] FIG 1 is a functional block flowchart of the process for regeneration of
spent lubrication oil in accordance with one embodiment of the present invention.

[0025] FIG 2 shows a schematic block diagram of the system for regeneration of
spent lubrication oil in accordance with one embodiment of the present invention.

[0026] FIG 3 shows an exemplary cross-section view of the molecular distillation

column in accordance with one embodiment of the present invention.

Detailed Description of the Invention

[0027] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.
[0028] Throughout this application, where publications are referenced, the

disclosures of these publications are hereby incorporated by reference, in their entireties,



Det ai |l ed Description of the Invention [0027] The present invention may be
understood nore readily by reference to the follow ng detailed description
of certain enbodiments of the invention. [0028] Throughout this
application, where publications are refgrenced, the disclosures of these
publications are hereby incorporated by reference, in their entireties, 6
into this application in order to nore fully describe the state of art to
whi ch t hi $19 fueagnlisatioay erdeinie. meredpidy dearribe therrtatel @8 et itpwhish thislinvangbat e t o
many specggﬁﬁ £l ements and techniques in order to better illustrate the
principle the present invention, it is to be appreciated that the

present i (ooes)ti on i Whikttht idedctipton evill Reate pe GhdrlyCspd@Sc kicplch@nmd ddmiqicesent
invention, c n be practiced with variations to any specjific el ements and
t echni qued % Flht?u?et@ébl stipfsgthe prigpptes ©f ﬁh@ RESSPNLBV@HIORHE 19 eBe ARPIPHEHE | on.
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affect the practices o e present |nve Ion W rom-t
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i nvention 0 30. On ct of the resen i nventi on cess
for treat FFB{ﬁ’ttg m%‘B@ﬁP? Bl?ti%rf“‘%?ﬁf i“éfﬁm ‘B‘ﬁ‘? Py “mceh@aBY g%té %4 ?PﬁFlr 1§és
pre-treat fRnthedf okiBGoSPRAT nbulTdEald ﬁl@ctl&b lof th& Blekdt G Hill G mitted
pre-treated spent |ubrication oil, nmul ti-stage nolecular distillation

of the rebpinfthedessppian insdéraat tombsmrb theAwirexpeadfiibapicsentl gtvantiorher ei naf t er ,
the inte ion of \the rect eration into the regenerati
process p&ovrdes a Og?gﬂgaﬁ-§¢% pFﬁ?Q]HQQBBP1WQVK%%FT%PW§528 SFafeg of

nol ecul ar sgdhslubtitaonil. BEEW, thdgrobsls RbSPritatfe- trreﬁt@&‘{lﬁbﬁ’th@régerml%h&t{&h' ty
of the regenerated base oils. [0031] Now referring to FIG 1, there is

provi ded @lprstbediongpf rtbgéﬁéﬁr&@ﬁeénsmﬂt lglpreqwon u@ i e inoHtisidgei mokselor dance
wi th one gubodi,FRHM ;0% & q%dgf @? n& %W&E %f n&¥9§g§ﬁl%%%mé%g”$§es
waste oil pretreatments 1, rec |ca on st s

di stil | atinegrddion26f thé a@eufrmteﬁubperrat@bnstmﬂol alid Qegefheraabﬁi plodge phivakyl ar
distillation 5, and disposal of final residue oil 6. It is to. be
appr eci at ARk f%éhep?ﬁeeégoerfsrmrr@a@ﬁ&}earrlplewler dlst\r%?élpe ispylting inlHeh present

i nventi Orkeb@veﬁpénd rhghh@ﬂ %fﬁﬁ% el%rea 4389685, 0f nol ecular distillation; it
can have two stages, re sta ependrng upon the requirenents of the
qual i ti esloe¥1] the rl‘é@\&rreffam@ tcbﬁi@ blthsre is provided a process for regeneration of
spent lubrication oil in accordance with one embodiment of the present invention. The
process 100 comprises waste oil pretreatments 1, rectification 2, 1% stage molecular
distillation 3, 2™ stage molecular distillation 4, 3™ stage molecular distillation 5, and
disposal of final residue oil 6. It is to be appreciated that the process for regeneration of
waste oil of the present invention is not limited to the three stages of molecular distillation;
it can have two stages, or more stages depending upon the requirements of the qualities of
the regenerated base oils.
[0032] The pretreatments 1 include any suitable means or operations that is needed
to get the un-pretreated waste oil into a condition where the waste oil is ready for
rectification and molecular distillation. The pretreatments 1 include sedimentation and
precipitation to remove large particles or contaminants, centrifuge to remove particles and
free water, vacuum system for dehydration and deodorization, and application of chemicals
for enhancements.
[0033] The rectification 2 separates the light diesel fraction 21 from the waste oil,

where the light diesel fraction includes petrol, light diesel or some hydrocarbon substance



[0032] The pretreatnments 1 include any suitable nmeans or operations that is
needed to get the un-pretreated waste oil into a condition where the waste
oil is ready for rectification and nolecular distillation. The
pretreatnents 1 include sedinentation azd precipitation to renove | arge
particles or contam nants, centrifuge to renove particles and free water,
vacuum system for dehydration and deodorizati on, and application of
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mol ecul ar_distillation.3 regenerates.the.first fraction bas il base oil
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a few sedBAlsulep distifiaons; saiguaq‘rcamreetée $ytapges dionb he riyapesation guifacs 4nd he
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non-condensable gas in the evaporator to lower than 0-10 Pa, a reduction in distillation
temperatures can be obtained. Molecular distillation shows promise in the separation,
purification and concentration of natural products, usually composed of complex and
thermally sensitive molecules. The base oil grade A 31 is usually the lightest fraction of
the regenerated base oils.

[0035] The 2™ stage molecular distillation 4 regenerates the second fraction of the
base oils (base oil grade B 41). Depending on the quality and composition of waste oil and
the demand for different grades of base oil, the multi-stage molecular distillation employs
two or more molecular distillation columns that are configured in series to generate
different grades of base oil by operating each stage under different working conditions.
Principly, in a multi-stage molecular distillation, a prior stage uses lower operation
temperature than a subsequent stage; e.g., 1¥' stage molecular distillation operates at a

temperature of 200°C, and 2" stage molecular distillation at a temperature of 240°C.

Therefore, the fraction of base oil from the prior column is lighter and ready to be used,



thermally sensitive nolecules. The base oil grade A 31 is usually the

| ightest fraction of the regenerated base oils. [0035] The 2nd stage

nol ecul ar distillation 4 regenerates the second fraction of the base oils
(base oil grade B 41). Depending on the_quality and conposition of waste
oil and the dermand for different grade§ of base oil, the multi-stage
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further treated 1 n the subsequent col um IS manner
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residue tank for proper disposal. base oi|l grade %eaV|est
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mul ti-stage nmol ecul ar distillation process is that relative highly pure
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exi st ini ttr%\?! & %%rﬁ Q@th‘é@ﬁ& &f ,?IL tre%'ﬁ%?xﬁo%? n{grﬁ% %dfgere g{r%I €S oriq%g%el onﬂs wfta’l})\
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range of difefear mpe@ead%s va:o@@jSﬂasﬁhl posntWart Broddicéd bnhe Prsaperties, e.g.
viscosity, flash paoint, are produced fromthe system [0038] In the
mul ti - st 39%8hol eculldr e sPPit-siageornolesida higidlation B eumber ofi welecklat i on

stages i s3i{igkiBh %pal ¥s Is nﬁgﬁegabtl}pﬁé My s F}\/ngfe rg%%!r%l 2 03 %aﬁ%sa&eﬁ‘lo% cular
nol ecular distillations are use I'n spent ricatiion 0| r eat ment
[ 0039] Thbstdpéepat atrngsezﬂandpentdmimcaﬁoreaicbItreamieﬁt:ul ar distillation col urm, e.g.
[0039] The operating conditions of each molecular distillation column, e.g.
temperature, vacuum pressure, material residential time, are determined basing on the
targeted distillation fraction requirement.
[0040] Another aspect of the present invention provides a system for regeneration
of spent lubrication oil. Briefly, the system comprises a pretreatment unit, a rectification
unit, and a multi-stage molecular distillation unit. The pretreatment unit functions to
remove large precipitates and odor from the waste oil so that the pretreated waste oil is
suitable for rectification. The rectification unit is fluidly coupled with the pretreatment
unit to receive the pretreated waste oil, and functions to separate a light diesel fraction
from the waste oil so that the rectified waste oil is suitable for molecular distillation. The
multi-stage molecular distillation unit is fluidly coupled with the rectification unit and has
two or more molecular distillation columns that are so configured to operate in a sequential
manner, where each molecular distillation column operates at a different temperature,
pressure or material residential time; thereby each molecular distillation column functions

to separate a fraction of base oil with a characteristic specification. In order to save the



tenperature, vacuum pressure, material residential tinme, are determ ned
basing on the targeted distillation fraction requirenent. [0040] Anot her
aspect of the present invention provides a systemfor regeneration of

spent lubrication oil. Briefly, the systemconprises a pretreatnment unit, a
rectification wunit, and a nulti-stage | ecul ar distillation unit. The
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and installation. It is also possible that each nol ecular distillation

col um hagoluinps  Slrpfdbestidgtailanioshosm fohdte ahepupare obidlusiraingtthdpfihaplent
conditi ongftfhgrregén (iirlljv%inﬂg% different base oils. [0041] Now referring to FIG
2, there is provided a schematic bl ock diagram of the systemfor spent

| ubricatipoani| regemetahpeitiém ofEROHERBCE W ithl 089 @mRAlheNdveRfaflcher
present invention. It is to be noted that the pretreatnent unit is not

shown i n PINEC&pshlepiocorses Bke delydratiaanand Aepdotipationp| ebellight diesqli fracdionod uni t
has thre aradi st i ils . .are shown
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i nvent i onthe [s@34 2hprble tiewostficishdyi efvaebuhhgste@sbetheifbllowing thdlbcil@rdistillation

conplicated even after of pretreatnent pr,gcesses |'i ke dehydration and
deodor i zaRPHHS THE Maghcoupeadt i the (a8l s 1s Pasfooiddhali ¢am Phexireded fndat i on
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i nprove the efficiency of vacuum system ow ng nol ecul ar

di sti |l | atdaly stage of ewsdeculbh eistlition dompanisitllaiion tdnepenasteds cartied subdBe wist t hat
can be ex(;[if 81%&1?&9[6 E1isngle lighter fraction of all base oils. It has lower viscosity and lower flash
point.  The intermediate stages of molecular distillation use higher distillation
temperatures. The base oil distillates from intermediate stages are with intermediate
viscosities and flash points. The last stages of molecular distillation use highest operation
temperatures and produce heavy fractions of base oil with high viscosities and high flash
points.

[0043] The residue waste oil from the upper stage of molecular distillation column
is used as feed material for the next stage of molecular distillation column. In the way of
series connection, all grades of base oil are extracted according to the design parameters.
The final residue is discharged for disposal.

[0044] The present invention operates under highly vacuum conditions (0.1Pa-
80Pa) at the designated temperature. It is able to produce different grades of base oil
basing on the difference in molecular free length that is ultimate determined by the

molecular weight. The present invention has the advantages of efficient liquid thin film

forming, avoiding liquid stuck on distillation surface, short residential time of liquid in the



fractionated into different grades using a series of nolecular distillation
colums. In the early stage of nolecular distillation, lower distillation
tenperature is carried out. The base oil distillate is the lighter
fraction of all base oils. It has IomeH viscosity and | ower flash point.
The internedi ate stages of nol ecul ar dié%illation use higher distillation
tenperatures. The hase oil distillates frominternedi ate stages are with
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T he present invention avoids problens |ike thermal cracking,
pol ymer i zZ¥RGBR P YuHitbasist®. and equi prent chocking that are commonly
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under | ow tenperat.ure an i.gh vacuumis not only able to distillate _nore
ef fici entwen@t{eﬁl&% W@pg%%e&rﬁi?“e%‘é‘%é}}@c Wésta@§| Pr8e Balthe Thgsamupt of
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of spent ubrication oil is controlled by an auto-control system I ch

wi | | fur tthetorephtha ceoledwéar dstiblatinn oplenat D@0 band ksecapysedehy a vapor trap. The
heating medium is connected to the heating blanket of the molecular portion of the column.
The vacuum system is connected to the vacuum valve located at the lower portion of the
molecular distillation column. The cooling water is connected through the inlet valve and
outlet valves located at the bottom of the column. The targeted distillate fraction and the
residue waste oil are connected to the effluent pumps through outlet valves.
[0047] Now referring to FIG 3, there is provided an exemplary cross-section view
of the molecular distillation column in accordance with one embodiment of the present
invention. The molecular distillation column comprises an outer heating means 301 for
controlling the temperature within the molecular distillation column, a plurality (e.g., 4) of
film forming devices 302 disposed onto the inner surface of the heating means 301 for
spreading the waste oil so as to cause the waste oil to form a film 305 onto the inner
surface of the heating means, a condensing core 303 in conjunction with an arc 304 to be
configured to form a structure for condensing the evaporated waste oil fraction to produce
different base oil grades. The materials for making each component of the molecular

distillation column are apparent for one skilled in the art.



[0046] Now referring to FIG 2, the exenplary nolecular distillation colum
DZ101 has a material inlet that is located at the top of the colum and
connected to the material feeding punp P103 for receiving the waste oil to
be treated. Trace anount of |ighter th1a‘n the targeted distillate fraction
substance is extracted froman outlet |located on the top of the nolecul ar
distillation colum_pDZ101 and is captured by a vapor trap. The heating
medi um i si%8%nect ed T8 RIFEeREaL VLS Nilakk 81aV6T by ndenprdiadl BHmpdet | ofta8e t he
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the nol ecular distillation colum in accordance wth one enbodi nent of the

present farsesatt dishllatd Heactioh eobdtance dis strawih atithothecedeunm gystepr its ¢lse distildaie er
nol ec
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waste oil so as to cause the waste oil to forma film 305 onto the inner
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arc 304 t i f . tructure for condensing the evaporated
wast e oi lr%]ggg%dﬁ%%fstogﬂ%r%gﬁhn eargéﬁlsleer%ént base oil grades. The materials for
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for one skilled é,fn the art. 11 [0048] The pre-treated waste oil is drawn
by the feﬁéf&wﬁje nipe PEsAsinngge: thep pisdy nermeans dntendad g dinip fhgrrorerdidhast e
oi | i's spread: g¥emion by a spreader to forma wuniformthin filmon the
evaporation surface in the nolecular distillation colum. The targeted
fraction [0050base oi Exammpldistill ed and condensed by the condensing core and
flow thr the fractionate outlet to the sem -product tank. Trace.anmount
of 1 gt B8 an "t ndBE At g e Rrrieor soast Ao Gt HCD OF St Qe i ¢ h
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system The remaining liquid on the evaporation surface flows is the

resi due id§t% oil and flows through the residue outlet and is punped to

the next siage. The,RLORESRuhRaleRER! 8512250 TRIRRAAN dhstiLlatien
waste oil in the storage tank V101 was pumped by the pump P102 to the rectification
column RC101 to remove the light diesel fraction, where the light diesel vapor was
condensed by the condenser EX101 and transferred to the storage tank V102 and further
transferred for any suitable purpose by the pump P101. (please provide conditions for
rectification; even it is a conventional operation, it is better to include our conditions)
[0053] The residue waste oil after rectification treatment was pumped by the pump
P103 to the 1% stage molecular distillation DZ101. The 1* stage molecular distillation was
operated at the temperature of 200°C and the vacuum of 80Pa, where the distillation range
was 370 - 450°C, and the product recovery rate was 27%. The flash point and viscosity
specifications of the product are compliance with MVI 100 base oil specifications. In
operation, the distillate from molecular DZ101 was condensed by the condensing core of
DZ101 and was transferred to the storage tank V103 from which the fraction was pumped

out by the pump P104 as base oil 1. The specifications of the base oil 1 and its comparison

with MVI 100 base oil are summarized below in Table 1. Any trace amount of very light



requi red stages of processing are achieved. [0049] The foll ow ng exanpl es
are provided for the sole purpose of illustrating the principles of the
present invention; they are by no neans intended to limt the scope of the
present invention. [0050] Exanple 1 [00/1l] Exanple 1 of the regeneration of
spent lubrication oil will be described4dn connection with the system 200
with three stages of nolecular distillations as shown in FIG 2. &0052]
After prefipgiianmun extigrtel bydhy dramosysignd ané eesiensedtandrirapped by EX 102 e dhed

waste oil iyt @%8 &%@%@iﬁ%kreg%%% twﬁ?%g%lggﬁﬁﬁét he punp P102 to the

rectification 0 renove i esel fraction, where the

l'i ght di epoeb4lvapor Was regduirdemse bibyftéhtecongans atol&sld ldiailthtibh angf eehed to
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resi due waste oil after rect ?I cation treatnment was punped by the punp
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product are conpliance with base oil specifications. In operation,
t he di stiPEdB2 wasoenndensedubyaitheDZaBiknsiag coonde MEd2bynd he twosfdendiing tbor e of

Dz101 and_wa I rred to the storage tank V103 from whi he fraction
was pu .rrpegora%%%éngyr‘; {‘ﬁeé%ﬁ%hlgigf fzascgﬁlég’éls 8Hepge © 31:@' Q5 PUMP lgﬂﬁt e&ﬁ%as%f“ t he
base oil 1 ang dpesificomardrs@d ba¥é bit Md k9QoRpEEs0Al HitRMNAVE WRTBILZ ¢ el ow
in Table 1. Any trace anmpbunt of very light 12 fraction was extracted by

t he vacuutEY&i4sbelnyy it dade s etimatiace rappsdf pryEiao fractpe was esiraged Wast e
oil was t LNt 0 0 Th esi dug, wast e

oi | aft er{htg @Eﬂn{i %g%tglg’eg?r%:ag%aﬁeﬁlg{da%%s{r%%g@oﬁx\}\gg fﬂﬂ‘]é:nremﬁ lrlér‘l)vsafS{e%rorﬂegj %o the
2" d st ageamytireduhtarthditstaigt kakivoroeDZ102 by t he punp P105. The 2nd stage

nol ecul ar_distillati gn was operated at the tenperature of 240C and the
vacuum of[0%5%a,  whdré rEHeu Vet | el nhe Zngalagmedaglar dgglagon aws tee

product recRNeiY b M3 eSeéfBlecular distillation DZ103 by the pump P107. The 3" stage
molecular distillation was operated at the temperature of 330°C and the vacuum of 3 Pa,
where the distillation range was 500 — 540 °C, and the product recovery rate was 19%.
The viscosity and flash point specifications of the product are in compliance with MVI 350
base oil specifications. In operation, the distillate from the 3™ stage molecular distillation
DZ103 was condensed by the condensing core of DZ103 and as transferred into the
storage tank V107 from which the fraction was pumped out by the pump P108 as base oil
3. The specifications of the base oil 3 and its comparison with MVI 350 base oil are
summarized below in Table 3. Any trace amount of very light fraction was extracted by
the vacuum system, and condensed and trapped by EX104. The residue waste oil was
transferred into the storage tank V108.
[0056] The final residue from the 3™ stage of molecular distillation column DZ103
was discharged by the pump P109. The quantity of final residue was about 7.8%.
[0057] Table 1. The comparison of the specifications of the base oil 1 from the 1%
stage of molecular distillation column DZ101 with that of MVI 100.
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[0059]

St stage

Table 1. The comparison of the specifications of the base oil 2 from the 2™

stage of molecular distillation column DZ102 with that of MVI 250.

[0060]

[tem Product  from | MVI 250 Testing Method
2" stage

Appearance Yellowish, Transparent Visual
transparent

Smell Insignificant - Smell

Viscosity  (40°C)/(mm”.s | 43.64 42 - 55 ASTM D445

h/CST

Viscosity  (100°C)/(mm”.s” | 6.5 - ASTM D445

h/CST

Viscosity Index 98 >60 ASTM D2270

Flash point (°C) 224 >190 ASTM D93

Pour point (°C) -14 <-9 ASTM D97

Moisture content (%) Not detectable | - ASTM D95

Acid number/(mg KOH/g) | 0.01 <0.05 ASTM D974

Carbon residue /% - - ASTM D189

[0061]

Table 1. The comparison of the specifications of the base oil 3 from the 3™

stage of molecular distillation column DZ103 with that of MVI 350.

[0062]



transparent Snell Insignificant - Snmell Viscosity (40C)/(mm.s 20.7 18 -
21 ASTM D445 ')/ CST Viscosity (1000 /(mm.s 4.17 - ASTM D445 ')/ CST
Viscosity Index 108 >60 ASTM D2270 Flash point (C) 195 >165 ASTM D93 Pour
point (C) -16 <-9 ASTM D97 Mbisture content (% Not - ASTM D95 det ect abl e
Acid nunber/(nmg KOH g) 0.01 <0.05 ASTM D974 Carbon residue /% - - ASTM
D189 [0059] Table 1. The conparison of the specifications of the base oil 2
fromthe 2nd stage of nolecular distillation colum DzZ102 with that of Wil

250. [0060] H-em-Product—from-MI—250 Testi-nag-Met-hod 2nd-st age _Apbeal ance
Yel | owi sh, Tr4#parent Visual tré)rjji%‘g’éﬁ s | MI350) s grﬂfe‘ls%%glethoérrel I
Viscosity (40C)/(mm s- 43 64 42 |3 589gASTM D445 ')/ CST |Vi scosity
(100C)/ (rmm . sApmamnce ASTM D445 WWellsWisti scpBiangpataniex 98Vis@0 ASTM D2270
Fl ash point |[(C) 224 >190 ASTM D93 traRgparenpoi nt (Q -14 <-9 ASTM D97
Moi sture contSemdll (%9 Not det ect ablisigniA&hM D95 Aci d nurisekd] mg KOH g) | 0. 01
<0. 05 ASTM Q74

Viscosity  (40°C)/(mm”.s | 70.66 65-75 ASTM D445

"/CST

Viscosity  (100°C)/(mm”.s™ | 8.42 - ASTM D445

NCST

Viscosity Index 89 >60 ASTM D2270

Flash point (°C) 246 >200 ASTM D93

Pour point (°C) -11 <-5 ASTM D97

Moisture content (%) Not - ASTM D95

detectable ‘
Acid number/(mg KOH/g) 0.02 <0.05 ASTM D974
Carbon residue /% 0.01 <0.02 ASTM D189
[0063] Example 2
[0064] The regeneration of spent lubrication oil of the present invention could be

operated with a system employing only two stages of molecular distillations in a similar
configuration as shown in FIG 2. Thus, the description will be made in connection with
FIG 2, where only the differences from Example 1 are highlighted below.

[0065] The 1% stage molecular distillation column DZ101 was operated at the
temperature of 210°C, and the vacuum of 80Pa, where the distillation range was 370 -
440°C, and the product recovery rate was 51%. The flash point and viscosity
specifications of the product are in compliance with MVI 200 base oil specifications.

[0066] The 2 stage molecular distillation column DZ102 was operated at
temperature of 320°C, and the vacuum of 3 Pa, where the distillation range as 440 — 540
°C, and the product recovery rate was 39%. The viscosity and flash point specifications of
the product are in compliance with MVI 250 base oil specifications.

[0067] The residue from the 2™ stage of molecular distillation DZ102 was
discharged. The quantity of residue was about 8.2%.

[0068] The application of the molecular distillation to spent lubrication oil
recycling has the advantages of high distillation efficiency, high quality fractionated base
oil of multiple grades, low operating temperature, high vacuum and being environmental-

friendly. The process also avoids the problems of cracking, polymerization, carbonization



Carbon residue /% - - ASTM D189 [0061] Table 1. The conparison of the
specifications of the base oil 3 fromthe 3d stage of nolecul ar
distillation colum Dz103 with that of MVI 350. [0062] 14 |Item Product
from WI 350 Testing Method 3 d stage ,{%opear ance Yellow sh, Transparent
Visual transparent Snell Insignificant” - Snell Viscosity (400 /(mm s-
70.66 65 - 75 ASTM D445 ')/ CST Viscosity (100C)/(mm.s 8.42 - ASTM D445
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(0066] The 2nd stage nol ecul ar distillation colum DzZ102 was operated at
tenperature of 320C, and the vacuum of 3 Pa, where the distillation range
as 440 - 540 C, and the product recovery rate was 39% The viscosity and
flash point specifications of the prod&ft are in conpliance with MWl 250
base oil specifications. [0067] The residue fromthe 2"d stage of nol ecul ar
distillation DzZ102 was discharged. The quantity of residue was about 8.2%
[ 0068] The application of the nDIech%Aﬁhgtillation to spent lubrication
oil recycling has the advantages of high distillation efficiency, high
quality fractionated base oil of nultiple grades, |ow operating

t enper at uMdat hi ggimedéuum and bei ng environnental - friendly. The process

al so avoi ds the problens of cracking, polynerization, carbonization 15 and
choking that are commonly encountered in normal distillations and ot her

exi sting 1spen driybst et br §REYIGHIOGioh@ahBRh A% §Sthe kiRpagdi ti on,

nol ecul ar distillation does not “produce any secondary poIFutlon such as
aci d residue, weyreatingche sgent Wastgionatiler . [0069] Wiile the foregoing has

present ed descripti.ons of certain f.erred. enbodi ment f e present
Pventi on, 1t 1estpafp bt SubnChEciany GIeerent PeneTerk RediR ea by
way of exawpdpentonlbyicaish ailerdd@ing Nhavaleddt® dlinfinhtell NBcSERAC: &f shhiRqRimesent
invention. |t is expected that others skilled in the art will perceive

vari at i ondolgailendisiitiatin cagsedfhyrtheightdinsel fiestiparasgoi ng, do not depart from
the spirit and e | L her ei-n, descrki bed claimed. 16
CLANE | what i RO A e e R B0 BB e RRA S M B B Bt o
oi |, conptoirstavgr multi-giadpsoffase ofdy et reati ng the spent |ubrication oil
rectifying the treated spent |ubrication oil to recover a |ight diesel

pre- ! ! /
fraction from thf’lﬁ’gy %ﬁ?‘f%#%@l%ﬂ fegietion prdsbase iOHQ aﬁe_rpbﬁ?éﬁﬁjjc’@ﬁ figpher use,
el 1 m nat eghd L REASARDGE e pSHIRRAUAN ofl TOdiSGULRL A stil]ation caused by the

light diesel fraction; and performng nmulti-stage nol ecul ar distillations
of the rectified spent lubrication oil to recover nulti-grades of base

oil; 2. The process of claim 1, wherein the step of pretreating includes operations of
sedimentation and precipitation to remove large particles or contaminants, centrifuge to
remove particles and free water, vacuum for dehydration and deodorization, and/or

application of chemicals for enhancements.

3. The process of claim 1, wherein in the step of rectifying the recovered light diesel

fraction includes petrol, light diesel or some hydrocarbon substance.

4. The process of claim 1, wherein in the step of performing multi-stage molecular

distillation, the molecular distillation is preferably performed in two or three stages.

5. The process of claim 1, wherein in the step of performing multi-stage molecular
distillation the performance is determined by operation temperature, pressure and distance

between a condenser surface and evaporator surface.

6. The process of claim 1, wherein in the step of performing multi-stage molecular

distillation the operation temperature is increased sequentially in a series of molecular



thereby the recovered light diesel fraction and base oils are obtained for
further use, and the remaining of the spent lubrication oil is discharged.
2. The process of claim1l, wherein the step of pretreating includes
operations of sedinentation and precip&;ation to renmove |arge particles or
contam nants, centrifuge to renove part'icles and free water, vacuum for
dehydration and deodorization, and/or application of chem cals for
enhanceneftsgllat@n, grbthsropewsian pressiraiintlacreashd pasjupntiatlytinghessesigs of modsstiaf yi ng
t he recovgﬁgﬂmc%ght diesel fraction includes petrol, |ight diesel or sone
hydr ocar bon substance. 4. The process of claim1, wherein in the step of
performng nmulti-stage nolecular distillation, the nolecular distillation
is preferably perforned in two or_ three stages. 5. The process of claim1,
wherein i t he\sYERMdPT jseptesrtianmy srenttibrigalig otsRcyFiam COFIPESINgG] at i on t he
per formance |saﬁg&@&ﬁkg?gﬁp%rﬁgﬁ%g&%%@wgggp%hgﬁgﬁﬁlm ressure and di stance
bet ween a condenhser surface a evaporator surface. 6. The process of claim
1, wherein in &hetift@pnahitghidlercoupigd mithtthe pteagamenl @dulf@rrectdysigithd piei on
the operation te ature i.s increased sequentially in a series of .

ol ecul ar T4 SHERE TPSAIOR A1 e Ree g‘g@r(ﬁ?ﬂieg ﬁraﬁ% P éhs werekspasadiog ol
sequent i alekitihg id REUSRI dr&SinRhatB®hREWBhce iHl Bbdel bt nfecular AsiRMALESBALO
regeneration of spent lubrication oil, said systemconprising. a

pr et r eat nesnthedight ditsst fipetet; ead i ng t he spent lubrication oil; a

rectification unit.fluidy coupl with the.pretreatnent, unitf.,. for .
rectifying theaBP%Eﬂ?g%gpéﬁugﬁgﬁﬁﬂﬁﬁﬁ}PE%?WBﬁy8??5?%ngé%%5?BQP?F@HFH%iesel
fraction for @aAfbReing PRNE-stagl rh&ladd1andigiillations @8 Whd fb8fidd speR UHREa®In oil to
elimnated interference in subsequent nol ecular distillation caused by the

li ght di e%eover mutigendes ankpsaoitul ti - stage nol ecul ar distillation unit
fluidly coupl etﬂ \%i ﬂletrgceoxf &atl hi 8%%651?&0@% Emd t[)e}cs?'b'lp gJefo%Ea%e%gfoMr{Hef §§eage
Fira '%h spen ub ol 0

nol ecul ar di st Ions o rectifie rication recover
mul ti - gr adelshefenbasiag of the sphivleddicatiieoil ecdivengdd! i ght di esel fraction and
base oils are obtained for further use, and the remaining of the spent

lubrication oil is discharged. 8. The systemof claim7, wherein the
pretreat ngnt Upld ofstont QRTdAHT €0wheeRE ifeOpTlreatment unit is configured to perform

operations of sedimentation and precipitation to remove large particles or contaminants,
centrifuge to remove particles and free water, vacuum for dehydration and deodorization,

and/or application of chemicals for enhancements.

9. The system of claim 7, wherein the recovered light diesel fraction includes petrol,

light diesel or some hydrocarbon substance.

10.  The system of claim 7, wherein the multi-stage molecular distillation unit is

preferably configured to perform two or three stages of molecular distillation.

11. The system of claim 7, wherein in the multi-stage molecular distillation unit the
operation temperature is increased sequentially in a series of molecular distillation, and the

operation pressure is decreased sequentially in the series of molecular distillation.



operations of sedinmentation and precipitation to renove |arge particles or
contam nants, centrifuge to renove particles and free water, vacuum for
dehydrati on and deodorization, and/or application of chem cals for
enhancenments. 9. The system of claim?7, 8Wher ein the recovered |ight diesel
fraction includes petrol, 1ight diesel “or some hydrocarbon substance. 10.
The systemof claim7, wherein the nulti-stage nolecul ar distillation unit
is prefetabl yTBontsgor ed elsinpe?.f ohaicinghe rmeltirstages nmdrssyilast digbllasion anit
distillatj 11, _SY.S | aj.m{,. wherein.inth | ti-sta

nmol ecul ar b@?%rtlsi]e%l%Eﬂg%ﬁ%néf%ﬁ%&%p%tg ai,tlgﬁ %?%%’?‘pev?'léetr%re 061} rsg{ri %‘(?r@o”\rsaggy of
sequent i alofecilar dissBationsstayk coblpeicest ar di stillation, and the operation
pressure is decreased sequentially in the series of nolecular distillation.
18 12. The sy$tiBaretaciigiimtion cohsrendynge M| indgtdha ipncated|agfhe top of

di stillatii@nolphd anf OOMIcLRES il ! i B IshlAtlGfkagbRge.
wher e each ofO thearpl)l ur alei ty %? a%{lgcﬂﬁ%%?g h}ug?ﬁﬁcggtclé‘%ﬁ%ls@ggsgé@é%agég a
mol ecul aroidlicshd tréaitd, ememahe moldvalar digtiHativat @hinad hasd ledatihf ateah scdndigateddo at
the top of e colym and copnected to a material feeding punp for

recei vi ng“th qéeﬁém %hedﬁ‘?alF%?ridgﬁﬁgBP’i’ cRlympe treated, where the nolecul ar

di stillation col yisuuhesesns"&abled itk #HeSmERBlIAOUE G TR cofMER Y phR&e MpPnt he
mol ecul ar distil]ation colum; a vacuum nmeans coupled with the nolectl ar
di sti | | at YasHumoVithin theonpleowladstiiagin colaouwuandy t hi n t he nol ecul ar
distillation colum; and a condensing nmeans, di sposed wit.hin the nol ecul ar
distillation c%lct?ﬁlﬁélfsg}g ’Bec?ﬁﬁeﬁlgﬁ)%adtwgﬁ@e G é‘&ﬁ??"i&lﬁt Hlf&fﬁﬁgorhi@lh?m’?a k.

condensing the desired fraction of distillate.



