JP 2004-509187 A 2004.3.25

(19) BFEHFEF(P) GERE - N ()] (1) SR HBARES
$53%2004-509187
(P2004-509187A)
43) &%xAEB FER16EIA258 (2004, 3.25)
(51) Int.CL." Fl F—va—F (BE)
CO8F 2/14 CO8F 20/14 4F204
B29C 39/02 B29C 39/02 4J011
CO8F 2/48 CO8F 2/48 41100
// B29K 33:04 B29K 33:04
B29L 7:00 B29OL 7:00
SEWR RBR PESEERF (&5 B
@l) HEEE EEE2002-526045 (P2002-526945) | (71) HEEA 396023948
(86) (22) HEER TR L359A 6 (2001.9.6) FIR ARV PNTF A4 FIANE =
(85) BIFASCIBIME  FARISEIA 14H (2003. 3. 14) AF4 TS A ra—fl—Fw K
(86) EREHEEE S PCT/EP2001 /010284 Ciba Specialty Chem
@7 EELHES W02002/022697 icals Holding Inc.
(87) ERRAMA FEEL45E3A 21 H (2002, 3. 21) A4 AE, 4057 sS—EL, FYRY
(3l) BRIEEJESE  00310826.8 ryabs—t 141
(32) ®seH FHE125E9A 148 (2000. 9. 14) (74) KIBA 100078662
(33) BEIEEERE BRI ASFRE T EP) #ELT FEE B
(74) fRIZA 100075225
#EL BH UE
(74) RIBA 100113653

F#ELX RE F=HAE

BIEIICHR S
(64) [READEM] AxZ ) L— b REARBEROT IR AT 4 4 F > FRHGEE
(57)000 0
0000000000000 0000O0D00000O0O0O0O0O0DO0OO0O0OODODoDOoDOoOOoOOoOaD
0000000000000 00000000000000000000000000a0
0000000000000 00000000000O0O0D0000O0oOo0DoDo0Do0oooOoOaD
0000000000000 000000000000O000000O0O0DD0ODO0O0OoOO0OaDn
0000000000000 0000000000000D0000O0oO0o0DoDo0o0oooOoODn
0000000000000 00000D00000O0O0O0o0D0O00O0OoOoDoDoDOoOooOoOaDo
0000000000000 00000000000000000000000000A0
0000000000000 Oooooo



OoOooooooo0oooooo oo oDoDoooooooDoDoooooooooogdg

OooDooooo0ooDoooooDooDoDooooooooodg
O0Ooo0oooao

O Ooooo

I o

OoOoo0ooood
OO0Oo0ooood
OO0Oo0oo0ooogod
I A
OOoo0oood
O Ooooo
O Ooooo
O 0OooOooo
O O0oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

[ ]

Oooooogh?o

Oooooogogaog

OJ
O
O

OO0 o0 ooooogogg
OO0 oo ooDooogogdg
Oooooooooogoogog
oo ooooooogoQgg

OooooogQgoao

O 0Ooood

O 0Oo0oooao
O 0Ooo0oo0ooOoao
O 0Ooo0oooao
O Ooo0oooo
O Oooooao
O Oo0oooao

O
O
O

O0OoO0oooo

I [ [

O 0Ooo0ooOoo
O Ooooo

O O
O

OooooQgooao
Ooooogooao

Ooooooogdoag
O oOooos

[ I R |

OooooogQgog

I [y |
I [y |
[ |
O Ooogogoog
OO ogogog

Ooo0oo0oo0ooooao
Oooogo
o o

[ B |
[ O I R |

O 0Ooo0oooao

O

O

OooooogoQgog

O

OoOoOoo0ooooOgoad

O
O
O

=0

R—

I I R
I Y o R I A
oo oOooo.e O

O
O

0 —"0
~N

(2)

—C—R,

O

OOooo0oooaog
Oo0ooooo:o
Oooooge gOo

OOoo0oo0oooao
Ooooooo:we

ooof ooo
OOooOoo0Oooaogo

[}

O O
Oo0oo0oood
O 0Ooo0oooao

OO oOgos
OO oOood
O O oOood

O

JP 2004-509187 A 2004.

O

O O

O O

O0OooOoo0oooog
OOooOooooaog
OOoo0oo0oooao
OoOooOooo?o

O

OOoo0oooooo
OOooOoo0Oooaog
Oooooo

O
O

Ooooooo

Oo0ooOooooOoao
OOoo0ooooaoo

.25

10

20

30

40

50



e R ey [ s R s [y |

[ ]

oo o0 ooooogo

OOo0oooooooooooogogs

Oooooooooooooogooooao
Ooooooo0ooooooogoggooooaog

O 0OoOooog
O 0Ooo0ooOoao
O Ooo0ooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

OOo0oooooo0ooooooooo0 oo oooooooDoDooogogQgogaoQg

OO0 0o ooogogoooDooogdgogaod

OO0 ooDooogoQgogoooao

OO0 o0DoDooogog4Qgooooao
OOo0ooooooOogooooaoo
Oooooooogooooaoo

|

Ooooooooogo

Oooooooooooooogoooogo
Oooooooooooooooo-

O o

Ooo0ooood
Oo0oooooogoQgogooQg
OO0 oooooogoggoogoQg

OO0 ooooooOogooB

O Oooos

I [ i

Oo0ooooooooooao

O Oooo
OO oo
O 0ooo
O 0Oooo

O
O
O

OoOoooooao

O

O OooQgoo

O

O
O
O
O
O
O
O

O
O
O
O
O

O Oooo
OO oo
O 0ooo
O Oooo
O Oooo

O Oooo

O
O
O

O O v

O
O

O

O 0Ooogo

Oooooogood

Ooo0oooogo
OooooooooOogogo®

O

O 0Oooo

O o0oo0oogood

O
O
O
O
O
]
O

O 0Oooo

oo oooOoooooooooodg

Oooooooog?o

O Oooo

O Oooooao

O o

O
O
O
O
O
O
O

O Oooo

O

O
[ O R |

[m]

OO0 ooooooggogo
Ooooooooooos

O Ooogoo

ob OoOooo
Oooooooooo2e go

O oo

Y o

O O

O O

oo ooooogoQgg
OoDooooagh?o

OO0 o0ooooogogogoao

Oo0oooooogoo
a

O

O
O

O
O

)

O

O

(]
O

Oooooooooogoogodg

OoOooooo®v

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

O

I o

Oo0oooooogoQgooao

O

OO0 o oooooggg

Oooo0ooog?o

|

O 0OooOooo

OOo0ooooooooOgoOooao

JP 2004-509187 A 2004.

gboouoboobdgd

OooooooogooQgodg

O B

O

[ B R |

OOoo0ooooQgogs

Ooooooooogooao

OO0 oooooggg
Oooo0Oooogogoo

o
OoO0oo0ooos

O
O

]
=]

O

O 0Ooo0oo0ooao

OO0 ooooooQgooao

O

I Ry |

O Oo0ogooos
OOoo0ooooogoQgoo

OooooooooQooao

OO0 O0Oooogaod

Iy |
O Ooo

Oo0ooOgooao?o

.25

OoooooQgo®®

10

20

30

40

50



ey e e e e R e Iy

OOo0oooooooooDoooo0oooDoDoooooooooaog

OOo0oooooooooDoooogoggogooooao

o — — —

OOooooooooooooogoggogooQg
OOo0ooooooooooooggogoQg
OO0 o0DoDooo4gogogogooDoooggogg
OOo0oooooooooooooQgogoaQg

O

O Ooogooao
O O0Oo0gogoao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog

OO0 oooDooogog4gogooDooogogogao
Ooooooooooooooogogogoao
Ooooooooo o ooooogogooo

OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
OO0Ooo0oo0oo0ooao
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 Oooo

O

OO0 oo ooooQgoooo

[ |

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
Oo0Oo0oe oOooo

OOoo0ooooao

O
O
O

O
O
O
O

OOoo0oooao
O 0Oo0oooaog

O Ooo0ooOoo

O Ooo0ooOoo

O Ooooo

O Ooooo

O OoOgoo

O Ooo0ooo
O

OoOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Ooo0ooooao
OO0Ooo0ooO0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao

(4)

0O O
[ |
[ |
O d
O d
0O O
[ |
[ |

O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O

|

JP 2004-509187 A 2004.

uod

O

O

0

ugoooaooboadd

O

O

O

O Oooo

O

O Oooo

O

O Oooo

O

O 0ooo

O

O 0Oooo

O Oooo

O Oooo

.25

O Oooo

10

20

30

40

50



e R ey [ s R s [y |

[ R |
O Oooo
O 0Oooo

[}
O

e s Y I
OoOOooooo40ooooooo400UoooDooooo oD oo oDoDoUU oo oDoDoooUoDoDooogogooao

OOo0o0ooodUooooooUddUooDoDooUoUoDUUoooDooDo4gooooao
Oooooocoo0oooooooooDoooooooDoooooogoooao
Ooooooo0ooooooo0o oo oDooooDooDoDooooooooao

OO0 oo oDooogogogodg
Oooooooooogoogo-g
oo ooooooogogoo-g
OO0 ooooooge o

[ I Ry |
[ I R |

O

[}

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

Oooooooo0oooooogooao
Oooooooooooooogogogoao
OO0 ooDooo4gogooooooggogogoao
Ooooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogogooao
OO0 ooDooodgogoooooogoggogoao
Ooooooooooooooogooao
Ooooooooooooooogooao
Oooooooo0oooooogooao
Oooooooo0oooooogogooao
Oo0ooDooo4gogoooooogoggogogoao
Ooooooooooooooogooao
Ooooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogooao
Ooooooo4ogoooooogoggooao
OO0 o0DoDooodoooooogoggogoao
Ooooooooooooooogooao
Oooooooooooooogooao

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

O
O
O
O
O
O
O
Oooo
[ o R |

OO0 ooooooogdg
OO oooooogdg
Oooooooooodg
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
Oooooooood
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 oooooogdg
Ooooooooood
Oooooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
oo oo ooooogdg
Oooooooooogodg
oo ooooooogog

[}

O
O
O
O

O
O
O

()

O
O

O
O

(]
O

O
O
O
O

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

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

[}

O

O

|

Oooe
[ o R

JP 2004-509187 A 2004.

O
O

(]

O 0OoOo0ooooao

O

O
OO0 ooooooogdg

OO0 oo ooooogdg

Oo0ooooooooooooogoQgg
OO0 oooooogogooooooggg
OO0 Do oDooogooooooggdg
Oo0oooooooooooooogoogodg
Oo0ooooooooooooogoQgodg
Oo0ooooooooooooogoQgg
OO0 oooooogooooooogogg
OO0 Do oDooogogoooooogogg
Oo0ooooooooooooooQgdg
Oo0ooooooooooooogoQgodg
Oo0oooooooooooogoQgdg
Oo0oooooogoooooooggg
OO0 Do oDoooggooooooggg

O
O

0O O00o0gogos
oo ooooooogog
OO0 ooooooogodg
OO0 ooooooggno

O

|

O
O
O
O
O
O

OO0 oooooooogdg
Oooooooooodg
oo ooooooogodg
oo ooooooogdg
OO0 ooooooogdg
OO0 oooooogdg

.25

O

10

20

30

40

50



OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oo oDooogogogooo

OO0 oo ooooogdg

g — — —

Ooooooo0ooooooo0o oo oDooooDooDoDooooooooao
Oo0oooooo0o0ooooooo0o oo oDooo oo ooDoDooogogooooao
Oo0oooo4o0dooooooo0 oo oDoDooo oo oDoDooogooooao

Oo0DoOooDoogog4gogooDooogogdg
Oooooooooooooogoogdg
OooooooooooooogoQgdg
Oooooooooooooogodg
Oooooooooooooogod
Oo0DoDoDooogog4gogoooooogd
Oo0oooooooooooood
Ooooocooooooooogodg
OooDooooooooooogodg
Oooooooooooooogod
Oo0DoDooogog4ogoooooogod
Ooooooooooooood
Oooooooooooooogodg
OooDooooooooooogodg
OooDooooooooooogodg
Oo0Doooooogoooooogd
Oo0oooooooooooood
Ooooocooooooooogod
Oooooooooooooogodg
Oooooooooooooogodg
Oo0oooooogooooooogd
OO0 oDooogog4gogoooooogod
Ooooooooooooood
Oooooooooooooogodg
OooDooooooooooogodg
Oooooooogooooooogd
OO0 oDoooogog4gogoooooogod
Oo0oooooooooooood
Oooooooooooooogodg
OooDooooooooooogodg
Oo0oooooooooooogod
OO0 ooooog4gogoooooogd
Oo0oooooooooooood
Ooooocooooooooogodg
OooDooooooooooogodg
Oooooooooooooogod
OoDooooo4gogoooooogd

O
O
O

OO0 oDoDoooggooooooogd
Oo0oooooooooooooogod
Ooooooooooooooogdg

O

Oooo0oooOoogoao
OooooooQgogoao

OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Ooo0ooooao
OO0Ooo0ooO0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooao

Ooooooooogogogoos

O

OoooooogoQgdg

O B

O

OO0 oooooogogogoao
OooooooooQgooao

O
O

OJ
O

oY ODooooogoaoB

Ooo0ooooooQgooao
Oo0oooooogogooao
OOooooogaog?Q

O

O
O
O
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

[

Ooooooooooogo@
OooooooooQgoOos
Oooooogog®

O
[ B R |

O—Q

T
~N
o
I
l

OO0 oooooogoQgooo
OOo0ooooogQgogo
OooooogoooOoaod

Q=0

O
O

(6)

O
(]

I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo

OooooooooQgooao
Ooooooooooogo

I
(@]
I
Py
'

oo oooooogoQgooo
OO0 oooooogogogooo
OO0 oooooggogo®

|

Oo0ooooooQgoo@®
oo ooooooogQgQd
oo oooooogo

JP 2004-509187 A 2004.

uod

O

O

O

oo o0 ooooogoQgQd
OO0 oooogoo<e Oooadg
oo ooooOoooogoe

0

ugoooaooboadd

O

O
O
O
O
O
O
O
O
O
O

O
O

O

OO0 ooooOoooogv

O

oo o0 oooooogogoo
OO0 o0 ooooogoOgoOo
OO0 o ooooogoQgoo
Oooooooooogod
Ooooooooogod
oo o0ooooogoOo
oo o0 ooooogoO
OO0 o ooooogoQgo

O

O

O

O

.25

10

20

30

40

50



Oooooooo oo oooooooDoooogogoooao
OoooooooDooDoooooooDoooogoooao
OoooooooooDooooooooDoDooogogogoooao
Oo0o0ooooUogUoooDoDoDoUgUooDoDooogogooao

O 0Ooo0oooo

Oooooooooooov

Oooooo®®v

Ooooooogo.e o

=

[}

OooDoooo0oooooooogogooooaog

OO0 ooogog?o

O OooOooo

OoOoooosv

Ooooooooooooooooooooooooao
Ooooooooooooooo0ooDoooogooooao

O 0O O
O

Ooooooooooooogooogo

Ooo0ooOoogooao

OoooOoooogo

Ooo
oo oDoooooogooooooo

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

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

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 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
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

[}

O

[ Ry |

Oo0ooooo0ooooogoQg:o

Oo0ooooooooDoooogogogoao

OoOoooooooooooogoo

O

O

O 0O o
O 0O o

oo ooooOogooogo

[ o

O oo
Ooooooogoo
Oooooogoogoao

Ooooooooogoos

O oOooo

o

O
I o

O O

I R |

O ood
O o

a
OooOoood

O0Ooo0Oooao
O 0Oo0oo0oo0oao
OO0oo0ooooao
Oo0oooog?o

a

O o0ooao

a

O
O
O
O
O
O
O

]

|
[

[ |
[ |

]

O

OOoo0oo0oooo
O Oo0ooooos

Oooogeoe

Ooo0oooogod
OoOoooos.

€]

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

O

O

=

OoOoo0oooogod
I B

OO0Oo0ooooao

Oo0O0ooaoao
Ooogao

[m]

O

I I i
Oooooood
OooOoo0oooogod

[}

O

O Oo

O
O

]

O O0O0oo0oo0oooo

()

O oOoos oo
Oo0ooO0oood
Oo0oooogoao
I Y s [
O O ogoo

U Oo0googogog
OoOoo0ooood
OooOoo0oood
I o

O

()

JP 2004-509187 A 2004.

uod

O

O
O
O
O
O
O
O

O

[ |
[ |

[ Ry |

0

Oo0o0oooogod
OoOoo0oooogod
OoOoo0oo0oogood

[}

ugoooaooboadd

O

O O0Oo0oo0oooao
OO0Oo0ooooao
O0Ooo0ooOoooao
Oo0oooogho

O

O

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

O0Ooo0oo0oo0oao
Ooo0oo0oood

O

O

O

OOoo0ooOoooao
O O0Oo0oo0oooao
Ooooooo®

O O o

o

O
OoOoooos-

O

O

O
O

O 0Ooo0Oo0ooao

Oooooog?oe

L I R
[
Oooooo®®v

O
O

Oo0oooogooao
O Ooo0ooOoooao

o

.25

10

20

30

40

50



OooooooQgoQgaog

e s e vy e e ) ey s I

Oooooogog

o0 ODoooo® Oooo® oood

O Ooo

OooooogQgos

O oo oooogogo

OooOooos

[ i R |

OOoooooo4Qogooooooggogs

O Oo0oooooogogho

Oo0oooooooooDooogogogogooooaog:oe

O O

OO0ooooog:ow
Oooooood

e s e e e s ey e e e e ) ey e s s Y

Ooooooogogs

oo oooooogaos

O oo

OooOooogooao

OO0 oooQooogo
oo ooooooQgo

Ooooogo
Oo0ooogo

= Oooooooo® ooogL. 85O oa0g

Oo0OO0oooogod

OoooOoooogogs

O O

OoOooos
OoOooo®

OooOoooe o

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

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

O Ooo o Ooooooo® O Ooooooood

O Oooo

[ ]

O O

O O0ooo
OO oo

O 0Ooo0oo0oo0oao
O 0Ooo0oo0ooao

OoOoo0ooood
OOoo0ooood
OO0Oo0o0oooOod
Ooo0ooQOoooo

Oooooood
Ooooooog@

OooooooQgd

O Oooo
OO oo
I o

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

O
O

a

O
OJ

O

O
O

O

OoOoooooogdg
OoooOoooogo

O

OOoo0ooOoooOod
OOooooood
Ooooooood
Ooo0Oo0ooogo

O

O

OOoo0oooOgd

O 0Oood
O Ooo o
Ooogho

O
O
O
O
O
O
O
O

O

OO0oo0ooood
OOoo0ooood
Oo0OOgoao?®o

OOoo0ooooao
OOoooooao
O0OooOooooao
O O0Oo0oo0oo0ooao
OO0Ooo0oo0oooao
OOoo0ooooao
O Ooooooao
O Ooooooaoo
O O0O0oo0oo0oaoaoo
OO0Oo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooooooaoo
O O0Oo0ooooao
O O0Oo0oo0oo0ooao
OO0o0o0ooooao
OOoo0ooooao
O Ooooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0ooooaoo
OOoo0ooooao
Ooooooos
O 0Oo0ooooao
OO0Oo0oo0oo0ooao
Ooo0oo0oooogo
OOoooooao
OOoo0ooooao
Ooooooo®

O 0Ooo0oo0ooao
O O0Oo0oo0ooao

T

O

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

O
O

O

OOoooooodg
OOoooOooooOod
oo oOooooge

O O oo
O 0Ooo
O O0ood
O Ooo O
O Ooo O
OO oo

O O

OO0Oo0Oo0oooOod
OO0Oo0o0oooOod
Iy A
OO0Ooo0ooood
OOoo0ooood
OO0Oo0Oo0oooOod
Iy I B N
OO0oo0oooOod
O0Ooo0ooood
OO0oOo0ooood
OO0Oo0ooood
OO0Oo0o0oooOod
OO0oo0ooooOod
O0Ooo0ooooOod

Ooo0oo0oood
O 0Ooo0oo0ooao

O

Oooooood
Oooooood
Ooooooodg
OoOo0ooOoo0ooood
OOoooooOod
OoooooOod
Oooooood
OoOooooood

O
O
O

e i

O

O
OO O0oogog
O 0o oOoogog

O

O O

a

o
O 0ooo
O 0Oooo

(8)

O
O

0O O
O O

O O
O O

O 0Oooo
O o0oooaog
O 0Ooo0oogoog

[}

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

=

O
Q

O

O Oooo
OO oo
O oOood
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0ood
O 0Oooo
O Oooo

O O

O 0Ooo
[ I

OOoo0oOoogoooood

O

I B
OoO0Oo0oooOod
Oo0oo0ooood
OoOoo0ooood
OOo0o0ooood
Oo0Ooo0oooOod
Oo0O0o0ooOod
Ooooooaoo
OoOoo0ooood
OoOoo0ooood
Ooooogooo
Ooooogooo
B
OoOoo0ooood
Oo0OoO0oogooao

O
O
O
O
O
O
O
O
O
Q

e i

O
I [ s |
O 0o o0oogoog

O

O

JP 2004-509187 A 2004.

A R [ [ |
OO0oo0ooood

O

A i

O
O

O O

a

Oo0ooOogoaoao

O

O 0O oo
O 0oo0ooog
O 0Ooo0oogoog

[}
[m}

O 0Ooo0oooao

O 0OooQgoo
O Ooooo®®

O

O

O

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

O 0Ooo
O 0Ooo0oogodg
O 0o oO0oogog

O Ooogoo®®

O O0Oo0ooO0oo0oano
O 0Ooo0oooOoao
Oo0ooOoooo

O
O
O
O

O

O

O Ooogoo
O Oooooo

O

.25

O

O

10

20

30

40

50



L e T e T e T

I e e e [ Ay Iy

I o

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

Oooo®s oog®s oDoo® Do ooooogogoe g

O 0OooQogoos

O0Ooo0oooo

OO0 oODoooo0 oD oDoooog oD oo oDoooogooooodg
e s e e e s e |

oo ooogo

OO0 ooooooogdg
OO0 ooooooogdg

O
O

Oooo0f oDoooooo0oooQogooogo

O ooo

OooooooQgoao

Ooo0oooooooof Oooof oDoooooooogogooogod

O0Ooo0oooao

(=

(9) JP 2004-509187 A 2004.3.25

O
O
O
O
O
O
O

O Ooooo
I o
O OoOgoo
O Ooo0ooo
Ooogao
Oo0oogao
O Ooooo
O OooOgoo
I O o
O Ooo0ooo
O Ooooo
Ooog#o
O oOoogo
O OoOgoo
O Ooo0ooOoo
I o
O 0o oo
O O oo
OJ
I Y Y I I
OO oo
m]
O 0o oOoo
O O oo
O
I I I
Y Y I I
O 0o oOoo
m]
I Y I I
O O oOoo
O
Y Y I I
O O 0o

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

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

O o
I I B
O Oooo

Oo
B
O 0O oo
O 0Oooo
O Oooo
I I
O Oooo
O 0Oooo
O oOood
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O o0Oood
O 0Oooo
O Oooo
O Oooo

O

O

]

O

O

O

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
oo
O O
O O
Dl:l
Dl:l
O O
O O
O O
O O
O O
O O
O O
O O
O O
O &
O O
O O
O O
O O
O &
O O
O O
O O
O O

O O
O d
O d
0O O
O O
O O
O d
O d
0O O
O O
O O
O O
O d
O d
O O
O O
O O
O d
O d
O O
O O
O O
O O
O d
O O
O O
O O
O O
O d
0O O
O O

O

O

O

gooobooobobodo0,0byp0obO0ooboboooboboboboonn
Updypoboboboobobouoboobooboobobooobaoaodnn
oooooooobooooboooooooobDbooocooooooobDbooOooo
gboooboboooobooboobooboooboooboobooboobao

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

O Oooo
O Oooo
O 0Ooogo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Ooogoo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O ogo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
I I

O

O

O

O

O

O

O

O

O

O

O

O

O

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

O

O

O

O

O

O

O

O

O

O

N
I

(CH,), (CH,), P—

gooobooboogoboooboobooboooobooboboobodao

oooooooobooooboooooooobDbooocooooooobDbooOooo

10

20

30

40

50



Ooooooooooooooo0ooDoooogooooao

Ooooooo®

Oooooooooooooogogooo®

Oo0ooogoQgos

Ooooo®? OobF OO0 Do oDooo® Obf DooooOoo0oooooodg

Ooooooo®wv

OOo0oooooo0ooooooo0ooDoDoDoooooDoDooogogoooao

Oooooooooooooggg

OOo0oooooggogog
OoooooooOoogoo

OoOoo0oood

OO0 oo oDoooggQgoooao

o I o

O O oOo

O

OO0 ooooooggogoao
Ooooooooogooao

Ooooooooooogao

O
O
O

OJ
O
O
O
O

Oo0ooooooooooooooogoooOoao

Oo0oo0oooao

O

O

O

Ooooooooo0ooogooogo

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
O
O
O
O
O

O
O

O
O

[ B R |
O Oooo

[}

O

[}

OOoo0oooao
OOoo0oooao
O Oooo
O o0ood
O O0ooo
O Oooo
O Oooo
O Oooo

O
O

|
m]

R

O
O O0OoOooog

]

O

[ ]

O 0Oooo

i

O

O
O 0Ooo0ooo
O 0Ooooog
O 0OoOooo
O 0Oo0ooao
O 0Ooo0ooo
O 0Ooooao

I o

O O

(]

O

(]
O

O O0ooo

I e I B

O
O
I o

(10)

O
(]

O
O
O

O oOooo
O oOooog

o o I
O oOooo
I B

I I o

o Ogo
O ood
O o0ood

O

o O B

O
O

O 0Oooo
O 0o oo
O oo d
O Oooo
O Oooo

JP 2004-509187 A 2004.

uod

O

O o0ooo
O o0Oooo
O oOooo

(]
O
O

O

0

[ e I B

ugoooaooboadd

O

O o0ood
O oo d

O

O oOooo
O oOoodg

|

O

[ ]

O

Oo&c OO

O

O Oooo
O Oooo

O

O

O oOooo

O

O

O d

O

O

O
O 0o oo
O Oooo

Oo0ooOoo
O o0Oooo

O
O

.25

O O

O

O

goooao

gooaao

gboogonboad

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 [ |

O
O

Ooooooooooooood

OoOooooocooo0oooooooooooDooooooooooooQgogoao

e e vy e e [y

O oOooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O

O
O
O
O
O

OOooooooo0oooDoooooooDoooogogooao
OOooooooo0ooooooooooDoooogoggooao

O
O

O
O
O
O
O
O
O
O

O
O
O

o000 oogg4QfUooDooo4dUoooooogogogoao
Ooooooooooooooooooooogoogooao
OO0 oooooo o0 oo ooo oo oo oooQgooo
O oo ooooo o0 oo ooo4o0ooDoooogooao
OO0 ooooooo0ooDoooggooDoooogooao
OO0 oo oo oo oo oo ooooogoogoag

Q

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

O 0ooo

Ooooooooooooooogoooooao

Oo0ooooooo o0 oo oooo0oooDooooQgooao
O oo ooooo o0 oo ooo4o0ooDooooQgooao
OO0 oooooo4o0 oo ooo4ooooDoDooogooao
OO0 ooDoouoo4o0 oo ooo4ggooDoooogogogoao
Ooo0oooooooooooooooooooogooao
OOo0ooooooo o0 oo oooo0 oo ooooQgooo
O oo ooooo0 o0 oo oooo0oooDoDoooQgooo
OO0 oooooo4o0 oo ooo4ooooDoooogooao
Oo0o0DooDoDooD oo ooDoDooeooooogogoag
OO0 D0 oDoogg4QUooDooodUoooDooogogogoao
Ooooooooo0 oo oooooooooogooao
Oo0oooooo o0 oo oooo0o o oo oooQgooo

(11)

O
(]

Q

|

O

JP 2004-509187 A 2004.

uod

O

O O

OO0 ooODoooo0ooDooooooooooog

O

OO0 oooooo4o0 oo ooogogooDoooogogogooao
OO0 oo oDooD oo oo ooDoo Oboogoogoag
Oooooooooo0 oo oooooooooogooao
Oo0ooooooo o0 oo oooo0o o oo oooQgooao
O oo oooooo0 oo ooo4o0oooDoooogooao
O o0oooooo4o0 oo ooogogooDoooogogooao
OO0 o0ooDoogog4QUooDooodoooooogogogogoao
Oooooooooo0oooooooooooogogooao
Ooo0ooooooo o0 oo oooo0 oo ooooQgooo
O oo ooooo o0 oo ooo4o0 o oDoDoooQgooao
OO0 oooooo o0 ooDooo4ooooDoooogooao
OO0 OooDoouUo4QoooDooo4gdooDoooogogogoao

0

uoano

O

O

O

.25

10

20

30

40

50



Ooo0ooooooo o0 oo oooo00 oo oDooooD oo oDoooo0ooooodg
e e e e sy s

OoooOoooooooooogooao
Ooooooogoooogoooogogoo

oOooooooooog T T T T

Ooo0oooogogQgoo
OooooogQgoao

Oo0oooDooooooooogogooao
OO0 ooDoogogoooDooodgogooao
Ooooooooooooooogogogoooao
Oo0oooooo o ooooogogoooao

Oo0oo0ogano

O

OJ
Ooo0oooooQgoao

Oo0oooogoQg®

Oo0oooooooooooOgodg

OoooooooooooQgdg

O

Oooooooogogogogoao
Oooooooogogoao
OO0 ooooogogoao
Ooooooooogoogooo
Ooooooooogoogogoo
Oooooooogogogogoao
Oooooooogogoao
Ooooooogogoao
OoooooooogooOooOoo
Ooooooooogogogoao
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OO0 ooDooogogogao
Ooooooooogogogogoao
Oooooooogogooao
Oooooooogogogoao
Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogogooao
Ooooooooogogooo
Oooooooogogooao
Oooooooogogoao
OOoDooooogogoao
Ooooooooogoogooao
Oooooooogogooo
Oooooooogogogoao
Oooooooogogooao
OoooDooogogooao
Ooooooooogoogooao
Ooooooooogoogooao
Oooooooogogogooao

O
O
O
O
O
O

O
O
O
O
O
O

O
O
O
O
O
O

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg

O

O Oooo
O Oooo
OO oo
O 0ooo
O Oooo

(12)

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

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

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

O " OoOooogoaag
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg
Oooooooodg
Ooooooodg
OOo0oooood
OO0 oooood
Ooooooood
Oooooooodg
Oooooooog
OOooooood
OO0 oooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooodg
OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 oooood

X
w

I

o
(@]}
|

0|
o =z
I
T
—o——cla—o
0
X
w

oO—O—0O—0O

0
o

(@]

X
@

g Doooobooooaoaano

gboboobooobooooaadao
ooooooooooobano
goboobooboobooab
'gboooboobooodd

OJ
O
O
O
O
OJ

|

O
O
O
O
O
O

O O

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

JP 2004-509187 A 2004.

O
O

O
O

g o
oad
0
uo

O

O
O
O
O

O Oooo
O Oooo
O 0Oooo
O 0Ooo

O
O

oo
0

oo
uo

OO0 oooooogogg
OO0 oooooogogdg

O
O

O Oooo

.25

O

10

20

30

40

50



gbooogbodaoan
oooooooao
gooogooad

oooooooao
gooobooan
gobooogoboaoan
oooooao

goooobooan
gbooogbodaoan
oooooooao
gooogooad

oooooooao
gooobooan

goooogoaao

oooooooao
goooobooan
gbooogbodaoan
oooooooao
gooooobooaoan
oooooooao
gooobooan
gobooogoboaoan
oooooooao
goooobooan
gbooogbodaoan
oooooao

gooooobooaoan
oooooooao
gooobooan
gooooad

oooooooao
goooobooan
gbooogbodaoan
oooooao

gooooobooaoan
oooooooao
gooobooan
gooooad

oooooooao
goooobooan
gbooogbodaoan
oooooooao
gooooobooaoan
oooooooao
googbad

gobooogoboaoan
oooooooao
gooogbad

gbooogbodaoan
oooooooao

OJ
O
O

O
O
O

OO0 oDoDooog4gogooooogod
OOoo0ooocoooooood
Ooooooooooooodg

OoooooooogoQgog
Oooooooogogg
OO0 oooooogogg
OoOoooooooOod
OoooooooQgog
Ooooooooogogg
Oooooooogogg
OO0 oooooogogg

O
O
O

O
O
O

O 0Oo0oooao

O
O
O

O0Oo0oo0oo0oao

O0Ooo0oooao

O
O
O
O
O
O
O
O

oooooooao

gooooogooan

gbooooaooand
ooooooaon

O O
O O
O g
O O
O O
O O
O O
[ |

O0Ooo0oooo
O0Ooo0oooao
O0Ooo0Ooooog
O0Oo0oo0oo0oao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oooo
O 0Oo0oooao

O
O
O
O
O
O
O
O

(13)

O
(]

Oo0ooooooogogoooao
Oo0oooooogoooao
oo ooooooQgoooo
OO0 oooooogoQgogooo
OO0 oooDooogoggQgoooo
OO0 Do oDooogog4gQgoooao
Oooooooogogoooao
OO0 ooooooQgoooo
OO0 ooooooQgogogooo
OO0 oooooogoggQgogogooo
OO0 oo oDooog4gQgoooao
Oooooooogogoooao
oo ooooooQgoooo
OO0 oooooogoQgoooo
OO0 oooooogoggQgogooo
OO0 oo oDooogoggQgoooao
Oo0ooooooogoooao
Oo0ooooooQgoooo
oo oooooogoQgoooo
OO0 oooooogoggQgogooo
OO0 oooDooogoggoooao

O
O
O
O
O
OJ
O
O
O
O

O 0Oo0oo0oo0oao

O0Ooo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooao

[

O

|

OoOoo0oo0ogano

O0Oo0oo0oo0oao

O 0Ooo0ooo
O Ooooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O OooOgooo
O Oogoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooogooo
O O0Oogoo

JP 2004-509187 A 2004.

ugboobooaooboodoboad

O

O

O
O
O
O
O
O

.25

10

20

30

40

50



OooooooogogQgogooQg
Oo0ooooooggogooQg
OO0 oooDoooggogog
Ooo0oooooooOoogoo
OooooooooQgogogoaoQo
Oo0oooooogogoQgogooQg
OoooooooggogooQg
OO0 ooooooggogodg
Ooooooooogo™
OooooooooQgoogoo
Oo0oooooogogogogooQg
Oo0oooooogogogoQg
OO0 ooooooggogog
OooooooooOooOood
OooooooooQgoogoao
OoooooooogogQgogooQg
Oo0oooooogogogogooQg
OO0 ooooooggogoQg
OO0 oooDoooggogdg
OooooooooQgoogoo
OO0 ooooooQgogooQg
Oo0oooooogogogogooQg
Oo0ooooooggogoQg
OO0 oooDoooggogodg
OooooooooOgoogod
OooooooooQgogooQo
Oo0oooooogogQgogooQg
Oo0ooooooggogooQg
OO0 ooooooggogog
Ooo0oooooooogoogood

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo

O

O
O
O
O

O Ooogo

O O0ooo

O O0ooo

O Oooo

O Oooo

O Ooogo

~
[EEN
N
o’

O 0ooo
O O0ooo

O O0ooo

O Oooo

O Oooo

O o0ood

O

O O0ooo

O Oooo

JP 2004-509187 A 2004.

O Oooo

O Oooo

[ e S e e e e e [ [ I

OO0 oiODooooo0 oo oooooooooogogoaoQg

o oo ooogoooogo T

Oooooooogoogooao
e s e e e ey ) e ey 1 s s s [y [ |

s e R s e e e e e e e s e Y Y I

oo oooogo T

O

O

Oooooooooooooooooooooogooooao

O

O 0Oo0ooOooao
Ooo0ooooooo0oooooo o0 oo ooDo oo oDoDoo oD ooDoDoDoooooooodg

Ooooocooooooao

R N

O O

O O

Oo0ooooooo0oooDooooUooooDooogogoao

OoooooooDooDoooooDooDoooogoooao

[}

O

O

Y Y Y Y Y A

OOo0o0oooogod

Ooooooooooooooooooooooooooogogoo|i;

O 0Ooo0oooi&

oo oooooogogooio

Ooooooooooooooooooooogodg

Oo0oooooooooooogogoao

Oo0oooooo0ooooooo4o0 oo oooooooDooogoggogoio

Oooooooggogo|io

Oooooooooooooooooooooogl|™

oo ooooooogooogoogooog T

O

O
O0Ooo0oo0ooao

OooooooooooooogogooooiE

Ooooooogoogoo

OO0 oo oooogooooooogoQg|ig

Ooooooogoooogo T

O

O

Oo0oooooooooooo4o0 oo oooooooDooogoggogoi;

O O ogoo|o;o

Oooooooooooooooooooooogoogoo|iI;

Y e e s e Y Y s o A

[}

O

oo oooooogogooi;o

[ |

oo ooooooQgogooo

O 0Oo0ooOoao
]

(]

O Ooo0oo0oooim

Oo0oooocoooooooooooooooodg

O oOoo0oooiio

Tooooooogoooogo T

Oo0oooooogoQgooao

Oo0oooo4oUoooooooo4o0 oo oDoooooooDooogoggogoi;

O oooo0oooooooo oo oo oooooogooogogoogoag;o

Oo0ooooooooooooooQgo|ig

oo oooogoo T

O

O
OooooooooooooogoQgg

OooooooQooooolio

O Oo0oo0oooooog|g

OoDooooogooooogdg

e e [ e e e e e I A

Oo0oooooooooDoooo4gogooooao

Oo0oooooogoooooogod

O 0O oo

O

O O0ooo

OoOoo0ooooOodg

Oo0oooocooooooooogogooooao

O O0ooo

O 0Oooo
O

O oo ooooooooogoo T

OoooooogoQgdg

O Oooo

O
OO0 oooooogogdg

oo oooogogo T

Oo0ooooooooooogdg

O Oooo

o oo oooooogoo T

OO0Oo0oooogod

O O oo

O

oo oo oo oooooogoog T

Oo0ooooggogooao

O O0ooo

Ooooooooooooooooooooooooooogogooao

OooooooogoQoogoo
OoooooogQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog

O O0ooo

Oooooooo0ooooooo0 oo oooooooDoooQgogooao

O 0Oooo

OoOooooooooooooo00 oo oooooooDooogogooao

oo ooooogoogog T O Oooo

Ooooooooogooooooaog

N
()]

O Ooogo

OOooooogdg

O O

"o oooooogoog T

O0Ooo0ooooaog

10

20

30

40

50



goboodgbad
udgooooooocog0ogoggooonoano
oboooboobooboooboobooonn
"O0'" ooooooooobooo" OooOoao
goooao
bogogogoogoogoogodgoogano
oooooooooobooooooooao
goooboobobooboobonb
ugboobooboboobooboadab
ooooooboooobooooooooaob
gbooobooboobooboooboaodanb
oooooooooobooooooooao
gbooobooboobooboobonb
goooano
goggooooooooooooooan
gboooboboboba0boobOOnO
poO0CDODO0OOO0OOCODDODO0OOOODOOB
oooODooooDoDOopOoODOOOOOD

e R ey e s o |

OoooooooDoooooo0o oo oDoDooo4o0ooDooogoglioo
OOooooooUooooooUoooDoDoDoDooo4ooooDoooogoglgo
Oo0o0ooooUdgUoooDoooU oo oDooooUoUooDooogoglgog
OoOoooooooo0oooooooooDooooooooooogogogljoo
OoOooooooo0oooooooDoooDooooooooooogogljoo

I e e e o o
OO0 ooDooo oo ooooo oo oDoDooogogoooaoilo
e e e e e e s e o o
OoooooooooooDoooooooDooooogogoooaolio
Oo0oo0oooo o0 oo oooo o0 oo oDoooOgoooooo
OO0 o0ooDoooQo0 oo oooo o0 oo oDooo4gogooooao
OO0 ooDooo o0 ooDoDooo oo oDoDooogogooooao
o000 ooo Q0o oDoDoDoUgogUoDUooDoDooogoggooooao
Ooo0oooooooooooooooooDoooooooooao
Oo0ooooooo0 oo oooo o0 oo oDoo oo ooooo
e e e e e
OO0 ooDooo4o0ooDoooo oo oo oDooo4gogooooao
OO0 ooDooo4o0ooDoDooUo oo oDoDoooggooooao

(15)

O O
O O

O0Ooo0Oo0oo0oodg
OOoo0o0ooodg
OOoo0ooood
OOoo0ooood
OO0Ooo0oooogod
OO0Oo0Oo0ooogodg
Oo0Ooo0o0ooogdg
OOoo0oood
O0Ooo0ooood
OOoo0ooood
OO0Oo0oooodg
O0Ooo0o0ooogdg
OOoo0oooodg
OOoo0oood
OOoo0ooood
O0Ooo0oooodg
O0Ooo0Oo0ooodg
OOoo0o0oood
OOoo0ooood
O0Ooo0ooood
O0Ooo0ooood

O 0Oooo
O Ood

Ooooooooooooooooooooooooooooao
Oo0oooooo o0 oo ooooo0o oo oDooogogooooao
I e e [ I
OO0 oooooo0ooDoooo oo ooDoDooogogooooao

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

O
O
O
OJ
O

O oOooo
O OO
O 0Oooo
O 0Ooo
O 0Oooo
Oo0ooQge

O OooOooo

"o oD oo ooogooogogo T

OO0 ooooooogdg

e e e e e e e s e I A
Oo0ooooooooooooooooDoooooooooao
Oo0oo0ooDoooOo0 oo oooo o0 oo oDooo4gogooooao
OO0 o0ooDooo o0 oo oDooo oD ooDoDoooogooooao
OO0 ooDoooo0ooDoooo oo oDoDooogogooooao
e e [ e e e e e I A
OooooooooooDoooooooDoooooooooao

JP 2004-509187 A 2004.

O

O
O
[
O
O
O
O
(]
O
O

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
I o R e
O 0Oooo
o R R e
O O0oe d

Oooooooo0ooDoooooDooDoooooooooao
Ooooooo4o0ooDoooooDooDoDooooooooao
OOoooooo4oooooooooooDoDoooogooooao
OO0 o0ooDoogog4dooDoooUooUoDooDoDoooogogoooao
Oooooooooooooooooooooooooooaoo
OoOooooooo0ooDooooooooDoooooooooao
Oooooooo0oooooooDooDoDooooooooao
OOoooooo4oooDooooooooDoDoooogooooao

O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

.25

OO0 ooooogdg

OoDoooogog4oooooooggogao

10

20

30

40

50



OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood

O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao

O
O O

O Oooo

O

O
O 0Ooo0oooao

O Ooo0oooao

O Ooooo

O Ooo0oooao

(16)

O 0o o
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Oooo

O

[

JP 2004-509187 A 2004.

O O

T O
O 0Ooo0oo0oo0oao
O Ooo0ooo

Ooooooooo0ooooooooooooooogoaQg
OoOooooooo0oooooo|mooooogogoOoogoaoQg

OooDoooooooooooi™
Oooooooogogoooooaoi™
OO0 oDoDooogoggogooooool™
Oo0ooooooooooooo|™
Ooooooooooooooi™
OooDooooogooooooi™
OooDooooogogoooooaoi™
OO0 oDoDooog4goooooaoi™
Oo0ooooooooooooo|™
Ooooooooooooooi™
Ooooooooooooooi™
Oooooooogoooooooi™
OO0 oDooooggogoooooaoi™
OOo0oo0ooooooooooo|™
Ooooooooooooooi™
Ooooooooooooooi™
Oooooooogooooooi™
OoDooooogogogooooaoi™
OO0 O0DoDooogog4gogooooooli™
Oo0oooooooooooooi™
Ooooooooooooooi™
Ooooooooooooooi™
Ooooooogogoooooaoi™
OO0 o0DoDooogog4gogooooooli™
Oo0ooooooooooooodg
Ooooooooooooood
OooDoooooooooood
OooDoooooooooood
OO0 oDoDooogooooood
Oo0ooooooooooooodg
Ooooooooooooood
OooDoooooooooood
Ooooooooooooood
OO0 oDoDooogogoooooogod

e [ |

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

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

e e s e e s e e e s s e e A s ) e e e R s s [ |

Oooooooooooooooooooooogogooi;o
OoOooooooo0 oo ooooo0ooDoooogooi;o

Oooooooooooooogogo|io
Ooooocoogooooooogogo|io
Oo0DoDooo4gogoooooogogog|io

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

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

Ooooooooogogoo|i;

O 0Oo0ooOoao

Oooooocooooooooogogo|i;
Oooooooooooooogogo|io
Oooooooooooooogogo|io
Oo0oDooogog4ogooooogogog|io
Oooooooooooooogogo|i;
Oooooocooooooooogogo|i;
Oooooooooooooogogo|i;
Oooooooooooooogogoao
Oo0ooDooo4gogoooooogogogao
Oooooooooooooogoogooao
Ooooocooooooooogoogoao
Ooooocooooooooogogoao
Oooooooooooooogogoao
OooDoooooooooogogoao
OO0 oDooo4ggUoooDooogogogao
Ooooocooooooooogoogoao
Ooooocooooooooogogoao
Oooooooooooooogogoao
Ooooooogooooooogogoao

OO0 ooDooogogoooooogd
Oo0oooooooooooooogodg
Ooooooooooooooogdg
Ooooooooooooooogdg
OOoooooooooooooogd

ooooao
ogooo
goooano

googano

O Ooo0oooo
O Ooo0oooao
O Oo0oooao

O
O
O
O
O
O
O
O

OO0 ooDooogogoooooogd
OOo0oooooooooooooodg
Ooooooooooooooogdg
Ooooooooooooooogdg
Oooooooooooooogd
OO0 oooooogoooooogd

O

O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

10

20

30

40

50



e R ey [ s R s [y |

OoooooogoQgogooQg
OoooooogQgogoQg
OOo0oooooggogog
OoooooooOoogoo
OooooooogoQgoo

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

OoOOoooooo0oooooooooUoDoDoDooo oo oDoDoDoooDoooDoDooogoooao
OOoo0oooo4o0UooooooUooUoDoDoDoooo oo UoooDoDoDoDoUUoooDoDooogoooao
s e A e e e e e s e e s e Y Y I
Ooooooooo0oooooo oo oDooo o oo oDoooo0oooDooooogooooOoao
Ooooooooo0oooooo oo oDooo oD oo oDoDooo0DooDoDoooQgooooao

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

O
O

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

Oooooood
Ooooooogod
OOoooooogod
OoOooooood
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

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

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

OoOoooooao
OOoo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao

O
O
O
O

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

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

O

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

O
O

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

an

[

O

JP 2004-509187 A 2004.

uod

O

O

0

ugoooaooboadd

O

O

O

O

O

O

O

O
O

OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

.25

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 e e e [ [ [ |

OOoo0ooooaog
OOoo0ooooaog

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog

O
O
O

OO0 ooooooQgooo
OO0 oooooogogooao
OO0 oDooooogogogoao
Ooooooooogooao
OoooooooQgooao
oo ooooooQgooao
OO0 oooooogooao
OO0 ooooooggogogoao
Oo0oooooooOgoOooao
OoooooooQgooao
OO0 ooooooQgooao
OO0 ooooooQgooao
OO0 oooooogogogogoao
OooooooooOgoOooao
Ooooooooogooao
oo ooooooQgooo
OO0 ooooooQgooao
OO0 oooooogogogooao
OO0 oooDooogogogoao
Ooooooooogooao
oo ooooooQgooao
OO0 ooooooQgooo
Oo0oooooogogooao
OO0 oooooogogogoao
Ooooooooogooao
oo ooooooQgooao
OO0 ooooooQgooo
OO0 oooooogogooao
OO0 oooDooogogogogoao
OoooooooogoOooao
OooooooooQgooao
OO0 ooooooQgooao

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

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

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
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
O O0OoQgooao

(18)

0O O
[ |

O
O
O
O
O
O

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

|

JP 2004-509187 A 2004.

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

OoooooogogQgooao
Oo0oooogogogooao

.25

10

20

30

40

50



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

e s e e e e e e e ) Y Y I
OOoooOoo4o04oooooo400 oo oDooooo LoD UoooDoDoDoUU Do oDoDoooUoUUoDoDooogogooao
e s e e e s e e e e A s ) e Y Y I O

Oooooooooooooooooooooogoogoao

O 0Oooo
O Oooo
]

O
O

Oooooooooooooooooooo.o
OoooooooooDoooooooooog

Ooooooooooooooogoooo

O

O
O
O
OJ
O
O
O
O

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

O

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

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

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

O
O
O
O
O
O
O
O
O

O Ooooo
O Ooooo

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo

O
O
O
O
O
O
O
O
O
O
O

oo OO

O

O 0Oo0ooOoo
O Ooo0ooo

o= OO

O

O Ooooo
O Ooooo
O 0OoOooOoo

O 0Oooo

O O0ooo

O Oooo

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

O Oooo

(19)

O 0ooo

O

O 0ooo
O O0ooo

O Oooo

O Oooo

Ooo0Oood

|

O 0ooo

O O0ooo

JP 2004-509187 A 2004.

ugboobooaooboodoboad

O 0Oooo

O Oooo

O Ooogo

O 0ooo

O 0Oooo

O O0ooo

O Oooo

O Oooo

O 0ooo

O 0Oooo

O O0ooo

O Oooo

.25

O Oooo

10

20

30

40

50



[y e e s Iy
e ey e e e e [ Iy
e e e e e s sy s e [ Y I O
e e e e e e e e e s R s e Y Y I Y

Iy |

I [ e [ i [ e i Y

oo ooooooogoQgg

oo o oooooogog OooooooogoQgoo

Ooooooooogoogoao

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg

OoooooQgogoao
OooooogoQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogoao
OoooooQgogoao
Ooooooggogaog
Oooo0oooOooOgoao

O oox

oo ooooooogdg
OO0 ooooooogdg
OO oooooogdg
Oooooooooodg
oo ooooooogodg
Ooo+Hooooogoog
OO0 ooooooogdg
OO0 ooooooogdg

Oooooooogogoog

°c OO Qg oo oo

OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg

OOoo0ooood
OOoo0ooood
O0Oo0oooodg

O OO

Oooooood
Ooooooood
Oooooooodg
Ooooooodg
OOoooooogodg
Ooooooood
Ooooooood
Oooooooodg
Ooooooodg
OOo0oooood

Oooooooogoao
OooooooQgoao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao

O 0Ooo0ooo

OoooooQgogoao
OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao

O
O
O

O
O
O

O
O
O

(20) JP 2004-509187 A 2004.3.25

O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao

A R i
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oooao
O0Oo0oooaog
O0Ooo0oo0ooao
O0Ooo0oooao
OOoo0oooaoo
O0Ooo0oooao
O0Oo0oooao

O O

ooooboobooboobooboobooo

Ooooooood
Ooooooood
Oooooooogodg
Ooooooogod
OOo0Dooooogod
Ooooooood
Oooooooodg
Ooooooodg
Ooooooogod
OOo0ooooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod
OooOoo0ooood
OooOoo0oood
oo °0Ooogao
OoOoo0oooogod
OoOoo0oooogod

gboboobooobood

0O O
[ |
[ |
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

ooooooooboboboooooooooao
gobooobooobooboobooboooboaodnb
oooooooooboooooes oooooao
gooboooboooboooobogobooobonb
gobooobooobooboooboooboooboaodab
oooo0o ocoooooobooooooooao
g

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

gobooobooobooboooboooboooboaodab
oooooooooboooooooooooao
gobooobooobooboobogoboobonb
goboboo+x0ho0oobooboobooboadnb
ooooooooboboboooooooooao
goboooooboobooboooooo d
ooooooooao

10

20

30



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

(21) JP 2004-509187 A 2004.3.25

&1
BEEAHE KHFEH 1 L) 2 EHEF 3
mzr (60°C) 120 % - -
25 30 9 10 99 30 9
m#k (60°C) - 60 4 _
Bt - 10 5 -
kY FEE 95~100 105~112 95~100
goo0oogooud

ugbooobdoobooboobooboobooboooboobobooboobooobooboboao
oooooooooOoocoouooooobboboooooooobooOoDoOon



(22) JP 2004-509187 A 2004.3.25

ugbooobooodoboado

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

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publieation Date

21 March 2602 (21.03.2002) PCT

OO0

(10) International Publication Number

WO 02/22697 Al

(51) International Patent Classification™ COSF 20/12, 2/48
(21) International Application Number:  PCT/EP01/10284

(22) International Filing Date:
G September 2001 (06.09.2001)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
00810826.8 14 September 2000 (14.09.2000) EP

(71) Applicant (for all designated States except US): CIBA.
SPECIALTY CHEMICALS HOLDING INC. [CH/CH];
Klybeckstrasse 141, CH-4057 Basel (CH).

(72) Inventors; and

(75) Inventors/Applicants (for US only): RINKER, Karsten
[DE/DE); Chrischonagasse 22, 79594 Inzlingen (DE).
AUSCHRA, Clemens [DE/DE]; Renmnweg 7, 79106
Freiburg (DE). JUNG, Tunja [DE/DE); Blizmattweg 39,
79594 Tnzlingen (DE). JAHN, Reiner [DE/DE]; Neu-
mattweg 19, 79379 Millheim (DE). LITZLER, André
[FR/FR); rue de la Vidrge 8, F-68720 Spechbach-le-Bas
(FR).

{74) Common Representative: CIBA SPECIALTY CHEMI-
CALS HOLDING INC.; Patentabteilung, Klybeckstrasse
141, CH-4057 Basel (CH).

{81) Designated States (pational): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, IP, KE, KG, KP. KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI,
SK, SL, TI, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU,
Z8, ZW.

{84) Designated States (regional)t ARTPO patent (GH, GM,
KE, L8, MW, MZ, SD, SL, 8Z, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, T1, TM), Buropean
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
1T, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BI, CF,
CG, CI, CM, G4, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

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

22697 Al

=~ (57) Abstract: A photopolymerisation process for the

(54) Title: ACYLPHOSPHINE OXIDE PHOTOINITIATORS IN METHACRYLATE CASTING RESINS

of fings from casting resins wherein 1) a

002

10 % at Jeast one mono- or bi: Iphosphine oxide ph

methacrylate casting resin formulation containing (A1) > 50 % methy] methacrylate and/or a p}epolymedsate containing a high
proportion of methyl methacrylate, (A2) 0 fo 40 % other monomers than can be copolymerised with methy] methacrylate, (B) 0.1 to

C) 0to 10 % other photoinitiators, D) 0 to 5 % thermal initiators

3 and E) optionally further customary additives is cast in a mould and 2) is fully cured by jrradiation with a light source in the range
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Acvlphosphine oxide photoinitiators in methacrviate casting resing

The invention relates to a process for the production of mouldings from special methacrylate
casting resin formulations, to the methacrylate casting resin formulations and to the
mouldings obtained from the process.

EP 008 §72 describes the photopolymerisation of (meth)acrylates with UV light in the
presence of azo compounds, wherein contral of the thermal conditions is imperative and the
polymerisation takes place slowly.

Methacrylates are generally less reactive than acrylate systems from the standpoint of
phatopolymerisation. For that reason, in the field of radiation-curable surface-coatings and
printing inks it is generally acrylate systems that have gained prominence (acryiate-
functionalised monomers, crosslinking agents, ofigomers).  Particufarly since the infro-
duction of acylphosphine oxide photoiniliators it has been possible also for thick-layered and
pigmented acrylate systems and especially systems based on unsaturated polyester/styrene
to be cured via phatopolymerisation. This is described in a Yarge number of publications, for
example in US 4 710 523 and US 5 767 169.

It is known that for specific relatively thin-layered applications (<1 mmy, the less reactive
methacrylate systems are aiso suitable for radiation curing. For example, EP 436 205
discloses the adhesive bonding of acryfic glass plates with e.g. methacrylate mixtures which
comprise primatily methyl methacrylate (MMA) and photoinitiators of the benzophenone,
benzoin or o-hydroxyketone type by means of UV light. More recently EP 548 740 has
described that such adhesives can be formulated with monoacylphosphine oxides to form
daylight-curable systems.

There is a need in the art for an effective and economical way of also curing thick-layered
methacrylate formulations.

It has now been found that under certain conditions it is also possible to fully harden thick-
layered formulations of methacrylates very quickly by photopolymarisation to form
mechanically usable mouldings.

JP 2004-509187 A 2004.3.25
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The invention relates to a photopolymerisation process for the production of mouldings from
methacrylate casting resins wherein
(1) a methacrylate casting resin formulation containing

(A1) >50% methyl methacrylate and/or a prepolymerisate containing a high
proportion of methyl methacrylate

(A2) 0 to 40% aother monomers that can be copolymerised with methyl methacrylate

(B) 0.1to 10% at least one mono- or bis-acylphosphine oxide photoinitiator

(C) 0to 10% other photoinitiators

(D) Oto 5% thermal initiators and

(E) optionally further customary additives

is cast in a mould and
(2) is fully cured by irradiation with a light source in the range of from 200 to 800 nm to form
a mechanically stable moulding.

The distinguishing feature is that the methacrylate casting resin formulation comprises a
mono- or bis-acylphosphine oxide photoinitiator.

The methacrylate casting resin formulation comprises as component (A1) for example one or

a mixture of the following constituents:

- as polymerisable constituent: methyl methacrylate (MMA)

- as prepolymerisate (PP): polymethyl methacrylate (PMMA) or copolymers of methyl meth-

acrylate with subordinate amounts, for example up to a maximum of 40% based on the

prepolymerisate, of a comonomer (M), for example esters of acrylic acid with alcohols having

from 1 to 18 carbon atoms, e.g. methyl acrylate, butyl acrylate, etc., derivatives of meth-
CH,O

acrylic acid, for example of formufa () H,C=C—C—O0—R, , wherein Rg is Cy-Cyalkyl,

Cs-Caeycloalkyl, phenyl, naphthy! or benzyl. (Definitions of C4-Cygalkyl and Cs-Cyaeycloalkyl

are given hereinbelow under the description of component (8)).

Further examples of (M) are acrylic acid, methacrylic acid, styrene, (C,-Calkyl)-substituted

styrenes, o-methylstyrene, maleic anhydride, maleic acid, fumaric acid, itaconic acid,

functional monemers based on esters of acrylic acid or methacrylic acid with functionalised

alcohols, e.g. 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl meth-

JP 2004-509187 A 2004.3.25
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acrylate, 2-ethoxyethyl methacrylate, 2-dimethylaminoethyl acrylate, 2-dimethylaminoethy!
methacrylate, N-tert-butylaminoethyl methacrylate, amides of acryfic acid and methacrylic
acid, e.g. acrylamide, methacrylamide, N-(C-Cjalkyh)-substituted acrylamides and meth-
acrylamides, e.g. dimethylacrylamide, dimethylaminoethylmethacrylamide and 2-acrylamido-
2-methyipropanesulfonic acid.

Also suitable are, for example, copolymers of methyt methacrylate and acrylates, methyl
methacrylate advantageously constituting the major propartion of the copolymer, for example
more than 95%, for example from 95% to 99.9%, and the content of, for example, poly-
functional acrylates being about from 0.1 to 5%.

As crosslinking monomers (M) there come into consideration especially polyfunctional
methacrylic monomers or polyfunctional acrylic monomers. As crosslinking components

there may be used bifunctional or trifunctional methacrylic monomers and also higher

functional, e.g. tetrafunctional, methacrylic monomers. They are preferably ester-functional, -

Suitable polyfunctional methacrylic acid esters or acrylic acid esters are derived from
aliphatic polyhydroxy compounds having at least 2, preferably at least 3 and especially at
least 4, hydroxy groups and preferably from 2 to 6 carbon atoms. Examples are ethylene
glycol, propylene glycol, 1,4-butanediol, 1,6-hexanediol, diethylene glycol, triethylene glycol,
gdlyceral, trimethylolpropane, pentaerythritol, tetramethylolethane, sorbitan or alkoxylated
polyhydric alcohols, e.g. ethoxylated frimethylolpropane and polyethylene glycol. Examples
of suitable esters are: glycol dimethacrylate, butanediot dimethacrylate, dimethylolpropane
dimethacrylate, diethylene glycol dimethacrylate, divinylbenzene, trimethylolpropane fri-
methacrylate, glyceral trimethacrylate, pentaerythritel tetramethacrylate, 1,2,3,4-butane-
tetraol tetramethacrylate, tetramethylolethane tetramethacrylate, 2,2-dihydroxypropanediol
1,3-tetramethacrylate, sorbitan tetramethacrylate, sorbitan pentamethacrylate and sorbitan
hexamethacrylate.

Itis also possible to use mixtures of crosslinking monomers with from two to four or more
sthylenically unsaturated, free-radical-polymerisable groups.

The menomer (M) may also encompass the following crosslinking monomers known per se,
€.g. monamers having free-radical-polymerisable vinyl groups in the moalecule, for example
allyl (meth)acrylate, triallyl cyanurate, divinylbenzene or diallyl phthalate.

JP 2004-509187 A 2004.3.25
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Component (A1), i.e. the content of methyl methacrylate and/or of prepolymerisate contain-
ing a high proportion of methy! methacrylate, in the casting resin formulation is greater than
50%, e.g. from 50% to 99.9%, typically from 80% to 99.9%, preferably from 95% to 99.9%.

In addition to MMA, the methacrylate casting resin formulation may also comprise, as
component (A2), further monemers, these being monomers copalymerisable with MMA, in
amounts of from 0 to 40%. Examples of such copolymerisable monomers correspond to the
components (M) described above as constituent of the prepalymerisate. The same mono- or
poly-unsaturated moenomers are encompassed:
Component A2 (corresponding to comonomer (M)) is selected from: esters of acrylic acid
with alcohols having from 1 to 18 carbon atoms, e.g. methyl acrylate, butyl acrylate, etc.,
CH,0
derivatives of methacrylic acid, for example of formula (11} H,C=C—C—0—R; , wherein
Rs is C1-Cygatkyl, Cs-Cqacycloalkyl, phenyl, naphthy! or benzyl (definitions of C4-Cygalkyl and
Cs-Cyzcycloalkyl are given hereinbelow under the description of companent (B)), acrylic acid,
methacrylic acid, styrene, (C;-C,alkyl)-substituted styrenes, a-methylstyrene, maleic
anhydride, maleic acid, fumaric acid, itaconic acid, functional monomers based on esters of
acrylic acid or methacrylic acid with functionalised alcohols, e.g. 2-hydroxyethyl acrylate, 2-
hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate, 2-ethoxyethyl methacrylate, 2-
dimethylaminoethyl acrylate, amides of acrylic acid and methacrylic acid, e.g. acrylamide,
methacrylamide, N~(C-Calkyl)-substituted acrylamides and methacrylamides, e.g. dimethyi-
acrylamide, dimethylaminoethylmethacrylamide and 2-acrylamido-2-methylpropanesulfonic
acid.
Especially suitable are simple acrylates, e.g. methyl acrylate, ethyl acrylate, buty! acrylate, in
amounts of from 0 to 5%, and also palyfunctional acrylates in amounts of from 0 to 5%.
As crosslinking monomers M there come into consideration especially also pelyfunctional
methacrylic monomers or polyfunctional acrylic monomers. As crosslinking companents
there may be used bifunctional or trifunctional methacrylic monomers and also higher
functional, e.g. tetrafunctional, methacrylic monomers. They are preferably ester-functional.
Suitable polyfunctional methacrylic acid esters or acryfic acid esters are derived from
aliphatic polyhydroxy compounds having at least 2, preferably at least 3 and especially at
least 4, hydroxy groups and preferably from 2 to 6 carbon atoms. Examples are ethylene

JP 2004-509187 A 2004.3.25
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glycol, propylene glycol, 1,4-butanediol, 1,6-hexanediol, diethylene glycol, triethylene glycol,
glycerol, trimethylolpropane, pentaerythritol, tetramethylolethane, sorbitan or alkoxylated
polyhydric alcohols, e.g. ethoxylated trimethylolpropane and polyethylene glycal. Examples
of suitable esters are: glycol dimethacrylate, butanediol dimethacrylate, dimethylolpropane
dimethacrylate, diethylene glycol dimethacrylate, divinylbenzene, trimethylolpropane trimeth-
acrylate, glycerol trimethacrylate, pentaerythritol tetramethacrylate, 1,2,3,4-butanetetraol
tetramethacrylate, tetramethylolethane tetramethacrylate, 2 2-dihydroxypropanediol 1,3-
tetramethacrylate, sorbitan tetramethacrylate, sorbitan pentamethacrylate and sorbitan hexa-
methacrylate.

It is also possible to use mixtures of crosslinking monomers with from two to four or more
ethylenically unsaturated, free-radical-polymerisable groups.

The monomer M may also encompass the following crasslinking monomers known per se,
€.g. monomers having free-radical-polymerisable viny! groups in the molecule, for example
allyl (meth)acrylate, triallyl cyanurate, divinylbenzene or diallyl phthalate.

Component (A2), i.e. the content of comonomer copolymerisable with MMA, is from 0 to
40%, typically from O to 20% and preferably from Q to 10%.

As photoinitiator component (B) there are used according to the invention monoacyl-
phosphine oxides or bisacylphosphine oxides. Also possible are mixtures of such com-
pounds, i.e. one or more monoacylphosphine oxides, one or more bisacylphosphine oxides
or a mixture of one or more monoacylphosphine oxides and one or more bisacylphosphine
oxides.

It is preferable to use bisacylphosphine oxides or a mixture of mono- and bis-acylphosphine

oxides. Bisacylphosphine oxides are of special interest.

Suitable photoinitiator compounds as component (B) are, for example, compounds of
formula |

o]
—[C‘:— r, Wherein

Ri— s

T-—0==0

2

JP 2004-509187 A 2004.3.25
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Ry is C4-Cygalkyl, which is unsubstituted or substituted by phenyl, C4-Cyalkylphenyt,
halophenyl, C4-Cqpalkoxyphenyl, Cy-Csalkaxycarbonyl, C1-Cyalkoxy, CN or by halogen; or
Ry is C,-Cygalkenyl or Cs-Cacycloalkyl; or Ry is phenyl, naphthyl, biphenylyl or a five- or six-
membered O-, 8- or N-containing heterocyclic radical, the radicals phenyl, naphthyl,
biphenylyl and the heterocyclic radical being unsubstituted or substituted by Cy-Cypalkyl,
C4-Cyzalkoxy and/or by halogen;

R, has one of the meanings given for R, or is a radical -(CO)R; or -ORy; or

R4 and R; together with the phosphorus atom to which they are bonded form a ring;

Rz is C1-Cysalkyl, which is unsubstituted or substituted by phenyl, C,-Csalkoxycarbonyl,
C1-Cyaalkoxy, phenoxy, Cy-Ciqalkyithio, phenyithio or by halogen; or R; is phenylvinyl or is
Cg-Cqcycloalkyl unsubstituted or substituted by C4-Cqzalkyl, phenyl, phenaxy, Cs-Cyzalkaxy,
Cy-Cgalkoxycarbonyl, G1-Calkylthio and/or by halogen; or R is phenyl, naphthyl, biphenylyl
or a five- or six-membered O-, S- or N-containing heterocyclic radical, the radicals phenyl,

naphthyt, biphenylyl and the heterocyclic radical being unsubstituted or substituted by-

C4-Cyzalkyl, C1-Cqqalkoxy, Ci-Gyzalkoxyalkyl, C4-Cqalkylthio and/or by halogen; and
R4 is C4~Cygalkyl, phenyl-C4-C,alkyl, Cs-Cgeytloalkyl, phenyl or naphthyl.

C1-C1gAlkyl is linear or branched and is, for example, C4-Cyg-, C1-Cg-, C4-Cq- ar C4-C-alkyl.
Examples are methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, pentyl,
hexyl, heptyl, 24 4-trimethylpentyl, 2-ethylhexyl, octyl, nonyl, decyl, undecyl, dodecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl. For example, R, and R, are
especially Cy-Cgalkyl, e.g. 2,4,4-trimethylpentyl.

C4-C12Alkyl is likewise linear or branched and has, for example, the meanings given above
up to the appropriate number of carbon atoms.

Cy-CqpAlkoxy denotes linear or branched radicals and is, for example, C3-Gyg-, C4-Cy-,
C-Cg- or C-Cy-alkoxy. Examples are methoxy, ethoxy, propoxy, isopropoxy, n-butyloxy,
sec-butyloxy, isobutyloxy, tert-butyloxy, pentyloxy, hexyloxy, heptyloxy, 24,4-trimethyl-
pentyloxy, 2-ethylhexyloxy, octyloxy, nonyloxy, decyloxy and dodesyloxy, especially
methoxy, ethoxy, propoxy, isopropoxy, n-butyloxy, sec-butyloxy, isobutyloxy and tert-butyl-
oxy, preferably methoxy.

JP 2004-509187 A 2004.3.25
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C4-Cq2Alkylthio denates linear or branched radicals and is, for example, C;-Cg-, C-Cg~ oF
Cy-Cgalkylthio. Examples are methylthio, ethylthio, propylthio, isopropyithio, n-butylthio,
sec-butylthio, isobutylthio, tert-butylthio, pentylthio, hexylthio, heptylthio, 2,4,4-trimethyl-
pentylthio, 2-ethythexylthio, octylthio, nonylthio, decylthic and dodecylthio, especially methyl-
thio, ethylthio, propylthio, isopropylthio, n-butyithio, sec-butylthio, isobutylthio and tert-butyl-
thio, preferably methylthio.

Cs-Cyp- and Cs-Cg-cycloalkyl denote linear or branched alkyl that contains at least one ring,
e.g. cyclopentyl, methyl-cyclopentyf, cyclohexyl, methyl- or dimethyl-cyclohexyl, cyclooctyl or
cyclononyl, especially cyclopentyl and cyclohexyl.

C,-CyoAlkoxyalkyl denotes alkyl substituted by an alkoxy group, i.e. it is C,-Cygalkyl inter-
rupted by an O atom. Examples are methoxymethyl, methoxyethyl, methoxyprapyl, ethoxy-
methyl, ethoxyethyl, ethoxyprapyl, propoxymethyt, propoxysthyl and propoxypropyl.

Phenyl-C4-Calkyl is e.g. benzyl, phenylethyl, a-methylbenzyl, phenylbutyl, phenylpropyl or
a,a-dimethylbenzyl, especially benzyl. Phenyl-C4-C,alkyl is preferred.

Cy-CygAlkenyl radicals may be mono- or poly-unsaturated and linear ar branched and are, for
example, Cy-Cqp~, Ca-Cig-, C2-Cy-, Co-Cq- or C-Cy-alkenyl. Examples are vinyl, allyl, meth-
allyl, 1,1-dimethylaliyl, 1-butenyl, 2-buteny!, 1,3-pentadienyl, 1-hexenyl, 1-octenyl, decenyl and
dodecenyl, especially allyl.

Substituted phenyl is mono- to penta-substituted, e.g. mono-, di- or tri-substituted, especially
di- or tri-substituted, at the phenyl ring.

Preferred substituents for Ry, R; and R; as phenyl or naphthyl are C4-Cjalkyl, especially
methyl, C4-C,alkoxy, especially methoxy, and chiorine. Special preference is given to e.g.
2,4 6-trimethylphenyl, 2,6-dichlorophenyl, 2,6-dimethylphenyl and 2,6-dimethoxyphenyl.

C4-CroAlkylphenyl is pheny! substituted by C4-Cy,alkyl and is, for example, tolyl, xylyl, mesityl,
ethylphenyt or diethylphenyl, preferably tolyl or mesityl.

JP 2004-509187 A 2004.3.25
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C4-CyzAlkoxyphenyl is phenyl substituted by C4-Cysalkoxy and is, for example, methoxy-
phenyl, dimethoxyphenyl, triethoxyphenyl, ethoxyphenyl or diethoxyphenyl, preferably
methoxyphenyl. '
Ca-CsAlkoxycarbonyl denotes a carbonyl group substituted by Ci-Catkoxy, i.e. Ci-Cyalkoxy-
(CO)-. Examples are methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxy-
carbonyl, butoxycarbonyl, isobutoxycarbonyl and tert-butoxycarbonyl.

Halogen is fluorine, chlorine, bromine and iodine, especially chloring and bromine, preferably
chilorine.

As an O-, 8- or N-containing 5- or 6-membered heterocyclic ring, Ry, R, and Ry are e.g. furyl,
thienyl, pyrrolyl, oxinyl, dioxinyl or pyridyl. The mentioned heterocyclic radicals can be mono-
or poly-substituted, for example mono- or di-substituted. Examples thereof are dimethylpyridyl,
dimethylpyrrolyl and methylfuryt.

When Ry and R; together with the phosphorus atom to which they are bonded form a ring,
that ring may also be, for example, a bridged ring. For example the following structures may

be formed (), (CHy), lé"/——- whereinp=1to8andq=2o0r3.

In the context of this Application the term "and/or” is intended te express that not only one of
the defined alternatives (substituents) may be present but that also a plurality of different
alternatives (substituents) of those defined may be present at the same time, that is to say
mixtures of different alternatives (substituents).

The term "at least" is intended to mean one or more than one, e.g. one or two or three,
preferably one or two.

In the description and in the patent claims, the word "containing" is to be understood as
meaning that, unless expressly described to the contrary, a defined subject or a defined group

of subjects are included but it does not exclude any other substances not explicitly mentioned.

R and R, need not be identical.

JP

2004-509187 A 2004.3.25



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 |

G

WO 02/22697 PCT/EP01/10284

When R; is a radical -(CO)Rs, the radical Ry in that radical need not be identical with the
other radical R; posttioned at the carbonyl group in formula I.

The compounds of formula | are known and their preparation is frequently described in the
literature, for example in US 4 710 523 and US 5 767 169. Many of the compounds of
formula | are commercially available.

Special mention should be made of compounds of formula | wherein

Ry is C4-Cpaalkyl, which is unsubstituted or substituted by phenyl, Ci-Cysalkoxy or by
halogen; or Ry is Cp-Caalkenyl or Cs-Cgeycloalkyl; or Ry is phenyl, which is unsubstituted or
substituted by C;-Cy,alkyl, C4-Cyzalkoxy and/or by halogen;

R; has one of the meanings given for Ry or is a radical -(CO)R; or -ORy;

Ry is C4-Cqgalkyl, which is unsubstituted or substituted by phenyl; C4-Cypalkoxy, phenoxy or
by halogen; or R is Cs-Cgcycloalkyl; or Ry is phenyl, which is unsubstituted or substituted by
C4~Cyaalkyl, C4-Cyzalkoxy and/or by halogen; and

Ry is C1-Crgalkyl.

Special preference is given to those compounds of formula | wherein Ry and R, are identical.
Interesting compounds of formula | are those wherein R; is the radical -(CO)R;.

Also preferred are the compounds of formula | wherein R; is the radical (CO)R; and R; is
phenyl or is phenyl substituted as defined above.

Examples of suitable compounds of formula | are
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine oxide;
bis(2,4,6-trimethylbenzoyl)phenyl-phosphine oxide;
bis(2,4,6-trimethylbenzoyl)-2,4-dipentytoxyphenyl-phosphine oxide;
2,4,8-trimethylbenzoyl-diphenyl-phosphine oxide;

2,4 8-trimethylbenzoyl-phenyi-phosphinic acid ethyl ester.

2004-509187 A 2004.3.25
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The invention relates also to a process wherein as component (B) there is used bis(2,4,6-
trimethylbenzoyl)phenylphosphine oxide and/or 2,4,6-trimethylbenzoyl-diphenylphosphine
oxide.

Component (B) is advantageously present in the methacrylate casting resin formulation in an
amount of from 0.1 to 10%, e.g. from 0.1 to 5% or from 0.5 to 5%, especially from 0.5 to 3%.

It will be understood that the phasphine exide photoinitiators can also be used in combina-
tion with photoinitiators of other chemical classes. Examples of suitable other photoinitiator
compounds are those described as component (C).

As component (C) there come into consideration, for example, camphorquinone, benzo-
phenone, benzophenone derivatives, e.g. 24,6-frimethylbenzophenone, 2-methylbenzo-
phenone, 3-methylbenzophenone, 4-methylbenzophenane, 4,4'-dimethylbenzophencne,
4,4'-bis(chloromethyljbenzophenone, 4-chlorobenzophenone, 4-phenylbenzophenane, 3,3
dimethyl-4-methoxy-benzophenone, [4-(4-methylphenylthio)pheny!]-phenylmethanone,
methyl-2-benzoyl benzoate, acetophenone, acetophenone detivatives, for example o-
hydroxycycloalkylphenyl ketones or 2-hydroxy-2-methyl-1-phenyl-propanane, dialkoxyaceto-
phenones, a-hydroxy- or o-aminc-acetophenones, e.g. {(4-methylthiobenzoyl)-1-methyl-1-
morpholino-ethane, (4-marphalinc-benzoyl)-1-benzyl-1-dimethylamino-propane, 4-aroyl-1,3-
dioxolanes, henzoin alkyl ethers and benzil ketals, e.g. benzil dimethyl ketal, phenylglyoxal-
ates and derivatives thereof, e.g. phenyiglyoxalic acid methy! ester, dimeric phenylglyoxal-
ates, peresters, e.g. benzophenonetetracarboxylic acid peresters, for example as described
in EP 126 541, trisacylphosphine oxides, halomethyltriazines, e.g. 2-{2-(4-methoxy-phenyl)-
vinyl]-4,6-bis-trichloromethyl-{1,3,5}triazine, 2-(4-methoxy-phenyl)-4,6-bis-trichloromethyl-
{1,3,5)triazine, 2-(3,4-dimethoxy-pheny)-4,6-bis-trichloromethyl-[1,3,5}triazine, 2-methyl-4,6-
bis-trichloromethyl-[1,3 5]triazine, hexaarylbisimidazole / coinitiator  systems, e.g. ortho-
chlorohexaphenyl-bisimidazole in combination with 2-mercaptobenzothiazole; ferrocenium
compounds or titanocenes, for example dicyclopentadienyl-bis(2,6-difluoro-3-pyrrofo-

phenyliitanium. As coinitiators it is also possible to use, for example, borate compounds.
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Of special interest is the use as component (C) of a-hydroxyketones, a-aminoketones,
benzil dimethy! ketal, benzophenones, substituted benzophenones, benzains and phenyl-
glyoxalic acid esters.

The invention accordingly relates also to a process wherein there is used as additional
photoinitiator (C) at least one compound selected from the group of a-hydroxyketones, a-
aminoketones, benzil dimethyl ketal, benzophenone, substituted benzophenones, benzains
and phenylgtyoxalic acid esters.

Especially suitable for use in the process according to the invention or in the methacrylate
casting resin formulations according to the invention are combinations of bis(2,6-dimethoxy-
benzoyl)-2,4,4-trimethylpentylphosphine oxide and 2-hydroxy-2-methyl-1-phenyl-propan-1-
one in different mixing ratios, e.g. 5% : 95% or e.g. 25% : 75%; or for example bis(2,6-di-
methoxybenzoyl)-2,4 4-trimethylpentylphosphine oxide and 1-hydroxy-cyclohexyl-phenyl-
propan-1-one, e.g. in a mixing ratio of 25% : 75% or e.g. 50% : 50%; also suitable are mix-
tures of 2,4,6-bis(trimethylbenzoyl)phenylphosphine oxide, 1-hydroxy-cyclohexyl-phenyl-
propan-1-one and benzophenone, the ratio of 1-hydroxy-cyclohexyl-phenyl-propan-1-one to
benzophenone preferably being 1: 1.

The various photoinitiators can be added to the formulation individually or in the form of
easily handled fiquid mixiures or solutions of the photoinitiators in the monomer or in a
suitable solvent.

The combination of the monoacylphosphine oxide compound or bisacylphosphine oxide
compound with an a-hydroxyketone may also be present, for example, in the form of a
molecule complex. Such compounds and their preparation are disclosed, for example, in
US 5 942 290.

The content of component (C) in the methacrylate casting resin formutation is advanta-
geously from 0 to 10%, e.g. from 0.1 to 10%, from O to 5%, from 0.1 to 5%.

Thermal initiators suitable for the process according to the invention are generally the com-
pounds customary in the art and known to the person skilled in the art. Examples of such
compaunds are peroxide compounds, peroxides, for example hydrogen peroxide or benzoyl
peroxide, aliphatic diacyl peroxides, hydroperoxides, e.g. tert-butyl hydroperoxide, peroxy
acids, peroxy esters, percarbonates or peroxydisuffates, e.g. sodium, potassium or
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ammonium peroxydisulfate. Further examples of thermal initiators are azo compounds, such

as azoisobutyronitrile (AIBN), 2,2'-azobis(2,4-dimethylvaleronitrile), or those described in

UB 2471959, Also suitable are nitrile-group-free azo initiators, for example those of

CH, CH,

formula (111 HBC—?_NZN—'?—CHJ , wherein Rg is C1-Cgalkyl, especially methy! or ethyl.
(13:0 (I):D
OR, OR,

Also of interest as component (D) are hydroxyl-group-containing derivatives, for example
di(2-hydroxyethyl)-2,2'-azo-bis-isobutyrate, di(2-hydroxypropyl)-2,2'-azo-bis-isobutyrate and
azocumene compounds, for example 1,1'-azo-bis-4-methylcumene and 1,1'-azo-bis-4-iso-
propylcumene,

The content of thermal initiators in the methacrylate casting resin formulation is advanta-
geously from 0 to 5%, preferably from 0.01 to 2%, e.g. from 0.01 to 0.5%.

The invention accordingly relates also to a pracess whersin the methyl methacrylate casting
resin formulation comprises as component (D) from 0.01 to 5%, especially from 0.01 to 2%,
of a thermal initiator selected from the group of azo or peroxide compounds.

Furthermore, the methacrylate casting resin formulation may optionally, depending upon the
intended use, comprise a plurality of additives (E) customary in the art.

These are especially dyes and/or pigments and fillers.

Pigments may be white or coloured. Depending upon the intended use, both inarganic and
arganic pigments may be used (cf., for example: G. Buxbaum in “Industriat Organic Pig-
ments" and W. Herbst/K.Hunger in "Industrial Organic Pigments"). Such additives are known
to the person skilled in the art; some examples are titanium dioxide pigments, e.g. of the
rutile or anatase type, carbon black, zinc oxide, such as zinc white, iron oxides, such as iron
oxide yellow, iron oxide red, chrome yellow, chrome green, nickel titanium yellow, ultra-
marine blue, cobalt biue, bismuth vanadate, cadmium yellow and cadmium red. Examples of
organic pigments are mono- or bis-azo pigments, and also metal complexes thereof,
phthalocyanine pigments, polycyclic pigments, e.g. perylene, anthraquinone, thicindigo,
quinacridone or triphenylmethane pigments, and also diketo-pyrrolo-pyrrole, isoindolinone,
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e.g. tetrachloroisoindolinone, iscindoline, dioxazine, benzimidazolone and quinophthalone
pigments. Also suitable are, for example, light- and heat-stabilised pigments.

The pigments can be used in the formulations on their own or in admixture.

Depending upon the intended use, the pigments are added to the formulations in amounts
customary in the art, for example in an amount of from 1 to 60% by weight, or from 10 to
30% by weight, based on the total mass.

The formulations may also comprise, for example, organic dyes of an extremely wide varisty
of classes. Examples are aza dyes, methine dyes, anthraquinone dyes and metal complex
dyes. Customary concentrations are, for example, from 0.1 to 20%, especially from 1 to 5%,
based on the tatal mass.

In the formulation according fo the invention the amount of dye or pigment is, for example,
from 0.1 to 49.9%, especial'ly from 0.1 to 25%, e.g. from 0.1 to 10%, it being possible for that
amount simultaneously also to include fillers.

Examples of such fillers are the inorganic materials customary in casting resin technalogy,
for example aluminium oxide, alkali metal and/or alkaline earth metal oxides, silicon dioxide
and/or titanium dioxide in various modifications, clays, silicates, oxides, carbon, metals or
metal afloys, synthetic materials such as ceramics, powdered glass, porcelain, slag or finely
divided silicon dioxide, quartz, kaolin, taleum, mica, feldspar, apatite, barytes, gypsum,
chalk, limestone, dolomite, glass fibres or mixtures of the mentioned components.

The pigments can also be incorporated into the casting resin formulation in the form of pre-

formed dispersions with the aid of suitable pigment dispersants.

Further examples of additives (E} are opacifying agents, e.g. esters of linear long-chain
alkanoic acids, thermal inhibitors, which are intended to prevent premature palymerisation,
e.g. hydroquinone, hydroquinone derivatives, p-methoxyphenol, B-naphthol or sterically
hindered phencls, e.g. 2,6-di(tert-butyl)-p-cresel. In order to increase dark storage stability it
is possible to use, for example, copper compounds, such as copper naphthenate, stearate or
octoate, phosphorus compounds, e.g. triphenylphosphine, tributylphosphine, triethyl
phosphite, triphenyl phosphite or tribenzyt phosphite, quaternary ammonium compounds,
€.g. tetramethylammonium chioride or trimethylbenzylammonium chioride, or hydroxytamine
derivatives, e.g. N-diethylhydroxylamine. For the purpose of excluding atmospheric oxygen

during the polymerisation it is possible fo add paraffin or similar wax-like substances which,
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being insoluble in the polymer, migrate to the surface at the beginning of the polymerisation
and form a transparent surface layer which prevents air from entering. Equally possible is
the application of a layer that is impermeable to oxygen. )

Also of interest as additional additives (E) are especially light stabilisers, e.g. UV absorbers,
e.g. those of the hydroxyphenylbenzotriazale, hydroxyphenylbenzophenone, oxalic acid
amide or hydroxyphenyl-s-triazine type. Such compounds can be used on their own or in
the form of mixtures, with or without the use of sterically hindered amines (HALS).

Examples of such UV absorbers and light stabilisers are

1. 2-(2"Hydroxyphenyl)benzotriazoles, for example 2-(2'-hydroxy-5'-methylphenyhbenzotri-
azole, 2-(3',5%di-tert-butyl-2'-hydroxyphenyl)benzotriazole, 2-(5"-tert-butyl-2'-hydroxyphenyl)-
benzotriazole, 2-(2'-hydroxy-5'-(1,1 ,3,3-tetramethylbutyl)phenylbenzotriazole, 2-(3',5'-di-tert-
butyl-2"-hydroxyphenyl)-5-chlorobenzotriazole, 2-(3'-tert-butyl-2-hydroxy- "-methylphenyl)-5-
chiorobenzotriazole, 2-(3'-sec-butyl-5'-tert-butyl-2'-hydroxyphenyl)benzotriazole, 2-{2-hyd-
roxy-4'-octyloxyphenyl)benzotriazole, 2~(3',5"di-tert-amyl-2"-hydroxyphenyl)benzotriazole, 2-
(3',5-bis(a,c-dimethylbenzyl)-2'-hydroxyphenyl)benzotriazole, mixture of 2-(3tert-butyl-2'-
hydroxy-5'-(2-octyloxycarbonylethyl)phenyl)-5-chlorobenzotriazole, 2-(3-tert-butyl-5'-[2-(2-
ethylhexyloxy)carbonylethyl]-2-hydroxyphenyl)-5-chlorobenzotriazole, 2-(3'-tert-butyl-2'-
hydroxy-5"-(2-methoxycarbonylethyl)phenyl)-5-chlorobenzotriazole, 2-(3-tert-butyl-2"-hydroxy-
5'-(2-methoxycarbonylethyl}phenyl)benzotriazole, 2-(3-tert-butyl-2"-hydroxy-5'-(2-octyloxy-
carbonylethyi)phenylibenzotriazole, 2-(3-tert-butyl-5'-[2-(2-ethylhexyloxy)carbonylethyl]-2'-
hydroxyphenyl)benzotriazole, 2-(3'-dodecyl-2"-hydroxy-5-methylphenyl)benzotriazole, and 2-
(3-tert-butyl-2"-hydroxy-5"(2-isooctyloxycarbonylethylyphenylbenzotriazole, 2,2-methylene-
bis[4~(1,1,3,3-tetramethylbutyl)-6-benzotriazol-2-yl phenol]; transesterification product of 2-
[3*-tert-butyl-6"-(2-methoxycarbonylethy!)-2'-hydroxyphenyllbenzotriazole with polyethylene
glycol 300; [R-CH,CH-COO(CHy)alp- where R = 3'-tert-butyl-4'-hydroxy-5'-2H-benzotriazol-
2-y! phenyl.

2. 2-Hydroxybenzophenones, for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyl-
oxy, 4-dodecyloxy, 4-benzyloxy, 4,2' 4-trihydroxy and 2'-hydroxy-4,4*-dimethoxy derivatives.
3. Esters of unsubstituted or subsfituted benzoic acids, for example 4-tert-butyl-phenyl
salicylate, pheny! salicylate, octylphenyl salicylate, dibenzoylresorcinal, bis(4-tert-butyl-
benzoyf)resarcinol,  benzoylresorcinol,  2,4-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxy-
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benzoate, hexadecyt 3,5-di-tert-butyl-4-hydroxybenzoate, octadecyl 3,5-di-tert-butyl-4-hyd-
roxybenzoate and 2-methyl-4,6-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate.

4. Acrylates, for example ethyl and isooctyl a-cyano-B,B-diphenylacrylate, methyl
a-carbomethoxycinnamate, methyl and butyl a-cyano-3-methyl-p-methoxycinnamate, methyl
a-carbomethoxy-p-methoxycinnamate  and  N-(B-carbomethoxy-f-cyanovinyl)-2-methyl-
indoline.

5. Sterically hindered amines, for example bis(2,2,6 6-tetramethyipiperidyl) sebacate,
bis(2,2,6,6-tetramethylpiperidyl) succinate, bis(1,2,2,6,6-pentamethylpiperidyt) sebacate,
bis(1,2,2,6,6-pentamethylpiperidyl) n-butyl-3,5-di-tert-butyl-4-hydroxybenzylimalonate, the
product of the condensation of 1-hydroxyethyl-2,2,8,6-tetramethyl-4-hydroxypiperidine and
succinic acid, the product of the condensation of N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)~
hexamethylenediamine and 4-tert-octylamino-2,6-dichloro-1,3,5-s-triazine, tris(2,2,8,6-tetra~
methyl-4-piperidyl) nitrilotriacetate, tetrakis(2,2,6,6-tetramethyl-4-piperidyl)1,2,3,4-butane-
tefracate, 1,1-(1 ,2—ethanediy[)bis-(3,3,5,S-tetrame(hylpiberazinone), 4-benzoyl-2,2,6,6-tetra-
methylpiperidine,  4-stearyloxy-2,2,6,6-tetramethylpiperidine,  bis(1,2,2,6,6-pentamethyl-
piperidyl)  2-n-butyl-2-(2-hydroxy-3,5-di-tert-butylbenzyl)malonate, ~ 3-n-octyl-7,7,9,9-tetra-
methyl-1,3,8-triazaspiro[4.5]decane-2,4-dione,  bis(1-octyloxy-2,2,6,6-tetramethylpiperidyl)
sebacate, bis(1-octyloxy-2,2,6,6-tetramethylpiperidyl) succinate, the product of the conden-
sation of N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylene-diamine and 4-morpholino-
2,6-dichloro-1,3,5-triazine, the product of the condensation of 2-chiora-4,6-di(4-n-butylamino-
2,2,6,6-tetramethylpiperidyl}1,3,5-trazine and 1,2-bis(3-aminopropylamino)ethane, the pro-
duct of the condensation of 2-chlero-4,6-di(4-n-butylamine-1,2,2,6,6-pentamethylpiperidyl)-
1,3,5-triazine and 1,2-bis(3-aminopropylamino)ethane, 8-acetyl-3-dodecyl-7,7,9,9-
tetramethyl-1,3,8-triazaspiro[4.5]decane-2,4-dione, 3-dodecyl-1-(2,2,6,6-tetramethyl-4-piper-
idylpyrrolidine-2,5-dione and 3-dodecyl-1-(1,2,2,6,6-pentamethyi-4-piperidyl) pyrrofidine-2,5-
dione.

6. Oxalic acid diamides, for example 4,4'-dioctyloxyoxanilide, 2,2'-diethoxyoxanilide, 2,2'-
dioctyloxy-5,5'-di-tert-butyloxanilide, 2,2"-didodecyloxy-5,5'-di-tert-butyloxanitide, 2-ethoxy-2'~
ethyloxanilide, N,N'-bis(3-dimethylaminopropyl)oxalamide, — 2-ethoxy-5-tert-butyi-2'-ethyl-

oxanifide and mixtures thereof with 2-ethoxy-2'-ethyl-5,4'-di-tert-butyloxanilide, and mixtures

of 0- and p-methoxy- and of o- and p-ethoxy-disubstituted oxanilides.

7. 2-(2-Hydroxyphenyl-1,3,5-triazines, for example 2,4,6-tris(2-hydraoxy-4-octyloxyphenyl)-
1,3,5-triazine, 2-(2-hydroxy-4-octyloxypheny!)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-
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(2,4-dihydroxyphenyl)-4,6-bis(2,5-dimethylphenyl)-1,3, 5-triazine, 2,4-bis(2-hydroxy-4-propyl-
oxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine,  2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-
methylphenyl)-1,3 5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyi)-4,6-bis(2 4-dimethylphenyl)-
1,3,5-triazine,  2-[2-hydroxy-4-(2-hydroxy-3-butyloxypropyloxy)phenyl}-4,6-bis(2 4-dimethyl-
phenyl)-1,3,5-triazine,  2-[2-hydroxy-4~(2-hydroxy-3-octyloxy-propyloxy)phenyl}-4,6-bis(2,4~
dimethylphenyl)-1,3,5-triazine and 2-[4-dodecylitridecyloxy(2-hydroxypropyl)oxy-2-hydroxy-
phenyt}-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine.

8. Phosphites and phosphonites, for example triphenyl phosphite, diphenyl alkylphosphites,
phenyl dialkylphosphites, tris(nanylphenyl) phosphite, trilauryl phosphite, trioctadecy!
phosphite, distearyl pentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite,
diisodecylpentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl) pentaerythritol diphasphite,
bis(2,6-di-tert-butyl-4-methylphenyl) pentaerythritol diphosphite, bisisodecyloxy-pentaerythritol
diphosphite, bis(2,4-di-tert-butyl-6-methylphenyl) pentaerythritol diphosphite, bis(2,4,6-tri-
tert-butylphenyl) pentaerythritol diphosphite, tristearylsorbitol triphosphite, tetrakis-(2,4-di-
tert-butyiphenyl)-4,4'-biphenylenediphosphonite, 8-isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-
dibenz{d,g}~1,3,2-dioxaphosphocine, 6-fluoro-2,4,8,10-tetra-tert-butyl-12-methyl-dibenz[d,g]-
1,3,2-dioxaphosphocine, bis(2,4-di-tert-butyl-6-methylphenyl} methylphosphite and bis(2,4-
di-tert-buty!-6-methylphenyl) ethylphosphite.

Examples are also "Krypto-UVA", as are described, for example, in EP 180 548. It is also
possible to use latent UVA, as described, for example, by Hida ef af. in RadTech Asia 97,
1997, page 212.

The amount of UV absorbers and/or light stabilisers is advantageously about from 0.05
to 3%.

It is also possible - depending upon the intended use - to use additives customary in the art,
such as antistatics, flow improvers, optical brighteners, wetting agents, mould release agents
and/ar adhesion promoters.

In order to accelerate the photopolymerisation it is possible to add as further additives (E}
amines, e.g. tristhanolamine, N-methyl-diethanolamine, p-dimethylaminobenzoic acid ethy!
ester, Michler's ketone or other alkylamino-substituted benzaphenone derivatives. The
action of the amines can be enhanced by the addition of aromatic kefones of the benzo-

phenone type. Amines suitable for use as oxygen capture agents are, for example,
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substituted N N-dialkylanilines, as described in EP 339 841. Further accelerators, co-initia-
tors and auto-oxidisers are thiols, thioethers, disulfides and phosphines, as described e.g. in
EP 438 123 and GB 2 180 358. )

It is also possible to add to the compositions according to the invention chain transfer

reagents customary in the art. Examples are mercaptans, amines and benzothiazole.

Photopolymerisation can also be accelerated by the addition as further additives (E) of
photosensitisers that shift or broaden the spectral sensitivity. These include especially
aromatic carbonyl compounds, e.g. benzophencne, thioxanthone, especially isopropyl-
thioxanthone, anthraquinone and 3-acylcoumarin derivatives, terphenyls, styryl ketones, and
also 3-(aroyimethylene)-thiazolines, camphorquinone, and also eosin, rhodamine and
erythrosine dyes. Also to be regarded as photosensitisers are, for example, the amines
indicated above.

The choice of the additives (E) is governed by the field of use in question and the properties
desired for that field. The additives (E) described above are customary in the art and are

accordingly used in amounts customary in the art.

The invention relates also to a process wherein the methacrylate casting resin mixture
comprises as additional additives (E) from 0.1 to 49.9%, especially from 0.1 to 25%, of a
dye, pigment and/or filler.

The methacrylate casting resin formulation used in the process according to the invention is
prepared in a manner known per se in accordance with methods customary in the art by

mixing components (A1) and (B) and, as appropriate, (A2), (C), (D} and/or (E).

The invention relates also to a methacrylate casting resin formulation containing
(A1) » 50% methyl methacrylate and/or a prepolymerisate containing a high
proportion of methyl methacrylate
(A2) 010 40%  other monomers that can be copolymerised with methyl methacrylate
(B) 0.1-10% at least one mono- or bis-acylphosphine oxide photainitiator
(C) 0-10% other photoinitiators
(D) 0-5% thermal initiators and
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optionally further customary additives (E).

The formulation is then introduced into a mould, that is to say a polymerisation chamber of
customary construction, such a chamber being especially a flat chamber in the form of a
casting mould, e.g. two plates (for example of silicate glass) which are sealed in a pressure-
resistant manner, for example with a profiled cord. Such moulds can be used to produce
plates of a wide variety of thicknesses, e.g. in a thickness of more than 1 mm or more than
3 mm, preferably more than 5 mm, for example in a thickness of from 1 to 30 mm or from 1
to 10 mm.

The surface formats of the moulds may generally be as desired and depend upon the
exposure system available and the static property of the cured plate. Examples are
approximately from 100 mm to 2000 mm in length and from 50 mm to 2000 mm in width.

The moulds should advantagsously be sufficiently transparent to allow irradiation with light in
order to initiate the photopolymerisation. The process according to the invention is not
limited to use in planar moulds, however; it would also be quite possible to use, for example,
a polymerisation chamber having a lenticular or some other shape (e.g. for the manufacture
of optical lenses from acrylic glass).

The process commonly used for the preparation of materials of acrylic glass is, for example,
a casting process as described above in glass chambers, e.g. as also described in
EP 450 478, EP 519 362, EP 699 690 and EP 716 100. The production of acrylic glass can
be carried out also by means of a double-band apparatus as described in EP 292 738, in
which a liquid monomer mixture, or “"syrup", which contains already partly polymerised
prepalymerisate in dissolved form, is poured between glass plates and polymerised.

Preference is given to the process according to the invention wherein the average thickness

‘of the casting mould is greater than 1 mm, espedially greater than 3 mm

Preferably a transparent mould is used.

The polymerisation is carried out by exposure to light in a wavelength range of approximately
from 200 to 800 nm. Suitable radiation is present, for example, in sunlight or light from
artificial light sources. Accordingly a large number of the most varied kinds of light source

may be used. Both point sources and planiform radiation sources (lamp carpets) are
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suitable. The radiation source chosen in each particutar case is advantageously determined
by the mould used. When planar formats are being irradiated it will be understood that
planiform radiation sources are more advantageous than point sources. Exaniples are:
carbon arc lamps, xenon arc lamps, medium pressure, super high pressure, high pressure
and low pressure mercury arc radiators doped, where appropriate, with metal halides (metal
halide lamps), microwave-excited metal vapour lamps, excimer lamps, superactinic
fluorescent tubes, fluorescent lamps, argon incandescent lamps, flash lamps, photographic
floodlfight famps, light-emitting diodes (LED], electron beams and X-rays. The distance
between the lamp and the substrate to be exposed may vary according to the intended use
and the type and strength of the lamp and may be, for example, from 2 cm to 150 cm.

The polymerisation chamber may be irradiated from ane side - in which case the chamber is

rotated several times during the expasure - or from several sides simultaneously.

The polymerisation process described can, of course, be further optimised using various
further known technical variations, such as the possibility of carrying out the irradiation on a
conveyor belt or with the chambers oriented vertically or horizentally. For example, it would
also be possible for the radiation intensity to be controlled (famps, distance between object
and lamp) in dependence upon the heat of polymerisation, mass temperature or reaction
time. in addition to controlling the radiation intensity, the polymerisation can also be
controlled by the use of cut-off filters for separating the light spectrum.

The exposure is advantageously carried out at roomvtemperature (about from 20 to 25°C). If
required, heating can also be carried out during the exposurs, for example to temperatures
of below 100°C, preferably below 75°C, especially below 50°C, e.g. from 30 to 100°C, from
30 to 75°C or from 30 to 50°C.

The invention accordingly relates also to a process wherein the photopolymerisation is
carried out at temperatures of below 100°C, especially below 75°C.

The heating is effected as described hereinbelow, e.g. by means of infrared light, ovens or
by means of temperature-controlfed water baths.
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The exposure time for solidifying the moulding, that is to say for polymerising the liquid
methacrylate casting resin formulation, is generally less than 5 hours, e.g. less than 3 hours,
especially less than 1.5 hours, for example from 0.5 to 5 hours, from 0.5 to 3 hours, e.g.
from 1 to 3 hours.

The invention accordingly relates also to a process wherein the exposure (2) is carried out
over a period of less than 5 h, especially less than 3 h.

In certain cases it may be advantageous after the exposure step (2) to add a heating step
(3) for reducing the residual monomer content or for post-crosslinking the moulding,
especially by heating to temperatures of more than about 100°C, the moulding being heated,
for example, by being placed in a hot-air oven or autoclave, immersed in a water bath or
irradiated with infrared light.

The moulding is heated to a temperature of, for example, from 50 to 150°C, from 80 to
130°C, especially from 100 to 120°C. During or after the heating, exposure can be
continued. The additional heat treatment step, with or without irradiation, can take e.g. from
Q.1 to 3 h, typically from 0.1 to 1 h.

The invention relates also to a process wherein (3) after the irradiation step (2) the
methacrylate casting resin formulation is heated in the mould to a temperature of above

100°C, with or without irradiation.

The invention relates also to a moulding, especially in the form of a plate, cured by the

process described above.

An important application for this new process is the production of acrylic glass plates in
thicknesses of typically > 3 mm and < 50 mm.

Acrylic glass as a transparent, coloured or filled material consists mainly of polymerised
MMA (methy! methacrylate) and may contain various amounts (typically from O to 40%) of
various comonomers, e.g. Cy-Csalkyl (meth)acrylates, (meth)acrylic acid, functionalised
(meth)acrylates, styrene, crosslinker monomers, and also various further auxiliaries as
described above.

The process according to the invention can therefore also be used in the production of

glazing materials, e.g. also aircraft glazing material as described in EP 716 100. The
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pracess according to the invention can alsa be used in the production of colouredffilled or
colourless plates, e.g. for noise-insulation walls, furniture elements, e.g. table tops, facing
elements, sanitary fitting elements, etc.. '

The following Examples further illustrate the invention. Unless otherwise indicated, parts
and percentages in the Examples, as well as in the rest of the description and in the patent
claims, refate to weight.

Example 1:
A mixture of

0.8 part bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide,

0.055 part AIBN and

99.1945 parts  methyl methacrylate

is introduced, as customary for cast acrylic glass, into a silicate glass chamber having a
spacing of 6 mm. The mixture is pregelled in an oven at 60°C for 2 h and then, perpend-
icularly ta the surface of the chamber, exposed under a fluorescent lamp for 30 min and
polyrerised (until a hard-plastic state is reached). Every 5 minutes the chamber is turned
through 180° perpendicularly to the direction of irradiation in order to achieve homogeneous
polymerisation. The polymerisate is released after cooling at a temperature of about
10°C £ 5°C. The lower the temperature, the easier it is to separate the polymerisate from the
mould. A fransparent bubble-free cured plate is obtained. The pendulum hardness of the
cured specimen is determined according to Konig (DIN 53157). The results are given in
Table 1.

Example 2:

A mixture as described in Example 1 is introduced, as customary for cast acrylic glass, into a
silicate glass chamber having a spacing of 6 mm. The polymerisation is initiated perpend-
icularly to the surface of the chamber under a fluorescent lamp for 10 minutes and
pregelation is caried out in an oven at 60°C for 1 hour, followed by polymerisation
perpendicularly to the surface of the chamber under a fluorescent lamp for 10 minutes (until
a hard-plastic state is reached). Every 5 minutes the chamber is tumed through 180°
perpendicularly to the direction of irradiation in order to achieve homogeneous

polymerisation. The polymerisate is released after cooling at a temperature of about
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10°C £ 5°C. The lower the temperature, the easier it is to separate the polymerisate from the
mould. A transparent bubble-free cured plate is obtained. The pendulum hardness of the
cured specimen is determined according to Kénig (DIN 53157). The results are given in
Table 1.

Example 3:
A mixture of
0.8 part bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide and

99.2 parts methyl methacrylate
is introduced, as customary for cast acrylic glass, into a silicate glass chamber having a
spacing of 6 mm. The polymerisation is carried out perpendicularly to the surface of the
chamber under a fluorescent lamp for 30 min (until a hard-plastic state is reached). Every
5 minutes the chamber is tumed through 180° perpendicularly to the direction of irradiation in
order to achieve homogeneous polymerisation. The polymerisate is released after caoling at
a temperature of about 10°C £ 5°C. The lower the temperature, the easier it is to separate
the polymerisate from the mould. A transparent bubble-free cured plate is obtained. The
pendulum hardness of the cured specimen is determined according to Kdnig (DIN 53157).
The results are given in Table 1.

Example 4
A mixture of
0.8 part 2,4,6-trimethylbenzoyldiphenylphosphine exide and

99.2 parts methyl methacrylate
Is introduced into a silicate glass chamber having a spacing of 6 mm. The polymerisation is
initiated perpendicularly to the surface of the chamber under a fluorescent lamp far
10 minutes and the specimen is then heated in an oven at 60°C for 1 haur, followed by
expasure perpendicularly to the surface of the chamber under a fluorescent lamp for
30 minutes.  Every 5 minutes the chamber is turned through 180° perpendicularly to the
direction of irradiation in order to achieve homogeneous polymerisation. The polymerisate is
released after cooling at a temperature of about 10°C + 5°C. The lower the temperature, the
easier it is to separate the polymerisate from the mould. A transparent bubble-free cured
plate is obtained. The pendulum hardness of the cured specimen is determined according to
Kdnig (DIN 63157). The results are given in Table 1.
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Table 1
Polymerisation process Example 1 | Example 2 | Example 3
Heat (60°C) 120 min - -
Exposure 30 min 10 min 30 min
Heat (60°C) - 60 min -
Exposure - 10 min -
Pendelum hardness {sec] 95-100 105-112 95-100

Examples 1-4 show that defect-free fully hardened plates can be produced by photo-

polymerisation in the presence of acylphosphine oxides in a comparatively short polymerisa-

tion time.
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What is claimed is:

1. A photapolymerisation process for the production of mouldings from methacrylate casting

resins wherein
(1) a methacrylate casting resin formulation containing

(A1) >50% methyl methacrylate and/or a prepolymerisate containing a high
proportion of methyl methacrylate

(A2) 0 to 40% other monomers that can be copolymerised with methyl methacrylate

(B) 0.1to 10% at least one mona- or bis-acylphosphine oxide photoinitiator

(C) Oto 10% other photoinitiators

(D) 0to 5% thermal initiators and

(E) optionally further customary additives

is cast in a mould and
(2) is fully cured by irradiation with a light source in the range of from 200 to 800 nm to form
a mechanically stable moulding.

2. A process according to claim 1, wherein the average thickness of the casting mould is
greater than 1 mm, especially greater than 3 mm.

3. A process according to claim 1, wherein the photopolymerisation is carried out at temp-
eratures of below 100°C, especially below 75°C.

4. A process according to claim 1, wherein the methyl methacrylate casting resin formuta-
tion comprises as component (D) from 0.01 to 5%, especially from 0.01 to 2%, of a thermal

initiator selected from the group of azo or peroxide compounds.

5. A process according to claim 1, wherein (3) after the irradiation step (2) the methacrylate
casting resin formulation is heated in the mould to a temperature of above 100°C, with or

without irradiation.

6. A process according to claim 1, wherein the exposure (2) is carried out over a period of
less than 5 h, especially less than 3 h.

JP 2004-509187 A 2004.3.25
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7. A process according to claim 1, wherein the methacrylate casting resin mixture comprises
as additional additives (E) from Q.1 to 49.9%, especially from 0.1 to 25%, of a dye, pigment
and/or filler. '

8. A process according to any one of claims 1 to 7, wherein as component (B) there is used
a compound of formula |
o]

|

—E—Rs wherein

R,
R; is Cy-Cygalkyl, which is unsubstituted or substituted by pheny!, Cs4-Cyyalkylphenyi,

—0

Ri—

—

halophenyf, C4-Cy alkoxyphenyl, C-Csalkoxycarbonyt, C;-Cqqalkoxy, CN or by halogen; or
R; is Co-Cygalkenyl or Cs-Cycycloalkyl; or Ry is phenyl, naphthyl, biphenylyl or a five- or six-
membered O-, 8- or N-containing heterocyclic radical, the radicals phenyl, naphthyl,
biphenylyl and the heterocyclic radical being unsubstituted or substituted by C¢-Czalkyl,
C4-Cypalkoxy and/or by halogen;

R, has one of the meanings given for R, oris a radical (CO)R; or -ORy; or

Ry anq R, together with the phasphorus atom to which they are bonded form a ring;

R; is' C4-Cqgalkyl, which is unsubstituted or substituted by phenyl, C,-Csalkoxycarbonyl,
C4-Calkoxy, phenoxy, C1-Cqqalkylthio, phenylthio or by halogen; or Ry is phenylvinyl or is
Cs-Caeycloalkyl unsubstituted or substituted by C4-Cyzalkyl, phenyl, phenoxy, C4-Cqzalkoxy,
C,-Csalkoxycarbanyl, C4-C,alkylthio and/or by halogen; or Ry is phenyl, naphthy!, biphenylyl
or a five- or six-membered O-, - or N-containing heterocyclic radical, the radicals phenyl,
naphthyl, bipbenylyl and the heterocyclic radical being unsubstituted‘ or substituted by
C4-Cyzalkyl, C1-Cyaalkoxy, C4-Cyaalkoxyalkyi, C4-Cqalkylthio and/or by halogen; and

R4 is C4-Cygalkyl, phenyl-C4-Cyalkyl, C5-Cqoycloalkyl, phenyi or naphthyl.

9. A process according to claim 8, wherein as component (B) there is used bis(2,4,6-
trimethylbenzoyl)phenylphosphine oxide andfor 2,4,6-trimethylbenzoyl-diphenylphosphine

oxide.

10. A pracess according to any one of claims 1 to 8, wherein there is used as additional

photainitiator (C) at least one compound selected from the group of a-hydroxyketones, o-
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aminoketones, benzil dimethyl ketal, benzophenone, substituted benzophenones, benzoins
and phenylglyoxalic acid esters.

11. A methacrylate casting resin formulation containing
(A1) >50% methyl methacrylate and/or a prepolymerisate containing a high
proportion of methyl methacrylate

{A2) 0 to 40% other monomers that can be copolymerised with methy! methacrylate
(B) 0.1t0 10% at least one mono- or bis-acylphosphine oxide photoinitiator

(C) 0to 10% other photoinitiators

(D) Dto 5% thermal initiators and

optionally further customary additives (E).

12. A cured moulding, obtained by a process according to claim 1.
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