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PROCESS FOR REMOVAL OF CONTAM NANTS IN O L Technica
Field The present invention generally relates to a

w@emsesHEst or renmovi ng contamnants in oil, SUuckhCESG207/000270

used notor oil . Background Many industrial processes

i ncl udi nFRAEFSS FPR REMAYAINOF AONTRINANTS IN QIL

nmechani cal, petrochem cal, power, autonobil e,

construction and airlines industries generate |arge
quantities of used oi |l TeSbnmecaXaRpédd of used oi

i nclude synthetic oil, engine oil, iurbine oi |

t r ansAPEsPERSENGi d PRIl FFPSTEtY | §ELAFFEN LG |13 process
¢eRPr &SR | cofhAk Wahksngid | uiids angkbwibhs a used motor
am nating oil, industrial hydraulic fluids, etc.

Dati-ng use and handl i ng, contam nants such as water,

chem cals, dirt and netal scrapings and oxidi zed

organi c conmpounds get into the oil such that they

af fect the proper worki n@aafkgdemmei | . Such oil is

currently considered to be a toxic, industrial materia

due tY2phe pRedshEbabf Hé89?$ﬁﬁﬁalénﬁﬁﬂdéF%naE?%se in the

FQTRAUNAS L $HERGAS DEBZENEyi ) 8ad, n&ERSN1EH] OM SR AlChemical,
cadm um Burni hg and dunpi ng of used oil can

 poReri, budet erolpdl ¢ ut icom sndidiaiaen a ager | edslinpactimdustries

the enyiraonnent. A s, used oil_typically coptains toxi.c
ORBREERPS, LT 1 TPPRELREES] 1P bk ertlayd kind Gl | cagib1es of
aeeharginat &éhﬁ%h?ﬁtﬁ@diEOQﬁlS,U Pehyindhbs1W ldurbine oil,
affect the health of human beings who conme into .
E5ANARESHLPR suchilichnt afhRamad. oil, refrigeration oil,

compressor oil, metalworking fluids and o0il, laminating

0il, industrial hydraulic fluids, etc.

During use and handling, contaminants such as water,
chemicals, dirt and metal scrapings and oxidized organic
compounds get into the o0il such that they affect the
proper working of the oil. Such o0il 1is currently
considered to be a toxic industrial material due to the

presence of heavy metals and aromatic compounds such as

"benzene, lead, zinc, chromium and cadmium.

Burning and dumping of used o0il can contribute to .
pollution and haVe a serious impact on the environment. As

used o0il typically contains toxic chemicals, their

.presence in waterways and soil can contaminate the water

and food supply. This will affect the health of human
beings who come into contact with such contaminants.
Therefore, it is desirable to re-refine or recycle used

0il so that it can be reused.
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-evaporator 1s susceptible to coking

Therefore, it is desirable to re-refine or recycle
used oil so that it can be reused. From an econoni c

w@eorospaasi ve, used oil may contain over 90% of POES&2007/000270

oil. The efficient recovery of the base oil is highly
desi reddme. abseskcondmia@an peespeticned, byused aiidt ymay contain

met hods, Traditionally, acid freatnment such as addi
%Yﬁ’"bh%&? cogcgasteo Oddpar at o?%‘{ﬁ%]s‘?fﬁ/er?@?‘é?rg aP?s tg‘%d base
@gjtié:l}?ﬁ%hpﬁ; e { €81 Or gani ¢ aci ds, pol ar conpounds

and dirt Tromthe useful hydrocarbon conponents of

used @idq h%‘ilbe@ﬁ?uﬁféj- r'é@%\éér:%&hias ’(rS%!i!le‘c? | O t thods.

generation of a ghly toxic acid sludge that rmnust

‘B aposiechaflyn landf i lthreatimeadi nguchb ses i aadlidig pesdiphuric

and . envi r onnent al ﬁ‘rgob ens.. Further used

SR BRI S Ror RO AT oMGEn L A gand. particles,

- agsthdt e shrgBnak cieyvaaddicbilaR teomEiRyEs aBvhd dirt from

remai ni ng _col our contam nants. Used oil can be

e r epeded thydugrR BhoRy fisiPanieat di 3t 1Ysad oRipr deads been
Ustdg fBLOGLE] MAYEPOLALES: iHOV{ﬁlVeefge?r?é&C& of a highly

ects that can ~
foxd ct heidecianigenstiaaid pustcebs ulisp®seld tde in landfills,

vaporator. Coking is, caused b racki ng of the
FARRET BomsSob! p el gP TR b dn S DT iag groblens.
Biek sHAb ey, 0GSHAS owhernydier 41D es @t HhesOmdisRl 0hddi Bo go

the feed streamrises above 3000C . However, such an
thveposiat an hdditdobalclségpe®fr ethdvaraddiinon hte sgmove any

R S Rl T v calor ol or
Stabiééég'anqnhp re%%%e reggtiViégLégfined through an
évaporatioﬁ/distillation process using thin—film
evaporators. However, such an evaporatbr is susceptible to
coking effects that can foul the mechanisms and.  process
units of the evaporator. Coking is caused by crackihg of
the hydrocarbons as a result of contaminants in used oil
and usually occurs when the temperature of used oil in the
feed stream rises above 300°C. However, such an evaporator

has to be cleaned regularly and this .can result in

substantial downtime.

Used o0il can undergo hydrotreatment processes to

improve color, color stability and to reduce reactivity of

lubricating oil. .During hydrdtreatment, a number of
reactions occur such as sulphur removal, nitrogen removal
and hydrogenation of colour bodies, olefins and aromatics. 
These reactions remove undesirable components and result
in improved quality of treated oil. However, excessive
contact time or temperature will cause coking and the

coked catalyst will have to undergo additional treatment

2
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| ubricating oil. During hydrotreatnent, a nunber of

reacti ons occur such as sul phur renoval, nitrogen
wo 20wMaiisand hydrogenati on of col our bodies, oPef/BGH07/000270

and aromatics. These reactions renove undesirable
stepponkeitsrand reaswill .i N Fumheted rgyal itheref tiragat @k the

oi | . However, excessive contact tinme or tenperature
PASPEPELLEY cERRhg 9RBCPHE cB¥eRredbGFystSHFl | dmavdidrogen
sHTHﬁEQQ~agﬂat'Qﬂﬁbniéea%QEQEStﬁ§§ bgfor ee1848Y@! -into the
~Furthernore, there may be the poSsibility that gaseous
epyippodents ddchaas Uepdr ogen At@idaiecaind ehemfea occurs.
M3PEETIRY (Re Rl eased IO, the gnvir eanent LLa3 hgak, pe

FEQURT dehf's HAERSe BESG r 63V Foothe ﬁ?ocess Y

ctpirb8edseadud 0 tior egheusesti Did mayuke corr aded dnemi®al by-
the acidic nature of the chem cal by products. Another
PEeEREESto re-refine used oil is a two-step process

i nvol ving a nmenbrane step to renove ash and an
adsoﬁp?tgﬁrstﬂeﬁrﬁh@ r efove dEifdme andeddedd. Thi§ two-step
pHBLACY SUJSrs:dg o Lhgudaadvapbaoe: of BAYLRD dh T§h¥ an
~on a twostep unit operation to rehove both col or
adsatptioantstegndtaoreralver cohdani rart soddiner e Thisa method
need to _provide a used oil recoyer rocess that
SB?E?ESn&P"‘or&ft 9 valHe9or e]%iz"gﬂ% 5P FEL¥ G Ehdwo-
sfbpadwant agrs- fAess! i edrahove. pbtnweidd D& Ataminants and
advantage if enbodi ments di scl osed herein provide a
npnoceserf gpntempuanygsbot h col or contami nants and

non-col or contam nants in a single unit operation.
SummBthgre is a need to provide a used oil recovery

process that overcomes, or at least ameliorates, one or
more of the disadvantages described above. ,
It would. be an advantage if embodiments disclosed

herein provide a process for removing Dboth color

contaminants and non-color contaminants in a single unit

operation.

Summary

According to -a first aspect, there is provided a
‘process for removing color contaminants and non-color
contaminants from oil comprising the step of passing an
oil feed through a permeable transition metal oxide
membrane, wherein said oil that has paséed through said
transition metal oxide membrane has less color
contaminants and non-color contaminants relative to said
oil feed.

Advantageously, the transition metal oxide membrane

is selected to allow removal of both color contaminants
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According to a first aspect, there is provided a

process for renoving col or contam nants and non-col or
wa@onsamiisants fromoil conprising the step of PeESGY7/000270

an oil feed through a perneable transition netal oxide .
amenbnanecohber econsamdnentt st héitomasophssiad tehr eliglgle unit

said transition nmetal oxide nenbrane has |ess col or
OP§RPAN Rant s and non-col or contaminants relative to

said_oil feed. Advantageously, the trgnswl on netal

oxi dBCHERSR% FQ SelSeGAH 1258 Fow FBREFaliDfPEBYHded use

020l P o ELRE 8B BaRLSRAT QN 01%9510%&&@@ '?r@?ﬁl:?rafr{é)nig' lremove
inasingleunit operation. According to a second

caépectandher@wcso)mmvuqmian@elaﬁtsa yiepmea@ile, the process
transi tll on gﬁt al nbranento rempye c ocg acr}lrou h a
RBK-ESHOF ¢ ?an?%%%t 011”9 t AE pr ocess” g
p@Qﬂi@ﬁlb&Iengtf&lﬁsﬁtﬁﬁnOfmeﬁﬁéSBI R idle Onémbeefle} hriiein said
perneabl e transition nmetal oxide, nenbrane, wherein
oddi dthAt RSt W%s%‘&%@ou@%@aﬁ&aﬁlﬁéﬁépﬁ gre Rl groxide

mQEBQQnEpnbﬁ§§e ﬁ%%sleS@of?forc%ﬁﬁ%ﬁﬂh%§QOIl@?@id non-color

non-col or contam nants relative to sal
chatemdnagtiso re lieltiive: dspeatid tdidr édegd.provi ded an oi |
made _in a

o | PERBLAIABAR fy WOS LORTaM nBRPES bl RERVEGFAr a0 o1l

m&oet arm néntpﬁrdcfé's@lg&‘oxﬂpﬁﬁéﬂﬁémt%et ransh t ben g®isAing an oil
oxi de nmenbrane, wherein said oil that has passed
ferbouglFosdiad timghsi t$QFO Fret aFoBkABANARRBr ananflas NE&scolor

C%glt%gﬁlg\%%.}t%mf ggg&ﬁgﬁ”da N GRP1 LOPLAALRRRLE RlAlT VBxide
membrane, wherein said o0il that has passed through said
transition metal oxide membrane hés‘ less color
contaminants euﬁi non-color contaminants relative to said
oil feed.
» In one embodiment, there is provided a process for -
treating used oil comprising the steps of:

(a) providing a permeable transition metal oxide

membrane;

(b) providing a high pressure side on one side of said
permeable transition metal oxide membrane, which is
at a higher pressure relative to a low pressure

side, opposite to said high pressure side; and

(c) introducing used oil to said high pressure side to
allow part of said used oil to pass through said
transition metal oxide membrane and thereby form an
0il permeate on said low pressure side, wherein
said o0il permeate has less contaminants relative to

said used oil.
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In one enbodi nent, there is provided a process for
treating used oil conprising the steps of: (a)

w@e@siosliltey a perneable transition netal oxide PENRGZNZ)00270

t

(b) providing a high pressure side on one side of said
per néabland r ambotdinannpt alhewea désnmpdoaintsd wai gdraocesst for

a higher Ergssu e relative tg a IEM/pre sure side,
56p6<Pet69s8ld RPGRT preBGurBes PEEPSaRE *(c)

i nthHodysidnrg disefl ohl e sRidbi ghtPaASSHABNS! dRttll.  oxide
allow part of said used oil to pass through said -

t ransi Me@PIAed oxi de nenbrane and thereby form an

oil permeate on said | ow pressure side, wherein said »
oi {b)permmatialitas 4 eBtgkopramsnast sidel am ang osd dof said
used oil_.ln e enpodinent, there is.provided a . .
o ocesEsgI A T A, O RS e afeovich is
(a) proew danthiggher npabkeutreansélioivaetal 8Xildsy pressure
menbrane; (b) providing a high pressure side on one -

si de ofSidg.d qRAREEL &£ r%ﬁw’s‘?thkﬁ\h REQFSe5E geide;
menbrane, which is at a higher pressure relative to a

| ol )pr eigsinadugidey afseki od it o fo@idd witgieapy esour 6aid high
side; ( ' odyei,ng ,use il f st.ream.i Ld s

hi gh p é%§%$%&§iggd?otgil%%?%grﬁgggzsé%d%%gég g?kgténj' to
pass t lpaghtsabdghr aadid | tramet @l ovXinde alediiade aatbrane
thereby forman il perneate on said | ow pressure

si de, Vit eitﬁle_srﬁk?y oiﬁorﬁbr RPat &idas PEEES2ESNt 2R nsALE  low
rel ati v d0,5al dsyged Qhlerein said oil permeate has less

contaminants relative to said used o0il;

(d) removing used oil that has not passed thrdUgh said
transition metal oxide membrane from said high

pressure side in an o0il retentate;

(e} returning part of said oil retentate back to said
used o0il feed stream at said high pressure side;

and

(f) repeating said steps (d) and (e) until a selected
recovery rate of said oil permeate. from said used

0il feed stream is achieved.

Definitions

The following words and terms used herein shall have

the meaning indicated:

The term “o0il” as used herein is meant to include all

kinds of chemical or biological synthetic and mineral oil

including crude oil, lubricating o0il and fuel o0il for a

combustion engine, turbine engine, generator and heater,

hydraulic transfer oil, edible o0il and the like.
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(d) renoving used oil that has not passed through said
transition netal oxide nenbrane from said high

w@e@s®sie7 side in an oil retentate; (e) returnPELSEZNNT/000270
of said oil retentate back to said used oil feed
Sstredimeattesan d " hsghh phédssurse 5o dbep damd e(fpretepedtromdly to

.salLd st d d ti,l a sel ected recovery rat
iBE185Ra B St nbet Chrbhransa RIST G AP b s non-
c8¢Bire veeht aRafatitld Qﬂﬁcﬂﬂ%afri)'k!éw&@glé!@éﬂsp@,ﬁ@'l Ef8foved to

used herein shall have the neaning indicated: The term
regeperaéeysethher edinl i saﬂéiantpﬁémi’ﬁcl udes al [rekiuggs of Color

LGakhn@t Qi
C?ﬂgg}“g,ﬁﬁa%cr% (% ol %ael | ca ﬁ%s;e gﬂpfl @%ﬁéuel 8£LFO%Oratlon
o - cambustilonamehgiinel utiel biter eageneotgehenat ed a:m:i, carbon
heat er, q{draullc t ansfer oil, edible oil and th
rFﬁRS‘u?h "rml“suﬁd i Propucto 9fe FHFer‘iSF‘%%"e?beaEF?CQSS'
mEQa'ln(b'}diQfesa%éH lag hatoroBLRHAS (GQ PuRONtAA N@EGSaded or
and noncol or contam nants which can be at |east partly
oraddbved tar geagen erdd et 1ves obrea@nt pénnithe tasike- u§en-color
lLor .co amnnts ethsethtcuse r, Aronot e

A A ot Theb i I SR GOFREr A8 Ot Yares nppCLude any
nbhrbtied compeaehas,r esullle tdmt ¢dnpordnty ookmic}of m@y be
conbustion process, netal oxides such as iron ox

PE?éePGstl}“ &he d’églraaa%dﬂbrprcﬁélﬂ%tz%oo%rbta?n‘és%dd"f”t“iiv‘églch do

nBEesEfedin thE Q:'o!lorl\b@fcgr\@r S9Nt aﬁ&Pa%&%mgﬁ% tQfiere the

interpreted broadly to include any non-oil components,
useck fagheomponerst sitd ofomaystheon engine, the products may

- be ash, solid particulates, debris; metal particles, water

and compounds that «can also -cause odor. Exemplary
contaminants include metal particles due to wear or
corrosion of engines, anti-wear additives, water from
engines and storage vessels, dissolved gasoline and gas-
-oil, solvents, aromatics and cleaning fluids, external
dust, sediments consisting of carbonaceous particles
resulting from combustion of motor fuels, polymeric
additives for viscosity improvement- or sludge dispersion,
lead from gasoline and anti-knock additives, anti-oxidant
and detergent dlsper51ng additives. In one embodiment,
the main non-color contaminants are ash. In some
embodiments, the used o0il is an uneven product of oil
collected from several sourceep

The terms “retentate” and “oil retentate” as used

- herein, refer to _oil that has not passed through a

transition metal oxide membrane in a transition metal
oxide membrane module. For example, in a process having
multiple transition metal oxide membranes in series fluid

flow, the o0il retentate may be o0il that never passed

6
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present in the oil as by-products of its use, and

whi ch do not affect the color of the oil. For exanple,
wob@s®e3tibe use of the oil is in a conbustion erPgi/e62007/000270

the products may be ash, solid particul ates, debris,
thebaghpard i cteanswalien antetconpoovrdset haientarared SOof  any

cause. odor. nplar¥ contam nants | ncl ude net al

thaprettiaes H‘ﬁ% 0 € oReEBFRBSi JIP WY Serfyi né§, may include

o@ticyear il aesd Walh8oddroM.engi-nasi 8REnSIALBIE oxide
vessel s, dissolved gasoline and gasoil, solvents,

mambnanecsvfandnclmnﬂym Girdssi&xper n@ﬁtajbspmde membrane

di ne sisting of .carbona equs, art .
8 %?t Bn ?lggm ct(,)c %S tlonoi‘mem)at GP poﬁanneer Ochle in

waddhtnteSSbecatéQOS|ty |nprovenent or sludge
~dirspersion, lead fromgasoline and anti-knock
addi TR eS e TBN{ TeSenedt oshP Het et Behuder spRYsiodd in which

cBHHLLE ¥88ts! MadRe bR iRRted NS MBLBANYN- V@1 that the
contam nants are ash. |In some enbodi nents, the used

oolllsscapabﬁeveﬁ ¢mudu;treﬁu$ﬁd,csm¢bcaedoﬁ&oﬁpsevem%uas a
1 gurges N ﬁgu %1 ngate and "oil retentate" as
S ﬁ%Fefﬂ r%? to' 81"l *PH4Phas not passed through

a tfaﬁ$é§sorbp'@iﬁf1éﬁ(l R HERIsle ithed t&aASI 11&@mprising”

et al oxi de nenbrane nodul e. For_ exanple, in a process
apdvi i QOWBF%$%1e t@%%5|$¥@mmﬂ%%%@10xV@él%%ﬁ%ra#h%#@¢ﬁr are

iﬁ@éhgédfkg'% e (%6%én£egﬁnmﬁh%16§¥vge % I#§%§$ such

never passedthroug transitron nmetal oxide
th&tanyhbwanmﬂnhmdanﬁféCIMEme ataleans nbdbl e adrsd t permit
ncl-ud [

HEtap oni GE Aestbh e bt uRPesEtreartERaRERt on retal
oxi dRs MpERaNM: Y| ecat teeh adHANRSI LI o FREAlcAR of
menbrane nodule in
concentrations = of components of the formulations,
typically meaﬁs +/- 5% of the stated value, more typically
+/- 4% of the stated value, more typically +/- 3% of the
stafed value, more typically, +/- 2% of the stated value,
even more typically +/- 1% of the stated value, and even
more typically +/- 0.5% of the stated value.

' Throughout this disclosure, certain embodiments may
be disclosed in'a range_format; It should be understood
that- the deséription -in- range format 'is merely for
conveniénce and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have speqifically disclosed all the possible
sub-ranges as'well as- individual numerical values within
that range. For example, description of a range such as
from 1 to 6 should be considered to have specifically

disclosed sub-ranges such as from 1 to 3, from 1 to 4,

from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
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which it is located. The term"regenerated oil"
i ncludes any oil in which contam nants have been

Wo ewsWadst o such a level that the oil is capabPer/s62007/000270

bei ng re-used, such as oil for use as a lubricant in a
@%n‘d@ﬁs]tl o@%n@%vmaéssnwb@rﬁl edihher wikat trange, for
ri,si n c rkse ng X
%gé he?éo?ﬁ é?eq?ntéﬂge% t%h%gprgg ?gﬁgpé%mdgﬁss ot

th@cbusa&eh banghageasgeh that they include recited

el enents but also permt inclusion of additional,

unrecited el ements. As used herein, the term "about"

i n the cont eyl sefi csaRee B @b'tQBﬁan E£GOBReReALs of the
formul ations, typically nmeans +/- 5% of the stated ,

val ueExmpbarypl cehHyimitingo @fnbphlen@naSed)ﬁ/aa upromese for

i cal +/; 3% of the. stated g ue, pi I
EIROSRGY Ghlony et R TRt Sy Al o Fro st o P Hiipant s
will heowtlsed edi yal deed anthevierod@s £ dopp£iddy t"hie e &Yoof:
of the stated val ue. Throughout this disclosure,
cert al®) enPehisid®t s ARy & |SE?%%edtPﬁ°§9PanQé permeable

{P;Sx'i@itléﬁ ﬁ@@&hdoﬁdénﬂ@ﬂ@kggg thAb LS d836" bRY! @Rat has

In range format is nere or conveni ence and brevity
pmdse@OMhiwmmlbeacdnsnﬁuedUmpmnmetdlemﬂﬂd@ membrane has
;Iﬁltatl on the scope t he |sclosed anges

Cedr di Ty}, t @&ﬁq%ﬁlon Pda rHGERNBUI o Geataminants

£81Nst ek ebt ®9abaveispeseédical ly dlsclosed all the
possi bl e sub-ranges as well as individual nunerica
val ueEn wiorlsi nerhadirgnfe. ther RXawpFe, COBPEAiSSS ohhef steps
ﬁfrange such as from1l to 6 should be considered to
ave specifically
(a) providing a permeable transition metal oxide

membrane;

(d) providing a high pressure side on one side of said
permeable transition metal oxide membrane, whiqh is
at a higher pressure relative to a low pressure

side, opposite to said high pressure side; and

(b) introducing used o0il to said high pressure side to
allow part of said used o0il to pass through said
transition metal oxide membrane and thereby form an
oil permeate on said low pressure side, wherein
said o0il permeate has less contaminants relative to

said used oil.

Advantageously, the process does not require the use
of an adsorbent to remove color contaminants.
Accordingly, the process may exclude the step of

contacting the oil permeate with an adsorbent.
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di scl osed sub-ranges such as froml to 3, from1l to 4
, fromlto5, from2to 4, from2to 6, from3 to

W@ 2®8030185 wel |l as individual nunbers w thin tPex/SG2007/000270

range, for exanple, 1, 2 3,4, 5, and 6 . This

apM|?hﬁrégandiésenomethé MNaﬂﬁthmbxamﬁrmmgebe comprised
scl gsure_of t|on adi S

Or[%ongle%?us menlgod rrent§ é”ngtrr}bc%sEgr #y%vf“ﬁﬁal oxide

dnﬁﬁmn@ontan1nants and non-col or contan1nants will now

-be disclosed. The process conprises the step of: (a

passiThf ahT8NpPiféel Metadghoh ﬁé#ﬁe&HQ?%%Qﬂ%ﬂtm%ha oxide
ei il
throug’ﬂg(sgﬁfggag%%%%{@n%ta OXi gh% ﬂ% g% hﬁosmﬁl esiﬁjg of

gmitm ddﬁ:tmm gamxp abdBhorngrcwipr Vihnt gmongnt ¥IBel at iMe one
said ail I n one. enbodlngﬂt t he, praocess
YA

T 1 hé? ?tebﬁa%?lt%%‘ P i fgYa Ber febium  (T1),

ztlrmi[m@n(m abr ad e yeny@ane; (d) providing a high
pressure side on one side. of said perneable transition
met alIbxidde nembediBenihi chhes hraRshi yper I?ﬁ"e%%ur%lde is

38l A e ggéae' ow geﬁiysslagd%anop&%g{e ?\ R Jehgn one

pressure si (b) I'ntroducing used oi
dﬁkﬁnqﬂ&ﬁﬁmte,stdeahmumlbawdpambyﬁbsatﬂtaﬁbdmowEIo00x1de,

A B G0l B TR T en
ST iR e 'ﬂhéa|@r£i§1tp%rﬂeﬁ%%allasoiﬁ§é qenteMAHER  (1V)

relative to said used oil

oxide selected from the group consisting of anatase

titanium (IV) oxide, rutile titanium (IV) oxide, brookite

titanium (IV) oxideAand mixtures thereof.

The transition metal oxides used may advantageously
be of ultrapure quality and allow for sintering at a
temperaturé below the melting point of the porous metal
substrate used to form the membrane which may ha%e a very
narrow pore size distribution. This narrow pore size
distribution may ensure that- certain particles in the
treated stream do not pass through the membrane.

The porous metal substrate may. be comprised of
stainless steel. The stainless steel used may be selected
from the 300 series as graded by the AISI. In one
embodiment, the stainless steel used is of type 316L.

The membrane may be made by impregnating dry porous
metal substrate with transition metal oxide particles and
sintering the transition metal oxide particles together by
heéting. The temperature used for sintering should be high’
enough for the transition metal oxide particles to form an
integral structure within the pores of the metal

substrate.
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Advant ageously, the process does not require the use
of an adsorbent to renove col or contam nants.
waewsnsiiteyl y, the process may exclude the stepPCf/$SG2007/000270
contacting the oil perneate with an adsorbent. The
t ransfdr onimahdumoxi oe) mesdirdene ﬂhy bsaLrCtCéming‘pe(ieﬁfpea:ature :
orous netal substrate with a tra tol on_net al oxide

at]?‘?}gfr%eak?‘?‘éﬁs?w 6:n GOy YEt r Rs PREo FMPRCH men

1 deeMBabL BREe MRU P& S ef L6 eSpbheM bBB°@r @HP about 1200°C.
consi sting of group I11B, group |IVB, group VB, group

TWeB. swt@mnegrb@mnmnmayt hbetrénsmtumptmtaﬂ» rtmy k;aebout 50
t|t ni um { Ti rconi um ( fniu
Hstodmone FHRSTPLHE { oo Dkt APCELHGL Eid, rplnpgtrom
dpdute. 188 ot aabvitCcanoexmshutds rmre Hwipleney ValetieRls of
state, titaniumoxide nmay be titanium (1]), oxide
qnqaémriﬂn%mwbéﬁnaem@fiu et @fcurdigohessd de Y5 Bagsent No.

,rtggdi's"%ﬂt ug heddaisi ijpn netels, axigde 'n%it'dsaméér@ent No.
('l oxi de sel ected fromthe ‘grodp consisting of
@GS, t awhioh (| ¥reoxiideonparalttedt i treriaeim (I1My way of
oe#ede brooki te titanium (1V) oxide and m xtures

©The transition netal oxides used may

advanltre@e@@§uyt£>ﬁt OhettbiraaBU R v Usdvd Yn@msl-d 2o ber micro-
sintering at a tenperature bel ow the nelting point of

FiePopoies mefdl shstmedingy t Bhe osAzeh@ e aperes of
%&h mIRY r AAYE kY ehY¥ g.srew P& Rl 28 disghid td OProm the

S narrow pore 'size tri Ut I om may ensure t

Rl Fopa $t £ n%SofnabBQtt eaioad &t reansounob . magﬁl, about
t hrough t he nmenbrane. The porous netal substrate may
GhaoTongni sedabout 0.1 pm, about 0.01 pm to about 0.1 pm,

about 0.05 pm to about 0.1 pm, about 0.001 pm to about
0.05 pm, about 0.001 pum to about 0.01 um and about 0.001
'um to about 0.005 pm. In one embodiment, the pore size of
said membrane is in the range of about 0.002 pum to about

0.01 pm.

The water contact angle. of said membrane may be
between about 30° and about 44° indicating a highly
hydrophilic surface. The highly hydrophilic surface may’
aid in substantially preventing fouiing that may be caused
by non-polarity matters. Thefefore, this may result in
substantial removal of colour. .

In one embodiment, the membrane module may have a
tubular structure. The tube diameter of said transition
metal oxide membrane module may be in the range selected
from the group consisting of about 0.01 inch to about 1.0
inch, about 0.2 inch to about 1.0 inch, about 0.4 inch to
about 1.0 inch, about 0.6 inch to about 1.0 inch, about
0.8 inch to about 1.0 inch, about 0.01 inch to about 0.8
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stainless steel. The stainless steel used may be
sel ected fromthe 300 series as graded by the AISI. In

wop@sessdi nent, the stainless steel used is OPCT/§EE07/000270

316L. The nmenbrane may be nmade by inpregnating. dry _
ipehgusabmital 0 stbstihahe tw tdbduangi. 6i dmdamgt ahboxt de 01 inch
particles and siptering the traniltl on nmetal oxid

arttWtesCt bgdPhRBr A HRRYNhgY elfl&]ﬁ‘pé'roat%l?‘éuﬁsgdz inch.

Ifnoror§é NERbbAImEROY! dnle fidh &PoHE et Ohalhed I #RSLhEORange
netal oxide particles to forman integral structure .

o tallnqmtt WeZ@ort@s apouthd -ét alncdubstrate. For titani um

(1V) e S|nter|n epper at be.fro
SbouPTo00E tH HAE SIH00 S AR FE8 EhE BBk migRe < Brgnsition
rieIa1e foadildree n[&)brflﬁlé‘rGiﬂeﬁQ@ﬂésé@ﬁ@OﬁotBeabppllléaOQ@S} be in

-The sintering tine nmay be from about 5 to about 50

thiendegge (af ot Rl TR, thPeISPHPeFPRELFEABINRY BlouUt 3
HAaM 850UlookR t 95 abguits 20,50yt 65. pEXeTplar pBRLNOSS pars,

of creating a menbrane nodule are disclosed in
aPatentl Nda6s 309, S46utS2Paberrts , Nabol 1888, 111axandoUSbout 25

Patent No., 6,432, 308, .whic c orated herein b
K of 2P Aiebathe s aPPaRt FenBraRe Myohave Pats to

bR D2 &A1Y, NHERASI ZGshPOr €S . abBueNesephed Mbbutt Bebars

size of the pores of said nmenbrane may be in the range

tef abgudctd e and gbeup éomrﬁutr@ Frowhodt bergel1in one

5
FEHAERE" che SieofFe!e oAl TN GAgeled Sl of che
p@:rinerarhale atboart s Dt DO meaatiad admﬂdieOn%tbmane abayt ODd the
t. 0.01. mm and about Q.0 1 mnto about 0. 005

rﬁﬁ’lge Ioz:fb Quén‘éoa’%tt o Yore

When passing used oil through the nembréne, color-
contaminants that are present in the used oil may come

from two types of sources that may be removed by the

menmbrane. The first colour source may be from carbon

residues that may be present as very fine particles and
the second color source may be from degraded organic
additives and metal oxides. = Without being bound by
theory, carbon particles may not pass through the membrane
as they may be bigger than the cut-off pore size of the
membrane and this may ensure their removal from the used
oil. Degraded organic additives and metal oxides may be
adsorbed on the fine non-polar particles, such as fine
gum, wax droplets, copolyme;ized degraded additives, that
may be present in the used o0il stream and may come out
with the 011 retentate such that they may not be present
in the oil permeate '

Used 0il may be introduced to said high pressure side
of permeable transition metal oxide membrane at a

temperature in the range of selected from the group
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said menbrane is in the range of about 0.002 mmto
about 0.01 mm. The water contact angle of said
wWorous0z01e7 may be bet ween about 30 and about 44PCT/SG2007/000270
indicating a highly hydrophlllc surface. The highly
¢ues bphing c ofur fhevtne30°& dton akdst afO08C) y about  50°C  to

mﬁ(gntgo érég&&t?ﬁboga)&o N aﬁe%otb\ecnon ol ar'1t5¥)°c o

ers ore, I's may res bst ATt &l
ammwalso@Pccolahtsut | rooPe embodborbt ,30d0%e, Tess@nNe 250°C to
have a tubul ar structure. The tube di anet er

%tfo%fal %IOQ GnsARPh AR ialt DARR et Sne ARSHA 3Gnsy tse about

e r I o
Ayt gt Pl iinn 5o aEorsyst g loye 100

adutabiowt | ROTC aboutalgout i iiCto &boudnd. Oamlrmdu,ment the

e S rSh \Bgmie P 85D, 8 P HRERe! B abous

sdroutt O a@;bumclhaa"g,about 0.6 inch, about 0.01 inch to
about 0.4 inch and about 0.01 inch to about 0.2 inch. ,
In on']‘eh% nb6&idreht OV t ke teupef dusest eplhmy Beoduagee to said

pr essmg)r e 5%?%;& 09181@ ‘o aﬁ%l%qe%ba% | Bfnsit bR ’né‘ggl oxide:

the per e transition netal
magnhr ane, mhlge lqser essutdet acdrggappki e;@hmyceble f torh h(ahe group

f I d t h con ng of about 3
L oiogouf 3808k & "YBodt SATS T Bibou: absipags /s to
aamw; 10 Rpss beoakout s hay sabsbouto lm/bar §bbeta*601rﬁ/s to

25 bars, about 20 bars to about 25 bars, about 3 bars
akpuhol® DOShar®oUshEUT/F Bar RR@tabbdtmis, babeutaBoays to

Bt sp! qaboupdf bar 5 /8Nd A, 3 BaLS <0 AR P n/s o

the pressure at thé
Psasisure si/de ahdt hﬂ)out 1 m/s to about 2 m/s In one

embodiment, the feed flow rate may be in the range of
about 2 m/s to about 6 m/s.

Under such conditions, due to the relatively high
linear velocity of the used oil feed stream that may be
introduced into the membrane module, a turbulent flow may
be created in the feed stream and may result  in the
prevention, or at least the inhibition, of fouling. Due
to the high linear velocity, high flux may be generated
such tl-lat‘ it is in the range of selected from the group
consisting of about 5 L/m?’/h to about 25 L/m?/h, about 10
L/m’/h to about 25 L/m’/h, about 15 L/m*/h to about 25
L/m’/h, about 20 L/m?/h to about 25 L/m?/h, about 5 L/m?/h
to about 20 L/m?*/h, about 5 L/m?/h to about 15 L/m?/h, and
about 5 L/m?/h to about 10 L/m?’/h. 1In one embodiment, the
feed oil flux may be in the range of about 12 L/m?/h to
about 20 L/m?/h.

Moreover, the feed o0il viscosity, at 40°C, may be in

the range of selected from the group consisting of about
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pernmeabl e transition netal oxide nmenbrane may be in

the range of about 4 bars to about 15 bars. Wen
w@amsiosigsused oil through the nmenbrane, PCT/SG2007/000270

col orcontam nants that are present in the used oil may

2onest r oo tabutty EE0 oﬁssourabemtthm oay he reasmvied20¢ cSt,

t he ms rane. The first_colour so

¢
EYont? eSPHUES AR TP beCPFesd u&sr@ér‘iﬁetfi{l%?mabOUt 200

g ti ghestandd heseeaqndapeher seuir %%t"ayaﬂi&nfr%b cSt to
de graded organi ¢ additives and netal oxides. Wthout

dimiutg HNUndSby ebevty,ldhrodh par tbougs 2y ¢dt, pabsut 160
oggp he rreE’Béa &@as L Y, Mayg be %tggéer than thfoo cst,

ore sfz 'he Renbr ane” and t hi s nay ensu

afmﬁiﬁ rzemesal Hs oapbhe uskedest|. abegradedl esganicc about 60
-addi ti ves and netal oxides rm%; be adsorbed on the fine
[

Gidn- RPAE paPt Fetedo ARMEsBPi FEtguAPANEx 4t opPlet 8O about
Qﬂpo&gﬁmr Leedrdegy aded addifdigs. 13hatspay a%%uf%r ef(?nESt to

in the Uused oil stream and may cone out with the oil
aetent i ® stich abautt Ay c¥dy teotabymutpres@nt St nandeabolit 20

Rerneate e i y be_introduced to sajd high s
B aERr Evotie b0 psPuant aht i | ERBRUABERF oide feed ol
VIRJHY SRy atay@ Beeraialr fahdet 6€ £BOGE 20 &8teebedbout 150

fromthe groupconsisting of about 300C to about 3000C
cStasdutdBB6C t o about 3000C , about 1000C to about

2000 e 58 SRR AN, S0P s o
mayEﬁmnunZBBQCrangbowEIHMﬂéd(ffﬂmnmhéO@ﬁﬁhp abortisting of
3005, URyB00s 2500Capyabott 00 L o b A0DOE g oo,
e npss @t ubes P_f abbatusery otb HBYube 993 ,t hddng®09f to about
ggg?nabout 95% to about 99%, about 70% to about 95%, about
70% to about 90%, about 70% to about 85%, about 70%'to
about 80% and about 70% to about 75%. In one embodiment,
the perceﬁtage of contaminants removed from used oil may
be greater than about 85%.

In one embodimeﬁt, the . amount of carbon residue in
the product oil may be reduced by about 90% as compared to
that in the feed oil.

In another embodiment, the amount of heavy metals in
the product oil may be reduced by about 90% as compared to
that in the used oil.

In a further embodiment, the ASTM color drade of the
product 0il may be less than'5 as compared to that of the
feed o0il, wherein the color may be at least 8.

The membrane module may be made by welding the parts
of the module together such that no sealing material is

present in the module. By welding the membrane module

together, the module may be able to handle high vibrations
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800C to about 1500C . The feed flow rate of used oil
i ntroduced to said high pressure side of perneable

wo ea@n®stison netal oxi de nmenbrane may be in t hePeEsgBOTH00270
- selected fromthe group consisting of about 1 m's to

thaut may nbps, cabmad 2byl hitgh abbow I@twss, dabouibddmabove.

o about 10 m about 6 m's, to about 10 MS
hoeE0t o T 1Eher Seiant sroraRd ipdo: Be  mele abptr the
éaﬂésmh@eaﬁamtd%Tﬁﬁb abRbtades] sthasab@iyf dnshseaRflat the
about 1 nis to about 2 nis. In one enbodi nent, the
m@é@réﬂm%wwl&%ylawe ba takle aftge withpbandy’ Ihmhtdthermal

? 6 m's. Under such conditions, due to the
relatively high linear velocity of the used oil feed
stream that may be introduced into the nenbrane

modul e, a turbul ent f OM/nB be cgﬁﬁied in the feed
stream and may E%ﬁﬁt ?ﬁFﬁ TP HSHAES at | east

t he ifﬁébi&&@Bm?Qﬁyiﬁ§|'89aw5ﬁ§st01§mﬁshtgﬂe|'%eaﬂlsclosed
velocity, high flux may be generated such that it is

@hb@%@nﬁnaﬁg@rﬁ# selrget elof rotnkaiar gitbgp ponBriplag off the

S0RVc ! BB 425 B B0 B e,

dhbaut 2hd/ midawingaboutr2b LdeRignedboutob L/gifgodes  of
aﬁbut 20 L/ n2/h, about 5 L/n2/h to about 15 L/n2/h,
SRS LPRBYR POtk 39 B/ @Bt gheot the limits

shbodi redent hsnfeed oil flux may be in the range of
about 12 L/nR/h to about 20 L/ nR/h. Moreover, the f eed

O | vipgositys gt BRy1 06 hiabben AR08
selecté% f¥om t eséggﬁ%téons%stlnga%Fggb%gt &St process
Bboutre00iogt ,cabvuinktcsSt f tan abset ZﬁﬂLcﬁs;ng tran51tlon

metal oxide membrane modules;

Fig. 1A 1is a schematic cross-sectional view of a
tubular membrane used in the transition metal oxide

membrane modules of Fig. 1; and

Fig. 2 1is a schematic flow diagram of a second

process for removing contaminants from used oil.

Disclosure of Detailed Embodiment

Fig. 1 shows an overall process 100 which consists of
four transition metal oxide membrane modules (9,10,11,12)
which each éomprise a tubular-shaped membrane 200 as shown
in Fig. 1A.

Referring to Fig. 1A, the tubular-shaped membrahe 200
consists of-a tubular-shaped permeable membrane inner wall
202 made of titanium (IV) oxide particles surrounding a
porous. 316L stainless steel tubular substrafe. The

tubular-shaped permeable membrane inner wall 202 is
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about 60 cSt to about 200 cSt, about 80 cSt to about
200 cSt, about 100 cSt to about 200 cSt, about 120 cSt

W 0008080187 200 ¢cSt, about 140 cSt to about 200 BCSt/SG2007/000270

about 160 cSt to about 200 cSt, about 180 cSt to about
Arafidedbait 2 cYuter akQiBuY CSasidou204Q cSt At Ohigh
about 60 cSt, about 20 cSt to about 80 cSt, about 20
RESSSWrabddt 1ednEstnedpot Shecsperpeabbat MMPEGe inner
ut t : s : t

A R B A S T
arizadi velpt ] at heabéed @i04.vi sbosity mep,beised tdiel r Angesses
of abqut 40 cSt to about,150 ¢St at 400C . The '
P emaddt @t RERE AT hafit er8ﬁ0\%5‘8 FFgHE%éaESPFdn’é‘ﬁmbra“e
dp 4k tdow seregt 2tof r oAt BRegLOEA 69‘2']!38&5589 ehrough
about 70%to about 99% about 75%to about 99% about )
Ho tenabburfodhe appireBshs t Berbsaneodyreaboirl 90820 oil

bsPRtghoihtoile ghov s£oihatban. it alpio o

tdbouhembtahe phokes8Ghmndytabohie BYetro Abniitar758asimg 204
one_enbodi rren{, t he gercenta e of contam nants re ,ged 0i1l

R R R of ! rRFTBRAT Bt PR AR a’BBYﬁ? %swrmwo
ﬁ@gﬁéf@f&eé henafodRy @fbtcaydon i}?ﬁé@%&? tRetBBter tubular
u

product oil may be reduced by about 90% as conpared to
qgdwitng kQhevikbbdooi ¢jechednbromr thabothaensideheforming an

unt, of. heavy netals in the.product ojl, may be
_ o%.rﬁP retdeorbtyar%%outtr as srhown. kg\a a%ror(%vha 14.

reduce a Yo ds “conpar I'n the used
oi | . Refexrfitig hagaaaboeh namnitg. t he ASTMsea ofotsadeiaf feed

sttreeam 1 is fed via pump 2 to a pre-filter 3 to remove
bﬁlky contaminants (ie more than 0.lpm) before 'entering
into'h'oldir'lg' tank 4 where it 1is heated to improve the
flowability of the o0il by making less viscous. The heated
oil then passes through gate valve 5 and is pumped via
pump'6 to either of two parallel streams (50,;5‘2) tﬁat
respectively have transition metal oxide membrane module
pair (11,12) and (9,10), reépectively via valves 8 and 7.
Hence, wvalve 7 controls the used oil flow to membrane
module pair (9,10) while wvalve 8 controls the used oil
flow to membrane module pair (11,12).

The two parallel streams (50,52) allow for one stream
to be used while the other stream is being cleaned (see
below) or is shut-down for rﬁaintenance. Hence the parallel
streams (50,52) minimize disruption and down-time to the
used oil recovery process 100.

The heated oil enters into the high pressure side of
the transition metal membranes 200 of each of the membrane
modules (9,11). The high pressure side is about 4 bars to

15 bars to force oil through the pores of the permeable
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product oil may be less than 5 as conpared to that of

the feed oil, wherein the color nay be at |east 8 .
wab@sosmkRT ane nodul e may be made by wel di ng t hECP&G20©7/000270

of the nodul e together such that no sealing materi al

hemipr&sentinnert heabd@02. By Daed dtag tiHee pembr aseze of the

rmdule oget her, the, nodul e y be able to ndle [
GRue boTRAbLRgy bevbstisBa by 4in (ol «iipste 081 wm
éir?éCth@eﬂoﬁbﬁafarh@yeeﬁVthea%ltt%%ﬂﬁﬂb(ﬁ e cQQP&é NSk fBYcles,

be made fromthe sane material as the rrenbranes this
peih ermular t ieom tend nagyisy aﬁ@drmdgnecaﬂ\yrbec‘abt@mwants are

' | high_th f
%%‘&g‘%‘g@g’rhé@ga%%oi ggk: %ﬁ%g ' © %’l g{l tlnogg tcf{rough the

mpanyi n Pa ngs
vk Btd asEe ﬁﬁhbdhﬁénhn&ﬁ& serMe Z@QEXﬂéﬁté the oil permeate
principles of the disclosed enbodi nent. It |s to be
$ieRABt Hbd, LABMEVER, thRatl oMh@I&SENTSyS ide Heyirdl between

ﬁé&mé&ﬁf@sﬁémﬁfahélHﬁﬁé?thgmloﬁbﬁ i e @S\ Bular casing
definition of the imts of the invention. Fig. 1 is a

2¢hemat Thef vk diagridm ofregibinr senpioseds Hyr thermvearrgeable

.contam nants fraom il ng_transition

ST arlse dt ee02rit Y ad" 3O afls Y Througn the
$¢ BRSaSPEt henBlravieeWriferd abul aozwemm@meam&ll nré’@@ntate
transition netal oxide nenbrane nodul es of Fig.

Hee I 9214, | yha¢§cwémtauélsr|m¢dpa§@5np@ptam§@@@ﬁ§ and the
ASESEC! oo TR A AT K AR prouan e
meanedibler omesbra@de whiralexonsaiils (ﬁ02. Hence, the o0il
retentate stream 214 contains a higher amount of color
contaminants and the non-color contaminants relative to
the permeate stream 212 and the feed stream 210.

~ Part of the oil retentate stream 214 from the first
stage membrane modules (9,11) enters into the high.
pressure side of the second stage membrane modules (10,12)
while the remaining o0il retentate is recycled to the used
0oil feed stream via valve 13.

Part of the oil retentate from the first stage
membrane module (9,11) that enters the high pressure side
of the second stage membrane module (10,12) forms the feed
stream of the second stage membrane module (10,12). Part
of the resultant oil retentate from the second stage
membrane‘ module (10,12) is recycled back to the feed
stream via respective pumps (18,17) to the second stage
membrane modules (10,12) while the rest of the o0il
retentate 1is rejected as stream 20 or 19, respectively.

.Hence, by operating a first stage membrane module (9,11)
and then a second stage membrane module (10,12) operating

in series fluid flow with respect to the o0il retentate, it
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four transition netal oxide nmenbrane nodul es

(9, 10, 11, 12) which each conprise a tubul ar-shaped
woreoob0zre7 200 as shown in Fig. 1A Referring tBCEBG2007/000270

I A, the tubul ar-shaped nmenbrane 200 consists of a ‘

itsubpbastishaped pearamatdce thebrdrad noer oddl | r&02vemmste from

f titanium (I oxi de particles, surroundi ng a porous .
Sk e e %t T b A arl s bsL} abe. appEcciabed Pt in

JtH amsHRARRG HRer RAR! 1P ARe b T eheM®t- AndO0fodules may
I ssurrounded by an outer tubul ar casing 204. A high

- her epapatdd mi senieedfilnidhé lper eabiecrends abkei aapacity

I 02 with a.relatively.lo ressure nmintai ned at
g Bt et A0S S Y sttt TR L Ee MR s iy o

heasses baparsbe bidgrptdsaurehisi depetatheén in the process
t ubul ar - shaped nenbrane 200 as shown by arrow 210. As
10 uddd oiteRses G AMugh FHEEIRHRAPESF tABd  non-color

JREIHRARNG e ML AR thaNelsealli 1202, oi | and particles
that are smaller than the cut-off point of the

menbiOdde pasgestehr dugh t hembuaee t mbdhdescadPngl204enters
tq.forman oil, perneate stream.gs sho by .arrow 212, -
B e Bar 1k BL6 HA T A Kot TAast TR olgh (HRFISAYE from
rictiitatle CASHNTeZ04( Vi |12 )be cpjtegledchbrvarthenotfigik 16 via

side, formng an oil retentate stream as shown by
Val¥ewl2t4. Referring again to Fig. 1, a used notor

oi | ]}&eegecc‘%r(cfagkém. §a£. d eYrib% - 2 &Pl% rog' fﬂét§§s§losed
to renove bul ky contant nants (ie nore than O I mn
whefho e femtegrdeng d 1itigy .hdl di ngid ank ghowereni dvesahdapedcess

ta,improve the flowability of the oil hy naking | ess )
W% coud She FIGE LY Di | Ot heFOPEssds AU gat'e® | ygxide
mer®idnieS RYANEHsVi popungr 6110, B2 Ner Of 0 sRAR! | Rbmbrane
streans (50,52) that C '

modules (97,11") and second stage membrane modules
(107,12"). The membrane modules (9’,10’,11’,12’) used are
the same as those as described above for the process 100
shown in Fig. 1 abOve,and>they are described here using

the same reference numerals but with a prime () symbol.

In this process 100’, .the Oilipermeate stream 212’
from the first stage membrane modules (97,11’) enters into
the high pressure side of the respective second 'stage
membrane modules (10’, 12’), forming the feed stream to

the second stage membrane modules (107,  127).

Part of the o0il retentate stream 214’ from the first
stage membrane modules (9’,11’) is recycled back via valve
13’ to stream 54’ to be pumped into the first stage
membrane modules (9’,11’) via pump 6’ while the remaining
oil retentate stream 214’ 1is rejected as respective

streams 20’ and 19’.
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respectively have transition netal oxide nenbrane
nmodul e pair (11,12) and (9, 10), respectively via

wo 2008030187 and 7 . Hence, valve 7 controls the peBESGION/000270

flow to nmenbrane nodule pair (9,10) while valve 8
cont redst tbe Uhedo@llrétemmaoensmheameZdeMﬁiqmﬂthe second

o< hemhreocn@ Beir 1L R b hdr edind dpikngo the

1o ganpdebsaecbes vl ok |1§he§h§bt:6ﬁﬂ" ddgémnBhBRAREE modules
Hence the parallel streans (50,52) mnimze disruption

BHY dbwin whivke t shehaemadaioid qickoveksnpabeessreen. 214’ is
T j | t ' de of
T PR R Pk e oo Ef St o 08a DRBIRI BE2T C, ° S ©

mb dul 1 The hjgh de i :
Aot I bapblt oPSENGAFS  SUFSRRS Gt g (RS et tage

 iémi #en P e Bial lee NEZDI @AE eir@Nein @l |th%02coil@cﬁibrﬁ heéank 16’

pore size of the erneable menbrane i nner wall 202 (ie

Oioovatveoldl Uy alﬂrd )t e ingh- R aPilty PEETERE ot iStdhfaim 212”
£l %édgee%@ h3re %xﬁb&‘}l@fmw%iémmameﬁt%@% into the

non-col or cont am na ts are prevented, or at [east
¢obhiditteoh famkn passvig vatveghd4t he perneabl e nenbrane

i nner wall 202. Hence, an oil perneate stream 212

f or meTiod hhebkew gt essugeSsit@e mlésphseénbeﬁmeenhe used oil
per neabl e menbrane i nner wall 202 and quter tub

LI YRE P ORTOFRES of FPPRAF hENr £GP0 TOBRtdSaE RF t used oil

§%¥&§§blanﬁﬁga@ﬁbbaﬂﬁénﬁalHJ?Oghéh%ﬁgaﬁ%i . PRs2e€ used
t hrough the perneable nmenbrane i nner wall 202 forms an

@il seremnaie $nrshm Zasgewirom déntefithste hE5@ otk at 40°C,
ont am nant s anget he nggegol o conf ¢ er}anetléoovgyngehn havef the
% t Y Bu ﬂ thRe perﬁeabpe e rane I nner '

&Eﬁh bﬁncetrbhm mﬂsc051ty is higher than 150 cSt at 40°C,
three or more stages are used.  This ensures that the
system performance is optimized leading to savings in

energy consumption.

For continuous operation, a cleaning system (not
shown in Figs.) will be implemented to remove any build-up
of residues that can occur during membrane fouling. As
discussed above, while one stream (controlled by, for
example, valve 7) is used .during the recovery process, the
second stream (controlled by, for éxample, valve 8) can be
cleaned. In one embodiment, an inert gas can be used in a
back flush cleaning in place (CIP) mechanism to clean the
stream. Once flux declines to about 40% to 70% of the
original flﬁx rate, the CIP system will start. The
decline in the flux rate depends on the feed properties.
The pressure of the stream undergoing cleaning will be
reduced and recirculation rate of the retentate stream

will be maintained. An inert gas will be supplied to the
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retentate stream 214 contains a hi gher anmount of col or
contam nants and the non-col or contam nants rel ative

WO 20080z 1pEr Nneat e stream 212 and the feed streare®36G2007/000270

Part of the oil retentate stream 214 fromthe first

- lswageresniyeangi dmdolfe £ HO, déhbeaher snddutlee .t hBhdii dhert gas

ssure sjde of the _second stage nenbrane nodul es

WRAE° 2P Sttt find rahmith G701 PLPSCOREa BN Fhebolhg 1ov
pteskigeUsadie0ids fepd mbHARM ViR ¥@é VBokRal Pajde r@ftildhe will
oil retentate fromthe first stage nmenbrane nodul e

ney, gcaneat that drigh herkisgHIer e85de e Birdéepf CIRe  As the
.Secon t age d r the f
BBEEn Y WRIEL S Ehe, g B R 1861 i1 pee
oPdr angf fidud imes Wdsanrtueni | or etkat ababiaam tshe faeeandhe CIP
st age nmenbrane nodul e %10,12 i S r§cyqled back to the
PFREgsst Mddrh FAN T B cLPVe "ﬁ%ﬁfbts (18RS the ebodhg 120
mShageseiyaNRRdul 68 (Hel?) ﬁ\@bﬁ@rﬁr@sreghdof dp€ration

oil retentate is rejected as stream 20 or 19,

cpadpbipnvelty, d%mvse Byabpeddtialy ehéi foulipggaesidues on

nmbr ane nodul e ,11) _and ¢ second age. .
R b RE el (751 o7 P v T 2R b8P Fney resigues
wiMl I h beespeet eldo dfffe tal |tHetenpatenki biys thessiilie flow rate
increase the yield of oil recovered fromthe used oi
cigeylatieBnPireant will be appreciated that in other
enbodi nents, multiple perneabl e nenbrane nodul es nay

be operated in series fluid flowto increase the

capacity of the process 100. Inportantly, it is not
necessary to have a sepaEs@@mpd@®sorption unit operation

in tge process: 100 to renpve col or, contam nants and
non- SGPor P EERTak naReTbiiem (fo LG otf veheibh M1l pe
further described in greater detail by reference to
specific Examples, which should not be construed as in any

way limiting the scope of the invention.

Example 1

The used o0il feed used in this experiment was mixed
uéed motor oil obtained from a used oil collector located
in Singapore. Hence, the used motor o0il was a blend of
used motor oiis and its composition is given in Table 1
below. ‘

The transition metal oxide membrane used was made by
impregnating .dry porous stainless steel 316L type
substrate with titanium oxide (Ti05) particles and
sintering the TiO; particles together by heating to form a
TiO, coating. The resuitaﬁt pore size of the membrane was
0.02 pm. One membrane module was used in this experiment.

The used o0il was heated to 100°C to 130°C and

introduced into the high pressure side of the membrane
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Q1 perneate from nenbrane nodules (9, 10) enters
collection tank 16 via valve 14 while oil perneate

wo eawsosEasbr ane nodul es (11, 12) enters col | ect i PCT/8620k7/000270
16 via valve 15. A second exenplary enbodi nent wil |l
moube dissicitesiatedii Bl rle¢ewesice 8 obRirg. 0. 1Hi gbags. The

h I 0., which I S f f
S e TR gt o, RaE S ror i hal 43 o+¢ Borveeh. 2 nvs

- td® n/s freshlsiageineabs e rogkles ¢ A/t )h ad 15 L/m?/h.

10

 nah e SHE ey

second stage nenbrane nodules (10 ,12'). The nenbrane_
nodul Bde (properiesyjof  the yusgsbdohl eabHe RERANIGS 01l are
_ ap de%%hged 12bqya Jypr the p%&ﬁesﬁelogeéﬂo"v@h‘a@ the
I'g. 1 above and they are describe ere using the ‘
sppearaies enceloumeraid Quantitihes pifi meor{tdmimyardd . in the
In this pracess 100', the. oil perneate s&;ean1212'
RIS T he Xty s B Pagel Wohbi R REadier ped (Ff crmpared to
thdfe tha hirgh peeaswial Si deddf dbampEspeehevasRANdof the -
- stage nenbrane nodules (10', 12'), form ng the feed
'@tq%em t eidha mpmpire shdagéhresbranrdempdifesn( 2@ to <5) as
' ry o he. oj. efen .neam 214’ . he
4%@%§r§?a58 &%‘ r%é%é%%d%fegg%g'?%ﬂy isgﬁegggﬁggb&écwater’
wi@rvatyebdld' resisiuesamannd' sulfdreduanpessi ake tkeoved with
- first stage nenbrane nodules (9',H ) via punp 6 '
G oAt Fereniis Mo 1s
rejected as respective streans 20' and 19' .Part of
the oil retentate stream 214' fromthe second stage
menbrane nodules (10', 12') is recycled back to the
hi gh pressure side of the second stage nenbrane
nodul es (10' ,12' )while the remaining oil retentate
stream 214' is

20



recycled back to stream 54
per neate stream 212
wdad2008@s1t1€T s i nto the collection tank 16
(9°",H) while the oil

via val ve 21
from second stage nenbrane nodul e
vi a vetweGH87/000270

pernmeate stream 212" fromthe

Th

e oil

sec’bemllet hgecmmaama‘oﬁub eofiCusedtei’ amdoptdduct oil

ollection tank 16' via valve 14" The nunber of
dt ages to be chpsen for {he used oil rlecovery process
depends™sh the gonWiFong Wit | Frer URIH |oPpdugtOl danfedysiion (%)
dne_enbodinent . fif the vilscoslity of the used dil
dhop@ansei s i.n the range fiom 40 cBhekt 0 [1Bipawk jat 400C
,F}g@;n%@@@?a;@ stemis Usgd.| | nsgot Ner sggbodi ment ,
| fvarbrB6ebt®Bd O1 | | ShieBbd/ | SeRS LY 1S hijgherg st hgn 15Qge,
Al A6 00C |, TR 86 nQke Sgn&tﬁm ages, argq us nr's
nelres that thé sysfem pe mance i 9 opf] m ed 8%
| |igyolGarbgn Regidus A v j | r conswapt ijon. e.dor 8%
deusitddngnous _oper hrsmmszsao ¢lveani ng esy st dm (smat  dhown sisn
HasimcdiorWi | | be | apkenesds¢d td repmwve gny Buwil d-up ok
resdind sy @t cfn occur qluring magpraﬂ((e fodl i rg. As
gdhkbbat AbcA DOV e Adhl s§oP P ES LI €ang,( COrjtr ofghed Joy, Tor
gl Eenh@l VO ‘AéTMﬁast-?E@ rTng Tne [recovery
¢ ) € B ontrQrreq oy, . 1 or
ETH'!TD‘l"E‘;‘;’;Vd'i VEP )._ can UI ;.' Wllbl.}ji ||c>!éé%
gll TTITT L gdb CdAdjl UD€ UsSTUjTlTI UMAURN 11 StrLirTcarfr iy 11l
oce (\rﬁp) precfransrtotete StHear—orde— '33\%
eetresito—abelit—4006-t+-o170%jot—t-Fre—ori-giAbt—Hi 0%
rtat-e—t¥8—C-P—siist-om-wi- stﬂrt.”??‘.e neg! Phe il thd%
flu—tr a8 depentls-on thelfes profertides.<MThe loressure
dfthe $reamuhderaoinalcledninadwilll he<t B83%
Cr . -7 i To s 75%
-ty 21 g 57% -
Fe 74 B 97%
K 20 <1 98%
My 236 13 94%
Mn 1 <1
Mo 19 <1 97%
Na 86 <1 95%
Ni [ <1 90%
P 541 124 77%
Si 22 3 86%
Sn <1 <1
Ti <1 <1
Zn 621 74 88%
1’2 - < <1

2
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reduced and recirculation rate of the retentate stream
wi Il be maintained. An inert gas will be supplied to

WO bB0301RT essure side of the nenbrane nodul e. A¢ESGTIOT/H00270
gas wi Il be maintained at a hi ghu’fressure such t hat '
the | ow pressure side of B¥mRARIA e in the nornal
oper apj HNn,, UL Kl w f e ;hi e . S :
duri ng CIIFJ’. A s(ﬂ?he él'eér:fgrtﬁségs lg‘a%}‘e%t%’?%gﬁﬁ%ﬁg was mixed

weadraotomablil icbtaiilnedoeetonofd asgdf otlli rg lnesitdies ocated
on the menbrane surface, The Cl rocess wll contjnue
ﬁ%rESESBFSQBI‘m' u?%%etotaﬁp&’lse’ig At gd lydfshd? nglgRd of
heed poeper ldias agddopekatdMpSLNdidd 0N (R RISWE Table 1
that, all of the fouling residues on the nmenbrane

-kRe¥9Wce are renmoved. The fouling residues will be
carri 0 0 Pt the high, flowrate . .
ci rcuﬁgﬁi %émét ﬁggrﬁﬁrg&anﬁ%%f)%bﬁ?% i |dnga%x§r?6l SERGriment
Y heexowpntinnthi k|l ekpetimbhe; dRechechddane giodaller was used
detajl b efgrengg ﬁ_lo speci fic Exanpl es, which should
TRty r teH DRUZSy waylH i hrertgerhevagoparafied out

ddend d¥ENti Sihg BxarRbferd Jhesed,0id f&ed used in
this experinment was m xed used notor oil obtained from
a useth®i |usedl| eeldr Wesat bgaitedSi ngapd@®C Hemwce,1207€  and

tor Qil was a hl.end of used notor oil nd its
%gtenrg%i[%?%n tpkoyi g/'l'é% ?jﬁgFabPEeisBEFovﬁlC%%eo r aﬂ%‘?t figorane
nitedwlle Oxiade taE Maidangt usast wesn Medepbhysi s eamat bagsdry The
- porous stajnless steel 316L type substrate with
kG HA A b Qe 1Y b3t paPti &hes ufgfl oil was between 2 m/s

to 5 m/s resulting in a flux rate of 5 L/m?/h to 10 L/m?/h.

The properties of the used oil and recovered 0il are
shown in Table 2. It can be seen that the appearance,
Colour and quantities of contaminants in the recovered oil
are significantly improved as compared to those in the
used oil. For example, the colour of the product oil
improved by at least 3 grades (from >8 to <4.5) ‘as
compared to the colour of used oil. In addition, water,
micro carbon residues and sulfated ashes are removed with
high efficiency with at least 86% reduction ‘(based on

calculated percentage reduction in water content).
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sintering the Tig2 particles together by heating to
forma Ti O coating. The resultant pore size of the
worzouB/oame7 was 0. 02 nm . One nenbrane nodul e WaBCTISETHOT/000270
this experinment. The used oil was heated to 1000C to
13000 earid: | Chaoduioedi stitas td serh @it kssud ersccee oéd oil

t he menbranenodul e nmai ntai ned at between 8 bars to 11

bars. The recirculation flowrate of the used oil is
bet " " - = o SEEEEOD pep——
gwn | n lTabl a o T e
e, colour ANd B@moRNT | :
dUTM@ls Were 8EBNIT I
_thgendsn | he wed oi
t hEREIM8EUCE ol 1310 npr
0 _ XTHD: cbnpafét to
nASTADER0 hi crd.dcarb
r NEOMIBIW | h hiogh ef
t ASPMDEN el 1 : sBhara 350
ALTHDIND| B 2 U866 us
XHEHCMIS BT used not Off &
| collectol |ocdted i
sed notor pbil vds a
conpositijpn isfgive
ane_mdul el wvas fsed
nthis L nﬁ” 1
ancl v for = hrﬁ1r c
z 1
2
0
)
7
1
11
1B
2 =
840
<1
1
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nmodul e mai ntai ned at between 6 bars to 10 bars. The

recirculation flowrate of the used oil was between 2
wont®@snai®’ ms resulting in a flux rate of 5 L/PRI/BG2007/000270

10 L/ n2/h. The properties of the used oil and

recovered oil are shownAppliedteofls. |t can be seen

t hat , col . d quantities of )
cont AN e BBy o SFIoRE L Th T eyl oxide
Thefils sl aSdaeBPaF&Eni Ost IR | BolBe Usetk fhinaf®¥ removal

exanpl e, the col our of the product oil inproved by at
{inspughgresdesarheommrsgidyegs. letsl conpdeed ate)t hend non-

' r L. ~addi t,i.aqn, te ] CL O r .
GO BB s ciRoBE (R A o i "3 Broanic
efdnaitesicyfvwomnh thie [esesd 86% riaduat isdimgllzasedi®noperation.
cal cul at ed rcentage reduction in water content

e )
Hepfift o BF %ar’é‘%’f erPeEFRI2BY uked BPF afd PEPavareq color
o1 AldFahhers Jpbend ageoysky, shbg dsschosethy adsorption

transition nmetal oxide nmenbrane nodule pernmits both -
Wity tombkiaiham sgeedvgaloti eradehand cgdbead contaminant

' t al. j0xi de tc) .and noncgal or contani,nants
fregénéogya&%(ﬁ erg?l achl,l ?lﬁdoﬁﬁl uc(r% ala%C 6!Dlvne orreg({]anfiorconéIuesnerf%tosl)l from
the uded odlistbosedi nPgrodwsd opanatiwd. beede itoi Sremove
not necessary to use a separate col or polishing unjt
GRS ef5eRhugsda LS HYSBr PP $pdegtries such

HbtaLpi fe 90 ¢BLAEMIERTE FAG i ,U@eﬂe&p%fmdpa%cha ical,
l'evel's for an oi I producf recovered from used oil. The
rivert osat quadcidss camdigrudacont @nderriviel igws.ani nant s
fromused oils fromvarious industries such as mari ne,

pet r diteemicat]osedi procsiseel providesreahan: £681 ¢igonweprocess
aut onobi | e&ﬂ%%nst.r uction_and airlipes. The discl osed

tpc} ot &%y SUinands . fram. by REkg Hence the. disclosed

process assists in reducing the incidence of used oil
burning and dumping, theéreby 'reducing pollution issues

. associated with used oil disposal.

The disclosed process does not require the use of any
chemical reagents such as acids to remove contaminants
from the o0il. Hence, the disclosed process may overcome
problems associated with known acid treatment processes
for oil contaminant removal = and thereby avoids the

generation of a highly toxic acid sludge.

The disclosed process does not require the use of an
'evaporation/distillation process using thin-film
evaporators. Hence, the disclosed process avoids problems-
associated with .éoking effects that tend foul the

evaporators used in such known processes.

The disclosed process does not require the use of a
hydrotreatment processes to improve color and color

stability to an oil. Hence, it is not necessary to conduct
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to renove contam nants froman oil. Hence the
di scl osed process assists in reducing the incidence of

W@ e@d/08i187 bur ni ng and dunpi ng, thereby reduci nBCT/SG2007/000270

pol lution issues associated with used oil disposal.
arheediss| ofedgaaidens dioesoning eguipkut heemseadf, anytrogen

chem cal reagents such as acids to renpve .contan nants
A heBr) PYERRIENA R, O81 (RRIPBE oRBed Gny OLOFInS and
DMEEL01s probl ens associated with known acid treatnent
processes for oil contam nant rempval and thereby

avoi dg ther geper agat et A O YrigxsCohbd HJd98 cations
The di scl osed process does not require the use of an
andpadaptahidnst olfl dthieconipvesesenuwiing tde nmpparent to the
evapor at or.s. nce, t.he disclosed process avoi.ds .
SRR s K sd atB T n Sk RS CBFT eCPeatRar i fRRE0ing
din- Isaney ali DEows edepArs el EROWN HHOCHSEES: dR& scope of
di scl gsed process does not require the use of a

R ot PEEPIEAD prjedsséd t ol fnprigendnchr &hatcoladkl such
A ddd s 4ty Ah Pl ddaflCfond cbie NOLERLACEAR" YcbBe of the

conducta series of reactions involving sulp
apgrendsd ntlaogen riéemvaéxamdléydr egehatighn ohecoldisiclosed

baodi ql efi d t .t ) ar ent
PTG 5, S h TP ot TTEatY iSSPt aphat FORaLEENt Of a
de] idventi©nsibhla bse appar eptat enkbe i RebsaR rSkiddRd ment s,

inthe art after reading the foregoing disclosure )

e HtRCRParPithg PromPHd eshitq t remave cepéosf comdaminants
nyentio [ RS de t_all ch.. "
ARATAIRERE EbntaniHaBREC I 2"l e, gxopargiatly
nefe rappended cl ai ns. For exanpl e, al though the

di scl osed-
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WE@ndpsaBaT8Nt S,

1.

2

enbodi ments have specifically described the treatnent
of a used oil, it should be realized that in other

col or contam nants and non-col or contam nants from a
crude oil or partially r&fdimsl oil.Cains 1 . A

process for renoving col or contam nants and noncol or

contam nants fromoil conprising the step of passin

an i PrPEBESt HBughomo kEP e Sot L s A BT attur g8~
nMerdy e, cvhehRli Aafdkd Qidn thal BampRassad WHOUSPep of
said transition netal oxide nmenbrane has less color
corRaih ¥itht 3nad Inoheed| shrevahard napreakelat transgtion
sai 4 f .2 ces =] ai in ai ,
conn'gert%sil néﬁ?ﬁiee st’“eegéé%%%a eg’{‘?ﬁ‘aﬂ& ugggdoi?ﬂf or a#e has
oi lpdseetl Bhrodghr sadsls @sardiaiined met £l abRide, membrane

wherein sai d passi step conprjses the step of: (a)
pr g'{ﬁ%i ng~&°fi gh C}?ﬁg)§sur ec%r?trr}gm&?’b‘h"e si @Rdof ggPgcolor
perdBratdnei ddans i fd 0o IRL al o 3 € JEirange, which is at

a higher pressure relative to a | ow pressure side,
opposite to said high pressure side; and (b)

.inﬁ{%g%%%%ﬂsqggdcgéimé %gig%%&%hlgrgﬁﬁg%gﬁiégsahg step

all'o of “sard used Ol pas

tr akiddleriaigla axdate sET@neHhesiabyrdgr.m an oi |

3.

5.

perneate on said | ow pressure side, wherein said oil
pernmeate has | ess contam nants relative to said used

oi lp ‘process as claimed in claim 1, wherein said
passing step comprises the step of:

(a) providing a high pressure side on one side of
said permeable transition metal oxide
membrane, which is at a higher pressure
relative to a low pfeSsure side, opposite to
said high pressure side; and

(b) introducing used o0il to said high pressure
side to allow part of said used oil to pass
through said transition metal oxide membrane
thereby form an o0il permeate on said low
pressure side, wherein said Qil permeate has

less contaminants relative to said used oil.

A process according to claim 1, comprising the step
of selecting titanium oxide as said transition metal

oxide.

A process according to claim 4, comprising the step
of selecting titanium (IV) oxide as said titanium

oxide.
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woredoalo3aasi de. 5 . A process according to clai nP@r/8G2007/000270

7

9.

10.

11.

12.

13.

4 . A process according to claim1 , conprising the
step of selecting titanium oxide as said transition

conprising the step of selecting titanium (IV) oxide
as said titaniumoxide.6 . A process according to
claiml1l , wherein said perneable transition netal

-oxiftle RENBFERe B6FPEOL8Y a Yor otk HBt al s subbersie wiseid

a %ﬁ‘éﬂﬁ‘@eﬁ&f‘e £ 2RALY L9BnTRiA 4 10X5 484 £ OREMBYahBE T RABriGes
. process according to claim6 , wherein said netal
substpereugonptitesubstratesyishe@ pe@mealler domgssition
accor.di to,claimd erein the pore size of said
permneeta%f%*%%%s???%%n%%?r%%de is in the range of-
0.001 urn to 0.1 mor 0.002 Mmmto 0.01 mm. 9 . A
process according tg claim1_, wherein the perneable

-t r ZhsPEPERSHeRRCEHIdY nePbFardm $.a WheFeinr sahdpagtal

MeNENEr 2 thD- c P £6ESSs AL dh H s Qe £] @i M 9

conprising the step of selecting the tube di aneter of
sai d tubul ar nmenbrane fromthe range of 0.254 mm (0.01
0,25 i.nch

i 1 25. 4 1. h .35 t
oL ek RcEE ST e 3G e T eadhs T s Br&RRan: bt apEe

1 ,sAPSf SkRYAL PR rieep1ef theaid Ngisdifk©d]l 6Ri8e is in
tenperature in _the range of 300C to 3000C before
pasditigrarge of | Ot APdud d& L perweadr Ot PAAsHM] @ 0.01
neHﬁﬁ_oxide menbr ane.

A process according to claim 1, wherein the
permeable transition metal oxide membrane is a

tubrular-shaped membrane.

A process according to claim 9 comprising the step
of selecting the tube diameter of said tﬁbular
membrane from the range of 0.254 mm (0.0l inch) to
25.4 mm (1 inch) or 6.35 mm (0.25 inch) to 19.05 mm
(0.75 inch)

A process according to claim 1, comprising the step
- of heating said oil to a temperature in the range of
30°C to 300°C before passing said oil through said

permeable transition metal oxide membrane.

A process according to «c¢laim 11, wherein said

heating is in the range of 80°C to 150°C.

~ A process according to claim 3, comprising the step

of maintaining the high pressure side of said
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12. A process according to claim 11l wherein said

heating is in the range of 800C to 1500C . 13. A
w@ems®sEsaccording to claim3 , conprising thePct/e@E200/000270

mai ntai ni ng the high pressure side of saidperneable

t r apsirmeebleet brangiteonemenke ioxide mempeagfe 3ibar the

25 b 4 b 150 A
accBRBBRGOT0 ScParh 1°) Z80RBPFePig i RETSL 6 P bAESine

said oil into said pernmeable transition netal oxide
menbrane at a feed rate in the range of 1 mls to 10
14mr sAoPr?Cr?IS§ 1IN 150 AlpiBedss GRIWIHIEINY tlhe step

cl ag@pé} s rigi§ootihe shep ?glea?%ﬂ&r%ﬁéj ngnjs.aﬁt:?on

sai e transition netal oxi ane at
fIumetaﬂeokﬁddumamhnynaﬁaﬁ 4/ feed trat2S il nitldh vand? of
L/n?/h to, 20 ess according to claim

J/ 2/ h,
c@ﬁﬁnglﬁé fhE Qfeg 8(5 %8VI MG said oil to said

perneable transition netal OXIde menbrane at a
viscosity in the range of 20 cSt to 200 cSt at 400C or
1540 ésprto@eﬁo Fagorgin o | C-L?lm A,pmra:srslmlrfdw]gstep
nd0 si, St
step o f%ﬁé ergg{%g ggl ran5| E?Q%x gPanéfﬁlon
nenmeaaé bylﬁ@nmmmm;anmn&ﬂnmaﬁlexadameb@mtﬂhﬂ%ﬁﬁnge of

ted BIREOR e i BT ANGE o Tt /BadOodOt b Bugh sai d

transition netal oxide nmenbrane to said high pressure

side.” 19. A process according to claim 18, conprising
lﬁheAspgpcess according to claim 1, comprlsing the step

of providing said oil to said permeable transition
metal oxide membrane at a viscosity in the range of
20 cSt to 200 cSt at 40°C or 40 cSt to 150 cSt at
40°C.

17. A process according to claim 1, comprising, after
said passing step, the step of regenerating said
transition metal oxide membrane by removing

contaminants adsorbed thereon.

18. A process according to claim 3, comprising the step
of returning oil that has not passed through said
transition metal oxide membrane to said high

pressure side.
19. A process according to claim 18, comprising the step

of repeating said returning step until a selected

contaminant removal level has been achieved.
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of repeating said returning step until a selected

contam nant renoval |evel has been achieved. 20. A
w@ems®sEsaccording to claim1 , wherein at | eaBCT/8Gm07/000270

transition nmetal oxide nmenbranes which are in series

20f | W prfdcmssniddramsiperttd ocleaioh bt hetewson paovidedt two
21. A pr.ocess accarding to claim 20, conprising the |
N R e
t he 1N H1ldwo R iRl de spdde tERREANSS HES A rSuURIeRMeRld.
upstreamtransition netal oxide nmenbrane. 22. A
process according to claim20, conprising the step of
. passi oil_t not_ pass ro .

21f rz\nﬁ t |Cc§an4 sne%kgopoa%sno% En%rw‘%l]rsaalﬁ‘rgsé(?’o ga %% I?%aﬁwﬁg step
tr afsipaonime@t sk loxikter NRabr aRe. PHdssddl pebeesgh one of
according to claim20, conprising the step of passing
oi Ithﬁﬁ?%tﬁﬁké'&f‘i% RO MRFTHITRNRS thandi epBRequent
Met@lst@Ea0e LFRIHYIANes hR 1315 WRIURRILYRSE!.eam
transition netal oxide nmenbrane. 24. A process
according to claim20, conprising the step of passing
oi I, that has passed through one the transitipn,

22 PP S RIS 16 SRt e B SRS T b Fef 5PP
oXiode paRsHimgeodd. st Ohad POLTHSIN Sod r @RgbligBN el abs
oxi de nmenbrane to renove col or and non-col or
cott@nitrans Fraammital (peldy geramspriei agdenessrepm
of I Il +f permeabl e transition
nefgﬁ%%%i%g ngﬁ%fghgsgﬁﬁgﬁgﬁ%qggfd oil that has passed
through said transition netal oxide nenbrane has |ess

col.or contam nants..and non-col or &ontanihants reLative
tOA process according to claim 20, comprising the step

23
of passing oil that has passed through one of the
transition metal oxide membranes to a subsequent'

upstream transition metal oxide membrane.

24. A process according to claim 20, Comprising the step
of passing oil that has passed through one of the
transition metal oxide membranes to a downstream

transition metal oxide membrane

25.tUse of a permeable transition metal oxide membrane
to remove color and non-color contaminants from oil,
the process comprising the step of passing an oil
feed through a permeable transition metal oxide
'membrane, wherein said oil that has passed through
said transition metal oxide membrane has less color.
contaminants and non-color contaminants relative to

said oil feed.
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said oil feed.26. An oil made in a process conprising

the step of passing an oil feed containing color
w@orvBasileant s and non-col or cont am nants t hr oupgir/&G2007/000270

permeabl e transition nmetal oxide menbrane, wherein
26sairh oblilt hedddhad npassaskddysrighkompird stihgnstihé ors s alof

oxi de nenbrane has | ess col or contam nants and

noPASHIRI Bt - hakfsdr eFARFIENEBISHUY Ui | cpBEgMInants

and non-color contaminants ‘through a permeable

. transition metal oxide membrane, wherein. said oil

5 that has passed through said transition metal oxide
membrane has less color contaminants and non-color

contaminants relative to said o6il feed.

10
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