JP 2010-84147 A 2010.4.15

(19) B REMSEFT (JP) B BN A E®A (1) s3T5
45BA2010-84147
(P2010-84147A)
43) &AME FEHR2254A15H (2010.4.15)
(51) Int.Cl. F 1 F—v7I—F (HE)
co8L 7500 {2006.01) CO8L 75/00 2H249
CO8K 510 {2006.01) CO8K 5/00 2K008
c08G 18/48 {2008, 01) CO8G 18/48 Z 41002
GO3H 1/02 {2008, 01) GO3H 1l/02 4)1034
G02B b5/ {2006.01) G0O2B 5/32
ETHK REER ERBEOF 13 OL HEBLEE (266 H)
CHEEES 5 EE2009-226490 (P2009-226490) | (71) HEEA 504037346
(22) HEER SER21EIA 308 (2009. 9. 30) NRATH - FTFNVTAHFA LA TIF
(31) EEiEERES 08017277.8 ALY T b
(32) 1®5&H ER20£E10H1H (2008.10.1) Bayer MaterialScien
(33) ESTiEERE BT EP) ce AG
FAVEREEF——513688L—7
T —E

(74) 1L A 100081422
fEL HYEY N
(74) fRIE A 100101454
FEL UH BZ
(74) fCE A 100104592
f#EL RE B
(74) I A 100083356
EL $#H RX
BRRICHL <

64 [(RADEN] A0S 574 v 7BEZBET 5 L00OR) T—FAFR) U L & AERM

(G7HOO0O0

0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
000000000000

0000000000000 0000000000000000000000000000
0000000000000 0000000000000O000ON0ONONooNooonoon
0000000000000 0000000O0000000000000000000n
000000000000 00000000000000000000000000000
00000000000O0000

0oooooo

10



e e e Y Iy

s s e e e e e e o s [ [
Oooooooo0ooooo0o o0 oDoDooo0D oo ooooooooDooDoo0oooDooogQgoao
e s e e e e e ) e e s e s [ [ o
Oooooooo0ooooo0 oo oDooo0D oD oDooooooooDoooo0ooDooogQgoao
e s e e e e e A e e sy [ A [

O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
OoOoooo
O oOoooo
O oOoo0ooo
O oOoooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O O0OoOooo
O oOoooo
O ™ Oogo
O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O o0oooo
O Ooooo
O oOoooo
O Ooooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao

Ooooooogogoodg
OooOoooooOooobod
Oooooooogogoodg

[ Ry |
o |
I Ry |
o |

00000
00
00000000000
0000000000000 000
—CH,-CH,-0-0 0000000
~CH,-CH(R)-0-0 0000000
-CH,-CH,-CH,-0-0 0 000000
00000000

O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Oo o
O Oooo
O 0OoOoo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo

oooao
ogoao
oggoao

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

OoOoo0oooogod
O
O
O
O
O
O

OOoo0oooogd

O
O
O
O
O
O
O
O
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 Oooo
O Oooo
OO oo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Oo o
O Oooo
O 0OoOoo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo

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

O
O
O
O

(2)

|

JP 2010-84147

(]

2010.4.15

O
O
O

O
O
O
(]

10

20

30

40

50



I e s e ey s e e s [ s [y |
e ) e e e e ) ey e s e s e A s e e e O O R s [
e R e I e ey e e s e s e [ [y [ |
e s e s e e e ) ey e s e s e e A e e R s [ [
I e e ey e e sy [ [ s [y |
e ) e e e ey e s e s e e A s e e e R s [

O Oooo

OO0 oooogd

O 0Ooooo

Oooooogogooao

O O0Oogoao

Oooooogogoao
OoooooogoQgoo
Oooooodgogoao

O

O 0Ooooo

O

O Ooogoao

O 0Ooo0ooo

Ooooooogooo

O Ooogoao
O 0Ooo0ooo

Oooo0ooogoQgoo
Ooooooggoao
Oooo0ooogoOooao

Oooooogogooao
%DDDDDDDDDD

O

O Ooogooo

O

O 0Ooo0ooo

N36000 O O Baytec

oo oooooogoQgog
O oD oooogogog
oo oooogogo

O
O
O
O
O

0

O

OO0 ooooogogog
oo oooooogooQgog

O

O Ooooooog
O oOoo0ooo
O Ooo0oooo

O

O

I B

O

O Ooogooao

O 0Ooo0ooo

Oooo0ooogoogoo
Ooooooogogoao
Oooo0ooogogooao

(]
O

O
O

O o0Ooo0ooao
O 0Ooo0oooo

O

O 0Ooooo

Surfynol 4400
ooooooo
ooooooao

[EEY
[e4)
(@)
O
OoosooooooooooooooooOoaoad

gooodoaggao
goooooao
gooooogao

O 0Ooo0ooo
O Ooooo

DDEDDDDDDD

[ I R |
[ I R |

€))

O 0Ooo0ooo
O Ooooo

Ooooooooooooooogogoooaoo
Oooooooooooogogoooao

O

O 0Ooo0ooo

OoOoo0oooogoo

O 0Ooooo

Ooooooogdg
OoOoooooodg

OoooooQgcec oooogogoooaoo

Oooo0oogoood

O 0Oo0ooo

O 0Ooooo

O

O

Ooo0oo0ogao

OOoo0ogogoogao

O 0Ooooo

Ooooooooooooogoooaoo
OO0 oDooog40oooDooggoooao
Oooooooooooogoooaoo
OO0 oDooogUo0ooDooggoooao
Oooooooooooogoooaoo

O oo ooogdg
OOoo0oooogd

O

JP 2010-84147 A 2010.4.15

O O0Oogoo

0

O 0Ooooo

O

O O0Oogoao

O

O 0Ooooo

O

Products and Chemicals,
Oo0o0oo0oOooOOoooooaon

uogobobbooooobood
ooobODbOO0o0oooooao
gooobooboooobbod

O Ooogoao
O 0Ooooo

Ooooooggoao
OoooooooQgodg
O Oooooogg
Oooo0ooogoQgoo

O

N34000 Desmodu

O

O] ==
>
O o

Ooooogogoao

gooooao
oooooao

O Ooogoo

O

O

O
O
O
O
O
]

O 0Ooo0ooo

Oooooogogogogoao
Ooooogogoao
OoooooOoogooao
Ooooogogooao

O Ooogoao

O Oooooogdg
Ooooooogdg
OOoooooogdg

O

O

O 0Ooo0ooo

O

O

O Ooogoo

O

O

O 0Ooo0ooo

OO0 ooDoocoooo=soooogooogoOd

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A
OoOooooooooooOooooOoooOooooooOoooDoDoooOooooooboDoooooooooooOooOooOod
I e A A A

Oooooooo0ooooo0 o0 oo oooUoDoooDoooo0DoooDoDooooooog
e s e e e e e e s e Y i

OoooooooooogogoQgdg
OO0 oooogogooooaog
Oooooooooooaogo

Oo0oDooogooooogogdg

OoooooooooogQgg

OoDoDooogoooooogoggg

OooooooooooQgg

Oo0ooDooooooooggdg

OooooooooooQgg

O

O

O O

Oooooogodgooao

OooooooooooQgdg
OoDoooooooooggg
Oo0oooooooooQgdg
Ooooooooooogogogg
Oo0oooooooooQgdg
Oooooooooooggg
Oo0oooooooooQgdg
Ooooooooooogoggg
Oo0oooooooooogdg
Ooooooooooogoggg
Oo0ooooooooooQgdg
OoooooooooogogQgdg
OO0 oDooogoooooogogdg
OoooooooooogQgg
Oo0DoDoooooooogogdg
OoooooooooogogoQgg
Oo0oDooooooooggg
OoooooooooogoQgg
Oo0oDooooooooggg
Oo0oooooooooQgg

4)

JP 2010-84147 A

OooooooooQgooao
Oooooooggooao
Ooooooooogooao
Oooooogogooooaog

OOooooogooooaog
OooooooooooQgdg

ooad
Desmodurd

NSsooU D OO0 OoooOoOoo0oobobooobobbooobboooobboan

0

OooooooQgogoo
OO0 oooogogao

OO0 oo oooo0oooooQgoooo

O
O
O
O
O
O
O

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

OO0 ooDoogogogoooogogoao
Oooooooooooooogogoao
OO0 ooDoogogooooogogoao
Ooooooooooooogogoao
Oo0ooDoooooooogogoao
Oooooooooooooogogoao
Oo0ooDoooooooogogoao
Ooooooooooooogogoao
Oooooooogoooogogoao
Ooooooooooooogogogoao
Oooooooooooogogoao
Ooooooooooooogogoao
Oooooooooooogodg

Ooooooooooood

Oooooooooooogodg

Ooo0oooQogogao
Oo0ooogogogao
Ooo0oooQoogoao
Oo0ooogogogao
Ooo0oooQgogoao
OoOoooogogogao

OoOoo0oood
OOoo0oooogod
OoOoo0oood
OOoo0oooogod
OoOoo0ooood
OoOoooood
Oo0Ooo0oood
OoOoooood
O0Ooo0Ooood
OOoo0ooood
O0Ooo0Ooood
OOoo0ooood
OO0Oo0oooogod
OOoooood
O0Oooooogod
OoOoooood
O0Ooo0oooogod
OOoo0oood
O0Ooo0oooogod
OOoo0oood
O0Ooo0oooogod
OoOoo0oood
O0Ooo0oooogod
OOoo0oood
OOoo0oooogod
OOoo0oood

O
O
O
O
O
O
O
O
O

OOooooood

O
O

2010.4.15

oooobobooOooooooocoooao
goooobobooooooooobooao

gogao

10

20

30

40

50



e e e Y Iy

I e

Oooooooogooogoo
OoooooooooooOooOoo
Oooooooogooogogoo

[ i Ry |

e e e e e e |

OOo0o0oooogdg
O 0OooOooo
O 0Oooo

OO0 ooooogogog
oo oooooogogoo-g
OO0 ooooogogog

OO0 o0DoDooggooooogogooao
Ooooooooooooogogoooao
OO0 o0DoDoogogooDooogogooao

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

0000000000000 00
O

0000

000000000
0000000000000 00
—CH,-CH,-0-0 0000000
~CH,-CH(R)-0-0 0000000
~CH,—-CH,-CH,-0-0 000000 O
000000000
0oooooooao
0oooooooao
00000000

OoOoo0oooao

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

OoOoooood
O O
O O
O
O
O
O

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

O

O

O

O

O O
0O d
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 o0ooo

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

gobobooooboboooooooooao

O oOooo

O 0Ooo

O oOooo

O 0Ooo

O oOooo

O Oooo

|

O

O oOooo

JP 2010-84147

O 0Oooo

O

O 0Oooo

goooao

O 0Oooo

O oOooo

O 0Oooo

2010.4.15

gooano

10

20

30

40

50



e e e Y Iy

Ooooooooogooogoo
OooocooooooooOooo
Ooooooooooogoao

Iy e A
OoooooooooooooooooooOoooo

Ooooooooooooooogogogooogog

O OO

Oooooooooooaog
OO0 oDooogQgooooaog
Oooooooooooaogo
OO0 oooogogooooaog

O oOood

(6) JP 2010-84147 A 2010.4.15

Oo0Ooo0oooo
OO0Oo0oooog
I B
OOooooaog
O0Ooo0oooao
OOoo0oooog
O0Ooo0oooao
OoOooooaog
O0Ooo0oooao
OOoo0oooaog
I B
OoOooooaog
O0Ooo0oooao
OoOooooaog
I B
OoOoo0oooog
O0Oo0oo0ooao
OoOoo0oooaog
O0Oo0Ooo0ooa.o
OoOoo0oooogo
OO0Oo0oooog
OoOoo0oooao
OO0Oo0oooog
OoOoo0oooao
O0Oo0oooog
O0Ooo0oooo
OOoo0oooog
Oo0Ooo0oooao
OOoo0oooaog
I B

O OooOooo

O 0Ooo0ooo.o

O ™ O oOgo

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 O
O O
O O
O O
O O
O O
O O
O 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 O oo

ODoDOooOoOANDDODODODODODOODODOODODODODDODOOO
ooooao

Kogelnikl 0 OO OO0ODOO
00000000000 oDoDooDoDOooDoDooooaon

O Ooooo
O OoOgooo
O oOoboOoog
Oooooodg
O Ooo0ooo
O OooOooo
O Ooo0ooo
O OooOooo
O 0Oooo

=

O

O

O

O

O

O

O

O

(]

O

(]

0000
00000000

0000000000000 0000000000000000
~CH,-CH,-0-0 00000000

—CH,-CH(R)-0-0 00000000

~CH,-CH,-CH,-0-0 00000000

00000000
00000
0ooooo
00000

Oooooogogoooaoo
OO0 oooooggogog

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

od
od
oo

Ooooogogoao
O Ooo0ooooao
O O O
O O O
O O O
O O O
O |
O O O
|

O O

(|

O O

O O

O O

O O

O O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

000000000 oDooo0oDO0oD0ooDUooDOooDOoDO0OOoDO0DoDOooODOoOOo
Lexikon Medizin, 0O 0O O O Urban & Fischer Verlag, 0O O

Oo0oooodQgooaoo

|
O
O
O
O
)
@]
(@]
>
@

19990 O

ooooObOOO0OO0oooooooobobobooooao

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

OooOoo0ooooQgod
OoOoo0ooogd
Ooo0o0o0oooQgd
OoOoo0ooogd
Ooo0oo0oooogod
OoOoo0ooogd
Ooo0oo0ooood
OoOoo0ooogd
OooOoo0ooood
OoOoo0oooogd
OooOoo0ooood
OoOoo0oooogdg
I [

OOoo0ooooo
O 0O0ooooaog
OOo0o0ooooao
O O0oooooaog
OOoo0ooooao
O Oooooaog

O

OoooooQgogao

OooooooQgdg
OOoooooggdg
Oooo0oooQgdg
OOooooogogdg
Oooo0oooQgdg
OOooooogogdg
Oooo0oooQgdg

O OooOooo
O 0Oooo
O Oooo

OooooooQgoo
Ooooooggogao
OooooooQgoo
Ooooooggogao
Oooo0ooogoo
Ooooooggoao
Oooo0oooQgoao
Ooooooggoao
Oooo0oooQgoao
Oooooogoggoao
Oooo0oooQgoao
Oooooogoggoao
Oooo0oooQgoo
Ooooooogoggoo
OooooooQgoo
Ooooooogoggoo
Oooo0oooogoo
OooooooQgoo
Oooo0oooogoo
OooooooQgoo
O0ooooogogogao
OooooooQgoo
Ooooooggogao
OooooooQgoo
OOooooogogogao

O Ooo0oooao

OOoooogogaog

O Oo0oooao

OoooooQgogao

OOoo0oooao

Ooooogogaog

O Ooo0oooao

OoooooQgoogoao

O0Ooo0oooao

Ooooogogaog

O

O Ooo0oooaog

O 0Ooooo

O 0Ooo0oooao

O0Ooo0oooao

O

O Ooo0oooao

O0Ooo0oo0ooao

O Ooo0oooao

O0Ooo0oo0ooao

OOoo0oooao

O 0Ooo0oo0ooao

O Ooogooo

OOoo0oooao
O0Ooo0oo0ooao
OOoo0oooao
O 0Oo0oo0ooao
OOoo0oooao
O 0Oo0oo0ooao
O Ooo0oooao
O 0OoO0Oooo
OOoo0oooao
O 0Oo0Ooooo
OOoo0oooao
O Ooo0oooao
OOoo0oooao
O Ooo0oooo
OOoo0oooao
O Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Ooo0oooao
O Oooooao
O0Ooo0oooao

P

JP 2010-84147 A 2010.4.15

ooooODDbO0O00o0oo0an

O

O 0Ooo0ooao

O

goobooooobooood

O

O 0OooOgooo

O 0Ooo0ooo

O 0Ooogooo

O 0Ooo0ooo

O 0Ooooo

I o [y

O 0Ooooo

OO oOgoaog

O 0Ooo0ooo

O O0Oogoao

Oo0oooooogdg
O oo ooogdg
O oooooogodg
O Oo0oooogdg
Ooooooogodg
O Oo0oooogdg
Ooooooogodg
O Ooooooogdg
Ooooooogdg

O 0Ooooo

O Ooogoao

O 0Ooo0ooo

O Ooogoao

O 0Ooo0ooo

O Ooogoao

O 0Ooo0ooo

O Ooogoo

O 0Ooo0ooo

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
L3N e [ R 1 [ e Y Y Y

Yy I I [y o

Oo0ooooo4o0oooooo0ooDooooooooogodg
OOo0ooo40oUoooDoDooUooUoooDoDooUogoooogdg

OO0 o0DoDoogogooooogogg
Oo0oooooooooogogQgog
OO0 oDoDoogogooooogogg

OooooooQgogoo
OO0 oooogogao
OooooooQgogoo
OO0 oooogogao
OooooooQgogoo
Oooooogogao
OooooooQgogoo
Oooooogogao
OooooooQgogoo
Oooooogogoao
Ooooooogogoao
Ooo0oooogogo
OooooooQgogoao
Ooooooogogoo
Oooooooogoogoao
Ooooooogogoo
Oooooooogogoao
OooooooQgogoo
Oooooooogogoao
OooooooQgogoo
O oD oooogogaog
oo ooooQgogoo
OO0 oooogogo
OooooooQgogoo
OO0 oooogogo
OooooooQgogoo
O Oo0oooogogao
Oooooooogogoo
Oooooogogo
OooooooQgoo
Oooooogogao
OooooooQgogoao
Ooooooogogoao
Oooooooogogoao

(8) JP 2010-84147 A 2010.4.15

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

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

ocooooooO0oooDoooooooooooooao
cooooooboO0oooooooboooooooooao
ooboooOOoooooO0oooOoobOoooooDOooDO
Roempp Lexikon Chemie [Roempp Chemistry Lexicon], O
1998, Georg-Thieme-Verlag, 0 0000000 OOO0ODDODDOOOODODOO
0

O0Ooo0oooogod
O
O
O
(]
O
O
O
O
(]
O
O
O
O
O
O

O O
O
O
O
O
OJ
O
]
O

Ooo0oooQgogoao
O O
O Oooo
O Oooo
O Oooo
O Oooo
O O0ooo
O Oooo

g
U
0
g

Ooooooo0oooooooooooogdg
Oo0oooodooooogogooooogdg
Ooooooooooooooooooogdg
OOo0oooo4gogooooogogooooogdg
Ooooooooooooooooooogdg
Oo0oooo4odooooogogooooogdg
Ooooooo0oooooooooooogodg
OOo0oooooooooogogooooogdg
Oooooooooooooooooooogodg
Ooooooo0ooooogogoooooogdg
Ooooooooooooooooooogodg
Ooooooo0ooooogogoooooogdg
Ooooooooooooooooooogodg
OOoooooo0ooooooooooogdg
Ooooooooooooooooooogodg
Ooooooo0oooooooooooogdg
Ooooooooooooooooooogodg
Ooooooo0oooooooooooogdg
Oo0ooooooooooooooooogod
Oo0ooooooooooooooooogdg
OO0 o0oDoog0odgoooDooggogooooogdg
Oo0ooooooooooooooooogdg
OO0 o0ooDoogogoooooggogooooogdg
Oooooooooooooooooogdg
Oo0o0ooDoogogoooooggogooooogdg
Oo0ooooooooooooooooogdg
OOo0ooDoogogoooDooggogooooogdg
Oooooooooooooooooogodg
OOo0oooo4oooooo4gogooooogdg
Oooooooooooooooooogodg
OOo0ooDooo0ooooooggogooooogdg
Oooooooooooooooooogodg
Oo0ooooooooooo4gogooooogdg
Oooooooooooooooooogodg

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

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
L
[ i R
O
O
OJ
O
OJ
O
OJ
O
O
O
O
O
O

O 0Oooo

O
O
O

O Oooo

O O0ooo

10

20

30

40

50



OoOOoooooo0ooooooo0 oo oooo0D oo ooooooDoDoooooooaog
e R s e s e s Y o A
Oooooooooooooo0 oo oooo0D oo oooooooDoDooogooooaog
O0o0oDoo40dUoooDooUdoooDoDoDUUoDoDoDoUUUUoooDooggogoooaog

O Ooooo
O OoOooo
O OooOooo
O OoOooao
O Ooo0ooo
O OooOooo
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooo
O 0Ooo0ooOoao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooOoo
O Ooooo
O OoOgoao
O Ooooo
O OoOooao
O Ooo0ooo
O OoOgooao
O Ooooao
O OoOooo
O Ooo0ooo
O OooOooo
O Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooo

I ey ) I e e Iy
Ooo0oo0oo0goano

e e e e e e e [ [ |

OJ
Oooooooooooogdg

Oooooooooooogoo

mM1000

oo oooooQgooooo
OO0 oDooo4gogooooogd
® OO0 ooooOooooo-g
OOoDoooogooooaog
Oooooooooooao
Oooooogogooooaog
Oooooooooooao
Oooooogooooaog
Ooooocooooooao
Oooooogooooaog
Ooooocooooooao
Oooooogogooooaog
Ooooocooooooao
Oooooogogooooaog
Ooooocooooooao
Oooooogogooooaog
OOooooooooooao
Oooooooooooaog
OOoo0ooooooooao
Oooooooooooog
OOooooooooooa-o
Oooooooooooaog
OO o0 oDoOOoogogoe Ooog

O

bowbh ODOOOOOGOooooOOODOODOOOoOooOOoOODDODOOOOooOooOooooODOaO

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

O Ooooo
O OoOgooo
O Ooooo
O OooOgooo
O Ooo0ooo
O OooOooo
O Ooo0ooo
O OooOooo
O Ooo0ooOoao
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooOoao
O Ooooo
O 0Ooo0ooOoo
O Ooooo

oo oooooQooooo

OoOoo0ooogod
O0Ooo0oooogd
OoOooooogod
OOoo0oooogd
OOoo0oood
OoOoo0oooogd
OoOoo0oood
OOoo0oooogd

OO0 oooooggoooao

OoooooooQooooao

OO0 oooooggoooao

Oooooooooooao

OO0 ooooogQgoooo

OooooooooQooooao

oo ooooogQgoooao

Ooooooooogooooao

O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooo
O 0Oo0oo0oo0oao
OOoo0oooao
O Oo0ooogoao
O Ooo0oooao
O OoO0oooaog
O Ooo0oooo
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao

OO0 ooooogogQgoooo

Ooooooooogooooao

oo ooooogQgooooo

Oo0oooogogoooaoo
Oo0oooogoQgoooao
Oo0oooogooooao
Oo0oooogoQgoooao
OoO0oooogooooaoo
Oo0oooogQgoooao
OoO0ooooOgooOoooabo
Oo0ooooQgoooao
OO0 oODoog4goooao
Oo0ooooQgoooaoo
OO0 oOooggoooao
Oo0oooooQooooaoo
OO0 oDooggoooao
Oo0ooooOooQooooaoo
OO0 oooggoooao
Oo0ooooOoogooooaoo
OO0 ooogQgoooao
Oo0ooooooooaoo
Oo0ooogoggoooao
Oo0ooooOogoooaoo
Oo0oooogoggoooao
Oo0ooooOoOogoooao

€))

oono
oo

O
O
O
O
O
O
O
O

O 0Oooo

O Oooo

O 0ooo

O Oooo

O

OooOood

O Oooo

Ooooooogoooooaog
OO0 oDoDoo4Qgogog®© ooaog
Oooooooooooaog
OO0 oooo4gooooaog
Oooooooooooaoo

JP 2010-84147

O O0Oogo

O O0ooo

gooano

O

O Ooogo

O

O Oooo

O

O Oooo

OO0 ooooogogogoao

O

O

O 0Oooo

Oo0ooooQgooao

]
O

O Oooo

O
O
O
O

O O0ooo

[ Ry |
O OO
[ Ry |
o R |

O

2010.4.15

gooano

O

O Oooo

O

O

O O0ooo

O

O

O Oooo

O

O

O 0Oooo

O
O
O
O

Jeffaminesl
oooooano

Ooooooogogooao
Oooooooooooao
Oooooogogooooaog
Oooooooooooao
Oooooogogooooaog
Ooooocooooooao

Tonel

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

Ooo0oooQgogoao
OOo0ooogo-gogao
Ooo0oooQgogao
OOo0ooogo-gogao

I e e e e e e ) I Iy
e e s e e e ey e e e R Y Y I
I ) e e e e sy e s I Iy
e ) s e e ey e s e e e e Y Y I

O Oooo

OooooooogooQgooao
OO0 oooooggogogoao
Ooooooooogooao
OO0 oooooggogooao
OooooooooQgooao

Ooo0oooQgogoao
OOo0o0ooogQgogao
O ooooogaag
OoOoo0ooogQgogao
Ooo0oooQgoao
OoooogoQgogao
Ooo0oooQooo
OoOoooogQgogao
Ooo0oooOoogoao
Oo0ooogoQgogao
Ooo0ooooOoogoao
Ooo0ooogoQgogao
OooOooooOoogoao
Oo0ooogoQgogao
OooOooooOoogoao
Ooo0ooogoQgoao
OooOooooOoogoao
Oo0oooQgogoao
OooOooooOooao
Oo0oooQgogoao
Oo0ooogo-Qgogao
Oo0oooQgogoao
Oo0o0ooogQgogao
Ooo0oooQgogoao
OOo0ooogQgogao
Ooo0oooQgogoao
Oo0oooogQgogao
Ooo0oooQooao
OoooogQgogao
Ooo0oooQooao
Oo0ooogQgogao
Ooo0oooOoogoao

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 Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooo
O O0Oo0ooo
O Ooooo
O O0Oo0ooOoo
O Ooooo
O OoOooo
O Ooooo

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

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

O
O
O
(]
O
O
O

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

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

O Oooo

O Oooo

O Oooo

O Oooo

OO0 o ooooggog
oo oooooogooQgog
OO0 oooooogogog
oo oooooogooQg-g
OO0 oooooogogog
oo oooooogoog-g
OO0 oooooogogog
oo oooooogoogo-g
OO0 oooooogogog
oo oooooogoQgog
OO0 oooooogoQgog
oo ooooooogodg
OO0 oooooogoQgog
OoOooooooooQgodg
oo oooooogoQgog
OO0 oo oooggg
oo oooooogoQgog
OO0 oo oooggg
oo oooooogoQgg
OO0 oo oooggg
oo oooooogQgog
OO0 oooooggg
OO0 o ooooogoQgog
OO0 oooooggog
oo oooooogogoQgo-g
OO0 ooooooggog
oo oooooogooQg-g
OO0 oooooogogog
oo oooooogooQgg

O Oooo

O 0Oooo

O Oooo

O O0ooo

O Oooo

O O0ooo

O Oooo

O O0ooo

(10)

O Oooo

O 0Oooo

O Oooo

O 0Oooo

O Oooo

O 0ooo

O Oooo

O

O o0ood

O

O Oooo

JP 2010-84147

OJ
O
OJ
O
O
O
O

O 0O oo
O 0Oooo
O 0O oo
O 0Oooo
O Ooogo
O Oooo
O Oooo

O O oo
O Oooo
O Ooogo
O 0Oooo
O Oooo
O Oooo
O 0o oo

OJ
O
O
O
O
O
O

OJ
O
OJ
O
O
O
O

O Oooo O 0Oooo

O
O
O
O
O

2010.4.15

O Oooo

O Oooo

O 0Oooo

O Oooo

OoOooooogd
OoOoo0ooood

O Oooo

O Oooo

O 0Oooo

O 0Oooo

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

OoooooooooooQgg
Oo0oDoogogogooooogogdg
OoooooooooooQgg
OooDoooooooogoggdg
OooooooooooQgg
Oooooogooooooggdg
OoooooooooooQgodg
Oooooogooooooggg
Oo0ooooooooooQgodg
Ooooooooooogoggg
OooooooooooQgdg
Ooooooooooogoogg
Oo0ooocooooooQgodg
Ooooooooooogogg
Oo0oooooooooQgodg
Ooooooooooogoogg
Ooooooooooogodg
OoooooooooogooQgg
Oo0ooooooooooOgodg
OoooooooooooQgg
OO0 oDoogogogooooogdg
OoooooooooogooQgg
Oo0DoDooogogogoooogogdg
OoooooooooooQgg
Oo0oDooogogooooogogg
OoooooooooooQgg
OO0 oDoogogoooooggg
OooooooooooQgg
Oooooogoooooogogdg
OooooooooooQgdg
Oooooogoogoooogoggg
OooooooooooQgodg
Oooooooooooggg
Ooooooooooogodg

O

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

Ooooooo0oooooooDooDooo0oo0ooDoooogoooog
s ) s e e R e e [ o A
Ooooooooooooo0ooDoooo0oooDoooooooogdg
OOo0Oo0oooo40oooooUooUoooDoDooUUoooDoDoo4gogogooog
Oo0oooooo0oooooo0ooDoooo0oooDoooogooooogdg
s s e e e e I A |
Ooooooo0ooooooooDoooo0oooDoooooooogdg
OO0 oOooooo0ooooooUo0ooDoDoooDoooDoDoo4gogoooog

Ooo0ooooooooDoooo0o oo ooo o0 ooooogooao
OOo0ooooogooooooooDooo4ogooooogooao
Oooooooooooooo0 oo ooooooooogooao
OOo0oooogogooooooooooDoooooooDooogooao
Ooooooooooooooooooooooooogooao
OOoooooo0ooooooo oo oooooooDooogooao
Oooooooooooooo0ooDooooooooogooao
OOoooooo0ooooooo oo oooooooooogooao
OoooooooooooooooooooooooogoOooao
OOoooooo0oooooooo0 oo ooo4o0oooDooogooao
Ooo0ooooooooooooooooooooooogoOooao
OOo0ooooo0oooooo0 oo oooo0oooDooogooao
OO0 0ooogdgUoooDooUdUoooDooo4dooDooogogoao
OOo0oooooo0ooooooo0 oo oooo0oooooogooao
OO0 o0oDooggUoooDooUdUoooDoDoo4dooDooogogoao
OOo0ooooooooooo0 oo ooooooooogooao
OO0 oooggUoooDooUUoooDoDoo4gooDooogogogoao
Oo0oooooooooooo oo ooooooooogooao
OO0 oooggUoooDooUUoooDoDoogooDooogogogoao
Oo0oooooooooooo oo oooo0oooDooogooao
OOo0ooDoogogUooooooooooDoooggooDooogogooao
Ooo0oooooooooooo0 oo oooo0ooDooogooao
OO0oooogogUooooooogooDooogooDooogogooao
Oooooooooooooo0o oo oooo0ooDooogooao
OOo0oooooooooooooooDoooogooDooogooao
Oooooooooooooo0 oo oooo0ooDooogooao

1)

oono
oo

JP 2010-84147

gooano

O

O

O

O

2010.4.15

gooano

O

O

O

O

10

20

30

40

50



Oo0ooooo0oooooDooo0o oo ooooooDooogooao

Oooooooooooo4o0oooooogQgoo

e e I e e e e = e e e e e e Y |

Ooooooo0oooooo0ooooogQgoao
Oo0ooooddooDooog4gooooooggdg

e R e ey e s [y s [ |

OO0 o0oooodoooouUooddUooDooUooUgooooogogg
OoOoooooo0oooooo0ooDooooooooogogoQgog
OO0Do0oooodoooouUodoooDooUoUUoooooggg

O Oooo

O

O

O

Oo0Ooo0oooo
OO0Oo0oooog
I B
OOooooaog
O0Ooo0oooao
OOoo0oooog

OoOoo0oood
OOoo0ooodg
OoOoo0oood
OOoo0ooodg
OoOoo0oood
OoOoo0ooodg
Oo0Ooo0oood
OoOoo0ooodg
O0Ooo0oood
OoOoo0ooodg
O0Ooo0oo0ood
OoOoo0ooodg
O0Ooo0oood
OoOoooodg
I B
OoOoooodg
O0Ooo0oood
OoOoo0ooodg
O0Ooo0oood

OooooogogQg-g

"UlImanns

0

O

Ooooooo0ooooooooooogQgog
Oo0ooo40odo0ooDoDoo4ogoooooggdg

OOoooooggdg
Ooo0ooogoQgQg

O O ogo
O OO
O O o
O OO
O OO

O 0Oooo

O

OOoooooggdg

O

OooooogoQgQg

O

OOoooooggdg

O

O 0Ooooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OooOooog
O Ooooo
O OooOooo
O Ooo0ooo
O OooOooo
O 0Ooo0ooo.o
O Ooooo
O 0Ooo0ooo

Ooo0ooogoQgQg

OOoooooggdg

O 0o oo

Encyclopaedie

goooooao

0

O 0Ooo0oooao
O O0OoQgooo
O 0Ooo0oooo
OO oQgooo
O 0Ooo0oooo
O OooOgooo
O 0Ooo0oooao
O OooOgoooo
O 0Ooo0oooo
O OooQgoooo
O 0Oo0oooao
O 0Ooo0goooo
O 0Ooo0oooao
O 0Oooooo

[ |

O 0Ooo0oooao

[ O R |
[ |

O Oo0oooao
O 0Ooo0oooao

O
O
O
O
O
O
O
O
O
O
O

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

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

O Oo0ooogoao

O 0Ooo0oooao

O Ooo0oooao

OoOoo0ooogoQgQg

O 0o oo

Ooooooggdg

O 0o oo

der

ooao

O 0Ooo0oooao

O Ooo0oooao

O 0Ooo0oo0oo0oao

O Ooo0oooao

OOoo0ooogodg-g

O 0o oo

Oooooogogdg

O O o
O 0O o
O OO
[ i Ry
O OO
O 0o oo

O

OoOoo0oooQgdg

O

(12)

Oooooogogdg

O

OoOoo0ooodgd

O

OooooogoQgdg

O

I [ |

industriellen

O 0Ooo0ooo0oao

O Ooo0oooao

O 0Ooo0ooo0oao

O Ooo0oooao

O 0Oo0ooOoao
O 0Ooooo
O 0Oo0ooOoo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooooo
OO o0Ooog
O 0Ooooo
OO oO0ooo
O 0Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0OoOooo
O 0Ooo0ooo
O 0OoOooo
O 0Ooo0ooao
O 0OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao

O 0Ooo0ooOoo0oao

O Ooo0oooao

O 0Ooo0oo0oo0oao

Ooo0ooogQgdg

O Oooo

Chemie [Ullmann*
dustrial Chemistry]"™, English language edition, 1992, 0 00 0O 00O OOO

O Ooo0oooao

O0Ooo0oo0oood
OoOoooood
O 0O0oOooood
OoOoooood
O 0O0oOooood
OoOoooood
O 0Ooooood
OoOoooood
O 0OooOooood
OooOoooood
O Ooooood
OoOoo0ooood
O Ooo0ooood
OoOoo0ooood
O Ooooood
OoOoo0ooood

O 0O o
[ i R
O O ogo

O

O 0Oo0ooo0oao

O Ooooo
OO oO0ooo
O Ooooo
OO oO0ooo
O Ooooo
O OoOooog
O Ooooo
O OooOooo
O Ooooo
O OoOooo
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao

O

O 0Ooo0oooao

O O

OoOoo0ooOogno

O OO
O O ogo

O

O Ooo0oooao

JP 2010-84147

O Oo0ooogoao

[ i R
O O ogo

O

O Ooo0oooao

O 0Ooooo
O oOoooo
O 0Ooooao
O oOoooo
O Ooooo
O o0Ooooao
O oOoooo
O o0Ooo0ooo
O oOoooo
O o0Ooo0ooao

a
a
O
g
S

g
t
O
g

O OO
O O oo

O

O 0o oo

2010.4.15

g
t
O
g

Encyclopa

0
0
a
O
ed

g
u
O
g
a

i
ud

O 0o oo

of

10

20

30

40

50



(13)

JP 2010-84147 A 2010.4.15

ooooobobooooooooobbbooooooooobbobobooooooboooDbOoo
oooooooO0ooDOoooDobb0oooDoooboOoo0Jd. Polym. Sci, Polym. Chem. OO O
(1985), JooOOoOoOoOoODO0OODODOOODOODODODODODDODODDODODODDODODODODODO
oooobobooooooooboobbooooooooooD

O

OoOooocoOoooOooooooooooOoooOoooOooooOoooOooooooboooooooooOoooOod
I ) e A A A

OoooooooooogQgoo
OO0 oDoogogogooooogogg
OoooooooooogooQgdg
OO0 oDooogoggooood

O 0Oooo
O 0Oooo
O oOooo
O 0OQg e

O

OOo0ooooo0oooooo0o oD oDoDooooooDoDoooooooodg

O

[ Iy e A A I

O O0Oo0ooood
O O0Oo0oooo
O Oooo

O OoOooo

O

O

OO0 oDoOooooo0 oo ooo o0 oo ooogogQgooo

O

U
U
0
U
t
0
g
g
U
0
g
U
0
g
g
0
0
g
U
0
g
t
0
g
o

0

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

Oooooogooooaoo
OO0 oooodgogooao
Ooooooogooooao
Oo0ooooodgogooao
Ooooooogooooaoo
Oooooogoooao
Ooooooogooooaoo
Oooooodgogoooao
OooooooOooooOoaoo
Oooooogoooaoo
OoooooogooooOoao
Oooooogoooao
Ooo0oooooOoooOoaoo
Oooooogoooao
Ooo0ooooOooOoooOoaoo
OoooooQgoooaoo
OOo0oo0ooodooOoooOoao
OoooooQgoooaoo
OOo0oo0ooooOooOoooOoao
OooooodQgoooao
OO0 o0Dooodgogooao
Oooooogoooaoo
OO0 oooodogooao
OoooooQogoooao
OO0 oooodQgogooao
Ooooooogooooao
OO0 oooodgogooao
Ooooooogooooao
Oo0ooooogogooao
OoooooOooooao
Oooooodgoooao
OooooogooooOoao

O Ooooo
O OoOgooo
O Ooooo
O OooOooo
O Ooo0ooo
O OooOooo
O Ooo0ooo
O OooOooo
O Ooo0ooo.o
O Ooooo
O Ooo0ooo

O
O
O
O
O
O
O
O
O
O
O

O

O
O
O
O
O
O
O
O
O
O
O

O

O
O
O

O

Jeffaminesd
Ooogo

O

O

O

O Oooo
O 0O oo
O Oooo
O 0Oooo

O
O
O
O

O
O
O
O
O

O OoOo0ooooaoo
O Oo0ooooao
O Ooo0ooooaoo
O Ooo0ooooao
O Ooo0ooooao
O O0Oo0ooooao
O 0Ooo0ooooao
O Ooo0ooooao
O 0Ooo0oo0oooao

O
O
O
O
O
O
O

O o0Oooo
o o R e
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O o0Oooo
O 0Oooo
O o0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O oOooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
Q OO O
O oOooo
O o0Oooo
O 0Oooo
O o0Oooo

O

O O
O

O

O
O
O
O
O

O Oooo

O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oooao
O0Oo0Oo0ooao
OOoo0oooao
O0Oo0Oo0ooao
O0Ooo0oooaoo
OO0Oo0Oo0ooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oooao
O 0Oo0oo0ooao
O0Ooo0oooaoo
O0Oo0oooaog
O0Ooo0oooaoo
O 0Oo0oooao
O0Ooo0o0ooao
O0Ooo0oooaog
O0Ooo0o0ooao
O0Ooo0oooao
O0Ooo0o0ooao

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

O O0ooo

O Oooo

O O0ooo

O Oooo

O 0ooo

O

O Oooo

O 0ooo

O

O Oooo

O o0ood

[

O Oooo

|

O 0O oo

O

O Oooo

O Ooogoo

O Oooo

O Oooo

O Oooo

O Oooo

O O0ooo

O Oooo

O 0Oooo

Oo0oooooggogoao
OoOooooooQgooao

O Oooo

O O0ooo

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I

Oo0ooo40odo0ooDoDoo4ogoooooggdg

Ooooooooooodg

s s s e e e e s |

OoOoooooooooooo0oDoDoooooooogogaoQg

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

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

O 0OooOgoo
O O ogogo

Oo0ooooUoooDooUgUUoDoDoogUggoooogogaog

OO0 ooogoggooood

OoOoooooo0oooooo0oDoDoooo0oooogogaoQg

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

Oo0oooooooood

Oo0oooooUooooDooUoUUoDoDooUogUggoooogogaog

OoDoooogoggooood

Oooooooo0oooooo0oDoDoooooooogoQgaoQg

Ooooooooooodg

OOo0oooooUo0oooDooUooUgUoDoDooogUoooooogogaog

OoDoooogogogooood

OoOoooooooooooo0oDooooooooogogaoQg

Ooooooogooooodg

OOooooooooooouooUoUoDoDooogooDooogogaoQg

OoDoooogoggogooood

OoOooooooo0ooooooo0ooDoDooooooooogogogaoQg

Oooooooooood

OOooooooooDoooo4oDoDoDoooogoooogogaoQg

Oooooogogogooood

Oooooooooooooo0oooDooooooooogoQgoaoQg

Ooooocooooood

Oo0ooooooooDoooo4oDoDoDooo4ooooogogaoQg

o oO0ooogogoQg

O 0Oooo

OoooooooooooooooDoooooooooogogoQgaoQg

Oooooooooood

(14)

OooooooooDoooo4oDoDoDoooooooogogaoQg

Oooooogogoooodg

OooooooooooooooooooooooooogooQgoaoQg

Oooooooooood

Oooooooooooo4oDoDoDoooooDooogogaoQg

Ooooooogogooood

OoooooooooooooooooooooooogoogoaoQ

OoooooOoooood

Oooooooooooo4o0oDoDoooooDooogogaoQg

Ooooooogooood

Ooooooooooooooooooooooooogoogoao

OoooooOoooood

Oooooooooooo4oDoDoDoooooDooogogaoQg

Ooooooogoooodg

OoooooooOoo oD oD oo oDogooogogoogogoao

Ooooooooogoooogoo

Ooooooooooooo4o0DoDoDoooooDooogogaoQg

Ooooooooooodg

JP 2010-84147

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

Oo0ooogogUoooDooUUUoDoDooUUooooogogaog
OoOooooooDoooooo0oDoDoooooDooogogaoQg
OO0ooogogUogooDooUgUUoDoDooUgUggoooogogaog
OoOooooooooooooo0oDoDoooooooogoQgaoQg
Oo0oooogUoooDooUUUoDoDooogUggoDoooggaog
Oooooooooooooo0oDoDoooooooogogaoQg
Oo0ooooUooooDooUogUUoDoDooogUogoooogogaoQg

OO0 oDoogog4gooood
Ooooooogoooodg
OO0 oooogoggoooogod
Oo0ooooooooodg
OO0 oDooogoggogoooogod
Oooooooooood
OoDoooogoggogooood

O
O
O

O
O
O

OoOoooooooooooo0oDoDooooooooogoQgaoQg

Oooooooooood

2010.4.15

OOo0oooooUooooDooUooUoDoDoDoooogoooogogaoQg

Oooooogoggogooood

OoooooooooooooooDoDooooooooogogaoQg

Oooooooooood

Oo0oooooUooooDoooUoDoDoDoooogoDoooggaoQg

Oooooogogooao
Oooooooooood

OoOoooooooooooooooDoDooooooooogoogaoQg

10

20

30

40

50



e e e Y Iy
Y O Y Y i [
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

O 0Ooo0oooo

O 0O0ooooaog
OOo0o0ooooao
O O0oooooaog
OOoo0ooooao
O Oooooaog
OOoo0ooooao
O Oo0ooooaog
O Ooo0ooooao
O Ooo0ooooaog

OoOoooooo0oooooo0ooDoooo0oooDooooooooogodg
OO0oooodoooooUdUoooDooUoDUoooDooogogooooogod
Ooooooo0oooooo oo oooo0oooDooooooooogodg
OO0o0ooooooooooddUo oo oDooogogooooogdg
Oooooooo0oooooo0oooDoooo0oooDooooooooogodg
Oo0oooooooooo4o0oooDooogoooDooogogooooogdg
OoOoooooo0oooooo0oooDooooooDooooooooodg
Oo0ooooooooooo0oooDoooooooDoooogoooooogdg
Oooooocoooooooo0ooDooooooDooooooooodg
OoOo0ooooo0ooooooDoooDoooooooDooooooooogodg
Oooooooooooooo0ooDooooooDooooooooogodg
OOoooooooooooo4o0 oo oooooooDoDoooooooogdg
Oooooooo0ooooooooDooooooDooooooooodg
OOoooooo0oooooo0oooDoooooooDoDoooooooogdg
OoooooooooooooooooooooDooooooooodg

OOoooooo0oooooo0ooDooo4oooooogg
Ooooooooooooooooooooooood

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

OoOoo0ooog
OOoo0ooodg
OoOoo0ooogd
OOoo0ooog
I B
OoOoo0ooog
O0Ooo0oooand
OoOoo0ooog
I B
OoOoo0ooodg
O0Ooo0oo0ooao
OoOoo0ooog

O

O 0Ooo0ooo

O Ooooooaog

O
O

O 0Ooo0ooo
O 0Ooogooo

O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
OO oOooo
O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo

(15)

I B
OoOoo0oooog
O0Oo0oo0ooao
OoOoo0oooaog
O0Oo0Ooo0ooa.o
OoOoo0oooogo
OO0Oo0oooog
OoOoo0oooao
OO0Oo0oooog
OoOoo0oooao
O0Oo0oooog
O0Ooo0oooo
OOoo0oooog
Oo0Ooo0oooao
OOoo0oooaog
I B
OOooooaog
O0Ooo0oooao
OoOooooaog
I B

OOoooooo0ooooooooDoooooooooogg

Ooooooooooooooooooooooooooooood
OOoooooo0oooooo0oooDoooooooDooooooooogodg
O0o0ooo4ddUooooodUooDooDUoUdUoooDoooooUooooogod

Oo0ooDooo4o0ooooo oD oo ooo o0 ooDooogogogooao
e ) e e e e sy e e s e Y o

Oo0oooooo0ooDooooDooDooooooooao
OO0 oDooggUoooDooUogUoooDoDoo4goooodg

I e . Y [ O |
OO0 oDoooo0ooDoooooUooDoDoo4gogooooao
Ooo0oooooooooooooDoooooooondg

Oo0oooooooooDoooooooDoooogogooooao
Oo0ooooooo0ooooooooDooooooooao
OO0 ooDoooo0 oo oooooooDoooogogooooaog
Oo0oooooo0ooDooo o ooDooooooooao
Oo0ooooooooooooooooDoooogooooao
Oo0ooooooo0ooDooo o ooDooooooooao

JP 2010-84147

O Oooo

Dowd O OO OO

[ Ry |
O 0Oooo
™ O Og
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo

O

O

2010.4.15

10

20

30

40

50



OO0 oDoooooooooogoogogooo

O

Oo0ooooooooogogoogogoo

OO0 oDoooooooooogoogogooao
OO0 D o0oooo4goooDooogogogoao
OO0 oDoooooooooogogogooao

-
=y
o]
o
(]

OoOooooo4oooooo0 oo oDooooUoooDoDoooooDooogogoao
e s s e s e e e s [ |
OoOoooooo0ooooo o0 oo ooooDoDoDoooooooogdg
s s s e e e s e s e |

O

Georg

0

OoOooooo4oooooo o0 oo ooooDoDoDoooooooogdg
e s s e e e e e e s s [ |

Ooooooo0oooooQgooao

OO0 oDoDooogogooooooggdg

OOoo0oooao

0

OoOoo0ooood
O0Ooooood
OoOoo0ooood
OO0Ooo0ooood
OoOoo0oood
OOoo0ooood
OoOoo0oood
O0Ooo0ooood
OoOoo0ooood
O0Ooo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoooood
Oo0Ooo0ooood
OOoooood
Oo0Ooo0oo0oood

O Ooo0oooao

O0Ooo0oooao

O OooOoooao

O0Ooo0oooao

O Ooogoo

O 0Ooo0ooo

O Ooogoo

O 0Ooo0ooo

O Ooogooo

O 0Ooo0ooo

O Ooogooo

O 0Ooo0ooo

(16)

O Ooogooo

O 0Ooo0ooo

O Ooogooo

oooooDoooDooooooooo
of Organic Chemistry]"” (Houben-Weyl), OO0 O 0OD0OOO0OO0OOOOOODOOOOO
Thieme Verlag, 0 0 0000000019610 00000000000 DOOAO

O

O Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
[
O
O
O
O
O
O
O
O

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

O 0Ooooo
O 0OooOooog
O 0Ooo0ooao
O 0Ooooo
O 0Ooo0ooao
O 0Ooooo
O 0Ooooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O 0Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooao
O 0Ooooo
O 0Oo0oo0oao
O 0Ooooo
O 0Oo0ooo
O 0Ooooo
O 0Oo0ooo
O 0Ooooo
O 0OoOooo

O

g
U
O
g

Oo0DoDooo4Qgooooogoggooao

O 0Oooo

OoooooooooooQgooao

O

g
U
O

OooDooo4ogooooogoggooao

O

a
u
O

Oooooooooooogooao

O

g
u
O

Oo0ooooo4ogooooogoggooao

O o0Oooo
O oOooo
O o0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O oOooo
O o0Ooo
O oOooo
O 0Ooo

OoooooooeR O0ooooodg

Oooooo4ogooooogoggooao

e Y > S O Y [ O

Ooooooogooooogoggooao

Oooooooooooogooao

Oooooo4ogooooogoggooao

Oooooooooooogooao

Oooooooooooogogooao

Oooooooooooogooao

Ooooooo0ooooogogooao

O 0Ooo0ooo

O 0Ooo0oooo
O 0Oo0oo0oo0oao
O 0Oo0oooo
O O0Oo0Ooooao
O 0Ooo0oooo
O O0OoO0oooao
O 0Ooo0oooo
O 0Oo0Ooooao
O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooo
O Oo0oooo
O 0Ooo0oo0ooao
O Ooo0oooo
O 0Oo0oo0ooao
O Ooo0oooo
O 0Oo0oo0ooao

O Ooooo

O 0Ooo0ooo

O Ooooo

I I o Iy

O Ooooo

JP 2010-84147

O O0Oogoog

""Methoden der

Oo0ooooooooooogoOooao

O

g
u
O

Ooooooo0ooooogooao

O

g
u
O

Oo0ooooooooooogoOooao

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

Ooooooo0ooooogooao

Oooooooooooooogogoo

Ooooooo0ooooogooao

OO0 oDooodooooogogogoao

O Ooooo

organischen Chemie [Me

O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

Ooooooo0oooooQgooao

O O0Oogoao

Oo0oDooo4gogooooogogdgogooao

O 0Ooooo

Ooooooo0oooooQgooao

O Ooogoo

Oo0DoDooo4ogooooogoggogooao
OooooooooooogooQgoao

O 0Ooo0ooo

O Ooogoo

Oo0DoDooo4gogooooogoggooao

O 0Ooo0ooo

Oooooooooooogooao

2010.4.15

O Ooogoo

Oooooo4gogooooogoggooao

O 0Ooo0ooo

OoooooooooooQgooao

O Ooogoo

OoOoooooooOg e ooooogoog

O 0Ooo0ooo

Oooooooe ooooogoooao

10

20

30

40

50



17 JP 2010-84147 A 2010.4.15
goooooooboooobooobobboooobboooobboooboboooooan
oooo0ooooooo0oo0o0oooooo0oo0o0O0o0DoDoooo0oo0o0o0DoDoooo0ooDooDo
oooo0ooooooo0o0oo0oooooo0oo0o0O0o0DDoDooDOoo0o0O00DoODoDoODOoOo0o0Do0DDOoOoD
O00O00DD0DD0O0O0O00O0ODODO Cunninghamd O RadTech "98 North America UV/EB Conferen
ce Proceedings, 0 00D OO0OO0ODDOOOODDODOOODODDOOOORO
oooooao
gooooooooboogooboooboboboooboboooobbooobboooboao
goooooooobooooooboooobooboobooobboooobobooyby0oOooo0oan
o " O KutalO O Macromolecules 1991, 24, 68720 0 0 0 0 00 0O 0O 0O O O O O Yamaguch
il O Macromolecules 2000, 33, 11520 0 0 00 OoQOOODOOOODO0OOODOOODODOO
goooooooboooobooobobboooobboooobboooboboooooan
OoO0o0O00oo0O0O0oDO0oo0O0O0oO00O0oDO0oO0DODO0OO0O0ODO0O0O0O0DODDOONeckersd O Mac
romolecules 2000, 33, 77610 0 00000000000 D0O00OO0OO0OO0OODODDOOOOO
goooooooboboogooboooobDbDao
gooodaad
oooo0ooooooo0o0oO0oo0oooo0oo0o0O0o0DoDoooOoO0oo0O0o0DoODoooo0oDo0oDooD
goooooooboboogoobooobbobooobobooobbooobbooooboao
gooobooooooboooooboooboobobooooobbooooobboooobooooonan
oooo0ooooooo0o0O0oooooo0oo0oo0o0oo0Dooooo0oo0o0o0DoDoooooooDooD
oooo0ooooooo0o0oo0oooooo0oo0o0O0o0DDoDooDOoo0o0O00DoODoDoODOoOo0o0Do0DDOoOoD
0000000000000 D0D0D0Do0DoDoDoDoDD,"o0D0D0DD0,"00000, " 000
ugogoboboooooboouooboooobobbooobbooooobboooobboooooan
oooo0o0ooooo0oo00O0o0oooo0o0O000Do0Do0oo0Do0oO0O0O0D0DDoDooODO0oO0O0O0DLIDD
Polymeric Materials Science and Engineering, 2001, 84, 13900 0 0 00O O0ODODOO
goobobooooobooooobooobobobooobbooooboboooobobooooonan
oooooooooo0oo0oO0oooooo0oo0oo0O0oo0DoDoooo0oo0o0o0DoODooooOoDooDooD
goooooooboboogoobooobbobooobobooobbooobbooooboao
OoO0oOo0oo0oDOooOo0O0ooOU0OoDOooboDO0OoO0O0oD0OD0DOOdDektar O J. Org- Ch
em. 1990, 55, 639; J. Org. Chem., 1991, 56, 18380 0 00 000 OO0OODOODOO
oooo0ooooooo0o0oo0oooooo0oo0o0O0o0DDoDooDOoo0o0O00DoODoDoODOoOo0o0Do0DDOoOoD
0ooo0O0oo0Do0oo0DooDooDooo,"o0000, 00000, "0000000000
gogobobooooobooooboooobobobbooobboooobboooobboooooan
0000000000000 D0000000D0D0D0O00000D0DO0OO0ONorrishD OO
0000000000 DO00O0O0O00O0OCrivellod O Macromolecules, 2000, 33, 8250 O O
goobobooooobooooobooobobobooobbooooboboooobobooooonan
000000000000, "0000000000000000000000O00000
gooooooooboogogooboogoboboboooboboooobboooboboooooboao
goooooooboooobooobobboooobboooobboooboboooooan
ooocoobObbooooooooobDbboOoooooooobObbOb0b0oO0o0o0oDbeudDOAm.
Chem. Soc. Polymer Preprints, 2000, 41 (2), 12660 00D 00 O0DODDOOOODDOOO
O 0O 0O 0O Hual O Macromolecules 2001, 34, 2488-24940 U O O 0OD0ODDODOOOOOOOAO
goao
0oooooao
goooooooboboogoobooobbobooobobooobbooobbooooboao
goobooooooobooooobooobobobbooooboboooooboboooobobooooonan
oooo0ooooooo0o0O0oooooo0oo0oo0o0oo0Dooooo0oo0o0o0DoDoooooooDooD
oo0ooo0oo0ooooo0oo0o0O0o0oDoooo0O0O0oDoDoOoooOo0o0O0oDDoDOoDo
gooooao
ugogoboboooooboouooboooobobbooobbooooobboooobboooooan
oooo0ooooooo0o0oO0oo0oooo0oo0o0O0o0DoDoooOoO0oo0O0o0DoODoooo0oDo0oDooD

10

20

30

40



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

Ooo0oooogoooao
Oooooggogoao
Ooo0oooQgooao
Ooooogogogooao
Ooo0oooQogooo
Ooooogogogooao
Ooo0ooooOoogooao
Ooooogogogooao
Ooo0ooooOoooao
Ooooogogooao

O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooooo
O OooOooo
O 0Ooooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooao
O Ooooo

Ooooooogdg
O Oo0Doooogg
Oooooooogdg
O Oooooogdg
OoooooooQgodg
OOooooogdg
Oooooooogodg
O Oooooogdg
Ooooooodg
Ooooooogdg
Oooooooodg
Ooooooogg
Oooooooodg
Ooooooogdg
Oooooooodg
Ooooooogdg
Oooooooodg
Ooooooogg
OoOoooooodg
Oooooooogdg
OO0 oooogg
Oooooooogg
O Oo0Doooogdg
Ooo0oooooogdg

O oOoooo
O Ooooao
O o0Ooooo
O 0Ooooo
O o0oooo

O 0Ooooo
O 0OoOooog
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooao
O Ooooo
O 0Oo0ooao
O Ooooo
O 0Oo0ooOoo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooooo
OO oO0ooog
O 0Ooooo
O 0OoOooo

OoooooooooooQgg
OoDoDooogoooooogogogg
OoooooooooooQgg
Oo0oDooogoooooogoggg
OooooooooooQgg
Oo0ooDooooooooggdg
OooooooooooQgg
OooDooooooooggg
OooooooooooQgdg
Oooooooooooggg
OooooooooooQgdg
Oooooooooooggg

O 0Oooo
O 0Oooo
O 0Oooo
O 0Ooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
OO oo
O 0Oooo
O O0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

OoOoo0ooodgdg

OooooogQgdg

Ooooocooooooao
Ooooooogoooooaog
Ooooocooooooao
Oooooooooooaog
OOooooooooooao
Oooooooooooaog
OOoo0ooooooooa.o
Ooooooogoooooaog
OO0 oDoDoogQgooooaog
Oooooooooooaog
OO0 oDoDoogooooaog
Ooooooogooooaog
OO0 oDooogooooaog
Oooooooooooao
OO0 oooogooooaog
Oooooooooooao
OOooooogooooaog
D Oooooooooodg

OoOoo0oooodgdg

(18) JP 2010-84147

O 0ooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O 0o oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo

OOo0o0ooogdg
OooOoo0ooooOodg
OOoo0oooogdg
OooOoo0oooodg
OoOoo0oooogdg
Ooo0oo0ooodg
Oo0oo0oooogdg
Ooo0oo0oood
OoOoo0oooogdg
Oooo0oooOod

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

Oooooogogdg
OoOoo0oooodgdg
OooooogQgdg
OoOoo0ooodgdg
OooooogQgdg
I [ |
OooooogQgog
OO0 oooogogdg
OooooogoQgdg
OOo0ooooogogdg
OooooogoQgdg
OOoooooggdg
OooooogogQgdg
OOoooooggdg
Ooo0ooogodgoQg
OOoooooggdg

Oooo0ooogoQgdg

2010.4.15

Oooooogooooaog
Ooooocooooooao
Ooooooogooooaog
Ooooocooooooao

OOoooooggdg

Oooo0oooQgQg

Ooooooggdg

Oooo0ooogoQgdg

10

20

30

40

50



e e e Y Iy

OO0 oDoogogoooooogdg
OoooooooooooQgg
OO0 oDoogogogooooogogg
OoooooooooogooQgdg
OO0 oDoogogogooooogogg

Iy e A

OoOooOooooo0ooooo4o00 oo ooo oD ooDooooDUoooDoDoooooooao

I I Ay

OoOo0ooOooooo0ooooo4o00 oo oooo0D oo oDoooDoooDoDooo0ooooaono
OO0 OoDoooUogooooogoggogoooodg

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

OO0 Do ooo4goooDoooggogoao

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

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

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

OOoo0oooao

O
O
O
O

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

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

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

O 0Oo0oooo
O Oo0gooao
O 0Oo0oooo
O OoQgooo
O 0Ooo0oooo
O OoQgooo
O O0Oo0oooao
O OooQgooo
O 0Oo0oooao
O Ooogooo
O 0Oo0oooao
O Ooogoooao
O 0Oo0oooao
O Ooo0oooo
O 0Oo0ooOooao
O 0Ooo0oooo
O 0Oo0oooao
O 0Oo0oooo
O O0Oo0ooOooao
O 0Oo0oooo
O O o0Ogooao
O 0Oo0oooo

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

O
O
O
O

O Ooo0oooao

O0Ooo0oooao

O OooOoooao

O 0Ooo0ooo

O Ooogoo

O 0Ooo0ooo

O Ooogoo

O 0Ooo0ooo

O Ooogooo

O 0Ooo0ooo

O Ooogooo

O 0Ooo0ooo

(19) JP 2010-84147

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

O O
0O O
O O
0O O
O O
0O O
O O
O Od
O O
O d
O O
O d
O O
O O
O O
O O

O Ooogooo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O Oogoao
O Ooooo
O O0Oogoog
O Ooooo
O O0Oogoao
O 0Ooooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
[ |

O 0OoOooo
O 0Ooooo
O 0OooOooo
O Ooooao
O 0OooOooo
O 0Ooooao
O 0Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao

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

O
O
O
O
]

O 0Ooo0ooo

O
O
O
O
O

2010.4.15

O Ooogoo

O 0Ooo0ooo

O Ooogoo

O 0Ooo0ooo

10

20

30

40

50



Oooooo4o0ooooooooooogQgog

O

Ooooooo0oooooo0ooooogQgooao

OoOo0oo0oogooogao
Ooo0oo0oo0oo0oood

OO0 oooooooooogoQgg
OO0 o0DoDoogogooooogogg
Oo0oooooooooogogQgog

Ooooooooooogooogao
O0oo0ogao

O

O

O

O 0O oo

O Ooo

Desmodur
Ooooa0o
ooooao
oooDonD
DesmodurO0 OO ODODOXP 25990 0 0 00 0000CODODOOOOODODCODCDODRDOBayer Mat
erialScience AGD 0 0 00 0DO0ODDDODODO0DODODOODODODDODDODODODODODOOODOODODODGO
OO0O0OD0OAcclaim42000 00 0DODOOO0OO0O0OooOOOOO

oooooao
ODesmodurd OO OOOXP 25800 0 0 000D0O0O0OODODODOOOAOD Bayer MaterialSci
ence AGOD OO0 O0O0O0O0OODODODODDODDODODODODODUOODOODDDODDODOODUODOUOUOOODODOO
oooobbOooooooobooDoao
oooooao
Terathanel 0 0 0 0 0 10000 OBASF SED 000D DODOOOOODOODODDODOOOOO
gooooooOOoOoOoOooooboboobboboooooUooooDooo

Ooo0ooo0oogoood

0

O

0

OO0 oooogodgogooao

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

O
O
O
O
O

O
O
O
O
O

O
O
O
O

(20) JP 2010-84147 A 2010.4.15

gooboooobbooooobooooobooboao

O O
O O
0O O
O O
0O O
O O
O d
O O
O Od
O O
O d
O O
O d
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
O O
O O
O O
O O
O O
O O
O O
O O
O O

XP 24100 0 0000C0OO0O0CO00DODOODDOODOOODOOODORO
OO0O00ODODDOBayer MaterialScience AGO D OO OQOODOO
oooooooOoooOoooooooooooDoooooOoo

oobobo0ds« 0DbD0O0O0O0DODDO0OO0O0ODODDOOODDOOO0ODO
ggoao

O O O Bayer MaterialScience AGD 0D 0D 00 O0Od0OoOooOoODDOO
ocooooooOoooOooooooooDoooooono

uL280 O O
Momentive
ooooag

9090 0 O O 0O 0O O O Ciba

OoOo0oo0oogooogao
Ooo0oo0oo0oo0oood

O

OoooogoQgogoao

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

I O o A N A A A R |
Performance ChemicalsD 0 OO0 0O O0ODO0OOOOOOAO
oo0oo0ooooooooooooooao

Inc.

O
O
O

O
O
O

>

O

O O

gooboooobboooobooooobobDboo

gooboooobboooooooooobooboao

ocoAaxDODOODODODDOOODODODODODDODODDOO
uogoboooobbooooobooooboad
OAxOO0OOODODODODODOOOODODODODODODOO

10

30

40



-3 OooOooooooooooooooooooooOoo.o
Il OO0 o0oooogog4dooDoog *OoDoogooooaog

Ooooooooooodg
OO0 o0oDoodgogooao

0

Ooo0ooOoooOooan
Ooo0oooooaoao
O0o0ao
Ooo0oo0oooOooan
ooooooon
Ooooooaoao
Ooo0oOoo0ooOoaoan
OoAaxDODO0OO0OO0OO0O
Ooo0oooooaoao
O0o0O0oo0Ooaoao
Ooo0ooOoooOooan
ooooooon
Ooo0ooooOooaoao
Ooo0ooao
oooooooan
Ooooooaoao
O0o0O0oo00Ooaoao
Ooo0ooooOoon
Ooo0oooooaoao
Oooooooaoao
Ooo0oo0oooOooan
ooooooon
Ooooooaoao
Ooo0ooo0oooOooan
00
PD

P, +F,
Ooo0oooooaoao
Ooo0ooooooao
Ooo0ooao
oooooood
oQoOOoooaoao
Ooo0ooo0oooOoaoan
Ooo0ooao
Ooooooaoao
Oo0o0O0oo0Ooaoan
Ooooao

ooooObDooao

Kogelnik, The Bell

g
o0
g

gogooogooano
ooooOoboo0oao
ogogoao

0 Kogelnikd O O 0O O

o0

oooao

(1)

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

OooooooQgooao
Oo0oooogodgogooao
OooooooQgooao
Oooooogodgooao
OoooooQgooao
Oooooodgooao
OooOoe oo0ooOoogooao
Oooooogodgooao
OooooooQgooao
Oooooodgooao
Oooo0ooodgooao
Oo0ooooQgooao
Ooooooodgooao

c OO0 ooOooOooaog

OO0 ooooogogog
oo oooooogogogoQg
OO0 ooooogogog
oo oooooogogogooQg
oo ooooogogog
oo oooooogogogoo
OO0 ooooogogo-g
Ooooooooogoogoo
OO0 oooooogogoo-g
OO popoooooogoao
OO0 oooooogogo-g
OoooOooooooad

[ |

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

Ooooooooooooao
System Technical Journal,
goooooooobooad
Oooooooao

uoogoboooobboood

O
O

°c OO onoooo
OooOooooodgooao

[ i R

°c OO0 o ooo
Oooooooogogoao
Ooooooogogoo
oo oogood
OooooooQgogoo
OO0 oooogogao
oo ooooQgogoo

[ |

O
O
O
O
O

OoooooodQgooao

i

O =

O

O
|

OoOo0ooogooogono

OooooooQgooao

JP

op

OO0 oooogodogooao
OooooodQgooao

O
O

O
O

2010-84147 A

goooao

Oo0oooogodgogooao

°c O Qoo ooo
oo ooooQgogoo
OO0 oooogogao
OooooooQgogoo
Oooooogogao
OooooooQgogoo

O d

O

O
O
O
O
O
O

OoooooodQgooao

Oo0oooogodgogooao

O
O

OooooooQgooao

Oo0o©oodgooao

OooooooQgooao

2010.4.15

gooano

Oooooogodgooao
OooooooQgooao
Oo0oooogodgooao

Oooo0oooogoao

Oo0ooogogao
OoooooOoogoao
Ooooogogogao
OoooooOoogao

O
O
O
O

10

20

30

40



(22)

oo0oaOo
e 1
I b (700
sinh (@7 =)
oooaOo
oooaOo
O n-An-d
A Jcos(a') . cos((x’—Q LII)
e ng. 25l
A-cos((x'—2lp) 2
_ B!_a!
Y=
A
A=
2-n-cos(1p—0c’)
n-sin(oc’)=sin(a),n-sin( ')= m(B)

Ooooooogogoo
OO0 ooooe oo

0o

3

Ooooooooog e odg

(=

Ooooooooogooogao
OoooooooOoooo0ooQoabo

Ooooooooooogodg

AB
0
00D
0000000000 00000000000
00000e’ OO0OOR' 00D0DO0DO00OOD
BO0DDD0NDAGODODODONDONDOODDODD
AQODDODDODODDODODDOODODODOO
0000000000000000000000
000
000D000000D00xO00000AQOOD
0oooao
0
tanh?(®) = tanh’ mAn-d

A Jcos(oc')- cos(oc’—2\|1)
000
0000000000000000000000
0000000000000 000000000
000000000« O0000D00000000
000DO00° 00° 0000
000
000000000 D0Kogelniki 0 OO 000D
0000000000000 000000000
000000000000000ADO0OOOOD
000000000000 0000000000
0000000000000 000000000
000

O Ooooo

O
O
O

O Ooooo
O OoOgoao
O Ooooo
O OoOgooo
O Ooooo
O Oogoao
O Ooooo
O Oogoao
O Ooooo
O Ooogooo
O Ooo0ooo

O 0O oo
Q O 0O €
O 0Oooo
O Oooo
O Oooo
O Oooo
O OO

O

JP 2010-84147 A 2010.4.15

I I B
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
OO0 e O

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

O 0o oo
O 0o oo
O 0o oo
O 0o oo

10

20

30

40

50



OooooooooooOooo0ooOoQgoabo
OoOooDoooogoooogogoogo
OooooooooooooonOoQgano
OoOoooooogoooogooogo

Oo0oooooooooogogQgog
OO0 oDoDoogogooooogogg

O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooooo
O OooOooo
O 0Ooooo
Ooo0oogoogo
O Ooo0ooo

O O 0o oo

O

O
O

E (mJ/em”)

O X OoooooooooooDo o oo oDooooooooogogogoaog
Oo0ooo40oDUgoDoDooUdUoDoDeoodUoDoooUUooDoooggogaog

Ooooooo=oooogogoao

Oo0ooooooo0oooooogQgoo

Oooo0ogoood

Oo0DoDoooo4dgoooooggogog
Ooooooooooogogogoao
OoDoDoogogoooooggdg

Oo0oooogoQgooaoo

O

O
O

O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O 0Ooo0ooao

OOo0Doooogdg
O Ooooo
O Ooogoo
O Ooooo
O Ooogoo
O 0Ooooo
O Ooogooo
O 0Ooo0ooo

I Y o [

(23)

goooano
goooao
goooao
goooao
goooan

O 0Oooo
O Oooo
O 0ooo
[ O R |
O 0O oo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O 0o oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo

KogelnikO O
ooooood
oooooo
opopoooog

O oo b
O oOooR
O 0o oo
I [ o [
O 0Oooo
O 0o oo
O 0o oo
O Oooo
O 0o oo
O Oooo
O O ogo

O
O
O
O
O
O
O

goooan
goooooao
goooboooobboo

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

O
O
O
O
O

2-[0.50 mW +0.67 mW|-# (s)

n-0.4* cm?

o 0O0OpOOOODDOOOOOO

O
O
O

gooano
gugooano
gooao
gooano
gooano

O Ooooo
O Ooo0ooOoao
O Ooooo
O Ooo0ooao
O Ooooo
OO o0goo
Ooogog e
OO oOgoo
O Ooooo
O OoOgooo
O Ooooo

oo

O O Oooo

[

O
O

Ooo0Oood

OoDooo0Do0ooDooDoDooDoDooooao
Desmorapid Z, Bayer MaterialScience AGO 0 0 OO O0OGO
oooooDOoo0oooU0oooDOoooDooDoooDoooDooao
O0000O00OdO0O0ODesmodurd O OO O O RFE, Bayer MaterialS
nce AGUO0ODODDODODDODODOODODDODODDODOODODDODODDODODODOOODODOOO

JP 2010-84147 A

A R
I O o )
O 0o oo
A o R |
O« OO
O O ogo
O 0Oooo
O O oo

O O

O

O

O

O

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

O OoOooo
O Ooooo

2010.4.15

gooooooao
Terathaned 0O O
oooooooao
gooooooao

gooooooooan

gooooboobobobooooooocoobbobooooooooobobbooooo
googoooboooobobbogooboboooonob
uoogobobooooobobobooooboooonb

oo
a

U
t

Oo0o0ooogdogoao

gooao ogddg

Oo0oooogoQgooaoo
OOo0o0ooogdogooao
Ooo0ooooQgooao
Oo0oooogdgogooao
Ooo0ooooQgooaoo
Oo0oooogdgooao
Ooo0o0oooQgooao
Oo0oooogdooao
OooOoo0oooOodg
Oo0Oo0ooodg
Oo0Ooo0oood
Oo0Oo0ood
O0Oo0ood
OoOoo0oooogdg
O0Oo0o0ood
Oo0Oo0ood
OO0Oo0oood

O

Oo0Oo0ood

O0o0oo0oo0ooooooao
Oo0o0ooOoooooonOao
Whitehouse Scientific

O

OOoo0oo0oogao

goooooooan
gooooooooan

gooooooooan
gogooooooan
LtdO O O CH3 7PBO
0 g g

Oo0o0oooogodg
OO0Oo0ood

Ooo0oooQodg
OOoo0ooogogdg
Oo0o0o0oooQgodg
OOoo0oood

Ooo0o0ooooQodg

O o
Ooo0o0ooodg

goao

O

Oo0oooogdogooao

O

Ooo0oooodQgooaoo

O

Oo0oooogdooao

g
g

Ooo0o0ooodQgooao

10

20

30

40

50



oo oooooogoQgog
OO0 ooodgogoao
Ooooooogogoao
OO0 ooogogoao
OO0 oooooogoQgog
OO0 oooooggogoao

O

O

O

Desmodurd
FomrezO

O

OooOoogobogo
OooooooQgogoo

oo ooooogogoog
Oo0Doooogdg

O

280

Oooo0oogoood

O

Oooooo4o0oooooooooooQgg

OoOo0ooogogoogao

OoOoo0ooog

O
O
O
O
O
O

OooooooQgoo

0

OOo0o0ooogo-gogao
Oo0oooQgogoao
O 0Oo0ooogoao
O 0Ooooo

O

O

Oooooooogdg

O

OoDoooogogogao
O 0Ooooo
O Ooogoao
O Ooooo

0

O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
[ I =

OooooooogogQgoo
OO0 oooooggogao
OooooooogoQgoo
Oooooggoao

O

g
a
O
g

O
a
u

O Oooo
O Oooo

O

I [ o [
[ i Ry
O OO

O 0o oo

O

O

I [ [

O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0ooo
O Oooo

O 0o oo

O Oooo

O 0o oo

(24) JP 2010-84147 A 2010.4.15

oooDDDbOO0OO0DO0ooooooao
oooobODbOO0OO0DO0ooooooao
ooobODbOO0OO00ooooooao
oooDoDboO00ooooao

goooooooobobogo
cCér oo bbb OoOouoonoan

ooooODbOO0OO0OO0ooooooao
gooooooooboboogo

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

XP 24100 00D OO0ODO0OO0OO0OO0OODOODDOOODODOODOODDGO
ouL2800000O0O0b0O0O0O0O0O0ooOoooOooObObOO0OO0oOooooOoan

goooobobooooooooobbboopoooooobboao
goboboboooobbooooboboooobbooooobbooooan

gboboboooobboooooboboooobooooboboooooan
ooooaocal
goooobobooooooooobbboooooooooboao

gbooboboooobbooobobOoO0oobDbBaytec O 0O0OOOWE
lso0 D ooooobooobbO0ob0oooooooobbboboDb00oO0oFromrezD ODOOOOUL

goooooobobobooooooooobbobooooooooobobbooooo

gooboooobbooopwbOO0O0obbOoOoobobbooobbooobnn

gbobooooobbooooooooboooaAabODbDOOOObODDOO

o 0 ODbbObOO0DOooooooobobooOooon

Terathane 10000 00 OO0 O0O0OOOOOO0ODOOOOOOODOODOO

ool bbb ObOOoOoOooooooboboO0onOon

ooooObObOO0o0oDoooooobObboooooooobobobooodd
OCOoOO000O0oo0U0O0oDO0ooO0oO0oO0ooDO0oOoDOODesmodur 0 00O

g
g
oooooobooaoceel
O
g

XP2sgsou OO OO0OO0OoooooooODbODbObOO0DO0DOooooooDbDDOOFomrezd OO O
ouL28000000000000O0COODODDODOO0ODOO0OO0OOOODODDODDODOOOOOGORO

gooooooobogogoobooobbpptobbbbbobbbobobbboo o
gooboboooooboooobooooboobooooboooooboAaO0oO0ObODOoOooan

O Ooo0oooao

O

O Oo0oooo
OooOooooogd
OOoo0oooogd
OoOoo0oooao

0

oooao
ooooooao

g

OAcclaimD 0D 00O Q01ooo00 00000000 ODOOOODOOODOO
goooooboooooooooooboboooooooobobboboooo
gooooooDbaoDceal
gboobooooboboooooooooobooboooooboooobooboooao
O0DO0o0D0OO00O000OD0O0ODO0OD0OO0O0OD0ODO0O0ODOO0Desmodur000O00O0DOO
XP24i00 0000 0000DDOO0OO0OO0ODDODOO0OODDOOOO0ODDOOOFomrezd OO DO
uL 2800 0 0goooooobbobboooooooboobbboboooooooboobDDbaO
ooooobobooooooooobobobobooptooboobObbbOOoDOoooboboooboboao
ooocoobboooooooobbboboooooooobobbboooAOOOODDODO

ool b ooooDbOooooboooobDboao

10

30

40

50



e s e s e e ey s [ |
e R e ey e s [y s [ |
OO0 oogU0oooDooUUoUoDoDoo4UooDooogogoao
Ooo0ooooo0oDooooo0 oo oDooooooDooogooao
OO0 ooogg4UogooDooUUoUoDoDoo4UooDooogogoao

OOoo0ooood

Oo0ooooo0oooooDooo0o oo ooooooDooogooao
O O0Oo0ooood

O

Oooogooboogoaog
OOo0ooogo-gogaog

O

Oooooooogdg

Ooo0oooQgogao

OO0 oDooogUo0ooooggoooao

O 0Oooo
O 0Oooo

Ooooooogogooaoo
Ooooogogoao
Oooooogogao
OO0O0Oo0oooogd
OooOoo0ooogod

Oo0oooogodQgooao

OooooooogoQgooao
Oo0oooooggogooao

Oo0o0ooogdogoao
Ooo0oooQoogoao
OoOoo0ooogogdg

polyether
oooo

O

(25)

JP 2010-84147 A 2010.4.15

Lo D oDoOoOOoOoOoOooooooboDDbbOOoooooooboao
ooocooooboobooooooocoobboboooooooao
ool OO bObOObOO0DOoOoooooobObOob0oDooooonn

OOoo0oooaog
O 0Ooo0ooao

O

O0Ooo0oooaog
OoT OoOooodg
O0Ooo0oooaog
O0Ooo0o0ooao.o
O0Ooo0oooao
O0Ooo0Oo0ooao.o
OOoo0oooaoo
O0Oo0Oo0ooa.o
O0Ooo0oooao
O0Oo0Oo0ooa.o

O

gooboad

Desmodurd O O

O
O
O
O

0 O Fomrez[
oooooao
oooooao
OAODDOO

OO0Oo0oooog
O0Ooo0oooao.o

goooan
XP 25990
O0o0uL 28
ggoooao
gogooan

O
O
O
O
O
oon

Acclaimd OO0 O00OQO42000 000000 ODOO0OQCOOoOCOOODOODO

A
O oOoooo

O

Polyether
ooooao
ooooao
ocoooao
ocoooao
ooooao

O

O

\
g
u
O
g
g

I R
o= Oood
O0Ooo0ood

39700
ooao
ooao
O CGl
ooao

OoOoo0oood

O
O

O0Ooo0oood

O
O

Oo0Oo0ood

O

O0Oo0ood

O

Oo0Oo0ood

O

goao

O0Oo0ood

O
O

OoOoo0oood

O
O

O

O
O
O

O
O

O

O
O
O

O
O

0 FomrezO
Ooooao
Oooo0oano
AOO0ODO

I B B

ooooOoao

Oo0Oo0ood

O

Oo0Oo0ood

O

goooboogao
goobooooooboboboooooobooooooboobooodao
ool OO DObOObOOoOoooobooobODbooOooOoan
gooooooobbooogooboogoobobogoo
OCO0O00O0O00O0O0OD0OOO0DOOO0ODesmodurd 0 O0O0OOXP
2000000 00O0oOO0ODbOO0O0DO0O0oo0ooOooooboDbObOO0D0DO0oO0ooOoo0ooODbODbDF Fromrezd O0O0OO
guL280000o0o00b0O0O0o0oo0oooobobbob0oooooooobbboooooodn
goooooooboogoobooobobbppdoobbO0ooobbOooobbooobnn
gogoboboooooboouoobooobobobbooobbooooobbooAaO0DbDbOOOOnOaO

dooooDoDoDoo0oo0ooooooooDoDoDoDooooooooDoDoOao
ool DDl oDOoDO0DO0U0DDDO0OOoO0DoDOoOOooODoOoOad
ooooooao
Desmodurd 0O O

gooooad
XP 25990 O
0 0o uL 280
gooooad
oooooao
oad

gooooano
oooooao

Acclaim 000004220 N000000D0O0CDOOODOODOODODO
gogoooooobobobooobobooooobbooooboboboooboboboo
ooooDDbDoOO0OO0O0oooooobooaoDoecal
uogboboboooobbooooboboooobbooooboboooooboboOoo
oooboObOO0o0oDoooooobObb0oO0ooooooooODbODb0O00ODesm
Xp 2599 00O oooooOooooboooobobooobobooogao

oouL 28000000000 0oooooobDbOO0oOoooooooDan

oooobObOO0o0oDoooooooObboooopbOoboOobODbObOO0OOn
gooboooobboooobbooobbooooboboooboboo

od

O

oo b DbDO OO0 Ooo0oooaO

DesmophenO 0 O OO 02060 BDODO OO DODOOODOOODODDODODDOOO
uogboboboooobbooooboboooobbooooboboooooboboOoo

oooobODbOO0OO0oDooooooDb0onDbceal

oo 0 ODDbOO0O00O0OGoOoan

10

20

30

40

50



00
00

ooonoD
goooao

smodurd O O

O

OoOOoooooo0oooDooo0ooooDooooooooDoDoooooooogoQgg
I Y I > i A

OOo0ooooo0oooooooooooogogooao

hDO OoOOo0OooOOooDOoooOoooaogaocel

FomrezO
O 0

O 0O0o0ooood

O 0Oooo

OooooogoQgQg
O Oooo

OOooooogod

0

(@)
@

I I I I

Oo0o0oooooooDooooooooogooao
OO0 o0DoDoogog4UoooDooogUogoooogogo-g

O Oooo
O 0Oooo

0

OOoo0ooooo
O 0O0ooooaog
OOo0o0ooooao

O0Ooo0oooaoo
OT Oo0Oogoog
O0Ooo0oooaoo
O 0Oo0oooaog
O0Ooo0oo0ooaoo
O0Ooo0oooaog
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao

Oo0oooodQgooao

oo

O

O

gon

O

OOo0oooogodogoao
Ooo0oooQgoao
OoOoo0oooogdg
I B B

O Ooooo

O

Oo0Ooo0ood
o= Ooodg
I R B
OoOoo0ooodg
O0Ooo0oood
OoOoo0ooodg
O0Oo0ood
OoOoo0ooodg
O0Ooo0oo0ood
OoOoo0ooogdg

(26)

ooooooao
Desmodurd O O
0 O 0O FomrezO
ooooooao
ooooooao
ooADDOO

O0Ooo0oooao
O 0Oo0Oo0ooao
O0Ooo0oooaoo

JP 2010-84147 A 2010.4.15

oo

Oooooooad
Desmodurd 0O 0O
0 0 O FomrezO
ooooooaod
Oooooooad
Oo0oADDOO

Oo0oo0oood
OO0Oo0ooodg
Oo0Ooo0ood

oooooobooooooooboobobbobooooooobobooDbDboao
ooooobObooboooooooobobbOooooooooDbObanOanODe
XPp 25990000000 oooooboboboboooooooboooDbao
gouL 2800 00o0oooo0ooobooooobooooboooan
oooocoooooooooobocoobobboboopoooboQbooDboOoao
goooooobooboooooobocobobboboooooooooobooboao

Polyether L 50500 0 0 000 O0QOODODDODODODODOOOODOODODDOGO
oogooboooobobbooooobobooooobboooooboboooooboobooboao
uogboboboooobbooooboboooobbooooboboooooboboOoo
ol O ODbObOOOoOooooobObbOooDoooooobObbobOoooooan
goooooooobobogoo
XP 25800 00D 0000O0O0OAO
oouL 280000000000
gooooooooboboogo
gogoooooooboboogdo

Acclaimd OO0 O00OQO42000 000000 ODOO0OOQCOOOCOOODOODO
ooooObOO0oOO0oooooooobOboboooooooooooao
ool b oo oobOoooobboooboboooobboao

gooooad
XP 25990 O
0 0 uL 280
gooooad
gooooad
oad

Acclaim OO0 O0D00O42000 000000000000 DO0OO0OO0ODODGO
gogoboogooboboooboboooobbooobobboooboboboo
OCoOooOo0ooO0oooDOooOoOobOO0oOoDOooDO0Oagaosignma-Aldric
o 0 ODDbO0OODOooOoooooODbDbOOoO0oOoo

gooooooooboogogooboogoboboboooboboooobboooboboooooboao
ooooo0oo0ooDO0ooOoOooOO0ooDOooOboDO0oOO0OoDoDU0OO0DOaODesmodurd 0000
OXp 25900 0 0O0O0OD0ODDODO0OO0OO00O0OO0OOODODDODOO0ODOOO0OOOODODODODOOFomrezd OO
guL2z28000o0ooobo0oo0oooooooobobboboooooocoooboooodd
goooooooboogooboooobob bbb bOoobobbooobDbooo
gooobooooobooooboooobooboooobooooobooAaO0ODbDDODOOn

OooocoooooOoooOo
Oooocooooogoogogoog

> OO0 oooogaog
OOo0o0oooogdg
OooOoo0oooogod
OO0oo0ooogd
> O 0Ooogao

oad

goooao
gbooooaogao
gooooao

10

20

30

40

50



27) JP 2010-84147 A 2010.4.15

gooboooooboboooobooooooan

gooooooao

ooooObDooao

OCOeoQOO0OO0OO0O°DOOBUOODOODD DDDODOO0DODDUODODDUOODDUODUOODDUODO
ugogobooooobod

Oo00oao Ooooad
B H2
SF oL
M It 1 M
fl Y I:
3 PES ln CAn 0.90 - 3.0E-05
NN B} M ;
Y pBs | A2 0.80
2.5E-05
M 0.70
I BE _IB}
D / \ 0.60 20605
® - \ s
! 0.50
! B 15805 R
[ A
P 0.40 =
] M 2
H 0.30 1.0E-05
1]
I D@ -~ 0.20 ®
He-Ne L—4— L . le ; 5,060
Iy = At 0.10 e %
0.00 ’ L  0.0E+00
60 40 20 00 20 40 60

AQ=2T7+=Q—-a-v7+ ()



(28) JP 2010-84147 A 2010.4.15

gooooooaoo

(74000 100162710
0Dooooooooo

(7000 0O0OO0OO00O0000O0O00O000O0
00000000000000000000000000000000000000

(72000 0OOO0O0O00O0
000000000000000000000000000000000000

(7000 0O0OO0O00O0O000O0O0O0O0O000O0
0000000000000000000000000000000000

(72000 0OOO0O0O000O0
00000000000000000000000000000000000000000000
0

(72000 0OO0OO0O0O00
00000000000000000000000000000000000

0000 (D0) 2H249 CALL CA22 CA28 CA30

0000 OO 2K008 AAO4 AA13 AAL4 DD13 DD14 EE04 FF17

0000 OO 4J002 CKO4Ll EHO76 EN137 FD146 FD157 GTOO

0000 OO 4J034 DAOL DBO4 DBO7 DGO3 DGO4 HAOL HAO6 HCO3 HC12 HCel

0000 OO0 HC71 LA23 MAL2 MA14 RAL13 SAO2



(29) JP 2010-84147 A 2010.4.15

gooooooaod
“]-

TITLE OF THE INVENTION

Polyether-Based Polyurethane Formulations for the Production of Holographic Media

BACKGROUND OF THE INVENTION

The present invention relates to novel polyurethane compositions which are advantageous
for the production of holographic media, inter alia for data storage, but also for optical

applications of different types.

In the structure of holographic media, as described in US 6,743,552, information is stored
in a polymer layer which substantially comprises a polymer matrix and very special
polymerizable monomers present in uniform distribution therein. This matrix polymer may
be polyurethane-based. It is prepared starting from isocyanate-functional materials which -

are crosslinked with polyols, such as polyethers or polyesters, with urethane formation.

US 6,743,552, US 6,765,061 and US 6,780,546 disclose polyether-based PU matrices for
use in holographic media, which are substantially based on trifunctional polypropylene
oxide (PPO) and mixtures of poly(THF) with trifunctional PPO. Some of the formulations
described there contain PPO having a low molar mass (Mn < 1000 g/mol) as a mixture
with poly(THF), also having molar masses up to Mn < 1500 g/mol. A very similar
approach is described in JP 2008015154 A 20080124, Here, the matrix was formed from
difunctional isocyanates and mixtures of poly(THF} and trifunctional PPO. Likewise,

US 2003044690 A1 20030306 describes the synthesis of a PU matrix from Desmodur®™

N 3400, Desmodur™ N 3600 or Baytec WE-180 and a trifunctional PPO based on glycerol,
having an Mn of 1000. In addition, in JP 2008070464 A 20080327, polyether-based PU
matrices having relatively high Tg values (> 30°C) are used for holographic media. In
WO 2008029765 Al 20080313, polyester- and polycarbonate-based polyols are used as
components for polyurethane matrices for volume holograms and holographic media.

WO 2005116756 A2 20051208 describes low-Tg polyurethane matrices based on a

mixture of polyesters and Surfynol 440 (Air Products and Chemicals, Inc., Allentown,
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USA), a polyether with alkynediol starter for embossed holograms.

Furthermore, the patents JP 2007101743, JP 2007086234, JP 2007101881,

US 20070077498 and US 20070072124 describe the use of di- and trifunctional
polypropylene oxide in connection with PU matrices in the area of holographic data
memories or as “volume-type holographic optical recording media”. The isocyanate
component used there was dicyclohexylmethane 4,4 -diisocyanate (“"H12-MDI”) or a
prepolymer of the abovementioned components, in some cases in the presence of [ 4-
butanediol as a chain extender. Analogous formulations are disclosed in the patents

JP 2007187968 and JP 2007272044 for the area of “information recording and fixation”
and “high density volume holographic recording material”. The patent JP 2008070464
describes an analogous formulation as matrix material for holographic data memories and
“holographic recording materials and recording media”. In this case, polyethylene glycol
having a number average molar mass (Mn) of 600 g/mol was used as a chain extender and,
in addition to “HI12-MDI”, hexamethylene diisocyanate was also used. A trifunctional
polypropylene oxide in combination with hexamethylene diisocyanate and/or Desmodur®
N3300 was described in the patent JP 2007279585 as matrix material for the production of

“holographic recording layers” and an “optical recording medium”.

However, a disadvantage of the known polyurethane-based systems, in particular for
optical applications outside digital data storage, is that the achievable brightness of the
holograms stored in such media is too low. The reason for this is in general that the relative
difference between the refractive indices of polyurethane matrix and writing monomer is
too small, On the other hand, an arbitrary variation of the matrix polymer is not possible
since good compatibility of the matrix polymer with writing monomer and the further
components present in the formulations must always be ensured. Furthermore, for
processing reasons, it is of interest to ensure that mixing and provision of the formulations

are as simple as possible to carry out.

It was therefore an object of the invention to provide novel polyurethane compositions
which permit a better contrast ratio and improved brightness of the holograms without

sacrifices with respect to the compatibilities of matrix polymer and writing monomer.

It has now surprisingly been found that the abovementioned requirements can be met if

special polyether polyols are used for synthesizing the matrix polymer.
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EMBODIMENTS OF THE INVENTION

An embodiment of the present invention is a polyurethane composition comprising
A) a polyisocyanate component;

B) an isocyanate-reactive component comprising at least 50 % by weight,
based on the total amount of B), of a polyether polyol B1) having a number
average molecular weight of greater than 1000 g/mol and comprising one or

more oxyalkylene units of formulae (1), (IT}, (1),
-CHy-CH»-0O- H
-CH;-CH(R}-O- (1)
-CH,-CH;-CH»-O- (D)

wherein

R 1s an alkyl or aryl radical, wherein said alkyl or aryl radical is

optionally substituted and/or optienally interrupted by a heteroatom,

) a compound free of NCO groups which comprises a group that reacts under
the action of actinic radiation with ethylenically unsaturated compounds via

polymerization;
D) free radical stabilizers;
E) photoinitiators;
F) optionally catalysts; and
G) optionally auxiliaries and additives.
Another embodiment of the present invention is the above polyurethane composition,

wherein A) comprises a polyisocyanate and/or a prepolymer based on HDI, TMDYI, and/or
TIN.

Another embodiment of the present invention is the above polyurethane composition,
wherein A) comprises a polyisocyanate based on HDI with isocyanurate and/or
iminooxadiazinedione structures or a prepolymer having an NCO functionality of from 2

to 5 and exclusively primary NCO groups.

Another embodiment of the present invention is the above polyurethane composition,
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wherein A) has a residual content of free monomeric isocyanate of less than 0.5% by

weight.

Another embodiment of the present invention is the above polyurethane composition,
wherein said polyether polyol of B1) has an average OH functionality of from 1 8t0 4.0

and a number average molecular weight of from 1000 to 8500 g/mol.

Another embodiment of the present invention is the above polyurethane composition,
wherein B1) comprises a polyether polyol based on propylene oxide, a random or block
copolymer based on propylene oxide with a further 1-alkylene oxide having a proportion

of not higher than 80 % by weight of 1-alkylene oxide, and/or a poly(irimethylene oxide).

Another embodiment of the present invention is the above polyurethane composition,

wherein said polyether polyol of B1) has a refractive index np”™ of less than 1.55.

Another embodiment of the present invention is the above polyurethane composition,

wherein said compound of C) has a refractive index np™ of greater than 1.55.

Another embodiment of the present invention is the above polyurethane composition,
wherein C) comprises a urethane acrylate and/or a urethane methacrylate based on an
aromatic isocyanate and 2-hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxybutyi
acrylate, polyethylene oxide mono{meth)acrylate, polypropylene oxide
mono(methjacrylate, polyalkylene oxide mono(meth)acrylate, and/or a poly(e-

caprolactone) mono{meth)acrylate.

Yet another embodiment of the present invention is a process for producing media for
recording visual holograms comprising (1) applying the above polyurethane composition

to a substrate or in a mould and (2) curing said polyurethane composition,

Yet another embodiment of the present invention is a medium for recording visual

holograms produced by the above process of ¢claim.

Yet another embodiment of the present invention is an optical element or image comprising

the above medium.

Yet another embodiment of the present invention is a method for recording a hologram

comprising exposing the above medium.
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DESCRIPTION OF THE INVENTION
The invention therefore relates to polyurethane compositions comprising

A} a polyisocyanate component,

B) anisocyanate-reactive component comprising at least 50% by weight, based on
the total amount of B), of polyether polyols B1) with number average molecular

weights greater than 1000 g/mol, which have one or more oxyalkylene units of the

formulae (I} to (IIT),
~CHz-CHy-O- formula (1)
~-CH,-CH(R})-O- formula (I1)
-CH3-CH;-CH3-O-  formuia (I1T)
in which

R is an atkyl or aryl radical which may also be substituted or may be

interrupted by heteroatoms (such as ether oxygens)

) compounds which have groups reacting under the action of actinic radiation with
ethylenically unsaturated compounds with polymerization (radiation-curing

groups) and are themselves free of NCO groups,
D) free radical stabilizers
E} photoinitiators
F) optionally catalysts
G} optionally auxiliaries and additives,

“Active radiation” s understood to mean electromagnetic, ionizing radiation, in particular

electron beams, UV radiation and also visible light (Roche Lexikon Medizin, 4th edition;

Urban & Fischer Verlag, Munich 1999},
Typical polyurethane compositions comprise:

5 to 93.999% by weight of the components B) according to the invention,
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1 to 60% by weight of component A},

5 to 70% by weight of the component C),

0.001 to 10% by weight of photoinitiators E),

0 to 10% by weight of free radical stabilizers D),

0 to 4% by weight of catalysts F),

0 to 70% by weight of auxiliaries and additives G).

Preferably, the polyurethane compositions according to the invention comprise
15 to 82.989% by weight of the components B) according to the invention,
2 to 40% by weight of component A},

15 to 70% by weight of the component C),

0.01 to 7.5% by weight of photoinitiators E),

0.001 to 2% by weight of free radical stabilizers D),

0 to 3% by weight of catalysts F),

0 to 50% by weight of auxiliaries and additives G},

Particularly preferably, the polyurethane compositions according to the invention comprise
15 to 82.489% by weight of the components B) according to the invention,
2 to 40% by weight of component A),

15 to 50% by weight of the component C),

0.5 to 5% by weight of photoinitiators E),

0.01 to 0.5% by weight of free radical stabilizers D),

0.001 to 2% by weight of catalysts F),

0 to 35% by weight of auxiliaries and additives G).
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Suitable compounds of the polyisocyanate component A) are all aliphatic, cycloaliphatic,
aromatic or araliphatic di- and triisocyanates known per se to the person skilled in the art,
it being unimportant whether they were obtained by means of phosgenation or by
phosgene-free processes. In addition, the relatively high molecular weight secondary
products {olige- and polyisocyanates) of monomeric di- and/or triisocyanates having a
urethane, urea, carbodiimide, acylurea, isocyanurate, allophanate, biuret, oxadiazinetrione,
uretdione or iminooxadiazinedione structure, which secondary products are well known
per se to the person skilled in the art, can also be used in each case individually or in any

mixtures with one another.

For example, suitable monomeric di- or triisocyanates are butylene diisocvanate,
hexamethylene diisocyanate (HDI), isophorone diisocyanate (TPDY),
trimethythexamethylene diisocyanate (TMDI), 1,8-diisocyanato-4-
(isocyanatomethyl)octane, isocyanatomethyl-1,8-octane diisocyanate (TIN), 2,4- and/or

2,6-toluene diisocyanate.

Also possible is the use of isocyanate-functional prepolymers having urethane, allophanate
or biuret structures as compounds of component A), as can be obtained in a manner known
well per se by reacting the abovementtoned di-, tri- or polyisocyanates in excess with
hydroxy- or amino-functional compounds. Any unreacted starting isocyanate can then be
removed in order to obtain low-monomer products. For accelerating the prepolymer
formation, use of catalysts well known to the person skilled in the art per se from

polyurethane chemistry may be helpful.

Suitable hydroxy- or amnofunctional compounds for the prepolymer synthesis are
typically low molecular weight short-chain, aliphatic, araliphatic or cycloaliphatic diols,

triols and/or higher polyols, i.e. containing 2 to 20 carbon atoms.

Examples of diols are ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene
glycol, dipropylene giycol, tripropylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4-
butanediol, neopentylglycol, Z-ethyl-2-butylpropanediol, trimethylpentanediol,
diethyloctanediol positional isomers, 1,3-butylene glycol, cyclohexanediol 1,4-
cyclohexanedimethanol, 1,6-hexanediol, 1,2- and 1,4-cyclohexanediol, hydrogenated
bisphenol A (2.2-bis(4-hydroxycyclohexyl)propane), 2,2-dimethyl-3-hydroxypropyl 2,2-
dimethyl-3-hydroxypropicnate.
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Examples of suitable triols are trimethylolethane, trimethylolpropane or glycerol. Suitable
higher-functional alcohols are ditrimethylolpropane, pentaerythritol, dipentaerythritol or

sorbitol.

Relatively ligh molecular weight aliphatic and cycloaliphatic polyols, such as polyester
polyols, polvether polyols, polycarbonate polyols, hydroxy-functional acrylic resins,
hydroxy-functional polyurethanes, hydroxy-functional epoxy resins or corresponding
hybrids (¢f. Rompp Lexikon Chemie [Rompp Chemistry Lexicon], pages 465-466, 10th
edition 1998, Georg-Thieme-Verlag, Stuttgart) are also suitable.

Polyesterpolyols suitable for the prepolymer synthesis are linear polvester diols, as can be
prepared in a known manner from aliphatic, cycloaliphatic or aromatic di- or
polycarboxylic acids or their anhydrides, such as, for example, succinic, glutaric, adipic,
pimelic, suberic, azelaic, sebacic nonanedicarboxylic, decanedicarboxylic, terephthalic,
isophthalic, o-phthalic, tetrahydrophthalic, hexahydrophthalic or trimellitic acid, and acid
anhydrides, such as o-phthalic, trimellitic or succinic anhydride, or a mixture thereof with
polyhydric alcobols, such as, for example, ethanediol, di-, tri- or tetraethylene ghycol, 1,2-
propanediol, di-, tri-, or tetrapropylene giycol, 1,3-propanediol, 1, 4-butanediol, 13-
butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol,
1,4-dihydroxycyclohexane, 1,4-dimethylolcyclohexane, 1 8-octanediol, 1,10-decanediol,
1,12-dodecanediol or mixtures thereof, optionally with concomitant use of higher
functional pelyols, such as trimethylolpropane or glycerol. Of course, cycloaliphatic and/or
aromatic di- and polyhydroxy compounds are also suitable as polyhydric alcohols for the
preparation of the polyester polyols. Instead of the free polycarboxylic acid, it is also
possible to use the corresponding polycarboxylic anhydrides or corresponding

polycarboxylates of lower alcohols or mixtures thereof for the preparation of the polyesters.

Polyester polyols also suitable for the prepolymer synthesis are homo- or copolymers of
lactones, which are preferably obtamed by an addition reaction of lactones or lactone
mixtures, such as butyrolactone, e-caprolactone and/or methyl-e-caprolactone, with
suitable difunctional and/or higher-functional initiator molecules, such as, for example, the
low molecular weight polyhydric alcohols mentioned above as synthesis compenents for

polyester polyols.

Polycarbonates having hydroxyl groups are also suitable as a polyhydroxy component for

the prepolymer synthesis, for example those which can be prepared by reaction of diols,
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such as 1,4-butanediol and/or 1,6-hexanediol and/or 3-methylpentanediol, with diaryl

carbonates, e.g. diphenyl carbonate, dimethyl carbonate or phosgene.

Polyether polyols suitable for the prepolymer synthesis are, for example, the polyaddition
products of styrene oxides, of ethylene oxide, propylene oxide, tetrahydrofuran, butylene
oxide, epichlorohydrin and their mixed adducts and graft products, and the polyether
polyols obtained by condensation of polvhydric alcohols or mixtures thereof and those
obtamed by alkoxylation of polyhydric alcohols, amines and amino alcohols, Preferred
polyether polyols are poly(propyiene oxides), poly(ethylene oxides) and combinations
thereof in the form of random or block copolymers or poly(tetrahydrofurans) and mixtures
thereof having an OH functionality of 1.5 to 6 and a number average molecular weight
between 200 and 18000 g/mol, preferably having an OH functionality of 1.8to 4.0 and a
number average molecular weight of 600 to 8000 g/mol and particularly preferably having
an OH functionality of 1.9 to 3.1 and a number average molecular weight of 650 to

4560 g/mol.

Suitable amines for the prepolymer synthesis are all oligomeric or polymeric, primary or
secondary, di-, tri- or polyfunctional amines. For example, these may be: ethylenediamine,
diethylenetriamine, triethylenetetramine, propylenediamine, diaminocyclohexane,
diaminobenzene, diaminobisphenyl, triaminobenzene, difunctional, trifunctional and
higher-functional polyamines, such as, for example, the Jeffamines®, amine-terminated
polymers having number average molar masses up to 10 000 g/mol or any mixtures thereof

with one another.

Preferred prepolymers are those based on the abovementioned synthesis components
having urethane and/or allophanate groups with number average molecular weights of 200
to 10 000 g/mol, preferably with number average molecular weights of 500 to 8000 g/mol.
Particularly preferred prepolymers are allophanates based on HDI or TMDI and di- or
trifunctional polyether polyols having number average molar masses of 1000 to

8000 g/mol.

It s, if appropriate, also possible for the isocyanate component A to contain proportionate
amounts of isocyanates which are partly reacted with isocyanate-reactive ethylenically
unsaturated compounds. «,B-Unsaturated carboxylic acid derivatives, such as acrylates,
methacrylates, maleates, fumarates, maletmides, acrylamides, and vinyl ether, propenyl

ether, allyl ether and compounds which contain dicyclopentadieny! units having at least



(38) JP 2010-84147 A 2010.4.15

- 10 -

one group reactive towards isocyanates are preferably used here as isocyanate-reactive
ethylenically unsaturated compounds. Acrylates and methacrylates having at least one
isocyanate-reactive group are particularly preferred. Suitable hydroxy-functional acrylates
or methacrylates are, for example, compounds such as 2-hydroxyethyl {meth)acrylate,
polyethylene oxide mono(meth)acrylates, polypropylene oxide mono(meth)acrylates,
polyalkylene oxide mono(meth)acrylates, poly(e-caprolactone) mono{methacrylates, such
as, for example, Tone® M100 (Dow, USA), 2-hydroxypropyl {meth)acrylate, 4-
hydroxybutyl (meth)acrylate, 3-hydroxy-2,2-dimethylpropyl (meth)acrylate, the hydroxy-
functional mono-, di- or tetra{meth)acrylates of polyhydric alcohols, such as
trimethylolpropane, glycerol, pentaerythritol, dipentaerythritol, ethoxylated, propoxylated
or alkoxylated trimethylolpropane, glycerol, pentaerythritol, dipentaerythritol and the
indastrial mixtures thereof. In addition, isocyanate-reactive oligmeric or polymeric
unsaturated compounds containing acrylate and/or methacrylate groups, alone or in
combination with the abovementioned monomeric compounds, are suitable. The
proportion of isocyanates which are partly reacted with isocyanate-reactive ethylenically
unsaturated compounds, based on the isocyanate component A, is 0 to 99%, preferably 0 to

50%, particularly preferably 0 to 25% and very particularly preferably 0 to 15%.

The NCO groups of the polyisocyanates of the component A) can also be completely or
partly blocked with the blocking agents customary in industry. These are, for example,
alcohols, lactams, oximes, malonic esters, alkyl acetoacetates, triazoles, phenols,
imidazoles, pyrazoles and amines, such as, for example, butanone oxime, diisopropylamine,
1.2.4-triazole, dimethyl-1,2 4-triazole, imidazole, diethyl malonate, acetoacetates, acetone
oxime, 3,5-dimethylpyrazole, e-caprolactam, N-tert-butylbenzylamine,

cyctopentanonecarboxyethyl ester or any mixtures of these blocking agents.

Polyisocyanates and/or prepolymers of the abovementioned type based on HDI, TMDI

and/or TIN are preferably used in A).

Polyisocyanates based on HDI with isocyanurate and/or iminooxadiazinedione structures

are particularly preferably used.

The use of prepolymers, preferably having NCO functionalities of 2 to 5, particularly
preferably those having primary NCO groups, is likewise particularly preferred. Examples
of such prepolymers are allophanates or urethanes or mixiures thereof, preferably based on

HDI and/or TMDI, and polyether- and/or polyester- or polycarbonate polyols.
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The abovementioned polyisocyanates or prepolymers preferably have residual contents el
free monomeric isocyanate of less than 1% by weight, particularly preferably less than

0.5% by weight, very particularly preferably less than 0.2% by weight.

In formula (IT}, R is an atkyl or aryl radical which also may be substituted or may be
interrupted by other atoms (such as ether oxygens). Methyi, butyl, hexyl and octyl radical
and also alkyl radicals whose C chain is interrupted by ether oxygen atoms are preferred.
in the case of the latter, those having one to 50 1-alkylene oxide units are particularly

preferred.

The polyether polyols B1) which are essential to the invention may be homopolymers
based on an initiator molecule and exclusively :dentical oxyalkylene repeating units.

Random or block copolymers having different oxyalkylene units are also possible.

Such polyether polyols are, for example, the polyadducts of styrene oxides, ethylene oxid
propylene oxide, butylene oxide, epichlorohydrin, higher 1-alkene oxides and their mixed
adducts and graft products, and the polyether polyols obtained by condensation of

polyhydric alcohols or mixtures thereof and the polyether polyols obtained by alkoxylatio

of polyhydric alcohols, amines and amino alcohols,

These are obtainable, for example, via an addition reaction of the abovementioned cyclic

ethers with NH- or OH-functional initiator molecules.

Suitable initiator compounds having Zerewitinoff-active hydrogen atoms generally have
functionalities of 1 to 8. Hydrogen bonded to N, O or S is referred to as Zerewitinoff-
active hydrogen (sometimes also known as “active hydrogen”) if it gives methane by
reaction with methylmagnesium 1odide by a process discovered by Zerewitinoff. Their
molar masses are 60 g/mol to 1200 g/mol. In addition to hydroxy-functional initiators, it i
also possible to use amino-functional initiators. Examples of hydroxy-functional initiator
compounds are methanol, ethanol, 1-propanol, 2-propano! and higher aliphatic monools, i
particular fatty alcohols, phenol, alkyl-substituted phenols, propylene glycol, ethylene
glycol, diethylene glycol, dipropylene glycol, 1,2-butanediol, 1,3-butanediol,
1,4-butanediol, hexanediol, pentanediol, 3~methyl-1,5-pentanediol, 1,12-dodecanediol,
glycerol, trimethylolpropane, triethanolamine, pentaerythritol, sorbitol, sucrose,
hydroquinone, pyrocatechol, resorcinol, bisphenol F, bisphenot A,

1,3,5-tnhydroxybenzene, methylol group-containing condensates of formaldehyde and
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phenol or melamine or urea, and Mannich bases. Examples of initiator compounds
containing amino groups are ammonia, ethanolamine, diethanolamine, isopropanolamine,
diisopropanolamine, ethylenediamine, hexamethylenediamine, aniline, the isomers of
toluidene, the isomers of diaminotoluene, the isomers of diaminodiphenylmethane and
products obtained in the condensation of amline with formaldehyde to
diaminodiphenylmethane and having a relatively large number of nuclei. In addition, ring-
opening products from cyclic carboxylic anhydrides and polyols can also be used as
initiator compounds. Examples are ring-opening products from phthalic anhydride,
succinic anhydride, maleic anhydride on the one hand and ethylene glycol, diethylene
glycol, 1,2-butanediol, 1,3-butanediol, 1,4-butanediol, hexanediol, pentanediol, 3-methyl-
1,5-pentanediol, 1,12-dodecanediol, glycerol, trimethylolpropane, pentaerythritol or
sorbitol on the other hand. In addition, it is also possible to use mono- or polyfunctional
carboxylic acids directly as initiator compounds. It is of course also possible to use

mixtures of different initiator compounds.

The polymeric alkoxylates mentioned which can be used as a catalyst are prepared in a
separate reaction step by an alkylene oxide addition reaction with the abovementioned
itiator compounds containing Zerewitinoff-active hydrogen atoms. Usually, an alkali
metal or an alkaline earth metal hydroxide, e.g. KOH, is used as catalyst in amounts of 0.1
to 1% by weight, based on the amount to be prepared, in the preparation of the polymeric
alkoxylate, the reaction mixture 1s, if required, dewatered in vacuo, the alkylene oxide
addition reaction is carried out under an inert gas atmosphere at 100 to 170°C until an OH
mumber of 150 to 1200 mg KOH/g is reached and then optionally adjusted to the
abovementioned alkoxylate contents of 0.05 to 50 equivalent? by addition of further alkali
metal or alkaline earth metal hydroxide and subsequent dewatering. Polymeric alkoxylates
prepared in this manner can be stored separately under an inert gas atmosphere. They are
particularly preferably used when the amount of low molecular weight initiator in the
preparation of long-chain polyols is not sufficient to ensure sufficient thorough mixing of
the reaction mixture at the beginning of the reaction. Furthermore, certain low molecular
weight initiators tend to form sparingly soluble alkali metal or alkaline earth metal salts; in
such cases, the upstream conversion of the initiator by the process described above into a
polymeric alkoxylate is likewise advisable. The amount of the polymeric alkoxylate used
in the process according to the invention is usually such that it corresponds to an alkali

metal or alkaline earth metal hydroxide concentration of 0.004 to 0.8% by weight,
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preferably 0.004 to 0,6% by weight, based on the amount of end product according to the
invention which is to be prepared. The polymeric alkoxylates can of course also be used as

mixiures,

Suitable alkylene oxides are, for example, ethylene oxide, propylene oxide, 1,2-butylene
oxide or 2,3-butylene oxide and styrene oxide. Propylene oxide, ethylene oxide and
1,2-butylene oxide are preferably used. The alkylene oxides can be metered individually,
as a mixture or blockwise. Products having terminal ethylene oxide blocks are
characterized, for example, by increased concentrations of primary terminal groups, which

impart a higher isocyanate reactivity to the systems.

A further process for the preparation of the polyols used as component B1) is effected via
the use of DMC catalysts. Improved, highly active DMC catalysts which are described, for
example, in US-A 5 470 813, EP-A 700 949, EP-A 743 093, EP-A 761 708, WO 97/40086,
WO 98/16310 and WO 00/47649 are preferably used. The highly active DMC catalysts
which are described in EP-A 700 949 and, in addition to a double metal cyanide compound
{e.g. zinc hexacyanocobaltate(TI)) and an organic complex ligand (e.g tert-butanol), also
contain a polyether having number average molecular weight greater than 500 g/mol are a

typical example.

Preferably obtained alkylene oxides are ethylene oxide, propylene oxide, butylene oxide
and mixtures thereof. The synthesis of the polyether chains by alkexylation can be carried
out, for example, only with one monomeric epoxide or randomly or blockwise with 2 or 3
different monomeric epoxides, Further information can be obtained from "Ullmanns
Encyclopédie der industrielen Chemie [Ullmann’s Encyclopaedia of Tndustrial

Chemistry]", English language edition, 1992, volume A2, pages 670 - 671.

Preferably {Jsed initiator compounds having active hydrogen atoms are compounds having
molecular weights of 18 to 2000 g/mol and 1 to 8 hydroxyl groups. The following may be
mentioned by way of example: ethylene glycol, diethylene glycol, triethylene glycol, 1,2-
propylene glycol, 1,4-butanediol, hexamethylene giycol, bisphenol A, trimethylolpropane,

glycerol, pentaerythritol, sorbitol, cane sugar, degraded starch or water.

Those initiator compounds which have active hydrogen atoms and were prepared, for
example, by conventional alkali catalysis from the abovementioned low molecular weight

initiators and represent oligomeric alkoxylation products having molecular weights of 200



(42) JP 2010-84147 A 2010.4.15

- 14 -

to 2000 g/mol are advantageously used.

The polyaddition reaction of alkylene oxides with initiator compounds having active
hydrogen atoms which is catalysed by the DMC catalysts prepared by the process
according to the invention is eftected in general at temperatures of 20 to 200°C, preferably
in the range from 40 to 180°C, particularly preferably at temperatures of 50 to 150°C. The
reaction can be carried out at total pressures of 0 to 20 bar. The polyaddition reaction can
be carried out in the absence of a solvent or in an inert, organic solvent, such as toluene
and/or THF. The amount of solvent is usually 10 to 30% by weight, based on the amount

of the polyether polyol to be prepared.

Also suitable as polyether polyols B1) are trimethylene oxides according to formula (III),
which are obtainable, as described in US 2002/07043 Al and 2002/10374 A1, by acid-
catalysed polycondensation of 1,3-propanediol or, as inJ. Polym. Sci, Polym. Chem. Ed.

28 (1985), p. 444-449, by ring-opening polymerization of cyclic ethers.

In B1), compounds of the same type or mixtures of a plurality of different compounds,

which in each case have the required structural feature, can be used.

Preferred polyether polyols B1) which are essential to the invention are those of the
abovementioned type exclusively based on propylene oxide or random or block
copolymers based on propylene oxide with further 1-alkylene oxides, the proportion of
I-alkyiene oxide being not higher than 80% by weight, In addition, poly(trimethylene
oxides) according to formula (11} and mixtures of the polyols mentioned as being
preferred are preferred. Polypropylene oxide homopolymers and random or block
copolymers which have oxyethylene, oxypropylene and/or oxybutylene units are
particularly preferred, the proportion of the oxypropylene units, based on the total amount
of all oxyethylene, oxypropylene and oxybutylene units, accounting for at least 20% by
weight, preferably at least 45% by weight, Here, oxypropylene and oxybutylene comprises

all respective linear and branched C3- and C4-isomers.

Such polyether poivols B1) of the abovementioned type preferably have average OH
functionalities of 1.5 to 6 and number average molecular weights of 1000 to 18 500 g/mol,
particularly preferably OH functionalities of 1.8 10 4.0 and number average molecular
weights of 1000 to 8500 g/mol and very particularly preferably OH functionalities of 1.9 to

3.1 and number average molecular weights of 1000 to 6500 g/mol.
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Such polyether polyols B1) of the abovementioned type preferably have a refractive index

np”” < 1,55, particularly preferably < 1.50 and very particularly preferably < 1.47.

As further constituents of the isocyanate-reactive component B), all OH- and/or NH-
functional compounds known to the person skilled in the art can be used as B2). These are
in particular di- and higher-functional polyether polyols, which do not obey the formulae
{1 to (111}, polyester polyols, polycarbonate polyols, homo- or copolymers of lactones,
hydroxy- or aminefunctional polyacrylic resins and polyamines, such as, for example, the
Jeffamines® or other amine-terminated polymess and (biock) copolymers or mixtures

thereof

If mixtures of B1) and B2) are used in B), preferably at least 0% by weight of B1) and not
more than 20% by weight of B2), particularly preferably at least 99% by weight of B1) and
not more than 1% by weight of B2) and very particularly preferably 100% by weight of

B1) are used.

Preferably, compounds having a refractive index np™ > 1.55, particularly preferably > 1.58,

are used in C),

In component C), compounds such as ¢,B-unsaturated carboxylic acid derivatives, such as
acrylates, methacrylates, maleates, fumarates, maleimides, acrylamides, and furthermore
vinyl ether, propenyl ether, allyl ether and compounds containing dicyclopentadienyl units
and olefinically unsaturated compounds, such as, for example, styrene, a-methylstyrene,
vinyltoluene, olefins, such as, for example, 1-octene and/or I-decene, viny! esters,
{meth)acrylonitrile, (meth)acrylamide, methacrylic acid and acrylic acid can be used.

Acrylates and methacrylates are preferred.

In general, esters of acrylic acid or methacrylic acid are designated as acrylates or
methacrylates. Examples of acrylates and methacrylates which can be used are methyl
acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, ethoxyethyl acrylate,
ethoxyethyl methacrylate, n-butyl acrylat, n-butyl methacrylate, tert-buty! acrylate, tert-
butyl methacrylate, hexyl acrylate, hexyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexy!
methacrylate, butoxyethyl acrylate, butoxyethyl methacrylate, laury! acrylate, tauryl
methacrylate, isobornyl acrylate, isobornyl methacrylate, pheny! acrylate, phenyl
methacryltate, p-chlorophenyl acrylat, p-chlorophenyl methacrylate, p-bromophenyl acrylat,

p-bromophenyi methacrylate, 2,4,6-trichlorophenyl acrvlate, 2,4, 6-trichlorophenyl
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methacrylate, 2,4,6-tribromopheny! acrylate, 2,4,6-tribromophenyl methacrylate,
pentachlorophenyl acrylate, pentachlorophenyl methacrylate, pentabromophenyl acrylate,
pentabromophenyl methacrylate, pentabromobenzyl acryiate, pentabromobenzyl
methacrylate, phenoxyethyl acrylate, phenoxyethyl methacrylate, phenoxyethoxyethyl
acrylate, phenoxyethoxyethyl methacrylate, 2-naphthyl acrylate, 2-naphthy! methacrylate,
1,4-bis(2-thionaphthyl)2-butyl acrylate, 1,4-bis(2-thionaphthy)-2-butyl methacrylate,
propane-2 2-diylbis{(2,6-dibromo-4, I -phenylenejoxy(2-{[3.3,3-tris(4-
chlorophenyl)propanoyljoxy } propane-3, 1-diyl)oxyethane-2, 1-diyl] diacrylate, bisphenol A
diacrylate, bisphenol A dimethacrylate, tetrabromobisphenol A diacrylate,
tetrabromobisphenol A dimethacrylate and the ethoxylated analogue compounds thereof,
N-carbazolyl acrylates, to mention only a selection of acrylates and methacrylates which

can be used.

Of course, urethane acrylates can also be used as component C). Urethane acrylates are
understood as meaning compounds having at least one acrylic ester group which
additionally have at least one urethane bond. It is known that such compounds can be
obtained by reacting a hydroxy-functional acrylate with an isocyanate-functional

compound.

Examples of isocyanates which can be used for this purpose are aromatic, araliphatic,
aliphatic and cycloaliphatic di-, tri- or polyisocvanates. It is also possible to use mixtures
of such di-, tri- or polyisocyanates. Examples of suitable di-, t1i- or polyisocyanates are
butylene diisocyanate, hexamethylene diisocyanate (HDI), isophorone diisocyanate (IPDI),
1,8-diisocyanato-4-(isocyanatomethyl)octane, 2,2 4- and/or 2.4,4-trimethylhexamethylene
diisocyanate, the isomeric bis(4,4 -1socyanatocyclohexylymethanes and mixtures thereof
having any desired isomer content, isocyanatomethyl-1,8-octane diisocyanate, 1,4-
cyclohexylene diisocyanate, the isomeric cyclohexanedimethylene diisocyanates, 1,4-
phenylene diisocyanate, 2,4- and/or 2,6-toluene ditsocyanate, 1,5-naphthylene diisocyanate,
2,4°- or 4,4’ -diphenylmethane diisocyanate, 1,5-naphthylene diisocyanate,
triphenylmethane 4,4’ 4 -triisocyanate and tris(p-isocyanatophenyl) thiophosphate or
derivatives thereof having a urethane, urea, carbodiimide, acylurea, isocyanurate,
allophanate, biuret, oxadiazinetrione, uretdione or iminooxadiazinedione siructure and

mixtures thereof. Aromatic or araliphatic di-, tri- or polyisocyanates are preferred.

Suitable hydroxyfunctional acrylates or methacrylates for the preparation of urethane
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acrylates are, for example, compounds such as 2-hydroxyethyl (meth)acrylate,
polyethylene oxide mono(meth)acrylates, polypropylene oxide mono(meth)acrylates,
polyalkylene oxide mono(meth)acrylates, poly(e-caprolactone) mono{meth}acrylates, such
as, for example, Tone® M100 (Dow, Schwalbach, Germany), 2-hydroxypropyl
(meth)acrylate, 4-hydroxybutyl {(meth)acrylate, 3-hydroxy-2,2-dimethylpropyl
(methjacrylate, hydroxypropyl (meth)acrylate, 2-hydroxy-3-phenoxypropyl acrylate, the
hydroxyfunctional mono-, di- or tetraacrylates of polyhydric alcohols, such as
trimethylolpropane, glycerol, pentaerythritol, dipentaerythritol, ethoxylated, propoxylated
or alkoxylated trimethylolpropane, glycerol, pentaervthritol, dipentaerythritol or industrial
mixtures thereof. 2-Hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxybutyl
acrylate and poly{e-caprolactone) mono{meth)acrylates are preferred. In addition, as
isocyanate-reactive oligomeric or polymeric unsaturated compounds containing acrylate
and/or methacrylate groups, alone or in combination with the abovementioned monomeric
compounds, are suitable. It is also possible to use the epoxy({meth)acrylates known per se,
containing hydroxyl groups and having OH contents of 20 to 300 mg KOH/g or
polyurethane (methjacrylates containing hydroxyl groups and having OH contents of 20 to
300 mg KOM/g or acrylated polyacrylates having OH contents of 20 to 300 mg KOH/g and
mixtures thereof with one another and mixtures with unsaturated polyesters containing
hydroxyl groups and mixtures with polyester (methjacrylates or mixtures of unsaturated
polyesters containing hydroxyl groups with polyester {meth)acrylates. Epoxyacrylates
containing hydroxyl groups and having a defined hydroxy-functionality are preferred.
Epoxy(meth)acrylates containing hydroxy! groups are based in particular on reaction
products of acrylic acid and/or methacrylic acid with epoxddes (glycidyl compounds) of
monomeric, oligomeric or polymeric bisphenol A, bisphenol F, hexanediol and/or
butanediol or the ethoxylated and/or propoxylated derivatives thereof. Epoxyacrylates
having a defined functionality, as can be obtained from the known reaction of acrylic acid

and/or methacrylic acid and glycidyl (meth)acrylate, are furthermore preferred.

(Methjacrylates and/or urethane (meth)acrylates are preferably used, particularly
preferably (meth)acrylates and/or urethane {(methjacrylates which have at least one

aromatic structural unit,

Compounds particularly preferably to be used as component C are urethane acrylates and
urethane methacrylates based on aromatic isocyanates and 2-hydroxyethyl acrylate,

hydroxypropyl acrylate, 4-hydroxybutyl acrylate, polyethylene oxide mono(meth)acrylate,
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polypropylene oxide mono(methjacrylate, polyalkylene oxide mono(meth)acrylate and

poly(g-caprolactone) mono{meth)acrylates.

In a very particularly preferred embodiment, the adducts of aromatic triisocyanates (very
particularly preferably tris(4-phenylisocyanato) thiophosphate or trimers of aromatic
diisocyanates, such as toluene diisocyanate) with hydroxyethy!l acrylate, hydroxypropy!
acrylate, 4-hydroxybutyl acrylate are used as component C. In a further very particularly
preferred embodiment, adducts of 3-thiomethylphenyl isocyanate with hydroxyethyl

acrylate, hydroxypropyl acrylate or 4-hydroxybutyl acrylate are used as component C.

Examples of vinylaromatics are styrene, halogenated derivatives of styrene, such as, for
example, 2-chiorostyrene, 3-chlorostyrene, 4-chlorostyrene, 2-bromostyrene, 3-
bromostyrene, 4-bromostyrene, p-(chloromethyl)styrene, p-{bromomethy{)styrene or 1-
vinylnaphthalene, 2-vinylnaphthalene, 2-vinylanthracene, 9-vinylanthracene, 9-

vinylcarbazole or difunctional compounds, such as divinylbenzene.

Suitable compounds of component D) are, for example, inhibitors and antioxidants, as
described, for example, in “Methoden der organischen Chemie [Methods of Organic
Chemistry]” (Houben-Weyl), 4th edition, volume XIV/1, page 433 et seq., Georg Thieme
Verlag, Stuttgart 1961. Suitable classes of substances are, for example, phenols, such as,
for example, 2,6-di-tert-butyl-4-methylphenol, cresols, hydroquinones, benzy! alcohols,
such as, for example, benzhydrol, optionally also quinones, such as, for example, 2,5-di-
tert-butylquinone, optionally also aromatic amines, such as diisopropylamine or

phenothiazine.

2,6-Dn-tert-butyl-4-methylphenol, phenothiazine, p-methoxyphenol, 2-methoxy-p-

hydroquinone and benzhydrol are preferred.

One or more photoinitiators are used as component E). These are usually initiators which
can be activated by actinic radiation and initiate polymerization of the corresponding
polymerizable groups. Photoinitiators are commercially sold compounds known per se, a
distinction being made between monomolecular {type 1) and bimolecular (type II) initiators.
Furthermore, depending on the chemical nature, these initiators are used for the free radical,

the anionic (or), the cationic (or mixed) forms of the abovementioned polymerizations.

(Type 1) systems for free radical photopolymerization are, for example, aromatic ketone
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compounds, e.g. benzophenones, in combination with tertiary amines, alkylbenzophenones,
4,4’ -bis(dimethylamino)benzophenone (Michler’s ketone), anthrone and halogenated
benzophenones or mixtures of said types. (Type I} initiators, such as benzoin and its
derivatives, benzil ketals, acyiphosphine oxides, e g. 2.4 6-
trimethylbenzoyldiphenylphosphine oxide, bisacylophosphine oxide, phenylgiyoxylic
esters, camphorquinone, alpha-aminoalkylphenone, alpha,alpha-dialkoxyacetophenone, 1-
[4-(phenylthio)phenyljoctane-1,2-dione 2-(O-benzovyloxime) and alpha-
hydroxyalkylphenone are furthermore suitable. The photomitiator systems described in
EP-A 0223587 and consisting of a mixture of an ammonium arylborate and one or more
dyes can also be used as a photomitiator. For example, tetrabutylammonium
triphenylhexylborate, tetrabutylammonium tris-( 3-fluorophenyljhexylborate and
tetrabutylammonium tris(3-chloro-4-methylphenyi)hexylborate are suitable as ammonium
arylborate. Suitable dyes are, for example, new methylene blue, thionine, basic yellow,
pinacynol chloride, rhodamine 6G, gallocyanine, ethyl violet, Victoria Blue R, Celestine
Blue, quinaldine red, crystal violet, brilliant green, Astrazon Orange G, Darrow Red,
pyronine Y, Basic Red 29, pyrillium I, cyanine and methylene blue, Azure A (Cunningham
et al., RadTech '98 North America UV/EB Conference Proceedings, Chicago, Apr. 19-22,
1998).

The photoinitiators used for the anionic polymerization are as a rule (type 1) systems and
are derived from transition metal complexes of the first row. Chromium saits, such as, for
example, trans-Cr{NH3):{NCS);- (Kutal et al., Macromolecules 1991, 24, 6872) or
terrocenyl compounds (Yamaguchi et al., Macromolecules 2000, 33, 1152) are known here.
A further possibility of the anionic polymerization consists in the use of dyes, such as
crystal violet leukonitrile or malachite green leukonitrile, which can polymerize
cyanoacrylates by photolytic decomposition (Neckers et al. Macromolecules 2000, 33,
7761). However, the chromophore is incorporated into the polymer so that the resulting

polymers are coloured through.

The photoinitiators used for the cationic polymerization substantially comprise three
classes: aryldiazonium salts, onium salts (here in particular: iodonium, sulphonium and
selenonium salts) and organometallic compounds. Under irradiation, both in the presence
and the absence of a hydrogen donor, phenyldiazonium salts can produced a cation that
initiates the polymerization, The efficiency of the total system is determined by the nature

of the counterion used for the diazonium compound. Here, the slightly reactive but very
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expensive SbFs’, AsFg or PF4 is preferred. For use in coating thin films, these compounds
are as a rule not very suitable since the surface quality is reduced (pinholes) by the
nitrogen liberated afier the exposure to light (Li et al., Polymeric Materials Science and
Engineering, 2001, 84, 139). Very widely used and also commercially available in all
kinds of forms are onium salts, especially sulphonium and iodonium salts. The
photochemistry of these compounds has long been investigated. The todonium salts first
decompose homolyticaily after excitation and thus produce a free radical and free radical
cation which is stabilized by H abstraction, liberates a proton and then initiates the cationic
polymerization (Dektar et al, J. Org. Chem. 1990, 55, 639; . Org. Chem., 1991, 56, 1838).
This mechanism enables the use of iodonium salts also for free radical
photopolymerization. The choice of the counterion is once again of considerable
importance here; very expensive SbFs™ Asks™ or PFy are likewise preferred. Otherwise, in
this structure class, the choice of the substitution of the aromatic is completely free and is
substantially determined by the availability of suitable starting building blocks for the
synthesis. The sulphonium salts are compounds which decompose according to Norrish(1l)
(Crivello et al., Macromolecules, 2000, 33, 825). In the case of the sulphonium salts, too,
the choice of the counterion is of critical importance, which manifests itself substantially in
the curing rate of the polymers. The best results are obtained as a rule with SbF, salts.
Since the self-absorption of iodonium and sulphonium salts is <300nm, these compounds
must be appropriately sensitized for the photopolymerization with near UV or short-wave
visible light. This is possible by the use of aromatics having a higher absorption, such as,
for example, anthracene and derivatives (Gu et al., Am, Chem. Soc. Polymer Preprints,
2000, 41 (2), 1266) or phenothiazine or derivatives thereof (Hua et al, Macromolecules
2001, 34, 2488-2494),

It may be advantageous also to use mixtures of these compounds. Depending on the
radiation source used for the curing, the type and concentration of photoinitiator must be
adapted in a manner known to the person skilled in the art. The abovementioned
adjustment with regard to the photopolymerization is easily possible for a person skilled in
the art in the form of routine experiments within the below-mentioned quantity ranges of
the components and the respectively available, in particular the preferred synthesis

components.

Preferred photoinitiators E) are mixtures of tetrabutylammonium tetrahexylborate,

tetrabutylammonium triphenylhexylborate, tetrabutylammonium tris(3-
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fluorophenyl)hexylborate and tetrabutylammonium tris(3-chloro-4-
methylphenyl)hexylborate with dyes, such as, for example, Astrazon Orange G, methylene
blue, new methylene blue, azure A, pyrillium I, safranine O, cyanine, gallocyanine,

brilliant green, crystal violet, ethyl violet and thionine.

Optionally, one or more catalysts may be used as compounds of component F). These are
catalysts for accelerating the urethane formation. Known catalysts for this purpose are, for
example, tin octanoate, zinc octanoate, dibutyltin dilaurate, dimethylbis[(1-
oxoneodecyljoxylstannane, dimethyltin dicarboxylate, zirconium bis(ethylhexanoate),
zircomium acteylacetonate or tertiary amines, such as, for example, 1,4-

diazabicyclo[2.2 2]octane, diazabicyclononane, diazabicycloundecane, 1,1,3,3-

tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido(1,2-a)pyrimidine

Dibutyltin dilaurate, dimethylbis[(1-oxoneodecyl)oxy]stannane, dimethyltin dicarboxylate,
1,4-diazabicyclof2.2.2]octane, diazabicyclononane, diazabicycloundecane, 1,1,3,3-
tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido(1,2-a)pyrimidine are

preferred.

Of course, further additives G) can optionally be used. These may be, for example,
additives customary in the area of coating technology, such as solvents, plasticizers,
levelling agents or adhesion promoters. Plasticizers used are preferably liquids having
good dissolution properties, low volatility and a high boiling point. It may also be
advantageous simultaneously to use a plurality of additives of one type. Of course, it may

also be advantageous to use a plurality of additives of a plurality of types.

With the polyurethane compositions according to the invention, holograms for optical
applications in the entire visible range and in the near UV range (300 — 800 nm) can be
produced by appropriate exposure processes. Visual holograms comprise all holograms
which can be recorded by methods known to the person skilled in the art, including, inter
alia, in-line (Gabor) holograms, off-axis holograms, full-aperture transfer holograms,
whitelight transmission holograms (“rainbow holograms™), Denisyuk holograms, off-axis
reflection holograms, edge-literature holograms and holographic stereograms; reflection
holograms, Denisyuk holograms and transmission holograms are preferred. Optical
elements, such as lenses, mirrors, deflection mirrors, fifters, diffusion screens, diffraction
elements, light guides, waveguides, projection screens and/or masks have are preferred.

Frequently, these optical elements show frequency selectivity depending on how the
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holograms were exposed to light and which dimensions the hologram has. The
polyurethane compositions described are particularly advantageous because, during their
use, a high refractive index contrast delta n = 0.011 is achievable, which is not achieved

with the formulations described in the prior art.

In addition, holographic images or diagrams can alse be produced by means of the
polyurethane compositions according to the invention, such as, for example, for personal
portraits, btometric representations in security documents or generally of images or image
structures for advertising, security labels, trademark protection, trademark branding, labels,
design elements, decorations, illustrations, multi-journey tickets, images and the like, and
images which can represent digital data, inter alia also in combination with the products
described above. Holographic images may give the impression of a three-dimensional
image but they may also represent image sequences, short films or a number of different
objects, depending on the angle from which they are illuminated, the light source
{(including moving light source) with which they are illuminated, etc. Owing to these
varied design possibilities, holograms, in particular volume holograms, are an attractive

solution for the abovementioned application.

The present invention therefore further relates to the use of the media according to the
invention for recording visual holograms, for producing optical elements, images,
diagrams, and a method for recording holograms using the polyurethane compositions

according to the invention, and the media or holographic films obtainable therefrom.

The process according to the mvention for the production of holographic media for recording
visual holograms is preferably carried out in such a way that the synthesis components of the
polyurethane compositions according to the invention, with the exception of component A),

are homogeneously mixed with one another and component A} is admixed only immediately

before application to the substrate or in the mould.

All methods and apparatuses known per se to the person skilled in the art from mixing
technology, such as, for example, stirred tanks or both dynamic and static mixers, can be
used for mixing. However, apparatuses without dead spaces or with only small dead spaces
are preferred. Furthermore, preferred methods are those in which the mixing is effected
within a very short time and with very thorough mixing of the two components to be
mixed. In particular, dynamic mixers are suitable for this purpose, especially those in

which the components come into contact with one another only in the mixer.
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The temperatures during the procedure are 0 to 100°C, preferably 10 to 80°C, particularly
preferably 20 to 60°C.

If necessary, degassing of the individual components or the entire mixture can also be
carried out under reduced pressure of, for example, 1 mbar. Degassing, in particular after
addition of component A}, is preferred in order to prevent bubble formation by residual

gasses in the media obtamnable.

Prior to admixing of component A}, the mixtures can be stored as a storage-stable

intermediate, if required over several months.

After the admixing of component A} of the polyurethane compositions according to the
invention, a clear, liquid formulation is obtained which, depending on composition, cures

at room temperature within a few seconds to a few hours.

The ratic and the type and reactivity of the synthesis components of the polyurethane
compositions is preferably adjusted so that the curing after admixing of component A) at
room temperature begins within minutes to one hour. In a preferred embodiment, the
curing is accelerated by heating after the admixing to temperatures between 30 and 180°C,

preferably 40 to 120°C, particularly preferably 50 to 100°C,

The abovementioned adjustment with regard to the curing behaviour is easily possible
easily in the form of routine experiments within the abovementioned quantity range of the
components and the synthesis components availabie for selection in each case, in particular

the preferred synthesis components.

Immediately after complete mixing of all components, the polyurethane compositions
according to the invention have viscosities at 25°C of typically 10 to 100 000 mPa.s,
preferably 100 to 20 000 mPa.s, particularly preferably 200 to 10 000 mPa.s, especially
preferably 500 to 5000 mPa.s, so that, even in solvent-free form, they have very good
processing properties. In solution with suitable solvents, viscosities at 25°C below

10 000 mPa.s, preferably below 2000 mPa.s, particularly preferably below 500 mPa.s, can
be established.

Polyurethane compositions of the abovementioned type which cure in an amount of 15 g
and with a catalyst content of 0.004% by weight at 25°C in less than 4 hours or at a

catalyst content of 0.02% in less than 10 minutes at 25°C have proved to be advantageous.
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For application to a substrate or into a mould, all respective customary methods known to
the person skilled in the art are suitable, such as, in particular, knife coating, pouring,

printing, screen printing, spraying or inkjet printing,

All the references described above are incorporated by reference in its entirety for all

useful purposes.

While there is shown and described certain specific structures embodying the invention, it
will be manifest to those skilled in the art that various modifications and rearrangements of
the parts may be made without departing from the spirit and scope of the underlying
inventive concept and that the same is not limited to the particular forms herein shown and

described,
EXAMPLES

The following examples are mentioned for explaining the photopolymers according to the
invention but are not to be understood as being limiting. Unless noted otherwise, all stated

percentages are percentages by weight.

Desmodur® XP 2410 is an experimental product of Bayer MaterialScience AG,
Leverkusen, Germany, hexane diisocyanate-based polyisocyanate, proportion of

iminooxadiazinedione at least 30%, NCO content: 23.5%

Desmodur® XP 2599 is an experimental product of Bayer MaterialScience AG,
Leverkusen, Germany, full allophanate of hexane diisocyanate on Acclaim 4200, NCO

content: 3.6 — 6.4%

Desmodur™ XP 2580 is an experimental product of Bayer MaterialScience AG,
Leverkusen, Germany, aliphatic polyisocyanate based on hexane diisocyanate, NCO

content about 20%

Terathane™ 1000 is a commercial product of BASF SE, Ludwigshafen, Germany {poly-

‘THF having number average molar masses of 1000 g/mol).

Polyol 2 is a difunctional poly(e-caprolactone)polyol (number average molar mass about

650 g/mol).

All other polyols are commercial products of Bayer MaterialScience AG, Leverkusen,
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Germany and their composition is described by name in the examples.

Fomrez” UL28: urethanization catalyst, dimethyibis[(1-oxoneodechoxylistannane,
commercial product of Momentive Performance Chemicals, Wilton, CT, USA (used as

10% strength solution in N-ethylpyrrolidone).
CG1 909 1s an experimental product sold in 2008 by Ciba Inc., Basle, Switzerland.
Measurement of diffraction efficiency DE and refractive index contrast An:

The media according to the invention and comparative media produced in the experimental
part were tested by means of a measuring arrangement according to Figure 1 with regard to

their holographic properties:

Figure 1. Geometry of a holographic media tester at A = 633 nm (He-Ne laser) for writing a
reflection hologram: M = mirror, S = shutter, SF = spatial filter, CL. = collimator lens, A/2
= M2 plate, PBS = polarization-sensitive beam splitter, D = detector, [ = iris diaphragm, a
= 21.8° and § = 41.8° are the angles of incidence of the coherent beams measured outside

the sample (the medium).

The beam of an He-Ne laser (emission wavelength 633 nm) was converted with the aid of
the spatial filter (SF) and together with the collimation lens (CL) into a parallel
homogeneous beam. The final cross sections of the signal and reference beam are
established by the iris diaphragms (I). The diameter of the iris diaphragm opening is 4 mm.
The polarization-dependent beam splitters (PBS) split the laser beam into two coherent
equally polarized beams. By the M2 plates, the power of the reference beam was adjusted
of 0.5 mW and the power of the signal beam to 0.65 mW. The powers were determined
using the semiconductor detectors (D) with sample removed. The angle of incidence () of
the reference beam is 21.8 and the angle of incidence (B) of the signal beam is 41.8° At
the location of the sample (medium), the interference field of the two overlapping beams
produced a grating of light and dark strips which are perpendicular to the angle bisectors of
the two beams incident on the sample (reflection hologram). The strip spacing in the

medium is ~ 225 nm (refractive index of the medium assumed to be ~1.49).
Holograms were written into the medium in the following manner:

Both shutters (S) are opened for the exposure time t. Thereafler, with shutters (S) closed,
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the medium was allowed a time of 5 minutes for diffusion of the still unpolymerized
writing monomers. The holograms written were now read in the following manner, The
shutter of the signal beam remained closed. The shutter of the reference beam was opened.
The iris diaphragm of the reference beam was closed to a diameter of <1 mm. This ensured
that the beam was always completely in the previously written hologram for all angles (Q)
of rotation of the medium. The turntable, under computer control, converted the angle
range from Q = 07 to Q = 207 with an angle step width of 0.05°, At each angle approached,
the powers of the beam transmiited in the zeroth order were measured by means of the
corresponding detector D and the powers of the beam diffracted in the first order were
measured by means of the detector . The diffraction efficiency i was obtained at each

angle Q approached as the quotient of:

2
j £

i —
"B p

Py, 1s the power in the detector of the diffracted beam and Py is the power in the detector of

the transmitted beam.

By means of the method described above, the Bragg curve (it describes the diffraction
efficiency v as a function of the angle Q of rotation of the written hologram) was measured
and was stored in a computer. In addition, the intensity transmitted in the zeroth order was

also plotted against the angle Q of rotation and stored in a computer.

The maximum diffraction efficiency (DE = tjma) of the hologram, ie. its peak value, was
determined. It may have been necessary for this purpose to change the position of the

detector of the diffracted beam in order to determine this maximum value.

The refractive index contrast An and the thickness d of the photopolymer layer were now
deternined by means of the coupled wave theory (cf: H. Kogelnik, The Bell System
Technical Journal, Volume 48, November 1969, Number 9, page 2909 — page 2947) from
the measured Bragg curve and the variation of the transmitted intensity as a function of

angle. The method is described below:

According to Kogelnik, the following 1s true for the Bragg curve n/(Q) of a reflection

hologram:
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2n-sin{ot' ) o
Kﬁjﬁcos(oa’m&;;) 2
ot
2

¥ = AD-

W=
A
2 cos(\y - a‘)
n-sin(c') = sin{a), 7 - sin{p') = sin(p)

- 2]
n* ~sin” (o)

® is the grating thickness, x is the detuning parameter and ¥ is the angle of tilt of the
refractive index grating which was written. o’ and B’ correspond to the angles a and
during writing of the hologram, but in the medium. A@ is the angle detuning measured in
the medium, i.e. the deviation from the angle «’. AQ is the angle detuning measured
outside the medium, 1.e. the deviation from the angle o. n is the average refractive index of

the photopolymer and was set at 1.504.

The maximum diffraction efficiency (DE = 1y.x) is then obtained for y = 0, Le, AQ = §, as;

DE = tanh® (®) = tanh{ n-and ]

% \/{;(}s({x') . cos(oc,'—:3‘1:3w

The measured data of the diffraction efficiency, the theoretical Bragg curve and the
transmitted intensity are shown in Figure 2 plotted against the centred angle of rotation €)-
o shift. Since, owing to the geometric shrinkage and the change in the average refractive
index during the photopolymerization, the angle at which DE is measured differs from ¢,

the x axis is centred around this shift. The shift is typically 0° to 2°.

Since DE is known, the shape of the theoretical Bragg curve according to Kogelnik is
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determined only by the thickness d of the photopolymer layer. An is subsequently
corrected via DE for a given thickness d so that measurement and theory of DE always
agree. d is now adapted until the angle positions of the first secondary minima of the
theoretical Bragg curve agree with the angle positions of the first secondary maxima of the
transmitted intensity and additionally the full width at half maximum (FWHM) for the

theoretical Bragg curve and the transmission intensity agree.

Since the direction in which a reflection hologram concomitantly rotates on reconstruction
by means of an Q scan, but the detector for the diffracted light can detect only a finite
angle range, the Bragg curve of broad holograms (small d) is not completely detected in an
€2 scan, but only the central region, with suitable detector positioning. That shape of the
transmitted intensity which is complementary to the Bragg curve is therefore additionally

used for adapting the layer thickness d.

Figure 2: Plot of the Bragg curve n according to Kogelnik (dashed line), of the measured
diffraction efficiency (solid circles) and of the transmitted power (black solid line) against
the angle detuning AQ. Since, owing to the geometric shrinkage and the change in the
average refractive index during the photopolymerization, the angle at which DE is
measured differs from o, the x axis is centred around this shift. The shift is typically 0° to
2°,

For a formulation, this procedure was possibly repeated several times for different
exposure times t on different media in order to determine the energy dose of the incident
laser beam at which DE reaches the saturation value during writing of the hologram. The

average energy dose E is obtained as follows:

. [0.50 mW +0.67 mW]- 1(s)

e vr 3 2
E{mlicm ™) = e
[

The powers of the part-beams were adapted so that the same power density is achieved in

the medium at the angles « and B used.

Preparation of polvol 1:

0.18 g of zinc octanoate, 374.8 g of e-caprolactone and 374.8 g of a difunctional
polytetrahydrofuran polyether polyol (Terathane™ 1000, equivalent weight 500 g/mol of
OH) were initially introduced into a 1 | flask and heated to 120°C and kept at this
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temperature until the solids content (proportion of nonvolatile constituents) was 99.5% by
weight or more. Thereafter, cooling was effected and the product was obtained as a waxy

solid.

Preparation of the urethane acrvlate 1:

0.1 g of 2,6-di-tert-butyl-4-methylphenol, 0.05 g of dibutyltin dilaurate (Desmorapid Z,
Bayer MaterialScience AG, Leverkusen, Germany) and 213 .07 g of a 27% strength
solution of tris(p-isocyanatophenyljthiophosphate in ethyl acetate (Desmodur™ RFE,
product of Bayer MaterialScience AG, Leverkusen, Germany) were initially introduced
into a 500 ml round-bottomed flask and beated to 60°C. Thereafier, 42.37 g of 2-
hydroxyethyl acrylate were added dropwise and the mixture was still kept at 606°C until the
isocyanate content had fallen below 0.1%. Thereafter, cooling was effected and the ethyl
acetate was completely removed in vacuo. The product was obtained as a semicrystalline

solid,

For the production of the holographic media, the component C, the component 1D (which
can already be predissolved in the component C) and optionally the component G are
dissolved in the component B, if required at 60°C, after which 20 pm glass beads (e.g.
from Whitehouse Scientific Ltd, Waverton, Chester, CH3 7PB, United Kingdom) are
added and thoroughly mixed. Thereafter, the component E in pure form or in dilute
solution in NEP is weighed in in the dark or under suitable lighting and mixed again for 1
minute. Heating is optionally effected to 60°C in a drying oven for not more than 10
minutes. Component A is then added and mixing is effected again for 1 minute.
Subsequently, a solution of the component F is added and mixing is effected again for 1
minute. The mixture obtained is degassed with stirring at < | mbar for not more than 30
seconds, after which 1t is distributed over 50 x 75 mm glass plates and these are each
covered with a further glass plate. The curing of the PU formulation takes place under
weights of 15 kg over several hours (usually overnight). In some cases, the media are
postcured in light-tight packaging for a further 2 hours at 60°C. The thickness d of the
photopolymer layer is 20 pum, resulting from the diameter of the glass spheres used. Since
different formulations having different starting viscosity and different curing rate of the
matrix lead to layer thicknesses d of the photopolymer layer which are not always the same,
d 1s determined separately from the characteristics of the written holograms for each

sample.
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Comparative example 1 (medium);

8.89 g of the polyol 1 prepared as described above (comparison for component B) were
mixed with 3.75 g of urethane acrylate 1 (component C), 0.15 g of CGI 909 and 0.015 g of
new methylene blue (together component E) at 60°C and 0.525 g of N-ethylpyrrolidone
(component G} so that a clear solution was obtained, Thereafter, cooling to 30°C was
effected, 1.647 g of Desmodur® XP 2410 (component A) were added and mixing was
effected again. Finally, 0.009 g of Fomrez™ UL 28 (component F) was added and mixing
was effected briefly again. The liquid material obtained was then poured onto a glass plate
and covered there with a second glass plate which was kept at a distance of 20 um by
spacers. This test specimen was left at room temperature and cured over 16 hours.
Maximum An: 0.0101.

Cemparative example 2 {medizm):

6.117 g of polyol 2 (comparison for component B) were mixed with 3.75 g of urethane
acrylate 1 (component C), .15 g of CGI 909 and 0.015 g of new methylene biue (together
component B} at 60°C and 0.525 g of N-ethylpyrrolidone {component G) so that a clear
solution was obtained. Thereafter, cooling to 30°C was effected, 4.418 g of Baytec® WE
180 {component A) were added and mixing was effected again. Finally, 0,030 g of
Fomrez” UL 28 (component F) was added and mixing was effected briefly again. The
liquid material obtained was then poured onto a glass plate and covered there with a
second glass plate which was kept at a distance of 20 pm by spacers. This test specimen

was left at room temperature and cured over 16 hours, Maximum An: 0.0063.

Comparative example 3 (mediom);

7.342 g of Terathane 1000 {comparison for component B) were mixed with 3.75 g of
urethane acrylate 1 (component C), 0.15 g of CGI 909 and 0.015 g of new methylene blue
(together component E) at 60°C and 0.525 g of N-ethylpyrrolidone (component () so that
a clear solution was obtained. Thereafter, cooling to 30°C was effected, 3.193 g of
Desmodur® XP 2580 {component A) were added and mixing was effected again Finally,
0.030 g of Fomrez” UL 28 (component F) was added and mixing was effected briefly
again. The liquid material obtained was then poured onto a glass plate and covered there
with a second glass plate which was kept at a distance of 20 pum by spacers. This test

specimen was left at room temperature and cured over 16 hours. Maximum An: 0.0106.
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Comparative example 4 (medium}):

7.726 g of Acclaim® 1000 (polypropylene oxide having a number average molar mass of
1000 g/mol) (comparison for component B) were mixed with 3.75 g of urethane acrylate 1
{component C), 0.15 g of CGI 909 and 0.015 g of new methylene blue (together
component E) at 60°C and 0.525 g of N-ethylpyrrolidone (component (3) so that a clear
solution was obtained. Thereafter, cooling to 30°C was effected, 2.809 g of Desmodur®™ XP
2410 (component A) were added and mixing was effected again. Finally, 0.0309 g of
Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The
liguid material obtained was then poured onto a glass plate and covered there with a
second glass plate which was kept at a distance of 20 um by spacers. This test specimen

was left at room temperature and cured over 16 hours. Maximum An: 0.0065.

Comparative example 5 (medium):

1.129 g of polyether L8800 (polypropylene oxide having a number average molar mass of
200 g/mol) (comparison for component B) were mixed with 3,081 g of urethane acrylate 1
(component C), 0.12 g of CGI 909 and 0.012 g of new methylene blue (together
component E) at 60°C and 0.431 g of N-ethylpyrrolidone (component G) so that a clear
sofution was obtained. Thereafter, cooling to 30°C was effected, 7.525 g of Desmodur® XP
2599 (component A) were added and mixing was effected again. Finally, 0.0259 g of
Fomrez” UL 28 (component F) was added and mixing was effected briefly again. The
liquid material obtained was then poured onto a glass plate and covered there with a
second glass plate which was kept at a distance of 20 pum by spacers. This test specimen

was feft at room temperature and cured over 16 hours. Maximum An: 9.0096.

Example 1 {medium):

7.743 g of Acclaim® 4200 (polypropylene oxide of number average molar mass of

4000 g/mol) (component B) were mixed with 3.75 g of urethane acrylate 1 (component C),
0.15 g of CGI1 909 and 0.015 g of new methylene blue (together component E) at 60°C and
0.525 g of N-ethylpyrrolidone (component GG} so that a clear solution was obtained.
Thereafter, cooling to 30°C was effected, 2.792 g of Desmodur™ XP 2599 (component A)
was added and mixing was effected again. Finally, 0.0245 g of Fomrez" UL 28
{component I} was added and mixing was effected briefly again. The liquid material

obtained was then poured onto a glass plate and covered there with a second glass plate
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which was kept at a distance of 20 um by spacers. This test specimen was left at room

temperature and cured over 16 hours. Maximum An: 0.0138.

Example 2 (medium):

7.264 g of Polyether V 3970 (trifunctional glycerine-based polyether mixture of ethylene
oxide and propylene oxide with a total ethylene oxide fraction of 17.2% of number average
molar mass of 4800 g/mol) (component B} were mixed with 3.75 g of urethane acrylate 1
{component C), 0.15 g of CGL 909 and 0.015 g of new methylene blue (fogether
component E) at 60°C and 0.525 g of N-ethylpyrrolidone (component G) so that a clear
solution was obtained. Thereafter, cooling to 30°C was effected, 3.269 g of Desmodur™ XP
2599 {component A) were added and mixing was effected again. Finally, 0.0480 g of
Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The
liquid material obtained was then poured onto a glass plate and covered there with a
second glass plate which was kept at a distance of 20 ym by spacers. This test specimen

was left at room temperature and cured over 16 hours. Maximum An: 0.0120.

Example 3 (medium:

7.554 g of Acclaim® 4220 N (ethylene oxide-capped polypropylene oxide of number
average molar mass of 4000 g/mol) {component B) were mixed with 3.75 g of urethane
acrylate 1 {component C), 0.15 g of CGI 909 and 0.015 g of new methylene blue (together
component E) at 60°C and 0.525 g of N-ethylpyrrolidone (component G} so that a clear
solution was obtained. Thereafter, cooling to 30°C was effected, 2.983 g of Desmodur® XP
2599 (component A) was added and mixing was effected again. Finally, 0.0071 g of
Fomrez" UL 28 (component F) was added and mixing was effected briefly again. The
liquid material obtained was then poured onto a glass plate and covered there with a
second glass plate which was kept at a distance of 20 pm by spacers. This test specimen

was left at room temperature and cured over 16 hours. Maximum An: 0.0141.

Example 4 (medium):

6.081 g of Desmophen®™ 2060 BD (polypropylene oxide of number average molar mass of
2000 g/mol, prepared via the KOH process) (component B) were mixed with 3.75 g of

urethane acrylate 1 {component C), 0.15 g of CGI 909 and 0.015 g of new methylene blue
{together component E) at 60°C and 0.525 g of N-ethyipyrrolidone (component G) so that
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a clear solution was obtained. Thereafter, cooling to 30°C was effected, 4.453 g of
Desmodur® XP 2599 (component A) were added and mixing was effected again. Finally,
0.0338 g of Fomrez® UL 28 (component F} was added and mixing was effected briefly
again. The liquid material obtained was then poured onto a glass plate and covered there
with a second glass plate which was kept at a distance of 20 pm by spacers. This test

specimen was left at room temperature and cured over 16 hours. Maximum An: 0.0137.

Example 5 {medium):

8.628 g of Polyether L 5050 (difunctional polyether mixture of ethylene oxide and
propylene oxide with a total ethylene oxide fraction of 50% of the equivalent weight of
984.2 g/mol) (compenent B) were mixed with 3.75 g of urethane acrylate 1 (component C),
0.15 g of CGI 909 and 0.015 g of new methylene blue (together component E) at 60°C and
0.525 g of N-ethylpyrrolidone (component G) so that a clear solution was obtained.
Thereafter, cooling to 30°C was effected, 1.906 g of Desmodur® XP 2580 {component A}
was added and mixing was effected again. Finally, 0.0255 g of Fomrez" UL 28

(component F) was added and mixing was effected briefly again. The liquid material
obtained was then poured onto a glass plate and covered there with a second glass plate
which was kept at a distance of 20 um by spacers. This test specimen was left at room

temperature and cured over 16 hours, Maximum An: 0.0150.

Example 6 (mediam);

6.640 g of Acclaim® 4200 (polypropylene oxide having a number average molar mass of
4000 g/mol) (component By were mixed with 5.25 g of urethane acrylate 1 (component C),
0.15 g of CGI 509 and 0.015 g of new methylene blue (together component E) at 60°C and
0.525 g of N-ethylpyrrolidone (component () so that a clear solution was obtained.
Thereafter, cooling to 30°C was effected, 2.394 g of Desmodur®™ XP 2599 (component A)
were added and mixing was effected again. Finally, 0.0360 g of Fomrez® UL 28
(component F) was added and mixing was effected briefly again. The liquid material
obtained was then poured onto a glass plate and covered there with a second glass plate
which was kept at a distance of 20 um by spacers. This test specimen was left at room

temperature and cured over 16 hours. Maximum An: 0.0205.

Example 7 (medium):
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6.563 g of Acclaim® 4200 (polypropylene oxide having a number average molar mass of
4000 g/mol) (component B) were mixed with 3.75 g of urethane acrylate 1 (component C),
1.50 g of polyethylene glycol 250 monomethyl ether (from Sigma-Aldrich, Germany),
0.15 g of CGI 909 and 0.015 g of new methylene blue (together component E) at 60°C and
0.525 g of N-ethylpyrrolidone (component G) so that a clear solution was obtained.
Thereafter, cooling to 30°C was effected, 2.472 g of Desmodur® XP 2599 {component A)
were added and mixing was effected again. Finally, 0.0302 g of Fomrez® UL 28
{component F) was added and mixing was effected briefly again. The liquid material
obtained was then poured onto a glass plate and covered there with a second glass plate
which was kept at a distance of 20 um by spacers. This test specimen was left at room

temperature and cured over 16 hours. Maximum An: 0.0200.
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CLAIMS

A polyurethane composition comprising
Ay a polyisocyanate component;

B) an isocyanate-reactive component comprising at least 50 % by weight,
based on the total amount of B), of a polyether polyol B1) having a number
average molecular weight of greater than 1000 g/mol and comprising one or

more oxvalkylene units of formulae (D), (ID), (1),
-CH,-CH»-0O- D
~CH,-CH(R)-O- (I
-CH;-CH;-CH,-O-  (IT1)

wherein

R is an alkyl or aryl radical, wherem said alkyl or aryl radical is

optionally substituted and/or optionally interrupted by a heteroatom:;

C) a compound free of NCO groups which comprises a group that reacts under
the action of actinic radiation with ethylenically unsaturated compounds via

polymerization;
D) free radical stabilizers,
E) photoinitiators;
] optionally catalysts; and
Gy optionally auxiliaries and additives.

The polyurethane composition of claim 1, wherein A) comprises a polyisocyanate

and/or a prepolymer based on HDIE, TMDI, and/or TIN.

The polyurethane composition of claim 1, wherein A) comprises a polyisocyanate
based on HDI with isocyanurate and/or iminooxadiazinedione structures or a
prepolymer having an NCO functionality of from 2 to 5 and exclusively primary
NCO groups.

The polyurethane composition of ¢laim 1, wherein A) has a residual content of free

monomeric isocyanate of less than 0.5% by weight.
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The polyurethane composition of claim 1, wherein said polyether polyol of B1) has
an average OH functionality of from 1.8 to 4.0 and a number average molecular

weight of from 1000 to 8500 g/mol.

The polyurethane composition of claim 1, wherein B1) comprises a polyether
polyol based on propylene oxide, a random or block copolymer based on propylene
oxide with a further l-alkylene oxide having a proportion of not higher than 80 %

by weight of I-alkylene oxide, and/or a poly(trimethylene oxide).

The polyurethane composition of claim 1, wherein said polyether polyol of B1) has

a refractive index m;m of less than 1 .55,

The polyurethane composition of claim 1, wherein said compound of C) has a

refractive index np”” of greater than 1.55.

The polyurethane composition of claim 1, wherein C) comprises a urethane
acrylate and/or a urethane methacrylate based on an aromatic isocyanate and
2-hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxybutyl acrylate,
polyethylene oxide mono(meth)acrylate, polypropylene oxide mono({meth)acrylate,
polyalkylene oxide mono{meth)acrylate, and/or a poly(e-caprolactone)

mono(meth)acrylate.

A process for producing media for recording visual holograms comprising (1)
applying the polyurethane composition of claim 1 to a substrate or in a mould and

(2) curing said polyurethane composition,
A medium for recording visual holograms produced by the process of claim 10.
An optical element or image comprising the medium of c¢laim 11.

A method for recording a hologram comprising exposing the medium of claim 12
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ABSTRACT

The present invention relates to novel polyurethane compositions which are advantageous
for the production of holographic media, inter alia for data storage, but also for optical

applications of different types.
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