(19) BFERFT (UP)

B T EF L &AM

JP 2004-517178 A 2004.6.10

(D) FFHELARES
#+2004-517178

(P2004-5171784)
43) £%RE FAL1656H 108 (2004.6.10)

(51) Int.CL." Fl F—va—F (BE)
C08.J 133/00 CO91J 133/00 41004
CO8F 2/48 CO8F 2/46 41011
COS8F 220/00 CO8F 220/00 510 41040
co9J 7/02 cC091 7/02 Z
C09J 133/02 CO9J 133/02
EEWR RER TFRBEWR A (£ 84 H)
21) HEES $EE2002-555124 (P2002-555124) | (71) HAEA 599056437
86) (22) HEH SERE134E5H 168 (2001. 5. 16) AN —=Th A INATF4F FOAT4
85) BIERSZIRIE  ERk154E6H 300 (2003.6.30) Z HIS—
(86) EREHEE S PCT/US2001/015962 FTAVAERE, I4AVE2 55144-—
87 EEAMBSE  W02002/053602 1000, ¥ b #—n, ZYV—TAh
87 ERELHME SERE144ETH 1LA (2002.7. 11) 2 h—
(31) BSLIBEIBEE  09/751, 143 (74) T8 A 100062144
(32) ®%H SERE124E12H29H (2000.12.29) #E+ BHL B
(33) BAEERE  KE (S (74) {RE A 100088801
£EL UE =B
(72) BEAE XFXSA-Af— TR

TAVAERESS133-3427 3%
VAR - B—, BRAP - AT 4 A
w2 A35427

B EICHE S

64) [READEM] o vigEEIRERE (A4) T2V L— MNRESEEASIUBREEESRLBELERTSA

(57)00 00
oooo
oooo
oooo
oooo

O

goad

gooooooooooooooobooobooobooobooobooobooooan
goooooooooooooooooobooooooooooooooooao
oooooooooooooooooooooooooooooooooooao
goooooooooooooooboooboooboooboooooobooooan



e R ey [ s R s [y |

Ooo0oooogQgg

Oooooooodg
OOo0ooooodg

O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0gooo
O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo

Oooooooo0oooooo o0 oo oDoooo0ooooDoDoooogogogoao

OOo0ooooooooooooggogoQg
OO0 o0DoDooo4gogogogooDoooggogg
OOo0oooooooooooooQgogoaQg
OooooooooooooogoQgogoaoQg

Ooooooooogogog

OoooDooogoooooogdg

O
O
O

OooooogoQgdg
OO0Oo0oooo
O0Ooo0oo0ooao
Oo0Ooo0oooao
OoOoo0oooaoo

O
O
O

OOooooogd
OoOooooood
Oooooooogd

O
O
O

O
O
O
O

O

O Ooogoo

O 0O oo

O O0ooo

O O0ooo

O
O

O 0Oooo

O Oooo

(2)

JP 2004-517178 A 2004.

.10

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 [ [ |

OO0 o0ooood4UoooDooo4ggUooooooogdg
OoooocoooooooooooooooOodg

OO0 0o oDoooo4ddooDooogogoooao
Oooooooooooooooogoogogoooao

O
O
O
O

O O0Oo0gogo
O 0Ooo0ooOoo
O Ooooo
O Ooo0ooo

Ooooooooooooooogdg
Oooooooooooooogdg

O
O

O
O
O
O

O 0Oooo

O
O
O
O
O
O
O
O

O
O

Oooo0oooQgdg

O O

O Oooo

OOoo0ooooao

OooooogQgoao
OoooogQgogao
Oooo0ooogoao

O
O
O

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

O O Ooogoo

O
O

O 0O oo

O O0ooo

O Ooo0ooOoo
O Ooooo
O Ooooo

O
O
O

O
O
O

O O0ooo

O 0Oooo

O Oooo

)

JP 2004-517178 A 2004.

.10

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

Oooooooooooooo0 oo oooooooDoooogoQgoQg

Ooooooooooooooooooodg

O Ooo0oooo
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 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo

OOoo0ooood

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

Oo0oooogoQgg

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo

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

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

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 o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

Oooooogogdg

(4)

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

(]
O

OooOoo0oooodgadg
OoooooogoQgdg

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

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

]

O

OoOoooogoood

OooooooQgdg

Oo0oooogoQgdg

JP 2004-517178 A 2004.

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

OooooogQgog

Ooooooggdg

Oo0oooogogdg

Ooooooodgdg

Ooo0oooogoQgg

OooooogQgg

OooooogoQgdg

Oooooogogdg

OooOooooodgadg

OoooooogoQgdg

OoooooogQgdg

Oo0oooogoQgdg

Ooooooggdg

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

Oooooocoo0o0 oo oooo0o0 oo oDooo oD oo oDoDooo0ooDoDooogogooao

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

OoooooooooQgogooQm

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood

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 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

Oo0oooogoQgg

OoooooQgogoao
OooooogoQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao

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

Oooooogogdg

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

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

()

0O O
O O

O O0ooo

O
(]

O
O
O
OJ
O
O
O

O
O
O
O
O
O
O

O O0ooo

O
O
O
O

O Oooo

O Oooo

O o0ood

]

O

O O0ooo

O Oooo

JP 2004-517178 A 2004.

O Oooo

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 0O oo

O O0ooo

O O0ooo

O Oooo

O Oooo

O O oo

O O0ooo

O O0ooo

O 0Oooo

O Oooo

O Ooogo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

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

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

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

e [ ey e [ s [y [ |

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

Ooooooooogoogoao
Oooooooogogogogoao
OO0 oooooogogogaog
OooooooooogoOoao
Oooooooooogoao
Ooooooooogoogoao
Oooooooogogogogoao
OoDooooooggogaog
OooooooooogoOoao
Oooooooooogogoao
OoooooooogooQgogoao

O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao

O0Ooo0oooo

Oo0oooooooooog
Oo0ooooogogooooodg
OO0 oDooo4gogooooodg
Oo0ooooooooood
Oo0ooocooooooodg
OoDoooooooooog
Ooooooogooooodg
OO0 oDooo4gooooodg
Oo0ooooooOoooood
Oo0oooooooooogdg
OoDoooooooooogdg
Ooooooogooooodg

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo

O
O
OJ
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

O0Ooo0oooao

O 0Oo0oooao

O0Oo0oo0oo0oao

O 0Ooo0ooo
O Ooooo
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

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooao

O0Ooo0Ooooog

O0Oo0oo0oo0oao

O0Ooo0oo0ooao

OOoo0oooao

oo o0 oooooogg
OO0 o oooooogdg
OOooooooood
oo ooooooogodg
oo o0 oooooogodg
OO0 o0 oooooogodg
OO0 o oooooogdg
OO0 oo ooooogdg
oo ooooooodg
oo o oooooogodg
oo o0 oooooogg
OO0 o oooooogodg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
oo o0 oooooogodg
OO0 o0 oooooogdg
OO0 o oooooogodg
oo ooooooodg
oo o oooooogog
oo o0 oooooogdg
OO0 o0 oooooogodg
OO0 o oooooogodg

O0Ooo0oooo

O 0Oo0oooao

OO0 oooooogogooao
OOoooooooOgooOooao
Ooooooooogooao
Oooooooogoogoooo
Oooooooogoogooao
Oooooooogogogooao
OO0 ooooogogooao
Oooooooooogooao
Oooooooogoogoooao
OooooooogoQgooao
Oooooooogogogooao
OO0 ooooogogooao
OooooooooQgooao
Ooooooooogooo
Oooooooogoogogooao
Oooooooogoogooao
OO0 ooooogogooao
OOoooooooOoogooao
Oooooooogoogoooao
Oooooooogoogoooao
Oooooooogoogooao
OO0 ooooogogooao

(6)

O 0Oo0oo0oo0oao

O0Ooo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooao

[

OoOoo0oo0ogano

|

O0Oo0oo0oo0oao

O0Ooo0oooao

JP 2004-517178 A 2004.

uod

O

O0Ooo0oooo

O

O0Ooo0oooao

0

O 0Oo0oooog

ugoooaooboadd

O

O0Oo0oo0oo0oao

O

O0Ooo0oooao

O

O0Ooo0oooo

O

O0Ooo0oooao

O

O 0OoO0oooaog

O

O0Oo0oo0oo0oao

O
O
O
O
O

O

O0Ooo0oo0ooao

O
O
O

O0Ooo0oooo

O Ooogooo
O O0Oogoo

.10

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 A e e ey e s e ) e e s e e s Y Y I Y
Ooooooooo0 oo oooo o0 oo oDooo o0 oo oDoooo0 oo oDoooo0oooDooooogooOoooao
Oooooooo0o0oooooo oo onDoDooooooooDoDoDoDooo0 oo oDoDoooDooDoDoooogooooao

OJ
O
O

O
O

O 0OooOgooo

Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oo0oooogod
Oooooooogod
Oooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooo0ooooogod
Oooooooogd
Ooooooogd
OOoooooogd
OoOoo0oooood
Oooo0oooogod
Oooooooogd
Ooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooooooogd
Ooooooogd
OOooooogd
OOoooooogd
OoOoo0ooooogod
Oooooooogdg
Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oooood
Ooo0oooogod
Oooooooogdg
Ooooooogd

OoooooogoQgg
Oooooooggg
OO0 oooooggg
OoooooooQgodg
OooooooogooQgodg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg

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
O
O
O
O
O

O
O
OJ
O

O Oooo
O Oooo
OO oo
O 0ooo

O oOooo

O oo ooooogdg

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

OO0 oooooogdg

Oooooooood

oo oooooogodg

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

oo oooooogodg

OO0 oooooogdg

OO0 ooooogdg

OooOoo0ooooQgadg

Oooooooood

Ooo0oooogoQgdg

Ooooooooodg

Oo0oooogQgdg

oo ooooooQgodg

Ooo0oooogoQgdg

OO0 oooooogdg

Oooooogogdg

OO0 oooooogdg

€]

O
(]

OooOoo0oooodgadg

Oooooooood

OoooooogoQgdg

Oooooooodg

Oo0oooogQgdg

OO0 ooooooQgdg

OoooooogoQgg

oo oooooogdg

Ooooooggg

OO0 oooooogdg

|

OoOoooogoood

Ooocogooogoo

O

OooooooQgdg

Ooooooooodg

Oo0oooogoQgdg

OO0 ooooooQgodg

JP 2004-517178 A 2004.

ugboobooaooboodoboad

O

OooooogQgog

OO0 oooooogodg

O

Ooooooggdg

O oo oooogdg

Oo0oooogogdg

OO0 ooooogdg

Ooooooodgdg

OoOoo0ooooOod

Ooo0oooogoQgg

OoooooQgodg

OooooogQgg

Ooooooogdg

OooooogoQgdg

Ooooooogdg

Oooooogogdg

Oooooogdg

OooOooooodgadg

OoOoo0ooooOod

OoooooogoQgdg

Ooo0oooOodg

OoooooogQgdg

Oooooogdg

Oo0oooogoQgdg

Ooooooogdg

.10

Ooooooggdg O O0Oo0ooooao

OOooooogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

Ooooooogogogoooao
OO0 oDooogogooooao
Oooooocooooooao
Oo0oooooooooao

e e s e e s e e e e s s [ A v
e s ) e e s e e s e e s e R v
oo o0ooooooo0 oo oD ooo o o0 oD oD o oo o0oo0o oo oo o oo ooooofg

O 0Ooo0ooooao
O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O OooQgoos

O

oo o0oooODoooo0 oo oDoooo o0 oo oo oogQgoo

OO0 oo ooooQgooooo

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

OoOoooooao
OOoo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Ooo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoooooaoo
OOoooooao

oo ooooogooQgog
OO0 ooooogogogdg
OO0 ooooogogg
OoooooooOodg
OoooooooQgodg
oo ooooogooQgodg
Ooooooogoogdg
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

OO0 oo oooogooooao

OO0 0o oDooog4gooooao

OOo0oooooogogooooao

OO0 oooooogooooooo

OO0 oo ooooQogooooo

OO0 oo oooogQgooooo

OO0 Do oDooogoggogoooao

OOo0ooooooOoooooao

OO0 oooooogogoooooo

OO0 oo ooooQgooooo

OO0 oo oooogooooo

O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO ogogooao
O 0Oo0ooOooao
O 0OooO0oooo
O 0OooQoooo
O Ooogooo
O Ooogooao

OO0 oo oooogoggooooao

(8)

OOo0ooooooooooooabo

OO0 ooooooogoooooao

OO0 oo ooooQgooooo

OO0 oo ooooQgooooo

OO0 0o oooogooooao

OoOooooooooogogoogao

OO oQgogoao
O 0OooO0oo0ooao
I o

OO0 ooooooogoooooao

OO0 oo ooooQogooooo

JP 2004-517178 A 2004.

ugoboogogoad

O O
O O
O d
O O
O O
O O

O 0Ooo0ooOoo
O Ooooo

OO0 0o oDoooggogoooao
OO0 oo oooogogooooo

Oooooooog:o

OO0 oo oooogoggQgooooo
O oo oooooQgo

OO0 oo oooogogooooo

I o
O Ooogooo
OO oQgogoao
O 0oo0gooOooo
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooao
O Ooogogoo
O 0oo0oo0ooo
O 0Ooo0goooo
O 0OooQoooo
O OooQgooo
O Ooogooao

O
O

O
O

OO0 oo oooogooooao

O O0ooooogogh?o
oo ooooogo

O OooOooo
O 0Oo0ooOoo

OO0 ooooooOooooooo

OO0 oo ooooQgooooo

OoooooQgdg

OO0 oo ooooQgooooo

Oooooogogogdg

.10

OO0 0o oDooogog4Qgogogoooaog

Oooooogoogdg

10

20

30

40

50



e e s ey s [ [

e e ey e e e e e I s sy |

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

e s e e ) e e e s [ |

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

e [ ey e [ s [y [ |

Oooooooooggogoo
Oooooooogogog®
OO0 ooooooggogoQg
Oooooooooogoogoo

O Ooooo
O Ooooo

Oo0oooooooooooogoQgog
Oo0oooooo4ooooooggg
OO0 oDooDooog4gogoooooggdg

Ooogeo

Ooooooogdg

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

O
O
O
O
O
O
O
O
O
O

OOoooooogdg

O 0O oo

OOooooogdg

O O0ooo

OOo0oooooooooooao

OOoo0ooooOod

|
|

Ooo0oooooogooQgoo

Oo0ooooooooooooogoQgg O O0ooo

Oo0oooooooooooogQgog

Ooo0oooQgodg

oo oooooogogo

O 0Oooo

Ooooooogdg

O O

OOoo0ooooao

O Oooo

OO0 ooooogogooooaog

[ ]

O

O O

OoOoooooogdg

OO0 ooooooggogooQo
oo oooogooogoe

OOo0oooDooogogoooooggg O Ooogo

OOo0oooooooooooooogoQgog

OOooooogdg

O
O

O O0ooo

OoOoo0ooooOod

Oooooooooogoe

O O0ooo

Ooooooooooooao
OoDooooooooooaong
OoDooooogogooooaog
OO0 ooDoogog4ogooooaog
OOo0oooooooOoooooa.o

a

O

[ |

Oooo0oooOodg

Ooo0oooooogoQgoOoo
OO0 oooooogogoOgoo
OO0 ooooooggogooQo
OooooooooogoOon
Oooooooooogoo
oo oooooogoQgoOoo
OO0 oooooogogogoOoo
OO0 ooooooggoOgooQo
OO0 oooDoooggoo
OooooooooogoOoo
OoooooooogoOoo
OO0 oooooogogogoOoo
Ooooooooggogoo
OO0 oooDoooggogooQo
Oooooooooogoo
OoooooooogoQgoOoo
OooooooogogoOoo

O Oooo

Oooogeo

Oooooogdg

O Oooo

Oooogeo

Ooooooogdg

O Ooogo

O oogo

OOooooogdg

~
©
~

O 0ooo
O O0ooo

OooooooooooooooogoQgdg
OoooooooooooooogoQgg
OooooooooooooogQgg

O R o

OOoo0oooood
Oooo0oooOodg

O
O

O O0ooo

Ooo0oooQgdg

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

O Oooo

Ooooooogdg

O Oooo

OO0 ooDooogog4ogooooaog

O =

O

OoOooooogdg

O o0ood

OoDo0oooog4UogooDoooggdg

Ooooogoood

|

O O0ooo

Ooo0ooooooooogogooogao

OoOoo0oooOodg

O Oooo

Ooooooooooooano

O o

O

OooooooQgdg

JP 2004-517178 A 2004.

O Oooo

Ooo0oooooooooooogoQgg
Ooo0oooooooooooggog
Ooo0oooo4ogoooooggdg
Ooooooooooogogooogao
Ooo0oooooooooogoooogao
OooooooooooooogoQgog
Ooo0ooooooooooogogg
Ooo0oooo4ogooDoooggdg
Ooooooooooogogooogao
Oooooooooooogogooogao
OoooooooooooogoQgog
Ooooooooooooooggg
Ooo0oooo4ooooooggdg

Oooooogdg

O Oooo

OOooooogdg

O 0O oo

Oooooogdg

O O0ooo

OoOoo0ooooOod

O O0ooo

OoooooQgodg

O Oooo

Ooooooogdg

OoooooogogoOoo
Oooooooggogoo
OoooooooOooOon
OooooooogogooOoo
OoooooogQgoOoo

O Oooo

OOoo0ooooao
O 0Oo0ooooao
OO0Ooo0oo0oo0ooao
OOoo0oo0oooao
OOoooooao
OOoo0ooooao
O O0Oo0ooooao

O O oo

O O0ooo

O O0ooo

O 0Oooo

OoooooogQgoOoo
Oo0oooooggogoo

O Oooo

AN
o

O Ooogo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

OOoooooooooDooo4ogooooooogogdg
OO0 o0ooood4UoooDooo4ggUooooooogdg
OoooocoooooooooooooooOodg

OooooooooooooogoQgdg

Oo0oooooo oo oDoooogooooDoooogogoooao

OO0 oDooDoooggoooooggg
Oo0oooooooooooooogoQgdg
Oo0ooooooooooooogoQgg

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 oooogogdg
OoooooooOgoad
OoooooooQgooQgQd

O Ooo0ooo

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

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

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod

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

OoooooogoQgg
Oooooooggg

O
O

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

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

Oooooogogdg

(10)

O
O

OooooooogoQodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogdg
OooooooogoQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogg
OoooooooQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgdg
OooooooogoQgodg
OooooooogoQgg
OooooooogoQgg
Oooooooggg

OooOoo0oooodgadg (]
OoooooogoQgdg O

O
O

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

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

|

]

OoOoooogoood

|

OooooooQgdg

Oo0oooogoQgdg

JP 2004-517178 A 2004.

OooooogQgog

Ooooooggdg

Oo0oooogogdg

Ooooooodgdg

Ooo0oooogoQgg

OooooogQgg

OooooogoQgdg

Oooooogogdg

OooOooooodgadg

OoooooogoQgdg

OoooooogQgdg

Oo0oooogoQgdg

.10

O

Ooooooggdg

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 [ [ |

Oo0Doooogogdg

O
O
O

O
O
O

OO0 0o oDooogoooooogogdg
oo oooooooooooooQgodg
OO0 oo oooooooooooQgg

OO0 o0DoDooog4dooooDooogog4gogoooao
Ooooooooooooooogoooao
Oooooooooooooogogoooao

Ooooooodgdg

Ooo0oooogoQgdg

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

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog

O
O
O
O
O
O

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

OoooooooQooooao

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 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooogoooao
O O0OoQgooao
O 0Oo0ooOooao
O 0Ooo0oooao
O 0Ooo0oooo
O oOooQgoooao

OooooooQgogoooao

OO0 ooDooogoQgogooao

Ooo0oooooOooOooOooao

OoooooooQooooao

OoooooooQgoooao

O Ooogooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooogoooao
O O0OoQgooao
O 0Oo0ooOooao
O 0Ooo0oooao
O 0Ooo0oooo
O oOooQgoooao
O O0OoQgooao

OoooooogoQgoooao

OO0 ooooogogQgogooao

OOoo0oooooOooOooOooOoao

OoooooooQooooao

OooooooQooooao

OooooooQgoooao

OoDooooogoQgogoooao

(11)

O
(]

O 0ooo
O O0ooo

O
O

OOoo0ooooooOooOooOooOoao
Oooooooooooao

O O
O O

O O0ooo

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

OooooooQogoooao

O
O

O
O
O
O

O Oooo

OooooooQgoooao

O Oooo

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

|

O o0ood

O

]

O

O O0ooo

O Oooo

JP 2004-517178 A 2004.

ugboobooaooboodoboad

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 Oooo

.10

O Ooogo

O 0OooOooo

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 [ [ |

OOo0o0oooo4dUoooDooo4dUooDoooogogogaog
Oooooooooooooooooooooogoogoao
Ooooocooooooooooooooogogogoogoao

Oo0o0ooooUogUoooDoDoDoUgUooDoDooogogooao
OooooooooooooooooooooogogoooOoao
Oooooooo0oooooooooDooooogooooao

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 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

Ooooooogdg

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

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

OooooooogooQgooao

OOoooooogdg

OO0 oooooogogog
OO0 ooooooogogogog
OooooooooogooOgod
oo ooooooogoogoo-g
oo ooooooogogoo-g
oo oooooogogoog
OO0 oooooogogogog
Oooooooooogoogod
OooooooooogogooQg
oo ooooooogogoo-g
oo oooooogogoog
OO0 oooooogogogog
OooooooooogooOod
Oooooooooogoogo-g
oo ooooooogogooQg
oo oooooogogoog
OO0 oooooogogog
OO0 oo oDooogogodg
Oooooooooogoogo-g
oo oooooooQgogoo-g
oo oooooogogoo-g
OO0 oooooogogog
OO0 oooooogogogog
Oooooooooogoogo-g
OooooooooogogooQg
oo ooooooogogoog
OO0 oooooogogog
OO0 ooooooggogg
Oooooooooogoogod
Oooooooooogoogo-g
oo ooooooogogoo-g
OO0 oooooogogog
OO0 oooooogogogog

OOooooogdg

OOoo0ooooOod

Ooo0oooQgodg

Ooooooogdg

OoOoooooogdg

OOooooogdg

OoOoo0ooooOod

Oooo0oooOodg

Oooooogdg

Ooooooogdg

OOooooogdg

(12)

OOoo0oooood
Oooo0oooOodg

O O
O O

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

Ooo0oooQgdg

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
O
O
O
O
O
O

Ooooooogdg

OoOooooogdg

Ooooogoood

OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O O0Oo0ooooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Ooo0oo0oo0ooao
OOoo0oo0oooao
OOoooooao
OOoo0ooooao
O O0Oo0ooooao

JP 2004-517178 A 2004.

.10

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 s e e e s ) e e e e e e e s e e O R o
R ey e R ) R e R

Ooooooooogogogog
OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg
OoooooogogooQg
OooooogogaoQg
Oooooogogodg
OoOooooooOoand
OooooooQgoQgad
OooooooQgogoQg
OooooogogaoQg
Oooooogogog
OO0 ooooogogdg
OooooooOogao
OooooooQgoQgaog
OooooogoQgaoQg
OooooogogaoQg
Oooooogogodg
Oooooooogoogod
OoooooooQgoQgQd
OooooogogaoQg
OooooogogaoQg
Oooooogogog
Oooo0ooooogogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
OOooooogogdg

ey e e [ |

Oo0oooooogogodg

Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oo0oooogod
Oooooooogod
Oooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooo0ooooogod
Oooooooogd
Ooooooogd
OOoooooogd
OoOoo0oooood
Oooo0oooogod
Oooooooogd
Ooooooogd

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 0Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo

OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Ooo0ooooao
OO0Ooo0ooO0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O 0O0o0OooOoooao
OOoo0oo0oo0ooao

Oo0oooooogogdg

OO0 oooooogogg

OoOoooooooOod

OoooooooogoOog

Ooo0oooooogoogog

Oo0oooooogogdg

OO0 ooooooggdg

OoOoooooooOod

OoOoooooooQodg

OoooooooogoQgodg

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 o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

Oo0oooooogoQgg

OO0 oooooogogdg

(13)

O O
O O

OoOoooooooOod
Oooooooooodg

O
O

O
O

OoooooooogooQgog

Ooo0oooooogogodg

O O0Oo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
OOoo0oo0oooao
OOo0o0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oo0ooao
OO0O0oo0oo0oooao
OOoo0ooooao
OO0Oo0ooooao
O O0Oo0ooooao

Oo0oooooogogg

O O

OooDoooodgogood

OooooooooOodg

OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

OoooooooogooQgodg

JP 2004-517178 A 2004.

Oo0oooooogoQgog

OO0 oooooogogdg

OO0 oooooogogdg

OoOoooooooOod

OoooooooooQodg

Ooo0oooooogoQgg

OO0 oooooogogdg

OO0 oooooogogg

OoOoooooooOod

OooooooooOodg

Ooo0oooooogoQgodg

Oo0oooooogogg

.10

OO0 oooooogogdg

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 A e e ey e s e ) e e s e e s Y Y I Y

Oooo= o0oo0oo0gao
OoooooQgdg

Ooo0ooooooo o0 oo oooo0o oo oD oD oo oo0o o0 oD oD oo o oo oDooooQgoogo
ey e e [ |

OOoo0ooooao
O0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
O0Ooo0oo0oooao
OOoo0ooooao
OO0O0oo0ooooao
O O0Oo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
OOoo0ooooao

oo oooooogogooo
OO0 o ooooogogoo
OO0 ooooDooogogogo
Oooooooooogogooo
oo oooooogogoo
OO0 oooooogogoo
OO0 o ooooogogoo
OO0 ooooooogogoo
Oooooooooogoogooo
oo o ooooogogoo
OO0 o ooooogogogoo
OO0 o0 ooooogogoo
OO0 o0ooooogogoo
OooooooooogogooOoao
oo oooooogogogoo
OO0 oooooogogogoo

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

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo

O
O
O
O
O
O

O
O
O
O
O
O

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

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

(14)

Oooooooogogogoao
Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogogooao
Ooooooooogogooo
Oooooooogogooao
Oooooooogogoao
OOoDooooogogoao
Ooooooooogoogooao
Oooooooogogooo
Oooooooogogogoao
Oooooooogogooao
OoooDooogogooao
Ooooooooogoogooao
Ooooooooogoogooao
Oooooooogogogooao
Oooooooogogogoao
Ooooooogogoao

JP 2004-517178 A 2004.

O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oooao
O0Oo0oooaog
O0Ooo0oo0ooao
O0Ooo0oooao
OOoo0oooaoo
O0Ooo0oooao
O0Oo0oooao

O 0Ooo0ooo
O OooOooo
O Ooooo
O OooOooo

.10

O 0Oooo

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 Y
[ I R |
[ I R |
O Oooo
O Oooo
O 0Oooo

O O0Ooo0good

OO0 o0oDoooddoooDooUUdUoooDoDooUogUoooDoooggdg
Oo0oooooooooooooo0oooDooooooooooQodg
Oo0ooooooo0ooDooooo0ooDooooooooooQgdg

Oo0Doooogogdg

OoooQoooo

Ooooooodgdg

Ooo0ooOoooho

Ooo0oooogoQgdg
Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod

O

O
O
O

Oo0oooooogogodg

O

O
O
O
O
O

O Ooo0oooao
O Oooooao
O Oo0oooao
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 Ooooo
O OoOgooo
O Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Ooooo
O OoOooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo

OOoo0ooooaog
OOoo0ooooaog
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0ooo0oao
O Ooo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
O Ooo0ooo x

O

Oo0oooooogogdg

O

[}

OO0 oooooogogg

[}

O 0Ooo0oo0ooao
O 0Ooo0oo0ooao

OoOoooooooOod

O

OoooooooogoOog

[}

O 0Oooo
O oOooo
O 0Oooo

O

O
O
O

Ooo0oooooogoogog

[}

O

Oo0oooooogogdg
X O oo oooooogoQg
OooooooQooooao
Ooooooooooao
Ooooooogoogooao
Ooooooogoggooao

[}

O

O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Oo0oooao
O O0Oo0oogoao
O 0Ooo0oo0ooao
O O0Oo0oo0ooao

OO0 oooooogdg

(15)

Oooooooood
Oooooooodg

OO0 ooooooQgdg

(]

O 0Oooo

O

Ooooooogdg

OOooooao
O Oooooao
O Oo0ooogoao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0ooooo
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0ooogoao

O Oooo
O 0Oooo

OoOooooogdg

(]

O

OOooooogdg
OoOooooo?ov
Ooooooog?oe
Ooooooog?oe
Ooooooog?ne
OO0 ooooog?Be

(]

O 0ooo
OO oood
O 0Oooo

[m]
[m}

O
O
O
O
O
O
O
O

(]

O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0ooooo
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0ooogoao

[m]

JP 2004-517178 A 2004.

]

O Oooo
O 0Oooo

I+

]

[m}

A

O
O

OJ
Oo0ooOoogao

O o0oogao

I s [ o

O O

O

OO0 oOooooo®

O O

O

OO0 oOoooOooo®

OO0 oooooOodg

O

OO0 oooooOodg

Oooooooodod

O

=

OoooooooOodg

[ B R |

OO0 oooooOodg

O
O

OoooooooOodg

O Oooo

.10

OO0 ooooooOodg

O Ooogo

10

20

30

40

50



I e e e s A
OO ooo4o0 oo oooo oD oo oDoooOo4o0ooooog
OO0 00O ooo4o0oDoDoooo oo ooDoDooogooooodg
e e e e e e s s e

O 0Ooo0oo0ooOoao
O 0Ooo0oooao

OOo0oooooooooooooooooooaoo
OoooooooooDooooooooooaoo

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

Oooooooo0oooooogooao
Oooooooooooooogogogoao
OO0 ooDooo4gogooooooggogogoao
Ooooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogogooao
OO0 ooDooodgogoooooogoggogoao
Ooooooooooooooogooao
Ooooooooooooooogooao
Oooooooo0oooooogooao

Oo0ooooooooooooogogg
OO0 oo oDooogogooooooggg
Oo0ooooooooooooooQgdg
Oo0ooooooooooooogogQgodg
Oo0ooooooooooooogQgg
Oo0ooooooooooooogogg
OO0 oDooooogogooooooggg
OO0 Do oDooogooooooggdg
Oo0ooooooooooo x oogoogdg
Oo0ooooooooooooogoQgdg
Oo0ooooooooooooogoQgg
OO0 oooooogogooooooggg
OO0 Do oDooogooooooggdg
Oo0oooooooooooooogoogodg
Oo0ooooooooooooogoQgodg
Oo0ooooooooooooogoQgg
OO0 oooooogooooooogogg
OO0 Do oDooogogoooooogogg
Oo0ooooooooooooooQgdg
Oo0ooooooooooooogoQgodg
Oo0oooooooooooogoQgdg
Oo0oooooogoooooooggg
OO0 oooDooogooo x oogogdg

(16)

O
O

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

JP 2004-517178 A 2004.

.10

10

20



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

an

JP 2004-517178 A 2004.6.10

T

WA

A VA rFAT T L—F

AN RZT W 2 A R A
Z—DSartomerChem
ical Co.

n—7FATFT7YL—F

7 AT W AT
DAldrich Chemic
al Co

2 —TFNAFH N AFAT I
L— b

7 AT L 2N o —F—
DAldrich Chemic
al Co.

n—Fr7FAT 7T L—Fh

7 AT W AT
DAldrich Chemic
al Co.

77 UNFE

74 AL S AT R
MDAldrich Chemic
al Co.

R A B 2 AR R R
Uz b (7 REEEED

SIPONATE
DS—10

R eIV
Rhone—Poulenc, Inc

Z17 U AERT T s

STANDAPO
L A

HFAFEa A7 zPDHenk e
1 Corp

o—7eLr—p—TAFAT
/AR b T T
AANTz— | (EEMH)

HS—-10

HEODDKS, [nternati
onal, Inc.

TAXLL R T AR AT
=— bk (BEM)

MAZON SA
M—211—-80

AV AW TN —D P PG
Industries

RO AFR—ATa s R T2
ULk

AV AW ATDRadeur
e Specialties
[nc.

A F) B AT R TT
J1—Fk

ST e F T A
FTZTFTDARCO Specia
lty Chemicals Co

n— KFAND T

7 AT L S AT
DAldrich Chemic
al Co.

) Ea—Ae T AT

FORALEES

T =TT AR b rOH
ercules Chemica
1 Co

EHERB DR R LK SRR WINGTACK A AT 772G oody
PLUS ear Tire and Ru

bber Co
FRFNRA LK RS ARKON FIUzTMT oI R DH
F—-00 ercules Chemica

1 Co

Pl PG |

PICCOLYT
E 5—-115

Frr=TMT oI b rmH
ercules Chemica
1 Co

B RURAK R

ESCOREZI1
310

FTHEY AN 22— A FOE x x
on ChemicalCo

TR T TRBET
LN S e R Y =F L
FLZEL— T p b EE3
84717 A—

I H Y I B A=A 3 M
Company

OooOoo0oood
Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
Ooo0Ooo0ooood

OOoo0oooao

gooobooboogobooooboobobooboobobooboobao
gbobooboooobooboobooboooboooboobooboobooban
oooooooooooooooooobDobooocooooobooboboDobooOobond
gooooboobobogoboonb

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 [ |

OoOoo0ooooooooooooDoooDo*T®=oooooogaoaog

Oooooooooooooooooooo.o
OoooooooooDoooooooooog

Oooooooo0oooooooDooDooooooooood

OoooooogoQgogoaoQg
OoooooogQgogaoQg
Oo0oooooggogodg
OoooooooOooOgoo
OooooooogooQoogoo
OoooooogoQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog
OoooooooOooOoo
OooooooogoQoogoo
OoooooogogQgogoog
OoooooogQgogooQg
Oooooooggogaog
OoooooooOooOono
OooooooogoQooOgoo
OoooooogogQgogooQg
OoooooogQgogooQg
OooooooggogaoQg
OO0 oooogQgogog
OoooooooOooOgoo
OooooooogogQgogooQo
OoooooogoQgogooQg
OoooooogQgogoQg
Oo0DoDooooggogog
OoooooooOooQgoo
OooooooogogoQoogoo
OoooooogoQgogoog
OoooooogQgogooQg
Oo0ooooggogog
OoooooooOoogood
OooooooogoQoogoo
OoooooogQgogoaoQg

OooDoooooooooogodg
Oooooooogooooogodg
OO0 oDoDooog4gogooooogod
Oooooocoooooood
Ooooooooooooodg
Ooooooooooooogodg
Ooooooooooooogodg
OO0 ooDooog4gogooooogod
OOo0oo0oooooooooood
Ooooooooooooodg
Ooooooooooooogodg
Ooooooooooooogodg
OooDoDooogogooooogod
OOo0ooooooooooood
Oooooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooogogooooogodg
OO0 o0DoDoogog4gogooooogod
Oooooooooooood
Ooooooooooooodg
Ooooooooooooogodg
OooDoooogogooooogodg
OO0 ooDooogogogogooooogod
OOooooooooooood
Ooooooooooooodg

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

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 [ [
O 0o 0o o
O 0o oOoo
O 0o oo
O Oooo
O O oo

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

O
O
O
O
O
O
O
O

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

O
O
O
O
O
O
O
O

O
O
O
O
O

~
[EnN
(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
O
O
O
O
O
O
O
O

JP 2004-517178 A 2004.

oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDooogoggQgogoooao
Oo0ooooooogoooao
oo oooooogoooo
oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oooDooogoggogoooao

OooooogogoaoQg
OOooooogogdg

AN
o

10

20

30

40

50



(19)

JP 2004-517178 A 2004.

ooooooooodao
Ooo0o0oooOoa
Oooo0oao
Ooo0oooooao
goooooo0ooooooooooooo0ooooooooooooooaoao
I e I e I 0 O 6 R N O B A I O O A N R A B A A W A
Oo0o0oooo0ooboo0oooo0oooo0oooo0ooo0ooooooooboooooOoaondnb
goooooo0oooooootooooooo0ooooooooooooooOoaoao
I I I e e I I e I 6 o N O 6 O R A R R W A
0000000000000 o0ooO0boo0oooooooooobooooOoaondnb
goo0o0oooo0ooooooooooo0oboooooobooooooOodn
O0o0oooOoa
Ooo0oo0ono
[ F2
LB E| 77y | Eik® P | gl & 5 gl PSA
7 AN | % LAEE S [Eg=
27 Hr 7 % | Nfdm % um
£ %
nm
1-A L 154 94.1 975 | 35.1 7106 48
1-B 0.025 161 100.0 9856 | 309 10K+ 48
1-C 0.050 153 99.6 98.8 | 304 1040 51
1-D 0.075 1566 100.0 99.1 26.9 10K+ 43
1-E 0.10 158 99.7 99.1 28.5 10K+ 51
1-F 0.24 164 995 99.3 11.2 10K+ 30
1-G 0.50 165 100.0 996 | 6.8 10K+ 43
1-H 0.75 165 99.9 29.8 | 3.1 10K+ 46
1-1 1.00 172 99.3 998 | 2.2 10K+ 38
Ooo0O0oooao
I e I e I 0 O 6 R N O B A I O O A N R A B A A W A
Oo0o0oooo0ooboo0oooo0oooo0oooo0ooo0ooooooooboooooOoaondnb
goooooo0oooooootooooooo0ooooooooooooooOoaoao
gooooooboooooooboooboooooooooooooodao
Ooo0o0oooOoa
Oooo0oao
Oo0o0oo0oo0ooboooooon0oaaano
goooooo0ooooooooooooo0ooooooooooooooaoao
I e I e I 0 O 6 R N O B A I O O A N R A B A A W A
Oo0o0oooo0ooboo0oooo0oooo0oooo0ooo0ooooooooboooooOoaondnb
goooooo0oooooootooooooo0ooooooooooooooOoaoao
goooooooooad
Ooo0o0oooOoa
goodoooo0oooooooooooooo0oooobo0oooooooooOoaoao
Oo0o0oooooboo0oooobooo0ooO0oo0oooooooooooooooOoaondnn
goooooo0ooooooooooooo0ooooooooooooooaoao
oo0ooooad
Oo00o0oao

O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

O
O
(]
O
O
O

O O oo

(]

O O0ooo

O O0ooo

O 0Oooo

O Oooo

.10

O Ooogo

10

20

30

40



2004-517178 A 2004.6.10

JpP
E2-A
RE=2. 8kGy. RfRM=304. BE¥E=0. 0016kGy.®
: B A Bl 7 SEFAL | nEaE
[ FhE
[ an % % N/dm
[ 2-Aa1 0 89.3 9.1 453 e U
| 2-A-2 0.025 91.3 405 e L
[ 2-A8 0.050 94 4 96.8 400 7L
[ 2-A4 0.075 93.5 36.4 7L
| 2-A5 0.100 99.4 377 7o U
2-B-1 0 90.5 92.0 374 K
B2 0.025 931 368 P
(2B 0.050 95.7 98.1 33.5 K
([ 2.B-4 0.075 95.4 324 5K
([ 2-B5 0.100 96.4 31.6 K
0
oooooo
oooo
#2-B
E=4. 4kGy. RHRM=604%. #E®¥=0. 0012kGy. ®
BHEE A &R Al Fl&Fm L iR E R
i ¥5E 5
I i % % N/dm
9-:C-1 0 90.6 93.8 405 L
[2C2 0.025 94.2 39.2 e L
[2-C-3 0.050 97.0 97.2 34.6 L
9.C4 0.075 94.9 35.3 L
s 0.100 97.9 353 ol
oD 0 91.9 91.6 37.9 5K
9.D-2 0.025 94.4 35.9 K
[ 2-D-3 0.050 9.6 98.3 32.0 P
| 2-D-4 0.075 97.3 95.0 K
1 2-D5 0.100 98.4 30.9 K
O
Ooooooo0
oooo
#2-C
HE=6. TkCy. BRNMM=09004%. #E%X=0. 0012kGy B
BE¥E A LR oL gl & g L B E I
I &7
i il % % N/dm
[ 2E-1 0 90.3 35.7 L
[2E2 0.025 95.9 38.5 L
[2E3 0.050 97.7 96.5 38.5 L
9-E-4 0.075 95.9 32.4 L
o Es 0.100 97.5 321 L
Mo F 0 92.2 95.1 874 P
9-F-2 0.025 95.0 28.0 P
[ 2-F-3 0.050 98.8 98.7 274 K
| 2-F-4 0.075 9.8 291 K
1 2-F-5 0.100 98 6 278 P
0

oooooao

10

20

30

40

50



(21)

2004-517178 A 2004.6.10

0000
#2-D
RE=10. 0kGy. BHMM=1204%. KER=0. 0014kGy B
[ BB i3 L Fl&FML I8 FEE £ 70
[ ¥5E 5
[ 7t % % N/dm
| 2-G-1 0 91.0 95.7 39.6 7L
1262 0.025 94 5 35.7 7L
1 2-6-3 0.050 98.8 96.8 30.0 72 L
9.G-4 0.075 97.2 98.5 72 L
205 0.100 98.1 315 30
AT 0 91.2 95.8 32.9 sk
[ 2.H-2 0.025 94.3 25.4 3K
213 0.050 98.1 98 4 98.7 sk
[ 2-H4 0.075 96.5 26.5 sk
| 2-H5 0.100 97.5 223 K
0
ooooon
0000
#2-E
ME=13. 0kGy. RNRM=1804%. #&X=0. 0012kGy /B
[ 22 3 &) i 7L Al& # L V5% 5 1]
[ FE & 7
: =7 % % N/dm
[21 0 92.3 96.6 374 730
21-2 0.025 95.6 33.9 730
A 0.050 99.8 98.2 30.0 730
Mo14 0.075 98 5 294 AL
1215 0.100 98.9 30.9 oL
0
Ooooooon
0000
E2-H
ME=17. 0kGy. BHREM=2404%, #RE*E=0. 0012kGy/®
LS A iz P 3% 217 L B E
I FhE 5
i i % % N/dm
9.G-1 0 91.0 95.7 39.6 7L
9:G-2 0.025 94.5 35.7 7L
12:C-8 0.050 98.8 96.8 30.0 7L
9G4 0.075 97.2 985 7L
2G5 0.100 981 315 U
AT 0 91.2 95.8 32.9 K
l2.H-2 0.025 94.3 25.4 #
[ 9-H-3 0.050 98.1 98 4 98.7 ik
| 2-1-4 0.075 9%.5 26.3 P
1 2-H-5 0.100 97.5 923 K
O
ooooon

oooao

10

20

30

40



2004-517178 A 2004.6.10

(22) JP

E2—1
MRE=3. 1kGy. ANRM=7 04, WEE=0. 0007kGy.®
[ 2815 A & ik®: L FlEzHL B E H]H
[ &S
[ 06 % % N{dm
120 0 92.3 96.6 374 L
2-1.2 0.025 95.6 33.9 730
A 0.050 99.8 98.2 30.0 730
([ 2-1-4 0.075 98.5 29.4 5L
[ 2-1-5 0.100 98.9 30.9 730
0
DO0oOooao
DO0O000
E3I—A
#Ek=0. 56kGCy. HKRM=1 2%, #E¥=0. 0008kGy B
i SR 1E A gnik &£ s Sl&EFHL RJZ 5 i
I $5 & 71

o % % N/dm
2 0 95.0 97.2 316 K
T2.J-2 0.025 96.3 23.7 x
1 2-d-3 0.050 98.7 99.3 29.8 K
[ 2-J-4 0.075 98.2 25.8 K
1 2-J-5 0.100 98.3 25.0 K
DOooOooao
DO0O000
#E3-B
[ﬁi=0. 62kGy. RNKM=124%, #E®¥=0. 0009kGy ®
f e GibE v FlEFAL [RER®
[ F & A1
[ = % % Nidm
| 2-K-1 0 93.0 97.1 35.9 730
2Kz 0.025 96.8 33.3 oL
2-K-3 0.050 99.4 98.2 31.3 730
2ok 0.075 98.4 27.2 ol
("2-K-5 0.100 99.9 27.8 ol
O
00000000000
000000000000 00D0O00O00000000
DOooOooaOo
000000000000 00D0O00O00O00O0DO0DO0O0O0D0oOoDOoDOoOoaon
000000000000 0O0D0O0D0O0O0O0O0O0O0OD0O0O0O0O0O0OO0DODOn
000000000000 00D0O0D0O00O0O0D0O0D0O00O00O0O0D0O00O00
000000000000 00D0O00O0000O0O0D0O00O00O0DO0DOoOaon
000000000000 0O0D0O0D0O00O0O0O0O0OD0O0O0O0O0O0OO0DODOn
000000000000 00D0O0D0O00000O0D0O0000000O0000
00O
DOooOooaOo
000000000000 00D0O00O00O00O0DO0DO0O0O0D0oOoDOoDOoOoaon
000000000000 0O0D0O0D0O0O0O0O0O0O0OD0O0O0O0O0O0OO0DODOn
000000000000 00D0O0D0O00O0O0D0O0D0O00O00O0O0D0O00O00
000000000000 00D0O00O0000O0O0D0O00O00O0DO0DOoOaon
DO0o0a0
DOooOooao

OO0Oo0oooo
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

Ooo0ood

O O0ooo

O 0Oooo

O Oooo

O Ooogo

10

20

30

40

50



(23)

JP 2004-517178 A 2004.6.10

0ooaQd

0o0oo0oooooad

0000000000000 D00DO0DO0D0DO0OO0D0DO0DDO0DO0DO0DO0DODDODOODOaO
0000000000000 D00DO0OO0D00O000DD0DO0DO0DO0D0DO0O0DDO0ODOoDOoODOaO
0000000000000 D0D0DO0DO0ODO0OO0DO0DD0DO0ODO0DO0DO0DO0DDO0ODOoDOoODOaOn
0000000000000 D00DO0OO0D0DO0O0D0O0DD0DO0DO0DO0DO0DODDODOODOaO
0000000000000 000D00D0DO0000O00D0O0DDO0ODOoDOoOoGOao
0ooooO

oooogo

&3-C

#RE=1. 1kGy. FRHFM=2 44, WE¥=0. 0008kGCy®

[ SR 18 | gnik& i SlERHBL iRJE & iH

[ R &

[ &R % % Nidm

: 2-L-1 0 89.5 98.2 30.0 5K

2-L-2 0.025 94.9 - 29.1 5K

213 0.050 98.3 98.6 28.3 K

[ 2-L-4 0.075 96.6 22.6 K

([ 2-L-5 0.100 98.3 25.4 5K

0

0ooooao

ooooo

&3I-D

dE=1. 5kGy. MNFM=244, WE®=0. 0010kGy ®

[ 581 &= Py Bl&F AL 5L ) 16

[ &N

i el % % N/dm

1 2-M 0 49.3 L

2-N! 0 35.5 L

IPNGE 0 e L

gbooobooboboobooobooobooobad

gboboooooboooan

Oo0oo0ooogaod

Ooo0o0ogao

#3-E

#E=2. 2kGCy. BHEM=36%, #E%®=0. 0010kCy B

[ BEFGA S A x AL | S T
! g h

Il %K % ’j—}

{ N/dm

0 3-A-1 0 06 el
0 3-A-2 0.025 06 5L
[ 3-A-3 0.050 8.9 oL
0 3-A-4 0.075 850 3h.5 10K+ L
1 3-A-b 0.100 87.1 414 10K+ el

O
googbad
goodgan

10

20

30

40



2004-517178 A 2004.6.10

(24) JP

6 —A
AR PR O B O HIR
I 2R 5 A L= gl& F M L | HEremE iR E Hl
i W5
q b % )

N/dm
5B 0 0.7 K
I's.B-2 0.025 71.6 3K
1 3-B-2 0.050 90.2 37.7 10K+ ik
0 3-B-A" 0.075 100.0 ik
3-B-5 0.100 84.7 38.8 10K+ x
0Do0o0oo0o
Do0o0oQ
#E6—B
ZRRHLELTORAFTU R b=—AF 375U L— bR
[ 58 15 1 #ib# Bl EML | HermE IR )
[ ¥ & 7
i 06 % “
: Nidm
5-C-1 0 57.9 AL
Ts-c2 0.025 57.0 il
sc3 0.050 94.4 38.8 10K+ Ao L
[ 3-C4 0.075 96.7 27.6 10K+ oL
[ 3-Ch 0.100 95. 1 33.1 10K+ AL
0
000000
0000000000000 0O000O00DO0D0D0OO0ODO0OO0O0OO0ODOONOoOO0O
0000000000000 0O0D0DCOO0DOODOODOONOODOONOoOOO
0000000000000 000000000O0000000000O00ao
Dooooo
00000000000
0000000000000 D0O0OO0O0
0000000000000 0O0D0DC0OODODOODOO0OODOODOoOOO
000000000000 00000000000000000000000
0000000000000 0O000O00DO0D0D0OO0ODO0OO0O0OO0ODOONOoOO0O
0000000000000 0O0D0DCOO0DOODOODOONOODOONOoOOO
0Do0o0oo0o
0000000000000 0O0D0D0O0DOD0OODOO0DOODDOONOoOO0O
D000O000000
Do0oooo
0000000000000 0O0D0DC0OODODOODOO0OODOODOoOOO
000000000000 O0000
Dooooo
00000

O
O
O
O
O

O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo

O

10

20

30

40



(25)

JP 2004-517178 A 2004.6.10

4
E oA VAT FLT L F5 7 | 8l & & oy

7 L—hET ARIFO | LEFEH
{ yULEBROE % o N/dm 7
{ %t
I nm
L 4-A 99:1 56.8 159 418 19 sp
14-B 98:2 81.2 158 39.2 10K+
4.C 97:3 88.1 142 298 10K+
4-D 95:5 93.5 183 254 10K+
l4.E 94:6 98.5 299 26.1 10K+
1 4-F! 93:7
1 CE-4 100:0 57.8 164 206 1 sp
0000000000000 D0DO0DO0DO0OD0DO0O0DDO0ODOoDOoODOoOoaO
0ooooao
0000000000000 00D00000O000D0DO0DO0DOoOaOn
0000000000000 D0DO0DO0DO0OD0DO0OO0DO0ODDoDOoODOoOaD
0000000000000 00D0DDO0ODOO0ODOoOOan
0o0ooooao
0o0oaQ
0o0o0oDO0ooDOoDO0oD0DOoDOoDOoao
0000000000000 D0DO0DO0DO0OD0DO0O0DDO0ODOoDOoODOoOoaO
0000000000000 D00DO0OO0D0O0O0DO0ODOoDOoODOOD
0000000000000 00D00000O000D0DO0DO0DOoOaOn
0000000000000 D0DO0DO0DO0OD0DO0OO0DO0ODDoDOoODOoOaD
0000000000000 D0D0DO0OO0D00O0D0DO0ODODOoODOoOOnD
0o0ooooao
0oooogo
T®5—A
E Ak A vl e | gl EED B

S LREE 7

{ Eil ToH | % N/dm oy
i S
i
[ nm
5-A-1 0.2 290 91.8 | 22.1 10K+
MrAa2 0.3 254 92.6 | 28.7 10K+
[ 5-A-3 0.4 185 92,1 [33.1 10K+
| 5-A-4 0.6 171 92,6 |34.8 10K+
1 5-A5 0.7 162 63.8 | 35.0 10K+
15-A6 1.0 160 60.8 |32.2 10K+
0ooooO
0000000000000 D0D0DO0OO0D00O0D0DO0ODODOoODOoOOnD
0000000000000 0000000000000000a0
0000000000000 D0O0DO0DO0D0DO0O0D0DO0ODOoDOoODOoOOan
0000000000000 D00D0DO0000O0D0O0DO0oDO0ODOoOan
0000000000000 D0DO0DO0DO0OD0DO0O0DDO0ODOoDOoODOoOoaO
0o0ooDO0ooDoDOoDOoOOoDOoaOo
0ooooao
0000000000000 D0DO0DO0DO0OD0DO0OO0DO0ODDoDOoODOoOaD
gono
0o0ooooao

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

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

O Ooogo

10

20

30

40

50



(26)

00000
(&xo—B
] AL A O TEHE ET R EL
I LESE
i N/dm 5
[5-B Standapol A 6.8 10K+
5-C HS-10 12.5 10K +
I's-D Mazon Sam-211-80 41.8 9097 sp
O
OoDoooo
0000000000000 D0000D000000000
0000000000000 D0D0O0O0OD0O0O0O0DOO0OD
0000000000000 D0O000D0O0O00DO0O0O0D
0000000000000 D0O0O00D0O0O0D0DO0O0O0D
Oo0Do0o0ooD
0000
0000000000000 D0DO0O0OO0DO0O0O
0000000000000 D0O000OD0O0O0O0DO0OO0O0D
0000000000000 D0000D000000000
0000000000000 D0D0O0O0OD0O0O0O0DOO0OD
0000000000000 D0O000D0O0O00DO0O0O0D
0000000000000 D0O0O00D0O0O0D0DO0O0O0D
Oo0Do0o0ooD
00000
=6 —A
A OB OH R
[ 5 % 2 glex [alazn | Her
] . BECE -5 N

25 % N/dm 7
6-A-1 oL 97.6 45.1 10 K+
[ 6-A-2 0.025 84.6 42.7 10 K+
6-A-3 0.05 99.8 33.9 10 K+
8-A-4 0.075 93.9 33.5 10 K+
U6.A.5 0.1 96.5 27.6 10 K+
Ooooooo
0000000000000 D0D0O0O0OD0O0O0O0DOO0OD
0000000000000 D0O000D0O0O00DO0O0O0D
0000000000000 D0O0O00D0O0O0D0DO0O0O0D
0000000000000 D00O00OD0O0O0O0DO0OOOD
0000000000000 D00000000D00000
ODo0Do0O0OoD
00000
[ﬁG—B
HERF L LTORIF T MY b—IF 372U L— DR
{ BERE A grik gl& 2 Y
i L #6377
d b % N/dm )
| 6-B-1 0.05 95.6 19.3 94
6-B-2 0.1 96.0 48.2 10 K+
I'6-B-3 0.2 92.9 32.4 10 K+
1 6-B-4 0.4 95.6 12.5 10 K+
1 6-B-5 0.6 87.7 10.1 10 K+

O Ooogoo
O Oooo
O O oo
O O g o
O 0o oOoo
O 0o oo
O Ooogoo
I [ [y
I Y o [
O OO o
O 0o oo

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

O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooooo
O Ooooo

JP 2004-517178 A 2004.6.10

O

O
O

O 0Oooo
O Oooo

10

20

30

40

50



OooooooQgoQgaog
OoooooogogaoQg
Oooooogogaog
OO0 oooogogdg

R
o

(O oooooooQgog

Oooooooodg
O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao

O Ooooo

BEREFOER

goooooaon
gboboooaoao
ooooooao
gobooobogao
gooooaoao

27)

Oo0oo0ogao
Ooo0oo0oo0oao

ooooao
ogoogano
ooooao
googao
goodgano

JP 2004-517178 A 2004.6.10

oooooobooooogao
obooobooboobaooan
ooooooobooooogao
gooobobobogoboonn
gboooboboboobdaonb

O O0OoOgoo

] EEBDE | &wicE |G xn | G
i il L #h % 5
[ % N/dm o3
6-C-1 0.05 96.6 53.4 277
I6-C-2 0.1 98.0 57.8 14
16-C-3 0.2 96.7 0.0 4sp
6-C-4 0.4 99.1 103.1t 0 sp
16-C-5 0.6 98.7 76.0t 0 sp
oooooano
0000000000000 00O0D0D0D0000D0DD0DO0O0O0O0DDOO0OO0OO0ODDODOaO
0000000000000 000000000000000000000000000A0
0000000000000 000000000000000000000000000
0000000000000 0000D0D0000O0D0DO0O0O0O0D0DDO0OO0O0O0ODDOoOoaO
0000000000000 000000000000000000000000000
0000000000000 0000000a0
oooooan
ooooao
F6—D
BuaEl B L i R o
E AR5 A A FE 8 5 #hik= g1 & F 9 ooy
Eil L #5377
[ Eil % N/dm 5
[ 8-D-1 L e L 97.3 44.2 10 K+
[l 6-D-2 0.025 0.05 92,1 57.4 10 K+
[ 6-D-3 0.025 0.1 96.5 52.1 43 r
| 6-D-4 0.025 0.2 96.4 53.4 18 sp
6-D-5 0.025 0.4 97.6 103 t 0sp
(6-D-6 0.025 0.6 98.3 76.7t 0sp
0
oooooan
0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000A0
0000000000000 000000000000000000000000000
0000000000000 00O0D0D0D0000D0DD0DO0O0O0O0DDOO0OO0OO0ODDODOaO
000000000 O0O00000a0o
oooooao
oooono

10

20

30

40



(28)

JP 2004-517178 A 2004.6.10

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

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

goooboboobooboooboooboobonob
gboboobobobooboobooooobooboaodanb

[ﬁﬁ_E
HergEldS LU R E R
E BiEA BB A HEETEND TR
: ¥ A
[ 0 E Nidm )
[ 6-E-1 0.05 0.006 42.7 19r
[ 6-E-2 0.05 0.012 36.8 136 1
6-E-3 0.4 0.025 91.1 2 sp
6 Ea2 |04 0.05 0.1t 0 sp
[ 6-E-5 0.4 0.075 33.9 6 sp
[ 68-E-6 0.4 0.1 55.4 8r
0
oooooo
OODO0OO0OD0DDDO0OD0ODOO0D0D0O0O0O0O0O0O0O0O0O0O0DODOOOD
O0DO0D0DD0DDD0OD0D0DD0D0D0DD0DD0O0O0O0O0O0OO0OO0O0OO0ODDODOD
OODO0OO0OD0DDDODODODOO0D0O0O0O0O0O0O0O0OO0O0O0OODOOaD
OODD0D0OD0DDDODO0OD0OD0OO0D0D0D0D0O0O0O0O0O0OO0OO0O0ODOOD
OODO0D0DD0DDD0OD0ODD0D0DDD0DD0DO0O0O0O0O0O0OO0O0OD0ODOOD
OooDDoDDOO0OO0O0a0
OooOoO0D
oooo
OooOoDoDDOO0OaO
O0DO0D0DD0DDD0OD0D0DD0D0D0DD0DD0O0O0O0O0O0OO0OO0O0OO0ODDODOD
OODO0OO0OD0DDDODODODOO0D0O0O0O0O0O0O0O0OO0O0O0OODOOaD
OODD0D0OD0DDDODO0OD0OD0OO0D0D0D0D0O0O0O0O0O0OO0OO0O0ODOOD
OODO0D0DD0DDD0OD0ODD0D0DDD0DD0DO0O0O0O0O0O0OO0O0OD0ODOOD
OoOO0D0DD0DD0DO0OO0OO0O0O0O000O00O0O0O0ODDOD
OooOoO0D
ooooo
[ﬁ?
E FE & MERT 5.4 5 & 73 i [ty
[ L&

(EXE] il N/dm 7y
7-A L el 25.2 10 K+
I7.B-1 | FORAL™ &5 1 28.7 10 K+
[ 7.B-2 | FORAL™ 85 7 40.7 5808 sp
| 7-B-3 | FORAL™ 85 10 47.7 1872 sp
7-C-1 | WINGTACK™ PLUS |1 30.9 10 K+
[ 7-C-2 | WINGTACK™ PLUS |7 32.0 10 K+
L 7-C-3 | WINGTACK™ PLUS | 10 34.6 10 K+
7-D ARKON™ P.90 7 32.0 10 K+
™E PICCOLYTE™ S-116 | 7 2778 10 R+
07.F ESCOREZ™ 1310 7 33.7 10 K+
0
OooOoO0D
OoOo0DO0D0DDOO0OO0O0O0O0O00O00O0
OOoDo0DO0DD0DDO0OD0OO0O0O0O00000O0
OOD0DD0DD0DD0OD0OD0D0D0DO0O0O0O0O0OO0O0OO0D0DODODODODDODOD
oooooD
Oo0ODO
O0D0DD0DD0DDO0D0D0D0D0O0O0O000O0O0D0D

10

20

30

40

50



(29)

JP 2004-517178 A 2004.

goooooooooooooooooooooooooooooobdo.dooao
0000000000000 D0000D0000D0O0O0O0DO0DO0OODOoOoOooaOn
gooooooooooooooooooooooooooooooo0ao.Oanooan
0000000000000 D0D000D0000D0DO0O0ODO0DO0OOOOOOoOaOn
Ooooooooooooooooooogogooouoooooooooaoaooao
goooooooooooooooooooooooooooooo0aoodnooao
Oooooo
Oo0o0o0o0oao
=8—A
] Ao n—7 | 7s U |[5l&HA | G E &k
i 7 F FAT | g L&D | RT)  |[(70C) |2
i ) ARV 9
i r— k —k
Z 0 " N/dm 7 Fe) EY BRES ¥
[8-A-1 |98 0 4 39.0 10K+ | 10K+ |91.3 92.3
8.B-1 |94 2 4 37.2 10K+ | 10K+ [922 93.5
Tsc1 o 5 4 42,5 10K+ | 10K+ | 900 91.7
s D-1 |88 10 4 18.6 10K+ | 10K+ | 908 91.2
18E-1 |8l 15 4 37.0 10K+ | 1466, | 924 91.8
i 56308
I p
[8F-1 |76 20 4 30.0 10K+ | 1110sp [ 86.3 79.7
10K+
]
Oooooo
Ooooooooooooooooooogooooooooooooo0Oao0Oao0oan
goooooooooooooooooooooooooooooobdo.dooao
0000000000000 D0000D0000D0O0O0O0DO0DO0OODOoOoOooaOn
gooooooooooooooooooooooooooooooo0ao.Oanooan
0000000000000 D0D000D0000D0DO0O0ODO0DO0OOOOOOoOaOn
Ooooooooooooooooooogogooouoooooooooaoaooao
Ooo0ooooao
00000
§§E3—'E5
: Tox | n_7 |77 |azdan |GF HE & |1V
[ 5T FA7 | Uua | L#EES | RD (70°C) | = 7+
[ y UL UL | B % F7
[ — k — b 7
i L —
[ R
\ h L B N/dm o w =B | kR
| 2
TS az |9 0 4 37.7 10K+ 10K+ |[94.8 [96.0
e B2 |9 2 4 11.6 10K+ 10K+ |95.0 [94.2
Ts.c2 [ai 5 4 46.0 10K+ 10K+ |936 |[94.2
8D-2 |88 10 4 425 10K+ 10K+ |[95.7 [95.9
[ 8-E-2 |81 15 4 46.0 7659, 4808, 790 | 964
[ 7651sp 7656bsp
[8F2 |78 20 4 42.0 8304, 2323, 949 |[95.2
7040sp 6222sp
Oo000o0oo0oao

O 0Oo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao

O O oQgogoao
O 0OooO0oooo
O 0OooQoooo

O OoogogooQg
OO ogogog

oooooooooobooooooooooboobooooooobooboobooooooooao
ooooooooooooooooooboboooooooobobobooooooooao

10

20

30

40

50



(30)

JP 2004-517178 A 2004.

OoOoo0oOogaDo

O 0Oo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0ooogoao

.10

DOooooao
Dooao
000000000000 D0OO0ODOO0O0O0O
0000000000000 O0ODO0O0OO0O0DO0DOOO0DOODODOOoOoOoaOn
0000000000000 0D0O00D0D0ODO0DO0OODOODODOO0ODOaOn
0000000000000 O0D0O00OD00ODO0DOOODOODODOOoOOaO
0000000000000 O0D0O00O0O0DO0DOO0OO0OoODODOOoooaOo
0000000000000 0D0O00D0D0ODO0DOO0ODOODODOO0OOaO
0000000000000 O0OD0O00OO00ODO0ODOOOOODODOOoOoOoaO
0000000000000 O0DOO0OO0aO
DO00O0Q0aOo
Do0o00
F"IO—A
[
c 2 — T F A S grfl &
[ KL A 7T
[ 270 L — P!
: I L=k

# # %
CE9-A1 | 100 0 204
[ CE9-B1 |50 5O 20.9
| CA9-C1 |35 65 a1
| CA9DT |30 70 1.6
| CA9-EL [25 75 14.2
LCA9-FI_[20 30 11.9
DOooooao
0000000000000 O0D0O00D00O0DO0DO0O0DO0O0OO0DODO0OoDONoOoOOooDoOooaon
0000000000000 0D0O00D00OD0ODO0OO0O0DO0OO0DODOD0NONDOO0ODODOn
0000000000000 O0ODO0O0OO0O0DO0DOOO0DOODODOOoOoOoaOn
0DO00O0Q0aO0
DO0000
*&9—B

2-=FN | n-# |&irE FEFS | 5 Wi
! ~F L A 7 F LAZE S | (RT) (70°C)
{ 27— !
i I L—h
] e 7 % N/dm > 5y
{ CE9-A2 | 100 0 97.8 MEMT [0 0sp 0,0sp
q A
{CE9-B2 | 50 50 88.0 9.2 sh 1. 2sp 0. 0sp
CA9-C2 | 35 65 95.9 24.5 1. 1sp 0, 0sp
CA9-D2 |30 70 79.4 24.3 1. 1sp 0, 0sp
[ CA9-E2 | 25 75 90.5 16.0 0, 1sp 0, 0sp
1 CA9-F2 |20 30 91.8 11.8 1. 1sp 0, 0sp
0
DOooooao
0000000000000 0D0O00D0ODO0DO00D0OONDODOO0NODOONODODOon
0o
DOooooao
00000
0DOooo0oOoOooOooaOo
0000000000000 O0D0O00D00O0DO0DO0O0DO0O0OO0DODO0OoDONoOoOOooDoOooaon

10

20

30

40

50



(31) JP 2004-517178 A 2004.6.10

I e e 6 A O A A N A O
0000000000000 000000000000000000000000000¢«C
0 e e A O A B A
0000000000000 000000000000000000000000000¢C
0 Y A B A B A B A B A B B W A
goooaoad
0Do0oo0o
RE=2. 4kGCy. ME¥=0. 002 0kGy BHBIUNERM=2 04
[ P R IO R =Y P T RO 10
( TFNL | ~F LA T 2 FIA3 [ER
I T 70— iy L #5
i L—F N EH

27 & & % N/dm | 7 ?m
10-A-1 [ 50 16 4 400 [ - - -
10-B-1 |65 51 4 245 |- - -
Tioc1_ |70 26 4 97.3 [804 [6600.7179 |20
10-D-1 |75 21 4 590 | 304 |5353sp 10
[ 10-E-1 |80 16 4 929 |228 |[531193 20
1 sp
Oooooo 20
gooaogad
%10-B

k=4, 3kCy. #E%E=0. 0018 kCy HELUWERM=1404%

[ o T |2 =Fn |77 &L s 5w BB

! 7 F A~ gl A U = AL =z

{ T 27 L — iz %5

[ L— k = =5

[ Zh =R = % N/dm o) 2 m

1 10-A-2 50 416 4 96,4 33.3 10K+ 13

l 10-B-2 65 31 4 96.5 18.4 13, b42 23 30
10-C-2 70 26 4 92.3 23.9 10K+ 25

. 10-D-2 7H 21 4 98.9 28.1 T7. 10K+ 23

I o-E-2 80 16 4 93.9 26.0 100,10K+ | 20

0

Ooo0o0oooOoa

Oooooao

RE=6. 4kGy. #E®¥=0. 001 8kGy HBLUNBERM=60%

{ n-—7 2 —TF T g2 | g% 5 HRIE @

I 7T el oL = A R

i . AET iy L #h 40

\ L—k — bk =

] 25 S S % Nidm | & m
10-A-3 50 46 4 95.2 234 10K+ 23

: 10-B-3 65 31 4 93.8 18.4 3. 1597 25
10-C-3 70 26 4 64.5 24.3 27, 140 36

0 10-D-3 75 21 4 96.6 30.2 18 20

i sp, 10K+

q 10-E-3 80 16 4 92.1 31.7 2868, 48

10K+

oooooad

ooooooooooooooooooboboooooooobobobooooooooao 50



O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooOoao
O 0Ooo0oooao

oonf
oo
ooof
uon

goodaao

gooagao
oooogao
googao
gooaoao

(32) JP 2004-517178 A 2004.6.10

gooad

gobooobobooboboboobooboooooboooboaoadanb
ooooooooboooooooooooboooooooao
gobooobooobobogoboooboooboooboobodnb
goboooboooboobooobooobooboaadab



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

ugbooobooodoboado

(33)

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

(19) World I Property Or

Tnternational Bureau

(43) International Publication Date

11 July 2002 (11.07.2002) PCT

(10) International Publication Number

WO 02/053602 Al

(51) Tnternational Patent Classification”:
C09J 133/06

CO8F 2/54,

{21) International Application Number:  PCT/US01/15962
(22) International Filing Date: 16 May 2001 (16.05.2001)
(25) Filing Language: Linglish
(26) Publication Language: English

{30) Priority Data:
09/751,143 29 December 2000 (29.12.2000)  US

(71) Applicant: 3M INNOVATIVE PROPERTIES COM-
PANY |US/US; 3M Center, Post Office Box 33427, Saint
Paul, MN 55133-3427 (US).

Iuventors: WEISS, Douglas, E.; Post Office Box 33427,
Saint Paul, MN 55133-3427 (US). TRAN, Thu-Van, T.;
Post Office Box 33427, Saint Paul, MN 55133-3427 (1IS).
LEISINGER, Karen, J.; Post Ollice Box 33427, Saint
Paul, MN 55133-3427 (US).

Agents: ZILLIG, Kimberly, S. et al.; Office of Tntellec-
tual Property Counsel, Post Office Box 33427, Saint Paul,
MN 55133-3427 (US).

(81) Designated States (national); AE, AG, AT, AM, AT, AT
(uility model), AU, AZ, BA, BB, BG, BR. BY. BZ. CA,
CII, CN, CO, CR, CU, CZ, CZ (uiility model), DE, DE
(urility model), DK, DK (urility model), DM, DZ, LiC, LL,
1111 (utility model), 1S, 1, 1] (utility model), GB. GID, Gl1,
GH, GM, HR, HUL, D, IT,, IN, I8, JP, KE, KG, KP, KR, K7,
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI,
SK, SK (utility model), SL, 1), TM, IR, T, 1Z, UA, UG,
UZ, VN, YU, ZA, ZW.

(84) Designated States {regional}: ARLIPO patent (GH, GM,
KIi, LS, MW, MZ, SD, SL, $7, 17, UG, ZW), liurasian
patent (AM. AZ, BY, KG, K7, MD, RU, T1, TM), Farropean
pateni (AT, BE, CII, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CIL, CM, GA, GN, GW, ML, MR, NL, SN, 'ID, TG).

Published:
—  with imternational search report

For two-letter codes and oiher abbreviations, refer 1o the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of cach regular issuc of the PCT Gazetre.

WO 02/053602 Al

(methacrylaie monomer malerial; and at least one emulsifier.

(54) Title: GAMMA RADIATION POTYMERTZED EMUTLSION-BASED (METH)ACRYT.ATE PRESSURE SENSITIVE AD-
TIESIVES AND METIIODS OF MAKING AND USING SAME

(57) Abstract: Pressure sensitive adhesives can be formed using gamma itradiation. One cmbodiment is a pressure sensitive adhe-
sive which is a polymeric reaction product formed by gamma ray irradiation of an cmulsion ition. The cmulsi it
includes water; (meth)acrylate monomer material; polar, free-radically polymerizable material that is copolymerizable with the

JP 2004-517178

A 2004.6.10



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

10

15

20

25

30

34)

WO 02/053602 PCT/US01/15962

GAMMA RADIATION POLYMERIZED EMULSION-BASED
(METH)ACRYLATE PRESSURE SENSITIVE ADHESIVES AND METHODS OF
MAKING AND USING SAME

Field of the Invention
This invention relates to pressure sensitive adhesives formed using gamma
irradiation, methods of using the pressure sensitive adhesives, and articles containing the

pressure sensitive adhesives.

Background of the Invention

The advantage of acrylic polymers as viscoelastic bases for pressure-sensitive
adhesives (PSAs) are well known. Pressure-sensitive adhesives have been used for more
than half a century for a variety of marking, holding, protecting, sealing, and masking
purposes. Fundamentally, PSAs require a delicate balance of viscous and elastic
properties, which result in a 4-fold balance of adhesion, cohesion, stretchiness, and
elasticity. In essence, PSA products have sufficient cohesiveness and elasticity so that,
despite their tackiness, they can be handled with the fingers and can typically be removed
from smooth surfaces without leaving a substantial amount of residue.

There are several methods presently in use for the preparation of PSAs. These
methods include a variety of polymerization methods including batch, hot melt, solution,
thermal emulsion, suspension, ultra-violet (UV)-initiated bulk, and UV-initiated on-web
polymerization techniques. Monomer and initiator residues produced in some of these
methods can prevent the attainment of desirable levels of properties (e.g., peet adhesion
and shear strength) and some of these methods are relatively slow.

For example, acrylic polymer compositions can be used to make PSAs by solution
polymerization. The solution polymerization methods generally use relatively large
amounts of organic solvents. Polymers in solvent may be difficult to handle and transport
due to the volume of the solvent and the potential release of volatile organic compounds
(VOCs) into the atmosphere. Using solvents also necessitates high heat or vacuum to

remove the solvent from the polymer.
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Summary of the Invention
Generally, the present invention relates to pressure sensitive adhesives formed

using gamma irradiation. One embodiment is a pressure sensitive adhesive comprising a
polymeric reaction product formed by gamma ray irradiation of an emulsion composition.
The emulsion composition comprises water; (meth)acrylate monomer material; polar, free-
radically polymerizable material that is copolymerizable with the (meth)acrylate monomer
material; and at least one emulsifier. Yet another embodiment is like the first
embodiment, as described above, wherein the polymeric reaction product is formed in the
absence of any initiator selected from the group consisting of photoinitiators and thermal
initiators.

Another embodiment is a pressure sensitive adhesive-forming emulsion
composition comprising a polymeric reaction product formed by gamma irradiation of a
composition. The composition comprising water; (meth)acrylate monomer material;
polar, free-radically polymerizable material that is copolymerizable with the
(meth)acrylate monomer material; and at least one emulsifier.

Yet another embodiment is a method of making a pressure sensitive adhesive, the
method comprising the steps of: forming an emulsion composition comprising water,
(meth)acrylate monomer material, polar, free-radically polymerizable material that is
copolymerizable with the (meth)acrylate monomer material, and at least one emulsifier;
and irradiating at least a portion of the emulsion composition with gamma rays to initiate
polymerization of the emulsion composition. An additional embodiment is the method
described above and further composition the step of removing at least a portion of the
water form the emulsion composition after irradiating at least a portion of the emulsion
composition. A further embodiment is the method, as described above, wherein the step
of irradiating at least a portion of the emulsion composition comprises irradiating the
emulsion composition substantially uniformly.

An additional embodiment is an article comprising: a substrate; and a pressure
sensitive adhesive disposed on at least one surface of the substrate, the pressure sensitive
adhesive comprising a polymeric reaction product formed by gamma irradiation of an
emulsion composition comprising water, (meth)acrylate monomer material, polar, free-
radically polymerizable material that is copolymerizable with the (meth)acrylate monomer

material, and at least one emulsifier.
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Another embodiment is a pressure sensitive adhesive which is a polymeric reaction
product of a composition. The composition comprises: water; (meth)acrylate monomer
material; polar, free-radically polymerizable material that is copolymerizable with the
(meth)acrylate monomer material; and an emulsifier. The polymeric reaction product has
a shear strength of at least 5000 minutes at room temperature using a 1 kg weight and a
peel adhesion of at least 45 N/dm at, at least room temperature. In another embodiments,
the shear strength was at least 10,000 minutes. In yet another embodiment, the peel
adhesion was at least 50 N/dm. In another embodiment, the peel adhesion was at least 50
N/dm and the shear strength was at least 10,000 minutes.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The detailed

description which follows more particularly exemplifies these embodiments.

Detailed Description

The present invention is believed to be applicable to pressure sensitive adhesives,
methods of using the pressure sensitive adhesives, and articles containing the pressure
sensitive adhesives. In particular, the present invention is directed to pressure sensitive
adhesives formed by gamma irradiation, methods of using the pressure sensitive
adhesives, and articles containing the pressure sensitive adhesives. While the present
invention is not so limited, an appreciation of various aspects of the invention will be
gained through a discussion of the examples provided below.

At least some embodiments of both the pressure sensitive adhesives of the
invention and the methods of the invention to make pressure sensitive adhesives offer
advantages not available currently. Water-based latex pressure sensitive adhesives of the
invention can have excellent adhesive properties including a satisfactory range of both
peel adhesion and shear strength performance. Some embodiments are particularly useful
in applications that are adversely impacted if initiator residue is present in the adhesive.
The method of making pressure sensitive adhesives can enable the use of higher solids
emulsions. This can result in less need to adjust emulsion viscosity for a subsequent
coating operation and lower energy cbst to dry the applied adhesive coating.

Generally, the pressure sensitive adhesives of the invention are formed by gamma

radiation polymerization of an emulsion containing water; (meth)acrylate monomer
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material; polar, free-radically copolymerizable material that is copolymerizable with the
(meth)acrylate monomer material; and an emulsifier. Other components can also be added
for particular application or to obtain desired properties including, for example, other
copolymerizable materials, tackifying agents, crosslinking agents, free radical initiators,
plasticizers, dyes, pigments, antioxidants, UV stabilizers, thickening agents, electro-
conductivity agents, reflective agents, antistatic agents, inorganic materials, biocides
(bactericides, fungicides), bioactive agents, pharmaceutical aids, releasable agents,
cosmetic agents, rheology modifiers, and the like. The pressure sensitive adhesives can, if
desired, have good peel adhesion, good shear strength, or a combination of these
properties.

The terms “(meth)acrylate” or “(meth)acrylates” are used throughout this
application and are meant to include both acrylate(s) and methacrylate(s).

The amounts of each component in the emulsion are typically present in a number
of parts per 100 parts of the combined (meth)acrylate monomer material; polar, free-
radically copolymerizable material; and any other copolymerizable material. Henceforth

this basis is called the total free-radically copolymerizable material.

(Meth)Acrylate Monomer Material

Free-radically polymerizable (meth)acrylate monomer material is employed in the
emulsion to make the pressure sensitive adhesives. The (meth)acrylate monomer material
includes at least one type of free-radically polymerizable acrylate monomer. In some
embodiments, two or more different (meth)acrylate monomers are used. (Meth)acrylate
monomer materials are generally esters of acrylic acid. Suitable (meth)acrylate monomers
typically have only one free-radically polymerizable group. These compounds, when
homopolymerized, generally have a glass transition temperature of no more than about
10°C, preferably no more than about 0°C and, more preferably, no more than about -10°C.

Examples of suitable (meth)acrylate monomers include acrylate esters of non-
tertiary alkyl alcohols, the alkyl groups of which have from about 3 to about 13 carbon
atoms. Examples of such (meth)acrylate monomers include, but are not limited to,
isooctyl acrylate, 2-ethylhexyl acrylate, 4-methyl-2-pentyl acrylate, 2-methylbutyl
acrylate, isoamyl acrylate, sec-butyl acrylate, n-butyl acrylate, tert-butyl acrylate,
isobornyl acrylate, dodecyl acrylate, n-octyl acrylate, tridecyl acrylate, cyclohexyl

JP 2004-517178 A 2004.6.10
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acrylate, ethoxylated nonyl phenyl acrylate, methyl methacrylate, t-butyl methacryalte,
iso-butyl methacrylate, butyl methacryalte, cyclohexyl methyl acrylate, hexyl
methacrylate, iso decyl methacrylate, and hexyl ethyl methacrylate.

Polar, Free-radically Copolymerizable Material

The polar, free-radically copolymerizable material useful in the emulsions to form
pressure sensitive adhesives can include monomers, oligomers, and macromonomers.
These materials generally have only one functional group which readily copolymerizes
with the (meth)acrylate monomer material. The polar, free-radically copolymerizable
material can be formed using a single compound or two or more compounds, as desired.

The polar, free-radically copolymerizable material generally provides hydrogen
bonding to affect the properties of the pressure sensitive adhesive, such as, for example,
increasing the cohesive strength of the resulting polymer. The polar, free-radically
copolymerizable material is typically selected from the group of materials including
ethylenically unsaturated carboxylic, sulfonic, and phosphonic acids (and their salts);
ethylenically unsaturated anhydrides; ethylenically unsaturated amines and amides; N-
vinyl lactams; ethylenically unsaturated alcohols; ethylenically unsaturated nitriles; and
ethylenically unsaturated polyethers and polyesters.

Suitable polar, free-radically copolymerizable materials include, but are not limited
to, acrylic acid, methacrylic acid, itaconic acid, crotonic acid, maleic acid, fumaric acid,
vinyl phosphonic acid, 2-acrylamido-2-methylpropylsulfonic acid, maleic anhydride, N,N-
dimethylaminoethylacrylate, N,N-dimethylaminoethylmethacrylate, N-vinyl pyrrolidone,
N-vinyl caprolactam, acrylamide, t-butyl acrylamide, N,N-dimethyl amino ethyl
acrylamide, N-octyl acrylamide and other N-substituted acrylamides, N,N-
dimethylacrylamide and other N,N-disubstituted acrylamides, 2-hydroxyethyl acrylate, 2-
hydroxyethyl methacrylate, 3-hydroxypropyl acrylate, 3-hydroxypropyl methacrylates,
acrylonitrile, methacrylonitrile, carbowax acrylate, methoxy-ethoxy-ethyl acrylate,
mixtures thereof, and the lke. Preferred monomers include acrylic acid, methacrylic acid,
N-vinyl pyrrolidone, hydroxyethyl acrylate, acrylamide, and mixtures thereof.

Generally, the (meth)acrylate monomer material is provided in the emulsion in an
amount that is sufficiently low to result in a stable emulsion and sufficiently high to

improve the shear properties of the pressure sensitive adhesive. Typically, the
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(meth)acrylate monomer is provided in an amount ranging from about 84 to 98 parts by
weight and the polar, free-radically copolymerizable material is provided in an amount
ranging from about 2 to 6 parts by weight.

The (meth)acrylate monomer material or polar, free-radically copolymerizable
material can contain two or more different components (e.g., the (meth)acrylate
component may comprise two or more different (meth)acrylates that can be combined in
any ratio) as long as the glass transition temperature of the total polymerizable material is

no more than about 10°C.

Other Copolymerizable Materials

In addition to the (meth)acrylate monomer material and the polar, free-radically
copolymerizable material, the emulsion composition may contain other copolymerizable
materials. Typically, these materials are used in place of some of the (meth)acrylate
monomer material and are copolymerizable with the (meth)acrylate monomer material.

Vinyl ester monomers are generally suitable for use as a copolymerizable material
in the emulsions (to enhance cohesive strength). Examples of suitable vinyl ester
monomers include unsaturated vinyl esters of linear or branched carboxylic acids having 1
to 12 carbon atoms. Such vinyl ester monomers include, but are not limited to, vinyl 2-
ethylhexanoate, vinyl caprate, vinyl laurate, vinyl pelargonate, vinyl hexanoate, vinyl
propionate, vinyl decanoate, and vinyl octanoate. Preferred vinyl ester monomers include
vinyl acetate, vinyl laurate, vinyl caprate, vinyl-2-ethylhexanoate, styrene and mixtures
thereof.

Suitable copolymerizable oligomers and macromonomers include acrylate-
terminated poly(methyl methacrylate), meﬂlacrylaté-temlinated poly(methyl
methacrylate), p-vinyl benzyl-terminated poly(methyl methacrylate), acrylate-terminated
poly(styrene), methacrylate terminated poly(styrene), acrylate-terminated poly(ethylene
oxide), methacrylate-terminated poly(ethylene oxide), acrylate-terminated poly(ethylene
glycol), methacrylate-terminated poly(ethylene glycol), methoxy poly(ethylene glycol)
methacrylate, butoxy poly(ethylene glycol) methacrylate, p-vinyl benzyl-terminated
poly(ethylene oxide), p-vinyl benzyl-terminated(ethylene glycol), and mixtures thereof.

One class of useful copolymerizable oligomers and macromonomiers are those

_having a polymeric moiety with a glass transition temperature, Tg, greater than 20°C as

JP 2004-517178 A 2004.6.10



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 |

15

20

25

30

(40)

‘WO 02/053602 PCT/US01/15962

described in U.S. Patent No. 4,554,324 (Husman et al.). Such copolymerizable oligomers
and macromonomers include, for example, ethylmethacrylate-terminated polystyrene
(having a molecular weight of approximately 13,000) available as CHEMLINK 4500 from
Sartomer Co., West Chester, PA. Other useful polymerizable oligomers and
macrontonomers include acrylate-terminated poly(ethylene) glycols, such as acrylate-
terminated poly(ethylene oxide) (having a molecular weight of 550), available as AM-90G
from Shin-Nakmura Inc., Japan.

Other copolymerizable materials that may be included in the emulsion or the
pressure sensitive adhesive are prepolymerized materials. These materials may be in a
syrup. The prepolymerized material may be a (meth)acrylate monomer.

The other copolymerizable material described in this section typically replaces part
of the (meth)acrylate monomer material. The other copolymerizable material may be used
in an amount that is sufficient to modify the pressure sensitive adhesive to achieve a
specific application. These materials could comprise up to 50% of the emulsion or

pressure sensitive adhesive.

Emulsifiers

Polymerization via emulsion techniques generally includes the presence of at least
one emulsifier, such as a surfactant or a polymeric suspending agent. These types of
materials allow for the formation and stabilization of the emulsion. Without an emulsifier,

droplets that later become latex particles typically cannot be formed.

Surfactants

Useful surfactants for the present invention include nonionic surfactants, anionic
surfactants, cationic surfactants, and mixtures thereof. Optionally, the surfactant is
copolymerizable with the (meth)acrylate monomer material and the polar, free-radically
copolymerizable material.

Suitable nonionic surfactants include, but are not limited to, those surfactants with
molecular structures that can be formed as a condensation product of a hydrophobic
aliphatic or alkyl aromatic compound with a hydrophilic alkylene oxide, such as ethylene
oxide. The Hydrophilic-Lipophilic Balance (HLB) of typical nonionic surfactants is about
10 or greater and usually ranges from about 15 to about 20. The HLB of a surfactant is an

JP 2004-517178 A 2004.6.10
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expression of the balance of the size and strength of the hydrophilic (water-loving or
polar) groups and the lipophilic or hydrophobic (oil-loving or non-polar) groups of the
surfactant and is generally indicated by the manufacturer of the surfactant.

Commercial examples of suitable nonionic surfactants include, but are not limited
to, nonylphenoxy and octylphenoxy poly(ethyleneoxy) ethanols available, for example, as
the IGEPAL CA and CO series, respectively from Rhone-Poulenc, Inc., Cranberry, NJ;
C11 to C15 secondary-alcohol ethoxylates available, for example, as the TERGITOL 15-S
series, including 15-8-7, 15-5-9, 15-8-12, from Union Carbide Chemicals and Plastics
Co., Gary, IN; polyoxyethylene sorbitan fatty acid esters available, for example, as the
TWEEN series of surfactants from ICI Chemicals, Wilmington, DE; polyethylene
oxide(25) oleyl ether available, for example, as SIPONIC Y-500-70 from Americal
Alcolac Chemical Co., Baltimore, MD; alkylaryl polyether alcohols available, for
example, as the TRITON X series, including X-100, X-165, X-305, and X-405, from
Union Carbide Chemicals and Plastics Co., Gary, IN.

Useful anionic surfactants include, but are not limited to, those with molecular
structures having (1) at least one hydrophobic moiety, such as, for example, Cs to Ci2
alkyl, alkylaryl, and alkenyl groups and (2) at least one anionic group, such as, for
example, sulfate, sulfonate, phosphate, polyoxyethylene sulfate, polyoxyethylene
sulfonate, polyoxyethylene phosphate, and the like, or the salts of such anionic groups,
including, for example, the alkali metal salts, ammonium salts, tertiary amino salts, and
the like.

Representative commercial examples of suitable anionic surfactants include, for
example, sodium lauryl sulfate, available as TEXAPON L-100 from Henkel Inc.,
Wilmington, DE, or as POLYSTEP B-3 from Stepan Chemical Co, Northfield, IL; sodium
lauryl ether sulfate, available as POLYSTEP B-12 from Stepan Chemical Co., Northfield,
IL; ammonium lauryl sulfate, available as STANDAPOL A from Henkel Inc.,
‘Wilmington, DE ; and sodium dodecyl benzene sulfonate, available as SPONATE DS-10
from Rhone-Poulenc, Inc., Cranberry, NJ.

Other suitable anionic surfactants include, but are not limited to, ethylenically-
unsaturated copolymerizable surfactants of the formula:
R-O-(R'O)n(CH3CH;0),.1-CH,CH,X. R is selected from the group consisting of Cy; to
Cis alkenyl, acrylyl, acrylyl alkyl, methacrylyl, methacrylyl alkyl, vinylphenyl and
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vinylphenylene. R'O is a bivalent alkyleneoxy group derived from an epoxy compound
having more than two carbon atoms such as, for example, propylene oxide or butylene
oxide. In addition, m represents an integer of about 5 to about 100 and n represents an
integer of about 5 to about 100. The ratio of m to n generally ranges from about 20:1 to
about 1:20. The ratio of m to n will typically influence the HLB of the polymerizable
surfactant. The HLB for suitable anionic copolymerizable surfactants, exclusive of the X-
group, ranges from about 8 to about 18. X is an anionic group such as, for example,
sulfonate, sulfate, and phosphate. In addition, the alkali metal salts, ammonium salts, and
tertiary amino salts of these compounds can be used.

Examples of copolymerizable anionic surfactants include alkylene polyalkoxy
sulfate available as MAZON SAM 211 from PPG Industries, Inc., Gurnee, IL and o-
propylene-p-alkyl phenolethoxy ammonium sulfate available as HS-10 from DKS
International, Inc., Japan.

Suitable cationic surfactants include, but are not limited to, quaternary ammeonium
salts having at least one higher molecular weight substituent and at least two or three
lower molecular weight substituents linked to a common nitrogen atom. The counter ion
to the ammonium cation is, for example, a halide (bromide, chloride, iodide, or fluoride),
acetate, nitrite, or lower alkosulfate (e.g., methosulfate). The higher molecular weight
substituent(s) of the ammonium cation are, for example, alkyl group(s), containing about
10 to about 20 carbon atoms. The lower molecular weight substituents of the ammonium
cation are, for example, alkyl groups of about 1 to about 4 carbon atoms, such as methyl or
ethyl. These alkyl groups are optionally substituted with hydroxy moieties. Optionally,
one or more of the substituents of the ammonium cation can include an aryl moiety or be
replaced by an aryl, such as benzyl or phenyl. Also among the possible lower molecular
weight substituents are lower alkyls of about 1 to about 4 carbon atoms, such as methyl
and ethyl, substituted by lower polyalkoxy moieties such as polyoxyethylene moieties,
bearing a hydroxyl end group. These moieties fall within the general formula -
R(CH;CH20);.1-CH,CH,OH where -R is the C; to C4 alkyl group bonded to the nitrogen,
and n represents an integer of about 1 to about 15. Aliernatively, one or two of such lower
polyalkoxy moieties having terminal hydroxyls can be directly bonded to the nitrogen.

Examples of suitable quaternary ammonium halide surfactants include, but are not
limited to, trimethyl alkyl benzyl ammonium chloride, available as VARIQUAT 50MC
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from Witco Corp., Greenwich, CT; methylbis(2-hydroxyethyl)co-ammoniwm chloride or
oleyl-ammonium chloride, available as ETHOQUAD (/12 and ETHOQUAD 0/12,
respectively, from Akzo Chemical Inc., Matawan, NJ; and methyl polyoxyethylene
octadecyl ammonium chloride, available as ETHOQUAD 18/25 from Akzo Chemical Inc.,
Matawan, NJ.

Generally, the surfactant is provided in the emulsion in an amount ranging from
about 0.05 to about 8 parts by weight for 100 parts by weight of the total free-radically
copolymerizable material. Typically, the surfactant is provided in an amount ranging from

about 0.1 to about 3 parts by weight.

Polymeric Suspending Agents
Polymeric suspending agents can also be used in the emulsion, either alone or in

combination with one or more surfactants, to stabilize the emulsion. Suitable polymeric

. suspending agents are those conventionally used in emulsion polymerization processes

and include, for example, water-soluble organic suspending agents such as, for example,
polyacrylic acid and polyvinyl alcohol.

Generally, the polymeric suspending agent is provided in the emulsion in an
amount ranging from about 0.05 to about 8 parts by weight for 100 parts by weight of the
total free-radically copolymerizable material. Typically, the polymeric suspending agent

is provided in an amount ranging from about 0.1 to about 3 parts by weight.

Crosslinking Agents

Crosslinking agents can optionally be added to the emulsion composition to
influence the cohesive strength and other properties of the pressure sensitive adhesive.
For example, a desired additive may have been added to the emulsion that results in a
reduction in the emulsion’s cohesive strength, and the crosslinking agents may be
necessary to enhance the cohesive strength. The crosslinking agents are copolymerizable.
Examples of copolymerizable crosslinking agents include, but are not limited to, alkyl
diacrylates, alkyl triacrylates, and alkyl tetracrylates. Examples of specific crosslinking
agents include 1,2-ethylene glycol diacrylate, 1,4-butanediol diacrylate, 1,6-hexanediol
diacrylate, 1,8-octanediol diacrylate, 1,12-dodecanediol diacrylate), trimethylol propane
triacrylate, pentaerythritol tetraac'ryla_te, and mixtures thereof.
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Other suitable multifimctional crosslinking agents include oligomeric and
polymeric multifunctional acrylates and methacrylates. Specific examples of these
materials include poly(ethylene oxide) diacrylate, poly(ethylene oxide) dimethylacrylate,
and difunctional urethane acrylates, such as, for example, EBECRYL 270 and EBECRYL
230 (1500 weight average molecular weight and 5000 weight average molecular weight
acrylated urethanes, respectively) both available from Radcure Specialties, Atlanta, GA.

Crosslinking agents, when used, are generally provided in the emulsion in an
amount ranging from about 0.005 to about 5 parts by weight for 100 parts by weight of the
total free-radically copolymerizable material. Typically, the crosslinking agents are
provided in an amount ranging from about 0.01 to about 2 parts by weight.

Chain Transfer Agents

The emulsion composition can optionally include a chain transfer agent. Chain
transfer agents can be added to control the molecular weight of the resulting pressure
sensitive adhesive. The chain transfer agent acts to terminate the polymerization process,
causing the polymer to have a shorter chain length, and thus a lower molecular weight
than it might otherwise have. In general, the more chain transfer agent added, the lower
the average molecular weight of the resulting polymer. Examples of suitable chain
transfer agents include, but are not limited to, organic solvents, carbon tetrabromide,
alcohols, mercaptans, and mixiures thereof. Specific suitable chain transfer agents include
n-dodecyl mercaptan, isooctylthioglycolate, pentaerythritol tetrathioglycolate, and carbon
tetrabromide.

Chain transfer agents, when used, are provided in the emulsion in an amount
ranging from about 0.01 to about 5 parts by weight for 100 parts by weight of the total
free-radically copolymerizable material. Typically, the chain transfer agent is provided in
an amount ranging from about 0.05 to about 2 parts by weight.

In some embodiments, the combination of relatively low levels of crosslinking
agent and chain transfer agent can result in high peel adhesion and shear properties. In
these embodiments, the amount of crosslinking agent can be, for example, 0.01 to 0.1 parts
by weight and the amount of chain transfer agent can be for example, 0.01 to 0.1 parts by
weight.
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Thickeners

Optionally, thickeners can be added to an emulsion composition, preferably after
polymerization, to influence the viscosity or other properties of the resulting pressure
sensitive adhesive. Adding a polymer or copolymer thickener, a polysaccharide thickener,
or an inorganic thickener to the emulsion can alter the viscosity of the polymerized
emulsion. Typically, increasing the viscosity of the emulsion can make it easier to coat
the emulsion onto a substrate.

A polysaccharide or inorganic thickener can be used to modify the emulsion's
coating viscosity or when thicker pressure-sensitive adhesive layers are desired. Examples
of suitable polysaccharide thickeners include starches such as corn starch. Suitable
inorganic thickening agents include, for example, silicas such as hydrophilic silica
available under the trade name CAB-O-SIL MS from Cabot Corporation, Tuscola, IL and
colloidal silicas available under the trade names NALCO 2327 or NALCO 1034A from
Nalco Chemical Co., Naperville, IL.

‘When used, the polysaccharide or inorganic thickener is provided in the emulsion
in an amount ranging from about 1 to about 10 parts by weight for 100 parts by weight of
the total free-radically copolymerizable material. Typically, the polysaccharide or
inorganic thickener is provided in an amount ranging from about 1 to about 3 parts by

weight.

Tackifying Agents

Optionally, tackifying agents can be added to the emulsion composition to alter
peel and shear properties of the resulting pressure sensitive adhesive. Useful tackifying
agents include, for example, hydrogenated hydrocarbon resins, phenol modified terpenes,
poly(t-butyl styrene), synthetic hydrocarbon resins, rosin esters, vinyl cyclohexane, and
the like. Specific examples of such tackifying agents include synthetic and natural resins
available as REGALREZ 1085, REGALREZ 1094, REGALREZ 6108, PICCOLYTE S-
115, and FORAL 85, all from Hercules Chemical Co., Wilmington, DE; WINGTACK
PLUS, from Goodyear Tire and Rubber Company, Akron, OH; ESCOREZ 1310, from
Exxon Chemical Co., Houston, TX; and ARKON P-90, from Arakawa Chemical
Industries, Osaka, Japan.
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‘When used, the tackifying agent is provided in the emulsion in an amount ranging
from about 0.5 to about 30 parts by weight for 100 parts by weight of the total free-
radically copolymerizable material. Typically, the tackifying agent is provided in an
amount ranging from about 1 to about 15 parts by weight.

Initiators

One of the major advantages of the present invention is that chemical free radical
initiators are not needed to initiate the polymerization process. Subjecting the water phase
of the emulsion to gamma rays generates hydrogen and hydroxyl free radicals (on the
order of 1 hydrogen radical and 3 hydroxyl radical per 100 eV of absorbed energy). These
free radicals are highly reactive and provide free radical initiation without the need of
chemical initiators. Additionally, gamma rays cause monomer decomposition in the oil
droplets, which also generates free radicals that initiate polymerization in the oil droplets.

If desired, however, chemical initiators (e.g., thermal initiators or photoinitiators)
can be used, for example, for pre- or post-irradiation polymerization or crosslinking.
Adding initiators can change the properties of the resulting pressure sensitive adhesive.
For example, initiators may increase shear strength and decrease peel adhesion or vice

versa. In addition, initiators may decrease the optical clarity of the polymer.

Other Additives

The emulsion of the invention can optionally contain one or more conventional
additives including plasticizers, dyes, pigments, fillers, antioxidants, antiozonants, UV
stabilizers, electro-conductivity agents, reflective agents, antistatic agents, inorganic
materials, biocides (bactericides, fungicides), bioactive agents, pharmaceutical aids,

releasable agents, cosmetic agents, rheology modifiers, and the like.

Solids Contents

The emulsions described herein can be made with a higher content of solids (and in
particular, the polymerizable material,) than is generally possible when using other batch
emulsion methods (which typically have a solid content of about 20%). Advantageously,
a high solids content typically provides a viscosity that makes it €asy to coat the emulsion

and to control the coating thickness. The high solids content can also reduce any heat or
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time needed to obtain a dry polymerized coating because there is a smaller amount of
water used to make the emulsion. A lower solids emulsion can still be used but will
typically have a lower viscosity unless a thickener is present to increase the viscosity of
the polymerized emulsion.

At the relatively low dose rates typically used in the experiments described herein,
there was generally no coagulation, even at 40% to 50% solids. Higher dose rates
generally caused emulsions with high solids contents to coagulate. The ability to agitate

or to circulate the emulsion may reduce the tendency to coagulate.

Substrates

The emulsions, after polymerization by gamma irradiation, are easily coated onto
substrates, e.g., backing materials, by conventional coating techniques. A wide variety of
substrates can be used. The substrates can be any materials conventionally used as a tape
backing, optical film, or any other flexible material. Examples of suitable substrates
include substrates made of paper or wood, plastic films made using polymers such as, for
example, polyethylene, polypropylene, polyurethane, polyvinyl chloride, polyester (e.g.,
polyethylene terephthalate), polystyrene, polycarbonates, polyphenylene oxides,
polyimides, polyvinyl fluoride, polyvinylidene fluoride, polytetrafluoroethylene, cellulose
acetate, and ethyl cellulose.

Substrates can also be made of fabric such as woven fabric formed from threads of
synthetic or natural materials such as cotton, nylon, rayon, glass, ceramic materials, and
the like, or nonwoven fabric such as air-laid webs of natural or synthetic fibers, or blends
of these. Materials normally used as release liners can also be used. These include
silicone-coated polymer film or paper and polyethylene-coated paper. The substrates can
also be formed of metal and other inorganic materials such as, for example, aluminum foil,
copper foil, tin foil, steel panels, metalized polymer films, metalized plastics, glass, and
ceramic sheet materials. The substrates can be flexible or rigid, and can be occlusive or
non-occlusive. The substrates can take the form of any article conventionally known to be
used with pressure sensitive adhesive compositions including articles such as, for example,

labels, tapes, signs, covers, marking indicia, and the like.
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Preparation of the Emulsion

A variety of known methods are available for making the emulsions using the
componerts described above. An example of one method includes mixing deionized
water with the emulsifier in a homogenizing mixer. Examples of suitable mixers include
the Greerco homogenizer (Model #12, Greerco Corp., Hudson, NH) and the OMNI
homogenizer (Model #17105, OMNI Corp. International, Waterbury, CT). The surfactant
and water mixture can be initially agitated at a medium speed setting to dissolve the
surfactant in the deionized water and then mixed at a high speed setting to form an
emulsion.

Once the emulsifier is dissolved in the water, the other components of the emulsion
(which have typically been premixed) are added to the emulsion. The emulsion is mixed

under high shear conditions until small droplets are formed.

Gamma Irradiation of the Emulsion

The emulsion is irradiated with gamma rays to initiate polymerization by free
radical generation in response to the gamma rays impacting the emulsion. In particular,
the gamma rays generate free radicals throughout the emulsion. This was done by way of,
for example, Compton electrons that result from the elastic collision between a photon and
a loosely bound or unbound electron. In this process, the photon energy is reduced and the
electron is set in motion.

In one embodiment, the entire emulsion is positioned in proximity to a gamma ray
source. Preferably the emulsion is irradiated in a substantially uniform manner by either
repositioning the source or material, or agitating the material during irradiation. In another
embodiment, only a portion of the emulsion is brought into proximity to the gamma ray
source to generate free radicals. This portion can be returned to and mixed with the
remainder of the emulsion to initiate polymerization in the remainder. In yet another
embodiment, the emulsion is pumped around the gamma ray source (for example, through
a tube looped around the gamma source) so that at least a portion of the emulsion is in
proximity to the gamma rays at each point in time.

In general, the dose rate in a gamma irradiator is determined by the source strength

at the time of irradiation and the distance from the source to the target (e.g., emulsion).
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Generally, suitable gamma ray sources emit gamma rays having energies of 400 keV or
greater. Typically, suitable gamma ray sources emit gamma rays having energies in the
range of 500 keV to 5 MeV. Examples of suitable gamma ray sources include cobalt-60
isotope (which emits photons with energies of approximately 1.17 and 1.33 MeV in nearly
equal proportions) and cesium-137 isotope (which emits photons with energies of
approximately 0.662 MeV). The distance from the source can be fixed or made variable
by changing the position of the target or the source. The flux of gamma rays emitted from
the source generally decays with (1) the square of the distance from the source and (2)
duration of time as governed by the half-life of the isotope.

Once a dose rate has been established, the absorbed dose is accumulated over a
period of time. During this period of time, the dose rate may vary if the source or target is
in motion. For any given piece of equipment and irradiation sample location, the dosage
delivered can be measured in accordance with ASTM E-1702 entitled ‘“Practice for
Dosimetry in a Gamma Irradiation Facility for Radiation Processing”. Specifically, all of
the dosimetry reported in the examples was done per ASTM E-1275 entitled “Practice for
Use of a Radiochromic Film Dosimetry System” using Far West Technologies (Goletd,
CA) thin film dosimeters.

Dose is the total amount of energy absorbed per mass unit. Dose is commonly
expressed in Megarads (Mrads) or kiloGrays (kGy). A Mrad is 10 kiloGrays. A Gray is
defined as the amount of radiation required to supply 1 joule of energy per kilogram of
mass. The total dose received by the emulsion depends on a number of parameters
including source activity, residence time (i.e., the total time the sample is irradiated), the
distance from the source, and attenuation by the intervening cross-section of materials
between the source and emulsion. Dose is typically regulated by controlling residence
time, distance to the source, or both.

The total dose received by the emulsion can affect the extent of polymerization and
crosslinking, Generally, it is desirable to convert at least 80 wt.% of the (meth)acrylate
monomer material to polymer. Preferably, at least 90 wt.% or 95 wt.% of the
(meth)acrylate monomer material is converted to polymer. The dose needed for
polymerization depends on a variety of factors including, for example, the materials used
in the emulsion, the desired properties, the presence/absence and amount of crosslinking

agent, the presence/absence and amount of chain transfer agent, the presence and amount
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of free radical inhibitors or free radical scavengers present, such as dissolved oxygen, and
the desired properties. Generally, it was found that doses in the range of about 0.02 to 40
kGy were suitable. In particular, it was found that doses of about 0.5 to 5 kGy at the dose
rate used in the examples were sufficient to obtain pressure sensitive adhesives with a
range of peel adhesion and shear properties that were suitable for a wide range of
applications. Total dose requirement for any given composition will vary as a function of
the dose rate. As the dose rate increased, the dose requirement increased to overcome an
increased level of radical termination that typically takes place.

Higher dose rates typically result in formation of low molecular weight material
and highly-crosslinked polymers. Excessive crosslinking and/or the presence of low
molecular weight material not incorporated in the gel may cause a pressure sensitive
adhesive to have low shear and peel adhesion properties. Thus, a dose rate can be selected
based on desired properties for a specified composition. The dose rate is typically in the
range of 0.0001 kGy/sec and 0.01 kGy/sec.

Generally, the emulsion is purged (e.g., for two minutes or more) of air using
nitrogen or another inert gas because oxygen inhibits free-radical polymerization. This
purging can facilitate polymerization and high conversion in a desired period of time.
However, purging is not necessary when the containers that hold the emulsion contain
only a small amount of trapped air. A higher dose rate or a longer exposure tite would be
needed to achieve a similar degree of polymerization absent purging if a significant
amount of oxygen were present.

The formation of pressure sensitive adhesives using gamma irradiation of an
emulsion appears to be relatively temperature independent as long as the emulsion remains

stable during polymerization.

Coating Techniques

Techniques for coating the polymerized emulsions on the substrate include any
method suitable for solution coating on a substrate such as, for example, spray coating,
curtain coating, casting, calendaring, knife coating, doctor blade coating, roller coating,
reverse roller coating, extrusion coating, and die coating. Any desired thickness can be

selected (e.g., a thickness of 25 to 50 pm). Generally, the coated and polymerized
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emulsion is allowed to dry to evaporate the water. This can be done by air drying or

drying in an oven.

This invention is further illustrated by the following examples which are not

intended to limit the scope of the invention.

EXAMPLES
The following tests have been used to evaluate polymerized compositions of the
Examples:
CONVERSION PERCENTAGE

This test measures the amount of monomer converted into polymer. The test was
performed on samples after they were subjected to gamma irradiation. The sample was
placed in a preweighed aluminum pan (my,). The sample was weighed before (mwer) and
after (mary) being placed in an oven for 2 hours at 100°C. The conversion percentage (CP)
was computed as follows:

CP = (Mary-Mipan)(100)/(Myer-Mpen)(S)
where S is the calculated solids percentage of the total polymerizable material.
Reported values are generally an average of 2 samples. Estimated error in the

measurement is +1.0%.

GEL PERCENTAGE

This test measures the amount of crosslinking obtained by the polymerization. The
gel percentage (GP) was determined in the following manner. Approximately 0.5 g of dried
sample was weighed to give Mriginat and then submerged in about 25 ml of heptane in a
sealed glass jar. The jar was shaken for 24 hours by a shaker, Model 6010 available from
Eberbach Scientific Instruments and Apparatus. The contents of the jar were then filtered
through a No. 4 size filter paper (12.5 cm circle), available from Whatman Intemnational Ltd.,
Maidstone, England, to separate any crosslinked polymer, i.e., the insoluble portion. The
extracted portion was collected in a preweighed glass jar, air-dried, weighed and recorded to
provide Meyier. The percent extractable and the gel percentage were calculated by the

following formulas;
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% extractable = Mextract X 100 / Moriginal
GP =100 - % extractable.
The results are generally an average of two samples and are reported to the nearest

whole number.

POLYMERIZED COATING THICKNESS

The measured thickness of the polymerized coating was determined using a digital
micrometer (Type ID-110E, Mitutoyu Mfg. Co., Ltd., Japan). The micrometer measured
the thickness of both the dried, coated substrate sample and the uncoated substrate from
the same roll of substrate. The value for the thickness of the uncoated substrate is
generally an average of six measurements. The measured coating thickness was then
determined by subtracting the thickness of the substrate from the thickness of the coated

substrate.

PEEL ADHESION

Pressure-sensitive adhesive tape samples were cut about 1.27 cm wide and about
12 cm long. These tape samples were tested for 180° peel adhesion to a clean glass plate.
Prior to being cut, the samples were placed for 20 to 30 minutes in an oven set at 65°C and
then allowed to rest overnight in a controlled environment in which the temperature was
maintained at 22°C and relative humidity maintained at 50%. The samples were adhered
to the glass test surfaces by rolling the tape with one pass of a 2.1 kg (4.5 Ib) hard rubber
roller moving at a speed of about 230 cm/min (90 in/min) leaving a free end.

The free end was attached to the adhesion scale of an Analogic Measurometer I
Model 3M90 slip/peel tester, available from Instrumentors, Inc., which was set to record
average peel values. The free end of the tape was doubled back so the tape was nearly
touching itself to cause the angle of removal to be 180°. The tape samples were pulled in
this 180° geometry at a 230 cm/min (90 in/min) peel rate. Peel Adhesion values were
measured in 0z/0.5 in and converted to N/dm. Repotted values are generally from a single
measurement.

Any adhesive failure occurred at the interface of the adhesive and the test surface

unless noted otherwise. Shocky, irregular peel is indicated by “sh”. In some instances,
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cohesive failure of the adhesive resulted in some adhesive from the sample transferring to

the test surface and this is indicated by a “t”” in the tables.

SHEAR STRENGTH

Shear strength was measured on pressure-sensitive adhesive tape samples at room
temperature (RT) and at elevated temperature. The pressure-sensitive adhesive tape was
placed for 20 minutes in an oven set at 65°C and then allowed to rest overnight in a
controlled environment in which the temperature was maintained at 22°C and relative
humidity maintained at 50%. A section of tape was cut and adhered to a stainless steel
panel by hand with a 2.1 kg (4.5 1b) roller using 6 passes. A 12.7 mm x 12.7 mm
(0.5 in x 0.5 in) portion of tape was in firm contact with the steel panel and an additional
end portion of the tape was free. A 1000 gr‘am weight was adhered to the free end portion
of the tape. The RT samples were placed on a rack in a room at 25°C and 50% relative
humidity. The elevated temperature samples were placed in an oven set at 70°C and aged
10 minutes before the weight was attached. In both cases, the steel test panel was tilted 2°
from vertical (creating a 178° angle with the tape) to insure against any peel forces acting
on the sample. The amount of time for the tape to separate from the test panel was
recorded. The test was typically stopped at 10,000 minutes unless otherwise noted.
Reported values are a measurement from a single sample, except a second sample was
usually tested if the first failed in less than 10,000 minutes. Mode of failure was adhesive
unless otherwise noted. Adhesive failure resulted in a split of the adhesive with a residue
on the steel plate. If so much adhesive remained on the steel plate that the sample more or
less separated or “split” into two layers, it is noted as *sp.” If some adhesive residue
remained on the steel plate it is noted as "r".

The following terminology and trade names are used in the Examples:
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Type

Trade Name

Source

iso-octyl acrylate

Sartomer Chemical Co., West
Chester, Pennsylvania

n-butyl acrylate Aldrich Chemical Co.,
Milwaukee, Wisconsin
2-ethyl hexyl methyl acrylate Aldrich Chemical Co.,
Milwaukee, Wisconsin
n-octyl acrylate Aldrich Chemical Co.,
Milwaukee, Wisconsin
acrylic acid Aldrich Chemical Co.,

Milwaukee, Wisconsin

sodium dodecy! benzene
sulfonate (anionic)

SIPONATE DS-10

Rhone-Poulenc, Inc., Cranberry,
New Jersey

ammonium lauryl sulfate STANDAPOL A |Henkel Corp., Cosphe, Canada
o-propylene-p-alkyl HS-10 DKS, International, Inc., Japan
phenolpolyethoxy ammonium
sulfate (polymerizable)
alkylene polyalkoxy sulfate MAZON SAM-  |PPG Industries, Gurnee, Iilinois
(polymerizable) 211-80
trimethylopropane triacrylate Radcure Specialties, Inc.,
Chicago, [linois
pentaerythritol tetraacrylate ARCO Specialty Chemicals Co.,
New Town Square, Pennsylvania
n-dodecyl mercaptan Aldrich Chemical Co.,
Milwaukee, Wisconsin
rosin glycerol ester FORAL 85 Hercules Chemical Co.,
'Wilmington, Delaware
'modified aliphatic hydrocarbon [WINGTACK Goodyear Tire and Rubber Co.,
resin PLUS Akron, Ohio
saturated hydrocarbon resin ARKON P-90 Hercules Chemical Co.,
Wilmington, Delaware
polyterpene resin PICCOLYTE Hercules Chemical Co.,
S-115 Wilmington, Delaware
synthetic hydrocarbon resin ESCOREZ 1310  |[Exxon Chemical Co., Houston,

Texas

polyethylene terephthalate film
chemically treated an aminated
polybutadiene priming agent, 38
micrometers thick

3M Company, St. Paul,
Minnesota

Throughout the Examples, the Specification and the Claims, all parts, percentages,
and ratios are by weight unless otherwise indicated. Parts of any emulsion components are

based on 100 parts by weight of the (meth)acrylate monomer material and the polar, free-
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radically copolymerizable material. Most measurements were recorded in English units

and converted to SI units.

General Experimental Method

Except as indicated in the individual Examples, the following method was used. A
(meth)acrylate emulsion was made by adding 0.53 parts of emulsifier, SIPONIC DS-10, to
75 parts of deionized water in a beaker. The contents were mixed with a homogenizing
mixer (available as model 17105 from Ommni Corporation International, Waterbury,
Connecticut) until the emulsifier dissolved. Then 25 parts of a free-radically
polymerizable premix containing 96 wt % (meth)acrylate monomer material, iso-octyl
acrylate, and 4 wt % polar free-radically copolymerizable matetial, acrylic acid, was added
to the beaker and homogenized to form a polymerizable emulsion. The emulsion had a
weight percent solids of total free-radically polymerizable material of about 25% and
contained a uniform size distribution of (meth)acrylate-based oil droplets typically having
a diameter 1.0 pm or less as observed using an optical microscope.

The emulsion was poured into 4 oz. glass jars and then purged with nitrogen for
about one minute before the jars were sealed and put into 130 mm (5 in) diameter steel
cans. The cans were placed in a chamber on a shelf that surrounded a gamma irradiation
source (the whole chamber is available as an IR-100 tote box gamma irradiation facility
built by MDS Nordion Inc., Kanata, Ontario). The facility was generally operated at a
source strength of about 1.8 MegaCurie (MCi). The source included a rack of "pencils"”
containing cobalt-60 isotope located at the center of a source-pass mechanism. The
source-pass mechanism was a conveyor-like mechanism that allowed multiple totes to
pass continuously in a shuffle/dwell stepwise muammer from one position to another
position in series through the irradiation chamber to receive a specified dose of radiation.
Within the irradiation chamber, but outside of the source-pass mechanism, was a track for
a single small tote to pass through the chamber to a position where it received a reasonably
constant dose rate for a specified period of time. The cans were placed in this small tote,
moved to the position for irradiation, irradiated for half of the allotted time, removed and
rotated 180 degrees, returned to the position and irradiated for the second half of the

allotted time and removed.
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Typically, the temperature of the contents of the glass jar was allowed to rise with
the adiabatic heat of reaction. The chamber temperature was between 38 and 43°C. The
actual peak temperature of the emulsion during the exothermic polymerization was as high
as 60°C.

In some Examples, the emulsions were kept cool using ice. When ice was used as a
heat sink, pre-chilled jars of emulsion were packed in cans of ice.

The polymerized emulsion was applied to primed polyethylene terephthalate (PET)
substrate with a knife coating apparatus that had a gap of approximately 100 micrometers.
The sample of coated wet polymerized emulsion was dried in a circulating air oven at a
temperature of 65°C for between 20 and 30 minutes and conditioned in the controlled
environment room overnight before testing.

In some embodiments, or exaniples, the pressure sensitive adhesive was formed using
a dose of no more than SkGy at a dose rate of between 0.0008 and 0.0015 kGy/sec.

In some embodiments, or examples, the shear strength of the pressure sensitive
adhesive, when coated on a substrate, was at least 5000 minutes at room temperature using a
1kg weight, In addition, in some embodiments, the pressure sensitive adhesive, when coated
on a substrate, also had a peel adhesion of at least 20 N/dm.

In some embodiments, or examples, the peel adhesion of the pressure sensitive
adhesive, when coated on a substrate, was at least 20 N./dm.

In some embodiments, or examples, the emulsion composition of the pressure

sensitive adhesive has at least 40 wt.% solids.

Example 1
Effect of Crosslinker Concentration

The samples were made as described above in the general experimental method,
except that the crosslinker trimethylolpropane triacrylate (TMPTA) was added as part of
the premix in the amounts indicated in Table 1. The residence time in the gamma
irradiator was about 4 hours to accumulate a dose of about 17 kGy. Each sample was
measured for latex particle size, percent conversion, percent gel, peel adhesion, RT shear
strength and pressure-sensitive adhesive thickness. The particle size was measured using
the N-Coulter 4 Particle Analyzer, available from Coulter Corporation, Miami, FL. The

results are shown in Table 1.
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Table 1
Crosslinker | Latex | Conver- | Gel Peel Shear PSA
Particle sion Adhesion ) Thickness
parts Size Yo % N/dm min pwm
nm

1-A none 154 94.1 97.5 331 7106 48
1-B 0.025 161 100.0 | 98.5 309 10K+ 48
1-C 0.050 153 99.6 98.8 304 1040 51
1-D 0.075 155 100.0 | 99.1 26.7 10K+ 43
1-E 0.10 158 99.7 99.1 285 10K+ 51
1-F 0.24 164 99.5 99.3 11.2 10K+ 30
1-G 0.50 165 100.0 | 99.6 6.8 10K+ 43
1-H 0.75 165 99.9 99.8 3.1 10K+ 46
1-I 1.00 172 99.3 99.8 22 10K+ 38

As seen in the above table, high shear pressure-sensitive adbesives can be made
with a wide range of peel adhesion. The peel adhesion from glass sharply decreased as the
concentration of the crosslinker increased above 0.1, while the shear strength remained
uniformly high. The static shear strength was almost always high (10 K+ minutes), and

the percent conversion and gel content were over 94 percent.

Example 2
Variation in Crosslinker Amount, Dose, and Temperature

The samples of Example 2 were made in the same manner as described in the
general experimental method except that the weight percent solids of the polymerizable
content of the emulsion was 40 percent, a crosslinker trimethylolpropane triacrylate was
added as part of the premix in the amounts indicated in the Tables, and the dose was
different as indicated in the Tables. In addition, some of the samples were placed in ice
while polymerized to control temperature, as indicated in the Tables.

Each sample was measured for percent conversion, percent gel and peel adhesion.
The results are shown in Table 2-A through 2-F. The shear for each of the samples was
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over 10,000 minutes except for Examples 2-M and 2-N which were 2546 (sp) and 91 (sp),

respectively.
Table2-A
Dose = 2.8 kGy, Exposure Time = 30 minutes, Dose Rate = 0.0015 kGy/sec
Crosslinker Conversion Gel Peel Adhesion Tempetature
N/dm Control
parts % %
2-A-1 0 89.3 89.1 45.3 none
2-A-2 0.025 ‘91.3 - 40.5 none
2-A-3 0.050 94.4 96.8 40.0 none
2-A-4 0.075 93.5 - 36.4 none
2-A-5 0.100 99.4 - 37.7 none
2-B-1 0 90.5 92.0 374 ice
2-B-2 0.025 93.1 - 36.8 ice
2-B-3 0.050 96.7 98.1 335 ice
2-B-4 0.075 95.4 — 324 ice
2-B-5 0.100 96.4 - 315 ice
Table2-B
Dose = 4.4 kGy, Exposure Time = 60 minutes, Dose Rate = 0.0012 kGy/sec
Crosslinker Conversion Gel Peel Adhesion ‘Temperature
N/dm Control
parts % Yo
2-C-1 0 90.6 93.8 405 ‘none
2-C-2 0.025 94.2 -— 39.2 none
2-C3 0.050 97.0 972 34.6 none
2-C4 0.075 94.9 - 353 none
2-C-5 0.100 97.9 - 353 none
2-D-1 0 91.9 91.6 37.9 ice
2-D-2 0.025 94.4 — 359 ice
2-D-3 0.050 96.6 983 32.0 ice
2-D-4 0.075 97.3 - 25.0 ice
2-D-5 0.100 98.4 - 309 ice
25



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 |

WO 02/053602

Table 2-C
Dose = 6.7 kGy, Exposure Time = 90 minutes, Dose Rate = 0.0012 kGy/sec

(59)
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Crosslinker Conversion Gel Peel Adhesion Temperature
N/dm Control
parts % %
2-E-1 0 90.3 - 35.7 none
2-E-2 0.025 959 - 385 none
2-B-3 0.050 97.7 96.5 385 none
2-E-4 0.075 95.9 - 324 none
2-B-5 0.100 97.5 - 32.4 none
2-F-1 0 922 95.1 37.4 ice
2F-2 0.025 95.0 - 28.0 ice
2-F-3 0.050 98.8 98.7 274 ice
2-F4 0.075 96.8 - 22.1 ice
2-F-5 0.100 98.6 - 27.8 ice
Table 2-D
Dose = 10.0 kGy, Exposure Time = 120 minutes, Dose Rate = 0.0014 kGy/sec
Crosslinker Conversion Gel Peel Adhesion Temperature
N/dm Control
parts Y% %
2-G-1 0 91.0 95.7 39.6 none
2-G-2 0.025 94.5 - 357 none
2-G-3 0.050 98.8 96.8 30.0 none
2-G-4 0.075 972 - 285 none
2-G-5 0.100 98.1 — 315 none
2-H-1 - 0 91.2 95.8 329 ice
2-H-2 0.025 94.3 - 254 ice
2-H-3 0.050 98.1 98.4 28.7 ice
2-H-4 0.075 96.5 - 263 ice
2-H-5 0.100 97.5 — 223 ice
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Table 2-E
Dose = 13.0 kGy, Exposure Time = 180 minutes, Dose Rate = 0.0012 kGy/sec
Crosslinker Conversion Gel Peel Adhesion Temperature
N/dm Control
parts % %
21-1 0 923 96.6 374 none
212 0.025 95.6 — 339 none
2-1-3 0.050 99.8 98.2 30.0 none
2-14 0.075 985 — 294 none
215 0.100 98.9 - 30.9 none
Table 2-F
Dose = 13.5 kGy, Exposure Time = 180 minutes, Dose Rate = 0,00125 kGy/sec
Crosslinker Conversion Gel Peel Adhesion Temperature
N/dm Control
parts % %
2-J-1 0 93.0 97.2 34.6 ice
2-J2 0.025 96.3 — 23.7 ice
2-1-3 0.050 98.7 99.3 29.8 ice
2-1-4 0.075 98.2 — 258 ice
2-J-5 0.100 98.3 - 25.0 ice
Table 2-G
Dose = 16.3 kGy, Exposure Time = 240 minutes, Dose Rate = 0.0011 kGy/sec
Crosslinker Conversion Gel Peel Adhesion Temperature
N/dm Control
parts % %
2-K-1 0 93.0 97.1 359 none
2K-2 0.025 96.8 - 333 none
2-K-3 0.050 994 98.2 313 none
2-K-4 0.075 98.4 - 272 none
2K-5 0.100 99.9 e 278 nene
27
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Table 2-H
Dose =17.9 kGy, Exposure Time = 240 minutes, Dose Rate = 0.0012 kGy/sec
Crosslinker Conversion Gel Peel Adhesion Temperature
N/dm Control
parts % %
2-L-1 0 89.5 1982 30.0 ice
2-L-2 0.025 94.9 - 29.1 ice
2-L-3 0.050 98.3 98.6 283 ice
2-L-4 0.075 96.6 —_ 22.6 ice
2-L-5 0.100 98.3 - 254 ice
Table 2-1
Dose = 3.1 kGy, Exposure Time = 70 minutes, Dose Rate = 0.0007 kGy/sec
Crosslinker Conversion Gel Peel Adhesion Temperature
N/dm Control
parts % %
2-M 0 - - 49.3 none
2N 0 355 none
2:07 0 - — - none

1: Partially coagulated.
2: Coagulated — unable to coat sample.

The effects of crosslinker level, dose, and temperature control on the
polymerization and adhesive properties can be seen in the Tables. The primary effect of
crosslinker, when introduced in small amounts, is to accelerate the polymerization to
higher conversion. Increasing levels of crosslinker to speed up the conversion typically
lowers the peel adhesion. In this series of experiments, there appears to be little advantage
to increasing the dose beyond about 2 to about 3 kGy. An increase in dose generally
involves longer residence times and the peel adhesion appeats to decrease slightly. The
percent conversion and gel content ranged from about 90 to 98%.

The data in the Tables also shows the effect of polymerizing temperature on the
properties of the resulting pressure sensitive adhesive. Lower temperature slightly
increased conversion and slightly lowered the gel percentage, suggesting that a higher

molecular weight was achieved. This, in turn, resulted in slightly lower peel adhesion
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values. It does not appear that temperature is a major factor in this polymerization and

does not couple advantageously with level of crosslinker or dose.

Example 3
Effect of Low Dose Level

The samples of Example 3 were made in the same manner as described in the
general experimental method except that a crosslinker trimethylolpropane triacrylate was
added as part of the premix in the amounts indicated in the Tables and the dose was
different as indicated in the Tables. In addition, some of the samples were placed in ice to
control temperature, as indicated in the Tables. Each sample was measured for percent
conversion, peel adbesion and RT shear strength. The results are shown in Table 3-A
through 3-E

Table 3-A
Dose = 0.56 kGy, Exposure Time = 12 minutes, Dose Rate = 0.0008 kGy/sec
Crosslinker Conversion Peel Adhesion | Shear Strength Temperature

Conitrol

parts % Ndm min )
3-A-1 0 0.6 —-- - none
3-A-2 0.025 0.6 —-- - none
3A3 0.050 369 one
3-A-4 0.075 85.0 355 10K+ none
3-A-5 0.100 87.1 414 10K+ none
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Table 3-B
Dose = 0.62 kGy, Exposure Time = 12 minutes, Dose Rate = 0.0009 kGy/sec

Crosslinker Conversion Peel Adhesion | Shear Strength Temperature
Control
parts % N/dm min
3-B-1 o 07 — — ice
3-B-2 0.025 71.6 - — ice
3-B-3 0.050 90.2 377 10K+ ice
3-B-4" 0075 100.0 ice
3-B-5 0.100 84.7 38.8 10K+ ice

: Coagulated — unable to coat adhesive with knife coater.

Table 3-C
Dose = 1.1 kGy, Exposure Time = 24 minutes, Dose Rate = 0.0008 kGy/sec

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 |

Crosslinker Conversion Peel Adhesion | Shear Strength Temperature
Control
parts % N/dm min
3-C-1 0 579 - - none
3-C2 0.025 57.0 - - Tone
3-C3 0.050 94.4 38.8 10K+ none
3-C-4 0.075 96.7 27.6 10K+ none
3-C-5 0.100 95.1 33.1 10K+ none
Table3-D
Dose = 1.5 kGy, Exposure Time = 24 minutes, Dose Rate = 0.0010 kGy/sec
Crosslinker Conversion Pecl Adhesion | Shear Strength Temperature
Control
parts % N/dm min
3-D-1 0 69.4 - - ice
3-D-2 0.025 95.0 28.3 10K+ ice
3-D-3 0.050 92.0 383 10K+ ice
3-D-4 0.075 95.2 34.6 10K+ ice
3-D-5 0.100 944 30.0 10K+ ice
30
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Table3-E
Dose = 2.2 kGy, Exposure Time = 36 minutes, Dose Rate = 0.0010 kGy/sec
Crosslinker Conversion Peel Adhesion | Shear Strength Temperature
Control
parts % N/dm min
3-B-1 0 97.6 45.1 10K+ none
3-E-2 0.025 84.6 42.7 10K+ none
3-E-3 0.050 99.8 339 10K+ none
3-E-4 0.075 93.9 33.5 10K+ none
3-BE-5 0.100 96.5 27.6 10K+ none

As seen in the Tables, high shear strength emulsion-polymerized acrylate pressure-
sensitive adhesives with high peel adhesion to glass were made at gamma irradiation dose
levels as low as 0.56 kGy. As lower dose levels were used, the concentration of

crosslinker had a more pronounced effect on conversion percentage.

Example 4 and Comparative Example 4

Variation of Amount of Polar, Free-radically Copolymerizable Material

The samples of Example 4 were made in the same manner as described in the
general experimental method except that the weight percent solids of the total free-
radically polymerizable material of the emulsion was 40 percent, no crosslinker was
added, and the ratio of iso-octyl acrylate monomer to acrylic acid was varied, as indicated
in Table 4. The dose was 3.1 kGy, the residence time was 70 minutes, and the dose rate
was 0.0007 kGy/second.

Comparative Example 4 (CE-4) is the same as the other samples of Example 4
except no acrylic acid was added.

Each sample was measured for percent gel, latex particle size, peel adhesion and

RT shear strength. The results are shown in Table 4.
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Table 4
Wt.% Ratio of Gel Latex Peel Shear
iso-octyl acrylate: Particle | Adhesion
acrylic acid % Size N/dm min
nm

4-A 99:1 56.8 159 41.8 19 sp
4-B 98:2 81.2 158 392 10K+
4-C 97:3 88.1 142 29.8 10K+
4-D 95:5 93.5 183 25.4 10K+
4-F 94:6 96.5 229 26.1 10K+

4-F' 93:7 — - - -
CE-4 100:0 57.8 164 20.6 1sp

1: Coagulated — unable to coat adhesive with knife coater.

As seen in Table 4, the use of relatively small amounts of the polar, free-radically
copolymerizable material acrylic acid dramatically increased the shear strength and gel
content, as compared to CE-4, of the resulting pressure sensitive adhesive without

substantially decreasing its peel adhesion.

Example 5
Variation of Amount and Type of Emulsifier
The samples of Example 5 were made in the same manner as described in the
general experimental method except that the weight percent solids of the polymerizable
content of the emulsion was 40 percent and the amount of the emulsifier SIPONIC DS-10
was varied as indicated in Table 5-A. The dose was 3.2 kGy, the residence time was 70
minutes, and the dose rate was 0.0008 kGy/second. The samples were tested for latex
particle size, gel percent, peel adhesion and RT shear strength. Results are reported in
Table 5-A.
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Table 5-A

Emulsifier | Latex | Gel Peel Shear

Particle Adhesion
parts Size % N/dm min

nm

5-A-1 0.2 290 91.8 221 10K+
5-A-2 0.3 254 92.6 28.7 10K+
5-A-3 0.4 185 92.1 33.1 10K+
5-A-4 0.6 171 92.6 348 10K+
5-A-5 0.7 162 93.8 35.0 10K+
5-A-6 1.0 160 90.8 322 10K+

Sample 5-B was made in a manner similar to Sample 5-A-1 except the emulsifier

STANDAPOL A was used at about 0.5 parts. Sample 5-C was made in a manner similar

5 to Sample 5-A-1 except the emulsifier HS-10 was used at about 0.5 parts. Sample 5-D was
made in a manner similar to Sample 5-A-1 except the emulsifier MAZON™ SAM-211-80

was used at about 0.5 parts. Dried coating thickness ranged between 25 and 38 microns.

The samples were tested for peel adhesion and RT shear strength. Results are

reported in Table 5-B.

10
Table 5-B
Type of Emulsifier Peel Shear
Adhesion
N/dm min

5-B Standapol A 6.8 10K+

5-C HS-10 12.5 10K+

5-D Mazon Sam-211-80 41.8 9097 sp

As seen in Tables 5-A and 5-B, both type and amount of emulsifier can affect
properties of gamma-polymerized pressure-sensitive adhesives. Like pressure-sensitive

15 adhesives made with thermal processes, increased amounts of emulsifier resulted in
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decreased particle size. In addition, peel adhesion appears to generally increase with

increased amounts of emulsifier (at least up to 0.7 parts).

Example 6
Variation of Amount and Type of Crosslinker and Chain Transfer Agent
The samples in Table 6-A were made in the same manner as described in the
general experimental method except that the weight percent solids of the polymerizable
content of the emulsion was 40 percent and the amount of the crosslinker
trimethylolpropane triacrylate was varied as indicated in Table 6-A. The dose was 2.2
kQGy, the residence time was 36 minutes and the dose rate was 0.0010 kGy/second. The
samples were tested for percent conversion, peel adhesion and RT shear strength. The
results are shown in Table 6-A.
Table 6-A

Variation in Amount of Crosslinker

Crosslinker | Conv Peel Shear
Adhesion
parts % N/dm min
6-A-1 none 97.6 45.1 10 K+
6-A-2 0.025 84.6 42.7 10 K+
6-A-3 0.05 99.8 33.9 10K+
6-A-4 0.075 93.9 33.5 10 K+
6-A-5 0.1 96.5 27.6 10 K+

The samples in Table 6-B were made in the same manner as described earlier in
the general experimental method except that the weight percent solids of the
polymerizable content of the emulsion was 40 percent and the amount of the crosslinker
pentaerythritol tetraacrylate was varied as indicated in Table 6-B. The dose was 2.2 kGy,
the residence time was 36 minutes and the dose rate was 0.0010 kGy/second. The
samples were tested for percent conversion, peel adhesion and RT shear strength. The

results are shown in Table 6-B.
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Table 6-B
Use of Pentaerythritol Tetraacrylate as Crosslinker
Crosslinker | Conv Peel Shear
Adhesion
parts Yo N/dm min

6-B-1 0.05 95.6 493 94
6-B-2 0.1 96.0 48.2 10 K+
6-B-3 02 92.9 324 10K+
6-B-4 0.4 95.6 12.5 10K+
6-B-5 0.6 87.7 10.1 10K+

The samples in Table 6-C were made in the same manner as described earlier in
5 the general experimental method except that the weight percent solids of the
polymerizable content of the emulsion was 40 percent and the amount of the chain transfer
agent n-dodecylmercaptan was varied as indicated in Table 6-C. No crosslinker was used
in these experiments. The dose was 2.2 kGy, the residence time was 36 minutes and the
dose rate was 0.0010 kGy/second. The samples were tested for percent conversion, peel
10 adhesion and RT shear strength. The results are shown in Table 6-C.

Table 6-C
Use of Chain Transfer Agent
Chain Transfer | Conv Peel Shear
Agent Adhesion
parts % N/dm min
6-C-1 0.05 96.6 534 277
6-C-2 0.1 98.0 57.8 14
6-C-3 02 96.7 60.0 4 sp
6-C-4 0.4 99.1 103.1t Osp
6-C-5 0.6 98.7 76.0t 0sp
15 The samples in Table 6-D were made in the same manner as described in the

general experimental method except that the weight percent solids of the polymerizable

content of the emulsion was 40 percent and the amount of the crosslinker
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trimethylolpropane triacrylate and the chain transfer agent n-dodecylmercaptan was varied
as indicated in Table 6-D. The dose was 3.7 kGy, the residence time was 40 minutes and
the dose rate was 0.0015 kGy/second. The samples were tested for percent conversion,

peel adhesion and RT shear strength. The results are shown in Table 6-D.

Table 6-D
Use of Crosslinker and Chain Transfer Agent
Crosslinker | Chain Transfer | Conv Peel Shear
Agent Adhesion
parts parts Yo N/dm min
6-D-1 none none 97.3 442 10K+
6-D-2 0.025 0.05 92.1 574 10 K+
6-D-3 0.025 0.1 96.5 521 43r
6-D-4 0.025 0.2 96.4 534 18 sp
6-D-5 0.025 0.4 97.6 103t Osp
6-D-6 0.025 0.6 983 76.7t 0sp

The samples in Table 6-E were made in the same manner as described in the
general experimental method except that the weight percent solids of the polymerizable
content of the emulsion was 40 percent and the amount of the crosslinker
trimethylolpropane triacrylate and the chain transfer agent n-dodecylmercaptan was varied
as indicated in Table 6-E. The dose was 4.4 kGy, the residence time was 72 minutes and
the dose rate was 0.0010 kGy/second. The samples were tested for peel adhesion and RT
shear strength. The results are shown in Table 6-E.
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Table 6-E
Use of Crosslinker and Chain Transfer Agent

Crosslinker | Chain Transfer | Peel Adhesion | Shear
Agent
parts parts N/dm min
6-B-1 0.05 0.006 42.7 19r
6-E-2 0.05 0.012 36.8 1361
6-E-3 04 0.025 91.1 2sp
6-E-4 0.4 0.05 70.1t 0sp
6-E-5 0.4 0.075 33.9 6sp
6-E-6 0.4 0.1 554 8r

As seen in the Tables, different peel adhesion and shear properties can be obtained
with different crosslinkers. The presence of chain transfer agent generally resulted in an
increase in peel strength but a decrease in shear strength apparently by decreasing polymer
network formation. However, surprisingly, high peel adhesion and high shear strength
properties were observed when small amounts of both crosslinker and chain transfer agent
were used. A high shear-strength pressure-sensitive adhesive with a peel adhesion of 57.4

N/dm was obtained.

Example 7
Use of Tackifying Agent
The samples in Table 7 were made in the same manner as described in the general
experimental method except that the weight percent solids of the polymerizable content of
the emulsion was 40 percent and a tackifying agent was added (except for the first sample)
of the type and amount indicated in Table 7. The dose was 2.7 kGy, the residence time
was 60 minutes and the dose rate was 0.0008 kGy/second. The samples were tested for

peel adhesion and RT shear strength. The results are shown in Table 7.
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Table7
Tackifier Peel Shear
Adhesion
type parts N/dm min
7-A none none 25.2 10 K+
7-B-1 FORAL™ 85 1 28.7 10K+
7-B-2 FORAL™ g5 7 40.7 5808 sp
7-B-3 FORAL™ 85 10 47.7 1872 sp
7-C-1 | WINGTACK™ PLUS 1 30.9 10K+
7-C-2 | WINGTACK™PLUS | 7 320 10K+
7-C3 | WINGTACK ™M PLUS | 10 34.6 10 K+
7-D ARKON™P-90 7 32.0 10K+
7-E | PICCOLYTE™S-115 | 7 2738 10K+
7-F ESCOREZ™ 1310 7 33.7 10 K+

As seen in Table 7, some tackifiers increased peel adhesion of the pressure-sensitive
adhesives more than others. Of those tested, FORAL 85 resulted in the most increase in peel

adhesion, but with a corresponding decrease in shear strength.

Example 8
Use of a Second (Meth)Acrylate Monomer

The samples in Table 8-A were made in the same manner as described in the
general experimental method except that the weight percent solids of the polymerizable
content of the emulsion was 40 percent and a second (meth)acrylate monomer, n-butyl
acrylate, was nused in the amounts indicated in Table 8-A. Each composition also included
4 parts acrylic acid. The dose was about 1.8 kGy, the residence time was 20 minutes and
the dose rate was about 0.0015 kGy/second. Two trials were run. The samples were
tested for percent conversion, peel adhesion and RT and 70°C shear strength. The results

are shown in Table 8-A.
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Table 8-A
iso-octyl | n-butyl | acrylic Peel Shear | Shear Conversion
acrylate | acrylate acid Adhesion | (RT) | (70°C) Percent
parts parts parts N/dm min min | Trial 1 | Trjal2
8-A-1 96 0 4 39.0 10K+ | 10K+ 91.3 92.3
8-B-1 94 2 4 37.2 10K+ | 10K+ 922 93.5
8-C-1 _ 91 5 4 425 10K+ | 10K+ 90.0 91.7
8-D-1 86 10 4 48.6 10K+ | 10K+ | 90.8 912
8-E-1 81 15 4 37.0 10K+ | 1466, 92.4 91.8
56308
p
8-F-1 76 20 4 30.0 10K+ | 1110s 86.3 79.7
plOK+

The samples in Table 8-B were made in the same manner as described earlier in

the general experimental method except that the weight percent solids of the

polymerizable content of the emulsion was 40 percent and a second (meth)acrylate

monomer, n-butyl acrylate, was used in the amounts indicated in Table 8-B. Each

composition also included four parts acrylic acid. The dose was about 3.7 kGy, the

residence time was 40 minutes and the dose rate was about 0.0015 kGy/second. Two trials

were run. The samples were tested for percent conversion, peel adhesion and RT and

70°C shear strength. The results are shown in Table 8-B.
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Table 8-B

iso-octyl | n-butyl | acrylic Peel Shear Shear Conversion
acrylate | acrylate | acid | Adhesion | (RT) | (70°C) Percent

parts parts parts N/dm min min Trial | Trial
1 2

8-A-2 96 0 4 377 10K+ | 10K+ | 94.8 | 96.0

8-B-2 94 2 4 41.6 10K+ | 10K+ | 95.0 | 94.2

8-C2 91 5 4 46.0 10K+ | 10K+ | 93.6 | 942

8-D-2 86 10 4 42.5 10K+ | 10K+ | 957 | 959

8-E-2 81 15 4 46.0 7659, | 4806, | 79.0 | 96.4
7651sp | 7655sp

8-F-2 76 20 4 42.0 6304, | 2323, | 949 | 952
7040sp | 6222sp

The addition of the second (meth)acrylate monomer generally increased peel
adhesion. Amounts of 15 parts or greater of the second (meth)acrylate monomer appear to

have adverse effects on shear.

Comparative Example 9
Absence of Polar, Free-Radically Copolymerizable Material
The samples in Comparative Example 9 were made in the same manner as

described in the general experimental method except that the polymerizable material was
selected from combinations of 2-ethylhexylmethacrylate and iso-octyl acrylate and the
weight percent solids of the polymerizable content of the emulsion was 40 percent. No
polar, free-radically copolymerizable material was used. For the samples in Table 9-A,
the dose was about 3.7 kGy, the residence time was 40 minutes and the dose rate was
about 0.0015 kGy/second. The samples were tested for percent conversion, but not for
peel adhesion and RT shear sirength because of the low conversion percentages. The

resuls are reported in Table 9-A.
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For the samples in Table 9-B, the dose was about 5.2 kGy, the residence time was

60 minutes and the dose rate was about 0.0015 kGy/second. The samples were tested for
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Table 9-A
2-ethylhexyl | Iso-octyl | Conversion
methacrylate | acrylate
parts parts %

CE9-Al 100 0 20.4
CE9-B1 50 50 20.9
CA9-C1 35 65 6.1
CA9-D1 30 70 11.6
CA9-El 25 75 14.2
CA9-F1 20 80 11.9

percent conversion, peel adhesion, and RT and 70°C shear strength. The results are

reported in Table 9-B.

Table 9-B
2-ethylhexyl | n-octyl | Conversion Peel Shear Shear
methacrylate | acrylate Adhesion (RT) (70°C)
parts parts % N/dm min min
CE9-A2 100 0 97.8 not tacky 0,0sp 0,0sp
CE9-B2 50 50 88.0 9.2sh 1,2sp 0,0sp
CA9-C2 35 65 95.9 24.5 1,1sp 0,0sp
CA9-D2 30 70 794 243 1,1sp 0,0sp
CA9-E2 25 75 90.5 16.0 0, 1sp 0,0sp
CA9-F2 20 80 91.8 11.8 1,1sp 0,0sp

These polymerized materials had essentially no shear sirength and, thus, would be

unsuitable for many applications.
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Example 10
Additional Examples of Pressure Sensitive Adhesives

The samples in Example 10 were made in the same manner as described in the
general experimental method except that the weight percent solids of the polymerizable
content of the emulsion was 40 percent, the (meth)acrylate monomer material contained n-
octyl acrylate and another copolymerizable monomer material, 2-ethylhexyl
methacrylates, in the amounts indicated in the Tables. In addition, four parts acrylic acid
‘was included in the emulsion. The dose is indicated in the heading of each of the Tables.
Each sample was tested for percent conversion, peel adhesion and shear strength. The
results are reported in Table 10-A through 10-C.

Table 10-A

Dose = 2.4 kGy, Dose rate = 0.0020 kGy/sec, and Residence Time = 20 min
n-octyl | 2-ethylhexyl | acrylic | Conv | Peel Shear Coating

acrylate | methacrylate | acid Thickness
parts parts parts % | N/dm min pum
10-A-1 50 46 4 40.0 - —- -
10-B-1 65 31 4 24.3 --- — -—
10-C-1 70 26 4 97.3 | 304 | 6600,7179 20
10-D-1 75 21 4 59.0 | 304 53,53 sp 10
10-E-1 30 16 4 929 | 22.8 |53,1193 sp 20
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Table 10-B
Dose = 4.3 kGy, Dose rate = 0.0018 kGy/sec, and Residence Time = 40 min

n-octyl | 2-ethylhexyt | acrylic | Conv | Peel Shear Coating
acrylate | methacrylate | acid Thickness
parts parts parts % N/dm min pum
10-A-2 50 46 4 96.4 333 10K+ 13
10-B-2 65 31 4 96.5 18.4 13,542 23
10-C-2 70 26 4 92.3 239 10K+ 25
10-D-2 75 21 4 98.9 28.1 77,10K+ 23
10-E-2 80 16 4 939 | 26.0 |100,10K 20
¥
Table 10-C
5 Dose = 6.4 kGy, Dose rate = 0.0018 kGy/sec, and Residence Time = 60 min
n-octyl | 2-ethylhexyl | acrylic | Conv | Peel Shear Coating
acrylate | methacrylate | acid Thickness
paris parts parts % N/dm min pm
10-A-3 50 46 4 95.2 23.4 10K+ 23
10-B-3 65 31 4 93.8 18.4 3,1597 25
10-C-3 70 26 4 64.5 243 27,140 36
10-D-3 75 21 4 96.6 30.2 18 sp, 20
10K+
.10-E-3 80 16 4 92.1 31.7 2868, 48
10K+

As seen in the Tables, a polymerizable polar material added to a system similar to
Comparative Example 9 results in a pressure-sensitive adhesive that has higher shear
properties.
10
The present invention should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the invention as

fairly set out in the attached claims. Various modifications, equivalent processes, as well
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as numerous structures to which the present invention may be applicable will be readily
apparent to those of skill in the art to which the present invention is directed upon review

of the instant specification.
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WHAT IS CLAIMED IS:

1. A pressure sensitive adhesive, comprising:
a polymeric reaction product formed by gamma ray irradiation of an emulsion
composition comprising:

water;

(meth)acrylate monomer material;

polar, free-radically polymerizable material that is copolymerizable with
the (meth)acrylate monomer material;

at least one emulsifier; and

optionally, a tackifying agent.
2. The pressure sensitive adhesive of claim 1, wherein the polar, free-radically
polymerizable material is selected from the group consisting of acrylic acid and

methacrylic acid.

3. The pressure sensitive adhesive of claim 1, wherein the (meth)acrylate

monomer material comprises at least two different (meth)acrylate monomers.

4. The pressure sensitive adhesive of claim 1, wherein the emulsion

composition further comprises a crosslinking agent and, optionally, a chain transfer agent.

5. The pressure sensitive adhesive of claim 1, wherein the emulsion

composition further comprises at least one copolymerizable material.

6. The pressure sensitive adhesive of claim 5, wherein the copolymerizable

material comptises at least one prepolymerized material.

7. The pressure sensitive adhesive of claim 6, wherein the prepolymerized

material is a prepolymerized (meth)acrylate monomer.
8. The pressure sensitive adhesive of claim 1, wherein the polymeric
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reaction product is formed in the absence of any substantial amount of any initiator

selected from the group consisting of photoinitiators and thermal initiators.

9. The pressure sensitive adhesive of claim 1, wherein the polymeric reaction
product is formed using a dose of no more than 5 kGy at a dose rate of between 0.0008
and 0.0015 kGy/sec.

10.  The pressure sensitive adhesive of claim 1, wherein the pressure sensitive
adhesive, when coated on a substrate, has a shear strength of at least 5000 minutes at room

temperature using a 1 kg weight.

11.  The pressure sensitive adhesive of claim 1 or claim 10, wherein the
pressure sensitive adhesive, when coated on a substrate, has a peel adhesion of at least 20
N/dm.

12.  The pressure sensitive adhesive of claim 1, wherein the emulsion

composition has at least 40 wt.% solids.

13. A pressure sensitive adhesive-forming emulsion composition comprising:
a polymeric reaction product formed by gamma ray irradiation of a composition
comprising:
water;
(meth)acrylate monomer material;
polar, free-radically polymerizable material that is copolymerizable with
the (meth)acrylate monomer material; and

at least one emulsifier.

14. A method of making a pressure sensitive adhesive, the method comprising
steps of:

forming an emulsion composition comprising water, (meth)acrylate monomer
material, polar, free-radically polymerizable material that is copolymerizable with the

(meth)acrylate monomer material, and at least one emulsifier;
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irradiating at least a portion of the emulsion composition with gamma rays to
initiate polymerization of the emulsion composition; and
optionally, removing at least a portion of the water from the emulsion composition

after irradiating at least a portion of the emulsion composition.

15.  The method of claim 13 wherein the step of irradiating at least a portion of
the emulsion composition comprises irradiating the emulsion composition substantially

uniformly.

16.  The method of claim 15 wherein a container holding the emulsion
composition is placed proximate a gamma ray source and irradiated, and then rotated 180

degrees, placed proximate the gamma ray source and irradiated again.

17.  Anarticle, comprising:
a substrate; and
a pressure sensitive adhesive disposed on at least one surface of the substrate, the
pressure sensitive adhesive comprising a polymeric reaction product formed by gamma
ray irradiation of an emulsion composition comprising:
water;
(meth)acrylate monomer material;
polar, free-radically polymerizable material that is copolymerizable with
the (meth)acrylate monomer material; and

at Jeast one emulsifier.

18. A pressure sensitive adhesive comprising:
a polymeric reaction product formed by gamma ray irradiation of an emulsion
composition comprising:
water;
{meth)acrylate monomer material;
polar, free-radically polymerizable material that is copolymerizable with
the (meth)acrylate monomer material; and

at least one emulsifier;
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wherein the polymeric reaction product has a shear strength of at least 5000
minutes at, at least room temperature using a 1 kg weight and a peel adhesion of at least 45

N/dm at, at least room temperature.

19.  The pressure sensitive adhesive of claim 18, wherein the peel

adhesion of the polymeric reaction product is at least 50 N/dm.

20.  The pressure sensitive adhesive of claim 18 or claim 19, wherein the shear

strength of the polymeric reaction product is at least 10,000 minutes.
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