JP 2005-508419 A 2005.3.31

(19) B EEHEFT (UP) 8 RIF F L EAN () SHEBLESS
153R2005-508419
(P2005-508419A)
43 AEH FRITE3E31E (2005.3.31)
(51) Int.CL." Fl F—7a—F (%)
cCOo8G 81/00 CO8G 81/00 41031
SERR FER PRSEER S (&6 H)
(2l HEES $5FE2003-542251 (P2003-542251) |(71) HEE A 390041542
(86) (22) BEEH SERLI4EE1087H (2002.10.7) M- 3 PN 20 P, B N | RN SN s B B e
(85) BIRR B M H ERE165E4H 308 (2004. 4. 30) GENERAL ELECTRIC CO
(86) B HEES PCT/US2002 /032085 MPANY
67 EREAHMES  ¥02003/040208 FAY HEBE. ma—T— 2. ArH
(67) EHIEAME Y I5E5A 15H (2003, 5. 15) PAFA. Wi—u—F, 1%
(31) EAREEEEE  10/000913 (74 A 100093908
(32) & H ERE135F11H2H (2001.11.2) #HEL HE W—
(23) BREEEE  RE S (74) {HB A 100105588
£E+ HE E

(74) fRE A 100106541

#EL FE FM
(74) fLE A 100129779

F#ELT Al #BA

MR AR S
(54) [RAOEMR] EMESIILZ 70y 7 aR) v—ORENE
(67)0000
D000
00000000000000000000000
Dooooo
00000000000000000000000000000000000000000
0000000000000000000D000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000

10



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

—

OooooooogogQgogooQo

A oooooooooo

—

0o —

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

OooooooooQgoao
Oooooooogogogoao
Oooooooogoogogoao
OO0 oooooogogogaog

OoooooogooQogooao
OoooooogogQgooao
OoooooogQgooao
OOo0oooooggogog

Ooooooodgdg

Py,
0]
e
L0

—
-— O OO0 0o0gdgoga™g

o

(

//==\

OoOoooogoooogogodg

m_\

X
/

OoooooooOgoad

I [y |

O

(2) JP 2005-508419 A 2005.3.31

O
O
O

goboobooboboooboooboobooboooobooboaodnb
oooooooooooooooooooooobooooooooao
gooboooboobobogogboooobooboboooboobonb

[ |
O d
O d

O
O
O

gooboooboobobooboobooboobooooboobonb
uo

O
O
OJ

Oy

\

'ooooooo,o0o,,0o0o0ooo,o0o,, 0000000 ,00,,0000
D!ooo0O0O0C0O0O0O0O0O0O0O0OOOO0O0OOOOOODOO,00,,000000

O

O 0Ooo0oo0oooao
O 0Ooo0ooooao

O

,0o,,000000,00,,0000000000000000,00,,
oooooooo,0o,,000000000000000,00,,000
ooooooo,00,,0000000000000000000000
0000000000000 O0O00O0O0O00

O Oooo

O

oooooooboooboooooooooboboooooooooboDoDOoOoD
oooooooooocoooooonooocooooooboboboooboooao

I1 2

o'oooooooo,0o,,0o0oooo,o0o,,0000000,00,,0000
0D’00000000000O00O00D0O0O0O0O0O0O0O0O0D,00,,000000

O

O

Ooo0oooogoQgdg

O oOooo

,0o0,,000000,00,,0000000000000000,00,,
oooooooo,0o0,,000000000000000,00,,000
ooooooo,00,,0000000000000000000000
0000000000000 O0O000O000

I Y [y

gooolnoooocooooooooboooboooooooboboDboobooo
gobooobooobogobooogoboobooboooboboboboobodnb
ugbooboboobouobooooboobooobooobooboobooboaadn
goooooboooooooao

10

20

30

40

50



goboodgbad

)

JP 2005-508419 A 2005.3.31

ooooooooooobooooooommoooooooobooooooobbDboood

O
ooogao

[

[

[

[

[

[
HO

| R,

[

[

Il

(R%)m

ooo0O0*0000000000000000000000000,00,,0000000
,00,,00000000000,00,,0000000000000000O000000¢0O
0oo0O00000O0O00O00O0O00O0O00000,000,00,,000000400,,0

ooooboes0d,,ooobobboocbooogoooan

oooao
ood

Ooo0oo0ogano

ooano

OoooooooogoQog
OoooooooogoQgog
Oooooooogogg

|

O
O
n
<
o

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

F
<

O
O
O
O
O
O

Ooo0oooogoQgdg
O
O
OJ
O
O
O

Oo0oooogoQgdg
Ooo0oooogQgg
OooooogoQgdg
Oo0Doooogogdg
Ooooooodgdg

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‘ooo®ooooooooooo,0of, 0000000 ,0O0,, 0000000
ooo,l0,,000000000%0°00000,00,,00000000000
ooooo,o0o,,000O0O0O0O0O0O0O0O0O0,00,,000000,00,,000
,00,,0000000,00,,000000000000000D00000O000

oooooooooooooooooooboooooOoooooooooboooOoo
ooooooownvooooooooobooooooooobooooooooao

oooooooboooooogano
ooooooooboooooOogao

gooobooboboobonb

10

20

30

40

50



O

-
\ /
O
:()3

(4) JP 2005-508419 A 2005.3.31

oooofooo’‘0o0o0oooooooooooo,0o,,000000,00,,0000
ooo,00,,00000000000000000000D00000O000000
000O0000O0OVIOODOO0O0000O0000000000
0o00O

L
C
L
L
{
L

-~

C
L
L
O

DDDDBDDDDDDDDDDDDDDDDDDDDDDDDDlEI

,00,,00000000000,00,,0000000000000

gooobooobobooboboobooobo,obo,gob,Ooo

uobooobgsb00,,00b00000000O00O0O0:0

Oooooooodg
Ooooooodg

Ooooooogod

o‘oopo’®ooooooooooo,00,,0000000,0
ooo,00,,000000000‘0D0°00000,00,,0
ogooo,o0o0,,00000O00O00O0O0DO0,00,,00000
s00,,0000000,00,,00000000000000
Do0ooo

0DOo

0

,,0O0O0D0ODOO0O
oooooooao
000,00,,0

,,0000D000
OooOoooooo
0,00,,000

00000000

oooooooooboboooooooooobooooooooviiooooooDoao

gobooooobooboooboooboooboao

10

20

30

40



good

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

O

OOoooooo4oooooooooooDoDoooogooooao
OO0 o0ooDoogog4dooDoooUgUoDoooDoDooooUogooooao
Ooooooooo0oooooooooDoooooooooao
Oooooooo0oooooooDooDoooooooooaoo
Ooooooo4o0oooooooDooDoDooooooooao

OoOooooooo0o0 oo oooo00 oo oDooo oD oo oDoooo0ooDoDooogogooao
e e e e e s e [ Iy

OoooooogQgogoQg
OOo0oooooggogog
OoooooooOoogoo
OooooooogoQgoo
OoooooogoQgogoaoQg

VII

()

JP 2005-508419 A 2005.3.31

10

20

30

40

50



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

[ e T e T e Y e R e |

-

Oooooooooooooodg
Oooooooooooooodg
OO0 ooooooooooood
OO0 o0DoDooogooooood
Ooooooooooooood

o — — ™ ™ M @ /= ;.

OoooooogooQogooao
OoooooogogQgooao
OoooooogQgooao
Oo0DooogQgogao
Ooo0oooooQgoao
Ooo0oooogoQgoao
Oo0oooogoQgg

<

Oo0oooocooooooog
Ooooooooooooog

O

oooooao
oooooao
oooooao
oooooao

O 0o oo
I Y [

Qv

A%

(6) JP 2005-508419 A 2005.3.31

goooooooocoowoooDooao
ooooooboboooooooao
ooooooboooooooooao

O
O

O 0o o0oo
O 0o oo
O Ooogo
O Ooogoo
I [ [
I [
O 0o oOoo
O 0o oo

O

O

oooo0’ooooooOoO0OoO0OoOoOO0OoO0,0O0,,000000,00,,0000

O

g
O
g

g
0
g

ooogao
oooogao

oooogao
ooogao

oooggao

;z0dtd,,0obouoboooboouoboboouobooboobooboobooobaoadd

ooooooooobooooooooobobooooooao
ooooooooboooooooooooboooooooao

oooooooobooooooooooboooooooao
O

oooooooobobooooooooooboooooooao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

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

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

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

e [ ey e [ s [y [ |

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

Ooooooooooooood

O
O
O
O
O
O

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

OoooooooQooooao

OooooooQgogoooao

OO0 ooDooogoQgogooao

Ooo0oooooOooOooOooao

OoooooooQooooao

OoooooooQgoooao

OoooooogoQgoooao

OO0 ooooogogQgogooao

OOoo0oooooOooOooOooOoao

OoooooooQooooao

OooooooQooooao

OooooooQgoooao

OoDooooogoQgogoooao

OOoo0ooooooOooOooOooOoao

Oooooooooooao

OooooooQogoooao

OooooooQgoooao

OO0 ooooogogQgogogooao

Ooooooooooogoogo

Ooo0oooooOooOooOooao

OoooooooQooooao

JP 2005-508419 A 2005.

ugboobooaooboodoboad

OoooooooQooooao

OoooooogoQgogoooao

OO0 ooDooogoQgogooao

OoooooooOooOooOooOoao

OoooooooQooooao

OoooooogooQgoooao

goooano

gooaoan

gbooaoano

OooooooQgoooao
OO0 ooooooggogog
Ooo0oooooooogoogood
OooooooooQgogogooQo
Oo0oooooogogogogoo-g
oo oooooogoggogooQg
OO0 ooooooggogodg

.31

OOoooooogd

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

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

Ooooooooogoogoao
Oooooooogogogogoao
OO0 oooooogogogaog
OooooooooogoOoao
Oooooooooogoao
Ooooooooogoogoao
Oooooooogogogogoao
OoDooooooggogaog
OooooooooogoOoao
Oooooooooogogoao
OoooooooogooQgogoao
Oooooooogoogogoao
Oooooooogogogaog
OoooooooooOooOoao
Oooooooooogoao
Ooooooooogogogogoao
Ooooooooogoogogoao
Oooooooogogogoao
OO0 oooooogogogaog
OooooooooQgogoao
OooooooooQgoao
Ooooooooogoogogoao
Oooooooogogogogoao
OO0 ooooooggogaog
OooooooooogooOgoao
OooooooooQgogoao
Ooooooooogoogogoao
Oooooooogogogogoao
OoDoooooogogogaog
Oooooooooogogoao
Oooooooooogoao
Ooooooooogogogogoao
Oooooooogogogogoao
OoDoooooogogogaog

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

Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood

OooDoooooooooogodg
Oooooooogooooogodg
OO0 oDoDooog4gogooooogod
Oooooocoooooood
Ooooooooooooodg
Ooooooooooooogodg
Ooooooooooooogodg
OO0 ooDooog4gogooooogod

Oo0oooogoQgg

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

Oo0ooooooogoooao
OO0 oooooogogoooao
OO0 ooooooQgoooo
OO0 oooooogoQgoooo
OO0 oooDooggQgoooao
Oo0ooooooogoOoooOoao
Oo0oooooogoooao
oo ooooooQgoooo
OO0 oooooogoQgoooo
OO0 oooDooogoggoooo
OO0 oo oDooogogdgQgoooao
Oooooooogogoooao
OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDoooggQgogoooao
Oooooooogogoooao
oo ooooooQgoooo
oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDooogoggQgogoooao
Oo0ooooooogoooao
oo oooooogoooo
oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oooDooogoggogoooao

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

Oooooogogdg

(8)

OooOoo0oooodgadg

OoooooogoQgdg

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

[

OoOoooogoood

[

OooooooQgdg

Oo0oooogoQgdg

JP 2005-508419 A 2005.

uod

O

OooooogQgog

O

Ooooooggdg

0

Oo0oooogogdg

ugoooaooboadd

O

Ooooooodgdg

O

Ooo0oooogoQgg

O

OooooogQgg

O

O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0ooogoao

OooooogoQgdg

O

Oooooogogdg

O

OooOooooodgadg

O

OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

O
O

.31

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

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

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

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

e [ ey e [ s [y [ |

OoooooooQooooao

Ooooooooooooog

OO0 ooooooQgogooo
OO0 oooooogogogooo
OO0 oDooDooogogogoao
Ooo0ooooooogogooao

O
O
O
O

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao

O
O
OJ
O
O
O
O
O
O
O
O

OooooooQgogoooao

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

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

OoooooooogoOog

Ooo0oooooogoogog

Oo0oooooogogdg

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

OO0 ooooooggdg

OoOoooooooOod

OoOoooooooQodg

OoooooooogoQgodg

Oo0oooooogoQgg

O Ooooo
O OoOgoo
O O0Ooo0ooo
O Ooo0ooOono
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono

OO0 oooooogogdg

~
©
~

OoOoooooooOod
Oooooooooodg

OoooooooogooQgog

Ooo0oooooogogodg

Oo0oooooogogg

OooDoooodgogood

[

OooooooooOodg

OoooooooogooQgodg

JP 2005-508419 A 2005.

Oo0oooooogoQgog

OO0 oooooogogdg

OO0 oooooogogdg

OoOoooooooOod

OoooooooooQodg

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

Ooo0oooooogoQgg

OO0 oooooogogdg

OO0 oooooogogg

OoOoooooooOod

OooooooooOodg

Ooo0oooooogoQgodg

Oo0oooooogogg

w
[N

OO0 oooooogogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

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

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

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

e e e ey e e |

[ |

O

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

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

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

O
O
O
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
O
O
O
O

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

O Ooogoo

O 0O oo

O O0ooo

O O0ooo

O 0Oooo

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

O
O
O
O

JP 2005-508419 A 2005.

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

.31

10

20

30

40

50



e R ey [ s R s [y |

OoooooooooDoooo0o oo oDoooo4o0ooDoooogoQgogoao
OOoooooooUooooooUooUoDoooDoDoooogooDoooggogoao
Oo0o0ooooUdUoooDoooUUUooDoDooUooUooDoooggogaog
OoOooooocooo0oooooooooooDooooooooooooQgogoao

OoooooooooDoooooooooog

Ooooooooooooogogogoooao

Ooooooooooooogogoooao

OO0 o0Dooo4dgUoooDooogogooao

O 0Oooo
O 0Oooo

Oooooooogooooao
OO0 oo ooooQgoooo

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

OooooooQgogoao

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

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

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

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

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

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

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

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

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

(11)

O

|

O

|

|

[

JP 2005-508419 A 2005.

gbooooado

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

O
O

.31

10

20

30

40

50



e e O e R o A o A
A oooooooo

—
-— O O0O0O0g-Qgogaodg

e

ﬁﬁﬁﬁﬁﬁﬁ
A
N
St
a

O —

Ooooooo0ooooooo0o oo oDooooDooDoDooooooooao
Oo0oooooo0o0ooooooo0o oo oDooo oo ooDoDooogogooooao
Oo0oooo4o0dooooooo0 oo oDoDooo oo oDoDooogooooao
OOo0o0ooodUooooooUddUooDoDooUoUoDUUoooDooDo4gooooao

Ooooooooooooooo0ooDooooooooooogogao-g
Oooooooooooooo0 oo oooooooDoooogoQgoQg

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

/==\

Oooo0oogogoogod

X
/

I A
OOoo0oood

O

O

u
O
a

g
a

\

(12) JP 2005-508419 A 2005.3.31

ugbooboboobouobooooboobooobooobooboobooboaadn
goooooboooobooooooooboboobooooooobobDboooo
ugbooboooobooboobad

gobooobooobogoboboogobooobooboogoboboboboobodnob
gbooobooobad

!

''ooooooo,o0o,00o00o0o,0o,,0000000,00,,0000
0’0000000000000000O0000O0O00O00,00,,000000

O

O

O Oooo

[ Ry |

Ooooooooooooog
Oo0oooooogogogoooog
OO0 oDooDoogoggogoooog
Oo0ooooocooooooondo
Oo0ooooooooooog
Oo0ooooooooooog
Oo0oooooogogogoooog
OO0 oooDoogogogogoooog
Oo0ooooooooooooOo
Ooooooooooooogdg
Oo0ooooooooooog

,0o,,000000,00,,0000000000000000,00,,
oooooooo,0o0,,000000000000000,00,,000
ooooooo,00,,0000000000000000000000
0000000000000 O0O0O0O0O000

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

Ooooooogooooodg
Oo0oDooo4gogooooodg
OO0 o0Dooo4gogooooodg
Oo0oooooooooodg
OoDoooooooooodg
Oo0oooooooooodg
OoDoooogogogoooodg
OO0 o0Dooo4Qgooooodg
Oo0ooocooooooodg
OoDoooooooooodg
Oooooooooooodg
Ooooooogogooooodg
OO0 oDooo4gooooodg
Oo0ooooooooood
Oo0ooocooooooodg
OoDoooooooooog
Oo0ooooogooooodg
OO0 oDooo4Qgooooodg
Oo0oooooooooood
Oo0ooocooooooodg
OoDoooooooooogdg
Ooooooogooooog
OO0 oDooo4Qgogoooodg

ao
1o
oo
uo
od

O0Ooo0ooogoo

10

20

30

40

50



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

OO0 o0 oo oooo oo oooooQgoooo
Oo0=_O0Oo0oOooooooooooogogoooao

OoooooooQgoooao
Oo0oooooogoooao
OO0 oooooogoggoooao
OO0 oooDooog4goooao

OO0 0o oDooogo o ooDooooggogoooao

OoOoooooooooooooooooogogodg

(

m_\

O
O
O
O
O
O
O
O
O
O

O
O

OoooooooooooooOgodg
OooooooooooooooQgodg

OoooooooOoogoo
OooooooogoQgoo

OoooooogooQgogoog
Oooooooggogog
OoooDoooggogog
OOoo0ooooooOooOod
OooooooogoogooQg
Ooooooogogogogoo-g
Ooooooogogogoog
Oooooooggogdg
OOoo0ooooogooOod
OoooooooogooQg
OooooooQgogo-g
OoooooogogogogooQg
Oooooooggogog
OO0 oooooggogg
OoooooooogooQgoQg
OooooooogogooQg
Ooooooogogogoog

O
O
OJ
O
O
O
O
O

O
O
O
O
O
O
O
O

O OooOooo
O Ooooo
O O0OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
OooOoonQg =

O
O
O
O
O
O
O
O

O

O Ooooo
OO oOgoaog
O O0Ooo0ooOoo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O OoOgooog
O O oO0oogog
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Oo0ooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgoog
O Ooo0ooo
O Ooo0ooo
O Ooooo
O O0OoOooo
O O oOgoao
O O0Ooo0ooOoao
O Ooo0ooo
O Ooooo
O Ooooo

(13)

O
]
O
O
O
O

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

gooooano
ioogano

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

O
O
O

(]
O

Ooooooggdg
O0o0Dooooogogdg
OooooooogoQgdg
OooooooogQgdg
OoooooogoQgdg
OooooogQgg
OO0 oooogogg
OooooooogoQgdg
OooooooogoQgdg
OooooooogoQgdg
OoooooogQgdg
OOoooooggdg
OooooooogoQgadg
OooooooogQgdg
OoooooogoQgdg
OoooooogQgdg
Ooooooggdg

O

[

JP 2005-508419 A 2005.

.31

I ) I

10

20

30

40



L
C
L
L
{
L
C
C
L
C

HO

(14) JP 2005-508419 A 2005.3.31

R

I

Ooooo0oao
ooo0O0*0000000000000000000000000,00,,0000000
,00,,00000000000,00,,00000000000000D00000O000
oo0O000O00O0O0O0O0O0O0O0O0OO0O0O0O0OOoo,000,00,,000000400,,0
oo0O0000,,00000000000000

Oooo0o0oo

OOo0ooooooo0ooooooo0oooDoooooooooodg
OOo0ooooooo0ooooooo0oooDoDooooooooog

OooooooooooooooooOoooo
Ooooooooooooooogoooogodg

0o00O
oo‘ooo®oooooooooo,0of, 0000000 ,0O0, 00000000
ooo,00,,000000000% 0% 00000,00,,00000000000
ooooo,o0o,,000O0O0O0OOOODOOD,0O0,000000,00,,0000
,00,,0000000,00,,0000000000000000000000000
ooooo

0000
IMI000000000000000000O0O0000OO0O00D0O0O0O0oooooaon

|
[

O 0Ooo0oooo

O oo oooog
OO0OoO0o0oood
O Ooo0oooo
OOoo0ooood
O oo oooog
O O0Oo0gooao

Oo0ooooooooood
Oo0ooocooooooodg
OoDoooooooooog
OO0 oDooo4gooooodg
Oo0ooooooOoooood
Oo0oooooooooogdg
OoDoooooooooogdg
Ooooooogooooodg
Oo0oDooo4gogooooodg
Oo0oooooooooodg
OoDoooooooooodg
Oo0oooooooooodg
OoDoooogogogoooodg
OO0 o0Dooo4Qgooooodg
Oo0ooocooooooodg
OoDoooooooooodg
Ooooooog T

Ooooooogogooooodg
OO0 oDooo4gooooodg
Oo0ooooooooood
OoDoooooooooog
OO0 oDooo4Qgooooodg
Oo0oooooooooood
Oo0ooocooooooodg
OoDoooooooooogdg
Ooooooogooooog

O oOooo

O 0OoOooog
O 0Ooo0ooo
O0Oo0oooo

Ooooooooooooog
O 0Oooo

Oo0oooooogogogoooog
OO0 oDooDoogoggogoooog

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

od v
oooooooooocoooooiwvobobooooouooobobbooooodo

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

Ooooooooooooooogogogooao
O
O
O

OO0 ooooooQgogooo

10

20

30

40



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

-

Oooooooooooooogooooao
Oooooooooooooogooooao

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

O 0Ooo0oooao
O Ooo0oooo

(15) JP 2005-508419 A 2005.3.31

O vrvvuy
CO,CHj
IV
Ooo00ao
goooooooooooobouoboooooooDoooDoooooDooooOoaoaa
000000000000 bOO0oO0b0O0o0b0Do0oO0o0DoDOoo0DobODOoo0DODO0oO0oDoOooOooDoOoOan 10
go0ooooooob0ooo0obooobooooooo0ooooOooaodan
oogoaog
goooooooooooboboooboootoooo0ooooooooooooooOoaoao
gooooooooooooDboobooooooDooo0DooboooDoooooOoaoao
00000 Q00O0O00DO0O0bOO0oO0bOO0o0b0O0O0o0DoODO0OO0DDbODOoOO0DbODO0OO0b0DOoOooDoOoOan
Ooo0O00oo0ooOooao
oooo
000000000000 bOO0oO0b0O0o0b0Do0oO0o0DoDOoo0DobODOoo0DODO0oO0oDoOooOooDoOoOan
goooooooo0ooooboDboooboooooooooooooooooooOoaoao
00000 ooDOoooODoooooan 20
Ooo00o
gooooooooooooDboobooooooDooo0DooboooDoooooOoaoao
000000000 o0oOoo0DoDOooDobODoOoOobODoOooOoooooao
Ooo0ooooooooooooonOoaoao Oooo0ono
oooo
OO
O -
7
(R)s
X @) /\ 30
] co,
6/
(R™)
A%
Ooo0oOoo
DDGDDD7DDDDDDDDDDDDDDDlDDZODDDDDD4DDZODDDD
ug,0b,,0boobgoobtuoo0obtbooboUoboUobbobobbooboboonb 40
goooooviooooooboboooooboooooao
oooaog
oo



oon
oogagd
oono
uon
oogad
oono
uon

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

O

Ooooocoooooooooooooooogodg
Ooooooo0oooDooooooooooogodg

Oooooooooooooggg
Oo0DoOooDoogog4gogooDooogogdg
Oooooooooooooogoogdg
OooooooooooooogoQgdg

O Ooooo
OO oOgooo
O 0Ooo0ooOoo
O Ooo0ooo
O Oooo
O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

Oooo0ooood

“ O

O O0ooo

O

O

(16)

oooooooooocnmioobooooooooao

JP 2005-508419 A 2005.3.31

gbooobooboobooboooboobooboobooboboooboobao
vilboooooooooooooooooooooooogdao

O

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0Oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oooao
O0Oo0oooaog

O
O
OJ
O
O

O
O/u\©
Z

VII

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

O
O
O
O
O
O
O
O
OJ

O
O
O
O
OJ
O
O

CO,

|

O oOooo
O 0Oooo

O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

vilo o ogogoooooabad
oooooobooogogao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

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

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

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

e [ ey e [ s [y [ |

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

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

O Ooo0ooooao

O Ooo0ooooao
O 0Ooo0ooooao
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooo
O Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooo
O O0O0gooooao
O 0O0OooOoooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0OoOo0ooooao

O Ooo0ooooao
O 0Ooo0ooooao
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao

O Ooo0ooooao
O 0Ooo0ooooao
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao

O0Ooo0oooo

O0Ooo0oooao

O0Ooo0oooao

O 0Oo0oooao

O 0Oo0oooao

O0Oo0oo0oo0oao

O0Oo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooo

O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O OooOgooo
O Oogoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooogooo
O O0Oogoo

O0Ooo0oooao

O0Ooo0Ooooog

O0Oo0oo0oo0oao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

OOoo0oooao

OOoo0oooao

OOoo0oooao

O0Ooo0oooo
O OooOooo

O0Ooo0oooo

O0Ooo0oooo

vilboooooooooooboooooooao

O 0Oo0oooao

O 0Oo0oooao

an

JP 2005-508419 A 2005.3.31

ooooooooobooboooooooooao
ooooooooboboboooooooooao
oooooooooboboooooooooao
oooooooooboooooooooooao

O

O

O
O
O
O

O 0Oo0oo0oo0oao

O 0Oo0oo0oo0oao

O

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

O0Ooo0oo0oo0oao

O0Ooo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooo

O0Ooo0oooao

O0Ooo0oooao

OoOoo0oo0ogano

OoOoo0oo0ogano

O0Oo0oo0oo0oao

O0Oo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooo

O0Ooo0oooao O0Ooo0oooao

O0Ooo0oooao

O 0Oo0oooog O 0Oo0oooog

O 0Oo0oooog

O0Oo0oo0oo0oao O0Oo0oo0oo0oao

O0Oo0oo0oo0oao

O0Ooo0oooao O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooo O0Ooo0oooo

O0Ooo0oooo

O0Ooo0oooao O0Ooo0oooao

O0Ooo0oooao

O 0OoO0oooaog O 0OoO0oooaog

O 0OoO0oooaog

O0Oo0oo0oo0oao O0Oo0oo0oo0oao

O0Oo0oo0oo0oao

O0Ooo0oo0ooao O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oooo O0Ooo0oooo

O0Ooo0oooo

O0Ooo0oooao O0Ooo0oooao

O0Ooo0oooao

O 0Oo0oooao O 0Oo0oooao

O 0Oo0oooao

10

20

30

40

50



e R ey [ s R s [y |

[ s e e e e s e e Y ) [y
e e e e e e e e ) Y ) [ o

Oo0o0oooo4dUoooDoooUdUoooDoDooogoDUooDoooggaog
Ooooooooooooooo0ooDooooooooooogogao-g
Oooooooooooooo0 oo oooooooDoooogoQgoQg

(18) JP 2005-508419 A 2005.3.31

ugbooboooobooboobooobooboobodd

ooooao
goooboboooobooboobooboobooboobooboobobooobooobnn
ooooooooooooooooooboobooooooooboobOobooooooooao
vilgoooogooboooboooooboboogoboooboobogoboboboobooDboao
obooobooboboobooboooboobooboobodd

O
O

OO0 o0DoDooogooooood
Ooooooooooooood
Oooooooooooooodg
OoooooooQogooooao
OoooooogogQogooooaog
OO0 ooDoogog4Qgooooaog
OOo0oooooooooooao
Ooooooooooooaoo
Oooooooogooooaoo
OoooooogogQgooooao
OO0 ooDoogog4Qgooooaog
OOo0oo0ooooooOoooooao
Ooooooooooooaoo
OoooooooQogooooao
OooooooQgooooao
OO0 ooDooogog4Qgooooaog
OOo0oo0ooooOoooooab-o
Ooooooooooooao
Oooooooogooooaoo
OooooooQgooooao
OO0 ooDooogog4Qgooooaog
OO0 o0oDooogog4Qgooooao
OOoo0oooooOoooooao
Oooooooogooooaoo
OoooooooQogooooao
OoooDooogog4Qgooooaog
OO0 o0oDooogog4Qgooooao
OOo0oo0oooooooooao
OoooooooOoooooaoo
OoooooooQogooooao
OoooooogQgooooaog
ocooooo-ooooogod
OOo0oo0ooooogooooao
Ooooooooooooaoo
Oooooooogooooaoo
Ooooooog4Qgooooao
OO0 oDoDoogog4Qgooooaog

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

O

O

O

Oooooooooooooogogoao
Oooooo4ogooooooogogoao
Oo0DoDooogogUoooooogogogao
Oooooooooooooogoogoao
Ooooocooooooooogoogoao
Oooooooooooooogogoao
Oooooooooooooogogoao
Oo0DoDooo4gog4oooooogogoao
Oooooooooooooogoogoao
Ooooocooooooooogogogoao
Oooooooooooooogogoao
Oooooooooooooogogoao
Oo0ooooo4gogoooooogogoao
Oooooooooooooogoogooao
Ooooocooooooooogogogoao
Ooooocooooooooogogoao
Oooooooooooooogogoao
OooDoooooooooogogoao
OO0 oDooog0gUoooDooogogogao
Ooooocooooooooogoogoao
Ooooocooooooooogogoao
Oooooooooooooogogoao
OOoooooooooooooogdg
OO0 oDoDooogogoogoooogd
Ooooooooooooooogod
Ooooooooooooooogdg
Ooooooooooooooogdg
Ooooooooooooooogdg
OO0 ooDooogogoooooogd
Oo0oooooooooooooogod
Ooooooooooooooogodg
Ooooooooooooooogdg
Oooooooooooooogdg
OOo0oooooogoooooogd

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

O oOooo

O 0Oooo

O 0Oooo

O o0Oooo

O 0Oooo

O oOooo

O 0Oooo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |
e s e ey e e e ) ey e e s e e ) e e [ Yy i A
e s e s e e s e e Y i
Oooooocoo0o0 oo oooo0o o0 oo ooo o oo oD oD oo o0ooo oo oDooo0oo0ooDoDooooogoooao

OooooooooooooogoQgdg

OoooooogoQgooao
OoooooogQgooao
OO0 ooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogoQgooao
Ooooooogogogooao
Oo0Dooooggogooao
OoooooooQgooao
Oooooooogoogooao
OoooooogoQgooao
Ooooooogoogooao
Oo0oooooggogooao
OoooooooogoOooOoao
Ooooooooogooao
OoooooogogoQgooao
OoooooogoQgooao
Oooooooggooao
OO0 ooooggogoao
Ooooooooogooao
OoooooogooQogooao
OoooooogoQgooao
OoooooogQgooao
OO0 oooooggogogoao
Ooooooooogooao
Oooooooogoogooao
OoooooogoQgooao
OoooooogogQgooao
Oo0Doooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogQgooao
OoooooogogQgooao
Oo0oooogogogooao

O
O
O
O

Oo0ooooooo0oooooo o0 oo ooooooDoooogQgoao

OOoo0ooooaog
OOoo0ooooaog
O < oOooOgoogoQg

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

O
O
O
O
O
O

O
O
O
O
O
O

Oo0oooooogogodg

O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O

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

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

Oo0oooooogogdg

OO0 oooooogogg

Oo0Ooo0oo0oo0ooao

OoOoo0ooooao
OOoo0ooooog
OOoooooaog
OO0OoO0ooooaog
OOoo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoo0ooooaog
OO0OooOooooaog
OO0Oo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooaoo
O0OooOooooaog
OO0Oo0ooooaog
OOoo0oo0oo0ooao

OoOoooooooOod

OoooooooogoOog

Ooo0oooooogoogog

Oo0oooooogogdg

OO0 ooooooggdg

OoOoooooooOod

OoOoooooooQodg

OoooooooogoQgodg

Oo0oooooogoQgg

OO0 oooooogogdg

(19)

O
(]

OoOoooooooOod

Oooooooodg

OO0 ooooooQgdg

oo oooooogdg

OO0 oooooogdg

|

Ooocogooogoo

|

Ooooooooodg

OO0 ooooooQgodg

JP 2005-508419 A 2005.

uod

O

OO0 oooooogodg

O

O oo oooogdg

0

OO0 ooooogdg

ugoooaooboadd

O

OoooooooOodg

O

oo ooooooQgodg

O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooogoooao
O OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogoooo
O OooQgooao

O

OO0 oooooogodg

O

OO0 oooooogdg

O

OO0 oooooogdg

O

Oo0oooooood

O

oo oooooodg

oo ooooooQgodg

OO0 oooooogdg

.31

O oo oooogdg

10

20

30

40

50



O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao

OoooooooQogooooao
OoooooogogQogooooaog
OO0 ooDoogog4Qgooooaog

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

(20)

JP 2005-508419 A 2005.

e e ey e s [y |

e e ey |y e [ 1 e e e e e s |

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

o e A s e e e e |y e s e e s e e s R s [ |

Oooooooooooooogooooao
Oo0oooooooooo x oooooao

Ooo0ooooooo|ooooooo0ooDooooooooooOoogoao
Ooo0oooooooQoo oo oooo0 oo ooooo0oooDoooQgogoaoQg

O Ooo0ooooolo

Oooooooo0oooooogooao
Oooooooooooooogogogoao

O O0Oogooooaolg

O 0Oo0ooooolg

S I Y Y Y |

o

OOoDooooogogogao

O 0oo0oo0ooool|o

Ooooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogoggooao
OO0 ooDooodgogoooooogoggogogoao
Oooooooooooooogooao

O Ooo0oo0ooool|o

O 0Ooo0ooooolo

O 0Oo0ooooaolg

O O0Oo0ooooolg

O 0Oo0oo0ooool|o

O 0oo0oo0ooool|o

Ooooooooooooooogooao
Oooooooo0ooooooQgooao
Oooooooo0oooooogogooao
OOo0ooDooo4gogoooooogoggogogoao
Ooooooooooooooogooao

O Oo0oo0ooooolo

O Ooooooolo

O 0Oo0ooooolg

Ooo0oo0ooooo|do
O 0oo0oooool|o

Ooooooooooooooogooao
Oooooooooooooogooao
Oooooooooooooogooao
Ooooooo4ogoooooogoggooao
OO0 o0DoDooo4dgooooooggogoao
Ooooooooooooooogooao
OoooooooooooooQgooao
Oooooooo0oooooogooao
Oooooooooooooogoggooao
OO0 o0ooDooo4gogoooooogoggogogoao
Ooooooooooooooogooao

O Ooo0ooooolo

O 0Ooo0ooooolg

O O0Oo0ooooaolg

Oooo0ogoooogio

O 0oo0oo0ooool|o

O Ooo0ooooolo

O Ooo0ooooolo
O OooQgooooao
O 0OO0ooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O Ooo0ooooao

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

Oo0ooooooooooooogoQgodg
Oo0oooooogogooo x oogogdg
OO0 oooooo4ooooooogogg
OO0 Do oDooogogooooooggg

Ooooooooogogooao

O0Ooo0oooao

O 0OoO0oooaog

O0Oo0oo0oo0oao

O 0ooo

|
IS

Oo0ooooooooooooogoQgodg
Oo0ooooooooooooogoQgdg
Oo0oooooogooooooogogg
OO0 Do oDooogogooooooggg

O0Ooo0oo0ooao

O0Ooo0oooo

O0Ooo0oooao

O 0Oo0oooao

10

20

30

40

50



(21)

JP 2005-508419 A 2005.3.31

ugboobdooboboobobooboobooobooboboobooboouobooboboao

oooooobobooboooooao

0
000000

0000

[ R IRBEAT A FAKBEHGA Y T

([ F##l | BMSC/BPA|  Mw Mn [OH] EC%)
[ 2 1.042 12906 5697 109 982
[ 3 1.052 10853 4973 9% 98.6
[ 4 1.064 9547 3871 189 97.9
3 1.087 6885 3134 0 100
% 1.136 4376 2013 0 100
E

000000

0000000
0D00000000000000000000000000
D00000000000000000000000000
0000000000000 00000000000000
D00000000000000000000000000
D00000000000000000000000000
0D00000000000000000000000000
D00000000000000000000000000
0000000000000 00000000000000
0D00000000000000000000000000
D00000000000000000000000000
0000000000000 00000000000000
D00000000000000000000000000
D00000000000000000000000000
0D00000000000000000000000000
D000000000000000000

000000

0000

[ #2 RBEAT AN Y FAKIERA Y T

|[ &l | BMSC/BPA | Mw | Mn | [OH] | EC(%) | % Cryst
(7 105 | 9400 | 4017 778 | 908 22

I8 103 | 12864 | 6026 | 1017 | 82.0 31

(9 102 | 15486 | 6553 | 1025 | 802 30

[ 10 1017 | 16035 | 7021 | 959 | 802 30

0

000000
D00000000000000000000000000
0000000000000 00000000000000
D00000000000000000000000000
D00000000000000000000000000
0D00000000000000000000000000
D00000000000000000000000000
D000000000000000000

000000
D00000000000000000000
00000

OO0 oo oooogogooooo

O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

OO0 oo oooogoggQgooooo

OO0 0o oDoooggogoooao

Oo0ooooooogoooooao.o

OO0 oo ooooQogoooooo

OO0 oo oooogogooooo

OO0 oo oooogooooao

O oD o0DooDooog4gooooao

OOo0ooooooogoooooao

OO0 oooooogooooooo

OO0 oo ooooQgooooo

OO0 oo oooogooooo

ooooooooboooooouooooobobooboogogao

OO0 0o oDooogoggogoooao

10

20

30

40

50



~
N
N
o/

OODO0O0DD0DD0OD0OD0O0D0D0O0O0O0O0O0O0O0OO0OO0DODODDD
O0O0DD0DD0DD0O0D0D0D0D0O0O0O0O000O0OO0D0OO0ODODDOD
OODO0O0DD0DDO0OO0OD0O0D0D0O00O0O0O0OO0O0O0DODODOODDOD
O0O0DD0DD0DD0OD0ODD0D0DO0O0O0O0O0OO0OO0O0DODODOODDD
00000000 D0O0O0O0O00O0O0O0O0O0O0ODOOOOD
OODO0DO0DD0DD0O0OD0O0D0D0O0O0O0O0O0O0O0O0ODODODOODD
O0O0OD0DDD0OO0OD0D0D0DO0O0O0O0OO0OO0OO0O0ODODODOODDOD
OODO0O0DD0DDO0OO0OD0O0O0O0O000O00O0OO0O0ODOOOOD
OODO0O0DD0DD0OD0OD0O0D0D0O0O0O0O0O0O0O0OO0OO0DODODDD
O0O0DD0DD0DD0O0D0D0D0D0O0O0O0O000O0OO0D0OO0ODODDOD
OODO0O0DD0DDO0OO0OD0O0D0D0O00O0O0O0OO0O0O0DODODOODDOD
O0O0DD0DD0DD0OD0ODD0D0DO0O0O0O0O0OO0OO0O0DODODOODDD
00000000 D0O0O0O0O00O0O0O0O0O0O0ODOOOOD
OODO0DO0DD0DD0O0OD0O0D0D0O0O0O0O0O0O0O0O0ODODODOODD
O0O0OD0DDD0OO0OD0D0D0DO0O0O0O0OO0OO0OO0O0ODODODOODDOD
OODO0O0DD0DDO0OO0OD0O0O0O0O000O00O0OO0O0ODOOOOD
OODO0O0DD0DD0OD0OD0O0D0D0O0O0O0O0O0O0O0OO0OO0DODODDD
OooOoO0D
OODO0O0DD0DDO0OO0OD0O0D0D0O00O0O0O0OO0O0O0DODODOODDOD
O0O0DD0DD0DD0OD0ODD0D0DO0O0O0O0O0OO0OO0O0DODODOODDD
00000000 D0O0O0O0O00O0O0O0O0O0O0ODOOOOD
OODO0DO0DD0DD0O0OD0O0D0D0O0O0O0O0O0O0O0O0ODODODOODD
OOoD0D0DD0DDDD0OD0ODD0OD0D0D0D0D0D0O0O0O00O0O
oooooD
Oo0ODO
[ ®3 b FRRURBAYEATAAY T
[ Mw Yot % 7= /)=
IEEI R EE e LY ) )b S Tg
1 8,026 10 80 112°C
12 8327 10 115°C
(13 9,891 10 86 118°C
([ 14 14,400 10 93
RE 5,511 32 8
16 11,080 10 95
([ 17 1,306 100 93
(18 5,209 32 95
19 7,541 10 93
)y x5 v o x M T GPC CIE L7 My,
0
oooooo
D0oD0oD0oD0D0D0oD0oDD0OD0oDOoOoOoooao
ODoDo0D
OODO0O0DD0DDO0OO0OD0O0O0O0O000O00O0OO0O0ODOOOOD
OODO0O0DD0DD0OD0OD0O0D0D0O0O0O0O0O0O0O0OO0OO0DODODDD
O0O0DD0DD0DD0O0D0D0D0D0O0O0O0O000O0OO0D0OO0ODODDOD
oooo®*'oooO0O000000000O0O0DoOoOoOOoOD
O0O0DD0DD0DD0OD0ODD0D0DO0O0O0O0O0OO0OO0O0DODODOODDD
00000000 D0O0O0O0O00O0O0O0O0O0O0ODOOOOD
OODO0DO0DD0DD0O0OD0O0D0D0O0O0O0O0O0O0O0O0ODODODOODD
O0O0OD0DDD0OO0OD0D0D0DO0O0O0O0OO0OO0OO0O0ODODODOODDOD
OODO0O0DD0DDO0OO0OD0O0O0O0O000O00O0OO0O0ODOOOOD
OODO0O0DD0DD0OD0OD0O0D0D0O0O0O0O0O0O0O0OO0OO0DODODDD
O0O0DD0DD0DD0O0D0D0D0D0O0O0O0O000O0OO0D0OO0ODODDOD

OooooooooooooogogQgogoaoQg
OOooooooooooooogoggogoaoQg
OOo0ooooooooooooggogaoQg
OO0 oDoDooo4gogogooooooggogog
OOo0oooooooooooooQogogoaQg
OooooooooooooogogQgogoaoQg

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

OoooooogoQgooao
OoooooogoQgooao
OoooooogogQgooao
OO0 oooooggogooao
OoooooooOoooao
OooooooogoQgooao
OoooooogogQgooao

JP 2005-508419 A 2005.

Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 oo oDooogogooooood
Oooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogooooooodg
OO0 oooDooogogogooooood

-~ OO
w

Oooooogog-g

OoDoooooggogooao
OooooooooOoooao
OooooooogoQgooao
OoooooogogoQogogooao
OoooooogoQgogoao
Oo0oooogogogogoao

w
[N

10

20

30

40

50



O 0Oooo
O 0Oooo

ugoad
ogoao
ugoad

O

0

(23)

JP 2005-508419 A 2005.3.31

ubooboouobobooboobouoboobooboobobooobooboaa
ooooooooboooooogoooao

O

Al

1 BE

i fi]

EXLkiL

140°C

240 43

240 %>

155°C

150 53

390 53

165°C

150 53

540 %

o= = ™— ™

Oooooocooooooao
Ooooooooooooao
Ooooooogooooao
OO0 oooOoogogogogoooao

Ooooomooooogoogogoo

Oooooooogd

O O

O O
[ |

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

O O

O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
OO oOooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo

R

R

& at i

140-160°C

185 7>

185 4y

165°C

254y

210453

b
(VSN )
TR

170°C

204y

230 %>

C—r— — ™

OO0 oDooooo oo oDoooogogjooooooog
OO0 oooooo0oooDoooogogjooooooog
OO0 ooOooooooooooogog|jooooooog
OO0 00D oooggUoooDoog|joogooooog

Oooooooooooooo|ooooooao.o

Ooooooooooooogdg

O 0Ooo0oooao

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

OO0 ooooogogogoooao
OOo0oooooooogooooao
Oo0ooooooooooao
OO0 ooooooooooao
OO0 oooooogogogoooao
OO0 ooooogogogoooao
OOo0oooooooOooooao
OOo0ooooooooooao
Oo0ooooooooooao
Oo0oooooogoogoooao
OO0 ooooogogogogoooao
OO0 Oo0oooodgogoooao
OOo0oooooooogooooao
Oooooooogoooooao
Oo0oooooogoooooao
OO0 ooooogogogoooaog
OO0 o0ooooogogogoooao
OOo0ooooocooooooao
Ooooooooooooao
Oo0ooooooOoooooao
OO0 ooooogogogooooao
OO0 ooooogogogoooao
OOo0ooooooooOogoooao
OoooooooOoooooao
Oo0ooooooOoooooao
OO0 oooooogogogoooao
OO0 ooooogogoooao
OOo0ooooooooOogoooao
Ooooooooooooao
Oo0ooooooooooao
OO0 oooooogoogoooao

O
O

O
O
O
O

O
O
O

A R |
w

O

O 0Ooooo
OO oOooo
O OooOooo
O oOoooo
O Ooooo
O 0Ooooo
O 0OooOooo
O 0OooOooo
O oOoooo
O Ooooo
O 0Ooooo
O 0OooOooo

O
O
O
O
O
O
O
O
O
O

OO0 o ooDooogogoao

10

20

30

40



(24)

2

B

iy [l

& E LR

{im
150-1

70°C

90 5

90 7

170°C

90 453

180 5

180°C

80 4y

260 2>

185°C

60 7

32045y

200°C

305

350 4>

ON [N 02 (N [—

205°C

90 %2>

440 4}

e e s

Oooooooooooao
Ooooooogogogooooao

Ooooooooogoogoao

O 0Ooo0ooooao

[ |

O Ooooo

g o
u o
od

ood

O 0Oo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo

O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
OO oOgoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O O0OoOgoo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O OoOgooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo

JP 2005-508419 A 2005.3.31

O Oooo

O Oooo

O Oooo

10

R

Rg[H] A EHEERT

2 A

160-195°C 140 % 140 &

195°C 505> 190 4y

210-215°C 254> 215 4

ctwb—EBloooooooooooo

215°C

80 7>

295 4y

Oo0oooooogoooao
OO0 oooooogoggoooao

OoOooOoo0odgano

O0Ooo0oo0ooao

O 0Oooin; o

O0Ooo0oooao
O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooooo

O

O OooOooo
O 0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
OO oO0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
OO oOooo
O 0Ooo0ooOoao
O Ooooo
O Ooooo
O Ooooo
OO oOooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo

e

R

fieF

it

170-200°C

75 %>

754>

oo o oojoo

200°C

60 7

135 %

Do oo ooooooDo0 oY TmMooooopmooo oo ST 7y oooooooooooob

Ooooooogoooooao

Ooooooogogogoooao

OoOooOoo0odgano

O Ooo|i.|o

O0Ooo0oo0ooao

O
O
O

O0Ooo0oooao
O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo

O
OJ

O
O

O
O
O

O OooOooo

oo
a g
oad

oad

O
O

O Ooooo
O Ooooo
O OooOooo
OO o0goo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O OooOooo
O 0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo

O
O
O

OJ
O
O

O
O
OJ
O

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

30

40

50



(25) JP 2005-508419 A 2005.

0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 000O00O000000000000,,0000000
0000000000000 0000000000000000000000000
0000000000000 000000000000
000000
0000
[ EA G ) B el
: 1 170-200°C 754 755

2 200°C 604 1354
0
000000
0000000000000 0000000000000000000000000
0000000000000 000OO000OO0O0000000D,, 00000000
0000000000000 0000000000000000000000000
000000000000 000000000
0Doo0000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
00000000000
Doo000o
00000
[ &4 SSPickn 7y Z7RkaRyY AT Ah—RRr— b
o a a o LT :
|20 | 28000 | 9450 40 | 47.6% 7 76.1%
O 21 | 18880 | 9230 41 488% | 89 96.7%
[
(| 22 | 79830 | 21720 67 | 798% | 86 93.5%
E 23| 73540 | 24000 42 | 500% | 6.4 69.6%
24 | 41250 | 14020 5.6 66.7% 7 76.1%
[
| ce-l | 13020 | 5080 23 252% | 43 46.7%
e mEsy xF v ommEa ML - GPC TR
Lo n s B3 BONMR T,
L e m B OREEEY 13, A T —0 DP &, SR T AR R — AR
[ icffET AR Y H—RF— P UIRYV =27 A7 0 v 7 OFH DP &l L TRE,
0
0Doo0000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000

OOoo0ooood
OO0oo0oooogod

O
O

O
O

OoOoo0oooogod
OoOoo0oooogod

10

20

30

40

50



Oooooooodg
Oooooooodg
OOo0ooooodg
OO0 ooooodg
Ooooooood
Oooooooodg

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

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

(26)

(]
O

O
O
O
O
O

O

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

JP 2005-508419 A 2005.



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

ugbooobooodoboado

040208 Al

==

003

=

27)

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

(19) World Intellectual Property Organization
International Bureau

(43) Tnternational Publication Date
15 May 2003 (15.05.2003)

PCT

(10) International Publication Number

WO 03/040208 Al

{51) International Patent Classification”: CO8G 64/18,

64730, 63/64, 63/80

{21) International Application Number:  PCT/US02/32085

{22) International Filing Date: 7 Oclober 2002 (07.10.2002)

{25) Filing Language: Linglish

{26) Publication Language: English
{30) Priority Data:

10/000913 2 November 2001 (02.11.2001) TS

(71) Applicant: GENERAL ELECTRIC COMPANY
[USAUS]; 1 River Road, Schenecrady, NY 12345 (US).

(72) Tventors: O'NEIL, Gregory, Allen; 26 Devoe Drive,
Clilton Park, NY 12065 (US). DAY, James; 136 Spring
Road, Sotia, NY 12302 (US). BRUNELLE, Daniel,
Joseph; 4 Woods lidge, Burnt Hills, NY 12027 (US).
SURIANO, Joseph, Anthony: 35 Gloucester Streel,
Clilton Park, NY 12065 (US). MCCLOSKEY, Patrick,
Joseph; 10 Meadowbrook Road, Latham, NY 12189 (US).
SMIGELSKI, Paul, Michael, Jr.; 2104 Chepstow Road,
Schenectady, NY 12303 (US).

(74) Agents: WINTER, Catherine, J. et ul.; General Llec-
tric Company, 3135 Baston Turnpike (W3C), Fairfield, CT
06828 (US).

(81) Designated States rnarionalj: ATl AG, AL, AM, AT, AU,
AZ,BA,BB,BG.BR.BY, BZ.CA, CIL CN, CO,CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GII,
GM, HR, HU, ID, 1L, IN, 18, JP, KLi, KG, KP, KR, KZ, LC,
LK, LR, LS, I'T, LU, LV, MA, MDD, MG, MK, MN, MW,
MX. M7, NO, N7, OM. PH, PL. PT, RO, RU, 8D. SE:. SG,
ST, SK. SL, TJ, TM, TN, TR, TT, TZ, UA, UG, U7, VN,
YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KL, LS, MW, MZ, SD, SL, 87, 17, UG, ZM, /W),
Turasian patent (AM, A7, BY, KG, K7, MD, RU, TJ, TM),
Buropean patent (AT, BE, BG, CIL, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPL patent (BL{ BJ, CLi CG, CL CM, GA, GN, GQ,
GW, ML, MR, NI, SN, 1D, TG).

Published:
with international search report

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

{54) Title: METIIOD OF MAKING BLOCK COPOLYMERS BY SOLID STATE POLYMERIZATION

(57) Abstract: A method of preparing block copol

by solid state pol

is described. A mixture of a partially crys-

talline polycarbonate having activated terminal aryloxy groups, for example terminal methyl salicyl groups, when heated together
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METHOD OF MAKING BLOCK. COPOLYMERS BY
SOLID STATE POLYMERIZATION

BACKGROUND OF THE INVENTION

This invention relates to a method of copolynier preparation by solid state
polymerization. More particularly the method relates to the preparation of block
copolymers incorporating polycarbonate and polyester structural units by solid state
polymerization.

Block copolymers are prized for the degree to which polymer physical properties are
determined by polymer structure. Block copolymer structure may be varied by
adjusting the monomers constituting the blocks, the length of the blocks, and the
number of blocks per copolymer molecule. Block copolymers prepared from two
different difunctional, mutually reactive oligomers, for example an oligomeric diacid
chloride and an oligomeric diol, are referred to as multiblock copolymers and possess
a structure in which there are multiple blocks comprising the structural units of the
first oligomer alternating with blocks comptising the structural units of the second
oligomer. The physical properties of multiblock copolymers may be adjusted
through careful control of the block length of the starting oligomers and the choice of
a synthetic method which preserves the block length of the starting oligomers in the
final multiblock copolymer.

Block copolymers incotporating polycarbonate and polyester structural units, block
copolyestercarbonates, have demonstrated effectiveness as UV resistant
thermoplastics and hold promise as “weatherable” plastic materials for use in
applications in which resistance to the elements is required. Block
copolyestercarbonates are typically prepared by reaction of at least one aromatic
dihydroxy compound with at least one aromatic dicarboxylic acid dichloride in the
presence of water and a solvent such as methylene chloride, an acid acceptor such as
sodium hydroxide, and an amine catalyst such as triethylamine to produce a hydroxy-
terminated oligomeric polyester. The hydroxy-terminated oligomeric polyester is then
further reacted with an additional source of carbonate units, for example phosgene,
under interfacial conditions analogous to those used in making polycarbonates such as
bisphenol A polycarbonate, in the presence of at least one dihydroxy aromatic
compound. A block copolyestercarbonate having polyester blocks and polycarbonate
blocks is produced.
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Current methods of preparing block copolyestercarbonates suffer from the
disadvantages inherent in the use of highly toxic chemicals such as phosgene.
Moreover, the use of one or more solvents during the preparation of the hydroxy-
terminated oligomeric polyester and during the reaction of the hydroxy-terminated
oligomeric polyester with phosgene and at least one dihydroxy aromatic compound
requires that steps must be taken to prevent the escape of process solvents from the
equipment used. Control measures taken to prevent the escape of process solvents
add to the cost and complexity of the manufacturing process. It would be desirable to
provide a method for making copolyestercarbonates which did not rely on phosgene
and minimized the use of organic solvents.

An alternative methodology, analogous to the melt preparation of polycarbonates , is
inapplicable to the manufacture of block copolyestercarbonates due to the tendency of
the structural units to randomize under the reaction conditions. Thus, treatment of a
mixture of one or more dihydroxy aromatic compounds with a source of ester units
such as diphenyl terephthalate, and a source of carbonate units such as diphenyl
carbonate in the melt at high temperature in the presence of a catalyst such as sodium
hydroxide affords a random copolyestercarbonate owing to the tendency of the
structural units of the copolyestercarbonate to achieve a statistical distribution
throughout the polymer chains under melt polymerization conditions.

Attempts to incorporate hydroxy-terminated oligomeric polyester intact into
polycarbonate chains by reaction of said hydroxy-terminated oligomeric polyester
with a source of carbonate units such as diphenyl carbonate and a dihydroxy aromatic
compound under the conditions used to prepare melt polycarbonate likewise affords a
random copolyestercarbonate owing to the tendency of the polyester blocks to
randomize as the polymerization proceeds. In addition to affording random
copolyestercarbonates, the “melt” method, although obviating the need for phosgene
or an organic solvent such as methylene chloride, requires high temperatures and
relatively long reaction times. As a result, by-products may be formed at high
temperature, such as the products arising by Fries rearrangement of carbonate and
ester units along the growing polymer chains. Fries rearrangement gives rise to
uncontrolled polymer branching which may negatively impact the flow properties and
performance of the polymer. Moreover, Fries rearrangement may result in
“yellowing” of the product copolyestercarbonate. It would be desirable therefore to
provide a method for making block copolymers incorporating polycarbonate and
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polyester structural units which did not require the use of high temperatures and
which minimized the formation of Fries product.

Polycarbonates and copolyestercarbonates have been prepared by solid state
polymerization (SSP). SSP offers several advantages over both melt phase and the
interfacial polycondensation processes. SSP does not require the use of phosgene gas
which forms an important element of the interfacial process. Additionally SSP
utilizes considerably lower temperatures than those required for the preparation of
high molecular weight polycarbonate by melt polymerization of a diaryl carbonate
such as diphenyl carbonate and a bisphenol such as bisphenol A. Also, the SSP
process, unlike the melt phase process, does not require handling highly viscous
polymer melt at high temperatures and the special equipment capable of mixing
polymer melt under vacuum at high temperature required in the melt process is not

required to perform the SSP process.

In a solid state polymerization process, a precursor polycarbonate, typically a
relatively low molecular weight oligomeric polycarbonate, is prepared by the melt
reaction of a diaryl carbonate such as dipheny] carbonate with a bisphenol such as
bisphenol A. In the preparation of bisphenol A polycarbonate oligomers, a diaryl
catbonate such as diphenyl carbonate is heated together with bisphenol A in the
presence of a catalyst such as sodium hydroxide while removing phenol. Phenol is
formed as a by-product of the transesterification reaction between phenolic groups of
the growing polymer chains and diphenyl carbonate or phenyl carbonate polymer
chain endgroups. This oligomerization reaction is typically carried out under reduced
pressure to facilitate the orderly removal of the phenol by-product. When the desired
level of oligomerization bas been achieved the reaction is terminated and the product
oligomeric polycarbonate is isolated. The oligomeric polycarbonate so produced is
amorphous and must be partially crystallized in order to be suitable for solid state

polymerization.

The oligomeric polycarbonate may be partially crystallized by one of several methods,
such as exposure of powdered or pelletized oligomer to hot solvent vapors, or
dissolution of the amorphous oligomer in a solvent such as methylene chloride and
thereafter adding a solvent such as methanol or ethyl acetate to precipitate crystalline
oligomeric polycarbonate. Typically, such solvent vapor or liquid solvent
crystallization methods result in partially crystalline oligomeric polycarbonates
having a percent crystallinity between about 20 and about 40 percent as measured by

3
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differential scanning calorimetry. A percent crystallinity in this range is usually
sufficient for the oligomeric polycarbonate to undergo solid state polymerization
without fusion of the pellets or powder being subjected to SSP. In addition to solvent
induced crystallization, oligomeric bisphenol A polycarbonate has been crystallized
by dissolving dipheny] carbonate in molten amorphous polycarbonate oligomer
followed by cooling the mixture to ambient temperature to afford partially crystalline
polycarbonate as a mixture with diphenyl carbonate. Finally, amorphous oligomeric
polycarbonates have been crystallized by prolonged heating at a temperature below
the melting point of the partially crystalline polycarbonate. However, such thermally
induced crystallization is quite slow relative to the aforementioned crystallization
methods.

The partially crystalline oligomeric polycarbonate in a solid form such as a powder,
particulate or pellet is then heated under solid state polymerization conditions at a
temperature below the sticking temperature or melting point of the oligomeric
polycarbonate, but above the glass transition temperature of the partially crystalline
oligomeric polycarbonate, and the volatile by-products formed as chain growth
occurs, phenol, diphenyl carbonate and the like, are removed. The polycondensation
reaction which converts the low molecular weight oligomer to high polymer is
effected in the solid state under these conditions.

Although modern solid state polymerization methods provide a valuable alternative to
the melt and interfacial copolyestercarbonate syntheses, the solid state polymerization
method suffers from several disadvantages. Typically, the partially crystalline
precursor polycarbonate and a partially crystalline oligomeric polyester precursor
require two steps for their preparation; an oligomerization step and a crystallization
step. Moreover, the solid state polymerization process itself is relatively slow, and
affords a random distribution of ester and carbonate structural units within the product
copolyestercarbonate. Thus it would be highly desirable to discover improvements
which provide greater efficiency in the preparation of the partially crystalline
precursor polycarbonate, employ either an amorphous or crystalline oligomeric
polyester precursor, and enhance the rates of solid state polymerization such that
palymer chain growth proceeds faster than the processes responsible for
randomization of ester and carbonate structural units. Such randomization processes
typically are manifested by a dramatic reduction in polyester and polycarbonate block
lengths.
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BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention provides a method of preparing block copolymers,
said method comprising contacting a partially crystalline polycarbonate starting
material (A) comprising activated terminal aryloxy groups with at least one polymeric
species (B) comprising reactive terminal hydroxy groups under solid state
polymerization conditions to afford a product block copolymer. In one aspect of the
present invention the block copolymer is a multiblock copolyestercarbonate.

DETAILED DESCRIPTION OF THE INVENTION

The present invention may be understood more readily by reference to the following
detailed description of preferred embodiments of the invention and the examples
included herein. In this specification and in the claims which follow, reference will be
made to a number of terms which shall be defined to have the following meanings.

The singular forms “a”, “an” and “the” include plural referents unless the context

clearly dictates otherwise.

“Qptional” or “optionally” means that the subsequently described event or
circumstance may or may not oceur, and that the description includes instances where

the event occurs and instances where it does not.

As used herein the term “polycarbonate” refers to polycarbonates incorporating
structural units derived from one or more dihydroxy aromatic compounds and
includes copolycarbonates and polyester carbonates.

As used herein, the term “melt polycarbonate” refers to a polycarbonate made by the
transesterification of at least one diaryl carbonate with at least one dihydroxy aromatic

compound.

“BPA” is herein defined as bisphenol A and is also known as 2,2-bis(4-
hydroxyphenyl)propane, 4,4’ -isopropylidenediphenol and p,p-BPA.

As used herein, the term “bisphenol A polycarbonate” refers to a polycarbonate in
which essentially all of the repeat units comprise a bisphenol A residue.

As used herein, the term “partially crystalline polycarbonate starting material (A)

comprising activated terminal aryloxy groups™ is used interchangeably with the terms

“partially crystalline polycarbonate starting material (A)” and “starting material (A)”,
5
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each of said terms referring to a partially crystalline polycarbonate comprising
activated terminal aryloxy groups.

As used herein the term “polymeric species (B) comprising reactive terminal hydroxy
groups” is used interchangeably with the terms “polymeric species (B)” and “starting
material (B)”, each of said terms referring to a polymeric species comprising reactive
terminal hydroxyl groups.

As used herein, the term “partially crystalline polycarbonate starting material” refers
to a partially crystalline polycarbonate of any molecular weight which is used as a
reactant in a solid state polymerization reaction.

As used herein, the term “polymeric species” includes both polymetic and oligometic
materials. Polymeric materials are defined as having weight average molecular
weights, M,,, greater than 15,000 daltons, and oligomeric materials are defined as
having weight average molecular weights, M,,, less than 15,000 daltons.

The term “partially crystalline precursor polycarbonate” refers to an oligomeric
polycarbonate having a weight average molecular weight of less than 15000 daltons
and percent crystallinity of at least about 15 percent based on differential scanning
calorimetry.

The terms “partially crystalline precursor polycarbonate™ and “partially crystalline
oligomeric polycarbonate™ are used interchangeably.

As used herein, the term “polyester” includes both aliphatic and aromatic polyesters.
Thus, the term “polyester” as used herein includes aromatic polyesters sometimes
referred to as “polyarylates”.

As used herein, the term “oligomeric hydroxy-terminated polyester” includes both
aliphatic and aromatic oligomeric hydroxy-terminated polyesters. Thus, the term
“oligomeric hydroxy-terminated polyesters” includes oligomeric hydroxy-terminated

polyarylates.

As used herein, the term “oligomeric hydroxy-terminated polyester” refers to an
oligomeric polyester having a weight average molecular weight (M,,) of less than
15,000 and having hydroxy groups at about 50 percent or more of its chain ends. For
example, a polyester prepared by the melt reaction of excess resorcinol with a 1:1
mixture of diphenyl isophthalate and diphenyl terephthalate, having a weight average

6
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molecular weight of 9,000 daltons and possessing hydroxy groups at 80 percent of the
chain ends and phenoxy groups at 20 percent of the chain ends, represents an
oligomeric hydroxy-terminated polyester.

As used herein, the term “reactive terminal hydroxyl groups” refers to hydroxy groups
located at the chain ends of polymeric species, for example, the hydroxy groups found
at the chain ends of an oligomer produced by the interfacial reaction of a 10 mole
percent excess of bisphenol A with isophthaloyl dichloride.

As used herein the terms bis(methyl salicyl) carbonate and bis(2-
methoxycarbonylphenyl) carbonate have the same meaning and are used
interchangeably.

As used herein the term “percent endcap” refers to the percentage of polycarbonate
chain ends which are not hydroxyl groups. In the case of bisphenol A polycarbonate
prepared from diphenyl carbonate and bisphenol A, a “percent endcap” value of about
75% means that about seventy-five percent of all of the polycarbonate chain ends
comprise phenoxy groups while about 25% of said chain ends comprise hydroxyl
groups. The terms “percent endcap™ and “percent endcapping” are used
interchangeably.

As used herein the term “aromatic radical” refers to a radical having a valence of at
least one and comprising at least one aromatic ring. Emmplés of aromatic radicals
include phenyl, pyridyl, furanyl, thienyl, naphthyl, phenylene, and biphenyl. The
term includes groups containing both aromatic and aliphatic components, for example
a benzyl group.

As used herein the term “aliphatic radical” refers to a radical having a valence of at
least one and consisting of a linear or branched array of atoms which is not cyclic.

The array may include heteroatoms such as nitrogen, sulfur and oxygen or may be
composed exclusively of carbon and hydrogen. Examples of aliphatic radicals include
methyl, methylene, ethyl, ethylene, hexyl, hexamethylene and the like.

As used herein the term “cycloaliphatic radical” refers to a radical having a valance of
at least one and comprising an array of atoms which is cyclic but which is not
aromatic, and which does not further comprise an aromatic ring. The array may
include heteroatoms such as nitrogen, sulfur and oxygen or may be composed
exclusively of carbon and hydrogen. Examples of cycloaliphatic radicals include

7
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cyclopropyl, cyclopentyl cyclohexyl, 2-cyclohexylethy-1-yl, tetrahydrofuranyl and the
like.

As used herein, the term “multilayer article” refers to an article which comprises at

least two layers.

The present invention relates to a method for preparing block copolymers, said
method comprising contacting a partially crystalline polycarbonate starting material
(A) comprising activated terminal aryloxy groups with at least one polymeric species
(B) comprising reactive terminal hydroxy groups under solid state polymerization
conditions to afford a product block copolymer. In one aspect of the present invention
the block copolymer is a multiblock copolyestercarbonate.

The partially crystalline polycarbonate starting material (A) according to the method
of the present invention comprises activated terminal aryloxy groups having structure
1

(GON

R
1

wherein R! is independently at each occurrence a C,-C, aliphatic radical, C;-Cy,
cycloaliphatic radical, C,-C,, aromatic radical; R? is independently at each occurrence
a halogen atom, nitro group, cyano group, C,-C,, alkoxycarbonyl group, C;-Cy, acyl
group, C,-Cyy cycloalkoxycarbonyl group, Ce-C,, aryoxycarbonyl group, C,-Cy,
alkylaminocarbony! group, C,-C,, dialkylaminocarbonyl group, or a C;-Cy,
perfluoroalkyl group; p is an integer having a value 0 to 4, and q is an integer having a
value of 1 to 5.

Terminal groups having structure I are exemplified by the 2-
methoxycarbonylphenoxy, 2-cyanophenoxy, 2-acetylphenoxy, 2-nitrophenoxy, 4~
nitrpophenoxy, and 2,4,6-trifluorophenoxy groups.
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In one embodiment of the present invention the partially crystalline polycarbonate
starting material (A) comprising activated terminal aryloxy groups is prepared by the
melt reaction of at least one dihydroxy aromatic compound with at least one diaryl
carbonate to provide an amorphous polycarbonate which is then crystallized in a
second step. In some instances the partially crystalline polycarbonate starting material
(A) comprising activated terminal aryloxy groups may be obtained directly by
reaction of a dihydroxy aromatic compound with a diaryl carbonate, for example the
reaction of bisphenol A with bis(methyl salicyl) carbonate under reaction conditions
promoting the crystallization of the polycarbonate product. Alternatively, the partially
crystalline polycarbonate starting material (A) comprising activated terminal aryloxy
groups may be obtained by interfacial reaction of phosgene with at least one
dihydroxy aromatic compound in the presence of an acid acceptor and a hydroxy
aromatic compound chainstopper, said chain stopper comprising at least one
“activating substituent”. Activating substituents include alkoxycarbonyl groups; for
example, the methoxycarbonyl group, the cyano group; the nitro group; and halogen
atoms. Chainstoppers incorporating at least one activating substituent are exemplified
by methyl salicylate, 2-cyanophenol, 2,4,6-trifluorophenol and the like.

In yet a further embodiment of the present invention, the partially crystalline
polycarbonate starting material (A) comprising activated terminal aryloxy groups is
prepared by a method comprising treatment under melt reaction conditions of a
polycarbonate comprising reactive terminal hydroxy groups, with a diaryl carbonate
comprising activating substituents, for example, diaryl carbonates having structure II.
Thus, a polycarbonate comptising reactive terminal hydroxy groups, said
polycarbonate having been prepared either by melt polymerization or interfacial
polymerization, may be further reacted with a diaryl carbonate comprising activating
substituents, thereby converting all or a portion of said reactive terminal hydroxy
groups to endgroups comprising activated terminal aryloxy groups and affording a
polycarbonate comprising said activated terminal aryloxy groups. Crystallization of
said polycarbonate comprising activated terminal aryloxy groups affords starting
material (A).

The term “melt polymerization conditions” is understood to mean those conditions
necessary to effect reaction between a diaryl carbonate and a dihydroxy aromatic
compound in the presence of a catalyst and optionally a co-catalyst. The catalyst may
be any one of a number of transesterification catalysts, such as alkali metal
hydroxides, alkaline earth hydroxides and mixtures thereof. Co-catalysts include

9

JP 2005-508419 A 2005.3.31



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

Q7

WO 03/040208 PCT/US02/32085

tetraalkylammonium hydroxides, such as tetramethylammonium hydroxide;
tetraalkylphosphonium hydroxides, such as tetrabutylphosphonium hydroxide; and
tetraalkylphosphonium carboxylates, such as tetrabutylphosphonium acetate. The
reaction temperature is typically in the range of about 100 to about 350°C, more
preferably about 180 to about 310°C. The pressure may be at atmospheric pressure,
supraatmospheric pressure, or a range of pressures from atmospheric pressure to about
15 torr in the initial stages of the reaction, and at a reduced pressure at later stages, for
example in the range of about 0.2 to about 15 torr. The reaction time is generally
about 0.1 hours to about 10 hours.

In one embodiment of the present invention the partially crystalline polycarbonate
starting material (A) is prepared by a method comprising reacting under melt
polymerization conditions at least one dihydroxy aromatic compound with at least one
diaryl carbonate II

R
o

wherein R!, R? | p and q are defined as in structure I.

Diaryl carbonates II are exemplified by bis(2-methoxycarbonylphenyl) carbonate,
bis(4-chloro-2-methoxycarbonylphenyl) carbonate, bis(2-ethoxycarbonylphenyl)
carbonate, bis(2-butoxycarbonylphenyl) carbonate, bis(2,4,6-trifluorophenyl)
carbonate, bis(2-nitrophenyl) carbonate, and bis(2-cyanophenyl) carbonate.

Dihydroxy aromatic compounds which may be employed to prepare said partially

M \\<R3)m
|\ |
HO 3 Z OH
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crystalline polycarbonate starting material (A) include bisphenols IIT

wherein R® is independently at each occurrence a halogen atom, nitro group, cyano
group, C;-C,, alkyl group, C,-C,, cycloalkyl group, or C¢-C,, aryl group; n and m are
independently integers 0-4; and W is a bond, an oxygen atom, a sulfur atom, a SO,
group, a C,-C,, aliphatic radical, a C4C,, aromatic radical, a C4-C,, cycloaliphatic
radical or the group

R* R®
N

wherein R* and R® are independently a hydrogen atom, C,.C,, alkyl group, C,.Cy,
cycloalkyl group, or C, Cy,aryl group; or R* and R together form a C, Cy,
cycloaliphatic ring which is optionally substituted by one or more C,.Cy; alkyl, Cs.Cy,
aryl, C;.C,, aralkyl, C; Cycycloalkyl groups or a combination thereof.

Bisphenols having structure III are exemplified by bisphenol A; 2,2-bis(4-hydroxy-3-
methylphenyl)propane; 2,2-bis(4-hydroxy-2-methylphenyl)propane; 2,2-bis(3-chloro-
4-hydroxyphenyl)propane; 2,2-bis(3-bromo-4-hydroxyphenyl)propane; 2,2-bis(4-
hydroxy-3-isopropylphenyl)propane; 1,1-bis(4-hydroxypheny})cyclohexane; 1,1-
bis(4-hydroxy-3-methylphenyl)cyclohexane; 1,1-bis(4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; 4,4°-dihydroxy-1,1-biphenyl; 4,4°-dihydroxy-3, 3°-dimethyl-
1,1-biphenyl; 4,4’-dihydroxy-3,3’-dioctyl-1,1-biphenyl; 4,4’-dihydroxydiphenylether;
4,4°-dihydroxydiphenylthioether; 1,3-bis(2-(4-hydroxyphenyl)-2-propyl)benzene; 1,3-
bis(2-(4-hydroxy-3-methylphenyl)-2-propyl)benzene; 1,4-bis(2-(4-hydroxyphenyl)-2-
propyl)benzene and 1,4-bis(2-(4-hydroxy-3-methylphenyl)-2-propyl)benzene.

In one embodiment of the present invention the partially crystalline polycarbonate
starting material (A) comprises repeat units derived from bisphenol A, and 2-
methoxycarbonylphenoxy groups, IV, said group IV comprising the activated terminal
aryloxy groups.

Qv

CO,CH;
v
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Typically, the partially crystalline polycarbonate starting material (A) will have a
percent endcap of between about 50 and about 100 percent and a percent crystallinity
as measured by differential scanning calorimetry of between about 15 and about 40
percent. Typically, starting material (A) will have a weight average molecular weight
between about 1000 and about 30,000 daltons.

In one embodiment of the present invention the partially crystalline polycarbonate
starting material (A) is a “partially crystalline precursor polycarbonate” as defined
herein, said partially crystalline precursor polycarbonate having a weight average
molecular weight less than 15000 daltons, preferably in a range between about 1000
and about 14000 dalions.

The polymeric species (B) comprising reactive terminal hydroxy groups may be at
least one polyester, polycarbonate, polyether, polyetherketone, polyethersulfone,
polyetherimides, and a mixture thereof.

In one embodiment of the present invention the polymeric species (B) comprising
reactive terminal hydroxy groups comprises structural units selected from the group
consisting of

(1) polyester structural units corresponding to structure V
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wherein R® and R’ are independently at each oceurrence a halogen atom, C;-Cy,
aliphatic radical, C,-C,, cycloaliphatic radical, or a C-C,, aromatic radical, andr and s
are independently integers having values from 0 to 4; and

(2) polycarbonate structural units corresponding to structure VI

R)m
YT T
M AN

VI

wherein R , n, m, and W are defined as in structure ITI.

In a further embodiment of the present invention the polymeric species (B)
comprising reactive terminal hydroxy groups is an oligomeric polyester comprising
structural units VI and having a degree of polymerization of at least about 4.

]

ViI

Polyesters comprising repeat units having structure V may be prepared by a variety of
known methods including the interfacial reaction of one or more diacid chlorides,
such as terephthaloyl dichloride and isophthaleyl dichloride, with one or more
dihydroxy aromatic compounds, such as resorcinol, in the presence of an acid
acceptor and an amine catalyst such as a triethylamine.

13
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Tn one embodiment, resorcinol is reacted with a mixture of terephthalayl dichloride
and isophthaloyl dichloride under interfacial conditions such that the molar ratio of
resorcinol to total moles of terephthaloyl dichloride and isophthaloyl dichloride is
between about 1.01 and about 1.5, and the molar ratio of terephthaloyl dichloride to
isophthaloyl dichloride is in a range between about 1 to about 10 and about 10 to
about 1.

Polyesters comprising repeat units having structure V may also be prepared by
contacting one or more dihydroxy aromatic compounds, such as resorcinol and
hydroquinone, with one or more diaryl esters such as diphenyl terephthalate and
diphenyl isophthalate, under melt polymerization conditions in the presence of a.
transesterification catalyst such as an alkali metal hydroxide and a co-catalysts, such
as a tetraalkylammonium hydroxide. The use of excess dihydroxy aromatic
compound favors the formation of hydroxy terminated polymeric species.

In one embodiment of the present invention polymeric species (B) is a polyester
comprising repeat units VII and further comprising reactive terminal hydroxy groups
is prepared by reacting resorcinol under melt polymerization conditions with a
mixture of diphenyl terephthalate and diphenyl isophthalate in the presence of a
transesterification catalyst. The reaction is catried out such that the molar ratio of
moles of resorcinol to the combined number of moles of diphenyl terephthalate and
diphenyl isophthalate is between about 1.01 and about 1.5, and the molar ratio of
diphenyl terephthalate to diphenyl isophthalate is in a range between about 1 to about
10 and about 10 to about 1.

In an alternate embodiment of the present invention polymeric species (B) comprising
repeat units VII and further comprising reactive terminal hydroxy groups is prepared
by reacting resorcinol reacted under melt polymerization conditions with a mixture of
diphenyl terephthalate and diphenyl isophthalate in the absence of any added catalyst.
The reaction is carried out such that the molar ratio of moles of resorcinol to the
combined number of moles of diphenyl terephthalate and diphenyl isophthalate is
between about 1.01 and about 1.5, and the molar ratio of diphenyl terephthalate to
diphenyl isophthalate is in a range between about 1 to about 10 and about 10 to about
1.

Block copolymers are prepared according to the method of the present invention by

contacting a partially crystalline polycarbonate starting material (A) comprising

activated terminal aryloxy groups with at least one polymeric species (B) comprising
14
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reactive terminal hydroxy groups under solid state polymerization conditions. The
starting material (A) may be a partially crystalline “polymeric material” as defined
herein, meaning a polycarbonate having a weight average molecular weight, M,,, of
greater than 15,000 daltons. Alternatively, partially crystalline polycarbonate starting
material (A) may be a partially crystalline oligomeric polycarbonate having M,,, of
less than 15,000 daltons.

Contacting the partially crystalline polycarbonate starting material (A) comprising
activated terminal aryloxy groups with at least one polymeric species (B) comprising
reactive terminal hydroxy groups under solid state polymerization conditions may be
carried out by forming a mixture of starting materials (A) and (B) and subjecting the
said mixture to solid state polymerization conditions. The mixture may be formed by
mixing the partially crystalline polycarbonate starting material (A) in powder form
with polymeric species (B) in powder form. This mixing may be accomplished by dry
mixing the two powders using a variety of mechanical devices, for example, a roller
mixer, or a Henschel mixer.

Typically, crystalline polycarbonate starting material (A) is mixed together with at
least one polymeric species (B) such that the weight ratio of starting material (A) to
starting material (B) is in a range between about 0.01 to about 100 and about 100 to
about 0.01. For example, the starting materials (A) and (B) are mixed ina weight
ratio of between 0.01 grams and 100 grams starting material (A) per gram of starting
material (B). More typically, the weight ratio of starting matetial (A) to starting
material (B) is in a range between about 1 to about 5 and about 5 to about 1. In
instances wherein starting material (A) is partially crystalline and starting material (B)
is amorphous it is desirable that starting material (A) be the major component present

in the mixture.

In some instances the polymeric species (B) may be a partially crystalline material or
may be amorphous. For example, where the polymeric species (B) is a hydroxy
terminated polyester such as polyethylene terephthalate or polybutylene terephthalate
it may be a partially crystalline material. Alternatively, where polymeric species (B)
is a hydroxy terminated polyarylate comprising structural units derived from
resorcinol, diphenyl terephthalate and diphenyl isophthalate it will typically be an
amorphous material.

Alternate methods of preparing mixtures of the starting materials (A) and (B) include
preparing a solution containing a polycarbonate starting matetial comprising activated
15
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terminal aryloxy groups, and a polymeric species (B), and adding an anti solvent to
precipitate the two materials as a mixture. Suitable solvents include balogenated
solvents such as methylene chloride. Anti solvents include alcohols such as methanol,
ketones such as acetone, and esters such as ethyl acetate. The precipitate contains the
polymeric species (B) admixed with the partially crystalline polycarbonate starting
material (A).

In one embodiment of the present invention the partially crystalline precursor
polycarbonate (A) in powder form is mixed with at least two polymeric species B),
for example powdered forms of polyethylene terephthalate and a polyarylate oligomer
comprising structural units VII, and the mixture of powders is then reacted under
solid state polymerization conditions to afford a block copolyestercarbonate.

The solid state polymerization conditions employed according to the method of the
present invention comprise heating a mixture of the partially crystalline polycarbonate
starting material (A) with at least one polymeric species (B) at a temperature between
about 100°C and about 240°C for a period of from about 0.5 and about 10 hours,
preferably between about 140°C and about 220°C for a period of from between about
between about 2 and about 9 hours. The solid state polymerization may be carried out
in any reaction vessel adapted for contacting a stream of an inert gas with the solid
undergoing solid state polymerization, and removal of the by-products of solid state
polymerization. The by-products of solid state polymerization are principally
hydroxy aromatic compounds comprising at least one activating substituent, for
example methyl salicylate. The hydroxy aromatic compound by-products are formed
in chain growth steps such as when the reactive hydroxy groups of starting material
(B) react with the activated terminal groups of starting material (A). The by-products
of solid state polymerization may also include diaryl carbonates such as II and mixed
carbonates, for example phenyl salicyl carbonate. Mixed carbonates and phenol may
be present in the by-products of solid state polymerization when starting material (A)
comprises activated terminal aryloxy groups and starting material (B) comprises
terminal phenoxy groups, as is the case when stating material (B) is made by the melt
reaction of one or more diphenyl esters with a molar excess of a dihydroxy aromatic

compound.

The solid state polymerization process may be carried out in either a batch or
continuous mode. In one embodiment of the present invention the solid mixture

16
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undergoing solid state polymerization is configured as a fixed bed with an inert gas
passing through it.

The block copolymer product made by the method of the present invention is typically
amulti-block copolymer. In some instances both starting material (A) and starting
material (B) contain internal functional groups subject to attack by a reactive hydroxy
group, for example the internal carbonate groups of starting material (A) or the
internal ester linkages present when starting material (B) is an oligomeric polyester.
Reactions between terminal reactive hydroxy groups and internal functional groups
results in a reduction of the average block length of one or more of the blocks present
in the product block copolymer. Under certain conditions a completely random
distribution of the repeat units present in the product block copolymer may be
obtained. An important feature of the method of the present invention is the ability to
control and limit the randomization of the structural units present in the block
copolymer. This is achieved by favoring bond forming processes between starting
material (A) and starting material (B) based upon the enhance reactivity of the
terminal groups in starting material (A). Thus the method of the present invention
preserves to a greater extent the block lengths of the starting materials than do other
solid state polymerization methods in which the partially crystalline polycarbonate
lacks activated terminal aryloxy groups I. This preservation of the block lengths is
quantifiable by comparing the block lengths present in the product block copolymer
with the block lengths which would be expected if the structural units of the
copolymer were distributed randomly along the polymer chain. In one embodiment of
the present invention the block lengths of the product block copolymer are at least 50
to about 90 percent longer, preferably at least 60 to about 90 percent longer than the
corresponding random distribution of structural units in an identically constituted
copolymer.

The block copolymers made by the method of the present invention may optionally be
blended with any conventional additives, including but not limited to dyestuffs, UV
stabilizers, antioxidants, heat stabilizers, and mold release agents, to form a molded
article. In particular, it is preferable to form a blend of the block copolymer and
additives which aid in processing the blend to form the desired molded article. The
blend may optionally comprise from about 0.0001 to about 10% by weight of the
desired additives, more preferably from about 0.0001 to about 1.0% by weight of the
desired additives.
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Substances or additives which may be added to the block copolymers of this
invention, inchude, but are not limited to, heat-resistant stabilizer, UV absorber, mold-
release agent, antistatic agent, slip agent, antiblocking agent, lubricant, anticlouding
agent, coloring agent, natural oil, synthetic oil, wax, organic filler, inorganic filler and
mixtures thereof.

Examples of the aforementioned heat-resistant stabilizers, include, but are not limited
to, phenol stabilizers, organic thioether stabilizers, organic phosphide stabilizers,
hindered amine stabilizers, epoxy stabilizers and mixtures thereof. The heat-resistant
stabilizer may be added in the form of a solid or liquid.

Examples of UV absorbers include, but are not limited to, salicylic acid UV absorbers,
benzophenone UV absorbers, benzotriazole UV absorbers, cyanoacrylate UV
absorbers and mixtures thereof.

Examples of the mold-release agents include, but are not limited to natural and
synthetic paraffins, polyethylene waxes, fluorocarbons, and other hydrocarbon mold-
release agents; stearic acid, hydroxystearic acid, and other higher fatty acids,
hydroxyfatty acids, and other fatty acid mold-release agents; stearic acid amide,
ethylenebisstearamide, and other fatty acid amides, alkylenebisfatty acid amides, and
other fatty acid amide mold-release agents; stearyl alcahol, cetyl alcohol, and other
aliphatic alcohols, polyhydric alcohols, polyglycols, polyglycerols and other alcoholic
mold release agents; butyl stearate, pentaerythritol tetrastearate, and other lower
aleohol esters of fatty acid, polyhydric alcohol esters of fatty acid, polyglycol esters of
fatty acid, and other fatty acid ester mold release agents; silicone oil and other silicone
mold release agents, and mixtures of any of the aforementioned.

The coloring agent may be either pigments or dyes. Inorganic coloring agents and

organic coloring agents may be used separately or in combination in the invention.

The block copolymers prepared by the method of the present invention may
transformed into desired articles by molding the block copolymer, or a blend of the
block copolymer with a second polymer such as bisphenol A polycarbonate, by
injection molding, compression molding, extrusion methods and solution casting
methods. Injection molding is the more preferred method of forming the article. In
one embodiment, the molded article formed from the block copolymer made by the
method of the present invention is a multilayer article. Multilayer articles prepared
from block copolymers comprising structural units V and VI, said block copolymers

18
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being prepared by the method of the present invention, are particularly well suited for
use in such varied outdoor applications such as body parts for outdoor vehicles and
the like.

EXAMPLES

The following examples are set forth to provide those of ordinary skill in the art with a
detailed description of how the methods claimed herein are made and evaluated, and
are not intended to limit the scope of what the inventors regard as their invention.
Unless indicated otherwise, parts are by weight, temperature is in ® C.

Molecular weights are reported as number average (M,) or weight average ™)
molecular weight and were determined by gel permeation chromatography (GPC).
Two GPC calibration methods were employed. The first method employed
polycarbonate molecular weight standards to construct a broad standard calibration
curve against which polymer molecular weights were determined. This calibration
method was used to determine the molecular weights of methyl salicylate endcapped
polycarbonate oligomers used to prepare block copolycarbonates as described herein.
The second GPC calibration method relied upon a series of polystyrene standards of
known molecular weight which were used to construct a calibration curve with which
to determine the molecular weights of product copolyestercarbonates. This second
GPC calibration method was also used to determine the molecular weights of
oligomeric polyesters described herein. When characterizing a polycarbonate by
GPC, it is generally believed that the molecular weights obtained using polycarbonate
standards are more accurate than those obtained using polystyrene standards. In
general, polycarbonate molecular weights determined using a polystyrene standard
based GPC method have M, and M,, values which are about 1.5 to about 2.5 times
higher than the same values measured using polycarbonate standards. Throughout
this application, the degree of polymerization (DP) of polycarbopate and polyester
oligomers was obtained using NMR. Polycarbonate oligomer degree of
polymerization values obtained by NMR generally correlate well with M, values
obtained by GPC using polycarbonate molecular weight standards. Gel permeation
chromatography was carried out such that the temperature of the columns was about
25°C and the mobile phase was chloroform.

Solid state polymerizations were carried out as follows. About 1 gram of the material

being subjected to a “heating protocol under solid state polymerization conditions™

was placed in a 10 mL fritted funnel positioned in a convection ovet. The base of the
19
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oven was equipped with a nitrogen inlet. Nitrogen, preheated by passage through
approximately 16 meters of copper tubing contained within the convection oven, was
passed through the base of the funnel, through the material undergoing solid state
polymerization and out through the top of the funnel. The nitrogen flow rate was
about 2.5 liters per minute. Typically, over the course of the solid state polymerization
reaction the temperature was raised in one or more steps from an initial temperature of
about 140°C to a final temperature in a range between about 165°C and about 220°C.
The course of the solid state polymerization reaction was followed by periodically
sampling the material in the fritted funnel and subjecting the sample to differential
scanning calorimetry (DSC). The copolyestercarbonate product of solid state
polymerization the product was characterized by DSC to determine the glass
transition temperature, GPC using polystyrene standards to determine the values of
M, and M,, , and NMR to evaluate the composition and blockiness of the product
copolyestercarbonate. The product copolyestercarbonates are “multiblock

copoly bonates” which for convenience are referred to here simply as “block

copolyestercarbonates”.

PREPARATION OF METHYL SALICYLATE ENDCAPPED POLYCARBONATE
OLIGOMERS

Melt reactions of bis(methyl salicyl) carbonate with bisphenol A reactions were
carried out in a 500-mL or 1000-L glass batch reactor equipped with a helical agitator,
distillation head and a graduated receiving vessel. To remove any adventitious
sodium from the glass walls of the reactor, the reactor was soaked in 3N HCl for at
least 12 hours followed by rinsing and immersion in deionized water (18 Mohm) for
at least 12 hours. The reactor was then dried in an oven overnight prior to use. The
reactor was heated by means of a fluidized sand bath with a PID controller. The bath
temperature was measured near the interface of the reactor and the sand bath. The
pressure over the reactor was controlled by a nitrogen bleed downstream of the
receiving flask. Pressure was measured with a MKS pirani gauge.

Example 1

Amorphous methyl salicyl endcapped polycarbonate was prepared as follows. The

reactor was charged with 150 grams (0.6571 mole) solid bisphenol-A (BPA) and

243.6 grams (0.7368 mole) solid bis(methyl salicyl) carbonate (BMSC) such that the

molar ratio of BMSC to BPA was about 1.12 at the outset of the reaction. Tetrabutyl

phosphonium acetate co-catalyst was added in an amount corresponding to 2.5 x 10*
20
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moles co-catalyst per mole BPA. The catalyst, EDTA magnesium disodium salt, was
added in an amount corresponding to 1.0 x 10°° mole catalyst per mole BPA, The
reactor was sealed and the atmosphere was exchanged with nitrogen three times.
Following the final nitrogen exchange the pressure in the reactor was brought to
between about 5 and about 15mmHg. In a first stage, the reactor was submerged in
the fluidized bath at 170°C. After five minutes, agitation was begun at a rate of 60
rpm. After an additional ten to fifteen minutes the reactants were fully melted and the
agitator speed was increased to 200 rpm. The reaction mixture was stirred and heated
while liberated methyl salicylate was collected in the receiving vessel. Between about
90 and about 95 percent of the theoretical amount (based on complete reaction
between BPA and the BMSC) of the methyl salicylate by-product was removed at
170°C. The bath temperature was then raised through a series of temperature stages;
210°C, 240°C, and 270°C and the reaction mixture was stirred for 20 minutes at each
stage. During the last two stages (240°C and 270°C) the pressure over the reaction
mixture was reduced to about 1 torr or less. The reaction vessel was then removed
from the sand bath and the vessel was gently purged with nitrogen gas. The
amorphous, oligomeric product was recovered and was determined to have M, =
4820 and M, = 2138, as measured by GPC using a polycarbonate molecular weight
standards. The percent endcap was 99%.

Examples 2-6 represent analogously prepared amorphous methyl salicyl endcapped
polycarbonate oligomers. Data for oligomeric polycarbonates of Examples 2-6 are
gathered in Table 1.

TABLE 1 AMORPHOUS METHYL SALICYL ENCAPPED OLIGOMERS

wample | BMSC/BPA Mw Mn [CH] EC(%)
Z T.042 T2906 3697 109 982

3 T.052 10853 4973 96 986
7 T.064 9547 3871 189 979

3 T.087 5885 3134 0 100

6 T.136 4376 2013 0 T00

Examples 7-10

Crystalline oligomeric polycarbonates incorporating methyl salicyl endgroups were
prepared analogously. The reactor was charged with solid BPA (150g or 300g,
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0.6571 or 1.3141 mole) and solid BMSC such that the molar ratio of BMSC to BPA
was between about 1.00 and about 1.15 at the outset of the reaction. Catalyst
identities and amounts were the same as those used in Example 1. The reactor was,
sealed and the atmosphere was exchanged with nitrogen three times. Following the
final nitrogen exchange the pressure in the reactor was brought to between about 5
and about 15mmHg. In a first stage, the reactor was submerged into the fluidized bath
at 170°C. After five minutes, agitation was begun at a rate of 60 rpm. After an
additional ten to fifteen minutes the reactants were fully melted and the agitator speed
was increased to 200 rpm. The reaction mixture was stirred and heated while
liberated methy] salicylate was collected in the receiving vessel. To obtain lower
molecular weight crystalline oligomers, methyl salicylate was distilled from the
reaction vessel until between about 90 and about 95 percent of the theoretical amount
(based on complete reaction between BPA and the BMSC) of the methy] salicylate
by-product had been removed. The reaction vessel was then removed from the sand
bath and the vessel was gently purged with nitrogen gas. Upon cooling, the
crystalline oligomeric product was observed to contract and fracture. The cooled
crystalline product was easily poured from the reactor. Data for crystalline methyl )
salicyl endcapped polycarbonate oligomers prepared by this method are gathered in
Table 2.

TABLE 2 CRYSTALLINE METHYL SALICYL ENCAPPED OLIGOMERS

Example | BMSC/BPAT Mw Mn [OH] EC(%) [ % Cryst
7 T.05 9400 | 4017 778 90.8 2Z
8 1.03 12864 | 6026 T0T7 820 3T
9 102 15486 | 6553 TOZ5 | 802 30
10 1.0T7 16035 | 7021 959 802 30

In Tables 1 and 2 the ratio “BMSC/BPA” represents the mole ratio of bis(methyl
salicyl) carbonate to bisphenol A employed: The symbol “[OH]” is expressed in
parts per million (ppm) and represents the concentration of free hydroxyl groups
found in the product polycarbonate. The free hydroxyl group concentration was
determined by quantitative infrared spectroscopy. “EC (%) represents the percentage
of polymer chain ends not terminating in a hydroxyl group. Salicyl endgroups were
determined by HPLC analysis after product solvolysis. The term “% Cryst”
represents the percent crystallinity of the product polycarbonate and was determined
by differential scanning calorimetry.

22

JP 2005-508419 A 2005.3.31



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

(50)

WO 03/040208 PCT/US02/32085

PREPARATION OF HYDROXY TERMINATED POLYESTER OLIGOMERS
EXAMPLE 11

Into a glass reactor equipped with a mechanical stirrer, Dean Stark trap with Vigreux
column and vacuum attachment was charged resorcinol (3.03 g, 0.0275 moles),
diphenylisophthalate (3.98 g, 0.0125 moles), diphenylterephthalate (3.98 g, 0.0125
moles), lithium hydroxide (2.2 milligrams [mg]), and tetramethylammonium
hydroxide (10 microliters of 25 wt% solution). A nitrogen atmosphere was
established (3 vacuum purges) and slow stirring begun. The reactor was lowered into
a salt bath controlled at about 200°C. After 15 minutes the pressure was reduced to
100 Tozr. This pressure and temperature were maintained for 45 minutes during
which time about 1 mL of phenol was collected. The pressure was then lowered to 50
Torr and maintained for 60 minutes, collecting an additional 1 mL of phenol. The
temperature was then raised to 220°C and after 60 minutes an additional 1.2 mL of
phenol was obtained. For the next 30 minutes the reactor was held at 220°C and 25
Torr. Finally, the temperature increased to 240°C and full vacuum applied for 45
minutes, the final amount of phenol being about 3.5 mL (80% of theory). The viscous
amber colored material was poured onto an aluminum pan, yielding 4.5 grams product
oligomeric hydroxy-terminated polyester. GPC analysis indicated a Mw of 8,026.
The Tg of this material was 112°C. Oligomeric hydroxy-terminated polyesters
comprising structural units derived from resorcinol, isophthalic acid, and terephthalic
acid, or their derivatives, are referred to as “ITR oligomers”.

A series of oligomeric hydroxy-terminated polyesters comprising Examples 12-19
was prepared by the melt reaction of resorcinol with a 1:1 mixture of diphenyl
isophthalate and diphenyl terephthalate according to the method described in Example
11. Data for the oligomeric hydroxy-terminated polyesters of Examples 11-19 are
gathered in Table 3. Values of weight average molecular weight, M, were
determined by GPC using polystyrene molecular weight standards.
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TABLE 3 HYDROXY TERMINATED POLYESTER OLIGOMERS

Mw % excess % phenol

Example | oligomer® resorcinol removed Tg
11 8,026 10 80 112°C
12 8327 10 —— TI5°C
13 9,891 10 86 T18°C
14 14,400 10 93 -
5 35,511 32 I3 —
16 11,080 10 95 -
17 1,306 100 93 —--
18 35,209 32 95 -
0 7,541 10 93 —

* GPC determined M,, using polystyrene standards

BLOCK COPOLYMERS BY SOLID STATE POLYMERIZATION
Example 20

A mixture prepared from 1.0 gram of the amorphous methyl salicylate-endcapped
polycarbonate oligomer prepared in Example 1 (M,,= 4820, M, = 2138), having a
degree of polymerization of about 8.4, and 2g of an ITR oligomer, prepared as in
Example 11, having a degree of polymerization (DP) of about 9.2 as determined by
quantitative “C-NMR and/or *’P-NMR of the dioxaphospholane derivative, was
dissolved in methylene chloride. Ethyl acetate, in an amount corresponding to
approximately twice the amount of methylene chloride, was added to crystallize and
precipitate the mixture of oligomers from solution. The material thus precipitated was
separated from the liquid phase by filtration. The liquid phase was then evaporated to
dryness and the residue was combined with the solid recovered by filtration. After
drying at about 60°C in a vacuum oven overnight, the resulting powder was
characterized by differential scanning calorimetry (DSC), which indicated a glass
transition (T,) at about 100°C and two broad peaks corresponding to melting points at
approximately 148°C and 200°C, respectively. A portion of this mixture of partially
crystalline methyl salicyl endcapped polycarbonate oligomer and ITR oligomer was
reserved for use in Example 21. A second portion of the powder was then subjected
to the following heating protocol under solid state polymerization conditions.

Step Temperature Time Total Time
T 140°C 240 minutes 240 minutes
Z 135°C 150 minutes 390 minutes
3 165°C 150 minutes 540 minufes
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Following solid state polymerization the product block copolyestercarbonate was
analyzed by DSC, and shown to possess a T, of about 129°C and two broad peaks
corresponding to melting points at approximately 187°C and 208°C, respectively.
GPC indicated a single peak with M,,= 28000 daltons and M, = 9540 daltons using
polystyrene standards. Quantitative *C-NMR indicated a blocky copolymer with an
average polycarbonate block length of about 4.05 and an average polyester block
length of about 7.

Example 21

A portion of the powder mixture reserved for later use in Example 20 was subjected to
the following heating protocol under solid state polymerization conditions.

Step Temperature Time Total Time |
1 140-160°C T35 minutes 185 minutes
2 165°C 25 minutes 2T0 minuies
3 1T70°C 20 minutes 230 minutes

GPC analysis of the product copolyestercarbonate indicated a single narrow peak with
M, = 18880 and M, = 9230 using polystyrene standards. Quantitative BC-NMR
indicated a blocky copolymer with an average polycarbonate block length of about
4.15 and an average polyester block length of about 8.9.

Example 22

Methyl salicylate endeapped polycarbonate oligomer prepared in Example 1 (M,,=
4820, M, = 2138, DP about 8.4) was dissolved in methylene chloride and
subsequently precipitated by adding ethyl acetate in an amount corresponding to
approximately 5 times the amount of methylene chloride employed. The precipitate
was filtered from the liquid phase. The liquid phase was then evaporated to dryness to
afford a solid residue. The precipitate and the solid residue from the liquid phase
were then combined to form a mixture of the precipitate and the solid residue obtained
by evaporation of the liquid phase. The mixture was ground and then shaken
mechanically to afford a powder consisting essentially of partially crystalline methyl
salicyl endcapped polycarbonate oligomer. The partially crystalline methyl salicyl
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endcapped polycarbonate oligomer was then ground and mixed together in a

laboratory mill mixer for several minutes with an equal weight of a fine powder of
oligomeric hydroxy-terminated polyester (Mw = 8845 using polystyrene standards,
DP = about 9.2) prepared using the methodology and proportions of Example 11.

Upon analysis by DSC, the mixture of oligomers displayed a T, of about 105°C and a

broad peak corresponding to a melting temperature at about 170°C. A portion was
reserved for use in Examples 23 and 24. A second portion of the mixture was
subjected to the following heating protocol under solid state polymerization

conditions.
Step Temperature Time Total Time
T 150-170°C 90 minutes 90 minutes
2 170°C 90 minufes T80 minutes
3 180°C 80 minutes 260 minutes
E) 185°C 60 minutes 320 minutes
5 200°C 30 minufes 350 minutes
6 205°C 90 minutes 440 minutes

The product copolyestercarbonate had a T, of about 135°C and two broad peaks
corresponding to melting points at approximately 169°C and 221°C respectively.
GPC analysis of the product indicated a broad peak with M,,= 79,830 and M, =
21,720 using polystyrene standards. Quantitative *C-NMR indicated a blocky
copolymer with an average polycarbonate block length of about 6.7 and an average
polyester block length of about 8.6.

Example 23

A portion of the partially crystalline mixture of oligomers prepared in Example 22
was subjected to the following heating protocol under solid state polymerization

conditions.
Step Temperature Time Total Time
1 160-195°C . 140 minufes T40 minutes
2 195°C 50 minutes 190 minuies
3 210-215°C 25 minufes 215 minutes
4 215°C 80 minufes 295 minutes
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The product copolyestercarbonate had a T, of about 143°C and three broad peaks
corresponding to melting points at approximately 130°C, 161°C and 243°C
respectively. GPC analysis of the product indicated a broad peak with M,,= 73,540
and M, = 24,000 using polystyrene standards. Quantitative *C-NMR indicated a
blocky copolymer with an average polycarbonate block length of about 4.25 and an
average polyester block length of about 6.4.

Example 24

A portion of the partially crystalline mixture of oligomers prepared in Example 22
was subjected to the following heating protocol under solid state polymerization

conditions.
Step Temperature Time Total Time
T 170-200°C 75 minutes 75 minutes
2 200°C 60 minutes 135 minutes

The product copolyestercarbonate had a T, of about 133°C and two broad peaks
corresponding to melting points at approximately 162°C and 221°C respectively.
GPC analysis of the product indicated a broad peak with M,,= 41,250 and M, =
14,020 using polystyrene standards. Quantitative ®C-NMR indicated a blocky
copolymer with an average polycarbonate block length of about 5.65 and an average
polyester block length of about 7.

Comparative Example 1

A sample of amorphous, oligomeric bisphenol A polycarbonate powder prepared by
the melt reaction of bisphenol A with diphenyl carbonate having a weight average
molecular weight (M,,) of about 5600 daltons, a number average molecular weight
(M,) of about 2300 daltons (DP about 9.1) was crystallized using isopropanol vapors
according to the method described in U.S. Patent 6,031,063. A partially crystalline
oligomeric polycarbonate powder was obtained. The partially crystalline oligomeric
polycarbonate had a percent endcapping of about 60 percent, meaning that 60 percent
of the oligomer chain ends were phenoxy groups derived from diphenyl carbonate,
and about 40 percent of the chain ends were hydroxy groups. A portion of the
partially crystalline oligomeric polycarbonate was mixed together in a laboratory mill
mixer for several minutes with an equal weight of a fine powder of oligomeric
hydroxy-terminated polyester (DP = about 9.2 by *C-NMR) prepared using the

27

JP 2005-508419 A 2005.3.31



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

WO 03/040208

methodology and proportions of Example 11. The mixture was then subjected to the

(55)

PCT/US02/32085

following heating protocol under solid state polymerization conditions.

Step Temperature Time Total Time
1 T70-200°C 75 minutes 75 minutes
2z 200°C 60 minutes 135 minufes

The product resulting from solid state polymerization was subjected to GPC analysis
which indicated a broad peak with M,,= 13,020 and M, = 5,080 using polystyrene
standards. Quantitative *C-NMR indicated a blocky copolymer with an average
polycarbonate block length of about 2.35 and an average polyester block length of
about 4.3.

The data presented in Examples 20-24 illustrate the method of the present invention
which provides blocky copolyestercarbonates under mild conditions. Comparative
Example 1 illustrates the limitations of conventional solid state polymerization
technology for the preparation of copolyestercarbonates. Data for Example 20-24 and
Comparative Example 1 is given in Table 4.
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TABLE 4 BLOCKY COPOLYESTERCARBONATES BY SSP

Erample | My® | Mi' | it o | otsrvd g Revmin’
20 28000 9450 4.0 47.6% 7 76.1%
21 18880 9230 4.1 48.8% 8.9 96.7%
22 79830 | 21720 6.7 79.8% 8.6 93.5%
23 73540 | 24000 4.2 50.0% 6.4 69.6%
24 41250 14020 5.6 66.7% 7 76.1%
CE-1 13020 5080 23 252% 4.3 46.7%

“ Molecular weights determined by GPC using polystyrene standards. ° block length
determined by “C-NMR. ® % Retention of block length compared the DP of the
starting oligomer to the average DP of the polycarbonate or polyester blocks present
in the product copolyestercarbonate.

In Examples 20-24 between about 70 and about 97 percent of the initial polyester
block length is preserved in the product copolyestercarbonate. For example, in
Example 20 the average block length of the hydroxy-terminated ITR oligomer, also
referred to as its degree of polymerization (DP), was about 9.2. The product
copolyestercarbonate following solid state polymerization comprised polyester blocks
(ITR blocks) having an average block length of about 7. Thus, about 76 percent of the
original polyester block length is retained in the product copolyestercarbonate.
Comparison of Examples 20-24 with Comparative Example 1 (CE-1) reveals not only
more complete retention of the block lengths of the oligomeric starting materials, both
polycarbonate and polyester, but much more rapid increase in molecular weight.
Thus, the method of the present invention provides blocky copolyestercarbonates
having substantial molecular weights (M,,’s from about 19000 to about 79000 daltons)
whereas a much more random copolyestercarbonate having low molecular weight
(M,,<15000 daltons) was obtained using a conventional solid state polymerization
technique (Comparative Example 1).

The invention has been described in detail with particular reference to preferred
embodiments thereof, but it will be understood by those skilled in the art that
variations and modifications can be effected within the spirit and scope of the
invention.
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WHAT IS CLAIMED IS:

1.A method of preparing block copolymers, said method comprising contacting a
partially crystalline polycarbonate starting material (A) comprising activated
terminal aryloxy groups with at least one polymeric species (B) comprising
reactive terminal hydroxy groups under solid state polymerization conditions to
afford a product block copolymer.

2.A method according to claim 1 wherein said partially crystalline polycarbonate
starting material (A) comprises terminal aryloxy groups having structure I

R,

wherein R' is independently at each occurrence a C,-C,, aliphatic radical, C,-Cy,
cycloaliphatic radical, C,-C,, aromatic radical; R? is independently at each occurrence
a halogen atom, nitro group, cyano group, C,-C,, alkoxycarbonyl group, C,-C,, acyl
group, C,-Cy, cycloalkoxycarbonyl group, Cs-C,, aryoxycarbonyl group, C;-C,y
alkylaminocarbonyl group, C,-C,, dialkylaminocarbonyl group, or a C,-C,,
perfluoroalkyl group; p is an integer having a value 0 to 4, and q is an integer having a
value of 1 to 5.

3.A method according to claim 1 wherein said partially crystalline polycarbonate
starting material (A) comprises structural units derived from at least one
dihydroxy aromatic compound and at least one diaryl carbonate IT
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‘ AN
by
(R%q . )

wherein R’ is independently at each occurrence a C,-C,, aliphatic radical, C,-C,,
cycloaliphatic radical, C,-C,, aromatic radical; R? is independently at each occurrence
ahalogen atom, nitro group, cyano group, C;-C,, alkoxycarbonyl group, C,-C,, acyl
group, C,-C,; cycloalkoxycarbonyl group, Co-C,, aryoxycarbonyl group, C,-C,
alkylaminocarbonyl group, C,-C,, dialkylaminocarbonyl group, or a C,-Cyy
perfluoroalkyl group; p is an integer having a value 0 to 4, and q is an integer having a
value of 1 to 5.

4.A method according to claim 3 wherein diaryl carbonate II is selected from the
group consisting of bis(2-methoxycarbonylphenyl) carbonate, bis(2-
ethoxycarbonylpheny!) carbonate, bis(2-butoxycarbonylphenyl) carbonate, and
bis(2,4,6-trifluorophenyl) carbonate,
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5.A method according to claim 3 wherein said dihydroxy aromatic compound is a
bisphenol having structure IIT

(R¥)m
NS
HO /;Ra)n Z on
III

wherein R? is independently at each occurrence a halogen atom, nitro group, cyano
group, C,-Cy, alkyl group, C,-C,,cycloalkyl group, or C¢-C,, aryl group; n and m are
independently integers 0-4; and W is a bond, an oxygen atom, a sulfur atom, a SO,
group, a C,-C,, aliphatic radical, a Cs-C,, aromatic radical, a C4-C,, cycloaliphatic
radical or the group

R* R®
N

wherein R* and R® are independently a hydrogen atom, C,.Cy, alkyl group, C,Cy,
cycloalkyl group, or C, Cy,aryl group; or R* and R® together form a C, Cy,
cycloaliphatic ring which is optionally substituted by one or more C; C,, alkyl, CcCy
aryl, C; C,, aralkyl, C; Cy,cycloalkyl groups or a combination thereof.

6.A method according to claim 1 wherein said partially crystalline polycarbonate
starting material (A) comprises 2-methoxycarbonylphenoxy terminal aryloxy
groups IV
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CO,Me

(0% %Y

v

and structural units derived from bisphenol A.

7.A method according to claim 1 wherein said polymeric species (B) comprising
reactive terminal hydroxy groups is selected from the group consisting of
polyesters, polycarbonates, polyethers, polyetherketones, polyethersulfones, and
polyetherimides.

8.A method according to claim 1 wherein said polymeric species (B) comprising
reactive terminal hydroxy groups comprises structural units selected from the
group consisting of

(1) polyester structural units corresponding to structure V

wherein R and R” are independently at each occurrence a halogen atom, C,-Cy,
aliphatic radical, C,-C,, cycloaliphatic radical, or a C,-C,, aromatic radical, and r and s
are independently integers having values from 0 to 4; and
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(2) polycarbonate structural units corresponding to structure VI

(R®)m
N %
W U

wherein R® is independently at each occurrence a halogen atom, nitro group, cyano
group, C,-Cy alkyl group, C,-Cycycloalkyl group, or C4-Cy, aryl group; n and m are
independently integers 0-4; and W is a bond, an oxygen atom, a sulfur atom, a SO,
group, a C,-C,, aliphatic radical, a C4-C,, aromatic radical, a C4-C,, cycloaliphatic
radical or the group

R RS
N

wherein R? and R? are independently a hydrogen atom, C, Cy, alkyl group, C,.Cy,
cycloalkyl group, or C, C,, aryl group; or R* and R together form a C,.C,
cycloaliphatic ring which is optionally substituted by one or more C,.Cy alkyl, CsCyp
aryl, C;.C,, aralkyl, C; C,, cycloalkyl groups or a combination thereof.

9.A method according to claim 8 wherein said polymeric species (B) comprising
reactive hydroxy groups is a polyester comprising structural units VII

’7 (o]
o X
34 /—COZ_
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and having a degree of polymerization of at least about 4.

10.A method according to claim 1 wherein said partially crystalline polycarbonate
starting material (A) has a percent endcap between about 50 and about 100
percent.

11.A method according to claim 1 wherein starting material (B} is a copolymer
prepared by heating in the absence of a catalyst, a mixture comprising resorcinol,
diphenyl terephthalate, diphenyl isophthalate, and a catalyst.

12.A method according to claim 11 wherein said dipheny] terephthalate and said
dipheny! isophthalate have a molar ratio, said molar ratio being in a range between
about 1 t010 and about 10 to 1.

13.A method according to claim 1 wherein starting material (B) is a copolymer
prepared by interfacial polymerization of resorcinol with terephthaloyl dichloride
and isophthaloyl dichloride.

14.A method according to claim 13 wherein said terephthaloyl dichloride and said
isophthaloyl dichloride have a molar ratio, said molar ratio being in a range
between about 1 1010 and about 10 to 1.

15.A method according to claim 1 wherein starting material (A) has a crystallinity
in a range between about 15 and about 40 percent.

16.A method according to claim 1 wherein said solid state polymerization
conditions comprise heating at a temperature between about 100°C about 240°C
for a period of between about 1 and about 10 hours.

17.A method according to claim 1 further comptising preparing a mixture of
starting materials (A) and (B).

18.A method according to claim 17 comprising dry mixing starting material (A)
with starting material (B).
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19.A method according to claim 17 comptising precipitating a mixture of starting
materials (A) and (B) from solution.

20.A method according to claim 1 wherein starting materials (A) and (B) have a
weight ratio in a range between about 0.01 and about 100 grams starting material
(A) per gram starting material (B).

21.A method according to claim 1 wherein the product copolymer has a
measurable degree of blockiness corresponding to blocklengths which are at least
50 percent longer than the corresponding random distribution of structural
elements.

22.A molded article comprising the product copolymer prepared by the method of
claim 1.

23.An article according to claim 22 which is a multilayer article.

24.A method of preparing copolyestercarbonates, said method comprising
contacting a partially crystalline bisphenol A polycarbonate comprising terminal
2-methoxycarbonyl phenoxy end groups IV

Qrvuvy

CO,CH;

v
with at least one polyester comprising reactive hydroxyl groups under solid state
polymerization conditions to afford a product copolyestercarbonate.

25.A method according to claim 24 wherein said partially crystalline bisphenol A
polycarbonate is prepared by a method comprising melt reaction of bis(methyl
salicyl) carbonate with bisphenol A .
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26.A method according to claim 25 wherein said melt reaction affords a partially
crystalline bisphenol A polycarbonate directly.

27.A method according to claim 26 wherein said partially crystalline bisphenol A
polycarbonate has a percent endcap of between about 50 and about 100 percent.

28.A method according to claim 26 wherein said melt reaction affords an
amorphous bisphenol A polycarbonate having a percent endcap between about 90
and about 100 percent.

29.A method according to claim 25 wherein said polyester comprises structural
units corresponding to structure V

» /

(R%,

v

wherein R® and R are independently at each occurrence a halogen atom, C)-Cy
alipbatic radical, C,~C,, cycloaliphatic radical, or a C,-C,, aromatic radical, and r and s
are independently integers having values from 0 to 4.

30.A method according to claim 29 wherein said polyester is a polyester prepared
by heating in the absence of a catalyst, a mixture comprising resorcinol, diphenyl
terephthalate, dipheny! isophthalate, and a catalyst.

31.A method according to claim 30 wherein said dipheny] terephthalate and said
diphenyl isophthalate have a molar ratio, said molar ratio being in a range between
about 1 to10 and about 10to 1.
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32.A method according to claim 29 wherein said polyester is prepared by a
method comprising the interfacial reaction of resorcinol with a mixture of
isophthaloyl dichloride and terephthaloyl dichloride.

33.A method according to claim 32 wherein said isophthaloyl dichloride and said
terephthaloyl dichloride have a molar ratio, said molar ratio being in a range
between about 1 to10 and about 10 to 1.

34.A method according to claim 25 wherein said partially crystalline bisphenol A
polycarbonate has a crystallinity in a range between about 20 and about 40
percent.

35.A method according to claim 25 wherein said solid state polymerization
conditions comprise heating at a temperature in a range between about 100 and
240°C for a period between about 2 and about 9 hours.

36.A molded article comprising the product copolymer prepared by the method of
claim 25.

37.An article according to claim 36 which is a multilayer article.
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