WD 03/ 033630 PCT/ EP02/ 11609 - 1 UPGRADI NG OF PRE- PROCESSED USED O LS The
invention is directed to a process to further upgrade a pre-processed used
| ubri cat i wo 03i0B3630 WO- A- 9961566 descri bes a process to prepamTaEpa2/proa9
processed used oil by renoval of solids, I éw boiling 5 conpounds and

pol ycyclic conpounds fromused oils. The pre-processed used oils as
obt ai ned by such a process cannot be directly used as |ubricating base oi
to formul ate new | ubri carHRSRARING %For?@EﬁrP&%}Etsi@ USEL QGIHS Vi scosity

I ndex (VI) generally do conply with 10 industry standards for HVI (H gh VI)
base oils (VI greater or equal to 95), other properties |ike pour point
and Heal t h/ Saf et y/ BhQi £ BHARREOQ HSE) dERRe bed ek ¢ sz i ksocegenetal fyrteenot . It

is an object o res -l i p i . pL O s to further
upgrade & he 15 BPodact o BesoBt o nabl e By ¢ Heer boaetParSEES At 9061566 or

sinilar pre-procesdedrug@alabfsdeTneibes | oW rnecpsdcesspretieves pres
obj ect. Process,, QSEHBtQEéd“BQEagzsg%@69éfrQfeféfﬁdgseﬁo&u@giffﬁé2? oi |

by: 20 (a) contacting the pre-proc used oi he  presence
hydr ogen wi t h aohgdrodenand| ppircyohicatahystnds bfrecomaediogls he ef f | uent

of step (a) in theTlQ%]??ggg ro?éggéé%r‘%%?@i%\q% S‘shé’kg{ﬁﬂeeé‘%ﬁg?\?% yst, and

(c) contacting the e uent o e presence rogen
wi th a dewaxi ngreatabysénnando¢diiicent hetusgdtde bibfilemtind sdep L) in

t he presence f [ 1 drot reatj.ng. catal yst. | ican have
found that wi tﬁotﬁégrggggge%%‘gegégﬂeé%% T’Endt’h%h%lé?ri‘/gmifof?%‘ftg oL ty
i ndex) base oitke BfOscasibp Dhdaknédl f roemesad]l pidses dewphy witsufficiently

ow pay point; and excell enha c8ar ASE S oo oy "8308CL: 10 (v1
greater or equal to 95), other properties like pour point
and Health/Safety/Environment (HSE) characteristics
generally do not. It is an object of the present
invention to provide a process to further upgrade the
15 products as obtainable by the process of WO-A-9961566 or
similar pre-processed used oils.

The following process achieves this object. Process
to further upgrade a pre-processed used lubricating oil
by:

20 (a) contacting the pre-processed used o0il in the presence
of hydrogen with a hydrodemetallization catalyst,
(b) contacting the effluent of step (a) in the presence
of hydrogen with a hydrotreating catalyst, and
(c) contacting the effluent of step (b) in the presence
25 of hydrogen with a dewaxing catalyst, and
(d) contacting the effluent of step (c) in the presence
of hydrogen with a hydrotreating catalyst.

Applicants have found that with the above process

excellent quality HVI (high viscosity index) base oils
30 can be obtained from used oils having a sufficiently low

pour point and excellent characteristics with respect to



WO 03/ 033630 PCT/ EP02/11609 2 HSE aspects. The base oils as prepared by
this process pass in particular the General Mtors LS/ 2 suite of health
tests (exypoasmem3on terns of Total PNAs (as neasured by BPAVERGE/8469

Resi dual el enents (as neasured 5 by ASTM 5185), total PCB (as measured by
EPA SW846), total organic hal ogens and Modified Anes Test (as neasured
by ASTM E 1687SEudidhett adVvEn agese idildeas pyogesssdidy tlecomradesy from
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the extraction process, zjinc based additives and degradation products can

be removed by ki PrIaRIon AL HEAIOH Fikd SnghI e Us- 84376040 and

CA- A- 2068905. s pF&d s PCESRed ol 8 TRy ahSe e Rl i qd Nege furpm used oi |
by, for exanple, contacting the wused oil with a _basic substance and a

phase transferPTRERH Y8t} PYIHIDresEicd M et RS Bt IRIGHP HIANS i xture
with liquid propange SeRaIREd AL de JIBYIHY -ddrEde Ydleddr¥R tHQPr opane and

re-refining said jnpurity-free 25 oil."' Such a process is for exanple
descrilBed in dEEHUT SOYTEERfVF ehistit iVried DA BT 566-5 IRe ftidably
pre-processed AidS v Ak PHE8hn G AMe JIRSS hap sk WEpd nore

preferably less than 0.5 w% as cal cul ated as the wei ght of oxygen atons

in 30 the oil ddddiveherarajade t5eofds/hivatery ol withehe naadsdites ag e he
R o e e e i

performed with propane as the extraction solvent as for

15 example described in US-A-4265734, US-A-5286380 and
US-A-5556548. Prior to the extraction process, zinc based
additives and degradation products can be removed by
precipitation as described in for example US-A-4376040
and CA-A-2068905. The pre-processed o0il may also be

20 obtained from used oil by, for example, contacting the
used o0il with a basic substance and a phase transfer
catalyst in the presence of water, contacting this
mixture with liquid propane, separating the impurity-free
oil from the propane and re-refining said impurity-free

25 0il. ‘Such a process is for example described in detail in
the aforementioned WO-A-9961566.

Suitable pre-processed used oils have an oxygen

content of less than 1 wt% and more preferably less than
0.5 wt% as calculated as the weight of oxygen atoms in

30 the o0il feed. The majority of this oxygen will be present
as the bound oxygen of water molecules. Furthermore the
pre-processed used oil suitably contains less than 2 wt%
nitrogen and more preferably less than 0.05 wt% nitrogen.
Furthermore the pre-processed used oil suitably contains

35 less than 2 wt% sulphur and more preferably less than



nitrogen and nore preferably less than 0.05 wt% nitrogen. Furthernore the
pre-processed used oil suitably contains 35 |l ess than 2 wt % sul phur and
nor e pr efwoablogscBess t han WO 03/ 033630 PCT/ EP02/ 11609 - PCTIEPOR/Y6sul phur .
Typi cal pre-processed used oils will conthih between 10-300 ppm chl ori ne.
For the present process according to the invention the upper chlorine
content is prefertablyul@gssr t Heyp 20l ppra-gnbarrsed yref eviald wildss t han 150

ppm chlorine. The total .content. phosphor us, calciu zinc and silicon
is typically %%rf%]el?ﬁ%twa%ecp %Q) poprﬁpérhd:q‘proe’?lenredbl yorbenet%éarfef(f% d 300

ppm O her (mgimdgecoOnpoimdsinguch @ iimorgntinth tSodiuppamyctdlanidee present
in lowquantities. 10 The pour int. of the pre-processed oil is preferably
bel ow 0 C. The" A sED thsy R‘ﬁ%%faﬁ?oiﬁf h]eespsr et-l]-b':\rgczgosogé)dmbialn inéorper eferably -
above '90. The prefqrasiesSerbsisathil50 Winc e lonised ahe fteedst adntightd he

present process_preferably has an 15 initial boilin oi nt_ of, between 340
Bnd 380 C and HorRToSH S| S KO FHRC APhe o Dot HREGR-Whi ch_ 95

vol % (T95) i s paGaat eh i dPrefer aly et WRRIT A8 1antbe thialC Andiior e
preferably between 500 and 540 C. It has been found that the pre-processed
used oils havitf PO HigHer FEFHoI ISFP P8R WD Ghitldidlra ADh | evel of

conpounds suchs@si ym Ao Kalgidantziinge 1@l fidritciaies Such a high |evel
of these conpounds is detrinmental for the catalyst |ife in the process

accordPng to the pPrEsSRRUT RYEsLE IPAPIERRAE S 18 lasy &

pre-processed Wi, d s°d.hernd ghtsddsitdy ial 2o Okt - AJBdde o1l
reclaimng process of Interline Resources Corporation as described in
detai | on thei¥s e R 19t t3R9V8wiR i nt er | i ne-

resources. conl i nt rgduciion s A WL diAN which is used as
feedstock in the present process preferably has an

15 initial boiling point of between 340 and 380 °C and more
preferably about 370 °C. The boiling point at which
95 vol% (T95) is recovered is preferably between 480 and
550 °C and more preferably between 500 and 540 °C. It has
been found that the pre-processed used oils having a

20 higher T95 boiling point will contain a high level of
compounds such as phosphorus, calcium, zinc and silicon.
Such a high level of these compounds is detrimental for
the catalyst life in the process according to the present
process.

25 An example of the above described pre-processed oils
is the Light Distillate as obtainable from the reclaiming
process of Interline Resources Corporation as described
in detail on their web page http://www.interline-
resources.com/introduction.html as viewed on

30 1 August 2000. The Light Neutral Distillate typically has
an Initial Boiling Point (IBP) of more than 300 °C and
preferably more than 340 °C, a T50 (temperature at which
50 wt% of the distillate is recovered) in the range of
between 430-470 °C and a Final Boiling Point (FBP) of

35 below 600 °C. The above feedstock may be blended with



30 1 August 2000. The Light Neutral Distillate typically has an Initial
Boiling Point (IBP) of nore than 300 C and preferably nore than 340 C, a
T50 (tenpwoatosm3dat which 50 wt% of the distillate is reeararez)ichn t he
range of between 430-470 C and a Final BoflTng Point (FBP) of 35 bel ow 600
C. The above feedstock may be bl ended with WO 03/033630 PCT/EP02/11609 - 4
smal | porti onsswdlbtperthgas ochrbomes duydescasueh ssufoes, exaripl &s ther Heavy

Neutral Distil i f ' The_h
Neutral D ot 1 TArTP RS B PEy AR PR P ST € o "B R e e Y
bet ween 5 500-$20e Claner birBPrpreater Tharmh&sdy MeBurdbbbestillate has
hydr odenet al | !gﬁiggh(cgt%y@?c% ari%ar uz&gaeril/e ks (Ezli)%%?r)s E%%%E?erwl e the

hydr odenet al | i zat1 on enet VS oped™to r ;

vanadi'gm and nopybsoglentimig om espiderOide F eshLesso | ¢c has been found t hat
10 such catal ysts al so reduce the content of hal ogens, such as chlorine

and fluorine, but Wi dproredenetaliimtion matthdy sis itorPe msed in
sufficient manpet, upgdera digr HEQRSSSI ik q@;@cgd% Banpl Of g Skich)
hydro- denetal || z%t poﬁ ‘Tor ocesses are described In US-E,IA- 42972%;h 1{5d and

US- A- 4613425, Siehl v3talderslerepricagiptabiickal, aramidiareand el yb-G oup

VIB netal and @%ﬁmn@}w &@@ﬂw@pb} [, VY 'heggete@één %&%ﬁéﬁ .

phosphorus is eposited on the catalyst. A suita ou netal is
mol ybd@num Susuelbl @2 ok stob| 2l 3 otgrdungd Ithetedrstente @0 I dadnsandswadbal t .

the hydrotreatthe Kararyet o aies e b P S 1 P o S o of rent
step (a) is perime st usiigcomuire a et et ¢nypenasindy dratenetyadtd-sat i on
ggg't )altislt ?sztS i on %cg%%i;rtslfs&ﬁgc\g/iilﬂn%or{aé 'L?%%aqﬁ%{egﬁiteoefgas\ga%}hthy dhre-
demetallization processes are described in US-A-4297242
15 and US-A-4613425. Such catalysts comprise suitably an
alumina carrier, a Group VIB metal and optionally a non-
noble Group VIII metal. Optionally phosphorus is '
deposited on the catalyst. A suitable Group VIB metal is
molybdenum. Suitable non-noble Group VIII metals are
20 nickel and cobalt. The alumina carrier is suitably more
porous than the alumina support of the hydrotreating
catalyst of steps (b) and (d). ‘
In a preferred embodiment step (a) is performed using
more than one type of hydrodemetallisation catalysts
25 wherein the feed is first contacted with hydro-
demetallisation catalysts having a high uptake capacity
for metals and then contacted with hydrodemetallisation
catalysts having a relatively higher desulphurisation and
denitrification aétivity than the first type of catalyst
30 or catalyst combination. Examples of suitable commercial
hydrodemetallization catalysts are RM-430, RN-410 and
RN-412 as obtained from Criterion Catalyst Company

(Houston, US).



for metals and then contacted wth hydrodenetal lisation catalysts having a
relatively higher desul phurisation and denitrification activity than the
first typwoaBiosmdal yst 30 or catal yst conbi nation. Exanpl esTaPozuicvabl e
comercial hydrodenetal |ization catal ysts®are RM 430, RN-410 and RN 412
as obtained fromCriterion Catal yst Conpany (Houston, US). WD 03/033630
PCT/ EP02/ 11609 ThBheatatybysusesked nintepEm)al siprefefeamilyl presul fi ded

before use (ex-si r.ip-sit e i di of the catalyst can be
achi eved by n&ﬁ%%gléﬁgéﬁnb%ﬁo?%eﬁ%?tfgéu% lgrs]ér?%rgf nfs agnlcte&)those met hods 5
di scl osed i n thee$olpowiligg publ iltat ¢orsl Et Ad8 12545 ch EPrdfd 32948 hods

EP- A- 448435, EP-A-56431 - 930279 VO A- 9425157, Ste is
sui tably oper E]f%%w%tllﬁ gyé%pvge}fé’t uérr‘;%g}(?)fa\;‘;s gf;q:meler}ls Cand 920 n&,e%cgg pressure
may range fromlléciosed0iR50héafol bawiny efwshbtatiendelbwenl 212 ahd 150. bar .

The wei ght ho S el ogi I rqm 0, 1 kg, of oil
per litre of ::J% %alt S/g?g%%g’ h%gri%@éw EL{E%/A %@m{ﬂ %g&il#@%@}?a‘?fg% from
2 to 10 and nwe-pred2inbly between 4 and 6 kg/l.h as cal cul ated on the
total of 15 denet gatal yst used in ep.(a).. In step (b) especially the

| evel of nitrogen TSP %Ihcje%l.sur%%a%r?é§l)eaaﬁ?¥gatca¥a e)faﬁelf%t‘b%e din
step (kbl)I rrgy_ t}&\@mé@rﬁew@v\?mhm aTG/.(S)tTroé ;lﬁﬁésﬁélyﬁé mgpmﬁ@imngnmn_ b(?o
one skilled in the art,. ich_ma catal yse such a reaction. Suitable
catal ydt s conp%%&eb%ﬁ' ?%%s?r%%%r%?ﬁ’ﬁplill@ St %(gr?dﬁ%efﬁéat?ﬂf'atﬂ}eeast one
non- noble G oupidht Ihoet By Seponentosal ectvitsyy am  heardf O Udrondfo 1 T aib

ni ckel or cobalt supported on a refractory oxide carrier. Exanples of
sui tabl e G oupt{ VB net 25! e 25 ot ydld iy Rt Retgstie W) mpl es

of suitable nonrt@Oble Foup Md Iramiadl sraf @ Nieked M Jmawd preferably
between 4 and 6 kg/l.h as calculated on the total of
15 demet catalyst used in step (a).
In step (b) especially the level of nitfogen is
reduced. The hydrotreating catalyst to be used in
step (b) may therefore be any catalyst or catalyst
combination known to one skilled in the art, which may
20 catalyse such a reaction. Suitable catalysts comprise at
least one Group VIB metal component and at least one non-
noble Group VIII metal component selected from the group
of iron, nickel or cobalt supported on a refractory oxide
carrier. Examples of suitable Group IVB metals are
25 molybdenum (Mo) and tungsten (W). Examples of suitable
non-noble Group VIII metals are nickel (Ni) and
cobalt (Co).
The refractory oxide support of the catalyst used in
the first hydrotreating step may be any inorganic oxide,
30 alumino-silicate or combination of these, optionally in
combination with an inert binder material. Examples of
suitable commercially available hydrotreating catalysts
are C-424, DN190, DN200 and DN3100 of Criterion Catalyst
Company (Houston, TX).



cobalt (Co). The refractory oxide support of the catalyst used in the
first hydrotreating step may be any inorganic oxide, 30 alumno-silicate
or conbi MaDIos33sB0 t hese, optionally in conbination wth amcirmPor/1tsdnder

mat eri al . Exanpl es of suitable comercial?y avail abl e hydrotreating

catal ysts are C 424, DN190, DN200 and DN3100 of Criterion Catalyst
Conpany (Houston, Th¢ .caid /033630 PCHER2(M)1 600 sultablthatcdiedsist used

in ste b) is i{ab, - . par i L pr ionin
or der F o(i )ncr e%%gﬁft %d@#%efén%%le%% y(%}?én%ﬂ&n&{se%rgadﬁg el% gcsétjﬁg{%tcﬁan% of
the catalyst tan berfemaved withethodsoktwedm thresriphslique o fastHeor

i nstance those i 0s d jer.r q. t bl.i cations
relating to su?%%%gg%é %a?%%sf%l%fée%%%ﬁésﬂ%ﬁ ta Ci%{/r{ glglertg’teggara " a

t enperat ur e of sudtetaw efo2 50 sirecth &2 0 HO s dngirhed ey atil e lmstameeim 3562 and 10 400
C. The actual temperature wll depend |argely on .the cqntent, of. sul phur
and/or nit roge% ﬁl?%er“:f%erdrea#]dtcf ﬁjeu%dldle%‘ﬂgleod'.}/ﬁ' eroeulca[ i1 5:00 bseulé%ﬁ%?fled.

H gher tenperatate&bystesult in higher reduction of S and N-content. The
pressure nay ra_ngﬁ%tfro ])0 to sZS.Qﬁ\ﬁ%r _butr re ertably is 15 t?et ween 20 and
150 bar. The wei ght"Fourl'y space citRF EXJ L\)ﬁ‘—CIIS r‘?af%"ﬁ’r?gr@ TémY. 1 to 10
kg of O:cl per }:bebttW@eIDIZBGr:]aim:l y&10 pex «:-hﬁiJl’pJ(ekiga{ﬂa%}:??y étﬂa(?l:x«&}ﬂri adoy ag&i in the
contadPed 20 4 b & dbied T oA S et SR<br SE ot 190 dhe

| onered to a vediterf dEtwERIhu® @l o8GhiG miykmure tHY efeyaling tthea val ue
between -12 and -20 Cin _step (c Thi s reduction can be achieved by for

exanpl e adj ust3SY T ¥R R %:f R 1§ O Tl & th & TR A Y9 S he

result in higher reduction of S- and N-content. The
pressure may range from 10 to 250 bar, but preferably is

15 between 20 and 150 bar. The weight hourly space velocity
(WHSV) may range from 0.1 to 10 kg of o0il per litre of
catalyst per hour (kg/l.h) and suitably is in the range
from 2 to 6 kg/l.h ’

In step (c) the oil effluent of step (b) is contacted

20 with a dewaxing catalyst. The pour point of the oil is
lowered to a value of between -9 and -30 °C and more
preferably tb a value between -12 and -20 °C in step (c).
This reduction can be achieved by for example adjusting
the severity of the reaction and the choice of the

25 catalyst.

The dewaxing catalyst may be any catalyst, which is
known to reduce the pour point of a hydrocarbon feed in
the presence of hydrogen. Suitable dewaxing catalysts are
heterogeneous catalysts comprising a molecular sieve and

30 optionally in combination with a metal functionality
having a hydrogenation function. Suitable metals are
Group VIII metals, for example nickel, cobalt, platinum
and palladium. Combinations of platinum-and palladium are
also possible as well as combinations of nickel or cobalt

35 with Group VIB metals, for example NiMo or NiW.



25 catal yst. The dewaxi ng catal yst may be any catal yst, which is known to
reduce the pour point of a hydrocarbon feed in the presence of hydrogen.
Sui t abl e Wwewan3asgo cat al ysts are het erogeneous catal ysts eoFmPIFiNGE a

mol ecul ar sieve and 30 optionally in conbihation with a metal functionality
havi ng a hydrogenation function. Suitable netals are Goup VIII netals,
for exanpl e nickelMorebaldr $letenumndmbaldwidiabhy Gordd maddicne glore

pl ati num and pal | adium are | so pgssi bl e as | 1. as .combi.nations of nickel
or cobalt 35 Wit cfr%%}pla‘%ﬁ% RER ssf%%r% %)&%ﬁcﬁ%byt&rc MRV VS 69 033630

PCT/ EP02/ 11609%edude b esmharpsiretvesf anthyorel Swiahlysdntframdicat e pore
size zeolites, have sho a good catalytic ability to _reduce the pour

poi nt of a bas¥dr¥ (b‘?‘te%tsjo(? FHEHBh CUHE l%'al%ﬁ?%‘@%&i%

condi tisons. Prefiesahdyidthe Sorateriediadlel iy enSig e Z00ld tEianaee afpore

di anmeter of between 0,35 and 0,8 nm Suitahle internedjate pore size

zeolites are fkéef‘ivf%‘?l?t%',35zs'1\’f#%,o'ZSSIW‘?L‘Z,S‘E‘% £ pggmmediade; pore 24MR5 and

ZSM 48. ZSM 5 eyl Dpdd onad | febel disieck, izsM-ts, HAM D f argn-iap t hesvehsence of
any Goup VIII or 10 VIB netals. The other nolecular sieves are preferably

used i n conbi ng4 o midH e ALV T4 ed FEtaIeY MRTHRA2 L gehd [Useshd

exanpl es of suifable wadelystermanth deveddidnLond tdips i far el e
described in WO A 9718278, US-A-5053373, US-A- 5252527, US- A- 4574043,

WO A- 8029511, VBB Wiret bd2d81® e EmB-e3t ary B 1 g¥eimii s Ritefagabdl e

commer ci al for,Qad & OrcAgSEdBIH WawexiHY LA Visitst &Y Gre t41406, 7 3RRB00
(as obtainable fromCriterion Catal yst Conpany), Hydex-L (from Sud

Chenie), HC 8093kt VoM alPldfe NobivltaDw catalysts Bashslassxsmamobl e
L) Gased SIS 208 BTEAAR i L sy SR
US-A-5053373, US-A-5252527, US-A-4574043, WO-A-0029511,
15 WO-A-0029512 and EP-B-832171. Examples of suitable
' commercial for bare or base metal dewaxing catalysts are
Z-706, SDD-800 (as obtainable from Criterion Catalyst
Company), Hydek—L (from Sud Chemie), HC-80 (from UOP) and
thé Mobil MLDW catalyst. Examples of noble metal based
20 catalysts are Z-876A (Criterion Catalyst Company), the
Mobil MSDW catalyst, ICR-410 (from Chevron) and DW-10
(from UOP) . '
The effluent of step (b) may be directly used in
step (c), for example when at least steps (a)-(c) are
25 performed in one staked bed reactor comprising catalyst
beds to perform the different steps. In such a series-
flow type of operation the level of organic bound
nitrogen in the effluent of step (b), which is used as
feed to step (c), is preferably below 100 ppm and more
30 preferably below 50 ppm. In the series flow embodiment
the metal functionality of the dewaxing catalyst used in
step (c) is preferably a non-noble metal from Group VIII,
preferably nickel. The series flow embodiment is

preferred because of its simplicity.



(fromUOP). The effluent of step (b) may be directly used in step (c), for
exanpl e when at |east steps (a)-(c) are 25 perforned in one staked bed
react or cwopsiosdedg cat al yst beds to performthe different petragpe2/1ien9 such a
series- flow type of operation the |evel-of organic bound nitrogen in the
effluent of step (b), which is used as feed to step (c), is preferably

bel ow 100 ppm and m®r£l 88rmdefes abd yehel Mo vd & ppias |11 dhanaasd Bfedd ovg
enbodi ment the netal functionality of the dewaxing catalyst used in step

(c) is preferadly"EORIHIHSH Bkt Wt BYTREEDUDI N IFOUNTRETIHEMRE ni ckel .

The series fl owhesbgli &renéadSopr Bf erli Bch becaus e Of - (B)S Sldmbdci drva1 MO
03/ 033630 PCT/EP02/11609 - 8 An alternative to the above series flow
embodi ment i s 2hP° eFbORIF nETt WG W I PRAH- DY IR ol lc dintREE IRt I hr ough

a reactsor in WihchH ShsRsient (the sk HPLF QA 10ha BlSP St efife (FwBhthg
optionally step (di%és performed. In 5 this enbodi nent the netal

functional ity @AtehestHer®§hgtakht A yadbls nghialay o fot@igtaliif of a

conbi nation of,onpbl € FOUPI M e tRIR| Sor P SfBIBPIY A BIINWBORIAAM} Yy in
conbi nation with palladium A next alternative to'the series flow :
enbodi ment i s B A9Rpirresen \Whckleire BadHi®: and hydr ogen sul phide are

renoved fromthe gffduent; Qfsierd Do Pcrﬂé)rséﬂé‘dse%fﬂm érmq%infér{]é uent, to

step (c). This renoval can be suitably erformed by stripping the ef fal uent
wi t h BYdr ogen.preces$iwherfhigiammn it et dfagrit isodaliitde ofra eemiswaki ng
15 catal yst obtg& |, of acominat i« : M1 netal s,
preferably prg%f%ﬁn?é%d/ or ﬁ?aodfusng? I (nlg’)t wsl@mt%i%ﬁlqﬁogglsl\g( c) and (d)
are preferabl yefpepdnlr ned $tem c@untBrisuramamalnoe dfe gpertattilon. The

conditions in Séx_efofrﬁ;e);d P> M‘%}:ﬂr{b the ae(ffl%qit with hydrogen. In

this embodiment the metal functionality of the dewaxing
15 catalyst may be a noble metal of or a combination of
Grodp VIII metals, preferably platinum and/or palladium.
In this embodiment steps (c) and (d) are preferably
performed in a counter current mode of operation.
The conditions in step (c) are known in the art and
20 typically involve operating temperatures in the range of
from 300 to 450 °C, suitably from 330 to 400 °C, hydrogen
pressures in the range of from 10 to 200 bar, preferably
.from 40 to 150 bar, weight hourly space velocities (WHSV)
in the range of from 1 to 10 kg of o0il per litre of
25 . catalyst per hour (kg/l/hr), suitably from 2 to 6 kg/l/hr
and hydrogen to oil ratios in the range of from 100 to
2,000 litres of hydrogen per litre of oil.
In step (d) a final hydrotreating step is pérformed
mainly to saturate any unsaturated compounds, reduce the
30 level of colour bodies and stabilize the oil. The hydro-
treating catalyst used in step (d) may be one of the
catalysts or catalyst combinations as described for
step (b). Especially when steps (a)-(d) are performed in
the above explained series flow a non-noble catalyst is

35 used in step (d). When the dewaxing catalyst of step (c)



20 typically involve operating tenperatures in the range of from 300 to
450 C, suitably from 330 to 400 C, hydrogen pressures in the range of from
10 to 200wbaws/o3ysef erably from 40 to 150 bar, wei ght houPICI/EPOACE09
velocities (WHSV) in the range of from4 $0-10 kg of oil per litre of 25
catal yst per hour (kg/l/hr), suitably from2 to 6 kg/lI/hr and hydrogen to

oil ratios in thepsangeonfafiomndOfetol @ MOPohp tves: of thy dcpgen, perckitre
of oil. In step (d) a final h%drotreating step is perforned mainly to

saturate any uRSERuf@t etS ORPEEARIRLY ratRicP3ItRe 2D 3 gvtlaimed burNehke es

and stabilize hbeaDibasdenPyEsOredt £ | Ot LB ¥y SErds@did 4By apsdd) Y be
one of the catalysts or cat ali/st conbi nations as described for step (b).

Especi al | y wheho®ty<dreesn (1R 3ol Hel Presshee aboiexpt#isred seri es

f1 ow asnon- no%ﬁdﬁ@?@ﬁvﬁériﬁaf’ Hsech ks SE P (voyherhd hesdevexd ng,
catal yst of step (c 03/ 033630 PCT/ EP02/11609 9 is based on a noble

metal of G oupidhle mehel g stydrotrgalping)cate rsier digh dixdrdased on
a nobl e netal .twﬂ&%@g@élW%M@gﬁ}; 9@5;&%1&@"&"&%& q[i;](?cdasyl tably used

at | ow hydrogen sul phide partial pressures. us higher 5 rogen partial
pressures w || comRp@uent heurpRer vd stz han ik epheut sl r blaseet didratidat i ng

catal ysts. Such, hydro- $ieeling A58 AL YL SuSUH APl e COMILAS fodiQhl & et al

conponent supported on an anor phous re ory oxide "~ car

nobl e 1Gr oup Viplawmitah vhponediume Exonples inummesid qedld laditemam@anpl es
of such cataly, : [ & - vali | e.( -6 - 634
types of Cri t%é%oﬁé@%gﬁét %%n\}géaﬁiyék%]l—%u%téo%' %Q%ﬁﬁ%ensog@%@%p%é;

pl ati nun pal | acf uPr T ad grstGa e ley sid Vaonayeo udidetaarse TX)heyTdssct i vat e | ess

iren e PO ET S0 | AR ID Mol A) a8 v
they deactivate less when the sulphur content of the feed
15 to step (d) is still relatively high.

Suitably the same catalyst or catalyst combinations
are used in steps (b) and (d). Step (d) is suitably
operated at a temperature of between 280 and 420 °C and
preferably between 340 and 400 °C. Higher temperatures

20 result in higher reduction of the aromatic content in the
hydrofinished product. The pressure may range from 10 to
250 bar, but preferably is between 20 and 150 bar. The
weight hourly space velocity (WHSV) may range from 0.1 to
30 kg of o0il per litre of catalyst per hour (kg/l.h) and
25 suitably is in the range from 10 to 20 kg/l.h.

The catalyst used in the different steps (a)-(d) may
be a single type catalyst or a combination or package of
different catalyst having the same functionality.

In a preferred embodiment of the invention steps (a)

30 to (d) are performed in one stacked-bed reactor as shown
in Figure 1. Figure 1 shows a reactor (1) provided with a
feed inlet (2) to supply the oil and hydrogen to one or
more beds (3) of hydrodemetallization catalyst or hydro-

demetallisation catalysts combination in which step (a)



are used in steps (b) and (d). Step (d) is suitably operated at a
tenperature of between 280 and 420 C and preferably between 340 and 400 C.
Hi gher t ewpasasisses 20 result in higher reduction of the acamebr/cieeont ent
in the hydrofinished product. The pressud® may range from 10 to 250 bar,
but preferably is between 20 and 150 bar. The weight hourly space velocity
(KO 1) and 25 st Caply s Lm g peor ange 11 om 10 16 20 ket he The eataly
all. an suita is in e range from to g/l.h. e catal yst
used in the di‘P?%r%ﬁtm%¥%p%e?%)wh)°ﬁa§ hydrof e g 1§ a1 95t or a
conmbi nati on orhpackeseading dedf Ll pats cadrbysdt Tayi 0 wihecisadep (b) is
functionality. In_a preferred enbodi nent of the invention steps Ea) 30 to
(d) are perforPREEPRHe MacKedIDEY Pedet b7) R shagrax i garalust Hyure

1 shows a reachick 13topovideds W hesrmd@eshd idh&tok Zotd 15aP! Yo i hey Of |
and hydrogen to one or nore be ) of hydrodenetallization catal yst or

s (3
hydro- denet al¥hsGki drcRat@) yst sPRorDiITRA i BEGasthiTHERt 6D (B9 W3 9321083630

PCT/ EP02/ 11609%,¢ 7 £ dfhmed SaPes 101 gk tThifod £AG1HAE, (sWit b THridiale i ovg ded
with one or nore beds (4) of a hydrotreating catalyst or hydrotreating

catal ysts conbeamét4@nr’d rhighiech tsimpe rluries thenf citeed,(bdne gasnore beds (5)
of a dewaxing catalyst_in, 5 which ste c).is perfornmed and one or, nore
beds (6) in vﬂlﬁ]%rﬁcgt i:?)g (t E?%e%eé?tf’orvﬁ?s%‘fgléécviﬁsegagt@dl (}hxcgli%gesrh'ircjacglf)y
per f onwed at as’i&@élﬁrcéxeg)@rﬁlwﬁe@m%ai(ﬂe/ heiowierh mxamnda m&ﬂi@?gr
tenperature, than step a gas quenc 7). i s present, erein via | an
hydr ogen-ri ch tmi’ﬁ)o‘é‘iﬂ?e crderf"cg%o%u § efFaFthet ef'z’c’ﬁktﬁf RS I"blvﬁ}%]g
through the react@itldhe(geafdOrtisd findhasady atidettadudt . ameoutl et (9)

for the final base, oil 1P:;](?(:tduc,t. The enbodi nment of Figure 1 shows a process
series flow cIMIGHPERS VR S hydtdte? &SP di9t e d ¥2%w co-

configuration wherein hydrogen and the oil feed flow co-

15 current. |
The invention will be illustrated with the following
non-limiting exémples.
Example 1
A pre-processed used oil as obtained from the

20 Interline reclaiming process was used as feed for this

Example. The relevant properties of this feed are listed

in Table 1.



15 current. The invention will be illustrated with the foll ow ng
non-limting exanples. Exanple 1 A pre-processed used oil as obtained from
t he 20 | mveroBiosss3o ecl ai m ng process was used as feed for trhirEPoxmnpl e. The
rel evant properties of this feed are listédd -in Table 1. WD 03/ 033630

PCT/ EP0O2/ 11609 - 11 Table 1 Feed Sul phur (ppm 5600 Kinematic 6.7 cSt
viscosity at 4O & Nitrogen (ppn) 228 Viscosity 105 Index Total netals

(ppmv) 97 Pour—Point -7 C Phosphor (pp 31 fi Roiling range: s BP 355
C Cal ci um (ppf®%<32 50 Vol % 450 Zi @ ppmy) 10 95 vol|% 535 C  &ilicon

C

(ppmv) 10 f" S LHDrLRe W50
bed reactor aiﬁﬁﬁﬁﬁﬂ f%ﬂﬁggure 1
Criterion hydrodenetal lisation ca
Criterion hydrodenetal |lisationcatal yst
hydrotreating catalyst C 424, the fourt

dewaxi ng cat qNySEtr&Geh t (Bph) 1t N cabakysi:

o Tghteri—wasfred—=t acked

FlégﬁgFigt bed ggggggﬁéd of

fl ©3ecoshey setcond bed of
é%oﬁzthe third bed of Criterion

é f~ comrerci al SDD- 800

i¥Bes@ggl N a [ 105

Total metals (ppmw) | 97 Pour Point -7 °C

Phosphor (ppmw) 31 Boiling range:

IBP 355 °C
Calcium (ppmw) 32 50 vol% 450 °C
Zinc (ppmw) 10 95 vol% 535 °C
Silicon (ppmw) 10
Chlorine (ppmw) 50

The feed of Table 1 was fed to a stacked bed reactor
as shown in Figure 1. The upper catalyst bed consisted of
Criterion hydrodemetallisation catalyst RM-430, the
second bed of Criterion hydrodemetallisationcatalyst

5 RN-410, the third bed of Criterion hydrotreating
catalyst C-424, the fourth bed of commercial SDD-800
dewaxing catalyst and the fifth catalyst bed was again a
Criterion C-424 hydrotreating catalyst. The operating
pressure was 51.6 bar and the gas rate was 500 Nl/kg of

10 feed. Further process conditions as in Table 2.
Table 2
Step Al A2 B |C D
Catalyst RM-430 | RN-410 | C-424| SDD-800 | C-424
Temperature (°C) 380 380 365 365 365
WHSV (kg/1/hr) 12 12 4 4 15




Criterion G424 hydrotreating catal yst. The operating pressure was 51.6
bar and the gas rate was 500 NI/kg of 10 feed. Further process conditions
as in TabWwe 02/03363able 2 Step Al A2 B C D Catal yst RW 430 PREPLD 11609124

SDD- 800 C-424 Tenperature '(C) 380 380-36% 365 365 WHSV (kg/1/hr) 12 12 4
4 15 WD 03/033630 PCT/EPO2/ 11609 12 The effluent of step (d) was
distilled into 3 ffactdonBiest fdR4ION MaViE idiemadd g scosity at 100
Cof 4.7 cSt, a fraction having a kinematic viscosity at 100 C of 9.35 cSt
and a fraction’ bbF3¢hEP™s bed oW BTOL Q! MaEl iy Gl ueingadck G ohiss e it yarstl ysed
and the propefgpescare 4iptask i n Tabl & 3n el & 3 Produgts Hroduct

fraction 1 fraction 2 Kinematic viscosity at 4.7 9.35 100 C (cSt) VI 96
102 Pour pointis@sitly af QO0GWCplodr Scant estt rmidkg Z¥8c53bn Hatiunaiges
content (W% 77 73 according to ASTM 2007) Metals content (ppmv) < 1 <1
Chl ori Be cont &r1qpphifl “Fot Thet Predustt dbletdenscvabiee abellywebeow the
detection detﬂ&f&ﬁ%&tiééﬁéréifﬁété@“ﬁﬁ‘?&ﬂfé gjsted i n Tabl e 3 show t hat

starting from

Table 3
Product Product
fraction 1 | fraction 2
Kinematic viscosity at 4.7 9.35
100 °C (cSt) '
VI 96 102
Pour point =20 -11
(°C)
| Sulphur content mg/kg 259 535
Saturates content (wt% 77 13

according to ASTM 2007)

Metals content (ppmw) <1 <1

Chlorine content (ppmw) © not not

detectable detectable

below below
detection detection
limit limit

The results listed in Table 3 show that starting from

a pre-processed oil API Group I base oils having an
improved pour point, close-to-zero metal and chlorine

10 content and reduced content in sulphur and nitrogen is
obtained in a high yield (97 wt% on 375 °C+ in feed) on
feed while the viscosity index of each fraction is hardly
affected. Another observation is that the results have
been obtained using the simple series flow embodiment as

15 shown in Figure 1. Thus a simple hydroprocessing method



a pre-processed oil APl Goup | base oils having an inproved pour point,

cl ose-to-zero netal and chlorine 10 content and reduced content in sul phur
and ni tr ogersios3e3obt ai ned in a high yield (97 wt % on 375 @€TIEPL/e®d) oON
feed while the viscosity index of each fraétion is hardly affected.

Anot her observation is that the results have been obtained using the

si npl e series i$owrenbdddnentupsrdde showe+prdeagased nsdkdhusia tsd pligase

hydr opr ocessi ng. d WO 03/033630 PCT/EPQ2/11609 . - 13 _is, provided to
upgr ade a pre-%}gg%ggéﬁgugéﬁp%ﬁ?l?% %PTﬁﬁﬁégiﬁl ?mﬁﬁ?ﬁf[ﬁﬁuﬁﬁﬁa%% base
conparable to ¢hbse of virgin base oil. Exanple 2 5 Exanple 1 was repeated
but at a procggs Ergssgre of 121 bar and a gas recycle rate of 1000 N /kg
of feed. The obtained as effluent of step (d) had the properties
as listed in Tabl eedample thivasasepiRledrnup dd Basddds g beens

obt ai ned. Tabigi Product_Product fraction 1 gﬂﬁfti n .2 Kinematic
viscosity at 4 2% 30 T {FBY U DT AR PtV tkq §F -feed.7 The

Sul phur cont ensasw/ &yl SoRfairked Watest namends Bl (Metals wentent (ppmy)

<1<1 Chlorine content (ppmy) not not _ detectabl e detectable WO
03/ 033630 PCT/EF714609 aé_ ﬁﬂfg@]ﬁ%ﬁa‘?\%%‘l- In this case API

group II Base Oils have been obtained.

Table 4
Product Product
fraction 1 fraction 2
Kinematic viscosity at 4.4 8.6
100 °C (cSt)
VI 105 109
Pour point (°C) -11 =7
Sulphur content mg/kg 9 20
Saturates content 93 91
Metals content (ppmw) <1 <1
Chlorine content (ppmw) not not
detectable detectable




1. Process to further upgrade a pre-processed used lubricating oil by: (a)
contacting the partially upgraded used oil in the presence of hydrogen
wi th a hywoodesssal | i zati on 5 catal yst, (b) contacting thecefPbuersty of step
(a) in the presence of hydrogen with a-hydretreating catal yst, (c)
contacting the effluent of step (b) in the presence of hydrogen with a
dewaxi ng catal yst, and 10 (d) contacting the effluent of step (c) in the
presence of hydrogen with a hydrotreating tatatyst. 2. Process according
to claim1, wherein the pre- processed oil has an oxygen content of |ess
than 1 wt% a sul phur content of less than 2 wt% and a chl orine content
15 of between 10- 3PLoPpsn Bo REOCESS BSEHE Y §:1e-PPosd Wai s 1- 2,
wherein the pre-processed oil has an initial boiling point of between 340
and 380 C and hARTpFEEFALPYL PHO5 vol % boiling point of between 480 and.
550 C. 20 4. Pyoressnaseof s Nghd panyi sney Alp gt AdB dsed sherig] ehstep (a)
is perfornmed by first contacting the oil wth two different types of a
hydr ode- met al | P52E¢0Fe caf arydfodemnetteh i thedfedane ikl iz atiier net al
upt ake scapaci ty,thppst f he second catal yst and the second catal yst has a
hi gher 25 hydr odenitrogenation (HDI\Q and hydr odesul phurisation (HDS)
per f or mance t h&p) tERNEIFEING AR &k Ll upntprl extcemc@r ditd- oo rrREIRE Of
claims 1-4, Whefehfdr (]t,@rpsm(@a 5%)(@90@5@‘3@%({ @ dEd 4y series flow, such
that gas and [iquid fTow co-current when contacted wth the 30 catalysts,
and wherein thécr edrtagning Grgat Elyiind WG T3 033630 POUR ERGHEIIBD9 -
15 nitrogen ines (b)agd 1§il{,9(j'l [.tyogen content in the
effluent to stgfp }ﬁ}g@oé%ﬁ bel ow g1)0(%)é‘%—:i)m éMl};s@' Hd

10 (d) contacting the effluent of step (c) in the presence

of hydrogen with a hydrotreating catalyst.

2. Process according to claim 1, wherein the pre-
processed oil has an oxygen content of less than 1 wt%, a
sulphur content of less than 2 wt% and a chlorine content

15 of between 10-300 ppm.

3. Process according to any one of claims 1-2, wherein
the pre—pfocessed 0il has an initial boiling point of
between 340 and 380 °C and has preferably a T95 vol$
boiling point of between 480 and 550 °C.

20 4. Process according to any one of claims 1-3, wherein
step (a) 1s performed by first contacting the oil with
two different types of a hydrode-metallisaticn catalyst,‘
wherein the first has a higher metal uptake capacity than
the second catalyst and the second catalyst has a higher

25 hydrodenitrogenation (HDN) and hydrodesulphurisation
(HDS) performance than the first catalyst.

5. Process according to any one of claims 1-4, wherein
steps (a) to (d) are performed in series flow, such that
gas and liquid flow co-current when contacted with the

30 catalysts, and wherein the reduction of organic bound



6. Process according to claim5, wherein the nitrogen content in the
effluent to step (c) is below 50 ppm 5 7. Process according to any one of
clainms 5-wposeiead n the dewaxi ng catal yst used in step (@CTEPOPIiISES an
internedi ate pore size zeolite having a-pdbe-di aneter of between 0.35 and
0.8 nmand a non-noble Goup VIII netal. 8. Process according to any one
of clainms 5-7, wherein 10 the catalyst used in step (b) and (d) are the
same catal ystnTonpgéersi g stégoufaVidhdreta)l ,ia otk nddte tHe ol Ndddn et al
and a refract or%éé)xi de. suppor

t . Process accprding to .an e of clains
5-8, wherein THe Pprocedstis Ferfbited T m oo fce?a{ct%r bcecﬁ%%li]s FE 15
number of stacked hestsesf aad@tdizies to qderiorim sitepsi)thd aithogelkD.
Process according to an ne of _clainms 1-4, wherein at |east steps (a) to
(b) are perfor?f@'gt‘?rht alr}/etgl:et St FRHHRT i &9 i &P nﬁ“r?be]rs Fe e PHBeds of
catal ysts to 20. pepfcrdBsStapsofdnansd (d)y aik Wl idingas-3)d JHapdid f | ow

count er-current ann contacting the catalyst. 11. Process according to any
one of clai s 4%, ASHREFETh Carﬁf%%ﬂ'edlsﬁﬂ pHt e &hd @mASTRE 5% 3dhoved from

the effluent pDftstidne Refar 6sipas fAITNGE HBPdf)a PPl 2idNQGaSoE
according to an% one of clains 10-11, wherein the dewaxing catalyst used

in step (c) coMrTeds G2 igfterhetingd @sbrde QY a oS (FEURWIG &Y6rle

di ameter of betwesibdhs3d AtbAihdanta bl @eumsVIs7,MelRlre 113
Process according to any one of clainms 10-12, wherein 30 the catalyst used

in stéf (d) contiSHES W Hot¥ G BuF AR | (et aiftl @ T%fectsdTe oxi de

support. catalyst comprising a Group VIB metal, a non-noble
Group VIII metal and a refractory oxide support.
9. Process according to any one of claims 5-8, wherein
the process is performed in one reactor comprising a

15 number of stacked beds of catalysts to perform steps (a)
to (d). ‘

10. Process according to any one of claims 1-4, wherein
at least steps (a) to (b) are performed in a reactor
comprising a number of stacked beds of catalysts to

20 perform steps (a) and (b) and wherein gas and ligquid flow
counter-current when contacting the catalyst.

11. Process according to any one of claims 1-4, wherein
hydrogen sulphide and ammonia are removed from the
effluent of step (b) before performing step (c).

25 12. Process according to any one of claims 10-11, wherein
the dewaxing catalyst used in step (c¢) comprises an
intermediate pore size zeolite having a pore diameter of
between 0.35 and 0.8 nm and a noble Group VIII metal.

13. Process according to any one of claims 10-12, wherein

30 " the catalyst used in step (d) comprises a noble

Group VIII metal and a refractory oxide support.



