JP 2005-504824 A 2005.2.17

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
153 2005-504824
(P2005-5048244)
49 AER FRITE2H17E (205.2.17)
(51) Int.CL." Fl F—va—F (B%)
CcCo7C 17710 Co7C 17/10 4HOO6
CO7C 17/08 COoO7C 17/08 4HO39
CO7C 17/2 COo7C 17/20
CO7C 17/23 COoO7C 17/23
co7C 17/363 CO7C 17/383
SEWR E TREEZNR A (2 183 B BFECE!S
(2l HEES $5FE2003-532428 (P2003-532428) |(71) BE.A 501480990
(86) (22) HERR TRy I449H 27H (2002, 9. 27) Pmym P —dm $—UIAZ, A
(85) BIRRCiRHH ERE165E3H22H (2004.3.22) 2—RL A Fw R
(86) B HEES PCT/US2002/030729 TAVAERE 19801 F3917
B7) EERLHES ¥02003/029173 ANy AAf—F 128689
(87 EEEAHA SERL15EE4A 108 (2003. 4. 10) Fow7 TAZaz— 300
(31) EAEEEHEE  09/966, 158 (74 A 100085785
(22) B5E RYISEEOR 28 (2001, 9. 28) #8+ HR B&
(3) BEETER  RE (US) (74) KIBA 100124257
£EE EH AT
TARHAE A4 2% 1HA4F
PAYVHERE, AVFATIMN 47
906, vzAb ZT7FAIv b,
s—ow ApRY—}) 2825
BAE ¢

(c4) [READEBM] 200730 A—RrRUNA FO7 A3 0h— Ry ODERRUEHOIHOMBRIEE

(57)0

Oooooooodg
O O0Oo0ooooao

Ooooooood
oo ooooogooQgodg
Ooooooogogg
OO0 oooooogdg
Oo0oo0oood
OO0oOo0ooood
OO0Oo0oooogod
Oo0Ooo0ooood
OoOoo0ooood
O0Ooo0oooogod
O0Ooo0o0oood
OOoo0ooood
I A
OO0Oo0oo0ooogod
Oo0oo0ooood
OOoo0ooood
O0O0oo0oooogod
OO0oo0o0oood
OOoo0ooood
O0Oo0oooogod
O0Ooo0o0oood
OOoo0ooood
O0Ooo0oooogod
OO0Oo0oooogod
OOoo0ooood
OOoo0ooood
OO0Oo0oooogod
O0oo0oood
OOoo0ooood
O0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
O0Oo0oooogod
O0Oo0Oo0ooogod
OOoo0oood
OO0Ooo0ooood
OO0Oo0oooogod
OOoo0oood



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 A s e e e e e s ) s e Y Y O

OO oo
O 0ooo
O 0Oooo

OO0 ooDooogogooao

Oooooocoo0ooooooo0 oo oDooo0o o0 oo oDooo0o oo oo oDooo0oo0o0DoDoooogogogooao

Oo0oooogQgo®

Ooo0ooooooo oD oo oooo0 oo oDooooo0ooDoDoooogogogooao

[

O

Oooooooooooog

O
O
O
O
O
(]
O
O
O
O

O
O
O
O
O

(2)

O
O

JP 2005-504824 A 2005.

O
O
OJ
O
O
O
O
OJ
O
O
O

.17

10

20

30

40

50



e R ey [ s R s [y |

Oo0oooooo0ooooooo0o oo oDoDoooo0oooDoDoDoooDoooooogdg
Oo0ooooo04ooooooUoo Do oDoDooooUoDoooDoDoDoogggooooogdg

OO0 ooooooQgoooo
OO0 oo oDooogogogooo
OO0 oo oDooodgQgogooao
Oooooooogooooao
OO0 oo ooooQgoooo
OO0 oo ooooQgoooo

e A e e e A e s e ey Y o
Ooooooooo0oooooo oo oDooooooDoooooogoooao

Ooooooooooooood
Ooooooooooooood

OJ
O
O
O

Oooooooooooooogogoao
Oooooooo0oooooogoggoao

JP 2005-504824 A 2005.

ugboobooaooboodoboad

.17

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

OoOo0oooooo0oooooo0 oo ooD oo UoooDoDoDoUU oo oDoDoDooUoUUoUoDoDooogogooao
e e e e e ey e R e Y Y I Y
e e Iy
[y e e e e ey R e Iy

OOo0oooooo0ooooooo4oooooDoDoooo0o0ooDoDoooogogogogooao

O
O
O
O
O

O
OJ
O
O
O

OoooooooQooooao

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

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

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

|

|

JP 2005-504824 A 2005.

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

.17

10

20

30

40

50



e R ey [ s R s [y |

OooDooooooooooogdg
Oooooooooooooogod
OO0 oDoDooogog4gogoooooogod
Ooooooooooooood
Ooooocooooooooogod
Oooooooooooooogodg

Oo0ooooooooooog
Oooooooogooooodg
OO0 Oooooo4gogooooodg
OOo0ooooooooooood
Ooooooooooooodg
Ooooooooooooodg

Oooooooooooooogooooao
Oooooooooooooggg
Oo0DoOooDoogog4gogooDooogogdg
Oooooooooooooogoogdg
OooooooooooooogoQgdg

Oo0oooogoQgg

O
O
O
O
O

O
OJ
O
O
O

OOoo0ooooaog
O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

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
OJ
O
O
O
O
OJ
O
O
O

JP 2005-504824 A 2005.

.17

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

OooOoooo®Bv

Oo0oooDooooooooogogooao

O O0Oo0gogo
O 0Ooo0ooOoo
O Ooooo
O Ooo0ooo

OOo0oDooooooooooogogogogooooao
OO0 o0oDooo4gogogoooDoooggogooooao
OOo0oooooooooooooooooooao
Ooooooooooooooooooooao

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

[ |

OO0 oo oDooodgQgogooao
Oooooooogooooao

oo ooooooQgodg

Oo0Doooogogdg

Ooooooodgadg

O
O

O
O

Oo0ooooQgg

[}

oo oooooogodg

OOoo0ooooao

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

OOoo0oooao
OoOoo0ooood
OoOo0o0oooogod
OoOoo0oood
Oo0oO0goao?o
OoOooos

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

O
O
O

O
[ |

OoOoo0ooood
OoOoo0oooogod
OO0Oo0Ooood
o o

[ |

Ooooood
OoOoooood
OoOoooood
1 B
o o

(6)

O O

OoOoo0oood
OoOoooood
Ooooood
OOo0o0oooogod

I I o

O

o R |

OoOoooood
Oo0o0ooood
OoOoo0ooood
OOo0o0ooood
OO0Oo0oood
OoOoo0oood

I o

JP 2005-504824 A 2005.

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

[ Ry |

OoOoo0ooood
OoOoo0oooogod
OO0Oo0oood
Ooo0oood
Ooooood
OoOoo0ooood
OoOoooood

.17

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 [ [ |
s A s e e s e e e e s e e s e e Y o o A
[ [ [ e e [ e e e [ Y [

[ o R |
I [ |

e [ ey e [ s [y |

[ i R |

[m]

OoooooogogQgoos

OoOoo0ooood

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
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

Oooooooogdg
Ooooooogd
OOoooooogd
OoOooooood
Oooooooogod

OoOoooos

OoooooogoQgooao

OooDoooooooooood

OO0 o0o0oogQgaogs

O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

O Oooo

[ o R |

O Ogoo

O 0Ooogo

O 0Ooo0oogoo

OooooooOooQooogo
Ooooooog?o.

O 0Oooo

Ooooooood

O 0Oooo

U OO o0oooo

Ooooooo:ve

[ |

O Oooo

Ooooooooooooog
OOooooogogs

Ooo0ooQogooao

Ooooooogd
OOoooooogd
OoOooooood

Oo0ooOgooao

O Oooo

I s [ Y |

O Ooogoo

I I [

O 0ooo

OOooooooooooboodg

[ |

O 0Oooo

O0Ooo0oooao

Oo0ooOgooao?o
Ooooooooooobooodg

O o

Oooooooogod
Oooooooogd
OOoooooogd
OoOooOoooood
Ooooooood
Oooooooogod
Oooooooogd
OOoooooogd
OO0oooooogd

O Oooo

O Oooo

O OO0oogooooao

O Ooogoos

O Oooo

~
R
~

Ooooooooooogoaog
Oooooooooooboood

Oooooooooogoos

O 0oo o
O 0Oooo

O O

O Oooo

Ooooooooooooog
OoDooDooooooooodg

OO0 oooooogoggoos

O Oooo

O Oooo

O O

O Oood

OOooooooooooboood

Oooooooooogoos

O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
s [ o

O 0Oooo

O O

O Oooo

JP 2005-504824 A 2005.

Ooooooooooobooog
OOoDooooooooooodg

O Oooo

O d

O Oooo

oo oooooogogdg

O O

O 0O0Oooooao
O 0Oo0oo0oooao
O0OoOood

O 0Ooogo

OOo0oooooooooobood
Ooooooooooooodg

Oooooooooogoos

O 0ooo

[ |

O Oooo

O O

O Ooo0ooooao
[ o

O Oooo

Ooooooooooooodg
OO0 ooooooooooodg

O d

O
OJ
O
O
O
O
O

O OoQgooooao
O 0Ooo0oo0ooo0oao
O Ooo0oo0oooao
O 0Ooo0ooooao
O OooQgooooao
O 0OoQgoooao

O O

a

OO0 oooooogQgaogy

Ooooooooooobooogdg

Ooooooooooogo

O O

Ooooooooooooog
OO0 ooooooooooodg

AN
~

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 O

O Oooo

I Y [y
O 0o oo
I [
O 0o oo
O 0Ooogoo
O Ooogo
O 0o oo
I Y [
O 0o o0oo
O 0o oo
O Ooogo

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

O

O
O

O
O

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 Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooooo

O Ooogoo

O Oooo

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

O 0O oo

O 0Ooogo

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O 0Oooo

O Oooo

O Oooo

O Oooo

O Ooogo

O Ooogoo

O O0ooo

O 0ooo

O O0ooo

O 0Oooo

O Oooo

O Oooo

O Oooo

O

O
O
O
O
O
O
O
O
O
O

O Oooo

O Oooo

(8)

O 0ooo

O
(]
O
O

O
O
O
O
O
O
O
O

O 0oo o

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

O 0Oooo

O O0ooo

O Oooo

O Oooo

O Oooo

O
O
O
O

O Oooo

O Oooo

O Oood

]

|

O o0ood

O 0Oooo

O O0ooo

O Oooo

O Oooo

JP 2005-504824 A 2005.

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 Oooo
O Oooo
O 0Ooogo
O 0ooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O 0Oooo
O Oooo

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

O Oooo
O Oooo
O 0O oo
O O0ooo
O O0ooo
O Oooo
O Oooo
O O oo
O O0ooo
O O0ooo
O 0Oooo

|
[

O O oQgo O O
O O

O
O

O Oooo

.17

O Oooo

O Ooogo

10

20

30

40

50



e R ey [ s R s [y |

e s Y I

O 0Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
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
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

e e e e e s e e e e e e s e A o
e e e e e e s e e e e e e s A
Iy e e [ ) I A
I e s [ e e e e e A

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

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

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 0Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo

oo oooooogodg

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

O oo ooooogdg

OO0 oooooogdg

Oooooooood

Ooo0oooQgodg

Ooooooogdg

OoOoooooogdg

OOooooogdg

OoOoo0ooooOod

Oooo0oooOodg

Oooooogdg

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

Ooooooogdg

OOooooogdg

(9

0O O
[ |

OOoo0oooood
Oooo0oooOodg

O
O
O
OJ
O
O

O
O
O
O
O
O

Ooo0oooQgdg

Ooooooogdg

OoOooooogdg

Ooooogoood

OoOoo0oooOodg

OooooooQgdg

JP 2005-504824 A 2005.

O O

O

O

Oooooogdg

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

OOooooogdg

O 0Ooogo

Oooooogdg

O 0ooo

OoOoo0ooooOod

O
O
O
O
O
O
O
O
O
O

O Oooo

OoooooQgodg

O Oooo

Ooooooogdg

O Oooo

Ooooooogdg

O Oooo

Oooooogdg

O 0ooo

OoOoo0ooooOod

O 0Oooo

Ooo0oooOodg

O Oooo

Oooooogdg

O
O

O Oooo

Ooooooogdg

O Oooo

OOooooogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

Ooooooo4ogoooooogh?o

OO0 00O ooo4o0oDoDoooo oo ooDoDooogooooodg

O OooOooos

OO0 oooDoooggogodg
Oooooooooogogoao
OoooooooooQgogooQm
OooooooogogQgogooQg
Oo0ooooooggogooQg
OO0 oooDoooggogog
Ooo0oooooooOoogoo
OooooooooQgogogoaoQo
Oo0oooooogogoQgogooQg
OoooooooggogooQg
OO0 ooooooggogodg
Ooo0oooooooogooOgoo
OooooooooQgoogoo
Oo0oooooogogogogooQg
Oo0oooooogogogoQg
OO0 ooooooggogog
OooooooooOooOood
OooooooooQgoogoao
OoooooooogogQgogooQg
Oo0oooooogogogogooQg
OO0 ooooooggogoQg
OO0 oooDoooggogdg
OooooooooQgoogoo
OO0 ooooooQgogooQg
Oo0oooooogogogogooQg
Oo0ooooooggogoQg
OO0 oooDoooggogodg
OooooooooOgoogod
OooooooooQgogooQo
Oo0oooooogogQgogooQg
Oo0ooooooggogooQg
OO0 ooooooggogog
Ooo0oooooooogoogood
OooooooooQgogogooQo
Oo0oooooogogogogoo-g
oo oooooogoggogooQg
OO0 ooooooggogodg

s e A e e e s e e e s e e s Y Y Y
OoOooooocoo0ooooooo0o oo oDooo o oo oDoooo0oooDoooogogooao

OoOoOooooo0Dooo0ooooooogooogoogao

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

OO0 oo oooooooooooQgg

Oooooooog

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

O 0Ooo0ooo
I Y

O0Ooo0oooo
OoOoo0oooao
O 0OoO0oo0ooao
O0Oo0oooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oooooao
O 0Oo0oo0oo0oao
O0Ooo0oo0ooao

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
O
O
O

O oo oooog

O 0O0ooooog

O d

O

O d

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
OO0Oo0ooood

O 0OooOooo
O 0Ooo0ooo

O
O
O
O
O
O
O
O

O
O
O
O
O

O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo

O

~
[EnN
o
~

0O O
[ |

O 0O ogoo
O Ooo0ooo
O Ooooo
O OoOooo
O O oOooaog
O Ooo0ooo
O Ooo0ooo
O Ooooo
O OooOooo
O OoOooo
O O0Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
OO oOooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O OoOooo

0O 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
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O

JP 2005-504824 A 2005.

O

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O
O

AN
~

O

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

Ooooooo4ogoooooogh?o

Oo0DooogQgogao

Oo0oooooooooooo0 oo oDooooDUoooDoDooogogoooood

e e e s e e e e Y Y I

I Y [ o

Ooo0ooooooo o0 oo oooo0o o oD oDooo o0 oo oDooooooooofdg

OoOooooood
Oooooooogd

OoooooooQooooao

O o0ooooOoooOo0 oo oooo0o o0 oo oDoo oo oooo@v

oo ooooooogdg
oo ooooooogdg
OO0 ooooooogdg
Oooooooooodg
oo ooooooogodg
oo ooooooogg
OO0 ooooooogdg
OO0 ooooooogdg
Ooooooooood
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
Ooooooooood
Oooooooooogodg
oo ooooooogodg
oo ooooooogg
OO0 ooooooogdg
oo oooooooogdg

OOoo0ooooao
O0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oooao

O Ooooo
O OooOooo
O OoOgoo
O 0Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooOoo
O Ooo0ooOoo
O Ooooo

O

O Oooo

oo oooooogodg

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 oo ooooogdg

O 0Ooogo

OO0 oooooogdg

O 0Oooo

Oooooooood

O 0Oooo

oo oooooogodg

I Y

O
O
O
O
O
O

O
O
O
O
O
O
O
O

[ i R

OO0 oooooogodg

OO0 ooooogdg

I Y o

O O0oo0oo

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oooao
O0Oo0oooaog
O0Ooo0oo0ooao
O0Ooo0oooao
OOoo0oooaoo
O0Ooo0oooao
O0Oo0oooao

Ooooooooodg

oo ooooooQgodg

O Ooogoo
O Oogoo
O 0Ooo0ooo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O Oo0goao
O Ooo0oono
O Ooooo

OO0 oooooogdg

O

O oo ooooogdg

(11)

0O O
O O

Oooooooogodg

Oooooooood
I o

O
O

O
O

O
O
O
O
O
O

O
O
O

O Ooo0ooo

O
O
O

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

OO0 oooooogodg

OO0 ooooogdg

|

Oooo0ooogoo

O

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

Ooooooooodg

Oooooooooogodg
oo ooooooogodg
oo ooooooogdg
OO0 ooooooogdg
OO0 ooooooogdg

O 0Ooo0ooOoos

OO0 oooooogodg

JP 2005-504824 A 2005.

O Ooogoo
O 0o oo
O O ogo
O 0o oo
O 0Ooogoo
O Ooogoo
O 0o oo
I ) [
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O O oo

OO0 oooooogodg

OO0 oooooogdg

OO0 ooooogdg

Oo0ooooooOodg

O 0Oooo

oo oooooogodg

oo ooooooogodg
oo ooooooogdg

O O0OooOoood

Ooooooogdg

Ooooooogdg

O 0Oooo

OOooooogdg

OO0 ooooooogdg

Ooo0ooooao

O

OOoo0oooOod

O 0Oooo

OoooooOodg

oo ooooooogodg
oo ooooooogodg
oo ooooooogdg

O Ooogoos

OoOoo0oooao

O o

OOoooooogdg

.17

O OoOooo

(=

O

O 0Oooo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

OooDooooooooogdg

Oo0oooooooooooo0 oo oDooooDUoooDoDooogogoooood
e e e s e e ) s e
Ooo0ooooooo o0 oo oooo0o o oD oDooo o0 oo oDooooooooofdg
Ooo0ooooooo o0 oo oooOo0 oo oDoDooo0o oo oDoooo0ooooodg

O 0Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O Ooo0gooo
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O Ooo0oooo
O Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0ooOooao
O 0Ooo0oooao
O Ooo0oooo
O Oooooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooo
O Ooo0oooao
O O0Oo0ogooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao

OO0 oooo4ogooooogdg

OooOooogoaono

O 0Ooo0ooOoo

Oooooooooooogdg

I Y [y
O 0o oo
I [
O 0o oo
O 0Ooogoo
O Ooogo
O 0o oo
I Y [
O 0o o0oo
O 0o oo
O Ooogo
O Ooogoo
I [ [

OooooogoQgoao
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

OoooooooQooooao

Oooooooogogoog
OooooooggogoQg
OO0 oooooggogog
OoOoo0ooooQooOod

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

OooooooQgogoooao

OO0 ooDooogoQgogooao

Ooo0oooooOooOooOooao

OoooooooQooooao

OoooooooogoogooQg

Oooooo®

Oo0oooooogogoQgogooQg
OoooooooggogooQg
OO0 ooooooggogodg
Ooo0oooooooogooOgoo
OooooooooQgoogoo
Oo0oooooogogogogooQg
Oo0oooooogogogoQg
OO0 ooooooggogog
OooooooooOooOood
OooooooooQgoogoao
OoooooooogogQgogooQg
Oo0oooooogogogogooQg
OO0 ooooooggogoQg
OO0 oooogog?o

O Oooo

Ooooooogoggogoog
Oooooooggogg
OOoo0ooooogooOod
Ooooooooogoo
OooooooogogoQg
OoooooogogogogooQg
Ooooooogoggogog

Ooooooaov

(12)

O
O

[ I R |

OoooooooQgooQgo-g

O
O

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

OooooooogogooQg
OoooooogoQgogoog
Oooooooggogog

OO0Oo0oooaoghno

O
O
O
OJ

|

O O

O OO

|

Ooooooooogogoo
Oo0ooooooogogooQg
OO0 oooooogoggogooQg
Oo0ooooooggogoQg
OO0 oooDoooggogog
Oooooooooogogod
Ooo0ooooooogogooQo
Oo0oooooogogogooQg
Oo0ooooooggogooQg
OO0 oooDoooggogog
Oooooooooogoogood
OooooooooogogooQg
Oo0oooooogogogogoo-g
OooooooogoggogooQg
OO0 oooDoooggogog

OooooooogoQgod
OooooooogQgdg
OoooooogoQgog
OooooogQgdg
Oooooogogog

Ooo0ooOogooao

JP 2005-504824 A 2005.

[ I |

OooooooogQgdg

OoOoooo®®

Oooooooogod
Ooooooogd
OOoooooogd
OoOooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd

[ B R |

OoooooogQgdg
Ooooooggdg
OoOoooooogodgadg
OooooooogoQgdg

Oo0ooOgooao

[ I |

OooooooogQgdg
Oooooogogdg

.17

10

20

30

40

50



Oo0ooooooooooog

[}

OOooos

OoooDoooooooooogogooooodg
Oo0DooDoogogUooooDooo4gogUogooood
Oooooooooooooooooood
Ooooooooooooooooooodg

OooOoooo®®

O oOooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo

O
O

O
O

O

O OooOooo

O Oooo

O

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

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

]

Oooooooogogoao
Oooooogogaog
OoOoo0oooOoogoao
OooooooQgogoao
OoooooQgos
OoooooQgogoao
Oooooogogaog
OoOoo0ooooQoogoao
OooooooQogogoao
OooooooQgogoao
OoooooQgogao
Oooooogogaog
OoOooooog:e

O

O
O
O
O
O
O
OJ
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

OoojoDooooooooooogogooQg
OOoDjoDoooooogoooooogogog
OOoDjoDoOoooooggogooDooogogg
OOoiooooooooooooogoQgadg
OoioooooooooooogoQgoQg

O

O
O
O
O
O
O

O
O
O
O

I I |

I o R |

I o R

O Ooino; .

I I |

O

O
O
O
O
O
O
O
]
O
O
O

e [ sy |

I I

I I |

I I

I I Iy

I I Iy |

O

O
O
O
O
O
O
O
O
O
O
O

(13)

O
(]

O

Oooo0oooOgogoao
Oooooooogogoao
OoooooQgogoaoQo
OooooogogaoQg
O0ooooogogog
Oooo0oooQgogoao
Ooooooao: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

O
O
O
O
O
O

O

O
O
O
(]
O
O

|

[ |

JP 2005-504824 A 2005.

O

Oooooogh?o

OooooogogaoQg
Ooooooogogaog
OoOoo0oooQgogo
Ooooooo?o.

O
O

O
O

O

[ |

OooooooQgogoao
OooooogogaoQg
OOoooooggh?o

O

O

O
O
O

O
O
O

=

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

OoOoo0oooQgoOoao

I o

O 0Oo0ooo

OoooooQgogoao
Oooooogogao
Oooooogogaog

O
O

O
O

.17

10

20

30

40

50



OooooooooooooogQgoglo

OooDoooogogooooooi™

O 0Oo0Oo0ooogi™

Ooooooooogoooo|io

Ooooooogdg

O
O
O
O
O

O
O
O
O
O

O 0Oooo
O 0Oooo
O Oooo
O o0Ooo
O o0Oooo

[}

O
O
O
O

[}

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

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

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

Ooooooogdg

Oooooogdg

OoOoo0ooooOod

OoooooQodg

[ |
O
O
O
O
O

O
O

OoooooooQg:o

[ Ry |
O oOooo
O oOooo
O oOood
O o0ooo
O 0Oooo
O oOooo
O oOooo
O Oood
O o0Ooo
O oOooo
O o0Oooo
O oOooo
O 0Oooo
o

O
O
O
O
O
O
O
O

O
O
O
]
O
O
O

Ooooooogdg

OOooooogdg

OOoo0oooood
Ooooooo?oe

O

O Ooo0ooo

O o

O

Ooooooogdg

OO0 ooooooQooImboooo oo oDooogooQgo

I e e s e v s e [ Ay o I

OO0 oooooooogooDoooooo4ogooDooogoQg?o

e e e e e e s e e s ) s e Y o

Ooooooooo0oI@Oboooo0o oo oo ooo o oo oDoDooo0ooDoooogoogooo|;o

OoooooooooIOhooooo0oooDoooogoooOooao

O 0o o).
O o oo
O O oo
O 0o o).
O 0o o).
O 0o o).
O 0o o).
O O oo
O 0o o).
O 0o o).
O 0o o).
O 0o o).

O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo

O
O

O
O
O

OoOooooogdg

O

(14)

O
O

OOoo0oooood
Ooooooodg

OJ
O
O
O

|
|
|

O
O

O
O
O

OoooooQgdg

O

O
O
O
OJ
O
O
O
O
[
O
O
O
O
(]
O
O
O
O
O

Ooooooogdg

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

Oooooogdg

Oooooogoood
OOoooooOod

]

[ I Ry |
O oOooo
O oOooo
O oOooo
O 0Oooo
O Ooodg

OooooooQgdg

JP 2005-504824 A 2005.

Ooooooogdg

Ooooooogdg

OOooooogdg

OOoo0ooooOod

OoooooQgdg

O o0Oooo
O oOooo
I o

Ooooooogdg

O

OOoo0ooooao
OOooooogdg
OoOoo0oooood

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

OoooooooQgodg

Oooooooogdg

Ooooooogdg

.17

Oooooogdg

O

10

20

30

40



JP 2005-504824 A 2005.2.17

(15)

10

20

30

40

el BMEQ L L4 20 62K, SURHE =pu
9'8 9°6¢ €6 08% L 00€ UP1/19 | STUTTE/ELET BN
VR
FIIOIN
€9 618 6'S 08Y 8L 00€ 1/07/8% | S'T/6'€H/S 901 2N
PIEALD:
: Liele)
pu 86L 8¢S 0St ¥'9 00 1/02/6v | TE/8¥H/1°601 T3]
. AV
/1074
BQ91Z-0dD % | ©e91z | (998) (D) | (099) Q)| CHEDADAH) (urwyoo) | iy
-0d0% | BdameE o RS e E-T)0 SHED/UD/IH
HUFOHIE | FoHI
+ Y HELEO] 1 LRALY HELFEOL LA LY

[ 1 LR LYY | LA LY QN ZEEHTE) B

oooooao

goooboobobooboboobobooobooboboobooboooboboDbDao
ugboobdooboboobobooboobooobooboboobooboouobooboboao

oooooooobooooooooooobobooooooooao

50



(16) JP 2005-504824 A 2005.

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

OO0 oo ooooo oo ooooogogjoooo
OO0 o0 ooDooooo o oDoooogogoooo
OO0 0o oDooogoUoooDooooggoooo
OO0 0o oD ooog oo ooooogg|oooao

O
O

e B
O 0Ooo0oooogi™
O O0Oo0oooogi™g
I B
B

Ooooooooooooooogogoio;ood
O
O
O
O
O

Ooooooooooooooogoio;ooodg

O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooo0ooo
O OoOood
O OooOooo
OO o0goo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
OO oOgooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Ooooo
OO oOooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo

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

B ORISR R DR R

O

O
O
O

O

AR

C;H;

73.1kg '

Cl,

46 kg

HF

8.7kg

IEE ST A R

HC1

41 kg

C;3ClFs

11 kg

EZ v{HtE%

3.4kg

EIINES

~95%

OJ
O
O
O
O
O
O
O

Oooooogog|jobooooQgdg
Ooooooog|joooao
Ooooooog|jgooao
OO0 oooog|jgogooao
Oooooooo|oooOoao
Oooooooogo|oooao

Oo0oooogglg

OoOoo0oooogoglg
OO0O0o0oooogglg
OooOoo0oooogi|d
I B [y |

O 0o o).

Oo0oooogogig
OoOoo0oooogoglg
OO0oo0oooogglg
Ooo0Ooo0ooooogi|o
[ I o

Ooo0o0o0oooogogig
Oo0oo0oooogoglg
OOoo0oooogglg
OooOoOo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OoOoo0oood
OoOoooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Oo0o0oood

O oOooo

a

O
OOo0o0oooogod

OO0o0o0oooogod
OoOoooood
OoOoooood
Ooooood
OoOooooogod
OO0Oo0oooogod

.17

10

20

30

40

50



OoooooooQooooao

OoooooooQogoooao

OoooooogoQgogoooao

OO0 ooDooogoQgogooao

O

O
O

OOoo0oo0oo0ooao
OOoo0ooooao

O
O
O
O

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
I o

O

O
O
O
O
]
O
O
O

O 0Ooooo
I o

O

O 0Ooooo
O 0Oo0ooao

O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0O oo
O O0ooo

an

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 Oooo
O 0Oooo
O 0Oooo

O

O Oooo
O Oooo
O Oooo
O 0Oooo

JP 2005-504824 A 2005.

O
O Oooo

o
O Oooo
OO oo
O 0O oo
O 0Oooo

O Oooo
O Oooo
O Oooo

.17

10



JP 2005-504824 A 2005.2.17

(18)

10

UNEEYE 2 2 ¢ 2R QULE R OBE YO H LV ME Y GG AL o F O Q@K € — O
‘LT HHHOEM > FHEE IRy "2 ¢ TRCY M. € EQEET

20

30

40

96'1L L8 99'6C LTT c0'1¢ 90t Y o9y L'T8T d
8¢'89 09°6 00°1¢€ (414 8T 1¢ 9v'8¢ 8Y Sov §'78C J
(uw/z) [ (@) | (uw/3)
SHEDD SHED/IH SHED 10 JH
(sojow) W B
1TCL L3 6'6¢ elc L1'1E L 0E 4 SO¥ SLT d
S6'1L ov'L vS'LT LT¢C 8¢°8C LL'6T 8t SOy 8°LCC \4
(uw/3) [ (urw/@) | (urw/3)
%4500 HED/AD *H*O/dH *H'O 140 JH (ed) (Do) B (Do) ZHER
%00 (sapowr) A T A [ 1LRLY | @1 LR LY g}

S T T T S N N N N N VN VA N VN N N VN VN S VN N SN N SO S

HTHANHEZANA LA LI LGN E —D

gooogbad
good



JP 2005-504824 A 2005.2.17

(19)

10

20

30

40

"L LY HEE 2 2 R RIE R E < WA OY T Y RE AR YL USRS METRI VE 2N TOCH
‘L HEZHMEEINKN BB YT 3 - D A0HHKY "7 CLBSE ANWOHRELEM 216 THUIHD ¥ EOET

3% P/ 968 ToE GE | osv | _vov | 0T €v SL10 ror_ | ooz | 9
TaL1Z

r'ss pru T 191 re | osy | wo | orir9ivviet t6 | 05z | odd | 4
LI

669 1581 10z 0z 68 | oy | o050 | otr:veioview ou_| ooz | om |

TzE VLT LTEl £el o S A 01 7% €570 T6 00z | 3% a
LT

518 pu 919 z6l ce | osy | s90 | orieLirsiov ro1 | oo | -0d0 | 0
®aLIZ

gEL 6L's 56 zs1 9t | oy | wo | origecsvien L6 oz | -0d0 |

v95 9T 018 r'el re | oy | 190 0T ¥Z:L¥:0 TO1 | 00C | v
() VYA @ | Fo7aH | (dOudiioany )

ﬂ%wn wa91z-040% | o0l | (64) (@) o |mogu|HE

) DRI | ) uane x| BlREAE | om | HAGE HACZx EeeERE | zpm H#

W G F Ly W OI 1 L4 LY ¥ Ly MHDT L6 LY

T T T N N N N N VN VA N VN N N VN N S VO S

LN B R 0 W G O 2 B

googbad

ugbooobdoobooboobooboobooboooboobobooboobooobooboboao

oooooooao

gooogbad

gboogdgodagoogod

50

oooooooooobooooooooobobobououogg0pbObDbOOOCODO0OOooooy O



OoOoooo®®

O Ooo0oooao
O Ooo0oooao
O 0Oo0oooao

(20) JP 2005-504824 A 2005.2.17

uguobpbouoboboboobooboboobobobooboobooobooaobaado
ooooooooooooooooobobobooouooygbObObOO0OO0OO0oOoooao
oooooboooboooboobobobbopgpbpp0bO0obO00y0b0boobooboaob
ooooooooooooooooooooboooao

oo



JP 2005-504824 A 2005.2.17

(21)

10

20

30

40

PE €9 SETI 86'LE 68'1 79°¥¢ £9°7¢ 8y S9t LSLE as
10°€9 pS11 0€'8¢€ 681 81°S¢E 06'C¢ 8V Sop 8YLT 08
S5 BHD (Q) L3 90/4H (e
6¥°09 6V 11 SO0 L61 7S'9¢ 0F'9¢ 8V Sot SYLT g8
98°'19 6911 St'LE 20T 60°S¢€ 6€ € Sy S9% 9VLT V3
(urw/3) (uru/3) (unwy/3) e RIC)) SHQ *HED/4H (B)
SHROAD | SHEO/AH |  PHED ) JH
(e &y Egym
roLyg
Jang
e @) |00 FmO| (00) FEO
qUOED | (soowr) HAE T UH |1 1L6Ly| 164y i)

T T T T S N N N N N N N VN O VAT VN N N T S

A OOH S LAY F S T 2y

oooooao

gooobooobobooboboobgoby,O0bpgpO0y0b0O0O0DbO0OO0ODDODOODO

ugboobdooboboobobooboobooobooboboobooboouobooboboao

oooooooooobooooooooobooooooooao

50



I s e e s e

I Y [y

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

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

OoooooQgogoao
OooooogoQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogoao
OoooooQgogoao
Ooooooggogaog
Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao
OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao
Oooo0oooQgogoao

O Oooo
O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo

O
O
O
O
O
O
O

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

e e ey e [ s [y |

o e e ey e e e e e e e sy |

e s e e ey e e s e e e e e s s s [y [ |

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

Ry R ) [ ) R e

Ooooooooogoooo®

oo oooooogogooio
OO0 oooooogogogoio
OO0 oooooogogogoio
Ooooooooogogooi;

oo oooooogogooi;
oo oooooogogooio
oo oooooogogogooio
OO0 oooooogogogog
Ooo0oooooooogoogod
oo ooooooogogo-g
oo ooooooogogoo-g

OoooooogogogogooQg
OooooooggogoQg
OOoo0ooooogooOoo
OooooooooQgoogoQd
OooooooogogogoQg
Ooooooogogogoodg
OooooooggogoQg
OO0 oooooggogog
OoooooooooQgod
OoooooooQgogoQg
Oooooooogogoo-g
OooooooggogoQg
OO0 oooooggogog
OoooooooogooOgoO
Ooooooooogogo-g
OoooooogoogogoQg

OOo0oooogog?o

(22)

O
O

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

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

Ooooooood
Oooooooogodg
Ooooooogod
OOo0Dooooogod
Ooooooood
Oooooooodg
Ooooooodg
Ooooooogod
OOo0ooooogod
Ooooooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod
OooooOooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod

|

JP 2005-504824 A 2005.

O
O
O
O
O
O
(]
O
O
O

O O

Ooooooogogogog
Oooo0ooooogoOgoo

O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo

Oooooooogogo-d
OoooooogogogooQg
OoooooogoggogoQg
OoooooogogogoQg

.17

10

20

30

40

50



(23)

JP 2005-504824 A 2005.2.17

ARFADHIEIZ LY HF D DoyREShi- AR T v {KAE

[

[

E Cl, HF HCI B

: EEESE | EEESE - ERes s ERAES

0 oHEshiz | 1.21 0.3872 0.6097 97.79

: FHEH

[

O

oooooao

0odoaod

E AR LV HF D bARES e a2 S

[ a7 ALEEY wEEYmO N A—E b

[ CCI3F-CCIF; ﬁﬁ IhT

[ e 0.05

[ C3C12F5 64.59

[ C3CliF; 11.82

[ C3C14F4 5.75

[ BHE 3.65

L

oooooao
oo0oooooDoDooOOoOoO0o0oUooDoDoDooo0oOo0OooooDoDoDoDoooOoOooooaon
JododoooooDoooU0oUoUooUoooDoDooUoU0UUoUoDoDoDooDooOoOoooao
oododoooooDooOoO0oU0oUoUoUooDoDoDoOoOUo0U0UOooUoDoDoDoDoDoDoOoooooao
0o0o0ooooDoDoooOo0O0o0oo0oDoDoDooo0oO0o0oo0ooDoDoDoDoDooooooaon
o000 ooO0oU0oUoUdoUoDo0DoDoo0oU0oU0UUoUoDoDoDooDoDoOoOoooao
oooooao
Jododoo0ooo0ooDoo0oo0oO0oUoUooUoooDoDoo00oU0UooUoDooDooDooOooooao
o000 ooo0U0U0UUoUoDo0DoDoO0oU0oU0UOUUoUoDoODoDoDoDoDoOoOoooao
oo0oooooDoDooOOoOoO0o0oUooDoDoDooo0oOo0OooooDoDoDoDoooOoOooooaon
Odaao

oooooao
0o0o0ooooDoDoooOo0O0o0oo0oDoDoDooo0oO0o0oo0ooDoDoDoDoDooooooaon
o000 ooO0oU0oUoUdoUoDo0DoDoo0oU0oU0UUoUoDoDoDooDoDoOoOoooao
oodooooooDooOoOoO0oooUooDoDoDoOoOo0oO0OoooUooDoDoDoDoDoDoOoOooooaon
Jododoo0ooo0ooDoo0oo0oO0oUoUooUoooDoDoo00oU0UooUoDooDooDooOooooao
o000 ooo0U0U0UUoUoDo0DoDoO0oU0oU0UOUUoUoDoODoDoDoDoDoOoOoooao
oo0oooooDoDooOOoOoO0o0oUooDoDoDooo0oOo0OooooDoDoDoDoooOoOooooaon
JododoooooDoooU0oUoUooUoooDoDooUoU0UUoUoDoDoDooDooOoOoooao
oododoooooDooOoO0oU0oUoUoUooDoDoDoOoOUo0U0UOooUoDoDoDoDoDoDoOoooooao
0o0o0oooooDoDoooOo0ooooooooao

ooogooao
oodooooooDooOoOoO0oooUooDoDoDoOoOo0oO0OoooUooDoDoDoDoDoDoOoOooooaon
Jododoo0ooo0ooDoo0oo0oO0oUoUooUoooDoDoo00oU0UooUoDooDooDooOooooao
o000 ooo0U0U0UUoUoDo0DoDoO0oU0oU0UOUUoUoDoODoDoDoDoDoOoOoooao
oo0oooooDoDooOOoOoO0o0oUooDoDoDooo0oOo0OooooDoDoDoDoooOoOooooaon
JododoooooDoooU0oUoUooUoooDoDooUoU0UUoUoDoDoDooDooOoOoooao
oo0ooooooDooOo0oO0OoUoUoUooDoDoDoDo0oU0oO0OooUoDoDoDooDoDoOoOoooao
oooooao

O Ooogooo
O O0Oogoo

O
O

O
O

Ooooooogd
OOoooooogd

O Ooogoo
I [ Y

10

20

30

40

50



O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao

Ooooooooogogog
OOooooooogoQgg
OO0 oooooogogg
OoOooooooooOodg
OoooooooogogoQgog
OoooooooogoQgog
Oooooooogogg

(24) JP 2005-504824 A 2005.2.17

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
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

10

OO0 ooooogogdg
OoooooooOodg
Ooooooooodg
oo ooooogooQgodg
oo ooooogoogg
OO0 ooooogoogdg
Oooooooood
Ooooooooodg
oo ooooooQgdg
oo ooooogooQgg
Ooooooogogdg
OO0 ooooogoogdg
Ooooooooodg
oo ooooooQgodg
Ooo0oooooogg
Ooooooogogg
OO0 ooooogogg
Ooooooooodg
oo oooooQgdg
oo ooooogooQgodg
OO0 ooooogoogdg
OO0 ooooogogg
OoooooooOodg
Ooooooooodg
oo ooooogooQgodg
oo ooooogogdg
OO0 ooooogggdg

I s e e [

Oo0o0oooooooooDooogogoe

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

ooooot
[ R B o R A
o [ R B R

[}
[}

Ooooooooooooooooooodg

e e s e e s e e s e s s A v
e s e e s e e e s e s e e A v

oo ooooooooooooogogoooao

OooooooooooQgooao

Ooooooooo0o0ooDoooo oo onDImOhoooo0o o0 oD oDoooooooooog

O 0o o).
O o oo
O 0o oo
o i
O 0o o).
O 0o o).
O 0o oo

O Oooo

OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
OO0Ooo0oo0oo0ooao

[ ]

O Oooo

O 0Ooogo

Ooogeo

20

O 0o oo

O O
[ |
[ |
[ |
O d
O O
[ |
[ |
[ |
=
O O
O O

=]
[ |

o
O d
O d
[ |
[ |
[ |
O d
O d
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 0Oooo
O Oooo
I T
O Ooogoo
Ooogeo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0ooo

(]

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

30

O Oooo
O O0ooo
O Oooo

O

O0Ooo0o0ooao
=]

OOoo0ooooao
OOoooooao

a

O0Ooo0oooo
OO0Ooo0oo0oo0ooao

a

Oo0Ooo0ooao
OoOoo0ooooao
OOoo0ooooao

(]

OOoo0oooao
OO0Oo0ooO0oo0ooao
OOoo0oo0oooao

a

Oo0Ooo0oooaoo
OOo0o0ooooao

a

OOoo0oooao
OO0Oo0ooooao
OO0Ooo0oo0oooao

(]

OoOoo0oooaoo
OO0o0o0ooooao
O0Ooo0oooo
Oo0oooooao

a

O
O o
OOoOo0ooooao
OoOoo0oooao
OoOoo0oooao
OO0Oo0ooogoao

O
OO0Oo0ooooao

Ooo0oooooao
Oo0oooooao

ARERIZ L DIET A DSIRED TRERER

SrHiERE B 40

Xt AHEANT R C3CLFs

~6% C3CLFs B}
JEFAH ~94% DI 7 v L&

OO oOgooo
O0Oo0oo0ooao

O

O Ooo0ooo

unboooboobooboobobobouobpO0b0p b0y 0b000D00O
odagd

ooooooobooooooooooooooboobocoooooooao
goooooboooooooooboooboooooooooboDoao 50



O O

e e e ) e e

O O

OoOooooooo0oooooo0o oo oDoooo oo oDoooooooDoDoDooooooooodg

a

O Oooo

O OooOooo
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 Oooo

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
O
(]
O
O

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

O Oooo
O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo

OooooooQgogoao
OooooogoQgogaoQg
OOoo0oooogh?o

O
O
O
O
O
O
O
O
O
O
O

O Ooogoo

O Oooo

O 0O oo

O 0Ooogo

O d

O O0ooo

O 0Oooo

OoOoooooOoogoao
Oooo0oooQgogoao
OooooooQgogoao
OoooooQgogoao
Ooooooggogaog
OooooooOoogoao

I I B

O O0ooo

O 0Oooo

O 0Oooo

O Oooo

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 Oooo

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
OJ
O
O
O
O
OJ
O
O
O
O
O

O 0Ooo0gooo

OooooooQgogoao

Oooooooo0ooooooo00 oo oooo o0 UooonDoDooooUoDoooDoDoooo o0 oo oDoDoooDoDoDooogogQgoQgaoQm

OO ooogQgos

e e e e e s e e e e e s e e e e s ) e I s sy [ |

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

OO oooogoQg?

OOooooao
OO oo

(25)

o= 0O 0O

O

O 0Oooo
O Oooo
O Oooo
O 0Oooo
OO oo

O 0Oooo
O Oooo
O Oooo
O Oooo
O Oood
O O0ooo

[}

O

O
|

O oOonod
O oOood

|

[}

O 0Oooo O
O Oooo
I

O

O 0Oooo

O

[ B |
O Oooo
O O ogo

JP 2005-504824 A 2005.

ugboobooaooboodoboad

O

O
O
O

O Oooo
O Ooo
O 0Oooo

O 0Oooo

O 0O oo
O 0Oooo
O Oooo

O

O Oood
O 0Oooo

O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo

[ i R |
O 0Oooo

I [ [y
I Y o [
O OO o
O 0o oo
O 0o oo
I [ [
I Y [

O 0ooo
O O0ooo
O Oooo

O

O
O
O
O

[ I R |
O Oooo
O oOood

.17

10

20

30

40

50



I Y |
s Y |
Iy |
Iy |

O
O

O
O
O
O
O
O
O

(26)

O

Oooooooogogioo

Ooo0oooooogooi;oo

OooooogoQgo®

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
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

Ooooooooooooooggi|g

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

OoooooogogQgoooaoilg
OO0 ooDooog4Qgoooaoilo
OOo0ooooooogooOoooolio
OooooooQogoooolio
OooooooQgoooaoiio

Ooooooogoghb

O
O
O

]

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

O

[ [

OO0 ooDooogQgoooaoilo
OOo0ooooooOooooolio
O0OooOoos

(]

O 0Ooogooo|io;o

O o

Ooo0oooooogoQgooi;o
OoooooogoQgoooaoiio
OOoDooDooogQgoooaoilo
OOo0oooo0ooo0ooOoooOoolo
Ooo0ooooOogoooolio

OooooooQogoooao

(]

OoooooogoQgoooao
OOoooooogogg
OO0 ooDooogogog

OJ
O

|

OooooooogoQgodg
OooooooogoQgQg

O 0Oooo
O Oooo
O Oooo
o o

[m]

JP 2005-504824 A 2005.

ugboobooaooboodoboad

O Ooooo
o

O

O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooog

[ I R |
O 0Oooo
O 0Oooo
O Oooo
O oOoodg
O 0Oooo
O 0Oooo
O 0Oooo

I e e e e ) R e s R I Iy
I e e [ e e e e e e e Iy

e e e s e e e ) e s o [

e e e e e e e e e e e e s e | o

OoOoooooooo0ooDoooo oo oDooo o0 oo oDoooo0oooDoooooogogoo;i;o

OOooo;ood

O 0o o).
O O o).
O O oo
O 0o o).
O 0o o).
O 0o o).
O 0o o).
O O Ogp

OooooooogogoQg

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

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 0o o).
O 0o o).
I o Iy

O 0o o).
I o I

O O O

O 0o o).
O 0o o).
O 0o o).
O O o).
O O o).
O 0o o).
O 0o o).
O 0o o).
O 0o o).
O O o).
O 0o o).

O
O
O
O
O
O
O
O
O

O
O

(]

O
O
O
O

.17

O Oooo

10

20

30

40



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

O

27)

BEVHORBRE

JP 2005-504824 A 2005.2.17

e

C3CI2F5 (99.7%) =
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Bip HeRRORER KA FVEHFC— 227 e a~0DC,C 1 F DKL
&R EidlrN W Bl H2/ TR % #EHE - HFC-227ea
fitdtt D IRFE (5) C,yCIF; ©)
Fel
[Eieg S
5%Pd JEHERE 16.6 1.5 150 58 67.5
180 16.4 69.5
1%Pd TR 19.1 2 150 12.2 83.6
180 479 89.8
200 78.8 91.2 10
225 96.8 87.6
250 99.8 87.0
1%Pd TEPERSE 36.7 1.8 150 26.7 835
180 67.3 90.2
200 72.0 90.0
225 92.8 87.1
" 0.5% Pd T&iERE 15.4 1 150 3.1 74.4
77 180 58 66.9
2 200 9.6 75.8
% 0.5% Pd §EMEREE 203 2.1 250 45.8 90.2
% 275 68.7 882
300 85.5 86.1
325 95.5 80.0 20
2.0%Cu/ jEpppeds
0.6% Pd 18.6 2 150 134 86.4
180 50.8 89.3
200 748 87.9
225 87.6 83.7
250 97.7 80.7
2.0%Cu/ jEpEpEE
0.6% Pd 37 18 180 42.7 87.8
200 67.5 85.4
225 83.4 85.9
250 98.3 83.4
2.0% Cu/ &R
0.6% Pd 10.2 2.4 150 7.1 46.8
180 153 67.5
200 282 76.9
225 54.0 78.5 30
250 80.0 779
275 95.0 75.9
Bip 05%Ru 7o 3IF 22.4 1.3 150 25 22.4
Ny 180 4.0 325
200 5.0 394
05%Rh 7A3F 23.6 15 150 12.9 67.1
180 26.0 71.5
200 26.6 83.6
0.5%Pt 7AIF) 23.1 1.5 150 28 445
180 6.1 50.8
200 14.3 80.3
O | 05%Pd TA3d ‘:gg’ 21.9 14 180 63.1 98.1
= 1.8%
0.5%Pd 7A3F 00 219 1.4 180 73.8 97.2 40
0.5%Pd 73 1 22.1 1.4 180 59.5 96.9
0.5% Pd 7#,}3';07: $IE 21 1.4 180 96.6 95.7
O00
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E = % %
: 450 ppm H20 (B) [ B B
C5CIF, HFC-227ea
: 0.1 94.90 9731
[ 0.2 93.87 97.31
: 0.3 84.70 97.13
[ 0.96 80.90 97.92
[ 1.03 79.94 99.35
[ 1.05 79.98 96.91
i TR % %
[ 450ppm H20 (\g) iR RS
[ C;CIF, HFC-227ea
[ 0.1 93.67 95.61
[ 0.7 96.63 96.00
[ 0.8 95.53 95.79
: 1.1 90.69 97.30
: 1.7 78.82 97.15
: 2.1 81.26 97.72
: 3.0 49.15 95.84
4.1 44.07 78.73
[ TR % %
: 0.29% H20 (HB) SR TR
[ C;CIF; HFC-227ea
[ 0.1 95.81 96.09
[ 0.3 98.40 95.54
[ 1.2 98.36 96.40
t 1.3 98.40 96.44
[ 1.3 98.31 96.26
[ 1.3 96.58 96.13
[ 4.1 96.53 96.30
[ 4.2 95.88 95.76
: 4.3 95.87 95.89
: 4.3 95.77 95.74
: 5.0 96.48 95.78
: 5.1 94.84 95.79
52 92.59 95.36
: 5.3 91.89 97.39
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6.2 89.60 97.32
6.3 91.18 97.44
6.3 90.91 98.14
7.0 85.48 97.10
7.1 83.84 97.22
7.3 79.20 97.20
7.3 77.89 97.13
8.0 69.32 97.10
82 71.62 97.04
8.3 76.70 97.17
8.3 80.16 97.50
11.0 60.41 96.61
11.0 58.41 96.41
11.2 56.68 96.36
11.9 57.05 96.40
12.1 55.97 96.35
123 55.96 96.33
12.9 54.04 96.22
12.9 54.30 96.22
FATRER % %
0.8% H20 (A) i IR
C5CIF, HFC-227ea
0.0 90.10 04.47
0.7 93.60 95.35
0.8 94.19 95.81
1.0 92.39 95.65
1.9 99.60 96.96
2.0 96.71 96.59
4.7 99.73 96.00
4.8 98.96 97.89
5.0 97.93 96.00
5.0 98.16 96.10
5.8 98.27 96.08
6.0 97.96 95.95
6.9 96.76 95.64
7.8 90.03 94.96
8.7 96.52 95.42
9.0 94.70 95.20
11.7 97.19 97.90
12.0 93.80 9745
12.8 91.60 97.51
13.0 91.49 97.48
14.0 96.78 96.04
15.0 95.11 95.83
15.1 94.57 94.96
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MATERIALS AND METHODS FOR THE PRODUCTION AND PURIFICATION
OF
CHLOROFLUOROCARBONS AND HYDROFLUOROCARBONS

FIELD OF INVENTION

The present invention is directed to synthetic production methods, as well as,
synthetic and physical separation methods. More particularly the present invention is
directed to methods for efficiently manufacturing selective isomers of
chlorofluorocarbons and hydrofluerocarbons from aliphatic, olefinic or partially
halogenated hydrocarbons.

BACKGROUND OF THE INVENTION

Since the beginning of global warming concerns, chlorofluorocarbon
manufacturers have had to produce compounds that perform substantially the same as
tully halogenated chlorofluorocarbons without the adverse environmental impact.
Only through the introduction of these new compounds have their environmental
impact been completely understood. In certain instances, some of these new
compounds have been removed from the marketplace. These types of issues make
the flooding agent, extinguishing, propellant and refrigerant production industry a
dynamic and ever-changing marketplace where processes for the production of
chlorofluorocarbons and fluorocarbons are advancing quickly to accommodate both
environmental as well as economical requirements.

Some useful compounds in this area include both saturated and unsaturated
fluorocarbons, such as 1, 1, 1, 2, 3, 3, 3-heptafluoropropane (CF;-CFH-CF;, HFC-
227ea), 1, 1, 1, 2, 2, 3, 3-heptafluoropropane (CF3-CF,-CHF,, HFC-227ca) and
hexafluoropropene (hexafluoropropylene, HFP, CF;-CF=CF,, FC-1216). One well
known method of synthesizing these compounds begins with the chlorofluorination of
propane, propylene or partially halogenated C-3 hydrocarbons with hydrogen fluoride
(HF) and chlorine (Cl,) in the presence of a metal-containing solid catalyst.

Examples of this chlorofluorination step can be found in U.S. Patents 5,057,634 and
5,043,491 to Webster. As taught by Webster, the chlorofluorination step produces a
number of saturated perhalogenated chlorofluorocarbons, including: (A) C3ClsF3; (B)
C3CLFy; (C) C3ClsFs; (D) 1,2-dichlorohexafluoropropane (CF3-CCIF-CCIF,, CFC-

216ba); (E) 2,2-dichlorohexafluoropropane (CF3;-CCl,-CF3, CFC-216aa); (F) 1-
1
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chloroheptafluoropropane (CF;CF,CCIF2, CFC-217ca); (G) 2-
chloroheptafluoropropane (CF;CCIFCF3, CFC-217ba); and (H) octafluoropropane
(CF3-CF,-CF3, FC-218). While the FC-218 is useful and can be separated from other
perhalogenated reaction products, it is not an efficient or economical intermediate in
the synthesis of HFC-227¢a, HFC-227ca or FC-1216. As indicated in the '491 patent,
the predominant reaction products resulting from the chlorofluorination of propane
with HF and Cl, is CFC-216aa, which is fluorinated and then dehalogenated to
hexafluoropropene (FC-1216).

Due primarily to environmental as well as toxicological concerns, demand is
increasing for isomerically pure chlorofluorocarbons and hydrofluorocarbons.
Teachings such as those described above cannot begin to address these issues and
concerns because efficiency of production as well as isomeric purity were not
contemplated. Prior art of similar chemistry does not allow for the exclusive
production of the HFC-227ea, but only as a mixture or by-product with FC-1216.
The unsuitability of FC-1216 for a fire suppressant does not make this a viable or
efficient route.

A need exists to develop a method of chlorofluorinating inexpensive C-3
reactants that eliminates one or more by products of chlorofluorination, particularly
FC-218 and undesired isomers which cannot be recycled to produce HFC-227¢a or
HFC-227ca. Moreover, a long felt need exists for extending the lifetime of catalysts
used in these reactions.

Furthermore, the reaction products generated from these steps require
purification. U.S. Patents 6,018,083 to Manogue and 6,211,135 to Miller respectively
teach the partial separation (azeotropes) of chlorofluorocarbons C5CIF; (CFC-217)
and C;CL,Fs (CFC-216) from HF. These references demonstrate the practical
difficulty of separating reaction product mixtures with conventional distillation
techniques. The formation of azeotropes requires the use of subsequent or expensive
distillation techniques to produce a pure product that can be used as a final product or
as an intermediate reactant. A need remains for processes that separate
chlorofluorination reaction products without forming azeotropes.

The present invention provides processes for the chlorofluorination of
aliphatic, olefinic or partially halogenated hydrocarbons in the presence of a catalyst
that results in the substantial elimination of FC-218 as a by-product in the

2
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chlorofluorination reaction and that efficiently converts the starting material to the
desired isomer. The present invention also provides processes for the efficient

purification of reaction product streams.
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SUMMARY OF INVENTION

One embodiment of the present invention is directed to a process for the
manufacture of HFC-227ea, including a novel and highly selective method of
preparing a CFC-216aa intermediate by chlorofluorinating C-3 reactants with HF and
Cl, without the formation of substantial or even detectable amounts of FC-218 or
undesired isomers.

In accordance with the present invention, the C-3 reactants are
chlorofluorinated in a first step with hydrogen fluoride and chlorine in the presence of
a metal containing catalyst at a first temperature. The reaction products from this first
step are then fluorinated with hydrogen fluoride at a second temperature resulting in
an unexpectedly high yield of CFC-216aa without the formation of FC-218.

One aspect of the present invention is to provide a method of manufacturing a
CFC-216aa intermediate by chlorofluorination of C-3 reactants such as aliphatic,
olefinic or partially halogenated hydrocarbons having at least three carbon atoms,
wherein the process provides new and unexpected selectivity for the CFC-216aa
reaction product.

Another aspect of the present invention provides a method of manufacturing a
CFC-216aa intermediate for preparing CFC-217ba and subsequently preparing HFC-
227ea with excellent selectivity and yield, without the formation of FC-218 or
undesired isomers.

Another embodiment of the present invention includes a process step for
hydrodehalogenating CFC-217ba to produce HFC-227ea by contacting CFC-217ba
with H; in the presence of a metal containing catalyst. According to another
embodiment of the present invention, the hydrodehalogenation step is provided as just
described, with the addition of water to prolong catalyst life,

The present invention also provides a process for separating the isomers HFC-
227ea and HFC-227ca by combining the isomeric mixture with a chlorofluorocarbon
and subsequently separating the mixture by distillation. Tn one embodiment the
chlorofluorocarbon is CFC-217ba.

Another process according to the present invention provides for the
purification of halogenation reaction products into HF and chlorofluorocarbons. In a

more specific embodiment, the halogenation reaction product includes CFC-216aa.
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Still another process for separating halogenation reaction products is provided
wherein the reaction products are combined with water and cooled to a sufficient
temperature to form a gas phase and top and bottom liquid phases. According to this
embodiment, the gas phase contains primarily C-3 chlorofluorinated compounds
having at least six fluorine atoms, the top liquid phase is primarily an aqueous liquid
phase and the bottom liquid phase contains C-3 chlorofluorinated compounds having
less than six fluorine atoms.

An additional process according to this invention provides for separating C-3
chlorofluorinated compounds from a halogenation reaction product. One
embodiment of this invention includes the adjustment of a halogenation reaction
product to a sufficient temperature to separate the reaction product into three phases;
an upper gas phase and top and bottom liquid phases wherein the upper gas phase
contains primarily HCI, the top liquid phase contains HF and the bottom liquid phase
contains essentially acid-free C-3 chlorofluorinated compounds;

In still another process of the present invention methods are provided for
synthetically increasing the isomeric purity of a mixture. According to one
embodiment, an isomeric mixture of C-3 chlorofluorinated compound isomers is
heated in the presence of a catalyst to a sufficient temperature to increase the isomeric
purity. In a more specific embodiment, the C-3 chlorofluorinated compound isomers
are CFC-217ba and CFC-217ca.

In still another embodiment of the present invention a process is provided for
selectively halogenating isomers within an isomeric mixture. In a particular
embodiment, the isomeric mixture is exposed to Cl, in the presence of a catalyst at a
sufficient temperature to halogenate at least one isomer. Preferably the isomeric
mixture includes the isomers HFC-227ea and HFC-227ca.

The above and other embodiments, aspects, alternatives and advantages of the
present invention will become more apparent from the following detailed description

of the present invention taken in conjunction with the drawings.
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DESCRIPTION OF THE FIGURES

Figure 1 is a schematic representation of one embodiment of the present
invention.

Figure 2 is a graphical representation of the isotherms observed during the
processes of the present invention.

Figure 3 is a block diagram of an embodiment of Step I according to the
present invention.

Figure 4 is a block diagram of an embodiment of Step II according to the
present invention.

Figure 5 is a block diagram of an embodiment of Step I1I according to the
present invention.

Figure 6 is a block diagram of an embodiment of Step IV according to the
present invention.

Figure 7 is a graphical representation of the increased catalyst life observed in

an embodiment of Step IV performed according to the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

For the purposes of promoting an understanding of the principles of the
invention, reference will now be made to the embodiments illustrated in the drawings
and specific language will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention is thereby intended. The
invention includes any alterations and further modifications in the illustrated devices
and described methods and further applications as would be conveyed thereby to one
skilled in the art to which the invention relates.

Referring now to Fig. 1, this invention provides processes for the production
of chlorofluoropropanes and fluoropropanes from aliphatic, olefinic, or partially
halogenated hydrocarbons having at least three carbon atoms. Other embodiments of
this invention provide specific processes for hydrodehalogenating, isomer and
reaction product purification. Selected embodiments of this invention will be
described in tumn beginning with the broad chemical process steps used to produce
selected chlorofluorocarbons and fluorocarbons.

In part, this invention stems from the discovery that the majority of the isomer
in the final chlorofluorocarbon or hydrofluorocarbon product originates as an
undesired isomer which forms in the initial reactions. This isomer and its
downstream counterparts are passed to subsequent reactions undergoing the same
chemical transformation as the desired isomeric material. Fortunately, CFC-216ba
and its downstream counterparts, have different reaction profiles allowing for their
reduction with each subsequent step. Unlike CFC-217ca and HFC-227ca, CFC-
216ba is not a "dead end" isomer. A majority of this material is directly converted to
the desired isomer CFC-217ba in subsequent steps performed in accordance with the
present invention.

Without being confined to any theory, the formation of the undesired isomer
takes place in these early reactions by the premature fluorination of the geminal C-2
carbon of aliphatic, olefinic, or partially halogenated hydrocarbons having at least
three carbon atoms. The production of CFC-216ba is but just one example of this
type of chemistry.

Referring now to Fig. 2, formation of excess amounts of CFC-216ba in Step I
has been observed when the reaction is allowed to exotherm excessively. The large
amounts of energy released during this exotherm are probably the ultimate reason for

7
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excess CFC-216ba isomer formation. When these types of conditions are allowed to
prevail, ratios as low as 2:1 CFC-216aa:CFC-216ba can be observed in these early
reaction streams.

During the course of the present invention, it was discovered that one way to
control this phenomenon was to carefully operate the initial halogenations so as to
avoid uncontrolled exotherms. The reactor used according to the present invention
has the ability to use cool heat transfer oil and includes conventional chemical and
engineering controls to insure suppression of exotherms. In another aspect of the
present invention, HF can be replaced as the main diluent for the reaction. Figs. 3-4
show a schematic flow diagram for a process according to the present invention that
includes a two temperature zone chlorofluorination of a C-3 reactant selected from
propane, propylene, partially halogenated C-3 acyclic hydrocarbons, and mixtures
thereof, with hydrogen fluoride and chlorine in the presence of a chlorofluorination
catalyst. The process is highly selective in the production of CFC-216aa, without the
formation of any significant amount of FC-218(0 te less than 0.5 percent by weight).
The high yield and selectivity of the process of the present invention in the synthesis
of CFC-216aa is very advantageous for the subsequent production of HFC-227ea as
discussed below.

The present invention provides two step processes for efficiently producing
CFC-216aa. The chemical steps are the sequential replacement of hydrogen with
chlorine and the subsequent partial replacement of chlorine with fluorine atoms.
Multiple products are formed with intermediate fluorinated matetials being the
majority. Careful temperature control minimizes by-product formation. Typical
reaction products include C-3 molecules with 2 to 7 fluorine atoms, the rest being
chlorine. The cracking of the C-3 backbone to form C-1 and C-2 materials as
undesired impurities is also observed. According to one embodiment, the output of
Step I will be fed directly into Step IT as shown in Fig. 4, which is run at a higher
temperature.

Individual reactants may be fed under flow control to vaporizer(s) 14, as
shown in Fig. 3. The vaporized chlorine and HF are mixed and fed into a superheater
of Step L. It has been determined that careful mixing of the reactants and temperature

regulation helps to control reaction exotherms and lack of control leads to the
formation of undesired by-products arising from cracking the C-3 backbone.

8
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The predominant reaction occurring in chlorofluorination Steps I and II can be
summarized, as follows, with high selectivity in the production of CFC-216aa:

CH;3CH2CH;, CH3CH=CH, and/or C3H,X+ HF + Cl; — CFC-216aa + HCI

(X = halogen; y =0-8,z=8-y, or y = 0-6, z= 6-y).

The process includes a first step wherein C-3 reactants selected from the
group consisting of aliphatic, olefinic or partially halogenated hydrocarbons having at
least three carbon atoms are contacted with Cl, and HF in the presence of a metal
containing catalyst. As illustrated in Fig. 3, this reaction is preferably performed in
the gas phase by the careful mixing of C-3 reactants with a mixture of hydrogen
fluoride (HF) and chlorine (Cl,) in the presence of a metal containing catalyst at a
sufficient temperature to form perhalogenated compounds.

In one embodiment of the present invention, the C-3 reactant is selected from
the group consisting of aliphatic, olefinic and/or partially halogenated hydrocarbons,
premixed with a mixture of hydrogen fluoride, and then mixed with chlorine before
entering chlorofluorination reactor 16 containing a fixed bed of metal containing
catalyst.

Aliphatic hydrocarbons having at least three carbon atoms are known in the
artas alkanes. These types of compounds include propane. Olefinic hydrocarbons
having at least three carbon atoms are known in the art as unsaturated aliphatic
hydrocarbons having at least one double bond. These types of compounds include
propene. Partially halogenated hydrocarbons having at least three carbon atoms are
known in the art as aliphatic or olefinic hydrocarbons wherein one or more
hydrogens have been replaced by halogens.

According to one embodiment of the present invention, the HF and C-3
reactants are premixed before being combined with the chlorine gas and conveyed
into a chlorofluorination reactor. It is preferred to premix (dilute) the C-3 reactant
with the hydrogen fluoride reactant prior to combining the HF/C-3 gas reactants with
the chlorine gas reactant in order to minimize the potential reaction of the C-3
reactant, e.g., propane and/or propylene with concentrated chlorine gas. Accordingly,
at least one of the C-3 reactant or the chlorine, preferably both the C-3 reactant and
chlorine, should be diluted with hydrogen fluoride prior to combining the C-3

reactant with the chlorine gas.
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In one embodiment of the present invention the HF is anhydrous. It has been
determined that recycled or reagent grade HF may used. The type of HF used to
perform this aspect of the invention is not critical and specific types and qualities will
be recognized by those skilled in the art. The Cl, likewise is a matter of choice to
those having skill in the art. In one embodiment, technical or pure-grade anhydrous
Cly is utilized.

The chlorination of aliphatic, olefinic, or partially halogenated hydrocarbons
having at least three carbon atoms is a highly exothermic reaction which may be
controlled through the use of excess quantities of hydrogen fluoride, a diluent, or an
external heat transfer medium together or in combination, to absorb the heat evolved
and to maintain temperature control of the mixture.

To reduce the impact of exotherms, preferably, a stoichiometric excess of
hydrogen fluoride is maintained in order to minimize decomposition of the C-3
reactant to C-I and C-2 by-products, and the formation of the less desired CFC-216ba,
preferably about 6 to about 64 moles of HF per mole of C-3 reactant. It is preferred
to provide an excess of chlorine gas as well, preferably about 8 to about 10 moles of
Cla per mole of C-3 reactant, but an excess of Cl; is not required. Ina preferred
embodiment, the ratio of Cl; to C-3 reactants can be 8.2:1. The molar ratio of HF to
Clp is from about 0.75:1 to about 8:1. Preferably, the molar ratio of HF to Cl is
about 4:1. Moreover, in another embodiment a diluent may be added to the reaction
to decrease undesired isomer and formation of cracking materials.

Preferably the chlorofluorination reactor 16 used to perform this invention is
maintained at a reaction pressure of about 1 Pa to about 53 Pa, preferably about 1 Pa
to about 53 Pa and at a temperature in the range of about 150°C to about 450°C, and
preferably about 220°C. For best results, residence time in chlorofluorination reactor
16 should be in the range of about 0.5 seconds to about 30 seconds and preferably
about 5 to about 10 seconds. The resulting reaction mixture coming out of Step I
shown in Fig. 3 is rich in C3CI4F, and C3CL3Fs but will also contain CFC-216aa and
many other under fluorinated compounds. Preferably reaction products of this first
step are conveyed directly to Step II, as shown in Fig, 4, however it is recognized that
the reaction products of Step I, as shown in Fig. 3, may be further purified or
supplemented prior to continuing on to Step II. A main goal in Step II is the selective
fluorination of these under-fluorinated compounds to the desired isomer CFC-216aa.

10
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The second step in this process replaces all of the terminal chlorine
substituents with fluorine to produce CFC-216aa. According to one aspect of the
present invention this is accomplished through the use of high temperature reaction
conditions, excess HF, and a metal containing catalyst.

As shown in Fig. 4, the Step I reaction stream is directly fed into a superheater
24. Optimally, this stream is then fed to Step II reactor 26. Again, as before in Step
1, careful temperature regulation is used to control the reaction.

The second reaction can take place either in the same reactor as Step [ or,
preferably, in a second reactor. The second step is carried out at a higher temperature
than the first step with a stoichiometric excess of hydrogen fluoride. According to
one embodiment a stoichiometric excess of chlorine can be used to ensure
chlorofluorination of the Step I reaction products.

Preferably, Step Il reactor 26 is a fixed-bed reactor having a metal containing
catalyst, maintained at a reaction pressure of about 1 Pa to about 53 Pa and preferably
about 8 Pa, and at a temperature higher than the temperature required in Step I. Step
IT occurs at a temperature ranging from about 300°C to about 550°C, and preferably at
about 470°C. It is preferred that the molar ratio of reactants in Step I1, should be
maintained at about 6 to about 64 moles of hydrogen fluoride per mole of
perhalogenated compounds. As in Step I, the source and quality of anhydrous HF
used in Step I is not critical. Tt is to be understood by those skilled in the art that
anhydrous, recycled, and/or differing grades of HF can be used in Step I As in Step
I, a diluent may be added to control exotherms and increase isomeric yield.

The metal containing catalyst used in Step I or Step II can be any known
catalyst useful for reacting C-3 reactants or perhalogenated compounds with HF
and/or Cl,, including those described in U.S. Patent Nos. 5,177,273 and 5,057,634 to
Webster, hereby incorporated by reference. These catalysts include catalysts
consisting essentially of chromium; catalysts consisting essentially of chromium
oxide in combination with a support (e.g. refractory oxide); catalysts consisting
essentially of chromium oxide modified with up to about 10 percent by weight based
upon the weight of chromium in the catalyst of metal selected from the group
consisting of manganese, iron, cobalt, nickel, copper, zinc, other metals and mixtures
thereof; and catalysts consisting essentially of chromium oxide in combination with a
refractory oxide and modified with up to about 10 percent by weight based upon the

11
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weight of chromium in the catalyst of metal selected from the group consisting of
manganese, iron, cobalt, nickel, copper, zinc, other metals and mixtures thereof.
Chromium oxide catalysts and their preparation in the art of perhalogenation are well
known.

The chromium oxide and metal modified chromium oxide catalysts may be
unsupported or supported. Catalysts consisting essentially of either chromium oxide
or metal modified chromium oxide in combination with a support (e.g., alumina) may
be prepared by conventional procedures (e.g., impregnation of the support using a
suitable soluble chromium salt alone or in combination with a suitable soluble salt of
the metal modifier). In addition, catalysts of this invention can also be prepared by
co-precipitation methods, which are known in the art. Typically for refractory oxide
containing catalysts, the refractory oxide constitutes from about 80 to 99.5 weight
percent of the catalyst.

Catalysts consisting essentially of fluorinated chromium oxide, or fluorinated
chromium oxide in combination with a refractory oxide, or fluorinated metal
modified chromium oxide or fluorinated metal modified chromium oxide in
combination with a refractory oxide may also be used. Indeed, the catalysts are
preferably fluorinated prior to use for the halogenation process of this invention by
treatment with a suitable fluorine-containing compound (e.g., HF, SF,, CCLF,
CCLF,, CHF3, or CCLLF-CCIF>) at elevated temperatures. Pretreatment of catalysts
containing refractory oxides such as alumina are considered particularly useful. Such
treatments are well known to the art. The treatment with HF or other fluorine-
containing compound can conveniently be done in the same reactor which is to be
used for the production of the selected halohydrocarbon product(s). Iron and nickel
containing catalysts, specifically iron chloride and nickel chloride catalysts, supported
or unsupported may be employed as well.

The catalysts of this invention can undergo changes in composition and/or
structure during use. One skilled in the art will recognize, for example, that during
use the catalyst may be in the form of an oxyfluoride, an oxychloride, an
oxychlorofluoride and/or an oxide, and/or may have a different crystalline structure
from the catalyst charged to the reactor. Charging the reactor with these compounds

(e.g., an oxyfluoride, etc.) or with any compound(s) convertible to these compounds
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under reaction conditions is considered an equivalent procedure within the scope of
this invention.

In this and the other reaction sequences, reaction with HF includes either high
temperature vapor phase reaction or lower temperature reaction in the presence of a
liquid phase catalyst such as SbCls /HF or SbFs; the vapor phase process is preferred.

Two metal containing catalysts that have been found to be particularly useful
for the chlorofluorination reactions include:

(1) FeCla on a support, particularly active carbon, that is dried and then
fluorinated, e.g., with HF, preferably an HF/N; mixture, with or without O, at about
200°C to about 270°C and then treated with HF, with or without O; or Cl, activation,
within the range of about 270°C to about 320°C. It is preferred that the percent by
weight of FeCly in the metal containing catalyst be in the range of about 2% to about
36% by weight on a catalyst support, which is preferably activated carbon, preferably
at about 5% to about 10% by weight FeCl;. It is useful to fluorinate the metal
containing catalyst for a period of at least about 2 hours, preferably about 2 to about
16 hours, more preferably about 8 hours, gradually increasing the temperature within
the range of from about 200°C to at least the chlorofluorination reaction temperature,
€.g., up to about 320°C; and

(2) CrClj, particularly chromium chloride hexahydrate (CrCl » 6H,0) on a
support, particularly active carbon, that is dried and then flucrinated, e.g., with
hydrogen fluoride gas (HF), in the same manner as fluorination of the FeCl; catalyst
with or without O, or Cl, activation.

Non-limiting examples 1, 2, and 3 demonstrate the preparation of catalysts
suited for the present invention and non-limiting example 4 demonstrates the
activation of catalyst suited for this invention.

Generally, all fluorination catalyst were prepared by mixing appropriate
amounts of the selected metal salt and support (if necessary) in DI water. This
mixture is allowed to stand for approximately 0.5 hour and the excess water is filtered
off by vacuum filtration. The resulting solid is then dried overnight in a gravity oven
at 115°C and then charged to the reaction tubes were it is further dried at 150°C with

a inert gas purge and then activated with HF before the reaction feeds are started.
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Example 1: _FeCly/Activated Carbon Catalyst Preparation:
Iron (I1) chloride hexahydrate (20 grams) was dissolved in deionized water

(300 cc). The solution was then mixed into and absorbed by 200 grams of active

carbon pellets and air-dried overnight.

Example 2: _ CrCly/Activated Carbon Catalyst Preparation:
Chromium (I1I) chloride hexahydrate (12.6 grams) was dissolved in deionized
water (100 cc). The solution was mixed into and absorbed by 75 grams of active

carbon pellets and air-dried overnight.

Example 3:  NiCly/Activated Carbon Catalyst Preparation:
Nickel (II) chloride hexahydrate (13.8 grams) was dissolved in deionized
water (100 cc). The solution was mixed into and absorbed by 75 grams of active

carbon pellets and air-dried overnight.

Example 4:  Metal Chloride/Carbon Catalyst Activation Methods:
The chlorofluorination catalyst was activated using a chlorofluorination

reactor with HF. The following description gives the detailed procedures for three

methods of chlorofluorination catalyst activation.

(a) The FeCly/carbon catalyst of Example 1 was added to both Step I and Step IT
reactors and the catalyst in each reactor was dried with N, and fluorinated with HF/N,
to provide a stoichiometric excess of HF in the range of about 1.5 to about 3 moles of
HF mole of active metal in the catalyst at 250°C for 9 hours. The metal containing
catalyst in the Step I reactor was then further activated with HF/N; to provide a
stoichiometric excess of HF in the range of about 1.5 to about 3 moles of HF per mole
of active metal in the catalyst at 285°C for another 14 hours. The metal containing
catalyst in the Step II reactor was then further activated with HF\N; to provide a
stoichiometric excess of HF in the range of about 1.5 to about 3 moles of HF per mole

of active metal in the catalyst at 465°C for another 14 hours.

(b)  The same procedure discussed above in method (a) was performed for drying
metal containing catalyst with N, and fluorination with HF/N,. The metal containing
catalyst was further activated with 2% by weight O, along with HF/N; to provide a
stoichiometric excess of HF in the range of about 1.5 to about 3 moles of HF per mole
of active metal in the catalyst for 12 hours, then another 2 hours without O,.

14
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(© The same procedure was performed for the catalyst activation as described

above in method (b) except using 2% by weight Cl, instead of 2% by weight O,.

For all reactions exemplified herein, except where noted, two 41.6 cc, 12.7
mm {OD), Incone® reactor tubes heated with ceramic fiber, radiant heat electric
ovens were utilized as reactors. The tubes were utilized alone or in tandem to

perform the reaction examples.

Non-limiting example 5 demonstrates the results of chlorofluorination,

according to the present invention.

Example 5:  Chlorofluorination of C-3 Reactants:
Step I was conducted according to the parameters indicated in Table 1 below,
The reaction products of Step 1 were conveyed to the Step II reactor. The Step IT

reaction was also conducted according to the parameters indicated in Table 1.

Like Step I, Step Il was performed with a fixed-bed reactor containing a metal
containing catalyst. The specific types of catalyst are described in Table 1 below.
The hydrogen fluoride used in Step I and Step II was anhydrous liquid HF that was
vaporized to provide anhydrous HF gas. The results of the present example are

shown below in Table 1.
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As demonstrated in Table 1 above, iron and chromium chloride catalysts are
particularly well suited for use as metal containing catalysts according to the present
invention. In particular, when utilizing the iron catalyst no detectable levels of the

undesired CFC-216ba isomer were found.
Non-limiting example 6 demonstrates the reaction efficiency of the present

invention.

Example 6: Mass Balance Demonstration:

Step I was conducted at a temperature of about 280°C with a molar ratio of
HF:Cly:C-3 reactant, 6:9:1. Residence time in the Step I reactor was about 10
seconds. The reaction products of Step 1 were conveyed to the Step II reactor. The
Step 11 reaction was carried out at about 465°C. Like Step I, Step II was performed
with a fixed-bed reactor. The chlorofluorination catalyst used in both halogenation

reactors (Step I and Step II) was a supported chromium containing catalyst.

The reaction products, contained predominantly CFC-216aa, hydrogen
fluoride and hydrogen chloride gas, and were conveyed into a central portion of a

strip column for HCI removal.

The chlorofluorination reaction products were collected for analysis by gas
chromatography. The amount of the specific compound is indicated in terms of
chromatographic area percent. For this, and the following examples, area percent is

consistently utilized to demonstrate the advantages of the present invention.

The reaction products were collected for analysis and reported in Table 2

below.
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Table 2. Mass Balance of Reactants and Products of the Present Invention

[Total Feed Materials | CHg 3.1kg
Cl 46 kg

HF 87kg

Total Products Collected HC1 41 kg
C3ClzFs 11 kg

Underfluorinated compounds | 3.4 kg

Recovery ~95%

As Table 2 shows, (mass balance) of the present invention is good at

approximately 95% recovery of reactants.

Non-limiting example 7 demonstrates the flexibility of starting material
selection of the present invention.

Example 7:  Use of Varying Starting Materials and Reagent Proportions:

Tandem Incone® pipes were charged with supported chromium oxide
catalyst. Liquid HF was vaporized and the HF vapor was then mixed with
propylene/propane gas through an in-line static mixer and then mixed with Cl; at the
top of the Step 1 pipe, according to the parameters shown below in Table 3. The
reaction products from the Step I pipe were conveyed to the Step II pipe and the Step
11 reaction products were fed into a strip column to separate HCL, Cl, and light
components from HF, CFC-216aa and heavy components that were removed from the
bottom of the strip column. The strip column bottom components were then fed into
a phase separator to separate HF from organic materials, including C3ClFs for
analysis by gas chromatography. Recovered or recycle HF was fed back to the Step I
pipe vaporizer. The underfluorinated organic materials were collected and recycled
back to the Step I pipe for further fluorination.

The results of using propane or propene as a C-3 reactant is shown below in
Table 3, propene (C3Hs, Runs A and B) or propane (C3Hg, Runs C and D) as the raw
material (C-3 reactant) for the present invention. The results of using varying

proportions of reactants and the effects of additions of a diluent are shown below in

JP 2005-504824 A 2005.2.17
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Table 4. The exotherms observed during run conditions dictated in Table 4 are

demonstrated in Figure 2.
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In non-limiting example 8 below, the benefit of combining reagents in a
specified order according to the present invention is demonstrated.
Example 8: Raw Material Mixing Effect:
Two tests were performed by: (1) using a static mixer to first mix HF with
5 (3Hjand then mix the HF/C3Hg mixture and Cl; in another mixer before the Step [
reactor; and (2) first mixing the HF with Cl, using a static mixer, and then adding the
HF/Cl, mixture to C3Hg in another mixer before the Step I reactor. The reaction

parameters and results of this example are listed in Table 5 below.
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As Table 5 demonstrates, the combination of reactants plays no role in the
overall selectivity of C3C1oF. Even though it appears conversion is increased it is
probably due to increased residence time in the reactor, rather than order of mixing of

reactants,

Another process according to the present invention provides for purifying
halogenation reaction products. For purposes of the present invention, halogenation
reaction products encompass those reaction products as described above and refers to
reaction products of reactions wherein chlorine and/or fluorine atoms replace
hydrogen or halogen atoms along carbon atom backbones. In most cases the products
of these reactions include HF and organic chlorofluorinated compounds. In another
embodiment of the present invention the C-3 chlorofluorinated compounds have at
least six fluorine atoms.

Referring to Fig. 4, according to one embodiment of the present invention to
separate HF from C-3 chlorofluorinated compound reaction products, the temperature
of the chlorofluorination reaction product is reduced to a sufficient point within phase
separator 28 to separate the reaction products into separate top and bottom liquid
phases. According to one embodiment, the temperature used to accomplish this
separation is from about -30°C to about -10°C. In a preferred embodiment the
temperature is about -20°C.

To complete the separation of the HF from the C-3 chlorofluorinated
compounds (which can have at least six fluorine atoms) the top phase (formed by
lowering the temperature of the chlorofluorination reaction products) is removed to
obtain essentially organic free HF and/or simultaneously the bottom phase is removed
to obtain essentially acid free C-3 chlorofluorinated compounds. This separation can
be performed on an industrial scale continuously in a unit operation or in a batch
operation. Persons skilled in the chemical engineering arts will routinely be able to
select the type of apparatus necessary to perform this liquid/liquid phase separation.

One of the distinct advantages of this process for separation HF from C-3
chlorofluorinated compounds is that expensive distillation is not required. Nor is
there a production of the HF/C-3 chlorofluorinated compound azeotrope. Problems
associated with distillation processes and the production of HF/chlorofluorocarbon

azeotropes are discussed in U.S. 6,211,135 to Miller, herein incorporated by

24

JP 2005-504824 A 2005.2.17



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 |

(75)

WO 03/029173 PCT/US02/30729

15

20

25

30

reference. Referring now to Figure 4., it has been found during the course of the
present invention that at low temperatures, the HF phase 30 is virtually free of
organic C-3 chlorofluorinated compounds and likewise the organic phase 32 having
C-3 chlorofluorinated compounds are virtually free of HF. Moreover, because the
separation according to the present invention results in two product streams, either
product may without further purification be sent on to additional reaction steps or
returned or recycled to previous reaction steps.

Because the phase separation of the present invention is performed in the
liquid phase, any pressure sufficient to maintain the materials in the liquid phase can
be used according to the present invention. Preferred embodiments of the present
invention use low {emperatures and ambient pressures. However, the resulting
nonazeotropic mixtures of HF and organic C-3 chlorofluorinated compounds exist at
different temperatures depending on the pressure of the system.

The present invention providing for HF/organic separation is demonstrated

below by non-limiting example 9.

Example 9: HF/Organic Phase Separation:

A chlorofluorination reaction product including HF, Cl; and CFC-216aa was
purified according to the present invention. The reaction feed stream included 0.04
kg/s Cl , 0.003 kg/s propane, 0.006 kg/s HF and 0.084 kg/s recycled HF with a
Teaction product stream containing 75 weight percent CFC-216aa on an acid free
basis. The HC! was removed by distillation and the bottoms of the distillation
column (HF and organic chlorofluorination reaction products) was cooled and sent to
a 757 liter liquid phase separation tank where it was chilled. The vapor pressure of
the mixture in the phase separator was 1.97 Pa at 21.8°C. The mixture separated into
two phases, a bottom phase and a top phase. The bottom phase comprised a liquid
organic phase that was decanted off and scrubbed and purified to produce pure CFC-
216aa. The top phase comprised a liquid HF phase that was decanted off and
recycled to a previous reaction step. The organic phase was analyzed and the results

are represented in Tables 6 and 7 below.
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Table 6. Chlorofluorination Organic Phase Removed from HF According to a

Process of the Present Invention

Area % Cl, Area % HF Area % HCI Area % Organic

Separated | 1.21 0.3872 0.6097 97.79
Organic
Phase

Table 7. Halogenated Organics Separated from HF According to the Present

nvention
Halogenated Organics Percentage of Total Organics
CCI3F-CCIF; not detected

lights 0.05
CsCLFs 64.59
C3ClsFs 11.82
CsClaFy 5.75
Heavies 3.65

As this example demonstrates the organic phase, once separated according to
an embodiment of the present invention, is essentially acid-free. This allows for the
immediate isolation of specific chlorofluorination reaction products without the need
for costly and inefficient distillation. Moreover, Table 7 demonstrates that other
halogenated organics can be separated from HF according to the present invention.
These chlorofluorination reaction products can be isolated according to another
process of the present invention as herein described next.

Another process according to the present invention is the separation of the C-3
chlorofluorinated compounds having at least six fluorine atoms from C-3
chlorofluorinated compounds having less than six fluorine atoms. This separation
process is extremely useful in order to maintain the compound purity of
chlorofluorinated compounds sought to be produced.

According to one embodiment of the present process, a solution comprising
C-3 chlorofluorinated compounds having at least six fluorine atoms and C-3
chlorofluorinated compounds having less than six fluorine atoms is provided. This
solution is derived from a reaction product or a refined reaction product of a
chlorofluorination reaction or the phase separation or distillation product after a
chlorofluorination reaction. In one embodiment of the present invention the C-3
chlorofluorinated compounds having at least six fluorine atoms comprises CFC-

216aa. However, this invention is not limited to the source of this mixture.
26

JP 2005-504824 A 2005.2.17



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 |

a7

WO 03/029173 PCT/US02/30729

20

25

30

According to the present invention, the solution is contacted with the water to form a
mixture of organics and water. This may be performed using various blending or
mixing apparatuses, the particular type of apparatus is not critical and those skilled in
the art will recognize apparatus suited for preparing this mixture.

It is preferred that deionized water be added to the solution to obtain the
mixture. However, other forms of water can be used having various salt
concentrations and/or pH levels. According to another embodiment, the water mixed
with the solution comptising the chlorofluorinated compounds may include a basic
compound, such as potassium hydroxide. Persons having skill in the art will
understand that a compound that is basic is a compound that is more alkaline than
other compounds. These are known to those skilled in the art as compounds that
when added to water raise the pH of the water from its neutral pH to a higher than
neutral pH.

According to one embodiment of the present invention, after mixing, the
temperature of this water mixture is then adjusted to a sufficient temperature to
separate the water mixture into at least three phases, including an upper gas phase
containing C-3 chlorofluorinated compounds having at least six fluorine atoms, a top
aqueous phase, and a lower liquid phase containing C-3 chlorofluorinated compounds
having less than six fluorine atoms. The temperature sufficient to obtain the three
distinct phases described above is from about 25°C to about 75°C. The preferred
temperature used to obtain these three phases is about 50°C.

The above process of separating the C-3 chlorofluorinated compounds
alleviates the need for cost intensive and inefficient distillation. The separation of the
C-3 chlorofluorinated compounds can be performed as a continuous phase separation
process or as a batch phase separation process, applying techniques known to those
having skill in the art of phase separation. The upper gaseous phase can be removed
to obtain essentially pure C-3 chlorofluorinated compounds having at least six
fluorine atoms while at the same time or, alternatively in a batch process, the bottom
liquid phase containing C-3 chlorofluorinated compounds having less than six
fluorine atoms can be removed either leaving behind or allowing for the removal of
the top aqueous phase. Upon removal, these phases can be further processed or

retained as end products. According to one embodiment of the present invention, the
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chlorofluorinated compounds having at least six fluorine atoms are conveyed to an

additional reaction step to increase the number of fluorine atoms present.

Example 10: Separation of Fluorinated Compounds:

The containers of crude C3CLFg from various production runs of Steps I and
II contained C3CI1,Fg and numerous other unidentified underfluorinated compounds,
and possible small amounts of H,O, HF, Clz, and HCL.

Approximately 73 kg of crude C3CLFs were fed from a heated cylinder to a 57
liter Halar ® lined scrubber tank. The scrubber tank contained a level gauge and an
external heat tracing with a skin temperature thermocouple. The feed line into the
tank was through a dip tube.

The tank was initially filled with a 5% KOH/water solution and the
temperature of the tank was heated to 50°C. The mixture separated into three phases:
an upper, primarily gaseous phase; a top liquid, primarily aqueous phase; and a
bottom primarily organic phase. The top gas phase was removed as a vapor stream
and fed to a Halar ® lined scrubber. The vent gas was open to a molecular sieve
dryer bed which fed into a chilled collection cylinder on a scale. Upon completion of
the scrubbing of the C3Cl;Fp, the underfluorinated organics collected from the bottom
phase was approximately 9.1 kg of material. The primary components of this organic
liquid were C;Cl4Fy4, and C;C13F5 and C3Cl,Fs.

Table 8. Results of Separation of Underfluorinated Separation According to the
Present Invention

Separated Phase Constituents
Vapor essentially pure C3CLFg
~6% C3Cl;Fs and
Bottom ~94% underfluorinated compounds

As Table 8 demonstrates, underfluorinated compounds can be efficiently
separated from C3CLFg according to the present invention.

Alone or in combination with Steps I and I1 above, as shown in Fig. 5, the
present invention provides a third reaction step (Step III) for the selective fluorination
of C3CI2Fg to CFC-217ba. The predominant reaction occurring in this step is as
follows:

C3Cl,Fg + HF = CF3-CFCI-CF; + HCI
Preferably, Step III proceeds in the gas phase with excess anhydrous HF over

a metal containing catalyst. According to one embodiment of the present invention,
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the reactants of Step I are fed under flow control to vaporizer(s) 34. These
vaporized reactants include CFC-216aa which are fed to reactor 36.

In Step I isomer formation can be controlled by selective fluorination. Since
the undesired CFC-216ba contains 2 chlorine atoms it is not technically a "dead end"
material, Jt has been demonstrated that by selective fluorination CFC-216ba will lead
to CFC-217ba but CFC-216aa does not readily convert to CFC-217ca. Isomer
formation is also effected by conversion.

According to one embodiment, the high yield CFC-216aa chlorofluorination
product recovered from Step Il reaction described previously is mixed with hydrogen
fluoride and contacted with a metal containing catalyst. Residence time of Step III is
in the range of about two seconds to about 60 seconds, and preferably about 20
seconds to about 30 seconds.

Referring to Figure 5, according to one embodiment, reactor 36 is a fixed bed
reactor having a metal containing catalyst on a suitable solid support. The metal
containing catalyst can be any catalyst known as being useful for the fluorination of
C-3 chlorinated hydrocarbons with hydrogen fluoride.

Preferred catalysts for the synthesis of CFC-217ba are supported metal
containing catalysts. Metals such as iron, zinc, chromium and mixtures thereof are
particularly useful as catalysts for the conversion of C5ClFg to CFC-217ba.
Acceptable results can be obtained with other metal-containing catalysts, provided the
temperature, contact time, and other reaction conditions are suitably selected.

Suitable catalysts are supported catalysts that are dried and HF/N; treated at
250°C, e.g., for 9 hours, and then HF/N, treated at 465°C, e.g., for another 14 hours
using a stoichiometric excess of HF, e.g., about 1.5-3 moles of HF per mole of active
metal in the catalyst. This catalyst activation process can include O, or Cl, gas ata
concentration of about 0.5% to about 5% by weight, e.g., 2%.

The catalysts are particularly effective when activated according to one of the
following three methods (a), (b), or (c) described below:

(@ The catalyst is dried with Ny, fluorinated with HF/N; at 250°C for 9 hours.
The catalyst is then further activated with HF/N; at 465°C for another 14 hours.
(b) The same procedure is performed for catalyst drying and fluorination as
described above in method (a). The catalyst is then further activated with 2% by
weight O, along with HF/N, for 12 hours, then another 2 hours without O,.
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(c) The same procedure for the catalyst activation as described above in method
(b) is used except using 2% by weight Cl, instead of O2.

Non-limiting examples 11 and 12 demonstrate the preparation of catalysts
suited for the present invention and non-limiting example 13 demonstrates the

activation of catalyst suited for this invention.

Example 11: FeCls/Activated Carbon Catalyst:
Iron (11I) chloride hexahydrate (3.78) moles was dissolved in deionized water
(1000 cc). The solution was mixed into and absorbed by 1000 grams of active carbon

pellets and air-dried overnight.

Example 12: CrCly/Activated Carbon Catalyst:

Chromium (III) chloride hexahydrate (5.14 moles) was dissolved in deionized
water (2100 cc). The solution was mixed into and absorbed by 3000 grams of active

carbon pellets and air-dried overnight.

Example 13: Metal Chloride/Carbon Catalyst Activation Methods:

The catalyst was activated using a fluorination reactor with HF. The
following description gives the detailed procedures for three methods of fluorination
catalyst activation.

(a) The FeCla/carbon catalyst of Example 11 was added to Step III reactor
(herein, the reactor is identical to those reactors described previously) and the catalyst
was dried with N; and fluorinated with HF/N; to provide a stoichiometric excess of
HF in the range of about 1.5 to about 3 moles of HF per mole of active metal in the
catalyst at 250°C for 9 hours. The catalyst was then further activated with HF/N; to
provide a stoichiometric excess of HF in the range of about 1.5 to about 3 moles of
HF per mole of active metal in the catalyst at 465°C for another 14 hours.

(b) The same procedure discussed above in method (a) was performed for metal
containing catalyst drying with N; and fluorination with HF/N,. The metal
containing catalyst was further activated with 2% by weight O, along with HF/N2 to
provide a stoichiometric excess of HF in the range of about 1.5 to about 3 moles of
HF per mole of active metal in the catalyst for 12 hours, then another 2 hours without
[o7%
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(c) The same procedure was performed for the catalyst activation as
described above in method (b) except using 2% by weight Cl, instead of 2% by
weight O.

The HF:C-3 reactant molar ratio utilized in Step [II is preferably in the range
of about 1-30 moles of HF per mole of C-3 reactants and the reaction pressure is in
the range of about 1-53 Pa, and preferably about § Pa at a temperature of about 200°C
to about 550°C, and preferably about 485°C. Like Steps I and II previous, Step 11
may combine a diluent with the reactants.

By way of non-limiting example 14, a reaction according to an embodiment of

the present invention is shown below.

Example 14: STEP IIT (C3CloFg — CFC-217ba):
A 51 mm LD. x 1.3 m long Incone® pipe reactor was heated to 485°C by an

electric heater. The reactor was connected to a distillation column, which had a
pressure control valve to maintain the system pressure at 5 Pa. The reactor was
charged with a supported chromium oxide catalyst.

13.88 g/min HF and 6.05 g/min CFC-216aa were fed into a vaporizer. The
gas mixture was conveyed to the reactor, and products were removed and fed into a
distillation column to separate HC1, CFC-217ba and light components. It is to be
understood that the Step III reaction can be carried out using a fluorine-containing gas
other than HF.

The heavier Step I1I reaction products were separated from the CFC-217ba
reaction product. The CFC-217ba reaction product included unreacted C;ClyFs. The

mass balance results are shown below in Table 9.
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Table 9. Mass Balance Results
Total Feed Materials: C;CLFg (99.7%) = 9.4 kg
HF = 0.9kg
Total Products Collected: HCl= 12kg
HF = 0.13kg
C3CIF; = 4.1kg
C3CLFe= 33kg
Recovery 84.8%

10

15

As is demonstrated above in Table 9, approximately 85% of the reactants are

recovered as products that can either be further refined, recycled or purified.

Non-limiting example 15 demonstrates the impact of the catalyst selection on

the process of the present invention.

Example 15: Comparison of Catalyst

The Step 11T reaction was performed as described in Example 14 above with

the exception that the catalyst parameters noted in Table 10 below were utilized.

Over a 12-hour period, multiple reaction product samples were taken. The average

C3CIF; selectivity is shown in Table 10 below.
Table 10. Average C3CIF; Selectivity % (12 hours average)

Chromium Oxide Chromium Chloride
Activated by Activated by Activated by Activated by Activated by
method (a) method (b) method (¢} method (b) method (c)
82.74 82.29 84.10 76.19 81.40

As seen from these results, the Step 11T process according to the present

invention selectively fluorinates the desired C3CL;Fg resulting in increased C3CIF;

production using catalysts of varying chemistry and activation,

To further demonstrate the flexibility of fluorination according to the present

invention, numerous catalysts were employed. These catalysts were prepared

following the same general preparation methods detailed in examples 1 through 4
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described above. These catalyst and reaction parameters are shown below in Table
11.
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As the results of Table 11 demonstrate various catalysts and reaction
parameters prove useful. Particularly useful are iron, zinc and chromium chloride
catalyst systems.

The reaction products of the Step III reaction can be purified according to
another process of the present invention. A process of the present invention is
provided for separating C-3 chlorofluorinated compounds from a halogenation
reaction product. The halogenation reaction products contemplated in this invention
include the reaction products of Step III described above. This reaction product will
include chlorofluorinated compounds having at least three carbon atoms. According
to one embodiment of the present invention, the halogenation reaction product
includes CFC-217ba. Accordingly, a halogenation reaction product is provided
which comprises C-3 chlorofluorinated compounds, HCI and HF. These types of
halogenation reaction products will typically result from the halogen exchange of
fluorine for chlorine on a chlorofluorocarbon.

According to one embodiment of the present invention, the temperature of the
halogenation reaction product is lowered sufficiently to separate the reaction products
into at least three phases, including a upper gas phase containing HCI, a top liquid
phase containing HF and a bottom liquid phase containing essentially acid free C-3
chlorofluorinated compounds. The temperature sufficient to separate the reaction
product into at least three phases is from about 20°C to about 75°C. Preferably, the
temperature is about 25°C. Like the separations previously described, the particular
apparatus used for performing this separation is not critical. Examples of apparatus
that would perform sufficiently include temperature regulated tanks and continuous
phase separators.

The process according to the present invention allows for the continuous
and/or batch separation of HF and HCI from C-3 chlorofluorinated compounds. This
is desirous in any industrial halogenation reaction scheme or small scale reaction
scheme because it is often necessary to remove HCI and HF from the reaction
product. Typically, this is a costly endeavor, requiring the separate stripping of the
HCI and subsequent distillation of the HF.

Example 16; Heterogeneous Phase Separation of C3CIF;:
The fluorination reaction of HF and C3Cl;Fs comprised a reaction product

stream containing approximately 40-45 weight % C3CIF; and 50-55 wt % C3CLFs on
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an acid free basis. The reaction product was cooled and sent directly to a 3.9 liter
liquid phase separation tank. The vapor pressure of the mixture in the phase separator
was 6.5 Pa at 25°C. The reaction product separated into three phases. The top
gaseous phase was primarily HCI gas. The bottom liquid organic phase was decanted
off to be purified to produce essentially pure C3CIF;. The top liquid HF rich phase
can be decanted off and pumped directly back as recycled HF, but for purposes of this
example, it was discarded. The bottom phase contained mainly organics which
measured 54 weight % CFC-216 and 42 weight % C;CIF;. The breakdown of the

bottom phase composition is shown below in Table 12:

Table 12. Contents of Bottom Phase of Heterogenous Separation
%HF %HCl %Organic
[ 1.5 [ 2.5 [ 96.0

The top vapor phase gas stream contained primarily HCI and was fed directly

to a distillation column for simple distillation. The pressure was controlled for the
entire system via this distillation pressure controller to distill HCI out the top. The

HF phase composition is shown below in Table 13:

Table 13. Contents of Top Liquid Phase of Heterogenous Separation

YHF %HCI %Organic

| 89.24 i 4.20 656 |
As Table 12 and 13 demonstrate, HF, HCI and organic fluorination reaction

products can be efficiently separated in a one-step process. This process is extremely
useful because it negates the high costs associated with expensive mulli-step
distillation and separation techniques.

Once separated according to this invention the reaction compounds can be
used as final products or returned to a reaction scheme for further processing.
According to the present invention the compounds thus separated have such high
purity that they may proceed immediately to the next step without further
purification.

In accordance with still another process of the present invention, a
halogenated organic compound is provided to be contacted with H; and a catalyst to
form a hydrodehalogenation reaction product. In a preferred embodiment the
halogenated organic compounds are the Step III reaction products which include
CFC-217ba. Accordingly, the halogenated organic compounds are premixed with
hydrogen and contacted with a metal containing catalyst at sufficient temperature to
produce a hydrodehalogenation reaction product. In still another embodiment the
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hydrodehalogenation reaction products include HFC-227ea. A reaction of this

embodiment is shown below:
C3CIF; + H, » HFC-227ea + HCI

A slight molar excess of H; can be used if desirable but is not necessary. The
Ha:halogenated organic compound molar ratio is in the range of about 0.2:1 to about
10:1, optimally about 1.2:1.

Referring now to Fig. 6, the hydrodehalogenation is performed in fixed bed
reactor 42 containing a suitable catalyst, such as palladium on a refractory oxide
support, such as alumina or other suitable supports, in which case the reactor is
operated at a temperature of about 30°C to about 275°C, and preferably at about
185°C. Alternatively, a ferric chloride (FeCls) catalyst on a solid support, such as
active carbon can be used in which case the reactor is operated at a temperature of
about 200°C to about 600°C, and preferably at about 450°C to about 500°C.

The pressure in reactor 42 should be in the range of about 1.2 Pa to about 15
Pa, and preferably about 7.9 Pa. The reaction is largely insensitive to pressure in the
range of 0.9 — 7.9 Pa, however, reaction selectivity is slightly favored by lower
pressures. Residence time in reactor 42 should be in the range of about 10 seconds to
about 90 seconds, and preferably about 15 to about 60 seconds.

While any hydrodehalogenation catalyst could be used, the most active
catalysts, such as Pt and Pd, are good selections because, in addition to the desired
products, they lead to the addition of hydrogen across any double bond present or to
the substitution of hydrogen for chlorine. Catalysts which may be utilized include, as
charged to the reactor, common hydrogenation catalysts such as Cu, Ni, Cr, Ru, Rh or
combinations thereof. It is not critical whether the catalysts are supported or not.
However, supports which are unreactive to halocarbons, HF, and oxygen at
hydrogenation temperatures up to 100°C higher such as metal fluorides, carbon, and
titania, may be used.

Referring now to Fig. 7, the high cost of noble metals led to concerns
regarding catalyst lifetime. Initial testing demonstrated that the catalyst is somewhat
fragile with activity dropping off within 5 days. Fortunately, it has been discovered
that the addition of a small amount of water to the reaction stream extended catalyst

lifetime. The addition of water allows the catalyst to perform in excess of 15 days
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with no apparent loss of activity. The chemistry is not particularly sensitive to the
amount of water present above a minimum of 0.8%. It has been determined that this
process enhancement will test favorably with various catalysts. In one particular
embodiment, water was added to the Hy and halogenated organic compound and
contacted with a catalyst. The additional water is from about 0.04 to about 12 percent
by weight of the halogenated organic compound, and preferably, about 0.8 percent by
weight of the halogenated organic compound. The previous description of the
preferred embodiments will now be further demonstrated by way of non-limiting

examples.

Example 17: Step 1V (C3CIF; — HFC-227ea:

A 12,7 mm LD, x 0.6 m long stainless steel pipe heated by an electric heater
was used to combine materials as described Tables 14 and 15 and Fig. 7 below. The
crude organic gas was then washed with water to remove acids and the gas was
analyzed by gas chromatography. Table 14 demonstrates the results of this selective
hydrodehalogenation with varying catalysts at varying temperatures. Table 15

demonstrates the extension of catalyst life according to the present invention.
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Table 14, Hydrogenation of C;CIF; to HFC-227¢a with Different
Metal and Catalysts Supports
Metal  Support  Addifive  Contact  H2/ Terap. % Results - HFC-227ca
Catalyst Time(s)  CiCIF5 ©
Loading
Conversion ___ Selectivity
sypq  Activated 166 15 150 53 675
Carbon
180 164 695
Activated
1% Pd Carbon 19.1 2 150 122 836
180 479 89.8
200 783 912
225 96.8 87.6
b 250 99.8 870
! o Activated
f 1% Pé Carbon 367 18 150 267 835
f 180 673 90.2
] 200 220 90.0
¢ 25 928 87.1
Activated
0 |oswr Ao 154 1 150 31 4.4
' 150 58 669
s 200 56 758
Activated
u [oswra A 203 21 250 458 902
4 275 687 882
14 300 85.5 86.1
r 325 95.5 80.0
2.0%Co/_Activated
; 0.6%Pd  Carbon 18.6 2 150 134 86.4
7 180 50.8 89.3
L 200 748 87.9
. 225 876 8.7
. 250 977 80.7
4 [20%Cu Actvaed
: by carton 37 18 180 427 878
M 200 675 85.4
. 25 834 859
250 983 83.4
70% Cul_Activated
0.6% Pd  Carbon 102 24 150 71 46.8
180 153 67.5
200 282 768
225 540 785
250 80.0 779
275 95.0 759
Different | 0.5% Ru  Alumina 224 13 150 25 224
Metals 180 40 325
200 50 394
0.5%Rh  Alumina 236 15 150 129 67.1
180 260 7.5
200 266 836
0.5%Pt  Alumina 231 15 150 28 4.5
180 6.1 50.8
200 14.3 80.3
AJBINGS 1 504pg Almina o 219 14 180 631 98.1
05%Pd  Alumina IHK;::' 219 14 180 738 97.2
0.5%Pd__Alumina none 22.1 14 180 59.5 96.9
0.5%Pd £:3]07 none 21 14 180 96.6 95.7
umina
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As Table 14 demonstrates, the selectivity of the present invention is
substantially the same when performed at less than optimum temperature parameters.
This allows for the selective production of selected isomers.

Table 15 and Fig. 7 demonstrate the catalyst life extension effectiveness of the

5 present invention at varying levels of water addition. All conversions represented in

Table 15 were performed at 180°C with a H to C3CIF; molar ratio between 0.9~
1.5:1, a contact time of 20-30 seconds over a 0.5% Pd on Al catalyst.

Table 15. Catalyst Life Extension

RUN TIME % %
450 ppm H20 (days) CONVERSION  SELECTIVITY
CsClF, HFC-227ea
0.1 94.90 97.31
02 93.87 97.31
03 84.70 97.13
0.96 80.90 97.92
1.03 79.94 99.35
1.05 79.98 96.91
RUN TIME % %
450ppm H20 (days) CONVERSION  SELECTIVITY
CsCIFy HFC-227¢a
0.1 93.67 95.61
0.7 96.63 96.00
0.8 95.53 95.79
11 90.69 97.30
1.7 78.82 97.15
2.1 81.26 97.72
3.0 49.15 95.84
4.1 44.07 78.73
RUN TIME % %
0.29% H20 (days) CONVERSION  SELECTIVITY
C3CIF, HFC-227ea
0.1 95.81 96.09
0.3 98.40 95.54
12 98.36 96.40
13 98.40 96.44
13 98.31 96.26
1.3 96.58 96.13
4.1 96.53 96.30
4.2 95.88 95.76
43 95.87 95.89
43 95.77 95.74
50 96.48 95.78
5.1 94.84 95.79
52 92.59 95.36
53 91.89 97.39
40
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6.2 89.60 97.32
6.3 91.18 97.44
6.3 90.91 98.14
7.0 85.48 97.10
7.1 83.84 97.22
73 79.20 97.20
7.3 77.89 97.13
8.0 69.32 97.10
82 71.62 97.04
83 76.70 97.17
83 80.16 97.50
11.0 60.41 96.61
11.0 58.41 96.41
1.2 56.68 96.36
11.9 57.05 96.40
12.1 55.97 96.35
12.3 55.96 96.33
12.9 54.04 96.22
12.9 54.30 96.22

RUN TIME % %
0.8% H20 (days) CONVERSION  SELECTIVITY
CiCIF HFC-227¢ea
0.0 90.10 94.47
0.7 93.60 95.35
0.8 94.19 95.81
1.0 9239 95.65
1.9 99.60 96.96
2.0 96.71 96.59
4.7 99.73 96.00
4.8 98.96 97.89
5.0 97.93 96.00
5.0 98.16 96.10
5.8 98.27 96.08
6.0 97.96 95.95
6.9 96.76 95.64
7.8 90.03 94.96
8.7 96.52 95.42
9.0 94.70 95.20
11.7 97.19 97.90
12.0 93.80 97.45
12.8 91.60 97.51
13.0 91.49 97.48
14.0 96.78 96.04
15.0 95.11 95.83
15.1 94.57 94.96

To demonstrate the increased catalyst life utilizing water in the
dehydrohalogenation reaction according to this invention, catalyst, H; and C;CIF;

were prepared as described above with the addition of water as demonstrated in Table
41
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17 above. It is clearly evident, particularly from Fig. 7, that the addition of water
significantly increases catalyst life without affecting the conversion and selectivity.
Like Steps I, I and III control and reduction of the undesired isomer in
Step IV can be achieved by selective reaction. Example 18 demonstrates this isomer
control throughout the entire process when Steps I-IV are utilized in sequence. Of
course the combination of the steps of the present invention include the following
combinations: I, I and 11 (production of essentially isomerically pure CFC-217ba);
and I, Il and IV (production of essentially isomerically pure HFC-227¢a); and | and 11
(production of essentially isomerically pure CFC-216aa). Data from a variety of
sources has all shown that even at 90% conversion there is effective reduction of the

isomer content.

Example 18: Steps I-IV:
Reactors of the type described in the previous example were placed in series
and prepared as previously described. The specific reaction conditions are denoted in

the Table 16 below.
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As Table 16 above demonstrates, the selectivity for a desired isomer at each
step carries through when the steps are combined. Tt is apparent that the four step
process may likewise produce HFC-227ea via three steps by performing heretofore,
Step IV following Step II. As shown above in Table 16 CFC-217ba is produced
following Step II.

According to another aspect of the present invention, a process is provided for
the separation of a mixture of isomers of HFC-227ea and HFC-227ca. This mixture
can come from different sources, however, it is contemplated the mixture will stem
from a hydrodehalogenation reaction as described above. According to one
embodiment of the present invention a mixture of these isomers is combined with a
chlorofluorocarbon. Preferably, the chlorofluorocarbon is C3CIF;. This solution
comprising the HFC-227 isomers and the chlorofluorocarbon are fed to a muitiple
stage distillation column operated under conditions such that HFC-227ea can be
effectively distilled as a pure isomer. Distillation as it is known to those skilled in the
art is a separation process in which a liquid is converted to a vapor and the vapor then
condensed to a liquid. The latter is referred to as the distillate and the liquid material
being vaporized is the charge or distillant. Distillation is thus a combination of the
evaporation, or vaporization, and condensation.

The usual purpose of distillation is purification or separation of the
components of the mix. This is possible because the composition of a vapor is
usually different from that of the liquid mix from which it is obtained. Alcohol has
been so purified for generations to separate it from water, fuel oil, and aldehydes
produced in the fermentation process. Gasoline, kerosene, fuel oil, and lubricating oil
are produced from petroleum by distillation. It is the key operation in removing salt
from sea water. Regrettably, isomeric mixtures cannot typically be separated by
distillation.

Embodiments of the present isomer separation process include the use of a
ratio of chlorofluorocarbon to HFC-227ea from about 0.1 to about 10 and preferably
about 1 to about 7. Upon distillation of this mixture essentially pure HFC-227ea is
recovered as the distillate. The apparatus necessary to conduct this process will be
apparent to those skilled in the art. Fractional distillation columns known in the

industry will be readily useful to perform the process of the present invention.

Example 19: Distillation Separation of HFC-227ea from HFC-227ca:
44
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To demonstrate the separation of HFC-227 isomers, a standard distillation
apparatus was utilized and configured according to the parameters shown in Tables
17 and 18 below. As indicated, Table 17 demonstrates distillation with a

chlorofluorocarbon and Table 18 demonstrates distillation without a

5 chloroflucrocarbon.
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Table 17. Distillation with C;CIF;
Column Conditions
Temperature (°C) Take OFf (&/min
Pressure Overhead Boltom Feed (g/min) Overhead Bottom Reflux Ratio
{psig)
618 294 [ 36 293 221 045 25
Separation Results-GC Profiles
HFC- FC-218 HFC- HCFC- HFC- HFC- Unknown CrC- CFC-
134a 227¢a 124 227ea 236fa 217ba 217ca
Feed 0.00258 | 0.00987 | 007504 _| 0.01 £3.33046 | 0.159881 | 0.11694 1611326 | 0.14152
Overhead | 0.00295 | 000392 | 001548 | nd 9997741 | nd nd 000573 | nd
Take Off
Bottom nd nd 0.12677 | 0.01923 | 57.10056 | 0.45827 0.30565 41.63464 | 0.35488
Take Off

nd = not detected

Ratio HFC-227ea/HFC-227cu

T 1110

Feed
Overhead 6458
Bottom 450

significantly increases the ability, through distillation, to separate the isomers of

As shown in Tables 17 and 18, the addition of a chlorofluorocarbon

HFC-227.

The present invention also provides a process that selectively destroys

undesired isomers, thereby increasing the overall isomeric purity in a mixture of

Isomer Reduction Ratio (Overhead/Feed) 5.8
Table 18. Distillation without C;CIF,

Column Conditions

Te ° Take Off (g/min)
Pressure Overhead ‘ Botiom Feed (g/min) Overhead Bottom Reflux Ratio
(psig)
453 218 [ 224 3.591 3.461 [ 045 23
Separation Results-GC Profiles

HFC- FC-218 HFC- HCFC-124 HFC- HFC- | Unknown CFC- CFC-
1342 227ca 227en 236fa 217ba 217ca
TFeed 0.00296 | 0.0687 | 00271 | nd 9995139 | nd nd 0.00928 | nd
Overhead | 0.00328 | 0.00671 001195 | ad 99.98003 nd nd nd nd
Take Off
Bottom nd nd 0.07773 | nd 99.86733 nd nd 0.0549 nd
Take O
nd =not detected
Ratio HFC-227ea/ HFC-227ca [ Feed 638
Overhead 367
Bottom 1285
Isomer Reduction Ratio (Overhead/Feed) 3

isomers. According to one embodiment, this process includes providing a mixture of

C-3 chlorofluorinated isomers. In another embodiment of the present invention, the

C-3 chlorofluorinated isomers are CFC-216aa and CFC-216ba. In still another

10 embodiment of the present invention, the C-3 chlorofluorinated compound isomers
are CFC-217ba and CFC-217ca. Other isomer mixtures that can be purified

according to the present invention will be apparent to those skilled in the art.
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In accordance with the present invention, chlorofluorinated isomers are heated
in the presence of a catalyst to a sufficient temperature to reduce the amount of at
least one of the chlorofluorinated isomers. The isomers are heated in the presence of
a catalyst in like fashion to the reaction Steps I, II, and 11} described above.
According to one embodiment the catalyst used is a chromium containing catalyst. A
suitable temperature to increase isomeric purity has been found to be from about
250°C to about 350°C. A more preferred temperature is about 280°C. By way of

non-limiting example embodiments of this invention will now be demonstrated.

Example 20: Selective destruction of CFC-216ba:
In accordance with the present invention, a mixture of CFC-216aa and CFC-

216ba was provided having a relative ratio of CFC-216aa to CFC-216ba of 96:1.
This mixture was heated in the presence of a pre fluorinated Chrom-gel® (provided
by Englehard) catalyst at various temperatures outlined below with the results shown
in Table 19 below.

Table 19. Selective Destruction of CFC-216ba Isomer

Reaction Relative Ratio
Temperature(°C) of CFC-216a2:CFC-216ba
325 257:1
250 325.03:1
250 309.53:1

As can easily be seen from Table 19 the process according to the
present invention effectively doubled the ratio of preferred isomer, CFC-216aa, to the
undesired isomer, CFC-216ba. The differences between the ratio determinations at

250° C are believed to be acceptable analytical error.
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To demonstrate still another embodiment of the present invention, non-

limiting example 21 is provided.

Example 21: Selective Destruction of CFC-217¢a:
In accordance with the present invention, a mixture of CFC-217ba and CFC-

5 217ca was provided having a relative ratio of CFC-217ba to CFC-217ca of 81:1.

This mixture was heated in the presence of a pre-fluorinated Chrom-gel® catalyst at

various temperatures outlined below with the results shown in Table 20 below.
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Table 20. Selective Destruction of CFC-217ca

Isomer
Reaction Relative Ratio
Temperature(°C) of CFC-217ba:CFC-
217ca
250 252.79:1
280 548.11:1

As can easily be seen from Table 20, the process according to the present
invention effectively at least doubled the ratio of the preferred isomer, CFC-217ba, to
the undesired isomer, CFC-217ca and in some instances more than quadrupled the
ratio. Once purified in this fashion the resulting isomer is an excellent reactant for
hydrodehalogenation according to Step IV of the present invention.

In keeping with the selective destruction process previously described, a
process for selectively halogenating specific isomers within an isomeric mixture is
also provided. Isomer selective reactions play an important role when isomerically
pure products are desired. According to one embodiment of the present invention a
mixture of C-3 fluorinated isomers is provided and these isomers are contacted with
Cl, in the presence of a catalyst at a sufficient temperature to halogenate at least one
isomer.

According to one embodiment of the present invention the mixture of C-3
fluorinated isomers contains HFC-227ea and HFC-227ca. It is contemplated that
other hydrohalogenated compounds may be selectively halogenated according to this
invention as well. Hydrohalogenated compounds suited for selective halogenation
according to this invention will be obvious to those skilled in the art.

According to still another embodiment of the present invention the catalyst is
activated carbon. The specific type and preparation of the catalyst used to selectively
halogenate are consistent with those catalysts described above in Steps I-IV.

One aspect of the invention provides for the heating of the isomeric mixture to

a sufficient temperature. According to one embodiment the temperature is from
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about 200°C to about 350°C. According to a more preferred embodiment, the
temperature is about 300°C.
According to still another embodiment of the present invention the molar ratio
of Cl to the isomeric mixture is from about 0.16:1 to about 3:1 and preferably about
5 25
By way of non-limiling example 22, embodiments of the present invention

will now be demonstrated.

Example 22: Selective Halogenation of HFC-227¢a:

The specific quantities and types of reactants and the condition of the reactor
10  utilized to demonstrate this invention are shown in Table 21 below. The reaction

products were monitored for the isomers of CFC-217.
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As Table 21 demonstrates, the present invention can be used to even further
reduce the content of the undesired isomer. It is contemplated that once reduced the
more isomerically pure reaction product can be recycled or further refined.

Additional objects, advantages, and other novel features of the invention will
become apparent to those skilled in art upon examination of the foregoing or may be
learned with practice of the invention. The foregoing description of the preferred
embodiments of the invention has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention to the precise
form disclosed. Obvious modifications or variations are possible in the light of the
above teachings. Embodiments were chosen and described to provide the best
illustrations of the principals of the invention and their practical application, thereby
enabling one of ordinary skill in the art to utilize the invention in various
embodiments and with various modifications as are suited to the particular use
contemplated. All such modifications and variations are within the scope of the
invention as determined by the appended claims when interpreted in accordance with

the breadth to which they are fairly, legally and equitably entitled.

52

JP 2005-504824 A 2005.2.17



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 |

(103)

WO 03/029173 PCT/US02/30729

10

20

25

What is claimed is:

1. A method for preparing CFC-216aa by reacting non perhalogenated
hydrocarbons having at least three carbon atoms with at least HF in the presence of a

catalyst, the improvement comprising

(a) reacting non perhalogenated hydrocarbons having at least three

carbon atoms at a first temperature to form a perhalogenated intermediate, and

(b)  reacting the perhalogenated intermediate at a second

temperature to form CFC-216aa.
2. The process of claim 1 further comprising

(<) contacting the CFC-216aa with the HF in the presence of a
catalyst at a third temperature to form CFC-217ba.

3. The process of claim 2 further comprising

(d) contacting the CFC-217ba with H; in the presence of a catalyst
at a fourth temperature to produce HFC-227ea.

4. The process of claims 1, 2, or 3 wherein the first temperature is at least
about 150°C, the second temperature is at least about 300°C, the third temperature is

at least about 200°C and the fourth temperature is at least about 30°C.

5. The process of claims 1, 2, or 3 wherein the first temperature is from
about 150°C to about 450°C, the second temperature is from about 300°C to about
550°C, the third temperature is from about 200°C to about 550°C and the fourth
temperature is from about 30°C to about 275°C.

6. The process of claims 1, 2, or 3 wherein the first temperature is about
220°C, the second temperature is about 470°C, the third temperature is about 470°C

and the fourth temperature is about 185°C.

7. The process of claims 1, 2, or 3 wherein the molar ratio of HF:Cl, used

in step (a) is from about 0.75:1 to about 8:1.

8. The process of claims 1, 2, or 3 wherein the molar ratio of HF:Cl, used

in step (a) is about 4:1.
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9. The process of claims 1, 2, or 3 wherein the molar ratio of Cl, to C-3

reactants used in step (a) is from about 8:1 to about 10:1.

10. The process of claims 1, 2, or 3 wherein the molar ratio of Cly to C-3

reactants used in step (a) is about 8.2:1.

11. The process of claim 1, 2, or 3 wherein the molar ratio of HF to C-3

reactants used in step (a) is from about 6:1 to about 64:1.

12. The process of claims 1, 2, or 3 wherein the molar ratio of HF to C-3

reactants used in step (a) is about 35:1.

13.  The process of claims 1, 2, or 3 wherein the molar ratio of HF to

perhalogenated compounds used in step (b) is from about 6:1 to about 64:1.

14. The process of claims 1, 2, or 3 wherein the molar ratio of HF to

perhalogenated compounds in step (b) is about 30:1.

15. The process of claims 1, 2, or 3 wherein the molar ratio of HF to CFC-
216aa used in step (¢) is from about 1:1 to about 30:1.

16. The process of claims 1, 2, or 3 wherein the molar ratio of HF to CFC-

216aa used in step (c) is about 10:1.

17. The process of claims 1, 2 or 3 wherein the molar ratio of H, to CFC-

217ba used in step (d) is from about 0.2:1 to about 10:1.

18. The process of claims 1, 2, or 3 wherein the molar ratio of Hy to CFC-

217ba used in step (d) is about 1.2:1.

19. The process of claims 1, 2, or 3 further comprising the addition of

water in step (d).

20.  The process of claims 1, 2 or 3 wherein the water is present in an
amount from about 0.04 to about 12 percent by weight of the CFC-217ba.

21.  The process of claims 1, 2 or 3 wherein the water is about 0.8 percent
by weight of the CFC-217ba.
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22. The process of claims 1, 2 or 3 further comprising the addition of Cl;

in step (b).
23.  The process of claims 1 or 2 wherein the catalyst chromium and a
catalyst support.

24, The process of claim 3 wherein the catalyst of step (d) comprises Pd

and a catalyst support.

25.  The process of claims 1, 2, or 3 further comprising the addition of

diluent in at least one of steps (a)-(d).

26. The process of claims 1, 2, or 3 wherein, in at least one of steps (a)-(c),

underfluorinated products are recycled to at least one of steps (a)-(c)-

27. A process for extending the catalyst life of a hydrodehalogenation

reaction, the improvement comprising the addition of water to the reaction.
28, The process of claim 27 wherein CFC-217ba is a reactant.

29. The process of claims 27 or 28 wherein the ratio of Hj to halogenated

organic compound is from about 0.2:1 to about 10:1.

30. The process of claims 27 or 28 wherein the ratio of H to halogenated

organic compound is about 1.2:1.

31. The process of claims 27 or 28 wherein the H,O is from about 0.04 to

about 12 percent by weight of the halogenated organic compound.

32, The process of claims 27 or 28 wherein the H,O is about 0.8 percent

by weight of the halogenated organic compound.

33.  The process of claims 27 or 28 wherein a catalyst containing a metal is

utilized.

34. The process of claims 27 or 28 wherein a catalyst comprising Pd and a

catalyst support is utilized.
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35. A process for purifying HFC-227ea from a mixture containing HFC-227¢a,
HFC-227¢a and a chlorofluorocarbon the improvement comprising distilling the

mixture to obtain essentially pure HFC-227ea.

36.  The process of claim 35 wherein the chlorofluorocarbon comprises

C;CIF,.

37.  The process of claims 35 or 36 wherein the chlorofluorocarbon to

HFC-227ea ratio is from about 0.1 to about 10.

38.  The process of claims 35 or 36 wherein the chlorofluorocarbon to
HFC-227ea ratio is about 1:2.

39. A process for purifying C-3 chlorofluorinated halogenation reaction products
from a mixture containing C-3 chlorofluorinated halogenation reaction products and
HF the improvement comprising: adjusting the temperature of the mixture to produce
amixture having an essentially pure HF phase and an essentially pure C-3
chlorofluorinated halogenation reaction products.

40. The process of claim 39 wherein the HF or C-3 chlorofluorinated
halogenation reaction products are removed to produce essentially pure HF or C-3
chlorofluorinated halogenation reaction products.

41.  The process of claims 39 or 40 wherein the C-3 chlorofluorinated

compounds have at least six fluorine atoms.

42, The process of claims 39 or 40 wherein the temperature is from about -

30°C to about -10°C.
43, The process of claims 39 or 40 wherein the temperature is about -
20°C.

44. A process for purifying C-3 chlorofluorinated compounds having at
least six fluorine atoms from a mixture containing C-3 chlorofluorinated compounds
having at least six fluorine atoms and chlorofluorinated compounds having less than

six fluorine atoms the improvement comprising:
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contacting the mixture with water and adjusting the temperature of the
mixture to produce an upper gas phase containing the C-3 chlorofluorinated

compounds and a lower liquid phase.

45. The process of claim 44 wherein the lower liquid phase comprises a
5 top primarily aqueous phase and a bottom phase comprising chlorofluorinated

compounds having less than six fluorines.

46. The process of claims 44 or 45 wherein the C-3 chlorofluorinated

compounds having at least six fluorine atoms comprises CFC-216aa.

47, The process of claims 44 or 45 wherein the temperature is from about

10 25°C to about 75°C.
48. The process of claims 44 or 45 wherein the temperature is about 50°C.

49. The process of claims 44 or 45 wherein the water includes a basic

compound.
50. The process of claims 44 or 45 wherein water includes KOH.

15 51.  Avprocess of purifying C-3 chlorofluorinated halogenation reaction
products from a halogenation reaction product comprising C-3 chlorofluorinated
compounds, HC1 and HF, the improvement comprising adjusting the temperature of
the‘halogenation reaction product to a temperature to produce a gas phase comprising
HC]1, an upper liquid phase containing HF and a lower liquid phase containing

20  essentially HF free C-3 chlorofluorinated compounds.

52.  The process of claim 51 wherein the C-3 chlorofluorinated compounds

comprise CFC-217ba.

53.  The process of claims 51 or 52 wherein the temperature is from about

20°C to about 75°C.
25 54.  The process of claims 51 or 52 wherein the temperature is about 25°C.
55. A process for increasing the isomeric purity of a mixture containing at

least two C-3 chlorofluorinated isomers, the improvement comprising heating the
mixture in the presence of a catalyst to increase the concentration of at least one of

isomers in the mixture.
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56.  The process of claim 55 wherein the C-3 chlorofluorinated compound

isomers comprise CFC-216aa and CFC-216ba.

57.  The process of claim 55 wherein the C-3 chlorofluorinated compound

isomers comprise CFC-217ba and CFC-217ca.

58.  The process of claims 55, 56, or 57 wherein the catalyst comprises a

chromium containing catalyst.

59.  The process of claims 55, 56, or 57 wherein the temperature is from

about 250°C to about 350°C.

60. The process of claims 55, 56, or 57 wherein the temperature is about
280°C.

61, A process for selectively halogenated isomers of an isomeric mixture
the improvement comprising contacting the mixture with Cl; in the presence of a

catalyst at a sufficient temperature to halogenate at least one isomer.

62.  The process of claim 61 wherein the isomeric mixture comprises HFC-

227ea and HFC-227ca.

63.  The process of claims 61 or 62 wherein the catalyst comprises

activated carbon.,

64.  The process of claims 61 or 62 wherein the temperature is from about

200°C to about 350°C.

65.  The process of claims 61 or 62 wherein the temperature is about

300°C.

66. The process of claims 61 or 62 wherein the molar ratio of Cl; to

isomeric mixture is from about 0.16:1 to about 3:1.

67.  The process of claims 61 or 62 wherein the molar ratio of Cl, to

isomeric mixture is about 2.5:1.
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AR

C;H;

73.1kg '

Cl,

46 kg

HF

8.7kg

IEE ST A R

HC1

41 kg

C;3ClFs

11 kg

EZ v{HtE%

3.4kg

EIINES

~95%
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C3CI2F5 (99.7%) =

9.4 kg

HF

0.9kg

IR ST AERA -

HCl =

1.2kg

HF

0.13 kg

C3C1F7 -~

4.1kg

C3C]2F5=

3.3kg

=
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84.8%
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R 5B OAHOE AV HFC— 227 e a~0DC,C 1 F Ok#E
&R HiR W Bl H2/ TR % #EHE - HFC-227ea
fitdtt D IRFE (5) C,yCIF; ©)
Fel
[Eieg S
5%Pd JEHERE 16.6 1.5 150 58 67.5
180 16.4 69.5
1%Pd TR 19.1 2 150 12.2 83.6
180 479 89.8
200 78.8 91.2
225 96.8 87.6
250 99.8 87.0
1%Pd TEPERSE 36.7 1.8 150 26.7 835
180 67.3 90.2
200 72.0 90.0
225 92.8 87.1
" 0.5% Pd T&MEESE 15.4 1 150 3.1 74.4
77 180 58 66.9
ﬁ 200 9.6 75.8
4 0.5%Pd JEHEBEE 203 21 250 45.8 90.2
% 275 68.7 882
300 85.5 86.1
325 95.5 80.0
2.0%Cu/ jEpppeds
0.6% Pd 18.6 2 150 134 86.4
180 50.8 89.3
200 748 87.9
225 87.6 83.7
250 97.7 80.7
2.0%Cu/ jEpEpEE
0.6% Pd 37 18 180 42.7 87.8
200 67.5 85.4
225 83.4 85.9
250 98.3 83.4
2.0% Cu/ TEHERSE
0.6% Pd 10.2 2.4 150 7.1 46.8
180 153 67.5
200 282 76.9
225 54.0 785
250 80.0 779
275 95.0 75.9
Bip 05%Ru 7A3F 22.4 1.3 150 25 22.4
Ny 180 4.0 325
200 5.0 394
05%Rh 7137 23.6 15 150 12.9 67.1
180 26.0 71.5
200 26.6 83.6
05%Pt 7AIF 23.1 1.5 150 28 445
180 6.1 50.8
200 14.3 80.3
O | 05%Pd TA3d ‘:gg’ 21.9 14 180 63.1 98.1
05%Pd TAIF ISR 219 14 180 738 97.2
0.5%Pd 73 1 22.1 1.4 180 59.5 96.9
0.5% Pd ;f}ﬁ"?; g 21 1.4 180 96.6 95.7
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[ it DFEHOIEE
E = % %
: 450 ppm H20 (B) [ B B
: C5CIF; HFC-227ea
0.1 94.90 97.31
[ 0.2 93.87 97.31
: 0.3 84.70 97.13
[ 0.96 80.90 97.92
[ 1.03 79.94 99.35
[ 1.05 79.98 96.91
[ SEATHRERH % %
[ 450ppm H20 (\g) iR RS
[ C5CIF, HFC-227¢a
[ 0.1 93.67 95.61
[ 0.7 96.63 96.00
[ 0.8 95.53 95.79
: 1.1 90.69 97.30
: 1.7 78.82 97.15
: 2.1 81.26 97.72
: 3.0 49.15 95.84
[ 4.1 44.07 78.73
ST % %
: 0.29% H20 (H) LR B AR
[ C;CIF; HFC-227ea
[ 0.1 95.81 96.09
[ 0.3 98.40 95.54
[ 1.2 98.36 96.40
[ 1.3 98.40 96.44
[ 1.3 98.31 96.26
[ 1.3 96.58 96.13
C 4.1 96.53 96.30
0 4.2 95.88 95.76
: 43 95.87 95.89
: 43 95.77 95.74
: 5.0 96.48 95.78
: 5.1 94.84 95.79
: 52 92.59 95.36
53 91.89 97.39
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6.2 89.60 9732
6.3 91.18 97.44
6.3 90.91 98.14
7.0 85.48 97.10
7.1 83.84 97.22
7.3 79.20 97.20
7.3 77.89 97.13
8.0 69.32 97.10
82 71.62 97.04
8.3 76.70 97.17
83 80.16 97.50
11.0 60.41 96.61
11.0 58.41 96.41
11.2 56.68 96.36
11.9 57.05 96.40
12.1 55.97 96.35
123 55.96 96.33
12.9 54.04 96.22
12.9 54.30 96.22
FEATh#H % %
0.8% H20 (A) i IR
C5CIF, HFC-227ea
0.0 90.10 94 .47
0.7 93.60 95.35
0.8 94.19 95.81
1.0 92.39 95.65
1.9 99.60 96.96
2.0 96.71 96.59
4.7 99.73 96.00
4.8 98.96 97.89
5.0 97.93 96.00
5.0 98.16 96.10
5.8 98.27 96.08
6.0 97.96 95.95
6.9 96.76 95.64
7.8 90.03 94.96
8.7 96.52 95.42
9.0 94.70 95.20
11.7 97.19 97.90
12.0 93.80 9745
12.8 91.60 97.51
13.0 91.49 97.48
14.0 96.78 96.04
15.0 95.11 95.83
15.1 94.57 94.96
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INTERNATIONAL SEARCH REPORT

(158)

Internatic=-* = ~>fication No

Minimom 3
IPC 7 CO7C

PCT/Low=2/30729
A CLASSIFICATION OF SUBJECT MATTER
IPC 7 CB7C17/10 Co7C17/20 €e7€17/21
According lo jonal Patent Ci (IPG) or 1o both national and IPC
B. FIELDS SEARCHED
Searched (classifica followed by classificaion symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

b ited during the » fonal search ( f data base and. practical, search terms used)

WPI Data, EPO-Internal, BEILSTEIN Data, CHEM ABS Data, PAJ

c. TO BE RELEVANT

Category ° | Chation of document, with indication, whers appropriate, of the relevant passages

Relevant to claim No.

X US 5 043 491 A (BRUHNKE DOUGLAS W
27 August 1991 (1991-08-27)
cited in the application

“column 8, Tine 48 -column 9, line
column 3, line 20 -column 4, line
Y
Y US 5 068 472 A (BONIFAZ CRISTOBAL
26 November 1991 (1991-11-26)
column 5, Tine 52 -column 6, line
Y EP 0 539 989 A (HOECHST AG)

5 May 1993 (1993-05-05)
the whole-document

6; claim

9

ET AL) 1,7-14,

ET AL) 2-6,

Further documents are listed In the continuation of box C.

Patant family members are listed in annex.

° Special categories of ciled documents ©

"A" document defining the general state of the art which s not
considared to ba of particular relevance

"€ earfier document but published on or atter the international
filing date

*L* document which may throw doubis on priority claim(s) o
‘which s cited to esiablish the publication date of enother
citation o bther special reason {as specifiad)

"0" document referting to an oral disclosure, use, exhibition or
other means

*P* document published prior to the infemational filing date but
later than the priority date claimed

"T fater document published atter the internationat fling date

o priority date and net in conflict with the application but
fﬁ(eu to understand the principle or theery underlying the
invention

"X" document of parficular relevance; the claimed invention

cannot be considered novel or cannot be considered to
involve an inventive stap when ths dacument is taken alone

"Y" document of particular relevance; the claimed invention

cannot be considersd to involve an inventive step when the
document is combined with one or more other such docu-
m?x‘s. such combination being obvious toa person skilled
inthe a

*&" document member of the same patent family

Date of the actual completion of the interational search

15 January 2003

Date of mailing of the intemational search report

05,0503

Name and maifing address of the ISA
European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040. Tx. 31 65 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Seufert, G

Form PCTHSA/Z10 (second sheet) (July 1992)

JP 2005-504824 A 2005.2.17
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C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

INTERNATIONAL SEARCH REPORT

(159)

Internatio- -* * ~plication No

PCT/Uome2/30729

Category *

‘Gitation of dosument, with indication, where appropnate, of the relevant passages

Relevant to claim No.

A

US 6 018 083 A (MANOGUE WILLIAM H ET AL)
25 January 2000 (2000-01-25)

cited in the application

the whole document

US 5 057 634 A (BONIFAZ CRISTOBAL ET AL)
15 October 1991 (1991-10-15)

cited in the application

the whole document

1-26

1-16

Form PCTASAZ210 {continualion of second sheet) (July 1892}

JP 2005-504824 A 2005.2.17
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(160)

Interr

| li No.
INTERNATIONAL SEARCH REPORT PR30

S 62/30729

Box| Observations where certain claims were found unsearchable (Continuation of tem 1 of first sheet)

This Intemational Search Report has not been established in respect of certain claims under Article 17(2)(e) for the following reasons:

1. (] claims N

los.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to paris of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. ‘:I Glaims Nos.:

bacause they are dependnt claims and are not drafted in accordance with the second and third sentances of Rule 6.4(a).

Box 1l Observations where unity of i fon is tacking (C of item 2 of first sheet)

This International Searching Authority found multiple i ions in this i i ication, as foliows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this |nternational Search Report covers all
searchable claims.

2. As all searchable ciaims could be searched without effort justifying an additional fee, this: Authority did not invite payment
y!
of any additional fee. K

3. D As orly some of the required additional search faes were timely paid by the applicant, this intemational Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is

restricted 1o the invention first mentioned in the claims; it is covered by claims Nos.:

1-26

Remark on Protest D The additional search fees were accompanied by the applicant's prolest

D No protest accompanied the payment of additional search fees.

Form PCT/SA/210 (continuation of first sheat (1)) (July 1998)
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International Application No. PCT/US 02 /30729

FURTHER INFORMATION CONTINUED FROM  PCT/ASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-26

Method for the preparation of 2,2-dichlorchexafluoropropane

(CFC-216aa)
2. Claims: 27-34

Process for extending the catalyst life of a

hydrodehalogenation reaction
3. Claims: 35-38

Process for the purification of

1,1,1,2,3,3,3-heptafluoropropane (HFC 227ea) frem

1,1,1,2,2,3,3-heptaf luoropropane (HFC 227ca)
4. Claims: 39-43, 51-54

Process for purifying C-3 chlorofluorinated halogenation
reaction products from hydrogen fluoride

Process for purifying C-3 chlorofluorinated halogenation
reaction products from hydrogen fluoride and hydrogen
chloride

5. Claims: 44-50
Process for purifying C-3 chlorofluorinated compounds having
at least six fluorine atoms from chlorofiucrinated compounds
having less than six fluorine atoms

6. Claims: 55-60
Process for increasing the isomeric purity of a mixture
containing at least two C-3 chlorofluorinated isomers

7. Claims: 61-67

Process for selectively halogenating isomers of an isomeric
mixture

JP 2005-504824 A 2005.2.17
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INTERNATIONAL SEARCH REPORT

infogiion on patent family members

(162)

nternationat Anplication No

[
PCT/u¢  2/30729

N

Patent decument Publication Patent family Publication
cited in search report date member(s) date
US 5043491 A 27-08-1991 CA 2032250 Al 20-06-1991
DE 69010171 D1 28-07-1994
DE 69010171 T2 05-01-1995
EP 0434407 Al 26-06-1991
JP 2613685 B2 28-05-1997
JP 4117335 A 17-04-1992
US 5668472 A 26-11-1991 CA 2032278 Al 20-06-1991
) DE 69008326 D1 26-05-1994
DE 69008326 T2 27-10-1994
EP 0434408 Al 26-06-1991
JP 2613684 B2 28-05-1997
JP 4108746 A 09-04-1992
EP 0539989 A 05-85-1993 CA 2081813 Al 02-05-1993
DE 59208629 D1 24-07-1997
EP 0539989 Al 05-05-1993
ES 2104790 T3 16-10-1997
JP 3249202 B2 21-01-2002
JP 5221894 A 31-08-1993
SG 44743 Al 19-12-1997
US 6018083 A 25-01-2600 AU 3378099 A 25-10-1999
EP 1068167 Al 17-01-2001
JP 2002510662 T 09-04-2002
Wo 9951553 Al 14-10-1999
US 5057634 A 15-16-1991 CA 2032273 Al 20-06-1991
CA 2298099 C 08-01-2002
DE 69013313 D1 17-11-1994
EP 0434409 Al 26-06-1991
JP 2613683 B2 28-05-1997
JP 4145033 A 19-85-1992

Form PGTISA/Z10 (palent family annex) (July 1992)

JP 2005-504824 A 2005.2.17
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