JP 2005-505681 A 2005.2.24

(19) BREREEFT (JP) 22 | F 4 |A) ()SHEEARES
$33%2005-505681
(P2005-5056814)
43) &%xEB FRITE2RA248 (2005.2.24)
(51) Int.CL." Fl F—va—F (BEF)
C10M 175/00 C 1 0M 175/00 4H104
// C10ON 70:00 C1ON 70:00
SEWEK KWK PHBLEWRK T (£ 32 H)
@) HEEE 15 RE2003-536360 (P2003-536360) | (71) EEA 390023685
(86) (22) HEEE ERL4%E108 168 (2002, 10. 18) SIN Ay R—=FTIRAN - ) H—F
85) BIFRCIREE  ERRI6E4ATH (2004.4.7) CT—FPVEAL - R— - B
(86) EEHESBE  PCT/EP2002/011609 SHELL INTERNATIONAL
B EELHMES  W02003/033630 E RESEARCH MAATSCHA
87 EHELHB R I54EAH 248 (2003, 4. 24) PP1J BESLOTEN VENNO
B1) BRIETHESBE  01402663.7 OTSHAP
(32) &%H FRE13£10F 16H (2001.10. 16) ASVAE 2596 N—Ia, N
(33) BEIEEERE BRI ASFRE T EP) -7, AL TRy S T—

30
100064355
#ELT iEA

(74) fRIBA
—E

B EICHE S

64 [RAOEN] FROUELERESHOREME

(57)00 0
ooooo
0oooo
oooo0
ooooo
0o0oo0

ugboogobobooobgoboobobuoobobooobuobobobooboaoboo
ooboobOoobOoobOoobOoo0obOoo0ooOoooobooOobooOooog
gboooobooobooobgoooboboboobobooobooboboobooboao
oobooobOoo0obOoobOoOobOoOobOoOoooooobooobooOoboog
goooboobooobobooboobooonb



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

Oo0o0oooogog4UoooDoDooo4Qgooooao

e e e e e e s s e
OO0 o0oooOoooo0ooDoooo o ooDoooooooooofdg
I s e e s A

OOo0oooooooooooooogod
Ooooooooooooooogd

OO0 oooooogoQgooao

O
O
O

O
O
O

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao

O 0Oooo

O
O
O
O
O
O
O
O
O
]
O
O
O
O
(]
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O Oooo

O Oooo

O

O Oooo

O Ooogoo

O 0Ooogo

O 0O oo

O 0Oooo

O O0ooo

O 0Oooo

O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

O Oooo

O Oooo

O Oooo

O Ooogo

O Ooogoo

O O0ooo

O 0ooo

O O0ooo

O
O
O
O
O
O
O
O
O
OJ
O
O

O Oooo

O Oooo

O Ooogo

(2)

O 0ooo

O O0ooo

O O0ooo

O Oooo

O Oooo

O o0ood

O

|

O O0ooo

O Oooo

JP 2005-505681 A 2005.

OJ
O
O
O
O
O

O Oooo
O Oooo

O

O

O

O

O

O

O

O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
OJ
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O

O
O

O
O

.24

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Ooooooo0ooooooo0o oo oDoDooooD oo oDoooo0oooDoooogdg

[ |

O
O
OJ
O
O

O0Ooo0oooao

OO0 oooooogogog

O 0Oo0oooao

O0Oo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooao

O0Ooo0Ooooog

(3) JP 2005-505681 A 2005.2.24

oooooooobooooooooooboooooooao
goboooboooboboboobogoboobonb
uoobooboobobobooboobooooobooboadnnb
oooooooobobooooooooooboooooooao
gobooobobooboboboobooboooooboooboaoadanb
oooooooobooooooooao

O

ooooooooboooooooooooboooooooao
ooooooooboobooooooao

oono
uoobooboobobobooboobooooobooboadnnb

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

O oOooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo

OOoo0ooood
O0Ooo0ooood
OO0Oo0ooood
O0Ooo0o0oood
OOoo0oood
OOoo0oooodg
OOoo0ooood
OO0Oo0ooood
O0Ooo0Oo0oo0ood
OoOoo0oood
OOoo0ooood
OOoo0ooood
O0Oo0oooodg
O0Oo0Oo0oo0ooad
OoOoo0o0oood
OOoo0ooood
OOoo0ooood
O0Ooo0oooogod
OO0Oo0ooood
O0Ooo0o0oood
OOoo0oood
OOoo0oooodg
OO0Ooo0ooood
OO0Oo0ooood
O0Ooo0o0oood
OOoo0ooood
OOoo0ooood
O0Ooo0ooood
O0Oo0ooood
O0Ooo0Oo0oood
OOoo0o0oood
OOoo0ooood
O0Ooo0ooood

oo ooooooogogoo-g
OO0 oooooogogog
OO0 ooooooogogogog
OooooooooogooOgod

Oo0oooooogoogog

OO0 oooooogogdg

Ooooooogdg

OOoooooogdg

OoooogQgogao
Oooo0ooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao
Oo0oooogQgoo
Oooooggogao
Oooo0ooogoo
Ooo0ooooogooQgoo
OoooooogogQgoo
Oo0oooogQgoo
Ooooooggoao
OooOoo0ooooogogoo
Ooo0ooooogoQgoao
OoooooogoQgoo
OoooooogogQgoao
Oooooggoao
Oo0oooogoQgogao
OoooooogoQgoao
Ooo0oooogooQgoo
Oo0oooogogQgoao
OooooogQgoao
Oo0ooogogogao
OooooooQgoao
Ooo0oooogoogoo
Ooo0oooogogQgoo
Oo0oooogQgoao
Oooooggogao
Oooo0oooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoo
OooooogQgoao
Oooooggogao

OOooooogdg

OOoo0ooooOod
O0Ooo0oooao

OooooooogoogooQg
Ooooooogogogogoo-g
Ooooooogogogoog
Oooooooggogdg
OOoo0ooooogooOod
OoooooooogooQg
OooooooQgogo-g
OoooooogogogogooQg
Oooooooggogog
OOoo0ooooooOod
OoooooooogooQgoQg
OooooooogogooQg
Ooooooogogogoog
Ooooooogoggogg
OO0 oooooggogog
OoooooooogooQgod
OooooooQgogooQg
OoooooogoogogooQg
OooooooggogoQg
OO0 oooooggogdg
OoooooooogooOgoQg
OoooooooQgoogoaoQg
OoooooogogogooQg
Ooooooogoggogog
Oooooooggogog
OOoo0ooooQgooOo-g
OoooooooQgoogoQg
Ooooooogogogdg
OoooooogogogogooQg
Oooooooggogog

O0Ooo0oooo

O0Ooo0oooao

O0Ooo0Ooooog

O0Oo0oo0oo0oao

O0Ooo0oo0ooao

O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O OooOgooo
O Oogoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooogooo
O O0Oogoo

(4)

|

O
O
O
O
O
O
O
O
O
[ i R |

JP 2005-505681 A 2005.

.24

O O0Oo0gooao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

OoOoo0oood

Oooooooo0oDoooooo0o oo oDoooo oo oDoooooooDoDoDooooooooogdg

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog

oo ooooooogdg

O 0Ooogooog O0Ooo0oooo

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo

OooooogQgoao
OO0 ooooggogao
Oooo0oooQgoao
OooooooQgoo
OooooogoQgoao
OooooogogQgogoao
Ooooooggogao
Oooooooogoao
OooooooQgoao
OoooooogoQgoao
OooooogogQgoao
Ooooooggogao
OooOoooooogoOoao
Oooo0oooQgoao
OooooooQgoao
OooooogogQgoao
Ooooooggogoao
OO0 oooogQgogaog
OooooooQgoao
OooooooQgoao
OooooogoQgoao
OooooogQgogoao
OO0 ooooggogao
OooooooQgoao
OooooooQgoo
OooooogoQgoao
OooooogogQgogoao
Ooooooggogao
Oooo0oooogoao
OooooooQgoao
OooooooQgoao
OooooogogQgoao
Ooooooggogao

O Ooooo
O O0OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OoOgoo
O Ooo0ooo
O Ooo0oono
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooo
O Ooo0ooOono
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono
O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

O 0Oooo

O Oooo

O Ooogo

O O0ooo

O O0ooo

O Oooo

O Oooo

O Ooogo

()

O 0ooo
O O0ooo

O O0ooo

O Oooo

O Oooo

O o0ood

O O0ooo

O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

O Oooo

JP 2005-505681 A 2005.

O Oooo

O Oooo

O 0O oo

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

O O0ooo

O O0ooo

O Oooo

O Oooo

O O oo

O O0ooo

O O0ooo

O 0Oooo

O Oooo

O Ooogo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Ooooooooooooooo0ooDooooooooooogogao-g
Oooooooooooooo0 oo oooooooDoooogoQgoQg

Oooooooooooooooooood
Ooooooooooooooooooodg

O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O O0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooooo
O OooOooo

O
O
O
O
O
O
O
O
O
]
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

Oo0oooooooooooooogdg
Oo0oooooooooooooogd
OO0 oooooogooooooogd
Oo0oooooooooooooogod
Ooo0oooooooooooooogd
Oo0oooooooooooooogdg
Ooooooooooooooogd
OO0 oooooogoooooogd
OOo0ooooooooooooogod
Oo0oooooooooooooogd
Oo0oooooooooooooogd

OoOoooooao

O

O
O
OJ
O
O
O
O
O
O
O
O
O
O

O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO ogogooao
O 0Oo0ooOooao
O 0OooO0oooo
O 0OooQoooo
O Ooogooo
O Ooogooao

OO0 o0 ooDoooogogoooooo
OO0 0o oDoooggogogogoooao
oo ooooooooooooao
oo ooooooooooooo
oo o0 ooDoooooooooo
OO0 o0oooDoooogogogoooooo
OO0 o0oooDoooggogogooooo
OO0 0o oDoooggogogogoooao
oo ooooooooooooao
oo o ooDoooogooooooo
oo oo oDoooogooooooo
OO0 o0 ooDoooggogogooooo
OO0 0o oDooogogogogoooao
oo ooooooooooooao
oo o0 oooooooooooo
oo o0oooDoooogogoooooo
OO0 o0oooDoooogogogoooooo
OO0 0o oDoooggogogogoooao
oo ooooooooooooao
oo o oooooooooooo
oo o0oooDoooogogoooooo
OO0 o0 ooDoooogogoogogoooo
OO0 o0ooDoooggogogoooo

(6)

0O O
[ |

[ By |
I Ry |

O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
[
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

O

JP 2005-505681 A 2005.

O Ooooo
O OoOooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo

.24

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg
Oooooooogogodg
Oooooooogogog
OOoooooogogg
OO0 ooooogogog
OoooooooogoQgdg
OooooooogoQgg
Oooooooogogog
Oooooooogogg
OO0 ooooogogg

Oo0oooooooooog
Oo0ooooogogooooodg
OO0 oDooo4gogooooodg
Oo0ooooooooood
Oo0ooocooooooodg
OoDoooooooooog
Ooooooogooooodg
OO0 oDooo4gooooodg
Oo0ooooooOoooood
Oo0oooooooooogdg
OoDoooooooooogdg
Ooooooogooooodg
Oo0oDooo4gogooooodg
Oo0oOoooooOoooood
Oo0oooooooooodg
OoDoooooooooodg
Oo0oooooooooodg
OoDoooogogogoooodg
OO0 o0Dooo4Qgooooodg
Oo0ooocooooooodg
OoDoooooooooodg
Oooooooooooodg
Ooooooogogooooodg
OO0 oDooo4gooooodg

OoooooQgogoao
OooooogoQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogoao
OoooooQgogoao
Ooooooggogaog
Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao

OoooooogooQgogoog
Oooooooggogog
OoooDoooggogog
OOoo0ooooooOooOod
OooooooogoogooQg
Ooooooogogogogoo-g
Ooooooogogogoog
Oooooooggogdg
OOoo0ooooogooOod
OoooooooogooQg
OooooooQgogo-g
OoooooogogogogooQg
Oooooooggogog

Ooooooogodg

OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood

€]

OoOoooooogoOoad
OooooooogoQgodg
OooooooogQg™g
OoooooogoQgdg
Ooooooggdg
O0o0Dooooogogdg
OooooooogoQgdg
OooooooogQgdg
OoooooogoQgdg
OooooogQgg
OO0 oooogogg
OooooooogoQgdg
OooooooogoQgdg
OooooooogoQgdg
OoooooogQgdg
OOoooooggdg
OooooooogoQgadg
OooooooogQgdg
OoooooogoQgdg
OoooooogQgdg
Ooooooggdg

JP 2005-505681 A 2005.

OoooooooQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgdg
OooooooogoQgodg
OooooooogoQgg
OooooooogoQgg
Oooooooggg

OooooooooQgooao
Ooooooooogooo
Oooooooogoogogooao
Oooooooogoogooao
OO0 ooooogogooao
OOoooooooOoogooao
Oooooooogoogoooao
Oooooooogoogoooao
Oooooooogoogooao
OO0 ooooogogooao

O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

.24

10

20

30

40

50



O 0Ooo0ooioo

(8) JP 2005-505681 A 2005.2.24

L T e T e T e T e T e O e T e T e T e B e T e T e T e T e B e |

OooooooQgoQgaog

L T e T e T e T e T e T e T e T e B e |

Oooooao
000
gooooooooooooooooooooooooooooooooooooodo
goooooooooooooboooboooooao
Oo00oo0oaod
O0d
R
IRE
¥ (ppm) 5600 100CTOENNG6. 7S¢

kL
ZFX (ppm) 228 FEEE R 105
EBEH (ppmw) |87 B A —7C
W (ppmw) 31 A E

IBP 335C
A h (ppmw)|3 2 508E% 450C
B (ppmw) 10 95HBE% 535%C
E# (ppmw) 10
H#E (ppmw) 50
Oooooao
ogoooooooooooo0obooo0obooouoooto0oooooooooooboooooaodan
gooooooooooooooooooooooooooooooooooooodo
gooooooooooooO0obooo0oobooooootooboooobooooobooboooooaodan
gooooooooooooooooogoggooououooooooooooooogogo
goobooooooobooooooooooootoooooDoooooooooooao
Ooo0oO0ooooooOooooooooan
Oo000oaod
Ood
Bok
- Al A2 B C D
ek itk RM—430 [RN—410 C —424 SDD—800 |C —424
B 380 380 365 365 365
WH S V|12 12 4 4 15
(kg/1/hr)

O

40

oooooob
OooooOoQ
OoooOO
Oo0o0OoOO 0

gbooobooboobooboooboobooboobooboboooboobao
ooooooooooooooooooboooboooooooboboooooOoao
oboooboobobooboboobooboboobobooboboDbao
u

O 0Ooo0ooOoo



L T e T e T e T e T e T e T e B e T e B e B T e T e T e T e T e B e |

ocooDooooooDooooooob

(9

HEIE

ko a1 |7 a2
1 0 0 CTOENELE 4. 7 9. 35
(cSt)
V1 96 102
g (T —-20 —11
MESERE meg kegl|259 535
M EEE (EE%. |77 73
ASTM 20070k
%)
SBREAE (ppmw) |<1 <1
HESHR (ppmw) [BRHETET mHTET

BRINER AR & H BB L e 5
ooooan
0000000000000 D0D0D0DO0OD0D0DO0O0OO0DO0OO0OD0O0O0aGO
0000000000000 D00DO0ODDO0OOO0ODOODOOOaO
0000000000000 D0D0D000DD0OO0DO0DO0OO0DDOOaGO
0000000000000 D0DO0DO0OD0DDO0OOO0ODOOD0OO0O0aGO
0000000000000 D00D00OD0DDO0OO0OO0DOODDOOaGO
0000000000000 D0D0D00D0DD0OO0DO0DO0OO0DODOOaO
Ooo00oo0a0o
ooooan
ooooao
oo?2
0000000000000 D0D0D000DD0OO0DO0DO0OO0DDOOaGO
0000000000000 D0DO0DO0OD0DDO0OOO0ODOOD0OO0O0aGO
0000000000000 D00D00OD0DDO0OO0OO0DOODDOOaGO
ooooan
Oo0oa

O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

O
O
O

JP 2005-505681 A 2005.2.24

10

20

30



O — ™ —m Mm ™ /& ;s

Ooooooooooooao
Oo0ooooooooooao
OOo0ooooogogogooooao
OO0 ooooogogogoooao
OOo0ooooocooooooao
Ooooooooooooao

¥4k

(10) JP 2005-505681 A 2005.2.24

ERMTF I a1

ERWMZZ o a2

100 CTCOFIE (c

4. 4

8. 6

St)

Vi 1056 109
wEhR (C) -11 -7
WESHR mg keg(9 2 0
tafpEF R 9 3 91
SREER (ppmw) |<1 <1
HESHE (ppmw) |[RHETES BmHTET

O

O Ooo0ooooao
[ Y |

ooooooboobooocooooooobooooooogao

10

20

30



9

(11)

JP 2005-505681 A 2005.2.24



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

0 03/033630 Al

(12)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Tniernational Bureau

{43) International Publication Date
24 April 2003 (24.04.2003)

PCT

(10) International Publication Number

WO 03/033630 Al

(51) Taternational Patent Classification”  C10M 175/00

{21) International Application Number: PCT/EP02/11609

{22) International Filing Date: 16 Ocrober 2002 (16.10.2002)

(25) Filing Language: English

{26) Publication Language: English

{30) Priority Data:
01402663.7 16 October 2001 (16.10.2001)  EP

(71) Applicant (for all designated States excepi LiS): SHELL
INTERNATIONALE RESEARCH MAATSCHAPPLY
B.Y. [NT/NL]; Carel van Bylanddaan 30, NI.-2596 TIR
The Tague (NL).

(72) luventors; and

Inventors/Applicants (for US onfy): GRANDVALLET,
Pierre [FRANT]; Budhuisweg 3, NL-1031 CM Amsterdam
(NL). HAGAN, Anthony, Patrick [GB/NL]; Badhuisweg
3, NL-1031 €M Amsterdam (NL). HUVE, Laurent,
Georges [I'R/NL]; Badhuisweg 3, NL-1031 CM Amster-
dam (NL).

(81) Designated States (national): AR, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CII CN, CO, CR, CU,
€z, DE, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GII,
GM, HR, HU, 1), IL, IN, IS, JP, KLi, KG, KP, KR, KZ, LC,
LK, LR, LS, LI, LU, LV, MA. MDD, MG, MK, MN, MW,
MX, M7, NO, N7, OM, PH, PI, PT, RO, RU, SD, SE, SG,
SI SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARTPO paient (GIT, GM.,
KE, LS, MW, MZ, SD, SL, 87, TZ, UG, ZM, ZW),
Liurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 'L, TM),
Liropean patent (AT, BI, BG, CH, CY, €7, DI, DK, 13
TS, TT. TR, GB, GR, IT:, IT, LU, MC, NI, PT, ST, 8K,
TR), OAPI patent (BF, BI, CF, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
—  with inlernational search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Noies on Codes and Abbreviations " appearing at the begin-
ning of each regular issue of the PCT Gazelte.

{54) Title: UPGRADING OF PRE-PROCESSED USED OILS

{57) Abstract: Process to further upgrade a pre-processed used lubricating oil by: (a) contacting the partially upgraded used oil in

the presence of hydrogen with a h

the cffluent of stcp (a) in the presence of hydrogen

ization catalyst, (b)

with a hydrotreating catalyst, (c) contacting the effluent of step (b) in the presence of hydrogen with a dewaxing (d) contacting the
elMuent of step (c) in the presence ol hydrogen with a hydrolreating catalyst.

JP 2005-505681 A 2005.2.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

(13)

WO 03/033630 PCT/EP02/11609

UPGRADING OF PRE-PROCESSED USED OILS

The invention is directed to a process to further
upgrade a pre-processed used lubricating oil.

WO-A-9961566 describes a process to prepare a pre-
processed used oil by removal of solids, low boiling
compounds and pelycyclic compounds from used oils.

The pre-processed used oils as obtained by such a
process cannot be directly used as lubricating base oil
to formulate new lubricants. While some properties like
the Viscosity Index (VI) generally do comply with
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
products as obtainable by the process of WO-A-5961566 or
similar pre-processed used oils.

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

(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
of hydrogen with a dewaxing catalyst, and

(d) contacting the effluent of step (c) in the presence
of hydrogen with a hydrotreating catalyst.

BApplicants have found that with the above process
excellent quality HVI (high viscosity index) base oils
can be obtained from used oils having a sufficiently low

pour point and excellent characteristics with respect to

JP 2005-505681 A 2005.2.24
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HSE aspects. The base oils as prepared by this process
pass in particular the General Motors LS/2 suite of
health tests (expressed in terms of Total PNAs (as
measured by EPA SW-846), Residual elements (as measured
by ASTM D5185), total PCB (as measured by EPA SW-846),
total organic halogens and Modified Ames Test (as
measured by ASTM E 1687) Further advantages of the
process will become clear from the below description.

The pre-processed used o0il can be prepared from
various sources of used oils. The used oils are suitably
subjected to an extraction treatment wherein most of the
additive package resids, water and other insolubles are
separated from the oil. The extraction is preferably
performed with propane as the extraction solvent as for
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-2068805. The pre-processed oil may also be
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
oil from the propane and re-refining said impurity-free
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
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

less than 2 wt% sulphur and more preferably less than

JP 2005-505681 A 2005.2.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

35

(15)

WO 03/033630 PCT/EP02/11609

-3 =

1 wt% sulphur. Typical pre-processed used oils will
contain between 10-300 ppm chlorine. For the present
process according to the invention the upper chlorine
content is preferably less than 200 ppm and more
preferably less than 150 ppm chlorine. The total content
of phosphorus, calcium, zinc and silicon is typically
between 20 and 1000 ppm and preferably between 20 and
300 ppm. Other (metal) compounds, such as iron, and
sodium may also be present in low quantities.

The pour point of the pre-processed oil is preferably
below 0 °C. The viscosity index of the pre-processed oil
is preferably above 90.

The pre-processed used oil, which is used as
feedstock in the present process preferably has an
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 ocils having a
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.

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

JP 2005-505681 A 2005.2.24
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small portions of other hydrocarbon sources, such as for
example the Heavy Neutral Distillate as obtained from the
same Interline process. The heavy Neutral Distillate has
typically an IBP of more than 300 °C, a Tgg of between
500-520 °C and a FBP greater than 650 °C.

Suitable hydrodemetallization catalysts to be used in
step (a) are for example the hydrodemetallization (demet)
catalysts developed to remove nickel, vanadium and molyb-
denum from crude oil residues. It has been found that
such catalysts also reduce the content of halogens, such
as chlorine and fluorine, but also phosphorus; calcium,
zinc and silicon in a sufficient manner under hydro-
processing conditions. Examples of such hydro-
demetallization processes are described in US-A-4297242
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 v
deposited on the catalyst. A suitable Group VIB metal is
molybdenum. Suitable non-noble Group VIII metals are
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
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
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).
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The catalyst used in step(a) is preferably
presulfided before use (ex-situ and/or in-situ).
Presulphiding of the catalyst can be achieved by methods
known in the art, such as for instance those methods
disclosed in the following publications EP-A-181254,
EP-A-329499, EP-A-448435, EP-A-564317, WO-A-930279%3 and
WO-R-9425157.

Step (a) is suitably operated at a temperature of
between 330 and 420 °C. 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
10 kg of o0il per litre of catalyst per hour (kg/l.h) and
suitably is in the range from 2 to 10 and more preferably
between 4 and 6 kg/l.h as calculated on the total of
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
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
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,
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).

JP 2005-505681 A 2005.2.24
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The catalyst used in step (b) is suitably at least
partly sulphided prior to operation in order to increase
its performance with time on stream. Presulphiding of the
catalyst can be achieved by methods known in the art,
such as for instance those methods disclosed in the
earlier referred to publications relating to sulphided
catalysts.

Step (b) is suitably operated at a temperature of
between 250 and 420 °C and preferably between 350 and
400 °C. The actual temperature will depend largely on the
content of sulphur and/or nitrogen in the feed and the
desired reduction to be achieved. - Higher temperatures
result in higher reduction of S- and N-content. 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 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 (¢) the oil effluent of step (b) is contacted
with a dewaxing catalyst. The pour point of the oil is
lowered to a value of between -9 and -30 °C and more
preferably to 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
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
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

with Group VIB metals, for example NiMo or NiW.

JP 2005-505681 A 2005.2.24
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Molecular sieves, and more suitably intermediate pore
size zeolites, have shown a good catalytic ability to
reduce the pour point of a base oil precursor fraction
under catalytic dewaxing conditions. Preferably the
intermediate pore size zeolites have a pore diameter of
between 0.35 and 0.8 nm. Suitable intermediate pore size
zeolites are ferrierite, ZSM-5, 2SM-12, ZSM-22, 2ZSM-23,
SS2-32, ZSM-35 and ZSM-48. ZSM-5 may optionally be used
in its HZSM-5 form in the absence of any Group VIII or
VIB metals. The other molecular sieves are preferably
used in combination with the above listed metals. Further
details and examples of suitable catalysts and dewaxing
conditions are for example described in WO-A-9718278,
US-A~-5053373, US-A-5252527, US-A-4574043, WO-A-0029511,
WO-A-0029512 and EP-B-832171. Examples of suitable
commercial for bare or base metal dewaxing catalysts are
7z-706, SDD—SOO‘(as obtainable from Criterion Catalyst
Company), Hydex-L (from Sud Chemie), HC-80 (from UOP) and
the Mobil MLDW catalyst. Examples of noble metal based
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
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 (¢), is preferably below 100 ppm and more
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.

JP 2005-505681 A 2005.2.24
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An alternative to the above series flow embediment is
an embodiment wherein hydrogen flow counter-current
through a reactor in which steps (a)-(b) and optionally
also steps (c) and optionally step (d) is performed. In
this embodiment the metal functionality of the dewaxing
catalyst is suitably a noble metal of or a combination of
noble Group VIII metals, preferably platinum optionally
in combination with palladium.

A next alternative to the series flow embodiment is a
process wherein ammonia and hydrogen sulphide are removed
from the effluent of step (b) prior to feeding this
effluent to step (c). This removal can be suitably
performed by stripping the effluent with hydrogen. In
this embodiment the metal functionality of the dewaxing
catalyst may be a noble metal of or a combination of
Group 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
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

. 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
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

used in step (d). When the dewaxing catalyst of step (c)
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is based on a noble metal of Group VIII, the catalyst of
step (d) is preferably also based on a noble metal. Noble
metal based hydrotreating catalysts are suitably used at
low hydrogen sulphide partial pressures. Thus higher
hydrogen partial pressures will favour the use of such
noble metal based hydrotreating catalysts. Such hydro-
treating catalysts suitably comprise a noble metal
component supported on an amorphous refractory oxide
carrier. Suitable noble Group VIII metal components are
platinum and palladium. Examples of such catalysts are
the ccmmercially available C-622, C-624 and C-634 types
of Criterion Catalyst Company (Houston, TX). These
platinum/palladium catalysts are advantageous because
they deactivate less when the sulphur content of the feed
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
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 cil per litre of catalyst per hour (kg/l.h) and
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)
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)
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is performed. The reactor (1) is further provided with
one or more beds (4) of a hydrotreating catalyst or
hydrotreating catalysts combination in which step (b) is
performed, one or more beds (5) of a dewaxing catalyst in
which step (c) is performed and one or more beds (6) in
which step (d) is performed. Because step (a) is suitably
performed at a higher temperature, suitably between 10
and 40 °C higher. temperature, than step (b) a gas
quench (7) is present, wherein via (8) an hydrogen-rich
stream can be supplied to the reaction mixture flowing
through the reactor. The reactor is further provided with
an outlet (9) for the final base oil product. The
embodiment of Figure 1 shows a process series flow
configuration wherein hydrogen and the oil feed flow co-
current.

The invention will be illustrated with the following
non~limiting exémples.
Example 1

A pre-processed used oil as obtained from the
Interline reclaiming process was used as feed for this
Example. The relevant properties of this feed are listed

in Table 1.

JP 2005-505681 A 2005.2.24
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Table 1
Feed
Sulphur (ppm) 5600 Kinematic 6.7 cSt
viscosity at
5 100 °C
Nitrogen (ppm) 228 8| Viscosity 105
Index
Total metals {ppmw) | 97 s Pour Point -7 °C
Phosphor (ppmw) 31 Boiling range:
IBP 355 °cC
Calcium (ppmw) 32 50 vols 450 °C
Zinc (ppmw) 10 95 vols 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
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

feed. Further process conditions as in Table 2.

Table 2

Step Al AZ B c 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

JP 2005-505681 A 2005.2.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

(24)

WO 03/033630 PCT/EP02/11609

- 12 -

The effluent of step (d) was distilled into
3 fractions: a fraction having a kinematic viscosity at
100 °C of 4.7 cSt, a fraction having a kinematic
viscosity at 100 °C of 9.35 cSt and a fraction boiling
below 370 °C. The product fractions were analysed and the

properties are listed in Table 3.

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 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
content and reduced content in sulphur and nitrogen is
cbtained 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

shown in Figure 1. Thus a simple hydroprocessing method

JP 2005-505681 A 2005.2.24
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is provided to upgrade a pre-processed used oil to a base
oil having properties comparable to those of virgin base
oil.
Example 2

Example 1 was repeated but at a process pressure of

121 bar and a gas recycle rate of 1000 N1/kg of feed. The
base oil obtained as effluent of step (d) had the
properties as listed in Table 4. 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
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CLAIMS

1. Process to further upgrade a pre-processed used
lubricating oil by:

(a) contacting the partially upgraded 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,

(c) contacting the effluent of step (b) in the presence
of hydrogen with a dewaxing catalyst, and

(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
of between 10-300 ppm.

3. Process according to any one of claims 1-2, wherein
the pre-processed o0il 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.

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
hydredenitrogenation (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

catalysts, and wherein the reduction of organic bound
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nitrogen in steps (a) and (b) is such that the nitrogen
content in the effluent to step (c), is below 100 ppm.

6. Process according to claim 5, wherein the nitrogen
content in the effluent to step (c) is below 50 ppm.

7. Process according to any one of claims 5-6, 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 non-noble Group VIII metal.
8. Process according to any one of claims 5-7, wherein
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
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
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).

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
the catalyst used in step (d) comprises a noble

Group VIII metal and a refractory oxide support.

JP 2005-505681 A 2005.2.24
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