JP 2004-524409 A 2004.8.12

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
$33%2004-524409
{P2004-5244094)
(43) /5% FR165E8H 128 (2004.8.12)
(51) Int.CL." Fl F—va—F (BEF)
cCOS8L 23/00 CO8L 23/00 41002
CO8K b5/156 CO8K 5/158
SEWER T PREEERE &R E)
@1) HEES 15 RE2002-572992 (P2002-572992) |(71) HEEA 500524682
(86) (22) HEEE SERLL45E 1A 228 (2002, 1. 22) INEY - TUR AR —
85 BIEASCRIEE  EEU1S4ESH 18H (2003.8.18) PANVHERE. oA - OS54+
(86) EREHEE S PCT/US2002/001713 29303 AN—RIS—F, I0HY
87 EREAMER  W2002/074284 .TO—F 920
87) HEBAMAE SR 459 268 (2002, 9. 26) (74) {RIE A 100062144
(3l) ESAEEFESEE  09/785,824 #E+ B B
(32) B H PR320 168 (2001. 2. 16) (74) (R A 100083356
(33) BHAEXEE  KE (US) #E+ %E BER

(74) {R¥E A 100104592

FEL HE B
(74) fRE A 100122345

f#EL "|IU BAX

B EICHE S

(64) [BADEM] 3, 4 -V AFADPRIDNVFLUIALE b—=ABIRp —AFAIRIP)VF VAL =%
BATEZRY AL 7 1 YERMERELRY

(57)0
O

OoooooogogogooQg
Ooooooggoao
OoooooooQoogood

OoooooogogoQgooao
Ooooooogogooao
OO0 oDoooggogoao
OooooooogogogoogooQo
OoooooogQgogooQg
OO0 oooooggogg
OooooooogoQoogoo
OoooooogQgogoaoQg
Oooooooggogog
OoooooooOoogoo
OoooooogQgogooQg
OooooooggogoQg
OO0 oDooooggogog
OooooooogoQogogooQg
OoooooogQgogooQg
OO0 oooooggogog
OooooooogoQoogoo
OoooooogogogooQg
Oooooooggogog

O0Ooo0oo0ooao
OoOoo0oooao
OOoo0oooao
OO0Oo0oooao
Oo0Ooo0oooao
OoOoo0oooao
O O0Oo0oooao
O0Ooo0oooaoo
OoOoo0oooao
O0Ooo0ooogoao
O0Ooo0oo0ooao
OoOoo0oooao
OOoo0ooogoao
O0Oo0oooo
Oo0Ooo0oooao
OoOoo0oooao
OO0Oo0oooo

oooboooobo,.0o0oooooooao
ooboobooboooobooooooaon
oooDoobDoooDooooooooan
,0oooooooooooboooboao

O Ooo0ooo

10



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 [ |
[ s ) e e I
e e vy e e [y

Ooooooo0ooooooogooooao

goodaao

O

O

(2)

JP 2004-524409 A 2004.8.12

oooobooobooboobooboboobooboobooboboboobooboao
oooooooooooouoooooooooooooooooao

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

O

O
O

,ooooooano
oooooooao

g, 0o0oCcood
goooooaoan

og,.0o0ocoogd
oooooooao

g, 0o0oCcood
goooooaoan

og,.0o0ocoogd
oooooooao

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 [ |

O0Ooo0oo0ooao
Oo0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo

Ooo0ooooooo o0 oo oooo0o o oD oDooo o0 oo oDooooooooofdg
Ooo0ooooooo o0 oo oooOo0 oo oDoDooo0o oo oDoooo0ooooodg
OoooooooooooDoooo0 oo oDooooo oo oDoDoooooooodg

O

0

O

O

gooao

)

JP 2004-524409 A 2004.8.12

,goooooooboooooooooobooboooooooooobooooooao
ppmO0 000 00D0DOOCOOOOOOO

OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao

OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo

o
oad
g o
u o
gd

OoOooogoo

gooaoao
ooogoogao
googao
goodoao
ooogogao

gooaao
oooogao
googao
goodaao
oooggao

gooaao
ooogoogao
googao
goodaao
ooogao

,goooooooboooooooooobooboooooooooobooooooao
ppmO0 000 00D0DOOCOOOOOOO

o
oad
g o
u o
gd

OoOooogoo

gooaoao
ooogoogao
googao
goodoao
ooogogao

gooaao
oooogao
googao
goodaao
oooggao

gooaao
ooogoogao
googao
goodaao
ooogao

10

20

30

40

50



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

(4) JP 2004-524409 A 2004.8.12

odd
oooobooobooboobooboboobooboobooboboboobooboao

oooooooooDoooouooooobopemb0OOOOCOOO0OOOOODODODOO
Oo0ooDobo0oo0obDOobOoOoASTMDOODODOODODODODRDAODI1I003-6100D0
gboobooboobooobooboobooobooboooboooboboboobooboaodnnb
ooooooooboboOoooouoooooboooooooooobooooboooOooao
goooobooobooboobobooobooboobooobobobooboobodnb
gbobobooboobooboooobooboobobooboboboobooboadnn
ooooooobobooooouooooboboooogo

ooano

ooooooooobooooooooao

oo, 00bo0bobgoboobobooboboobooboobooobobno
gboobooboobobooboboooboobobpeemb0oboobooobOd
goooboobobao
gbobooboobooboboobdooboobooboooaobado
ooooooobobooooogao

oboboooboboobobobooboobad

ooogoogao

gooobao

g o

oad
gooooboooboobooboboooboobobooboboobo,0o0o0obao
gbobobooboobooboooobooboobobooboboboobooboadnn
oooooooobobooooouooooooboooooOoooooboobooooao
gooooboobooboobooboooboob,0o0boo0oobooobobooboobao
oooooooooOoooouooooooboooooOooooobooooboooOooao
goooboooboobooboboobogobgooboboobobobooboobonb
gboobooboobooobooboobooobooboooboooboboboobooboaodnnb
ooooooooboboOoooouoooooboooooooooobooooboooOooao
goooobooobooboobobooobooboobooobobobooboobodnb
gbobobooboobooboooobooboobobooboboboobooboadnn
go

oad

goooboobobogoboobesSO oo oobooooboobobn
ooooooeSOoooooobODOOOOoOooooooboDoooooooooao
ooooooooboboOoooouoooooboooooooooobooooboooOooao
goooobooobooboobobooobooboobooobobobooboobodnb
gboooboobobad

oad
goobooboobooobooboboooboobooobooobobobooboooboaodnb
ooooooooboooooooooooesooboooOOoOoOoOoOooooOooDOaO
goooboooboobooboboobogobgooboboobobobooboobonb
gboobooboobooobooboobooobooboooboooboboboobooboaodnnb
ooooooooboboOoooouoooooboooooooooobooooboooOooao
goooobooobooboobobooobooboobooobobobooboobodnb
gbobobooboobooboooobooboobobooboboboobooboadnn
oooooooobobooooouooooooboooooOoooooboobooooao



()

JP 2004-524409 A 2004.8.12

ppSsibooooOoODoOOoOO0oO0oOoooooboooooooOoooooobooOobooooooooaon
oooooooooboooan
gooogooad
ppSsibooooOoODOOoOO0oO0oOooooobooooooooooooobooooooooooaon
goooboooboboobobooboboobooboboobobooboboDbDao
et alD 000 0DOO4,429,14000000M
et alD 0 O0O00ODOOA4,562,2650 000 0MachellODDOOODODO4,902,8070 00
etalJ0D0D0OODOO0OS5,731,4740 00 0 0 ScrivensO OO0 O0DODODOADO
uboobooobouobooboobooboobooobaoaodnb

gooao
gbooobooooobooooooobooboob,0o0bo0oboobooboognb
oooos,4-DMDBSO DO OO OCOOOOOOODODOOOOOOOOODOGDORDOMDBSO
gobooobooobogobobobogobooobgobooboboogoboboboboobonb
4,371,6450 0 O O O MahaffeyDO O O OO0 0O 5,049,6050 0 OO OReker s OO OOODOO

Oo00OO0oo0o0Oo0agas,721,6820 0 0O O O Murai
urai

a
u
O
a
O
g

O
a
u
O
a
O
g
a
O

g
u
O
g
O
g

O
g
u
O
g
O
g
a
O

Kobayashi

oo
g o
u o
od
g o
ood
g o
g o
oo

O

OooOoooooQgodg

Oooooooogod

[ Ry |

O

O oOooo

O

ooao
ooao
ooao
MDBSO

MDBSO
ooao
ooao
ooao

O

O O o
O OO
O OO
O O o

[ Ry |
[ Ry |
O O g
O O g
O 0Oooo

O

O

O

O

O

O

O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Ooo
O O o
[ i R
[ i R

Iliken & Company O 3,4-DMDBSO
oooooooOoOooao
oooDoO0oooao
ocooooooao

O

Oooooooooooooe=20o0ooooOoooooao
Ooooooo0oooooooo0DooDooooooooao
Oo0oooooo0ooooooo4o0DooDoooogogogoooao

O

O

Oo0oooooooo oo oo oooooooogogooadg

Oooooooooooooogogooooao

odd
oogd

O

O

oono
MDBSO

O

O

OwooooooooooooQg
ONOOoOoOoOooooooooogoog

4,429,1400 O O O

O

oo

4,562,2650 0 O O

oad

3,4-
ugod
ooao
goo
uoad
gogao
ugoad
ooao
ogoaod
ugoad
od
g o
u o
od
g o

O

21,6820 0 O O

g
O
a
u
O
a
O
g
a

O

O OoOo0ooooao

O

Ooooooog

O

OO0 oooooog
OoOooooooOoadg

O

O
g
a
O
a
u

Ooooooog

O

O oOooo
O Ooogoog
O O0Oogogoaog

O

I o Iy
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoog
O Ooogoaog

O

O

O

O

g
u
0

ooooooooboooooogoao
goboobOppm 00O O0D0DOODOO
milD O OO0O0O0O0O0OO0OOD 3,4-DMDBS
oad

oooooooobooooogooao
gooboooboooboobooobobonn
gobooobobooboooooboooan
ODO0DO0OoDooODO0oO0oOoooDOO0Mm
oooboobooboobobogab

. ubouoboobooboooboobooobooboadnb
oooooooboooooogooooaos3,4-pMpBSO O
gobooobooboobooanb

Ooooooog
OooooooogoQgdg
Ooooooggdg
O0o0Dooooogogag

O

OoOoo0o0oood

O 0Ooo0oooo

O

pMpBSO 0D DO OO ODOOODOODOS3,4-DMDBSO D OO0 DO ODOOODOO

ugbooboooboobooboooobooadnnb
oooooooooooooooooao
gbooobaoas,4-dDMDBSOD OO O O DO O
oooooooDooaona3s,4-DMDBSO O O
gog3s,4-DMDBSO 00 OO DOOOOOO

8-
ooooooooooobooogangs-

1990030 D D 0D 0DOOOODODODO

324

MbpSD DU DO OoOoOobDO0oOobOOobOOoOOobaO
uooooboobooboooboobobooboaa

3,4-DMDBSO MDBSD O O O OO DODODDODOOCOOOOOODODODOOODOGC
oooooooooboooooogooooooooboooooooooo
oooooooooboooooooooobooboobobooooooooao
oooooooboOoooogooos,4-DMDBSO DO OO OOOOO

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 [ [ |

Y Y O e Y Y == = A O I Y

O

(6) JP 2004-524409 A 2004.8.12

ugboobobouoboboouoboouobdppemboobobooobd

0 4,902,8070 0 OO

odd

05,731,4740 0 0 O

ood

04,371,6450 0 0O O

uoano

05,049,6050 0 OO

ooano

1990030 O O

odd

324150 0O 0O

ood

goooboobgobao

g o
ooooooooboboOoooouoooooboooooooooobooooboooOooao
gos3,4-DMDBSO 0D 0D O0O0ODODODODOODODOOOODOODODOOOODOOODO
oooooooboobooooogoooonas,4-pDMpBSO OO MDBSO O O O OO DODOAO
oooooooobobooooouooooooboooooOoooooboobooooao
g

oooooooooaon

oo
uoooooboooo,obooboobooboocoboooboobobooboodan
ooooooooboboOoooouoooooboooooooooobooooboooOooao
goooobooobooboobobooobooboobooobobobooboobodnb
uyboobooobooobo,0cogboobobooboooboouoboobooboooboodad
oooooooobobooooouooooooboooooOoooooboobooooao
goobooboobooobooboboooboobooobooobobobooboooboaodnb
ooooooobooboooogod

oo
uoooobooo,0cobo0oobobooboocoboooboobooobooobooobdan
oooooooboboOoooooooooooocooooopemb00onoOobODOOO
goooobooobooboobobooobooboobooobobobooboobodnb
gbobobooboobooboooobooboobobooboboboobooboadnn
oooooooobobooooouooooooboooooOoooooboobooooao
goobooboobooobooboboooboobooobooobobobooboooboaodnb
oooooooooOoooouooooooboooooOooooobooooboooOooao
goooboobgaob

g o

oo, 0ocoo0oo0ooooooboboboo0o0ooooooboobooooooooao
goooboobobooboboooboobDpepmb0b0O0O0bDO0OO0ODOODO
gbobobooboobooboooobooboobobooboboboobooboadnn
oooooooobobooooouooooooboooooOoooooboobooooao
goobooboobooobooboboooboobooobooobobobooboooboaodnb
oooooooooOoooouooooooboooooOooooobooooboooOooao
goooboooboobooboboobogobgooboboobobobooboobonb
goooobaoaao

oad
gooo.,0bo0oobgoboobobooboboogobooboobooobobonnb
uo

oad

ooooobODOoOOocOoOoOooASTMDOOOOOOOOODODOTGDOD1003-

10

20

30

40

50



[ [ e e e e e [ [ e [ [ Y A 4

O

md 3,4-DMDBSO O O O O ppmO DMBSO O OO OO ODOOOOODODDODOOOOOOOODODO

[EEN

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

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

O

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

O

OoOoooooooo0 oo oooo o0 oo oooo oo oo oDooo0o o0 oo oooo0ooooDoooOgoogoao

O

OoOooooooo0oooooooooooogogoOoogoaoQg

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood

Oo0oooooo o ooooogogoooao

O

OooDoooooooooood

Oooooooooooogdg
O oo o oo ooogooogogow

O

Ooooooo4ogooooodg
OO0 oDoDooo4gogooooodg
OOo0oo0oooooooooood
Oo0ooooooooooodg
Ooooooooooooogdg
Oo0oooooogooooodg
OO0 ooDooogogooooogod
OOo0ooooooooooboood

O oo ooooooooogog9e

OoDoooooooooogoog s

u o

MDBSO O
oooao
oooao
oooao
oooao
oooao

=

B

O

OO0 ood

DBS
oo
oad
oo
g o
oad
oo
uo
od
oo
oad
oo
g o
oad

OwOoooooooooogao
OO o0oooocoogoooog

uoano

OooooooogoOoogoo
OoooooogogQgogooQg

O
O

O
O

O

O 0Ooo0ooo

g
u
O
a
O

O

O0Ooo0oooao
OOoo0oooao
O0Ooo0oooao
O 0Oo0ooOoo
O 0Ooo0ooo

O

O 0Oooo

O

OoOoo0ooood

ppmO0 000000 O0D0O0O0ODOOOOODOOODOO

O Ooo0oooao
O0Ooo0Oo0oood
I B
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
OO0Oo0oooogod
OOoo0o0oood
OO0oo0ooood
OoOoo0ooood
OOoOo0oooogod
O0O0o0oo0ooogod
OoO0Ooo0o0oood
OOoo0oood
OoOoo0ooood
OOoOo0ooood
O0O0Oo0oooogod
O0Ooo0Oo0oood
OoOoo0ooood

O -

O

€]

JP 2004-524409 A 2004.

I [ |

8.

O

12

O

oooooooooocooouoooooboboDboooboo
oooooooboboooocooooooobDbooo

ooooooobooooocoooooooboDboooboo
goooboboobooboooboooboobonob
gbobooboooboooboooad

g
O
g
a
0
g
u
O
g
O
g

Ooooooogg =

OOoo0oooood
oo ooooooogodg

O

O

O

O

O

o
W
w
O

O0Ooo0oooao
OOoo0oooao
O0Ooo0oooao

oo o0 oooooogoQgog
oo o oooooogoQgdg
OO0 o ooooogogg
OO0 o0 ooDooogogg
Oooooooooogoogoog
oo o oooooogoQgog
oo o0ooooogoQgog

O Ooogooo
OO oQgogoao
O 0Ooo0goooao

O0Oo0Oo0oogoao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao

O0Oo0Oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0ooogoao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0oooao

ooano
ooao
ogoaod
MDBSO

0

O

O

oo o oooooogooQgoog
oo o0oooooogoQgog

=S 0D o0oo0ooogoQgdg

o
O OO0 00o0oog-dgdg

SDDDDDDDD
OO0 ooooooogooQgog
OO0 ooooooogoQgoog
OO0 o ooooogogodg
OO0 ooooooggg

O
(]
O

ogoo

3,4-DMDBSO O OMDBSO D O OO ODODOODOCOOOOOOODORDO

gooooooboooooogooooooboooooooooao
ood
ood
ood
ood
MDBSO

MDBSO MDBSO D O O OO DODODODOOCOOOOOOODODO
ooooooooao

gbooboobogogbooboobouoboooobooboaadnb

oooooooobooooboooooooobDbooocooooooobDbooOooo
RCPOODODDODDODDDOOOOOOOODPppmO3,4-DMDBSO 0 0D OO ODOOO

MDBSO D OOUOppmO O OODOOOODODODDODOOOOOOOODODODDODOODO

RCPOOOmIIODOOODODODDOOOOOOODODODDDOOOOOOOODOGDODpp

oooooowdmBSOOOODOOOoOOOOOOOOOOOO0OODOODOoppmOMDBSO OO OO ppm
g3,4-DMDBSO OO0 ODOODODODOODODOOOODODOODOODOOODOMDBSO 3,4-DMDBS
ugboobdooboboobobooboobooobooboboobooboouobooboboao
ooooooas,4-DMDBSOD D OO 0O0OO0OOOOOODOOOOOOOO

10

20

30

40

50



e R ey [ s R s [y |

o e [ e e e e e o e e [ = s e [ e [ i

B

Ooo0oooooooooooogooogoogo
OooocoooooooooooooOooOob

O

O

OO0 ooooggUoUoooDooDoggUoooDoo e ggoooao

e 2 e e Y Y i [
Ooooooooooooooogogooao

O
O

Ooooocooooooooogooooao

Oo0oooogoQgg

O

Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oo0oooogod
Oooooooogod
Oooooooogd

Oooooogogdg

MDBSO

O

Oooooooooooooogogogooao

g MbBSO

ooao
ogoao

O
O

O

O Oooo
O Oooo

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O+ O0OoOoo-g
O 0Oo0oo0ooao
O 0Ooo0oo0ooao

OoooooogogQgoo

O

O Ooooo

g
u
O

Ooooooggdg
OooOoooooQdgdg
Ooo0oooogoQgdg

OO0Ooo0ooooog
Oo0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OOoo0oooaoo
O Oooooao

I [
O 0o oo
O Ooo0ooOoo
OoooooogogQgoo
Oo0oooogQgoao
Oo0ooooggdg

MDBSO
Ooo0od
ogoao
goao

OoooooogoQgog

O

OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao

Oo0oooogoQgdg

O

Ooooooggdg

OO0Oo0ooooaog

OooOoo0ooooQgadg
Ooo0oooogoQgdg

O0Ooo0oo0oo0ooao
OoOoo0oo0oooao

=
o
w
(%]
O

O O
O O

oo

a
O
g
ao
oad
oo
uo
od

u
O
g
u
O

(8)

OooOooogoo

uoano
oogd
ooano
uoano
oogdd

u
O
+

u
O
g
u
O

JP 2004-524409 A 2004.8.12

oooooooboboooocooooooobDbooo
oooooobDoooooooooDbDDoOoDbBsSO O
ooooooobooooocoooooooboDboooboo
3,4-DMDBSO 0D D0 OO0 ODOOOOODODOODOOD
gbooooad
oooooao
gbooooboao

OoooooooDbDOoOO0OO0OOdMbBs
ooooooooboooooogoao
gooboooboooboobooobobonn

gbobooboboobobooboooboooooboobaodnnb
ooooooobooooocoooooooboDboooboo
ppSOD OO0 D0 O0D0O0DODbO0OO0ObOOObOOObOoObOD0OO

gboooboobooboooboaoadab
oooooooboooooogao
gooobooboboobonb
ugbooobooboboobooadhb
oooooooboboOoooogao

OoOooogoo

gboooboooboooboooboogoboobooboooboobooobooboobooboobao
oooooooooooao

RCPO O 3,4-DMDBSO 0 0 OO OO OOORCPOOMDBSODODODODDOOOOOOOO
ooooooooboboOoooouoooooboooooooooobooooboooOooao
goobos,4-DMDBSOD D 0D 0 O0DODO0ODOOODODOOOODODOODODOOOODOODO
gbobobooboobooboooobooboobobooboboboobooboadnn
mMpeSO oo ogwmMpBSODOOOOOOOOODODOOOOOOOOOOODDOOODRO
ogooad

oogooos,4-DMDBSO DD OO OOOOODODODDO
ooooooobooocooooooooooooogoao
gooobooboobooboboboobooboobono
3, 4-DMDBSO DO OO0 O0O0OOOOODDOOOOOOO
ooooobobooocooooooooboooobooogo
goooobooboboobobooobooboobonn

gd
Oood
o
Ood

MDBSO O

oad

oad

I B
OooOoogao

O0oo0ogao

O

OO0O0OOoRCPOOOMDBSOD OO DO O ppmO O
3,4-DMDBSO O O O ORCPO OO O O ppmO O

oono
uoano
oogd

oggagd
ooano
ooad
MDBSO
uon

g
u
O

O
O
O
O

O

gooboooboooboobooobobonn
gobooobobooboooooboooan
ood

3,4-DMDBSO 0D 0D 0 OO0 O00OODOAO
goboooboooboooooboooan
oooooooobooooooao
oooobooDbas3,4-DMDBSTO O O
Oo03,4-DMDBSO O OO0 OO DO OO

3,4-DMDBSO 0D OO0 O OOOOO0OOODOODO
g3,4-DMDBSO OO0 D O0DO0ODODOOOODOODODOO
uoobooboobobobooboobooooobooboadnnb
oooooooobobooooooooooboooooooao

10

20

30

40

50



[ [ e e ) e e e e [ e [ s [ = [ I

e e e e e e e e e [y s [ |
[ s e ey e s e ) e e s [ s [ |
s e e e e e e e [ A s [ s [
Oooooooo0o0oooooo0 oo oDooo oo oo oDoooo0oooonDoDoooo0oooDooooQgog
[ e e e R [y s [ |

OoooooogooQooooao
Oooooogogogoooao
OO0 oDooogogogoooao
Oooooooogooooao
Ooooocooooooao
Ooooooogooooao
Ooooooogooooao
OO0 oooogogoooao
OoooooooOooOoooao
Oooooocooooooao
Oooooooooooao
Ooooooogogogoooao
Oooooogogogoooao
OoooooooOooOoooOoao
Ooooocooogooooao
Oooooooooooao
Ooooooogogooooao
OoDooooogogogoooao
OO0 oDooogogooooao
Oooooooooooao
Ooooocooooooao
Oooooooooooao
Ooooooogogoooao
OO0 oDooogogoooao
Ooooocooooooao
Oooooooooooao
Ooooooogoooooao
Ooooooogogogoooao
OO0 oooogogoooao
OooooooooOoooao
Ooooocooooooao
Ooooooogooooao
Ooooooogogogooooao
OoDoooogogoooao

O Ooo0oooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooOoao

(9

oooooooobooboooooooooao
oooooooobOooooooooooao
ooooooooobDooboooooooonoD
oooooooobooocooooooooao

O

oboooboobooboobooboooodd

OO0 oDoooooogooooooo
OO0 oo oooogogoooooao
OO0 Do oDooogogoogogoooao
Oo0oooooooooooooao
oo ooooooooooooo
oo oDoooooogooooooo
OO0 oo oooogoOoooooo
OO0 Do oDooogogoooooao

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

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

Oooooooooooood
Ooooooooooooogd
Oooooooooooogdg
Ooooooooooooogdg
OO0 oDoDoo4gogooooogdg
Ooooocooooooood
Ooooocoooooooogodg
Oooooooooooogdg
Ooooooooooooogdg
OooDoooogooooogdg
OO0 O0DoDoogogooooogd
Ooooocoooooooogodg
Ooooooooooooogdg
OoooooQg=o0o0o0o00gdg

O Ooo0ooOono
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono
O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

goooboobodoahb
oooooooooaon
gooobooboaoab

O

goooobooboaohnb
oooooooboOoocoooooopemb00O0OOOCOOO0OO0OO0OOODODODO
gooobobobDpepm D000 O0D0DO0OO0ODOODOODO0OODROppmd

JP 2004-524409 A 2004.8.12

OoooDoogwooooogd

OO0 oDoDoogogooooogd
Ooooocoooooooogod
Ooooooeooo0oooogod
OoOooooogeoooooooo

O0Ooo0oooao
O0Oo0oooaog
O0Ooo0oo0ooao
O0Ooo0oooao

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

O Ooo0ooooao

goodaao
ooogao
gooagao

ooddadpp
ppmOd O O
o0oo

gooao
goaoao
ogooao
googao
MDBSO 0O
goooao
3,4-DMDBSO

O OooOooo
OOoo0oooao

goodagoad

0o0oO
Oooao
00O
Oooao
ooo
ppmO

O 0Oooo
O Oooo

10

20

30

40

50



(10) JP 2004-524409 A 2004.8.12

0000000000000 D00DO0OO0D0D0O0D0D0DD0DO0DO0DO0DO0D0DDO0ODOODOaO
0000000000000 00D00000000000D0D0000O00DO0o0oDo0o0oGOao
0000000000000 D0O0DO0OO0D0DO0O0DO0ODDODODOO

oooogo

0o0oooO

00D003,4-DMDBSO 0 OMDBSO D0 DD ODODDODODOODOODDODDODODOOD
0000000000000 000DD0O0DO0OO0OoOoOan

0ooooO

OooogopBSO O ODOO

OpBSO0 D 0DDO0DODO0DO0OODODDODOODOODOOODBSOODOODODODDOO 10
O0O0O0ODBSDOODDO0OODODODODDUODODODDEBSODODODNODODODDODODOO
ooooooOooTBSOO,0OD,000000,0'00,000000000000
0000000000 D0DO0OO0ODoOoD

0ooooao

0ooaQg

[| = 5% % 3, 4-DMDBS MDBS DBS EDBS TDBS

[ (ppm) (ppm) (ppm) (ppm) (ppm)

[ 1 1750 250 0 0 0

[ 2 1500 500 0 0 0

[ 3 1250 750 0 0 0 20
[ 4 1000 1000 0 0 0

[ 5 750 1250 0 0 0

[ & 600 1400 0 0 0

[ 7 500 1500 0 0 0

[| 8 400 1600 0 0 0

[ o 300 1700 0 0 0

[ 10 250 1750 0 0 0

[ 11 200 1800 0 0 0

(12 100 1900 0 0 0

13 1250 1250 0 0 0 30
(14 (b 8) 2000 0 0 0 0

U 15 (ke 8 0 2000 0 0 0

16 (ke ) 1000 0 1000 0 0

017 (ke 8 500 0 1500 0 0

(18 (b #5) 0 0 2000 0 0

019 (ke ) 1000 0 0 1000 0

20 (ke ) 400 0 0 1600 0

021 (ke 88 0 0 0 2000 0

22 (bt &) 0 1250 0 0 1250

(23 (ke &) 0 0 0 0 2500 40
U 24 (bt 8) 2500 0 0 0 0

[ 25 (bt 829 0 2500 0 0 0

[

U

0o0oooO

ooogoeSsOooooooooODOoOooooooooan
ooooooooooooooooooooboooooooooao



(11) JP 2004-524409 A 2004.8.12
5% B
RUTOCL Y5 F AR =T L—2 (3%IFLY) 1000g
[Irganox (B&#R) 1010 (EEE{LE5 LA (CibaH) 50 Oppm
Trgafos (R@EGHED168  (BIRRLBHLAD (Cibat) 100 0pp
(AT T U BN A (BRERD 8 0 Oppm
Eﬁﬂﬁﬁﬂ 2 ALY (ERE)
oooooao
ooooboooobuogooDU0obU0oU0ooDUORCPODODODDUODDODODODUOUDODUODUOUODDOD
OOOWelex OO0OOQOOQODOOOOCUOOrpn00CO0CDO0DO0ODOODOUOOODODODODGO
OKillion 0O 0DO0ODDODODDODDODODOODDODODDODODDODDODODODOODDODODODOODOGO
gooooobooboobtbooboobuoobboobbobboobooboobbo
Oo0ocOcmObOO0OOOOOCODDOODODOOODODOOODDODDODODDOODODODUODODODODODODOGO
0000y O0O0DD0OO0ODDOD0DO0DD0D0ODODDODODDODODOODOODOArburg OODO0DO0DODODODODODOO
gooooobooboobtbooboobuoobboobbobbooboobooboboo
OO0oO0ooOooOooOooOoosPIDOO00O0DO0D0OO0OOO0Ommx OO0Ommx O0000mMmOD0O
goooobuooboobtbooboobuoobboobbobobooboUobouobbo
O000OO0ODOO0O0ODOOdBYK Gardner Hazegard Plus O O O O ASTM Standard Test Method D1
003-6 "Standard Method for Haze and Luminous Transmittance of Transparent Plasti
cs" Uobooboogan
ooooogao
O00O0ODO0O0OD0ODPerkin-Elmer DSC7Y 0D ODODODODODODDODODDODODDODDODODODOOO
ooboobooobouobooooboobooboobBSODDDODODbUObOUODbUODbLDODOD
ocooOoooooooOooO0oooooooOooU0oooooooDooooDOoooooood
goooobuooboobtbooboobuoobboobbobobooboUobouobbo
ooooooooooUooUooOoooDooUooU0oUoooDooDooooODUoooooood
000000000 DODO0OO0ODO0OO0DODO0OO0AOdPerkin-Elmer Pyris 3.81 00 O0OO0O0OAO
gooooobooboobtbooboobuoobboobbobboobooboobbo
ooooooooooOooUooooooooOooU0oUoooooDooooUoooooood
gobooboobbobobboonb
goobodoagano
oDooo

10

20

30



JP 2004-524409 A 2004.8.12

(12)

= i Al ~A X{E HRILEE—VEBE WRiLtFABRE
1 8.0 113.6°C 118.1°C
2 8.4 113.6°C 117.9°C
3 8.3 113.7°C 118.1°C
4 7.9 113.7°C 118.2°C
5 8.0 114.2°C 118.8°C
6 8.0 114.0°C 118. 9°C
7 8.1 113.9°C 118. 9°C
8 7.9 113.9°C 118.8°C
9 8.2 113.7°C 118.5°C
10 8.3 113.6°C 118.3°C
11 8.4 113.6°C 118.1°C
12 8.7 113.1°C 117.3°C
13 7.0 * *

14 (kb 8) 8.0 114.1°C 118.6°C
15 (tE 8) 101 112.9°C 117.1°C
16 (tE 8) 12.2 112.6°C 116. 8°C
17 (kB 13. 8 111.4°C 115.3°C
18 (b 8) 21. 5 109.2°C 112.5°C
19 (kb B 11.1 113.3°C 117.7°C
20 (kB ) 12.0 112. 6°C 117.2°C
21 (kB ) 12.7 113.5°C 118.2°C
22 (B ) 9.1 * *

23 (B ) 6.9 * *

24 (Lt B ) 6.9 * *

25 (ke 8 ) 8.3 * *

/M ™m ™—m ™—@ ™@ & & & /& /& /& /s s s /s s e e e e

oooooooob

O 0Oooo
O Oooo

goooao

O O
O O

u oo

ppSO 0 0 OO0oOOOOOobDBSOD OO O0DO0OoOooOoooODODOOOoOOoOooooOoooDOaO
MpBSO O OO OGOGOoooooOoODODOOOoOOooooooobOoocooooooooao

oooooooooboooooooooobobooooOooooobobooobooOogoao
ooooooooobooboooooooooobobooooooooooboboobooOoogoao
ooooooobooooano

10

20

30



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

(13)

ugbooobooodoboado

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

19) World I P, ty O
O emttions! B (0 0 0 0 OO O
(43) International Publication Date (10) International Publication Number
26 September 2002 (26.09.2002) PCT WO 02/074284 A1l
(51) Tnternational Patent Classification”: AG61K 9/14  (81) Designated States (narional): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CIL.CN, CO, CR, CU,
(21) International Application Number:  PCT/US02/01713 CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GII,
GM, HR, HU, ID, 1L, IN, IS, JF, KL, KG, KP, KR, KZ, LC,
{22) International Filing Date: 22 January 2002 (22.01.2002) LK, LR, LS, LI, LU, LV, MA, MD, MG, MK, MN, MW,

MX, M7, NO, NZ. OM, PH, P, PT, RO, RU, SD, SE, 8G,

(25) Filing Language: Bnglish SL, SK, SL, TI, TM. TN, TR, TT, TZ, UA, UG, UZ, VN,
(26) Publication Language: linglish YU, Z0, ZM, ZW.
{30) Priority Data: (84) Designated States (regional): ARTPO patent (GIT, GM,
09/785.824 16 February 2001 (16.02.2001)  US KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Lurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 1), TM),
(71) Applicant: MILLTKEN & COMPANY [US/US]: 920 liuropean patent (AT, BIi, CH, CY, DI, DK, IiS, 11, IR,
Milliken Road, Spartanburg, SC 29303 (US). GB, GR, TE, IT. LU, MC, NI, PT, ST, TR), OAPT patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
(72) Inventors: LAKE, David, K., Jr.; 144 Henson Street, NE, SN, TD, TG).
Spartanburg, SC 29307 (US). MEHL, Nathan A.; 253 Pre-
ston Drive, Moore, SC 29369 (US). KOCHANOWICZ, Published:
Christopher Thomas; 1395 Flarwoed Rd., Spartanburg, .
SC 29303 (US). —  with international search report

{74) Agent: PARKS, William S.; Milliken & Company, Legal — For two-letter codes and other abbreviations, refer to the "Guid-
Department (M-495), 920 Milliken Road, Spartanburg, SC  ance Notes on Codes and Abbreviations" appearing al the begin-
29303 (US). ning of each regular issue of the PCT Gazelte.

{(54) Title: POLYOLEFIN ADDITIVE COMPOSITION COMPRISING 3,4-DIMETITYL DIBENZYLIDENE SORBITOL AND
P-METHYL DIBENZYLIDENL SORBITOL

074284 Al

(57) Abstract: A specific combination of two different polyolefin clarifying and nucleating agents, namely 3,4-dimethyldibenzyli-
T dene sorhito] and p-methyldibenzylidene sorbitol is provided. Such a combination surprisingly provides improved clarification and
crystallization (o polypropylene articles and [t ions, betler than bis-p-methyldibenzylidene sorbitol alone and
cequivalent or better than 3,4-dimethyldibenzylidene sorbitol. Such a combination of compounds thus permits the utilization of a
new additive for the purpose of modifying polyolefin propertics, such as palypropylene clarification and nucleation. “The inventive
3 combination may be introduced within any polyolefin composition, again preferably polypropylene, which may then be malded into
any shape or form. A method of producing a polyolefin plastic utilizing the inventive combination of compounds is also provided.

002

JP 2004-524409 A 2004.8.12



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 |

(14)

WO 02/074284 PCT/US02/01713

POLYOLEFIN ADDITIVE COMPOSITION COMPRISING 34-DIMETHYL
DIBENZYLIDENE SORBITOL AND p-METHYL DIBENZYLIDENE SORBITOL

Field of the Invention

This invention relates to a specific combination of two different polyolefin clarifying
and nucleating agents, namely bis-3,4-dimethyldibenzylidene sorbitol and bis-p-
methyldibenzylidene sorbitol. Such a combination surprisingly provides improved
clarification and crystallization temperatures to polypropylene articles and formulations,
better than bis-p-methyldibenzylidene sorbitol alone and equivalent or better than 3,4-
dimethyldibenzylidene sorbitol alone. Such a combination of compounds thus permits the
utilization of a new additive for the purpose of modifying polyolefin properiies, such as
polypropylene clarification and nucleation. The inventive combination may be introduced
within any polyolefin composition, again preferably polypropylene, which may then be
molded into any shape or form. A method of producing a polyolefin plastic utilizing the

inventive combination of compounds is also provided.

Background of the Prior Art

Dibenzylidene sorbitol acetals ("DBS"), substituted DBS, such as can be made with
alkyl substituted aromatic aldehydes, and related acetals have found utility as nuclsaﬁﬁg
agents, clarifying agents, gelling agents, processing aids, and strength modifiers in polyolefin
resins, polyester resins, deodorant, and antiperspirant compositions; hydrocarbon fuels; waste
liquids, especially those containing organic impurities; and paint.

Such compounds are utilized to provide nucleation sites for polyolefin crystal growth
during cooling of a molten formulation. Without being limited to one specific scientific
theory, it is believed that DBS compounds form fibrous networks within the molten
polyolefin (such as polypropylene) at a temperature well above that required for polyolefin
ctystal formation. The fibrous networks appear to act as sites for more ordered and faster

polyolefin crystallization during cooling. During the process of crystallization, polymer

JP 2004-524409 A 2004.8.12
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2
crystals organize into larger superstructures which are referred to as spherulites. The more

uniform, and preferably smaller, the spherlite size, the reduced possibility for light to be
scattered. In such a marmer, optical opacity of the polyolefin article itsclf can be controlled.
Thus, DBS compounds are very important to the polyolefin industry in order to provide such
desired nucleation and clarification properties.

DBS derivative compounds are typically prepared by the condensation reaction of two
moles of an aromatic aldehyde with one mole of a polyhydric alcohol, such as xylitol or
sorbitol. Examples of suitable processes may be fonnd in Murai et al., U.S. 3,721,682; Murai
etal, U.S. 4,429,140; Machell, U.S. 4,562,265; Kobayashi et al., U.S. 4,902,807; and
Scrivens et al., U.S. Patent 5,731,474. All of these references are hereby incorporated by
reference in their entirety.

Specific clarifying and nucleating agents for polyolefins include bis-3,4-
dimethyldibenzylidene sorbitol (3,4-DMDBS) and bis-p-methyldibenzylidene sorbitol
(MDBS). These specific compounds and polyolefins containing such compounds have been
taught previously in U.S. Pat. Nos. 4,371,645 to Mahaffey and 5,049,605 to Rekers,
respectively. Such compounds are thus individually well known as polyolefin additives and
exhibit excellent low haze measurements within polyolefins (as low as about 8.0% for 3,4-
DMDBS and about 10% for MDBS in random polypropylene copolymer injection molded 50
il thick plaques having 2000 ppm of clarifier added).

However, there are drawbacks from utilizing MDBS as a clarifying agent since
degradation of such a compound into the benzaldehyde and sorbitol components creates a
problem with migration of such benzaldehydes from the target polyolefin. In such a sitnation,
foul odors and tastes are generated such that the target polyolefin is limited in its end-use
function to non-food contact applications. To combat this, Milliken & Company developed
3,4-DMDBS. Such a compound appears to suffer from the same type of degradation
possibilities; however, the resultant benzaldehyde, being 3,4-dimethyl substituted, does not
create the same organoleptic problems as its p-methylbenzaldehyde counterpart. As a result,
3,4-DMDBS has become the primary clarifying agent throughout the polyolefin market.

Unfortunately, though, 3,4-DMDBS is relatively expensive to manufacture. The
‘manufacturing costs required to produce 3,4-DMDBS are above those for MDBS. Asa
result, there remains a great desire to develop a more cost-effective, yet acceptable clarifying

agent or composition for polyolefins which exhibits similar haze resulis as either of the two
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3
compounds individually. To date, there has been no teaching or fair suggestion for any such
improvements to lower the amount of 3,4-DMDRS in order to reduce the costs of such a
composition solely comprising such a polyolefin clarifying agent without sacrificing
clarification ability. There does exist a combination of 3,4-DMDBS with bis(p-
chlorobenzylidene) sorbitol in Japanese Application Hei 8[1996]-199003 to Kobayashi;
however, such a composition provides deleterious results from an organoleptic perspective.
Japanese Application Hei 8[1996]-32415, also to Kobayashi, teaches a combination of
MDBS with bis-p-chlorodibenzylidene sorbitol as a polyolefin additive as well. Again,
organoleptics are problematic with such a composition. Neither teaching shows or fairly
suggests the combination of 3,4-DMDBS and MDBS. The only other teachings concerning
such polyol§ﬁn clarifying compounds have been as individually utilized compounds within
polyolefin compositions and articles, as noted above. Thus, there remains a desire to provide
a more cost-effective but similarly performing clarifying agent comprising the excellent
clarifier 3,4-DMDRBS.

Objects of the Invention

Therefore, an object of the invention is to provide a lower cost alternative to a
polyolefin clarifier containing 3,4-DMDBS alone exhibiting excellent clarifying capabilities
for the same polyolefin articles and compositions. Another object of the invention is to
provide a polyolefin composition or article exhibiting a haze measurement of below 10%
comprising a clarifying combination of 3,4-DMDBS and MDBS.

Accordingly, this invention encompasses a polyolefin additive composition
comprising a combination of both bis(3,4-dimethylbenzylidene) sorbitol and bis(4-
methylbenzylidene) sorbitol. More specifically, this invention encompasses such a
combination consisting of from 5 to 95% by weight of the total combination of bis(3,4-
dimethylbenzylidene) sorbitol and from 5 to 95% by weight of the total combination of bis(4-
methylbenzylidene) sorbitol. Finished solid articles of polyolefins, such as, preferably,
though not necessarily, polypropylene, comprising such an additive composition are also
contemplated within this invention. Furthermore, such an invention is also defined and thus
encompasses a polyolefin nucleator composition comprising at least 1000 ppm of a mixture

of compounds, wherein said compounds are bis(3,4-dimethylbenzylidene) sorbitol and bis(p-
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4
methylbenzylidene) sorbitol, wherein said polyolefin nucleator composition provides a

crystallization onset temperature within a target polyolefin article formulation above the
crystallization onset temperature provided for a comparative polyolefin article comprising the
same polyolefin formulation but comprising bis(p-methylbenzylidene) sorbitol as its sole
polyolefin nucleator component, wherein the concentration of said sole polyolefin nucleator
component within said comparative polyolefin article is equivalent to the total concentration
of the polyolefin nucleator mixture within said target polyolefin article. Also conteraplated is
a polyolefin nucleator composition comprising at least 1000 ppm of a combination of
compounds, wherein said compounds are bis(3,4-dimethylbenzylidene) sorbitol and bis(p-
methylbenzylidene) sorbitol, wherein said polyolefin nucleator composition provides a peak
crystallization temperature within a target polyolefin article formulation above the peak
crystallization temperature provided for a comparative polyolefin article comprising the same
polyolefin formulation but comprising bis(p-methylbenzylidene) sorbitol as its sole polyolefin
nucleator component, wherein the concentration of said sole polyolefin nucleator component
within said comparative polyolefin article is equivalent fo the total concentration of the
polyolefin nucleator mixture within said target polyolefin article. Further contemplated is a
polyolefin clarifier composition comprising at least 1000 ppm of a combination of nucleator
compounds, wherein said compounds are bis(3,4-dimethylbenzylidene) sorbitol and bis(p-
methylbenzylidene) sorbitol, wherein said polyolefin clarifier composition provides a haze
measurement within a target polyolefin article formulation below the haze measurement
provided for a comparative polyolefin article comprising the same polyolefin formulation but
comprising bis(p-methylbenzylidene) sorbitol as its sole polyoletin clarifier component,
wherein such haze measurements are made in accordance with ASTM Standard Test Method
D1003-61, and wherein the concentration of said sole polyolefin nucleator component within
said comparative polyolefin article is equivalent to the total concentration of the polyolefin
nucleator mixture within said target polyolefin article. The importance of and definitions of
such crystallization onset temperatures, peak crystallization temperatures, and haze
measurements are discussed in greater detail below. Lastly, the invention encompasses a
method of nucleating a polyolefin comprising the steps of (a) providing a nucleator
composition comprising at least 1000 ppm of a combination of bis(3,4-dimethylbenzylidene)
sorbitol and bis(4-methylbenzylidene) sorbitol; (b) providing a polyolefin formulation; (c)
mixing said composition of step “a” with the polyolefin of step “b”; (d) melting said resultant
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5
mixture of step “c”; and allowing said molten mixture of step “d” to cool. Nowhere within

the pertinent prior art is such a combination, polyolefin additive composition, polyolefin
articles comprising such combinations and additives compositions, or methods of producing

polyolefin articles taught or fairly suggested.

Detailed Description of the Invention

The invention thus comprises basically both 3,4-DMDBS and MDBS in specific
proportions. The combination of both compounds has been avoided in the past, as noted
above, due to the difficulties in utilizing MDBS in a large range of applications and end-uses.

‘Without the apparent ability to provide an acceptable clarifier composition including such a
compound, the possibility of servicing only a limited market of end-users has thwarted
widespread attempts of incorporating such a compound within different clarifying
formulations. Without the desire or need to investigate the effects of such an inventive
combination of compounds within a polyolefin clarifying formulation, production and
analyses of such potential mixtures have been deemphasized.

However, with the need to provide lower cost alternatives to 3,4-DMDBS alone, as
well as the availability of certain types of compounds to prevent MDBS degradation,
neutralize degrading acids and other oxidants, and/or compounds which scavenge free
degraded benzaldehyde, alf within the target polyolefin, the potential for avoiding the
aforementioned difficulties with organoleptic issues may potentially permit more widespread
use of MDBS within a broader market of end-uses, particularly non-food contact applications.

Such potential organoleptic improvements for MDBS containing polyolefins is rather
limited, however, since the necessity of scavenging large amounts of degraded benzaldehydes
requires the presence of an appreciable amount of extra solids within the target polyolefin
itself. Such an addition is problematic since the increase in solids within the target polyolefin
invariably affects the clarity and cost of the target formulation. Thus, polyolefins comprising
all MDBS are still problematic on a widespread basis due to the difficulties in reducing haze
and organoleptic problems simultaneously with such clarifying compounds. Hence, the
development of the inventive combination of 3,4-DMDBS and MDBS as a synergistically
active clarifying agent is of great importance within the clarified polyolefin industry.

As noted above, surprisingly, it has now been found that such a mixture of clarifiers

exhibits a synergistic clarifying effect in polyolefin. As noted in TABLE 2, below, for
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random copolymer (RCP), for example, about 2000 ppm of 3,4-DMDBS provides a haze

measurement of about 8% and MDBS at 2000 ppm of about 10% (all within, as one example,
50 mil plaques of injection molded RCP). By mixing the two compounds, for example, to
about 1500 ppm 3,4-DMDBS and about 500 ppm MDBS, the resultant haze measurement is
about 8.4% (much lower than for MDBS alone). Furthermore, a mixture of about 1600 ppm
MDBS with about 400 ppm 3,4-DMDBS provides a haze measurement of about 7.9%. Thus,
even though MDBS exhibits an appreciably higher haze measurement than 3,4-DMDBS,
surprisingly the combination of the two different compounds provides a comparable haze
result for 3,4-DMDBS alone.

Such a result is against commonly accepted practice. For example, as noted above,
and without intending to be bound to any specific scientific theory, it appears that the DBS
compound within a polyolefin appears to provide a fibrous network of nucleation sites for
polyolefin crystal growth during cooling of the molten polymer. The network formed by 3,4-
DMDBS alone accords what appears to be standard smail spherulite sizes for low haze
measurements. The network formed by MDBS produces larger average spherulite sizes,
thereby producing high haze measurements. It is noted that all haze measurements noted
herein include a standard deviation of +/- 0.25 haze units.

Although haze is an important measurement to determine the effectiveness of certain
clarifying agents, other characteristics exhibited by such agents, and transferred to the final
polyolefin product are of great interest as well. For instance, crystallization is important in
order to determine the time nesded to form a solid from the molien polyolefin/DBS
composition. The rate of crystallization is typically quantified by reporting the onset
crystallization temperature, which defines the beginning of the crystallization process, and the
peak crystallization temperature, which defines the temperature where the crystallization rate
is highest. Both the onset crystallization temperature and the peak crystallization temperature
are indicative of the crystallization process occurring in a polymer sample. In order to reduce
the amount of time needed to form the final product, as well as to provide the most effective
nucleation for the polyolefin, the best DBS compounds added will most likely, though not
necessarily, also provide the highest peak crystallization temperature and the highest onset
crystallization temperature.

The crygta]lizaﬁ011 temperature exhibited by 3,4-DMDBS in RCP, for example, is
greater than an entire degree above that for MDBS in RCP (114.1°C to 112.9°C). Thus,
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without intending to be bound to any specific scientific theory, it appears that the

polypropylene crystals form more readily and quickly with 3,4-DMDBS due to the higher
crystallization temperature exhibited thereby. However, (in the mixed systems) the addition
of amounts of 3,4-DMDBS appear not only not to reduce the haze results from MDBS alone,
but also increase both the peak crystallization and onset crystallization temperatures. It would
be expected that the arrangement of polyolefin crystals would be more haphazard with a
mixed clarifier system since the fibrous networks formed by the initial 3,4-DMDBS would
seemingly produce different spherulite size crystals of polyolefin than would the MDBS
network. Again, this appears not to be the case in this instance. The similarity in haze results
to 3,4-DMDBS alone suggests that the polyolefin crystal growth remains uniform in effect.
Such results are, again, highly unexpected in view of common understandings of nucleated
and clarified polyolefins.

A similar phenomenom occurs with regard to the aforementioned crystallization onset
teﬁlperafures. MDBS exhibits, in RCP, a crystallization onset temperature of about 117.1°C
at 2000 ppm, and 3,4-DMDBS exhibits, also in RCP at 2000 ppm, a crystallization onset
temperature of about 118.6°C. With a combination of these two additives, the crystallization
onset temperature is increased, surprisingly, to a level as high as almost 119°C. All
crystallization and onset temperatures listed herein include a statistical error of +/- 0.1°C.

Thus, it has been found that a composition of from 5-95% by weight of MDBS and
from 5-95% by weight of 3,4-DMDBS, with a total of 100% for both components, provides
the highly unexpected benefits as noted above, particularly when incorporated within a target
polyolefin, preferably polypropylene. Preferably, such a mixture is from about 10-90% by
weight MDBS and from about 10-90% by weight of 3,4-DMDBS; more preferably, about 20~
90% by weight of MDBS and from about 10-80% by weight of 3,4-DMDBS; still more
preferably, 25-90% MDBS, and 10-75% 3,4-DMDBS, and most preferably about 50-80%
MDBS and about 20-50% 3,4-DMDBS. Such a combination may be incorporated within an
additives package composition including other components, including, base polyolefin, and
other compounds and formulations noted below in greater detail. Such an inventive
combination, and compositions comprising such an inventive combination, may be present in
any type of standard polyolefin additive form, including, without limitation, powder, prill,
agglomerate, liquid suspension, and the like. Basically, any form may be exhibited by such a

combination or composition including such combination made from blending, agglomeration,
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compaction, and/or extrusion. The total concentration of the inventive combination of

nucleator compounds within the target polyolefin may be anywhere from about 1000 ppm to
about 4000 ppm; preferably such a concentration is from about 1000 ppm to about 3500 ppm;
more preferably is from about 1200 ppm to about 3000 ppm; still more preferably is from
about 1500 ppm to about 3000 ppm; and most preferably from about 1500 ppm to about 2200
ppm.

Optional additives within the base composition comprising this inventive mixture may
include plasticizers, antistatic agents, stabilizers, ultraviolet absorbers, and other sirnilar
standard polyolefin thermoplastic additives. Other additives may also be present within this
composition, most notably antioxidants, antistatic compounds, perfumes, acid netutralizers,
and the like. In particular, it is contemplated that certain organoleptic improvement additives
be added for the purpose of permitting increased amounts of MDBS to be incorporated within
the inventive combination, compositions thereof, and end-product polyolefin comprising
such. The term “organoleptic improvement additive” is intended to encompass such
compounds and formulations as antioxidants (to prevent degradation of both the polyolefin
and possibly the target MDBS and/or 3,4-DMDBS), acid neutralizers (to prevent the ability of
appreciable amounts of residual acids from attacking the DBS compounds), and benzaldehyde
scavengers (such as hydrazides, hydrazines, and the like, to prevent the migration of foul
tasting and smelling benzaldehydes to the target polyolefin surface). Such compounds and
formulations can be added in any amounts in order to provide such organoleptic
improvements as needed. However, the amounts should not appreciably affect the haze
results for the target polyolefin itself. Thus, lower amounts on the order of from about 20

ppm to about 2,000 ppm of the total polyolefin component are desired.

The term polyolefin or polyolefin resin is intended to encompass any materials
comprised of at least one polyolefin compound. Preferred examples include polypropylene,
polyethylene, polybutylene, and any blends or copolymers thereof, whether high or low
density in composition. The term thermoplastic is well known in the art to mean a polymeric
material which will melt upon exposure to sufficient heat but will retain its solidified state,
but not prior shape (without use of a mold), upon sufficient cooling. The nucleated polyolefin

is intended to be utilized as, for instance and not by limitation, medical devices, such as

JP 2004-524409 A 2004.8.12



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 |

(22)

‘WO 02/074284 PCT/US02/01713
9
syringes, infravenous supply containers, and blood collection apparati; pipes and tubes;
standard storage containers; food packages; liquid containers, such as for drinks, medicines,
shampoos, and the like; apparel cases; microwaveable articles; shelves; cabinet doors;
mechanical parts; automobile parts; and any article where the effects of nucleation may be
advantageous.

The inventive nucleator and/or clarifier compositions are also defined in terms of their
ability to provide improved crystallization onset temperatures, peak crystallization
temperatures, and haze measurements within polyolefin article formulations above such
quantifiable properties available through the sole utilization of bis(p-methylbenzylidene)
sorbitol as a nucleator and/or clarifier within the same polyolefin article formulation and at
the same total concentration as the inventive nucleator combination, as noted above. The
term “same polyolefin article formulation™ in this context intended to define the same base
polyolefin content as used to produce the comparable polyolefin articles with the inventive
compositions incorporated therein, including the same manufacturing process parameters
(e.g., melting temperatures, molder barrel temperatures, cooling rates and temperatures, and
the like). It would be well appreciated by the ordinarily skilled artisan that such a term does
not connote the same exact polyolefin article itself. Thus, in comparison with standard
polyolefin article formulations of the same base poyolefin content but with bis(p-
methylbenzylidene) sorbitol as the sole nucleating/clarifying additive, the inventive
compositions provide increased crystallization onset temperatures and peak crystallization
temperatures and decreased haze measurements where the concentration of the sole polyolefin
nucleator component a comparative polyolefin article is equivalent to the total concentration

of the polyolefin nucleator mixture within the inventive target polyolefin ariicle.

Preferred Embodiments of the Invention
Examples of particularly preferred additive compositions comprising mixtures of 3,4-
DMDBS and MDBS as well as polyolefin articles comprising such mixtures are presented

below.

Production of Inventive DBS Mixtureg
The specific DBS mixtures were comprised of powders of the individual DBS

compounds which were then mixed together physically in powder form in the proportions
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listed below. DBS, itself, indicates dibenzylidene sorbitol; EDBS indicates bis(p-

ethylbenzylidene) sorbitol; and TDBS indicates 1,3;2,4-bis(5°, 6°, 7°, 8’-tetrahydro-2-

naphthylidens) sorbitol.
TABLE 1

Proportions Of Inventive DBS Mixtures
Ex. 34-DMDBS (ppm) MDBS (ppm) DBS (ppm) EDBS (ppm) TDBS (ppm)
1 1750 250 0 0 0
2 1500 500 Q 0 0
3 1250 750 0 0 0
4 1000 1000 0 0 0
5 750 1250 0 0 0
6 600 1400 0 0 0
7 500 1500 0 0 0
8 400 1600 0 0 0
9 300 1700 0 0 0
10 250 1750 0 0 0
11 200 1800 0 0 0
12 100 1900 0 0 0
13 1250 1250 0 0 0
{Comparatives)
14 2000 0 0 0 1]
15 0 2000 0 0 0
16 1000 0 1000 0 0
17 500 0 1500 0 0
18 0 0 2000 0 0
19 1000 0 0 1000 0
20 400 0 0 1600 0
21 0 0 0 2000 0
22 0 1250 0 0 1250
23 0 0 0 0 2500
24 2500 0 0 0 0
25 0 2500 o 0 0

Production of Clarified Polypropylene with the Inventive DBS Mixtureé

One kilogram batches of target polypropylene were produced in accordance with the

following table:
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POLYPROPYLENE COMPOSITION TABLE

Component . Amount
Polypropylene random copolymer flake (3% ethylene) 1,000 g
Trganox® 1010, Primary Antioxidant (from Ciba) 500 ppm
Irgafos® 168, Secondary Antioxidant (from Ciba) 1000 ppm
Calcium Stearate, Acid Scavenger 800 ppm.
Clarifying compounds or compositions as noted

The base resin (random copolymer, hereinafter “RCP”) and all additives were weighed
and then blended in a Welex high-intensity mixer for 1 minute at about 1600 rpm. All
samples were then melt compounded on a Killion single screw extruder at a ramped
temperature from about 204° to 232°C through four heating zones. The melt temperature
upon exit of the extruder die was about 246°C. The screw had a diameter of 2.54 cm and a
length/diameter ratio of 24:1. Upon melting the molten polymer was filtered through a 60
mesh (250 micron) screen. Plaques of the target polypropylene were then made on an Arburg
25 ton injection molder. The molder bamrel was set at a temperature of 220°C. The plaques
had dimensions of about 51 mm X 76 mm X 1.27 mum made from a mirror-polished mold
(SPI1). The mold cooling circulating water was controlled at a temperature of 25°C. After
allowing the plaques to age for 24 hours at room temperature, haze values were measured
according to ASTM Standard Test Method D1003-61 “Standard Test Method for Haze and
Luminous Transmittance of Transparent Plastics” using a BYK Gardner Hazegard Plus.

A Perkin-Elmer DSC7 calibrated with indium was used to measure the peak.
crystallization temperature and the onset crystallization temperature of the polymer. The
specific polyolefin/DBS mixture composition was heated from 60°C to 220°C at a rate of
20°C per minute to produce a molten formulation and held at the peak temperature for 2
minutes. At that time, the temperature was then lowered at a rate of 20°C per munute untii it
reached the starting temperature of 60°C. The peak crystallization temperature of the
polymer was thus measured as the peak maximum during the crystallization exotherm. The
onset crystallization temperature of the polymer, which indicates the temperature at the
‘beginning of the crystallization process, was calculated using the default settings of Perkin

Elmer’s Pyris 3.81 software.

JP 2004-524409 A 2004.8.12
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The following Table lists the haze values and crystallization temperatures for the
plaques prepared with the mixtures of TABLE 1 (an asterisk indicates no measurements were

taken for those samples):

TABLE 2

Haze Values and Crystailization and Onset Temperatures for Inventive Plagues

Plaque # (TABLE 1) Haze Value Peak Crystallization Temp. Onget Crystallization
Temp.

1 8.0 113.6°C 118.1°C
2 8.4 113.6°C 117.9°C
3 8.3 113.7°C - 118.1°C
4 79 113.7°C 118.2°C
5 8.0 114.2°C 118.8°C
6 8.0 114.0°C 118.9°C
7 8.1 113.9°C 118.9°C
8 7.9 113.9°C 118.8°C
9 8.2 113.7°C 118.5°C
10 8.3 113.6°C 118.3°C
11 8.4 113.6°C 118.1°C
12 8.7 113.1°C 117.3°C
13 7.0 * *
(Comparatives)

14 8.0 114.1°C 118.6°C
15 10.1 112.9°C 117.1°C
16 12.2 112.6°C 116.8°C
17 13.8 111.4°C 115.3°C
18 21.5 109.2°C 112.5°C
19 11.1 113.3°C 117.7°C
20 12.0 112.6°C 117.2°C
21 12.7 113.5°C 118.2°C
22 9.1 * *

23 6.9 * *

24 6.9 * *

25 8.3 * *

The plaques produced with the inventive DBS mixtures, rather than the individual
DBS compounds themselves, thus exhibited comparable haze measurements and
crystallization temperatures, all at a lower cost due to the added amount of less expensive

MDBS within the final article.
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Having described the invention in detail it is obvious that one skilled in the art will be
able to make variations and modifications thereto without departing from the scope of the
present invention. Accordingly, the scope of the present invention should be determined only

by the claims appended hereto.
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Claims

That which is claimed is:

1. A polyolefin additive composition comprising a combination of both bis(3,4~

dimethylbenzylidene) sorbitol and bis(p-methylbenzylidene) sorbitol.

2. The polyolefin additive composition of Claim 1 wherein said combination consists
of from 5 to 95% by weight of the total combination of bis(3,4-dimethylbenzylidene) sorbitol
and from 5 to 95% by weight of the total combination of bis(p-methylbenzylidene) sorbitol.

3. The polyolefin additive composition of Claim 2 wherein said combination consists
of from 10 to 90% of bis(3,4-dimethylbenzylidene) sorbitol and from 10 to 90% of bis(p-
methylbenzylidene) sorbitol by weight of the total combination.

4, The polyolefin additive composition of Claim 3 wherein said combination consists
of from 10 to 80% of bis(3,4-dimethylbenzylidene) sorbitol and from 20 to 90% of bis(p-
methylbenzylidene) sorbitol by weight of the total combination.

5. The polyolefin additive composition of Claim 2 wherein said combination
consists of from 10 to 75% of bis(3,4-dimethylbenzylidene) sorbitol and from 25 to 90% of
bis(p-methylbenzylidene) sorbitol by weight of the total combination.

6. The polyolefin additive composition of Claim 2 wherein said combination
consists of from 20 to 50% of bis(3,4-dimethylbenzylidene) sorbitol and from 50 to 80% of
bis(p-methylbenzylidene) sorbitol by weight of the total combination.

7. The polyolefin additive composition of Claim 1 further comprising at least one

organoleptic improvement additive.

8. The polyolefin additive composition of Claim 2 further comprising at least one

organoleptic improvement additive.
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9. The polyolefin additive composition of Claim 3 further comprising at least one

organoleptic improvement additive.

10. The polyolefin additive composition of Claim 4 further comprising at least one

organoleptic improvement additive.

11, The polyolefin additive composition of Claim 5 further comprising at least one

organoleptic improvement additive.

12, The polyolefin additive composition of Claim 6 further comprising at least one

organoleptic improvement additive.

13, A solid polyolefin article comprising the additive composition of Claim 1.
14. A solid polyolefin article comprising the additive composition of Claim 2.
15. A solid polyolefin article comprising the additive composition of Claim 3.
16. A solid polyolefin article comprising the additive composition of Claim 4.
17. A solid polyolefin article comprising the additive composition of Claim 5.
18. A solid polyolefin article comprising the additive composition of Claim 6.
19. A solid polyolefin article comprising the additive composition of Claim 7.
20. A solid polyolefin article comprising the additive composition of Claim 8.
21. A solid polyolefin article comprising the additive composition of Claim 9.
22, A solid polyolefin article comprising the additive composition of Claim 10.
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23. A solid polyolefin article comprising the additive composition of Claim 11.
24. A solid potyolefin article comprising the additive composition of Claim 12.
25. The solid polyolefin article of Claim 13 wherein said polyolefin comprises at least
polypropylene.
26. The solid polyolefin article of Claim 25 wherein said polypropylene is a random

copolymer of polypropylene.

27. The solid polyolefin article of Claim 26 wherein said random copolymer

exhibits at least some ethylene content.

28. The solid polyolefin article of Claim 19 wherein said polyolefin comprises at least

polypropylene.

29. The solid polyolefin article of Claim 28 wherein said polypropylene is a random

copolymer of polypropylene.

30. The solid polyolefin article of Claim 29 wherein said random copolymer exhibits

at least some ethylene content.

31. A polyolefin nucleator composition comprising at least 1000 ppm of a mixture of
compounds, wherein said compounds are bis(3,4-dimethylbenzylidene) sorbitol and bis(p-
methylbenzylidene) sorbitol, wherein said polyolefin nucleator composition provides a
crystallization onset temperature within a target polyolefin article formulation above the
crystallization onset temperature provided for a comparative polyolefin article comprising the
same polyolefin formulation but comprising bis(p-methylbenzylidene) sorbitol as its sole
polyolefin nucleator component, wherein the concentration of said sole p(;lyoleﬁn nucleator
component within said comparative polyolefin article is equivalent to the total concentration

of the polyolefin nucleator mixture within said target polyolefin article.
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32 A polyolefin nucleator composition comprising at least 1000 ppm of a combination

of compounds, wherein said compounds are bis(3,4-dimethylbenzylidene) sorbitol and bis(p-
methylbenzylidene) sorbitol, wherein said polyolefin nucleator composition provides a peak
crystallization temperature within a target polyolefin article formulation above the peak
crystallization temperature provided for a comparative polyolefin article formulation
comprising the same polyolefin article formulation but comprising bis(p-ﬁeﬂlylbmzylidelle)
sorbitol as its sole polyolefin nucleator component, wherein the concentration of said sole
polyolefin nucleator component within said comparative polyolefin article is equivalent to the

total concentration of the polyolefin nucleator mixture within said target polyolefin article.

33. A polyolefin clarifier composition comprising at least 1000 ppm of a combination
of nucleator compounds, wherein said compounds are at least bis(3,4-dimethylbenzylidene)
sorbitol and bis(p-methylbenzylidene) sorbitol, wherein said polyolefin clarifier composition
provides a haze measurement within a target polyolefin article formulation below the haze
measurement provided for a comparative polyolefin article comprising the same polyolefin
formulation but comprising bis(p-methylbenzylidene) sorbitol as its sole polyolefin clarifier
component, wherein such haze measurements are made in accordance with ASTM Standard
Test Method D1003-61, and wherein the conceptraﬁon of said sole polyolefin nucleator
component within said comparative polyolefin article is equivalent to the total concentration

of the polyolefin nucleator mixture within said target polyolefin article.

34, A method of nucleating a polyolefin comprising the steps of:
(a) providing a nucleator composition comprising at least 1000 ppm of a
combination of bis(3,4-dimethylbenzylidene) sorbitol and bis(p-methylbenzylidene) sorbitol;
(b) providing a polyolefin formulation;
{c) mixing said composition of step “a” with the polyolefin of step “b”;
(d) melting said resultant mixture of step “c”; and

(e) allowing said molten mixture of step “d” to cool.
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