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of step (a) in the presence of drogen, w t.h hydr.qt: t 4,00 yst, and
(c) contacting the &¥Hg l%rﬁ'Pd’Pc&Féﬁd( 5o q nOJtIhSeaapsr égg%gégézgpo?&%gérp en
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i ndex) base 0i | sy 30y £ado e yoliinalexedVE § ogenseall kyf [do 1eorPdy H18Rfficiently

ow 10 industry standards for HVI (High VI) base oils (VI
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 oil 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
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in separated from the oil. The extraction is preferably

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 oil may also be

20 obtained from used oil by, for example, contacting the
used oil with a basic substance and a phase transfer
catalyst in the presence of water, contacting this
mixture with liquid propane, separating the impurity-free
0il from the propane and re-refining said impurity-free

25 oil. '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 oil 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



30 the oil feed. The majority of this oxygen will be present as the bound

oxygen of water nolecules. Furthernore the pre-processed used oil suitably
contains less than 2 w% nitrogen and nore preferably |ess @H 0,05 wt %

ni trogen. WQO¥ABFWore the pre-processed _used oil suitabl )rcg ?}QW? 35 | ess
than 2 wt % sul phur and nore preferably | ess than WO 03/ 033630 3
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370 C. The boili30p pgimt O&hewhi(oatadb) VeAMBUNSE) SHCPe@8vafelr | 3%r ef erabl y

between 480 and _ 550 C and rupe,prgissabl ¥ Paloweenane@rand. 540 C. It has
been found t hat %?é?%ﬂwﬁa rgggésgg ﬁsed oifé haviﬁg a 20 gigher 1?5 qb!ing
S
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zinc and silicon, ) Such g hipgh Leuebsofy tiRes GEMROENgTel-prdetssetnsal for
the catalyst life 1nh the process according' to the present process. 25 An
exanmpl e of the e&ﬁnﬂ;QﬁﬁﬁgglﬁeébﬁVé-B?ocessed oils is the Light Distillate

as obtainable from tfe ?@'—@&%egsear@w&w, lwitiehl iseuBedoasces
Cor poration as descri be
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
peen 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



in detail on their web page http://ww.interline-
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residues. It has beeqitepnd hjdtoddinesadh icatabyststal gots etude tisedcdnt ent
of hal ogens, such as chloripe_ and fl.uorine u osphar us, ium
zinc and silicofteR 423 uFF?c?%ﬁteWm§r tuﬁdé’ﬁgﬁ%%%‘?e%’?g%%@%’g esh :t'gl ons.
Exanpl es of suchadtudyetsdasesnbpéd atd arempvec essksl ar eanizdtun Fadl imelyb-

US- A- 4297242 15 and US- A-4613425.. Such. . | ysts i i an
al umi na carrier 9% 68m\ﬁ§uér%t%3f§arn%‘l%te%dnz I 9%@%@% eCI gcrmoabtp VI

metal . @ptional Isngpheaphoysssi slsadepubideedhen contenht af yalogensi tsashe
i ckel and cobalt® CHIGTANEAS Eiht B 7 S a1aD BnboeHbrd) carE e
al um na support zifnct hadhgdidtoratn ry sufdtisipst BRNBEEPYNE®T B¥FQd). In a
oo v SR 340, Lol S0 By ua aerenyase one ype of
hydr o- demetallization processes are described in US-A- 4
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 hydrqtreating
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).



denetal | i sation catal ysts having a high uptake capacity for netals and
then contacted with hydrodenetallisation catalysts having a relatively

hi gher desul phuri sation and denitrification activity tha i type
of cat al ystW8(93/8?361‘9at al yst comnbi nation. Exaympl es of sui taghéélj?@’c?m%i al

hydrodenetal | i zati on catal ysts are RM 430, RN-410 and RN-412 as obtai ned
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- 5 The catal yst used in I's preferably presulfided before use
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in the foll ow ngﬂp%%%ngﬁsBEPﬁi?wﬁ%%% %Afb%z%gg, EP- A 448435,

EP- A- 564317, WO-Ke®802703hen@rtwosach 495157 iqisggncs) thessuPesBeys oper at ed

at a tenperature Jidaen £330 £8ndod2 pieatieesuEe-rayYs1254¢ from 10
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space velocity (MMRAA3IREP Y alderrfdREdd 1 BRA P43 Tof WO raneds
catal yst per hougolkoddzd)s7and suitably is in the range from2 to 10 and
nore preferably %etvveen 4 and 6 kg/]l.h as calculated _on the _total .of 15

demet catal yst used SieRstidy d8) Sui alg%lépofl%‘ﬁaté’éjp@c?i & FETPREAFRYS| Ot
nitrogen is redycgsben MBKHIOULOAPTCNITEA B ¢sdured Mg ttaedei Bromt B €d)
T e e e o A2 e 2T 5% IR R TRMTaA O i 1o
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sui tabl e petween 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 nitrogen 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).



non-noble Group VIIl nmetals are nickel (Ni) and cobalt (Co). The refractory
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. | | d_nZQIC LN ste t%cg. T

reduction can beeatFedverRAUSFOSr texBRpREP LGt itHE %Fh§358§é$| $°®f the

reaction and thgeghot Cen afidHed reduction of S- and N-content. The
pressure may range from 10 to 250 bar, but preferably is

15 petween 20 and 150 bar. The weight hourly space velocity

(WHSV) may range from 0.1 to 10 kg of oil 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.
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commercial for b o , bass, dlond [ C S+t me€a196, FEBESH0
(as obtainable fﬁgé% él teri on éaon @W@K merrpit%]&%é/ lIL.LI?tex- rLne(?lrom Sud

Cheni e), HC- 80 (aeomLmncawampﬁ@sw& FUMM%aqaéqwstSEﬁaﬁpﬁégaﬁn%om e
metal based 20 Cé&ﬁéi’f{cﬁxéfaerez &}Géx(a%iéeaé%ﬁ%@lﬁstwocmpamnveIhe

Mobi | NMSDW cat al 410 f om Chevr on and DW 10
US A-5053373, A-5252527, ) -4574043, (WO A—%%Fg511,

15 WO-A-0029512 and EP-B-832171. Examples of suitable
" commercial for bare or base metal dewaxing catalysts are
7-706, SDD-800 (as obtainable from Criterion Catalyst
Company) , Hyde#-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
peds 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.
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current node of ebpbvent oip SteP dendi thﬁsr‘iﬂho‘é"ﬂerfa(rb)bearsénﬁﬁé\)\n‘ﬂ in the art
and 20 typicall Fk@%{&hé/& @Pe;t% EGEHQVQEPI@&)& Rvitthe Hyaregedl 1hrom 300

to 450 C, suita rom 330 to dr ogen
_ thlS embodiment the metal functlonallty of the dewaxing
15 catalyst may be a noble metal of or a combination of
Groﬁp 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 oil 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 performed
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)




pressures in the range of from 10 to 200 bar, preferably .from40 to 150
bar, weight hourly space velocities (WHSV) in the range of from1 to 10 kg
of oil per litre of 25 catalyst per hour (kg/l/hr), suitably from2 to 6
kg/ 1 /hr  anWORP¥ELn to oil ratios in the range of from 1IRCI/ERI2/1560900
litres of hydrogen per litre of oil. In sfe% Td) a final hydrotreating step
is performed mainly to saturate any unsaturated conpounds, reduce the 30
| evel of col our bddpPesedhm st aislpzBetAd of | Graumre Wyldrother eatiahgstadal yst

used in step (d)gspay E?r%e ;Qfefteli‘gb?c?t éié’étéa&l f@t% %%51809{@& atig S as

descri bed for ste . Especially when st are orrre
t he above expl ai'fi@ Jsé?"‘!st,fsd ﬂyﬁoﬁrﬁéﬁlﬂ%m%t%b)t%ﬂ%/@trel §u3sabéﬁduse|d sa'ep

(d). Wien the dey&i e walpBidet 8Rrf £a1 33363 11609 9
i s based. on a napl Hn%:.gclfgt of Ggugﬁﬁgfrz the\gc}a%yst% o?hﬁgégg gé

preferably al so PHEREYh PartdpleP fobtel festonr EQGeHSﬁy@Ifow@atl ng

catal ysts are sundisid yndifaa.dbatsed| ﬁyab&df@@&mgm&att@l%tear ELgh Ry&ssures.
ressures. Wi |l |~ favour the_use of” such noble

mot sl based hydr ST GASALIFYS: SaT GHEHY IGRIRL T EaPPRECCRERF Yot o
suitably conpri seogporahite slmpalrtedn@nnamtarﬁdmﬁfdse&ecf&aaﬂoapﬂéﬂms
refractory oxide_ _carrier oble VI taI onents are
10 pl ati num and %ﬁﬁﬁ%ﬁﬁlu%“1gfgﬁﬁ|8§bg? Q&& aF8mPﬂ%nEB%ﬁ%F%lale
avai | abll® C- 622, plattizhmamadCpé3datyypes Exﬁmpﬂrest e:rf (sncﬁat:ata'.sysﬁbrmﬁély
they deacti vai e TR st AL R mEr b e 2T T2 T B Ceb TR (o) 1 o
still reIativeIyOﬁnQﬁltemﬁomaEByalhsts@wmpanMeﬁﬁaﬂston caxXal yBhes®nbi nat i ons
?;ﬁpg?g?uLg 3%6 eeégynda%éSQQ%glﬁ%gg%égg%#épreferQ%¥nt§§§mg%ﬁg§%%lghd 400 C.
Hi gher tenperat hsy 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 oil 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 reéactor (1) provided with a
feed inlet (2) to supply the o0il and hydrogen to one or
more beds (3) of hydrodemetallization catalyst or hydro-
demetallisation catalysts combination in which step (a)



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
bet ween 20 and 150 bar. The weight hourly space vel ocity(ﬁ(V\HS\/% may range
fromO0.1 tWOB®3IP of oil per litre of catal yst per hour RGHERO243602 g 25
suitably is in the range from 10 to 20 kg/1". h. The catalyst used in the

pe catal yst or a caonbination or

different steps,(a)- d%gﬂne?/ ?leasingletg ; ]

package of dif#erkert vINenZGRAEOT hel Sk Fuptdsrorarriged) High

pr ef erreg grrgogbﬁ@néroﬁoﬁdméﬁqumbi of stiepdrdtneatiGd @a&d%yateoperfor rred(i)n
one stacked-bed reactor as sho in Fiqure 1. Figure 1 0 a reactor (1
provi ded with aPYFEREECIHING S g)glyagguﬁ%ﬁ?/“?$ B 3%’&%%?3%%“56 bhe or
nmore beds (3) opehyermettneirad loirzabrenbeas al ystobdra iesiaxindesrtalyssain on
catal ysts conbinati,on in iich ste a 03/ 033630 PCT/ EPQ2/ 09 - 10
i s perfotned. ngl?'%a%ttecﬁ ) lisspFEF%ﬁ%?X%rb%iodéedo\ﬁ f“l‘?reoﬁsgfir J(%rgr?anbeds
(4) of a hydrotwehth ngreat @)ydts perfhyded! ribsdduxy catepl (s sisosbivabipn in
which step (b) is erfor , wone or _more_beds (5)..0f d Xin tal yst
' S bt oh s ePTEs SRS ST nEaRele SRESHT eIk  Buderla) BERACE, £ S Y

(d) is perfor WEQndEﬁf@&‘gsﬁiéheﬁig@r)pé%atzbﬂdéaﬁ!hﬁﬁ BEEHONBEUa afas hihgher
temperature, suita et ween an . hi gher tenperature, than step
(b) a gas quenc%u?’?‘)‘ﬁli %”pr’eﬁsé’ﬁfa,se%er%f’?\’f‘?/’r’h"%@ @ %d%é’&éﬂgf’f’éﬁlgllo

streamp@n be sgpptawdcdrd Hehauppadetobtontixé ureadtion mdxtubeoBybwihe
reactor. The reactor is_further proyjded with .an outlet (9) fqr the final
base oil produc‘f.r%%h Wb FFRRER 'o¥hﬁi ﬁ%?%tcir slhsoérglhﬁfogééglgﬁi‘éjst?l ow
configuration vaereatlétydrogeEnrantet ftnal |bdsedifll gwodactl5Tharrent. The
Eraent 607 M BRbodiet! YL EYR 1 Enb0L ! ke dlOW B! G X2 €S-
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
Exémple. The relevant properties of this feed are listed
in Table 1.



A pre-processed

process was used as feed for this

feed are |isted

Feed 5600 KMP:HH3T630 Sul phur (ppm vi scosi_t
(ppm 228 Viscosity 105 Index Total metals (

(ppmv) 31 Boiling ra

used oil

Exanpl e.

in Table 1. WD 03/033630 PCT/ EP02/ 11609
at 6.7 cSt 100PE/RPRAYRN

11 Tabl

as obtained fromthe 20 Interline reclaimng
The rel evant properties of this

el

my) 97 Pour Point-7 C Phosphor
355 C IBP Cal cium (ppmw) 32 50 vol t450 C Zinc

e
(ppmpy) 10 95 voI@@@%f 5ilicon (ppmpy) 10 Chl orine (pprmw) 50 Thg feed of Table

1 was fed to a € ed reactor | as Sigmmn | n Frgure . [The upper

catal yst bed copsisted of Criteridn hydr®enetallisation tatalyst RM 430,
the second bed pPutphy%r{RRMhydr odgma®® || Kipematifyst BORN-23D, |t he
third bed of Crjterion hydrotreating s sEod2dy dde fourth bed of
commerci al SDD-B00 dewaxing catal e fifth catal yst bed wag again
a Criterion G @24 hydrotreating cd ThB0oYerating pressure Was 51.6
bar and the gas voysavm et e§§§—eﬁﬁdHtions
as in Table 2. [Tabre’ ) 15€0

j Index
Total metals (ppmw) [ 97 B Pour Point -7 °C
Phosphor (ppmw) 31 ll Boiling range:

& 1op 355 °C
Calcium (ppmw) 32 50 vol% 450 °C
Zinc (ppmw) 10 ¥ 95 vols 535 °C

Silicon (ppmw) 10

50

Chlorine (ppmw)

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

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 iC D
Catalyst RM-430 | RN-410 [ C-424| SDD-800 | C-424
Temperature '(°C) 380 380 365 365 365
WHSV (kg/1l/hr) 12 12 4 4 15




St epAl A2BCD Cat al yst RM 430RN- 410C- 424SDD- 800C- 424 Tenper ature

' (C) 380380365365365 WHSV (kg/ 1/ hr) 12124415 WO 03/ 033630 PCT/ EP02/ 11609 -
12 The effluent of step (d) was distilled into 3 fractions: a fraction
havi ng a kiYRPHBS0vi scosity at 100 C of 4.7 cSt, a fracPCHEPRAMg a
kinematic viscosity at 100 C of 9.35 cSt ¥hd a fraction boiling 5 bel ow
370 C. The product fractions were analysed and the properties are |listed
in Table 3. Tabl e 3TPeoefiflwRddRdt steactdbnwas rdibstionledl Kintemati ¢ vi scosity

at4.79.35 100 Cq 1l PQi At 20-1 ; - .ent

ng/ kg259535 Satarg?éétg%ﬁ$é3% é¥3§§#9%3ﬂgggg?d%n%f%%ﬁ%géﬁuQ£ﬁ§%%E§&tSFS
content (ppmy) <18@ ICCRfoti heeTontediracppan) havhes aldtigwmatliiedet ect abl e

bel owbel ow det ecti ctl i tkigit. The results listed jn, JTable 3 show
that starting f?6%88g?%§e%%?lgbcdes?eékmg}‘I;%Fﬁrger(}ao b3 %lﬁgngPl éohﬁﬁ’?%g an

| mproveds pour pgefbw §hOS®T .t @neepeolBt el £ Adk LdH ORI &Qa@%_ﬁé&%n@%e
reduced content in sul phur and nitrogen is_ obtained in a high yield (97

Wt % on 375 C+ i RIPRBET18% 2% sied ént BaPYesBosity index of each fraction
Is hardly

Table 3
Product Product
. fraction 1 | fraction 2
Kinematic viscosity at 4.7 9.35
100 °C (cSt) '
2! 96 102
Pour point =20 -11
(°C)
| Sulphur content mg/kg 259 535
Saturates content (wt% 77 73
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



affected. Another observation is that the results have been obtained using
the sinple series flow enbodi nent as 15 shown in Figure 1. Thus a sinple
hydr opr ocessi ng nmet hod WO 03/ 033630 PCT/EP02/11609 - 13 is provided to
upgrade a pM2 P34 sed used oil to a base ;.pi| having proPE€FEP@41609
conparable to those of virgin base oil. EXample 2 5 Exanple 1 was repeated
but at a process.pressur f, 121 bar and a gas recycle rate _of 1000 N1/kg
of feed. The bad BF?V{)(E?‘gitrPed‘p&rag‘Ff PUBRE-BFOct23£ Y Psadh@idhéo prbpeeti es
as listed in Tabbel4having lpopeastd e8Pbogpargblé Basthddd DaveghReBase
obt ai ned. Tabl e 4i roduct Product fraction 1fraction 2 Kinematic viscosity
at 4.48.6 100 C ?c t) VI 105109 Pour point (C)-11-7 Sul phur content ng/ kg920
Sat urat es contenEf38gléb? al s content (ppmy) < 1< 1 Chlorine content

(ppmMn) noteg not  det ect C I 30. PCT/ EPQ2/ 11609 - 14  CL A
| MS 1. Process tC)%%%t erqu%%?aggggég§é9%$g€%s5%&”35335 PEBPPREEI A o

by: (a) contactihglthrr pnd iaalday upgyadedrasedDil0lin Mi&g of feed. The

base o0il obtained as effluent of step (d) had the
properties as listed in Table 4. In this case API
group II Base 0ils 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




presence of hydrogen with a hydrodenetallization 5 catal yst, (b) contacting
the effluent of step (a) in the presence of hydrogen with a hydrotreating
cat al yst, gyé contactlng the effluent of step (b) in the presence of

hydr ogen wi HeWaxi ng catal yst, and 10 gd) contacting PREEBIYNEENt of
step (c) in the presence of hydrogen wiThl4 hydrotreating catal yst. 2.
Process according to claiml, wherein the pre- processed oil has an oxygen
content of less than 1 ww% a sul phur_content of less than 2 wt % and a
chlorine content 15 of between 10- 30Egdpd 13M Brocess according to any one
of claims 1-2, wherein the pre-processed oil has an initial boiling point
of between 340 and 380 C and referably a T95 volt bojling point of
bet ween 480 and 550 FECCFS 40 BE T+ ARES en@ PREERFOFREYG W ns 1- 3,
wherein . step (eﬂuuﬁiqw2ﬁhgramﬂ by: first contacting the oil with two

different types a h dr -net a at i qn cata flrst has

a hi gher netal iﬁ%ﬂﬁ?n 55 &P?;F??nﬁ$r gé@@ﬁﬁaégéaV§%$ éﬁb 3’§bcond

catal yst has a hughemc%SoﬁyUydde@emrwxﬁhum|hmdr¢HEm&tahulzatlon

hydrodes§lphur|sc%ttt (HDS) performance than the first catalyst. 5.
ccordlng 0 an

Process y one of claims 1-4, wherein steps (a) to (d) are
performed in 'seflesohitentigachhe heiff f1lupnd @ﬁdSKBQUKd)fimwthﬁ)nnﬁﬂ@@mﬁ when

contacted with t i h ion of organic bound
WO 03/ 033630 - rg%%%ﬁhg0§?§§6%qﬂﬁj rog%ﬁql g?égg %%) and (b) is such
that the ni troge(n:) contenting the «fflueatt ofossepplpt)initho@resenss ppm

6. Process acccwéyrﬁy&fg chal, k. av@gwéyﬂ%ggg%tguygggegndcontent in the

effluent to ste I's bel ow 5 ProCess according to any one of

claims 306, mher@ﬂncomﬁécﬁéﬂ&th@ %§§¥H§P§tOﬁséGePn(§ie&P(Qbe(Rﬁﬁﬁqn§@s an
i nter medi ate porgr $iykkogeal vt ehNavh i Gt RRe ngi 8EEkEYsOf

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-processed oil 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) is performed by first contacting the oil with
two different types of a hydrode-metallisation 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



between 0.35 and 0.8 nm and a non-noble Goup VIII netal. 8. Process
according to any one of clains 5-7, wherein 10 the catal yst used in step

(b) and (d) wiy @& same catalyst conprising a Goup VIB netal, a
non-nobl e G oup %??I metal and a refractony oxide suppor t PCHEPQ2{08 s

according to any one of clainms 5-8, wherei the process is perforned in
one reactor conprising a 15 nunber of stacked beds of catalysts to perform

steps (a) to (dyi rs c di ny on lajnms 1-4, wherein
at | east steps (alt%%(e(rﬁ)lqgr%zgggrggz rr%aﬁ@i lg‘))aalrrlayeascc rgkégnghas?hﬁr%gmnber
of stacked beds H"'@fttaldfsttder §LIdupet f o nstrEpS)(a)sabd16H) 1amdomher ei n

gas and |iquid féowprgidiseheeldl .ontzact the _catalyst. 11.
Process according to any one of g?ﬁ%ﬁgpﬁg',%aﬁgr&?Egeﬁ9dF§8e%1§{ﬁ?ﬁﬂ(ﬂa and
ammoni a are re ot hbe efflvert %9 shemp (D) ibebelewpko fsmi ng St ep

(c). 25 X2. Process meeeise B8chodany EH‘E‘a_er Helo¥ 1093 44 5‘-"?”»% n.. the
dewaxi ng cataly%} uigg I n steg éc) conprises an internedrate po & ze
zeol i te having a PorEY@¥*ang: SrtatYsheisrdir stsrarie) Ocempri sesl an nobl e

Goup VI1| netalintkimeRiiatesponscorsh ngdla N ha®i8g0h SbA: N aI‘nQér{"e%i dherein
?gf ﬁ ggt g?t al ysg b%%%:%e'nn Os.ggpaxgg) Océ)rg)rrq Iasn%lS aa nggglagbgog?oyl IiIIrEE Aand a
y oxl de support. p metal.
8. Process according to any one of claims 5-7, wherein

10 the catalyst used in step (b) and (d) are the same
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 liquid 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 claiﬁs 10-12, wherein

30 '~ the catalyst used in step (d) comprises a noble
Group VIII metal and a refractory oxide support.



