JP 2008-179613 A 2008.8.7

(19) B EEHEFT (UP) w4 M4 F A BRA (1) S5 R A P 2
45P02008-179613
(P2008-1796134)
(43 AME TR20:£8H7H (2008.8.7)
(51) Int.CI. F1 F—=a—F (%)
CO7C 263/10  (2006.01) CO7C 263/10 4HOO06
CO7C 265/14  (2006.01) CO7C 265/14

FEMER RBER BREOH 46 OL HNEFLE (£50 R

CHEEES $RE2007-322095 (P2007-322095) | (71) HEEA 504037346
(22) HEER SER19EI2H 138 (2007.12.13) NAIN - TNV TAYA LA - TIF
Bl ESEEEESES 11/638,817 ALY T b
(32) 1®5&H ER18EE12H 148 (2006.12.14) Bayer MaterialScien
@) E|ELETRE KB WS ce AG
(31) B3R\ S  11/656,283 N WEHHEFIEF——513681L—7
(32) 5B SERI9ELA 228 (2007.1.22) I =
@) E|ELETRE KB WS (T4 {RE A 100100158

#E+T &BE B

(74) 1R A 100068526
#E+LT HFY *RE

(72 AEFE >a2F77y WiAAKR—T71Y
FA VBHEEMEF——4 106854k
IS —bsyn, Vudn—r118

BARRIZA

(54) [READER] HETO-LALFHHT2HE

(G7HOO0O0

0000000000000 000000000000000000000000000
00000000000 0O00

0000000000000 0000O000O000O000O00000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000O000ON0ONONooNooonoon
0000000000000 0000000O0000000000000000000n
000000000000 00000000000000000000000000000
000

0oooooo

10



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

Ooooooogooood

I ey A ey e e s [ A B
e ey e s e e sy e s e s B
I ey ey ey e e e sy [ B

O

Ooooooooogoooogoog

Ooooooogoooodg

O0o0oDoo40dUoooDooUdoooDoDoDUUoDoDoDoUUUUoooDooggogoooaog

Oooooooooooao

OO0 oDooogoggooood

O 0Oooo
O 0Oooo
O oOooo
O Oooo

OO0 ooooogodg

O
O

oo ooooooQgogooQo
OO0 ooooogogogog
oo oooooQgogoo

Oooooogdg

O
O
O
O

O Oogogo
O 0Ooo0ooo

O
O

OO0 ooDoooggogoooao

Oooooooooooaoo

OO0 ooooogogogoooaog

OooooooQgodg

Oooooooooooaoo
Ooooooggoao

O Ooooo
O Ooo0ooo
O OooOooao
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooao

O
O
O
O
O
O
O
O
O
O

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

O0Ooo0oooao

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

O Ooo0oooao

O0Ooo0oooao

O Ooo0oooao

O0Ooo0oo0ooao

OOoo0oooao

O0Ooo0oo0ooao

OOoo0oooao

(2)

O 0Ooo0oo0ooao

OOoo0oooao

O0Oo0oo0ooao

OOoo0oooao

O 0Oo0oo0ooao

OOoo0oooao

JP 2008-179613 A 2008.8.7

oooooboOoo0oooao
ooobDDbDOoO0ood

gooooaad

goooooboboao
oooooobboao

gboooooobooad

oo

gbobobooooboboogodd

gboboboooobbogd
gooooao

) ooooooooooooao

gogoobooooooboogdd

O Oooo
O 0o oo

10

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy

I [y

OO0 o0DoDoogogooooogogg
Oo0oooooooooogogQgog
OO0 oDoDoogogooooogogg

O Oooo

OOo0ooogo-gogao
Ooo0oooQgogoao
OOo0ooogo-gogao

O

OoOoooooooooooo0oDoDooooooooogQgo-g

OOo0ooogogdooDooUoUdoooDooUoUggooooggg

O
O
O
(]

O 0Ooo0oooao
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo

Ooooooo0oooooo0oDoDooooooooogoQgg

O Oooo

O
O
O

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

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

O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Ooo
O oOooo
O 0Ooo
OO oo

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

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

O Oooo

O Oooo

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

€))

oono
oo

O
O
O
OJ
O

O
O
O
OJ
O

O

O 0Ooo

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

O

JP 2008-179613 A 2008

gooano

O

O

O

O

goooano

O

O

O 0Oooo

O

O d

O

O

O 0Oooo

.8.

7

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy

e s s e e e e e e s e Y i
Ooooooo4oooooo o0 oo ooooDoooDoDooo0DooDooogogoooao
e s e e e e e e s e Y i

O0Ooo0oooog
OoOoo0oooao
O0Oo0oooog
Oo0Ooo0oooo

OJ
O
OJ
O

O
O
(]
O

O
O
O
O

O
O
O
O

Ooooooooooooooooogodg

Ooooooooooodg

O OooOooo
O Ooooao
O O0OoOooo

O O

O
O

OOooooogod
OoOoo0ooood
O OooOooo
O Ooooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooao

OOoo0ooodg
OoOoo0oood
Oo0Ooo0ooodg
OoOoo0oood
OoOoo0ooodg

O
O

4)

O

JP 2008-179613 A 2008.8.

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

yooooooooooooooao
ooooOboOO0Ooooooooobooao

oooDobDobooooooobooboao
ooooOboOOooooooooooao

gogoooooobooooban

ooooOboOoOoooooooobooao

7

10

20

30

40



e e e Y Iy

A I A
Oooooo0oooooOoooOooooooooooOoooOoooOoooDoooDoooooooooobooOoooOod

Ooooooooooooooooooogooogao

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

OO0 0oDoogg4UoooDooggUooooogogoao
OO0 o0ooDoooo0oDoDoooo0oDooogogooao
OO0 o0oODooggUoooDoDooggUgogoooogogoao
Oo0oooDoooo0oDooooooooogogooao
OO0 o0oDoogog4oooDoDooggUgogoooogogoao
Oo0oooDoooooDooooooooogogogoao
OO0 o0DoDoogog4oooDoDooggooooogogoao
Ooo0oo0ooDoooo0 oo ooo o oDooogogooao

O
O
O
O

O
O
O
O

Oooooogogoao
Oo0Dooogogoao
Ooooooogogooaoo
Ooooogogoao
Ooooooogogogoao
OooOoogogoao
Ooooooogogooao
Ooooogogoao
Ooooooogoogooao
Ooooogogoao
Ooooooogoogoao
Ooooogogoao
Ooooooogoogao
Oooooogogao
OooOoooooogao
Ooooogogao
OooOoo0oooogoogao
Oooooogogao
OooOoo0oooogooOgao
Oooooogogao
OooOoo0oooogoogao
Oooooogogo
OOo0ooogogaog
Oooooogogao
O 0Oo0oo0ooog

OOoo0oooaoo

O0Oo0oooog

I B

OO0Oo0oooog

O0Ooo0oooao.o

O0Oo0oooaog

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

O
OJ
O
O
O
O

O Oooo

O O oo

O Oooo

I Y o Y

O Oooo

O 0o oo
O
O
O
O

O
O

O Ooogooao
O 0Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O O0Oogoao
O Ooooo
O OoOgooao
O Ooooo
O O0Oogoao
O Ooooao

OO0 oo oooogooooooogdg

O Ooo0ooooao
O Ooo0ooooaog

OooOoo0ooood
OoOoo0oooogd
OoOoo0ooood
OOoo0oooogd
OoOoo0ooood
OoOoo0oooogod
OoOoo0ooood
OoOoo0oooogod
OoOoo0ooood
Oo0oo0oooogod
Oo0Ooo0Ooood
OOo0o0oooogod
I B [
OoOoooogs

|
|

O Ooo0ooo
O Ooooo
O Ooo0ooo
O OooOooo
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O Oo0goo
O Ooooo

)

O
O
O
O
O
O

O
O
O
O
O
O

]
|

JP 2008-179613 A 2008

O
O
O
O
O
O

O O0ooo

O Oooo

O O0ooo

O Oooo

O
O

.8.

O 0Oooo

7

10

20

30

40

50



e e e Y Iy

I A Y I B |
OoooooooOoooOoooooooOoooOoooOoooDooooooooooooooobooOooOood

OooOooo0ogoao

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

OJ
O
O
O
[
O

|
|
O

e A [y

Oo0oooooo0ooooooooooDoDooooooooQgg
OO0 oDooggUoooDooUdUoooDoDoo4ggogoooogdg
Oo0oooooo0ooooooooooDoooooooooQgdg

O Oo0oooao

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

Ooooooggogao
OooooooQgoo
Ooooooggogao
Oooo0ooogoo
Ooooooggoao
Oooo0oooQgoao
Ooooooggoao
Oooo0oooQgoao
Oooooogoggoao
Oooo0oooQgoao
Oooooogogg

OoOoo0ooodgdg

OOoo0oooao

O Ooo0oooao

O0Ooo0oooao

O Ooo0oooaog

O
O

O

O

(6) JP 2008-179613 A 2008.8.

O
O
O

O
O

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

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

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

yloooooobooooooooobbooooooao
gooboboooooboboboooobooooobooooboboao

ooobObOO0oo0oooooooobobbooooooooao
ooooDoooogoo

ooobDbOoO0O0ooooan
ooooObOOO0oO0oDooooooobobbooooooooano

7

10

20

30

40

50



e e e Y Iy

e s e e e [ Y I Y
OoOoooooo0oooooo0o oo oooUo0 oo oDooo0oooDooogooao
e s e e e e s e e s [ Y Y
Ooooooooooooo0o oo oooo0 oo oooo0oooDooogooao
e s e e e e e e s e [ Y I Y

Oooooooooooo oo oooo0ooDooogogoooodg

OO0 oOoDooodooooogodgogoao
Oooooooooooogooao
Oo0DoDooo4dooooogogogogoao
Ooooooo0oooooQgooao
Oo0Doooo4gogooooogogogoao

OO0 ooooooooooQgog

O O

O O ogo

O
O
O
O
O
O

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

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

O 0Ooooo
O oOoooao
O Oooogoo

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

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

O Oooo

O O oo

O Oooo

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

O O oo

O 0Oooo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O Oooo

P

O 0o oo

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

O
O
O
O
O
O
O

O 0Oo0oo

O oOooo
OO oo
O oOooo
O 0Ooo
O 0Oooo
O O0Ooo
O 0Oooo
O Oooo
O 0Oooo
O OoooQ

O

JP 2008-179613 A 2008

O 0Oooo

O d

O o

O 0Oooo
O Oooo

.8.

7

10

20

30

40

50



OoooOoooOoooooooOooooooooooOOooooooOoooOooooooooooooooooOooOod
Iy e R A A A |

e ey vy e ey ey e ) [y Y Iy
e [ e e ) e e ey e s e e A s Y Y I Y
e s e R ey e e [y Iy
e e s e e e e ) ey e e [ s [ Y

OO0 oo oooo0oooooQgoooo

Oooooooooo

OoOooooogoood

=]
=]
D
-

Oo0ooooooo

O
O

-
@
Q

<
0
-—

O0O0ogdgogoao

OJ
O

I [ |

[ Y A

O OO

Ooo0oooooooooooogoQgdg
OO0 ooDooogogogoooooggdg
Oo0ooooooooooogoQgdg
OOo0ooDoooogooooggg
OooooooooooooogoQgg
Oo0oooooooooooggg
OooooooooooooogoQgg
Oo0ooooooooooogogg
Ooooooooooooogogodg
Oo0ooooooooooogogg
Oooooooooooooogogogdg
Oo0ooooooooooogogg
Oooooooooooooogoogdg
Ooooooooooooogogg
Oo0oooooooooooogoogdg
Ooooooooooooogogg
Oo0oooooooooooogooQgdg
Ooooooooooooogogg
Ooo0oooooooooooogodg
OoooooooooooogoQgg
OO0 o0DoDoogogogogoooogogdg
Oo0ooooooooooogoQgg
OO0 ooDoogogoooooogogdg
Oo0oooooooooooogoQgdg
OO0 ooDooogogoooooogogdg
Oo0oooooooooooogoQgdg
OO0 ooDooogooooooggg
Oo0oooooooooooogoQgdg
Oo0oooooogoooooggg
OoooooooooooogoQgg
Oo0ooooooooooogogg
OoooooooooooogoQgg

O
O

OOooOooOo=-Q0g

OOo0DoDooo4o0oooooggoooao
Ooooooo0ooooogogoooao
OOoDoDooo4ogooooggoooao
Oooooooooooogoooao
OooDooooooooogoggoooao
Oooooooooooogoooao
OooDooooooooogoggoooao
Oooooooooooogogoooaoo
Ooooooo0ooooogoggoooao

I i Ry

Oo0oO0ooae d
o R

gooano

gooao
gugooano

Oo0o0oao
streaml]
Oo0o0oao

O
a
a

O
O

O
O

O Ooogoo
O 0Ooo0ooo
O 0Ooogooo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooooo
I Y Y
O 0Ooooo
OO oOgoao
O 0Ooo0ooo
O O0Oogoao
O 0Ooo0ooo
O Ooogoao
O 0Ooo0ooo
O Ooogoao
O 0Ooo0ooo
O Ooogoao
O 0Ooo0ooo
O 0Ooogoo
O 0Ooo0ooo

Ooooooooooooogogogoao
Oooooooooooogogoao
Ooooooooooooogogogogoao
Oooooooooooogogogoao
Oo0oooooooooooogogogogoao
Oooooooooooogogoao
OOo0oooooooooooogoogooao
Oooooooooooogogoao
Oo0oooooooooooogoogooao
Oooooooooooogogoao
OO0 ooDoogogogoooodogoao
Ooooooooooooogogoao
OO0 oDoDoogogogoooogogoao
Ooooooooooooogogogoao
OO0 ooDoogogogoooogogoao
Ooooooooooooogogogoao
OO0 ooDoogogooooogogoao
Ooooooooooooogogogoao
OOo0ooDoooooooogogoao
Ooooooooooooogogogoao
Oo0oDoDoogogooooogogoao
Ooooooooooooogogogogoao
Oooooooooooogogoao
Oooooooooooooogogogoao

C))

goad

JP 2008-179613 A 2008

O

goooooooan

OO0 ooooogooooooggog
OoooooooooooQgg

.8.

7

10

20

30

40

50



Ooooooo0oooooooooogogoQgdg

=+

Y O Y Y i [

Oooooo4o0ooooo o0 oo ooo oo ooDoDoooooooaog

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

OOo0ooogogdooDooUoUdoooDooUoUggooooggg

OoooooooooogogQgoao

Oo0OoOoo4o0oU0ooDoDooUogUooDoDoo4gogoooaog

OoOoo0oooogod
OO0Ooo0oooogd
Oo0oo0oooogod
OO0O0Oo0oooogd
OooOoo0ooogod
OO0Ooo0oooogd
OooOoo0ooood
OoOoo0oooogd
R B
OoOoo0oooogd
OoOoo0ooood
OoOoo0oooogd
I B
OoOoo0oooogd
OoOoo0ooood
OoOoo0oooogd
I B
OoOoo0oooogd
OoO0Ooo0Ooood
OoOoo0oooogd
OO0oo0oooogd
OoOoo0oooogd
OOoo0oooogd
OoOoo0oooogod
OOoo0oooogd
OOoo0oooogod
OO0oOo0oooogd
OoOoo0oooogod
OO0Ooo0oooogd
OooOoo0ooogod
OO0Oo0oooogd
OooOoo0ooogod
OoOoo0oooogd
R B [

O
O
O
O
O
O
O
O

OooooooQgoo
Oo0oooooggogo
OooooooQgoo
Oooooogogogao
OooooooQgoo
Ooooooogoggogao
OooooooQgoo
Oooooooggogoo
OooooooQgogoo
Oooooooggoao
OooooooQgoao
Ooooooogogogoo
OooooooQgogoo
Ooooooogogoo
OooooooQgogoo
Ooooooogoo
OooooooQgoo
Ooooooogogoo
Oooooooogoo
OooooooQgogoo
OO0 oooogogogao
OooooooQgoo
OO0 oooogogogo
OoooooogoQgoo
OO0 ooooggogo
OooooooQgoo
Ooooooogogogo

O
O
O
O
O
O

O
O
O
O
O
O

OOoo0ooood
O O0Oo0oooogod

OoDoooooooooggogao

O 0Ooo0oooo
O Oo0gooo
O 0Ooo0oooao
O O0Oo0goooao
O 0Oo0oo0ooo
O O0Oo0oooao
O 0Oo0oo0ooao
O Ooo0oooo
O 0Oo0oooao
O Ooo0oooo
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Oo0oo0ooao
O O0Oo0oooo
O 0Oo0oo0ooao
O O0Oo0oooo
O O o0OoOooo
O O0Oo0oooo
OO oO0oooo
O O0Oo0oooo
O Oo0gooo
O O0Oo0oooo
O O0Oo0gooo
O 0Ooo0oooo
O Oo0gooao
O 0Ooo0oo0ooao
O Ooooao
O 0Oo0oo0ooao
O Ooo0oooo
O 0Oo0oo0ooo

OoooooooooogoQgoao

Oo0oDooooooooggogao

Oooooooooooogoao

OooDoooooooogQgoao

OoooooooooogoQgoao

Oooooooooooggoao

OoooooooooooQgoao

OoooooooooogoQgoao

Oooooooooo x Oooo

OoooooooooogogQgoao

Ooooooooooooogooao

OoooooooooogQgoao

€))

Oooooooooooogooao

OoooooooooogogQgoao

Ooooooooooooogooao

OoooooooooogoQgoao

OoooooooooooOooao

OoooooooooogQgoao

O
O

Oo0ooooogQgogao
O o0oooooogdg
O 0o ooogdg
O o0ooooogdg
Ooooooggogao
OoooooogoQgoo

O

JP 2008-179613 A 2008

0

O

reference
Oooooao
ooooao
ooooao
ooooao

O Oo0oooogdg
Ooooooogdg
O Oo0oooogdg
OooooooQgoo

0

O Ooo0oooao

regulating con

O Ooogoo
O 0Ooo0gooo
O OooQgoo
O 0Ooo0ooo
O Ooo0oooao

O

O

O

O

.8.

O 0Ooo0ooo

O

ooooobooao
ooono

O

O

variabled
ooooao
ooooao
ooooao
ooooao

Oooooooooooggoao

Oooooooooooogoogooao

Oooooooooooggoao

OoooooooooooQgoao

7

10

30

40

50



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

OoOoo0ooog
OOoo0ooodg
OoOoo0ooogd
OOoo0ooog
I B
OoOoo0ooog
O0Ooo0oooand
OoOoo0ooog
I B
OoOoo0ooodg
O0Ooo0oo0ooao
OoOoo0ooog
O0Ooo0oooao
OoOoo0ooog
I B
OoOoo0oooog
O0Oo0Oo0ooao
OoOoo0ooog
O0Ooo0Oo0ooa.o
OoOoo0ooog
OO o0oooog
I o B
OO0oOo0ooog
OoOoo0ooogdg
O0Oo0ooodg
I B
OOoo0ooog
I B
OOoo0ooog
I B
OoOoo0ooog
I B
OoOoo0ooog
I B

Oo0Ooo0oooo
OO0Oo0oooog
I B
OOooooaog
O0Ooo0oooao
OOoo0oooog
O0Ooo0oooao
OoOooooaog
O0Ooo0oooao
OOoo0oooaog
I B
OoOooooaog
O0Ooo0oooao
OoOooooaog
I B
OoOoo0oooog
O0Oo0oo0ooao
OoOoo0oooaog
O0Oo0Ooo0ooa.o

OooooooooooogoQgdg
OO0 oDoDoogogogoooogogdg
OooooooooooogQgdg
OO0 ooDoogogoooooggg
OooooooooooogoQgg
Oo0ooDoooogooooggg
OooooooooooogoQg-g
Oooooooooooogogdg
Oooooooooooogogodg
Ooooooooooooggg
OooooooooooogoQgdg
Oooooooooooogogdg
OoooocoooooooogoQgdg
Oooooooooooogogdg

Oooooooooooao

OooooooOgod
OoOoo0oooogd
Oooo0oooOgod
OOoOo0oooogd

OO0 ooDoooggogoooao

Oooooooooooaoo

OO0 ooooogogogoooaog

Oooooooooooaoo

O0Ooo0oooao

OOoooooogogooooaog

O Ooo0oooaog

Ooooooooooooaoo

O0Ooo0oooao

Ooooooogogogoooaog

O Ooo0oooao

Oooooooooooao

Ooooooogooooao

Oooooooooooao

OO0 oooooogogoo

Ooooooooogogogoao

(10)

oo oooooogogooo

supervisory

O

u
O
g
a

O

u
O
g
u

O

u
O
g
g

O

O Oooo

O

u
O
g
g

O

u
O
g
a

OooooooooooooQgaog

Ooooooooogogogoao

controlD 0D 00 O0O0OO0COODDOOOOO

O

u
O
g
g

oo ooooooooooggog

oo oooooogogooo

O

u
O
g
g

OooooooooooooQgadg

Ooooooooogoogooao

O

u
O
g
g

oo oooooooooogQgog

oo oooooogogooo

O

u
O
g
a

Ooooooooooooogadg

Ooooooooogoogooao

O 0Oo0ooOoo
O Ooooo
O Oo0goo
O Ooooo
OO oOooo
O Ooooo
O OoOgooo
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo

O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OooOooog
O Ooooo
O OooOooo
O Ooo0ooo
O OooOooo
O 0Ooo0ooo.o
O Ooooo
O 0Ooo0ooo

OO0 oooooooooogQgog

oo oooooogogoo

OoOoooDoooogooogoodg

Ooooooogogood

Ooo0ooooooooooogQgog

oo oooooogogooo

JP 2008-179613 A 2008.

OO0 o0DoDoogogoooooggog

OO0 ooooogogoao

oo oooooooooogQgog

oo oooooogogooo

OO0 oDoDoogoguoooooggog

OO0 ooooogogoao

oo oooooooooogogQgog

oo oooooogogooo

OO0 ooDoogogoooooggog

OO0 ooooogogoo

oo oooooooooogQgoQg

oo oooooogoogooo

OO0 o0ooDoogogoooooggog

OO0 ooooogogoo

OoooooooooooogogQgoQg

oo oooooogoogooo

Oo0ooooogooooooggog

OO0 ooooogogoo

OoooooooooooogoQgoQg

oo oooooogoogooo

Ooooooooooooggog

OO0 oooooogogoo

OoooooooooooogoQgog

oo oooooogogooo

.7

10

20

30

40

50



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

OO0 oo oooQooooodg
OO0 oDoooo4Qgoooodg
OO0 ooooo4Oooooodg
OO0 oOooooo4Qgoooodg
OO0 oooooOooooodg
OO0 oDoooo4Qgoooodg
OO0 ooooooOooooodg
OO0 ooooo4Qgoooodg
OO0 oooooOooooodg
OO0 oooooQgoooodg
OO0 oooocoooooodg
OO0 ooooogQgoooodg

Ooooooogooooao
Oooooogogooao
Ooooooogooooao
OOooooogogooao
OoooooogooooOoao
Oooooogoooao
Ooooooogooooao
Oooooogoooao

Oooooooooooogooao

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

OoDoooogogooooogogoao

Oooooooooooogooao

OoDoDooo4gogooooogogoao

Oooooooooooogooao

OoDoooooooooogogogoao

Oooooooooooogooao

Oooooo4ogooooogooao

OoooooooQgoogoao
Oo0oooooggogoo
OoooooooQgogoao
OO0 ooooogoggogoo
OoooooooQogogoao
Oo0ooooogogQgogoao
OoOo0ooooooogoogoao
Oo0ooooogoggogoao
OoooooooOgoogoao
Oo0ooooogoggogoo
OoOo0ooooooOooOoao
Oo0ooooogogQgogoo
OO0 oooooggogao
Ooo0oooooQgogoo
OO0 oooooggogog
Ooo0ooooogogQgogoo
OO0 oooooggogog
OooooooogogQgoo
OO0 oooooggogo
OoooooooQgogoo
OO0 oooooggogaog
OoooooooQgoo
OOo0oooooggogo
OoooooooQgoogoo
OOo0oooooggogoao
OoOooooooQgoogoao

Oooooooooooogooao

Oooooooooooogooao

Ooooooooooooogooao

Oooooooooooogooao

Oooooooooood
Oooooogogooood
Oooooooooood
Ooooooogooood
Oooooooooood
Ooooooogoooodg
Oooooooooood
Oooooooooood
OO0 oDooogog4Qgooood
Ooooooogoooodg
OO0 oDooogog4gooood
Oooooooooood
OO0 oooogo4gooood
Oooooooooood
OO0 oooogogooood
OoooooOoooood
OoDoooogogooood
OoooooOoooood
OoDoooogoggogooood
Oooooooooood
OoooooQgooood
Oooooooooood

Oooooooooooogooao

1)

oono
oo

Oooooooooooogooao

Oooooooooooogooao

Oo0ooooooooooogogdg
Ooo0ooooooooooooogodg
Oo0ooooooooooogogdg
Ooo0ooooooooooooQgodg
Oo0ooooooooooogoQgdg
OO0 o0ooDoooggogogogoooogogdg
Ooo0ooooooooooogogodg
OO0 o0DoDooogog4gogooooogogdg
Ooo0ooooooooooogoQgodg
OO0 ooooogoggogoooooggdg
Ooo0oooooooooooogogogodg
OO0 ooooogogoooooggg
Ooo0oooooooooooogoQgodg
OO0 ooooogogoooooggg
OoooooooooooogooQgodg
Oo0ooooogooooooggg
Oo0ooooooooooogogoQgodg
Oo0oooooooooooggdg
Ooo0ooooooooooogoogodg

O

O

JP 2008-179613 A 2008

gooano

O

O

O

O

goooano

O

O

O

O

O

.8.

7

10

20

30

40

50



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

OoooooooooogQgg
Oo0oDooogooooogogdg
OoooooooooogQgg
OoDoDooogoooooogoggg
OooooooooooQgg
Oo0ooDooooooooggdg
OooooooooooQgg
Ooooooooooogoggdg
OooooooooooQgdg
OoDoooooooooggg
Oo0oooooooooQgdg
Ooooooooooogogogg
Oo0oooooooooQgdg
Oooooooooooggg
Oo0oooooooooQgdg
Ooooooooooogoggg
Oo0oooooooooogdg

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

O
O
O
O
O
O
O

O
O
O
O

O o0Oooo

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

Oooooooooooaoo
OOoDoooogooooaog
Oooooooooooao
Oooooogogooooaog
Oooooooooooao
Oooooogooooaog
Ooooocooooooao
Oooooogooooaog
Ooooocooooooao
Oooooogogooooaog
Ooooocooooooao
Oooooogogooooaog
Ooooocooooooao
Oooooogogooooaog
OOooooooooooao
Oooooooooooaog
OOoo0ooooooooao
Oooooooooooog
OOooooooooooa-o

O 0Oooo

O 0Oooo

O oOooo

O
O
O
O
O
O
O
O
O

(12)

Oooooooooooaog
OOoo0ooooooooao
Oooooooooooaog
OO0 ooDoo4Qgooooaog
Ooooooogooooaog
OO0 oDoDoogQgooooaog
Ooooooogooooaog
OO0 oooogooooaog
Oooooooooooaog
OO0 oooogooooaog
Oooooooooooao
OOooooogooooaog
Oooooooooooao
Oooooogooooaog
Oooooooooooao
Oooooogogooooaog
Oooooooooooao

[ B R |
[ I I |
[ O B R |
[ O I |
[ B R |
[ I R |
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

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

OoooooooQgooao
OO0 ooooogogoao
oo ooooooQgooao
OO0 ooooogogogoao
OooooooooQgooao
OO0 ooooogogoao
OooooooooQgooao
OO0 ooooogogogoao
OooooooooQgooao
Ooooooogogooao
OooooooooQgoooao
OO0 ooooogogooao
Ooooooooogoooao
Oooooooogogooao
OooooooooQgooao

JP 2008-179613 A 2008.

]

O

.7

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy

O0Ooo0ooog
OoOoo0ooogdg
OO0Oo0ooog

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

OooooooooooQgogoao
OoDoDooooooooggogao
OooooooooooQgoao
OoDoDooogooooooggogao
OooooooooooQgogoao
OooDooooooooggogo
OooooooooooQgogoao
OooDooooooooggogao
OooooooooooQgoogoao
Oooooooooooggogao
OooooooooooQgogoao
OoooooooooogQgoao
OoooooooooooQgoao
OoooooooooogogQgogoao
Ooooooooooooogoogoao
OooDoooooooogogQgogoao
OoooooooooooOgogoao
OoooooooooogoQgogoao
OooooooooooOoogoao
OooooooooooQgogoao
OO0 oDooo0oo0ooooogogogao
OooooooooooQgogoo

OO0 oooodogoao
OoooooQgooao
Ooooogogoao
OoooooQgogooao

Ooooooogogooaoo
Ooooogogoao
Ooooooogogogoao
OooOoogogoao
Ooooooogogooao
Ooooogogoao
Ooooooogoogooao
Ooooogogoao
Ooooooogoogoao
Ooooogogoao

Oo0oooooooooooogooooo
OO0 oDoDoogogoooDoogogogoooaog
Oooooooooooooooooo
OOo0ooDoooooooDoogogogoooaog
Oooooooooooooooooo
OOo0ooooooooDoogooooog
Oooooooooooooooooo
Oo0oooooooooogooooaog
Oooooooooooooooooo
Oo0oooooooooogooooaog
Oooooooooooooooooao
Oo0oooooooooogogooooaog
Oooooooooooooooooao
Oooooooooooogogooooog
Oooooooooooooooooao
Ooooooooooooogogooooog

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

OoOoo0oooQgdg
OOooooogogg
OoOoo0ooodgdg
Oooooogogg
OoOoo0oooodgadg
OooooogooQgdg
OoOoo0oooodgadg
Oooooogg
OoOoo0oooodgadg
OoooooQgg
O0o0o0oooogoogdg
Ooooooogdg
OO0ooooogogdg
OooooooQgdg
OOooooogoogdg
OooooooQgg
OOooooogogdg
OooooooQgg
OOoooooggdg
Oooo0oooQgdg
OOoooooggdg
OooooooQgdg
OOooooogogdg
Oooo0oooQgdg

(13)

Ooooooooooooooogoogooao
OO0 ooooooooooogogooo
Ooo0ooooooooooooogoogooao
OO0 oo ooooooooogogooo
OO0 Do oDoo4gogooDooogogogoao
OO0 oo oooooooooogooo
OO0 0o oDoogogooDooogogogoao
OO0 oo ooooooooogooo
OO0 oD ooDoo4gogooDooogogogoao
oo oDoooooooooooQgooao
OO0 oDooDoogogoooDooogogogoao
OO0 ooooooooooogooo
OO0 oDooDoooooDooogogogogoao
OO0 oooooooooooogoogooao
OO0 oDooDoooooooogogogogoao
oo oooooooooooogooao
OO0 oDoooooooooogogogooao
oo oooooooooooogooao

JP 2008-179613 A 2008.

0
g
U

reaction

O
g
u

O

O
g
U

O

O
a
u

O

O
O
O
O
O
O
O
O
]

O

Oo0oooodgogooao

Oooooooooo=-O0O 0o

Oooooodgogoao

O O o

net

Oooooooooo=--O 0o

Oooooogogoao

O
g
U

cst OO

O
O
]

O
O
O

O
O
O

Oooooogogooao

Oooooodgogooao

Oooo0ooogogooao

.7

10

20

30

40

50



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

Ooooooo0oooooooooogoQgdg
OO0 oDooo40o0oooo4gogogooooogoggdg

Oooooooo0ooooogooooo

OooooooQgoo

O

O

OO0 ooDoogog4ogooDoogogogoooaog

O Oooog

OoOoooogogHXe

Oooooooooooooooooo
Oo0ooDoogogoooDoogooooaog
Ooooooooooooooooooo
Oo0oooooooooogooooaog
Oooooooooooooooooo
Oo0ooDoooooooogooooaog
Oooooooooooooooooao
Oo0oooooooooogooooaog
Oooooooooooooooooao
OooooooooDooogogooooaog
Oooooooooooooooooao
Oooooooooooogogooooog
Oooooooooooooooooao
Oooooooooooogogooooog
Oooooooooooooooooao
Oo0oooooooooooogogooooao
Ooo0ooooooooooooooooa-o
Oo0ooooooooooooooooo
OO0 o0oDoogogUoooDoogogoooaog
Oo0oooooooooooooooog
OO0 o0ooDooggUooDoDoogogogoooaog

Oooooooooooooogoooog

Oo0ooooQgoooao
Oo0oooogoQgoooao
Oo0ooooQogoooao
Oo0oooogogQgoooao
Oo0oooogogoooaoo
Oo0oooogodQgoooao
Oo0ooooogogoooaoo

OooooogogogH

OO0 oooogog4ooooogogogoooaog

Oo0oooooooooooooooo

OO0 ooDooo4ooooogogoooaog

Oooooooooooooooooo

Oo0ooooo4o0oooogogoooaog

Oooooooooooooooooao

Oooooooooooogogooooaog

[ R |

Oooooooooooooooooao

Oo0ooooogogoooaoo
Oo0oooogodQgoooao
Oo0ooooogooOoooao

O 0Ooooo

Oo0ooooooooooogogooooaog

Oooooooooooooooooao

(14)

Oo0ooooooooooogogogoooog

O Ooo0oooo

Oo0ooooooooooooogoooao

Oo0ooooogooOoooao
OoooooQgoooao
Oo0oo0ooogooOoooaoo
OoDooooQgoooao
OoOooooo0ooOoooOoaoo

Oooooooo0oooooogogooooog

Ooo0ooooooooooooooooao

Oooooooo0ooooogooooo

Oo0ooooooooooooogoooa-o

Ooooooooooooogooooo

Ooo0oooodgooao
OoooogogogH

OooooooDooooooogogoogao

[ Ry

Oo0ooooooooooogooooo

Oo0ooooQgoooaoo

OoOoo0ooogXe

JP 2008-179613 A 2008.8.

OO0 o0ooDoogg4UogoooDoogogogoooaog

O 0Oooog

OooooooDoooao
oooooooooood
ocoooooooood
ooooooooooaog
oooooooooood
ocooooooooood
Ooooooooooaod
frequencyd 0 OO OO
oooooooooood
oooooooooood
OooooooDoooao
oooooooooood
ocoooooooood
Ooooooooooaog
oooooooooood
ocooooooooood
Ooooooooood
ooooooooood
Ooooooooooaog
oooooooooood
ocooooooooood
Ooooooooooaog
ooooooooood
ocoooooooood
Ooooooooood
OooooooDoooao
oooooooooood
ocoooooooood
Ooooooooooaog
ooooooooood
ocooooooooood
ocooooooooood
ooooooooood
oooooooooood
oooooooooood
Ooooooao

" o0o0oDooooo
Ooooooooooaog
ooooooooood
ocoooooooood
Oooooooooood
p 00O0ooooooao
oooooooooood
ocoooooooood
ooooooooooao
Oooooooooood
ocooooooooood

7

10

20

30

40

50



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

Ooooooooooooo0 oo oDooo oo oDooooooDoDoooooDoooQgg
e s s ) e e e e s e R sy s [

Ooo0oooQgogoao
OOo0o0ooogogogao
OoooooQgogoao

OO oo

Oooooooooooaogo
OO0 oooogogooooaog

~
Q
S

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

Ooooooo0oooooQog=-0O000000n0ao0a.o

OO0 ooooooooooQgg
OO0 oo oogogooooogogg
Oo0ooooooooooQgg
OO0 oooogogooooogogg
oo ooooooooooQgg
OO0 oooogogooooogoggg
Ooo0ooooooooooQgog
OO0 oooogogoooooggg
OoooooooooooQgaog
OO0 ooooooooooggog
OoooooooooooQgg
oo oooooooooogoggg
OooooooooooooQgog
OO0 oooooooooogoggg
Oooooooooooogadg
OO0 oooooooooogogog
OoooooooooooQgadg
Oo0oooooooooogogog
Ooooooooooooogadg
Oooooooooooogogg
OO0 O0DoDoogogooooogg
OO0 oooooooooogoQgg
OO0 0o oogogugooooogogg
oo oooooooooogoQgg
OO0 oDoDoogogogooooogogg
oo oooooooooogoQgg

DDDDDDDDDDDDD\?DDDDDDDDD
OoOo0oooooooooogwoOooogooooaoga

Ooooogogoao
Ooooooogoogoo
Ooooogogoao

OO0 oDooogoogoooogdg
OooooooooooQgdg
Ooooooogoooogdg
OooooooooooQgodg
OoDooooogooooogdg
OooooooooooQgodg
Ooooooogooooogdg
OooooooooooOgodg
OooDooooooooogdg
OooooooooooOgodg
Ooooooooooogdg
Oooooooooood
OoooooQogooood
Oooooooooood
Ooooooogooood
Ooo0ooooooood
OoooooooooooQgdg
OO0 oDooogoogooooogdg

O 0Oooo

OoooooQgogoao
Oo0ooogogogao
Ooo0oooQoogoao
OoOoo0ooogogogao
OoooooQgoogao
Ooooogogao
Oooo0ooQgoogao
Ooooogogao
OoooooOoogao
OoooooQgogoao
OoooooOoogao
Ooo0oooQgogoao
OooOooooOooOgoao
Ooooogs

Ooooooogdg

standard level
00000000000 disturbance 1

O O0Oo0ooooaog
O 0oo0ooooao
O Ooo0ooooaog
Ooooooogodg

O

O

O

O 0Ooo0ooooao
O 0Ooo0oo0oooao
Oooooooogdg

O

O

(15) JP 2008-179613 A 2008

gooobobbo,000o0oooobooooan

O 0Ooo0ooooao

O Ooo0ooooao

O O0Oo0oo0oo0ooao

O Ooo0ooooo
OoOoooooogoadg
Oooooogogoao
O OO0 O0oOoO0Oogooogdg

OO0 oDoDoooooooooe o0oo0ooogooao

OO0 ooDoogogogoooao
Oooooooooooao
OO0 ooDooggogooao

OO0 oooogdg

O0ogao
controlld O

Oo0oooogogoao
Ooooooogoogoo

OJ

o
>
~+

vel c r

gooono

O
OO0 o0DoDoooooDoDoo o ogooooogooao
OO0 o0ooDooogoooooggogoooogogogoao
Oo0ooooooooooooooooogooao
OO0o0oDooogoooooggooooogogogoao
Oo0ooooooooooooooooogooao
OOo0ooDooogooooogogooooogogogoao
Oo0ooooooooooooooooogooao
OOo0oooooooooooo4ogooooogogooao

Oo0ooDooooooooggg
OooooooooooQgdg
OooDoooooooogogdg
OoooooooooooQgg
OooDooooooooggg
Oo0oooooooooQgdg
Oooooooooooggg
OooooooooooQgdg

O

OooOooooOoogoao
Ooo0oooQgogao
OO0 ooogo-gogao
Oo0oooQgogoao
OOo0ooogo-gogo
Ooo0oooQgogoao
OOo0ooogogogao
Ooo0oooQgogoao
OOo0ooogogogao
Ooo0oooQogogoao
OoOoooogogogao
Ooo0oooQogogao
Oo0ooogogogao
OoooooOoogao
Ooooogogogao
OoooooOoogoao

.8.

Oo0oooocooooooooooooogogooao

7

10

20

30

40

50



e e e Y Iy

|

s s s e e e e e e s e
[ s
s s e e e e e e e s e e e s e A
s s e B
o s s e A e s e [ e e e e e s e Y o A

O oOoooo
O Oooogoog
O o0oooo
O Ooooo
O o0oo0ooo
O 0Ooooao
O oOoo0ooo
O oOoooo
O o0Ooo0ooo
O oOoooo
O o0Ooo0ooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooooog
O oOoooo
O Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooao
O oOoooo
O Ooooo
O o0Ooooao
O oOoooo
O o0Ooo0ooo
O oOoooo
O o0Ooo0ooao

OJ
O
OJ
O
OJ

|

OooooooogooQgooao
OO0 oooooggogogoao
Ooooooooogooao

OoOoo0oooogod
OOoo0oooogd
Oo0oo0ooogod
OOoo0oooogd
OooOoo0ooood
OOoo0oooogd
OoOoo0oood
OOoo0oooogd
OoOoo0ooood
OoOooooogd
OoOoo0oood
OoOoo0oooogod
I B
OoOoo0oooogod
I B
OoOoo0oooogod
Oo0Ooo0oood
OoOoo0oooogod
O0Ooo0Ooood
OoOoo0oooogod
O0O0o0oooogd

oo ooooooQgooao

OooooooQgogoo
O oD oooogogo
OooooooQgoo
Oo0ooooogogao
Oooooooogogoo
Oooooogogao
OooooooQgogoo
Oooooogogao
OooooooQgogoao
Oooooogogoao
Oooooooogogoao
Ooooooogogo
OooooooQgogoao
Oooooooogogoo
OooooooOogogoao
Ooooooogogoo
Oooooooogogoao

OOo0oooogodogoao

Oo0ooooQgooaoo

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

OOo0oooogodgogooao

Oo0ooooQgooaoo

Oo0oooogodgogooao

Oo0ooooQgooao

Oo0oooogodgogooao

Ooo0oooodQgooaoo

Oo0oooogodooao

Oooo0oooQgooaoo

Oo0oooodgooaoo

Oooo0ooodQgooaoo

(16)

O Ooo0oooao
O Oo0oooao
O Ooo0oooao
O Oo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O OooOoooao
O0Ooo0oooao
O Oooooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao

Oo0oooodgooao
Oooo0ooodgooaoo
Oo0oooodgooao
Oooo0ooodgooao
Oo0oooodQgooaoo
OooOoo0ooodooao
Oo0oooodQgooaoo
OO0 o0ooogodogoao
Oo0oooodQgooaoo
OO0 oooodogoao
Oo0oooodQgooaoo
OOo0oooogodgogoao
Oo0ooooQgooaoo
Oo0oooogodogooao
Oo0ooooQgooaoo
Oo0oooogodgogooao
Ooo0ooooQgooaoo
Oo0oooogodgogooao
Ooo0ooooQgooaoo
Oo0oooogodogooao

Ooo0oooQgogoao
OooOooooOoogoao
Ooo0oooQgogoao
OOo0ooogo-gogao
Ooo0oooQgogoao
OOo0o0ooogogogao
Ooo0oooQgogoao
OOo0ooogogogo
Ooo0oooQgogoao
OOo0ooogogogao
Ooo0oooQoogoao
Oo0ooogoogogao
Ooo0oooQgogoao
OoOoooogoQgogao
Ooo0oooOoogoao
Ooooogogogao
Ooo0oooOoogoao

JP 2008-179613 A 2008.

OooooooQgooao

.7

10

20

30

40

50



e e e Y Iy

s e e e e ) s Y o o [
Oooooooooooo0o oo oooo0DooDoooogoooodg
e s e e s e e e |
Oooooooooooo oo oDooo0ooDoooogoooodg
e s e e e e R e e s e A R |

Ooooooo0oooooQgooao

17 JP 2008-179613 A 2008.8.

OoooooooooogQgg
Oo0oDooogooooogogdg
OoooooooooogQgg
OOooooogQgooooaog
Oooooooooooao
Oooooogooooaog
Oooooooooooao
Oooooogooooaog
Oooooooooooao
Oooooogooooaog
Oooooooooooao
Oooooogogooooaog
Oooooooooooao
Ooooooogogooooaog
Oooooooooooao
Oooooooooooaog
Ooo0ooooooooao
Oooooooooooaog
OOoo0ooooooooao
Oooooooooooaog
OO0 ooDoo4Qgooooaog
Ooooooogooooaog
OO0 oDoDoogQgooooaog
Ooooooogooooaog
OO0 oooogooooaog
Oooooooooooaog
OO0 oooogooooaog
Oooooooooooao
OOooooogooooaog
Oooooooooooao
Oooooogooooaog
Oooooooooooao
Oooooogogooooaog
Oooooooooooao

Oo0oDoogg4dooDooggUooooooggog
Ooooooo0ooooooooooogQgog
Oo0oDoogog4dooDooggUgoooooggog
Ooooooo0ooooooooooogQgog
Oo0ooDoogog4ddooDooggUgooooooggg

Oo0Oo0ood
OOoo0oood
Oo0Oo0ood
OOoo0oodg
Oo0Ooo0ood
Oo0Oo0ood
A
Oo0Oo0ood
I R
OoOoo0oood
O0Ooo0ood
OoOoo0oood
O0Ooo0oood
Oo0Oo0ood
O0Oo0ood
Oo0Oo0ood
O0Oo0ood
OoOoo0oood
O0Oo0ood
Oo0Oo0oood
O0Oo0oood
OoOoo0ood
OO0Oo0ood
OoOoo0oood
OO0Oo0ood
I B B
Oo0Oo0ood
Oo0Oo0ood
OO0Oo0ood
Oo0Oo0ood
OO0Oo0ood
O0Ooo0ood
OoOoo0oodg
A B

gooooooobbooooobooooboooooooboooooboooooobooooan

|
|

Ooooooooooodg
OOoDoooogooood
Oooooooooood
OoDooooggooood
Oooooooooood
Oooooogoggooood
Oooooooooood
Oooooogoggogooood
Oooooooooood
OoDoooogooood
Oooooooooood
Oooooogogogooood
Oooooooooood
Oooooogogooood
Oooooooooood
Ooooooogooood
OoooooOoooood
Ooooooogoooodg
OoOoo0ooooOoooood
Oooooooooood
OO0 oDooogog4gogooood
Ooooooogoooodg
OO0 oDooogoggooood
Ooooooooooodg
OO0 ooDoogogooao
Ooooooogoogoooo
Oooooogogooao
Ooooooooogoooo
Oooooogogooao
Oooooooooooao
Oooooogogooao
Oooooooogoogoo-s
Oooooooggoao
Oooo0ooooQgoo

Oo0DoDooo4Qgooooogoggooao
OoooooooooooQgooao
OooDooo4ogooooogoggooao
Oooooooooooogooao
Oo0ooooo4ogooooogoggooao
OoooooooooooQgooao
Oooooo4ogooooogoggooao
Oooooooooooogooao
Ooooooogooooogoggooao
Oooooooooooogooao
Oooooo4ogooooogoggooao
Oooooooooooogooao
Oooooooooooogogooao
Oooooooooooogooao
Ooooooo0ooooogogooao
Oo0ooooooooooogoOooao
Ooooooo0ooooogooao
Oo0ooooooooooogoOooao
Ooooooo0ooooogooao
OO0 OoDooo4dooooogogdgogoao
Ooooooo0ooooogooao
OO0 oDooodooooogogogoao
Ooooooo0oooooQgooao
Oo0oDooo4gogooooogogdgogooao
Ooooooo0oooooQgooao
Oo0DoDooo4ogooooogoggogooao
Oooooooooooogooao
Oo0DoDooo4gogooooogoggooao
Oooooooooooogooao
Oooooo4gogooooogoggooao
OoooooooooooQgooao
Oooooo4ogooooogoggooao
Oooooooooooogooao

7

10

20

30

40

50



e e e Y Iy

I e

OO0 oDoooooooogdg
OoooooooooogogoQgdg
OO0 oDooogoooooogoogdg
OoooooooooogogoQgdg
Oo0DoDooooooooggg

Oooo0oooodg
OOoo0oooogd
OooOoo0ooodg
OoOoo0oooogdg
Oooo0oooodg
OoOoo0oooogdg
Ooo0oo0oooodg
OoOoo0oooogdg
OooOoo0oooOod
OooOoo0oooogdg
OooOoo0ooood
OoOoo0oooogdg
OooOoo0oooodg
OoOoo0oooogdg
Ooo0Ooo0ooood
Ooo0oooogdg
OooOoo0ooood
Ooo0oooooQgdg
OooOoo0ooood
Ooooooogdg
OOo0o0oooogdg
Oo0oooogodg
OOo0o0oooogdg
OooOoo0oooogodg
OOo0o0ooogdg
OooOoo0ooooOodg
OOoo0oooogdg
OooOoo0oooodg
OoOoo0oooogdg
Ooo0oo0ooodg
Oo0oo0oooogdg
Ooo0oo0oood
OoOoo0oooogdg
Oooo0oooOod

e e e e e e |

I A Ay

Oooooooo0ooooo0 o0 oo oooUoDoooDoooo0DoooDoDooooooog

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

OoooooQgooao

O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O 0o oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo

OooooooogogQgoao
OO0 oooooggogo
OooooooogoQgoao
OOo0oooooggogao

Oooooooooooogdg
OO0 ooDoogoQgooo

O d

OO0 oooodogoao

Oooooooooooogodg
OO0 oDooo4gogoooogdg

OooooooogogoQgoe

OooooooQgooao

Oo0oooodgogoao

OooooooQgogoo
Oooooogogao
OooooooQgogoo
Oooooogogao
OooooooQgogoao
Oooooogogao
OooooooQgoogoao
Ooooooogogo
OooooooQogogoao
Ooooooogogoo
Oooooooogogoao
Ooooooogogoo
Oooooooogogoao
oo oooogogoo
Oooooooogogoao
Ooooooogogoo
OO0 oooogogaog
OooooooQgogoo
OO0 oooogogao
oo ooooQgogoo
OO0 oooogogo
oo ooooQgogoo
OO0 oooogogao
OooooooQgogoo
Oooooogogao
OooooooQgogoo
Oooooogogo
OooooooQgogoao
Oooooogogoao
OooooooQgoogoao

[ i Ry |

OooooooQgooao

OooDoooogooooogdg
Ooooocooooooogodg
Ooooooogooooogdg
Oooooooooooogodg
Ooooooogooooogdg

Oo0oQgoo

Oooooodgogoao

OooooooQgooao

Oo0oooodgogooao

OooooooQgooao

Oooooodgogooao

Ooooooodg

Ooooooogogooao

Oooooooooooogs

Ooooocooooooogod
Oooooooooooogdg
Oooooooooooogod

OoOoooogs

Oooooodgogooao

OooooooQgooao

(18)

[ |

OOoo0oooao
O o

OOoooooooooood
Oooooooooooogdg
OOoooooooooood
OooooogoQgoo
OO0 oDoooogogooooogdg
Oooooooooooogdg
OO0 oDooo4gogooooogdg
Oooooooooooogdg
OO0 oDooo4gogooooogdg
Oooooooooooogodg
OO0 oDoDooogogooooogdg
Oooooooooooogodg
OoooDooogogooooogdg
OoooooooQooooao
OooooogQgoooao
Oooooooogogoooao
OO0 ooooogogQgoooao

Oooooooogdg
O Oooo
OoooooooQgdg
Ooo0Oo0ooodg
O 0o oo
O Ooooo

()

m|
O
Oo0oooodgogoao

o
Oo0oooodgogooao

O 0Oo0ood

Ooo0oooogooao
O OooooB

Ooooooodgooao
Oooooodgooao
Ooooooodgooao
O O0Oo0ooOood

OooOoo0ooodgoOooao
Ooo0oooogooao
OO0 oooodogoao
OooooooQgooao
OO0 oooodogoao
OooooodQgooao
Oo0oooodgogoao
Oo0oooodgogoao

O
O

JP 2008-179613 A 2008.

Ooooooooogooooao

Ooo0ooooodgooao

.7

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy

e s s e e e e e e s e s [ O [

Ooooooooogooogao

ey
e s e e e R e e e ) e e s e s [ Y Y

OoooooooooogQgdg

I

Oooooooooooooooooogogoao
OO0 Oo0ooDoo4dodoooooggoooooggogo
Oooooooooooooooooogogoao
OO0 o0ooDoo4odooooo4gogooooogogogo
OoooooooooooooooooQgogoao
OOo0ooDoo4oooooo4gogooooogoggogao
OoooooooooooooooooQgogoao
OOo0ooDooo0ooooooooooogoggogoao
Oooooooooooooooooogogoao
Ooooooo0ooooooooooogoggogao
OoooooooooooooooooQgogoao
OoooDooo0ooooooooooogoggogoao
OoooooooooooooooooQgogoao
Ooooooooooooooooooggogoao
Oo0oooooooooooooooooQgogao
Ooooooo0ooooooooooogogoao
Oooooooooooooooooogogoao
Ooooooo0ooooooooooogogoao
Oo0oooooooooooooooooQgogoao
Ooooooo0ooooooooooogogoao
OO0 0o oo4ddUooDooo4ggooooogogogog
Ooooooo0ooooooooooogogoao
OO0 o0DoDoo4dooooo4ggoooooggogaog
Ooooooo0ooooooooooogogoao
OO0 Oo0DoDoo4ddooooo4ggogoooogogogao
Ooooooooooooooooooggogoao

Oooooooogdg

OO0 Do ooo4gogooDoooggogoao
oo ooooooooooogogXe

Oooooogg

O

Oooooooogdg

OO0 oDoooo4gogooDoooggogoao
oo ooooooooooooQgooo
OO0 oDoooo4oooooogoggogogoao
oo ooooooooooooQgooao
OO0 oDoooooooooogoggogogoo
OO0 oooooooooooogoooao
OO0 ooooooooooogoggogogoao
oo oooooooooooogoogooao
OO0 ooooooooooogoggogooo
oo oooooooooooogoooao
OO0 ooooooooDooogogogooao
Ooo0oooooooooooogooao
OO0 ooooooooDooogoogogooo

OoOoo0ooogoogdg
Ooo0oo0ooodg
OoO0Oo0oooogdg
Ooo0o0ooodg
OoOoo0oooogdg
Ooo0o0Oo0ooodg
OoOoo0oooogdg
Ooo0O0oo0oood
Ooo0oooogdg
OooOoo0oooodg
Ooo0o0oooogdg
OooO0Oo0oooodg
OoOoo0oooogdg
OooO0Oo0oood
OoOoo0ooooQgdg
Ooo0Ooo0ooood
OoOoo0oooodg
Oo0oo0oooogdg
Oo0o0oooogdg
OO0O0o0oooogdg
Ooo0oooodg
OoOoo0oooogd
Ooo0O0o0ooodg
OO0Oo0ooogoogdg
Oo0O0o0ooodg
OoOoo0ooogoogd
Ooo0o0o0ooodg
OoOoo0ooogoogdg
Ooo0o0o0ooodg
OoOoo0ooogdg
Ooo0o0o0ooOod

(19)

U Do oooooogogoogoog
OoooooooooooQgoOooao
Ooooooo0ooooogooao
OO0 oDooodooooogodgogogoao
Ooooooo0oooooQgooao
OO0 oDooo4dooooogogogoao
Ooooocooooooogooao
Ooooo2 ODooooogogogooao
OoooooooooooQgooao
OoDoooo4gogooooogoggooao
Ooooocooooooogooao
Oooooo4gogooooogoggogooao
OoooocoooooooQgooao
Oooooo4gogooooogoggooao
Ooooocooooooogooao
Oooooo4ogooooogoggooao
Ooooocooooooogooao

O
OO0 oo ooooooDooogogogooo

O

OO0 ooDoooogooDooog4oooooogodg
Oo0ooooooo0ooooooooooodg
OOo0oooooooooDooogogoooooogodg
Oo0ooooooooooooooooodg
OOo0oooooooooDooogoooooogodg
Oo0ooooooooooooooooodg
Oo0oooooooooDooogoooooogodg
Oo0oooooooooooooooooodg

JP 2008-179613 A 2008.

.7

10

20

30

40

50



OoOo0ooooo0Qo0ooooo0o o0 oo ooo0 oo oDooooUoooDoDoooooDooogQgog
e s e e e e e e e A e e A s [ [
Iy e [ e e ey e e [ s [y [ |

OoOoo0ooOogano
O 0oo0Oo0oo0oano

e s e e A e e e e e s A |
I ey e e e e sy e s o B |
e e s e e e e e e sy e e s o B

O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao

O Oooo
O O oo

OoooooQgoooao
OO0 oooo4Qgogoogoao
OoooooQogoooao
Oo0DoooogodQgoooao
OoooooQgoooaoo
Oo0DoooodQgooogoao
Oooooogogoooao
Oooooogodgoooao
Oooooogogoooao
OooooodQgoooao
Oooooogoooaoo
OoooooQgoooao
Oooooogooooaoo
OoooooQgoooao
OooooogooooOoao

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

O
O
O
(]
O
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 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

(20) JP 2008-179613 A 2008

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

OooooooogogQgoao
OoOooooooOgooOoao
OooooooogogQgoao
OoOoo0ooooOooOoao
OooooooogQgoo
OO0 oooooggogo
OooooooogogQgoo
OO0 oooooggogo
OooooooogogQgoao
OO0 oooooggogo
OooooooogogQgoo
OO0 oooooggogao
OooooooogogQgoo
OOo0ooooogQgogao
OooooooogoQgoao
OOo0ooooogQgogoao
OoOoo0oooogooQgooo
OoooooogQgogoao
Oooo0ooooQgoao

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

.8.

O

7

10

20

30



(21) JP 2008-179613 A 2008.8.7

Ooo0ooao Ooo0ooao
6 ! - oy
e - 8
] 5 —— 7 ¥ & e
6 - -——% — e e e N,
DS S L [ 1
i ! i
oooano o j}"; 82 Mg |
o 54701 | N50 66~ L
7 5 : 70d | 9
I
5 | i j
& l;; : - @fﬁ{@ B Bz
/ bad / ) 2 | / Mpl
s % o A I 2 32
: N MDAMCB ] Ny
52 50 o
——- _
58:[ 50 . |:| D |:| D
o P - 1 w0 s 56
——i—r‘| s ]2 30 MD! | —
/ / 49 ‘——ﬁ““““
o, 2|l 22 32 38 4427 MO, 54 70 62
27, 2% / MDI MCB
5 —
MOAMB™ ([ — == L
20 % §
L__j 3———“’\“"—““\,’:,\}-\ 8
[20] 83 N 60
e %8 g
7A
BTG Vi N g
H & AR
cocty | " 1/ S
/ A4
6 82 N
/A
MOAMCB ]/ 2
Ooooao Ooooad

% 88 55 138
—————— e e -
r—{ PHEE)«« h———f 778@.1 82,2425 2}
L

] | 7 —h———p ’“?“fﬁ\mz

0154 50 116 774 12| 20§ e
| 52,3 ¢ v
|28 1324

i
|
{ 128
|
cocly 18,36 | 136 134
7 ] 7 | / AN
72 6 20 {
L |
0OooQ
96
06 {900 o Tl
o l l 190 !
© L | 9
|
s 0 2 | i ®
| K >4




(22) JP 2008-179613 A 2008.8.7

gooooooaoo

(72000 0000000000000
00000000000000000000000000000000000000000000

(72000 00000000
000000000000000000000000000000000000000

(72000 000000000
0000000000000000000000000000000000000

(72000 0000000
00000000000000000000000000000000000000

(72000 000000000
00000000000000000000000000000000000000000000
0000000000000

(72000 00000000000
000000000000000000000000000000000000

0000 (0DO) 4H006 AAD2 AAO4 ACS5 BB12 BC31 BC35 BD10 BD20 BD21 BD35

0000 OO BD51 BE52



(23) JP 2008-179613 A 2008.8.7

gooooooanb

PROCESS FOR CONTROLLING A PRODUCTION PROCESS

The present application is a continuation-in-part of, and claims the benefit of prior Application No.

11/638,817, filed December 14, 2006.

TECHNICAL FIELD

The invention relates to a production facility such as an isocyanate production facility and a
method for controlling a production process which includes at least one inner recycling stream.
This method enables easy optimization of the entire process with respect to quantity and quality of

the product and a reduction in production costs,

BACKGROUND OF THE INVENTION

In known isocyanate production facilities, a phosgene solution and an amine solution are
introduced into a reactor where the phosgene and amine react to form an isocyanate. The reaction
products are generally separated in a distilation column to obtain purified isocyanate and often
further purified in a distillation or crystallization unit to separate its isomers. In order to ensure
production of a predetermined amount of the isocyanate, the amount of phosgene and of amine
introduced into the reactor and / or column is controlled. Further, to ensure production of
isocyanate satisfying predetermined quality requirements, the process parameters of the reactor
such as pressure and temperature are controlled. The distillation column used to separate the
materials in the reacted reaction mixture is designed so that the isocyanate separated in that
column will be obtained in the required amount and quality from the reacted reaction mixture. It is
possible to calculate the optimal process parameters for the isocyanate production process in the
steady state. These calculated process parameters are taken as controlled variables to automatically
keep them relatively constant in case of an unsteady disturbance. Generally, it is possible to
control every controlled variable independently of the others. When, for example, the temperature
of the distillation column decreases due to cold weather, the amount of heat for the distillation
column is increased to keep the optimized reference temperature of the distillation column

constant.

It is preferred to feed excess phosgene to the reactor in order to influence the chemical equilibrium
of the reactor contents and to maximize the isocyanate output. Since phosgene is a highly toxic and
harmful gas, the excess phosgene must be eliminated after the reaction is complete. Alternatively,
the excess phosgene may be recycled to the reactor and thereby increase cost effectiveness, The
solvent obtained in the distillation step can also be recycled. However, use of recycled phosgene
and solvent may cause the isocyanate production process to become unstable. Since unavoidable

variations of the process parameters affect the amount, the pressure, the temperature, the
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concentration (quality) etc. of the recycled phosgene and solvent, variations in the process
parameters and disturbances may even increase when automatic control of the process parameters
is attempted. Due to the recycling, nearly every process parameter influences nearly all other
process parameters. Thus, it is necessary to manually set a number of reference parameters based
on the overall situation to avoid major variation of the amount and quality of the product
isocyanate. Due to the potential for large variation of the isocyanate product quality, conservative
reference parameters are set for the isocyanate production process to ensure a minimum quality of

the isocyanate, This results in a difficult and complicated process control and high costs,

It is an objective of the present invention to facilitate the process control of a production process,
particularly, an isocyanate production process. It is a further objective to reduce variations in the
preduct, e.g., isocyanate, to increase the product output, and to reduce the production costs.
Furthermore, it is an objective to improve and/or increase automation of the production process, It
is another objective of the present invention to increase the stability of the automated process
control while the amount of unused reactant, e.g., phosgene, and spent solvent is preferably
reduced. Moreover, the amount of unwanted substances in the production process should be

reduced.

SUMMARY OF THE INVENTION

The above-mentioned objectives are achieved by the process for controlling a production process,
particularly, an isocyanate production process, of the present invention. In the production
processes controlled in accordance with the present invention, more than one incoming stream, at
least one exit stream and at least one inner recycling stream are employed. In an isocyanate
production process, the incoming streams generally include: (1) a phosgene stream composed
primarily of phosgene and (2) a solvent feed stream largely made up of a solvent. In addition to
several plant-wide regulating controls, controls for the amount of the phosgene stream and the
amount of the solvent feed stream are included to permit adjustment of the concentration and the

amount of the exit stream.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic simplified block diagram of an isocyanate production facility.

Figure 2 is a schematic simplified block diagram of an isocyanate production process of an

isocyanate production facility.

Figure 3 is a schematic simplified block diagram of the facility diagrammed in Figure 2 with a

supervisory or master control.
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Figure 4 is a schematic simplified detail of the facility diagrammed in Figure 3 with a regulatory

control.

Figure 5 is a schematic simplified detail of the facility diagrammed in Figure 3 with another

regulatory control.

Figure 6 is a schematic simplified detail of the facility diagrammed in Figure 3 with another

regulatory control.

Figure 7 is a schematic simplified detail of the facility diagrammed in Figure 3 with an example of

another regulatory control.
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The present invention is directed to a method for controlling a production process. While this
invention can be applied to any production process, it will be described in greater detail with

respect to an isocyanate production process.

In the production of an isocyanate in accordance with the present invention, more than one
incoming stream, at least one exit stream and at least one inner recycling stream are employed. The
incoming streams include: (1) a phosgene stream composed primarily of phosgene and (2) a
solvent feéd stream largely made up of a solvent. In addition to several plant-wide regulating
controls, controls for the amount of the phosgene stream and the amount of the solvent feed stream

are included to permit adjustment of the concentration and the amount of the exit stream.

It has surprisingly been found that setting the amount of the phosgene stream and the amount of
the solvent feed stream as the principal controlled variables for the plant results in plant-wide
optimization, when all other units of the isocyanate production facility are each preferably
controlled independently of each other. Thus, a 2x2-system is sufficient for plant-wide
optimization. The other process parameters of the controlled process are of less importance for
optimization because their impact on the com;;osition of the exit stream is lower than that of the
amounts of phosgene and solvent. The different subsystems of the isocyanate production process
can therefore be controlied independently of each other. Thus, it is possible to partially avtomate
every subsystem in which the reference varizbles may be determined by calculation and the
process parameters optimized. The relationship of the phosgene stream and the solvent feed stream
to the exit stream enables a simplified control of the production process because the number of u

variables to be checked by a sophisticated underlying control system is significantly reduced. The
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other process parameters are automatically set by the control method in accordance with the
present invention. Since the variation in the amount and the variation of the quality (concentration)
of the exit stream are reduced by the process of the present invention, it is possible fo use
improved reference parameters leading to an improved isocyanate output. Because substantially all
unused solvent and phosgene can be recovered by the inner recycling stream, the amount of purged
phosgene and solvent can be minimized and the production costs decreased. Moreover, the control

method is stable according to the Nyquist criterion.

In a preferred embodiment of the present invention, the phosgene stream is fed to a solution unit to
generate a phosgene solution stream. A second stream (referred to hereinafter as the amine
solution stream) which is a mixture of an amine and a solvent is combined with the phosgene
solution stream. The content of amine in the amine solution stream is > 15% and < 95%,
preferably > 15% and < 85% by weight, based on the combined weight of solvent and amine in
this amine solution stream. The content of phosgene in the phosgene solution stream is > 15%,
preferably > 20% and most preferably > 30% by weight, based on the combined weight of solvent
and phosgene in this stream. The ratio of amine solution stream and phosgene solution stream is
such that at least the stoichiometric amount of phosgene for the reaction of the amino groups
present in the amine solution stream is provided; that is, one mole of phosgene is present per mole
of amino groups present in the amine solution stream. Preferably, an excess of phosgene is
provided based on the amino groups present in the amine solution stream; that is, more than one

mole of phosgene is present per mole of amino groups present in the amine solution stream.

The combined stream is fed to a reactor. The reactor is equipped to accommodate at least one inner
recycling stream, e.g., a recycle stream composed primarily of phosgene and/or solvent and/or
HCl. The recycle stream(s) and a product stream which is primarily isocyanate and, optionally,
solvent are produced in the reactor. The product stream is separated from the reaction mixture by a
separator into at least one exit stream composed mainly of isocyanate and at least one stream
composed mainly of solvent. The solvent feed stream is fed to the recycle stream in a recovery unit
for recovering phosgene and a recovery stream is fed from the recovery unit to the solution unit.
The several streams may be directly or indirectly (e.g., via another stream, unit or subunit) fed to

its designated unit.

It has surprisingly been found that control of the solution unit as supervisory control leads to plant-
wide control. Treating the solution unit as key unit for a plant-wide optimization leads to a
simplified control concept easy to design and, if necessary, easy to adapt to changed conditions.
For the recovery unit, the controlled amount of the solvent feed stream is a reference variable and

for the solution unit, the controlled amount of the phosgene stream is a reference variable,
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Where units other than the solution unit such as the reactor, the separation unit, the recovery unit,
etc. are controlled virtually independent of each other, the amount and the quality (concentration)
of the exit stream containing the wanted product can be determined by calculation on the basis of
the quality, temperature and level of the solution unit, i.e., parameters which can be measured
substantially in situ. These other units (i.e., units other than the solution unit) may be controlled by
setting pressure, temperature and/or level based on the concentration and/or amount of its outgoing
stream. Further, the level may be confrolled by a feed forward control based on the amount of a
feed stream. Additional regulatory controls may also be employed. For example, the viscosity of
one of the at least one exit streams may be controlled by adjusting pressure and temperature of the

separation unit or subunit.

Surprisingly, control of the phosgene stream and the solvent feed stream leads to a nearly steady
state reaction in the reactor although recovery of recycled phosgene, dissolving in the solution unit
and mixing with dissolved amine take place prior to feeding the phosgene and solvent streams to
the reactor. Since the desired amount and quality of the exit stream is known, the requirements for
the separation unit can be calculated, which in turn enables calculation of the reactor requirements
and to calculation of the requirements for the solution unit controlled by the master process control
in accordance with the present invention. In the general operation mode, the quality of the exit
stream is determined by the formulation for the reaction and the amount of isocyanate produced is
determined by the amount of the amine in the amine stream. Thus, the output of the isocyanate
production process depends on the preset flow rate (amount) of amine. The weight ratio of solvent

to amine in the combined stream can be < 10, preferably < 8, most preferably, from 2 to 7.

The process can be automatically driven and automated by control of the solution unit,
Disturbances which are not eliminated in the solution unit are detected so quickly that the
regulatory controls of the subsequent units (e.g., the reactor and/or separation unit (separator)) can
be adjusted in advance to eliminate any potential effect of these disturbances. It is also preferred
that nearly all units and/or subunits be adjusted in advance when a disturbance is known to be
occurring. For example, when the output of the exit stream is to be changed, the appropriate
amount of amine may be calculated and the appropriate adjustment of the controls of the units
and/or subunits of the isocyanate production facility in advance (e.g., adjustment of the levels,
temperatures, etc.) to eliminate foresceable disturbances and prevent exceeding maximum or
minimum values may be made. The adjustment of the controllers in advance o accomimodate a

foreseeable change in conditions results in improved stability.

Every unit or subunit used in the production of the isocyanate may be integrated into a single

device. For example, the solution unit may be a single stand-alone solution tank or it may be
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infegrated in the recovery unit as absorber bottom or the like. Further, every unit or subunit may be
made up of multiple subunits arranged in sequence and/or in paralle! for achieving the desired
effect or for performing the desired function. For example, the reaction may be performed in
several steps in different reactors coupled to each other. It is also possible to perform the
separation in different subunits of the separation unit to increase the quality of the separated
streams, if necessary. Where a unit is made up of several subunits, every subunit may have its own
regulatory control. The regulatory control of the whole unit is preferably adjusted so that the
different subsystems are operated at optimized conditions. For example, a very low level in a first
subsystem and a very high level in a second subsystem at the same time are prevented by the
control for the whole unit. The incoming and outgoing streams of this unit stay unchangedr while
the inner streams of the unit are changed to save energy, steam, cooling, etc. thereby increasing, e.

g., the thermal efficiency.

To control the process parameters of the isocyanate production process and the subsystems within
that process, the following control concepts can be achieved by appropriately designed controllers:
continuous feedback control, discrete feedback control, disturbance feed forward, load feed
forward, minimum/maximum selection, single-variable controllers, multivariable controllers,
lead/lag control, model-based control, controller and control structure selection, interactions (RGA
= relative gain array), directionalities (SVD) = singular value decomposition), status estimators,
online simulation, status controllers, parameter identification, internal model control, model
predictive control, gain scheduling, single input multiple output control, range control, override
control, multiple input single output control, mixed value control, multiple input multiple output
control, decentralized control, decouplers, adaptive control, disturbance compensation, disturbance
controllers, cascade centrollers, single-variable PID controflers (PID controller = proportional-
integral-derivative controller), anti-windup control, structure changeovers, pre-filters, ratio control,
split-range control, deadtime controllers, single variable P ( P = proportional) and PI (PI =
proportional-integral) controllers, and signal filters. Preferably, combinations of simple and

complex control concepts and/or partial automation concepts are employed.

The process described can be applied to the production of a wide variety of organic isocyanates.
The isocyanate may be MDI, that is, an isocyanate or mixture of two or more isocyanates of the

diphenylmethane series as depicted in the following formula:

The isocyanate may also be TDI, that is, 2,4-diisocyanato toluene, 2,6-diisocyanato toluene or
mixtures of 2,4-diisocyanato toluene and 2,6-diisocyanato toluene; HDI, that is, 1,6-hexamethylene

diisocyanate; or IPDI (isophorene diisocyanate).
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The starting amine may be MDA, that is, an amine or mixture of two or more amines of the

diphenylmethane series as depicted in the following formula;

The starting amine may also be TDA, that is, 2,4-diamino toluene, 2,6-diamino toluene or a
mixture of 2,4-diamino toluene and 2,6-diamino toluene; HDA, that is, 1,6-hexamethylene

diamine; or IPDA (isophorone diamine).

The solvent may be selected from any of the known aliphatic, aromatic or araliphatic
hydrocarbons, chlerinated aliphatic, aromatic or araliphatic hydrocarbons (e.g., chlorobenzene
(MCB) or 1,2-dichlorobenzene (ODB)), and any other solvent which is known in the art as solvent
for the phosgenation of amines or mixtures containing two or more of the above-mentioned

solvents.

The reactor for conducting the isocyanate-forming reaction may include additional subsystems to
ensure the desired quality. The separator is preferably a distillation unit which may include more
than one distillation step. The separator, particularly the separator for purifying the solvent, may
include a condensation unit (e.g., a stripper). Since the solubility of phosgene in the solvent is
better at lower temperatures and higher pressures the recovery unif may comprise one or more
condenser and one or more absorber. Further, the recovery unit may be pressurized by an inert gas
{e.g., Helium). The exit streams may be connected to a post process unit. By means of the post
process unit, the isocyanate in the exit stream may be further treated. For example, the isocyanate
may be separated into a stream composed mainly of isocyanate polymers and a stream composed

mainly of isomers of isocyanate monomers.

Every stream may be composed of one or more subunits, e.g., a buffer tank, a heat exchanger, a
valve, a cooler, # heater, a condenser, and a steam inlet. In order to collect enough information for
the automated control, every unit and every stream may include detecting devices for measuring
process parameters such as temperature, pressure, concentration (quality), flow rate, level, feed
rate, and outlet rate. In addition, every unit and every stream may include an appropriate control
device (controller) to control the measured process parameters by influencing (preferably directly)

the controlled process parameter.

In a preferred embodiment of the present invention, the change of the amount of the solvent stream
is adjusted to a certain ratio with a target amount of the phosgene feed stream which is calculated
based on the amount of the amine feed stream. This ratio is determined by the concentration of the
phosgene solution through a feedback controller, Adjustment of the solvent feed stream is prior to
and/or faster than the targeted change of the amount of the phosgene stream. Additionally, the

amount of the solvent stream is adjusted based on the recycled phosgene stream, This control
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safeguards the stability of the solution unit control. It was surprisingly found that the level and the
concentration of the solution unit depend in a nonlinear manner on the amount of the phosgene
stream and the amount of the solvent feed stream. It is even possible that the direction of the
dependence changes. For instance, increasing the solvent feed stream one time leads to an
increased level and another time to a decreased level of the solution wnit. This non-linear
dependency renders stable contrel of the solvent unit nearly impossible or at least very
complicated because a lot of information has to be processed for controiling the solution unit.
However, it has been found that the nonlinearity depends on the amount of recycled solvent. Due
to the control based dependency of the amount of phosgene stream to the amount of the solvent
feed stream, the nonlinear effect of the recycled solvent can be equalized. This control strategy
enables stable control by a controller easy to design and can be realized using common methods

known to people skilled in the art.

Preferably, the amount of the solvent feed stream is adjusted to a certain ratio with the amount of
phosgene in the recycle stream as well as the amount of produced phosgene. The amount of
phosgene in the recycle stream is calculated using the variation in time of the amount of the
phosgene stream, the variation in time of the amount and concentration of the mixture stream and
the reaction kinetics of the reactor. Due to this control strategy, it is possible to react very fastto a
change in the amount of phosgene in the recycle stream and the phosgene production. The
calculation of the phosgene amount in advance enables better anticipation of the expected situation
in the recovery unit. This knowledge makes it possible to adjust the amount of the solvent feed
stream in advance, so that unsteady dynamics in the production process can be prevented or at least
reduced. Since the reaction kinetics and the amount and concentration of the mixture stream are
given, it is in most cases sufficient o store the measured amount of the phosgene stream in a
storing device for calculating a good correction variable for the solvent feed stream in order fo
minimize purged phosgene. If a change of the amount and concentration of the mixture stream is

intended, the variation in time of these process parameters can be stored, too.

Since the recycle stream causes strong interactions between the process units / subunits, the
amount of phosgene in the recycle stream and the concentration of the solvent in the recycle
stream are preferably kept constant. Regulatory controls for the temperature and pressure of the

recycle stream can be used to minimize such interactions and disturbances.

Preferably, the solution unit is made up of more than one solution unit control. The first solution
unit control includes a control for the solvent concentration in the solution unit depending on a
change of the amount of the solvent feed stream, a control for the solution temperature, e.g., by

controlling the heat exchanger(s), and a control for the level of the solution unit depending on a
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change of the amount of the phosgene stream. A second solution unit control includes a control for
the solvent concentration in the solution unit depending on a change of the amount of the phosgene
stream and a control for the level of the solution unit depending on a change of the amount of the
solvent feed stream. The ratio used to calculate changes of the solvent concentration and level in
the solution unit control depends on the frequency of the change of the amount of the solvent feed
stream and/or of the change of the amount of the phosgene stream. At a lower frequency, e.g.,
neatly steady state, the ratio of the first solution unit contro! is higher and at a higher frequency,
e.g., at disturbances, the ratio of the second solution unit control is higher. It has been found that
the first solution unit control is more stable at low disturbance frequencies and the second solution
control is more stable at high disturbance frequencies. For that reason, the stability is increased by
taking this frequency dependence into account. The nonlinear relationship of the solvent feed
stream to the level of the solution unit must also be considered when designing the controller and
selecting the control structure. Since the channels of these control problems are strongly coupled, a
multivariable controller or a similar control structure is preferred. Depending on the frequencies,
the multivariable controller adapts the gains and amplitudes of the control actions from the

manipulated variables to the control vartables

To increase cost effectiveness and/or to reduce byproduct concentration, it is important to reduce
purge streams, e.g., the phosgene purge. In general, the process can be set up with or without a
small amount of these purges. Preferably the amount of purged phosgene and HC] is controlled by
the temperature of the recovery unit. It has been found that the temperature can be controlled
independently of the concentration and level control of the phosgene solution. This leads to an
easily designed and stable control. Most preferably, an emergency control is provided for the
phosgene purge to safeguard that no more phosgene and HCl are purged than can be neutralized or
eliminated in a connected neutralization/elimination unit. For that reason, after a first
predetermined amount of purged phosgene has been exceeded, the phosgene stream and the
amount of the solvent feed stream are controlled to adjust the amount of purged phosgene fo a
level below a second predetermined amount of purged phosgene. The master control strategy for
the general operation in accordance with the present invention in which the amount of the
phosgene stream and the amount of the solvent feed stream can be controlled to adjust the
concentration and the level of the recovery unit or the solution tank, which in tumn controls the exit
stream, can be overridden for a while until the amount of purged phosgene is reduced to an
acceptable value, Normally, any emergency operation is short-lived, so that disturbances to the
amount and quality of the exit stream are low or even equalized by the other subunits of the

production process.
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It is preferred that the phosgene be produced on-site of the isocyanate production facility. Hence, a
phosgene production unit for providing the phosgene stream may be included in the isocyanate
production facility. The phosgene production unit can be fed by a CO stream composed mainly of
CO and a Ci2 stream composed mainly of CI2. CO and CI2 may be produced on-site as well. For
example, C12 may be produced by electrolysis of brine and/or aqueous HCI or by the Deacon
process, that is, by oxidation of gaseous HCI with oxygen or an oxygen-containing gas (e.g., air)
using a catalyst. CO can be produced using a reformer or by partial oxidation of coke. Most
preferably, a control strategy is provided for the phosgene production unit which prevents free CI2
in the phosgene stream as much as possible. Therefore, the amount of the phosgene stream and/or
the amount of the CO stream and/or the amount of the CI2 stream is controiled independently of

the target amount of phosgene for the reactor in case chlorine is detected in the phosgene stream.

In order to reduce dynamic effects which may lead to major disturbances, it may be advantageous
to provide buffers, e.g., tanks connected to the streams. Preferably the buffering effects of the
subsystems of the isocvanate production process are used. For example, a distillation column
provides a buffering effect because the level of the distillation columm (i.e., the ratio of liquid to
gaseous components) is variable, so that more or less feed can be stored in the distillation column
lust by closing or opening output valves. Thus, it is preferred that a Ievel control is provided for at
least part of a unit of a subsystem such as the recovery unit and/or the reactor and/or the separator,
The level control comprises a standard level control and a disturbance level control, which is more
strongly amplified than the standard level control. The level control is based on the disturbance
level control when a first predetermined upper limit of the level is exceeded and/or a first
predetermined lower limit of the level is below target. The level control is based on the standard
level control when a second predetermined upper limit of the level is below target and/or a second
predetermined lower limit of the level is exceeded. Thus, it is possible that the output of a given
subsystem or section of a unit of the subsystem is nearly constant independent of disturbing
oscillations in the feed. This ensures that the output amount follows slowly to the new optimized
value when the feed amount changes to another amount. At the same time, it is ensured that the
subsystern or the section of the subsystem does not run empty or overflow due to the slow
adjustments because the amplification increases and the correction of the output amount occurs
faster above the upper limit and below the lower limit. Since the solvent can be fed to the solvent
feed stream as well as to the amine solution stream, it is preferred that the resource stream which
comprises mainly solvent is fed to the solvent feed stream and/or to the amine solution stream via a

buffer tank.

The isvcyanate production process is illustrated in Figure 1 in simplified form. In Figure 1, the

isocyanate factlity 2 includes an inner recycling stream 4. Several incoming streams 6 are fed to



(33) JP 2008-179613 A 2008.8.7

-11 -

the isocyanate facility 2. The incoming streams 6 may be composed of amine, solvent or phosgene.
Several exit streams 8 leave the isocyanate facility 2. The exit streams 8 may be composed of the
wanted product (i.e., isocyanate), which may be provided in different qualities. For example, one
of the exit streams 8 may be made up of a monomeric isocyanate with a specific structure and the
other exit stream 8 may be composed of a mixture of isocyanates having different molecular
weights. Additional outgoing streams may also be provided (e.g., a purge) not illustrated in Figure
1. Due to the inner recycling stream 4, the control of the isocyanate facility 2 and the isocyanate
production process performed by the isocyanate facility 2 is very difficult, because almost every

process parameter has an impact on the amount and the quality of the exit streams 8.

The isocyanate production process is illustrated in more detail in Figure 2 and will be described,
by way of an example, in terms of the production of MDI (diphenylmethane diisocyanate) by
reacting phosgene (COCI2) and MDA (diphenylmethane diamine) dissolved in MCB
(monochlorobenzene). In the MDI production process shown in Figure 2, a CO stream 10 and a
C12 stream 12 are fed to a phosgene generation unit 14. A phosgene stream 16 is fed from the
phosgene generation unit 14 to a solution unit 18 in which the phosgene is dissolved in MCB. A
phosgene solution stream 20 is fed from the solution unit 18 to a reactor 22. An amine solution
stream 24 composed of MDA dissolved in MCB is fed to the phosgene solution stream 20 before
the combined stream 200 enters the reactor 22, It is further possible to feed stream 24 directly to
reactor 22. 1t is also possible that the reactor 22 is made up of more than one subunit so that the
" MDI can be produced in more than one step. A product stream 30 composed primarily of MDI and
MCB is fed from the reactor 22 to a separator unit 32. The separator 32 may be made up of several
subunits in sequence and/or in parallel (not illustrated in Figure 2 for the sake of clarity). A first
exit stream 38 from the separator 32 leaves the production system for shipping or storing. The first
exit stream 38 is primarily composed of polymeric MD], that is, a mixture of isocyanates of the

diphenylmethane series as depicted in the following formula:

A second exit stream 40 from the separator 32 is primarily composed of monomeric MDI, that is a
mixture of isocyanates of the diphenylmethane series as shown above, where x=2. In order to
receive monomeric MDI the second exit stream 40 is fed to an isomer separation unit 42. The
isomer separation unit 42 may be made up of several subunits in sequence and/or in parallel to
further separate monomeric MDI isomers. A third exit stream 48 and a fourth exit stream 49 each

composed mainly of a specific monomeric MDI isomer (mMDI) leave the production system.

A recycle stream 50 from the reactor 22 is composed mainly of excess phosgene, solvent, HCI and
inert materials from the reactor. The recycie stream 50 is fed to a recovery umit 52. Thus, the

recycle stream 50 is an inner recycling stream of the isocyanate production process. In the recovery
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unit 52, most of the phosgene is dissolved in MCB being fed to the recovery unit 52 from a solvent
feed stream 54. Phosgene that is not dissolved in the fed MCB as well as impurities or side
products like HCI leave the recovery unit 52 by means of a phosgene purge 56 for annihilation.
The recovered phosgene leaves the recovery unit 52 in a recovery stream 58 which is fed to the
solution unit 18. It is further possible that the recovery stream be fed to stream 20 and/or to the

reactor 22.

Although it is not necessary, where the structural design of the isocyanate facility makes it
possible, it is preferred to feed a stream indirectly to its designated unit. For example, in Figure 2,
indirect feeding of the phosgene stream 16 is illustrated. If the phosgene generation unit 14 is
located near the recovery unit 52, it may be preferred to feed the phosgene of the phosgene stream
16 to the recovery unit 52, the recycle stream 50 and/or the resource stream 62 so that the
phosgene stream is indirectly fed to the solution unit 18. A person skilled in the art will readily
appreciate other advantageous possibilities for an indirect feeding of further streams. For example,

the solvent feed stream 54 may be fed first to the buffer tank 66 and the like.

The weight ratio of amine to solvent in stream 200 to the reaction unit 22 is preferably less than or
equal to 10, preferably = 2 and < 8 and most preferably > 2 and < 7. The content of amine in the

amine solution stream 24 is > 15% and

< 95%, preferably > 15% and < 85% by weight based on the combined weight of solvent and

amine in this stream.

In the separator 32, MDI and MCB are separated, e.g., by means of several distillation columns.
The separated gaseous MCB is fed to a condenser 60 so that the separated MCB is liquid. The
tHquid MCB can be split in a resource stream 62 to recover the separated MCB and a solvent purge
64, e.g., for annihilating the MCB so that impurities in the MCB do not increase. In the illustrated
embodiment, the resource stream 62 is fed to a buffer tank 66 where the MCB can be stored for
further use. Moreover, variation to the amount of the resource stream can be equalized by means of
the buffer tank 66. The recovered MCB in the buffer tank 66 can be fed to the recovery unit 52 for
recovering phosgene and/or to the mixture stream 24 for dissolving MDA. Thus, the resource
stream 62 is an inner recycling stream of the isocyanate production process. Residual educts in the
recovered MCB are fed back to the reactor so that the residual educts may react further, preferably

to form a desired product like MDIL

As illustrated in Figure 3, the MDI production process can be controlled by controlling the amount
of the solvent feed stream 54 and the phosgene stream 16 based on the amount and quality

(concentration) of the at least one exit stream 38, 48. For that purpose, the flow rate (F) and the
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quality (Q) can be measured by an exit stream measurement device 68 or calculated on the basis of
the concentration, the temperature and the level of the solution unit 18 measured by a solution unit
measurement device 69. The information about the flow rate and the guality of the exit stream 38,
48 is processed to set a solvent feed stream valve 70 for controlling the amount of the solvent feed
stream 54, The same information is used to set a phosgene stream valve 72 for controlling the
amount of the phosgene stream 16. The amount of phosgene stream 16 is set based on the amount
of the Amine solution stream controlled with valve 82. The correction variable to set the solvent
feed stream valve 70 and the phosgene stream valve 72 is provided by a controller 74 for
controlling the solvent feed stream 54 and the phosgene stream 16. In order to safeguard the
stability of the MDI production process, the flow rate (F) of the solvent feed stream 54 is measured
by a solvent feed stream measurement device 76. This allows controlling the flow rate (i.e., the
ameunt of the phosgene stream 16) by means of the phosgene stream valve 72 based on the flow
rate or amount of the solvent feed stream 54 or even based on the target flow rate or target amount
of the solvent feed stream 54. This contro! is provided by a controller 78 for controlling the

phosgene stream 16,

Since the control of the phosgene in the solution unit 18 is strongly coupled, a multivariable
centroller or a similar structure has to be designed to control the system. The drawback of a
classical multivariable controller is realizability in the Distributed Contrel System (DCS). It is not
very easy to design and implement a classical multivariable controler into the DCS. To avoid a
multivariable controller, a different structure using additional process knowledge is preferred
{Figure 4). To control the concentration of the phosgene in the solution unit 18, the amount of
phosgene disturbing the system can be calculated in a calculation unit 86. The phosgene fed to the
solution unit 18 can be calculated from the amount of phosgene in the phosgene stream 16
produced in the phosgene generation unit 14, It is sufficient to measure the flow rate (amount) of
the phosgene stream 16 by means of a phosgene stream measurement device 84. In the alternative,
it is possible to measure the phosgene concentration in stream 20 by means of a measurement
device 81. The amount of phosgene coming back from the reactor 22 can be calculated from the
MDA-load and the phosgene excess. The amount of MDA can be derived from the preset value of
a mixture stream valve 82. This information and other mainly fixed facts are processed via an
information input line 83 in the calculation unit 86. Of course, the dynamic behavior of these
phosgene amounts have to be taken into account. The sum of the phosgene coming from the
phosgens generation unit 14 and the recycle stream 50 can be integrated into the phosgene
concentration control action for controlling the solvent feed stream valve 70 via the controller 74.
The result is a more simple structure which performs like a multivariable controller and renders a
recycle stream measurement device 80 for measuring flow rate (F) and concentration (Q) of the

recycle stream 50 unnecessary.
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Since too high of an amount of phosgene and HCI in the phosgene purge 56 may endanger the
neutralization/removal of the phosgene and HCI, an override control can be provided (Figure 5). A
phosgene purge measurement device 88 is provided to measure the amount and/or the quality of
the phosgene purge 56. If it is detected that the phosgene/HCI neutralization/removal may be
endangered, the general control of the master controller 74 is overridden until the danger is

eliminated. For that purpose, it is preferred to open the solvent feed stream valve 70.

In the embodiment of the invention illustrated in Figure 5, the recovery unit 52 and the solution
unit 18 are integrated into a single absorber unit 28 made up of an absorber bed section 34 and an
absorber bottom 36. Since the recovery of the phosgene is performed in the absorber bed section
34, the absorber bed section 34 is the recovery unit 52 at the same time. Since the solution of the
produced phosgene in MCB is performed in the absorber bottom 36, the absorber bottom 36 acts as
the solution unit 18 at the same time. The recovery stream is located within the absorber 28
between the absorber bed section 34 and the absorber bottom 36. Thus, it is possible to combine
two different functions into one device. For example, the solution unit 1§ can be integrated into the
reactor 22 in which stream 20 is an inner stream of the reactor 22 composed of several subunits, if

necessary.

In order to prevent having CI2 in the phosgene stream 16, the phosgene stream 16 is monitored for
CIZ by means of an additional phosgene stream measurement device 90 in the phosgene generation
unit 14 (Figure 6). If CI2 is detected, the phosgene stream valve 72 and/or a CO stream valve 92
and/or a CI2 stream valve 94 are set by a controller 96 to prevent CI2 in the phosgene stream 16,
By means of the controller 96 the valves 72, 92, 94 are controlled so, that the amount of the
phosgene stream 16 made up of CI2 is reduced and/or the phosgene production is increased by
increasing the flow rate of the CO stream 10 and/or reducing the flow rate of the CI2 stream.
Preferably only the CO stream valve 92 is set by the controller 96. The further phosgene stream
measurement device 90 is able to determine the CO concentration in the phosgene stream 16 so
that in the general mode the quality of the phosgene stream 16 can be monitored by means of the

additional phosgene stream measurement device 90.

Since the pressure of the phosgene stream 16 affects the pressure in nearly all units of the
isocyanate production process, the pressure of the phosgene stream 16 is monitored by a phosgene
pressure measurement device 98 for controlling the pressure via the phosgene stream valve 72. In
order to provide the intended flow rate of phosgene, a CO feed measurement device 100 is
provided in the CO stream 10 and a CI2 feed measurement device 102 is provided in the CI2
streamn 12, By means of the CO feed measurement device 100 and the CI2 feed measurement

device 102, the CO stream valve 92 and the CI2 stream valve 94 are controlled to provide the
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phosgene generation unit 14 with sufficient educts. Since the flow rate of CO and Ci2 depends on
their pressure, a pre-pressure control is provided. By means of a CO pressure measurement device
104 and a C12 pressure measurement device 106, a CO pressure valve 108 and a Cl2 pressure valve
110 are controlled. The measured pressures and flow rates are strongly coupled to each other so
that adjusting one of the valves 72, 92, 94, 108, or 110 may lead to an oscillating state of the
phosgene production unit 14 rendering the phosgene production unstable. In order to prevent
unstable situations, the controller for controlling the valves 72, 92, 94, 108, 110 includes a time
constant for adjusting the speed of each controller. The selection of appropriate time constants
provides controllers that may each set its dedicated valve 72, 92, 94, 108, 110 faster or slower with
respect to the other controllers. A good selection of the time constants using common methods
known to people skilled in the art leads to a decoupling and thus to a facilitated control. For
example, the CO pressure valve 108 and the C12 pressure valve 110 are set faster with respect to
the other valves 72, 92, 94 in which the CO pressure valve 108 is adjusted more quickly than the
CI2 pressure valve 110. Accordingly, the CO stream valve 92 and the CI2 stream valve 94 are set
faster with respect to the phosgene stream valve 72 in which the CO stream valve 92 is adjusted
faster than the C12 stream valve 94. This kind of decoupling can be adapted to the other units or

subunits of the isocyanate production process.

Another possible control, e.g., for the solution unit 18, the reactor 22, the separator 32, the isomer
separation unit 42, the recovery unit 52 and the like or one of their subunits is illustrated by way of
example in Figure 7. A unit 112 which may be the solution unit 18, the reactor 22, the separator
32, the isomer separation unit 42, the recovery unit 52 or the like is fed by a feed stream 114 which
is usually controlled by a feed valve 116. Normally the flow rate, the temperature and the pressure
of the feed stream 114 are known or measured by means of a feed stream measurement device 118.
Several process parameters of the unit 112 like concentration, temperature, level or pressure are
measured. In order to control the temperature, a temperature measurement device 120 is provided.
The temperature of the unit 112 measured by the temperature measurement device 120 as well as
the flow rate and temperature of the feed stream 114 are processed in a temperature controller 122.
The temperature controller 122 takes the dynamic influence of the feed stream 114 to the
temperature of the unit 112 into account so that temperature control in advance is possible. The
temperature controller 122 controls a heat valve 124 by which a steam stream 126 is adjusted. The
heat stream 126 is fed to a heat exchanger 128 where a part of the fluid of the unit 112 is heated.
Cooling can be performed by using a cooling means instead of steam. By means of the temperature
control, the concentrations of the fluid in the unit 112 may be controlled. If so, information about
the concentrations is processed in the temperature controller 122 for calculating an optimized

target temperature. The temperature controller 122 further ensures that a given maximum or '
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minimum temperature is not exceeded. The calculated target temperature is not higher than the

maximum temperature and not lower than the minimum temperature.

Accordingly the concentrations of the components in the fluid are controlled. The concentrations
are measured by means of a concentration measurement device 130 and processed together with
the information about the flow rate of the feed stream 114 in a level controller 132. The level
controller 132 takes the dynamic influence of the feed stream 114 on the level and concentration of
the unit 112 into account so that advance level and concentration control is possible. The level
controller 132 controls output valve 134 by which the output flow rate of an output stream 136 is
adjusted. If a further output stream 138 is provided, this further output stream 138 may also be

controlled in this manner.

Control of the viscosity of the exit stream 38 is preferred, especially where exit stream 38 is
primarily composed of polymeric MDI. For that reason, a viscosity measurement device is
provided to measure the viscosity of the exit stream 38. This information is processed in a

viscosity controller which controls, e.g., the pressure and temperature of the separator 32.

The particular combinations of elements and features in the above-detailed embodiments are only
exemplary; the interchanging and substitution of these teachings with other teachings in this
description are also expressly contemplated. As those skilled in the art will recognize variations,
modifications, and other implementations of what is described herein without departing from the
spirit and the scope of the invention as claimed. Accordingly, the foregoing description is by way
of example only and is not intended to be limiting. The invention’s scope is defined in the
following claims and the equivalents thereto. Furthermore, reference signs used in the description
and claims do not limit the scope of the invention as claimed. It is obvious, that the described
examples can be applied to the formation of other materials, particularly, other isocyanates such as
TDI, HDL, IPDI starting with the corresponding amines like TDA, HDA and using solvents like
MCB, ODB etc.

Although the invention has been described in detail in the foregoing for the purpose of illustration,
it is to be understood that such detail is solely for that purpose and that variations can be made
therein by those skilled in the art without departing from the spirit and scope of the invention

except as it may be limited by the claims.
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CLAIMS
i, A method for controlling a production process conducted with a production facility
comprising

a) at least two incoming streams

b at least one exit stream

and

¢) at feast one inner recycling stream

comprising adjusting at least one incoming stream amount by means of regulating controls to

control the exit stream concentration and/or amount.

2. A method for controlling an isocyanate production process conducted in a production

facility comprising
a) at least two incoming streams comprising:
(1) a phosgene stream comprising phosgene and

(2) a solvent stream comprising solvent.

b) at least one exit stream
and
<) at least one inner recycling stream

comprising adjusting the phosgene stream amount and/or the solvent stream amount by means of

regulating controls to control the exit stream concentration and/or amount.

3. The method of Claim 2 in which the phosgene stream is fed to a solution unit, further
comprising:
I feeding an amine solution stream comprising a mixture of an amine and a solvent to a

phosgene solution stream,

1. feeding the combined stream to a reactor,
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1L reacting the amine in the combined stream with a molar excess of phosgene based on the
amino groups present to form an isocyanate-containing product stream which is fed from the

reactor to a separator,

Iv. separating the product stream in the separator into
(i) at least one exit stream comprising the isocyanate
and

{ii) at least one resource stream comprising solvent,

V. feeding a stream comprising mainly phosgene and/or HCI and the solvent stream to the

recycie stream of a recovery unit for recovering phosgene,

and
Vi feeding a recovery stream from the phosgene recovering unit to the solation unit.
4, The method of Claim 3 in which the solution unit, the reactor, the separator, the recovery

unit and the isomer distillation unit are confrolled mainly independently of each other.

5. The method of Claim 1 in which the amount of the solvent stream is adjusted prior to
and/or faster than adjustment of the amount of the phosgene stream with the adjustment being

based on the amount of the amine feed stream.

6. The method of Claim 1 in which the amount of the solvent feed stream is adjusted to a
certain ratio determined by the phosgene solution concentration controller with the amount of
phosgene in the recycle stream as well as the amount of produced phosgene; the amount of the
produced phosgene and the recycled phosgene is calculated using variation in time and amount
produced in phosgene generation and variation in time of the amount of the phosgene stream,
variation in time of the amount and concentration of the mixture stream and the reaction kinetics of

the reactor, respectively.

7. The method of Claim 1 in which the amount of phosgene in the recycle stream and the
concentration of the solvent in the recycle stream are kept constant by means of regulatory controls

for the temperature and pressure of the recycle stream.
8. The method of Claim 3 in which

{a) g first solution unit control comprises;
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(i) a control of the solvent concentration in the solution unit on the basis of a change of the

amount of the solvent feed stream
and

(ii) a control of the level of the solution unit dependent on a change of the amount of the

phosgene stream
and
{b) a second solution unit control comprises

(i) a control of the solvent concentration in the solution unit dependent on a change of the

amount of the phosgene stream
and

{ii) a control of the level of the solution unit depending on a change of the amount of the

solvent feed stream,

in which the ratio on which solution unit control, the calculation of target changes of the solvent
concentration and the target level is based depends on frequency of change of the amount of the
solvent feed stream and/or of the change of the amount of the phosgene stream, and at a lower

frequency, the ratio of the first solution unit control is higher.

9, The method of Claim 3 in which the amount of purged phosgene is controlled by the

temperature of the recovery unit.

10. The method of Claim 3 in which the phosgene stream and the resource stream are adjusted
after a frst predetermined amount of purged phosgene is exceeded and until the amount of purged

phosgene falls below a second predetermined amount of purged phosgene.

1. The method of Claim 2 in which a CO stream comprising mainly CO and a Cl2 stream
comprising mainly C12 are fed to a phosgene production unit which provides the phosgene stream
and the amount of the phosgene stream and/or the amount of the CO stream and/or the amount of

the CI2 stream is controfled independently of the target amount of phosgene for the reactor.

12, The method of Claim 3 in which a level control is provided for at least a part unit of the
recovery unit and/or of the reactor and/or of the separator, the level confrol comprises a standard
level control and a disturbance level control, wherein the disturbance level control is more strongly

amplified than the standard level control.
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13, The method of Claim 12 in which the level control is based on the disturbance level
control when a first predetermined upper limit of the level is exceeded and/or a first predetermined

lower limit of the level is below target.

14. The method of Claim 12 in which the level control is based on the standard level control
when a second predetermined upper limit of the level is below target and/or a second

predetermined lower limit of the level is exceeded.

15. 'The method of Claim 3 in which the resource stream is fed to the solvent stream and/or to

the mixture stream via a buffer tank.

16. The method of Claim 3 in which the amine is present in the amine solution stream in an
amount of from 15 to 95% by weight, based on the combined weight of the solvent and the amine

in this stream.

17. The method of Claim 3 in which the amine is present in the amine solution stream in an
amount of from 15 to 85% by weight, based on the combined weight of the solvent and the amine

in this strean.

18. The method of Claim 3 in which the phosgene is present in the phosgene solution stream in
an amount = 15% by weight, based on the combined weight of the solvent and the phosgene in this

stream.

19 The method of Claim 3 in which the phosgene is present in the phosgene solution stream in
an amount = 20% by weight, based on the combined weight of the solvent and the phosgene in this

stream.

20. The method of Claim 3 in which the phosgene is present in the phosgene solution stream in
an amount = 30% by weight, based on the combined weight of the solvent and the phosgene in this

stream,

21, The method of Claim 3 in which the weight ratio of solvent to amine in the combined

stream is < 10.

22. The method of Claim 3 in which the weight ratio of solvent to amine in the combined

stream is < 8.

23, The method of Claim 3 in which the weight ratio of solvent to amine in the combined

strearmn is > 2 and <7,
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24. A method for controlling an isocyanate production process in a production facility
comprising:
a) at least two incoming streams comprising:

O a phosgene stream comprising phosgene and

(2) a solvent stream comprising a solvent,
b) af least one exit stream
and
c) at least one inner recycling stream, and
comprising:
L. feeding the phosgene stream to a solution unit,
I feeding an amine solution sfream comprising a mixture of an amine and a solvent to a

phosgene solution stream,
1. feeding the phosgene solution stream from the solution unit to a reactor,

V. reacting the amine solution stream with the phosgene solution stream to form an

isocyanate-containing product stream which is fed from the reactor to a separator,

V. separating the product stream in the separator into
(i) at least one exit stream comprising the isocyanate
and

(i) at least one resource siream comprising solvent,

VL feeding a stream comprising mainly phosgene and/or HCl and the sclvent stream to the

recycle stream of a recovery unit for recovering phosgene,
and
VI feeding a recovery stream from the phosgene recovering unit to the solution unit

in which
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A, the solution unit, the reactor, the separator the recovery unit and the isomer distillation unit

are controlled mainly independently of each other,

B. the amount of the solvent stream is adjusted prior and/or faster than adjustment of the

amount of the phosgene stream which is changed based on the amount of the amine feed stream,

C. the amount of the solvent feed stream is adjusted to a certain ratio determined by the
phosgene solution concentration controller with the amount of phosgene in the recycle stream as
wel} as the amount of produced phosgene; the amount of the produced phosgene and the recycled
phosgene is calculated using variation in time and amount produced in phosgene generation and
variation in time of the amount of the phosgene stream, variation in time of the amount and

concentration of the mixture stream and the reaction kinetics of the reactor, respectively,

D, the solution contro! is conducted by
{(a) a {irst solution unit control comprising:
(i) a control of the solvent concentration in the solution unit on the basis of a change of the

amount of the solvent feed stream
and

(i) a control of the level of the solution unit dependent on a change of the amount of the

phosgene stream

and
)] a second solution unit control comprising
(i) a control of the solvent concentration in the solution unit dependent on a change of the

amount of the phosgene stream
and

(i) a control of the level of the solution unit depending on a change of the amount of the

sojvent feed stream,

and the ratio on which solution unit confrol, the calculation of target changes of the solvent
concentration and the target level is based depends on frequency of change of the amount of the
solvent feed stream and/or of the change of the amount of the phosgene stream, and at a lower

frequency, the ratio of the first solution unit control is higher,
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E amount of phosgene in the recycle stream and the concentration of the solvent in the
recycle stream are kept constant by means of regulatory controls dealing with the temperature and

pressure of the recycle stream,
F. the amount of purged phosgene is controlled by the temperature of the recovery unit,

G. the phosgene stream and the resource stream are adjusted after a first predetermined
amount of purged phosgene is exceeded and until the amount of purged phosgene falls below a

second predetermined amount of purged phosgene,

H. a CO stream comprising mainly CO and a Ci2 stream comprising mainly CI2 are fed to a
phosgene production unit which provides the phosgene stream and the amount of the phosgene
stream and/or the amount of the CO stream and/or the amount of the CI2 stream is controlied

independently of the target amount of phosgene for the reactor,

L a level control is provided for at least a part unit of the recovery unit and/or of the reactor
and/or of the separator, the level control comprises a standard level control and a disturbance level
control, wherein the disturbance level control is more strongly amplified than the standard level

control,

I the level control is based on the disturbance level control when a first predetermined upper

limit of the level is exceeded and/or a first predetermined lower limit of the level is below target,

K. the level control is based on the standard level control when a second predetermined upper

limit of the level is below target and/or a second predetermined lower limit of the level is

exceeded,

L. the resource stream is fed to the selvent stream and/or to the mixture stream via a buffer
tank,

M. the amine is present in the mixture stream in an amount of from 15 to 40% by weight,

based on total weight of the mixture stream.

25. The method of Claim 24 in which the amine is present in the amine solution stream in an
amount of from 15 to 95% by weight, based on the combined weight of the solvent and the amine

in this stream,

26. The method of Claim 24 in which the amine is present in the amine solution stream in an
amount of from 15 to 85% by weight, based on the combined weight of the solvent and the amine

in this stream.
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217. The method of Claim 24 in which the phosgene is present in the phosgene solution stream
in an amount of from > 15% by weight, based on the combined weight of the solvent and the

phosgene in this stream.

28. The method of Claim 24 in which the phosgene is present in the phosgene solution stream
in an amount of from > 20% by weight, based on the combined weight of the solvent and the

phosgene in this stream.

29, The method of Claim 24 in which the phosgene is present in the phosgene solution stream
in an amount of from > 30% by weight, based on the combined weight of the solvent and the

phosgene in this stream.

30. The method of Claim 24 in which the weight ratio of solvent to amine in the combined

stream is < 10,

31. The method of Claim 24 in which the weight ratio of solvent to amine in the combined

stream is < 8.

32. The method of Claim 24 in which the weight ratio of solvent to amine in the combined

streamis>2and <7,

33 An isocyanate production facility comprising:
a) at least two incoming streams comprising:

(1) a phosgene stream comprising phosgene and

(2) a solvent stream comprising solvent.

b)) at least one exit stream,

) at least one inner recycling stream,

and

d) regulating controls for adjusting the phosgene stream amount and/or the solvent stream

amount to contrel the exit stream concentration and/or amount.
34, The isocyanate production facility of Claim 33 further comprising:

L means for feeding the phosgene stream to a solution unif,
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IL. means for feeding an amine solution stream comprising a mixture of an amine and a
solvent to a phosgene solution stream,

1. means for feeding the phosgene solution stream from the solution unit to a reactor,

Iv. a reactor for reacting the phosgene solution stream with the amine solution stream to form

an isocyanate-containing product stream which is fed from the reactor to

V. a separator for separating the product stream in the separator into
(1) at least one exit stream comprising the isocyanate
and

(i) at least one resource stream comprising solvent,

V1. means for feeding a stream comprising mainly phosgene and/or HCI and the solvent stream

to the recycle stream of
VII.  arecovery unit for recovering phosgene,
and

VI means for feeding a recovery stream from the phosgene recovering unit to the solution

uit.

35, The facility of Claim 34 in which the solution unit, the reactor, the separator the recovery

unit and the isomer distillation unit are controlled mainly independently of each other.

36. The facility of Claim 33 in which the amount of the solvent stream is adjusted prior and/or

faster than adjustment of the amount of the phosgene stream.

7. The facility of Claim 33 in which the amount of the solvent stream is changed on the basis
of the amount of the produced phosgene calculated by using variation in time and amount

produced in phosgene generation.
38. The facility of Claim 33 in which
{a) a first solution unit control comprises:

(D) a control of the solvent concentration in the solution unit on the basis of a change of the

amount of the solvent feed stream
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and

(ii) a control of the level of the solution unit dependent on a change of the amount of the

phosgene stream

and
(b) a second solution unit control comprises
(N a control of the solvent concentration in the solution unit dependent on a change of the

amount of the phosgene stream
and

(i) a control of the level of the solution unit depending on a change of the amount of the

solvent feed stream,

in which the ratio on which solution unit control, the calculation of target changes of the solvent
concentration and the target level is based depends on frequency of change of the amount of the
solvent feed stream and/or of the change of the amount of the phosgene stream, and at a lower

frequency, the ratio of the first solution unit control is higher.

39, The facility of Claim 33 in which the amount of purged phosgene is controlled by the

temperature of the recovery unit.

40, The facility of Claim 33 in which the phosgene stream and the resource stream are
adjusted after a first predetermined amount of purged phosgene is exceeded and until the amount

of purged phosgene falls below a second predetermined amount of purged phosgene.

41. The facility of Claim 33 in which a CO stream comprising mainly CO and a CI2 stream
comprising mainly CI2 are fed to a phosgene production unit which provides the phosgene stream
and the amount of the phosgene stream and/or the amount of the CO stream and/or the amount of

the C12 stream is controlled independently of the target amount of phosgene for the reactor.

42, The facility of Claim 33 in which a level control is provided for at least a part unit of the
recovery unit and/or of the reactor and/or of the separator, the level control comprises a standard
level control and a disturbance level control, wherein the disturbance level control is more strongly

amplified than the standard level control.
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43, The facility of Claim 42 in which the level control is based on the disturbance level control
when a first predetermined upper limit of the level is exceeded and/or a first predetermined lower

limit of the level is below target.

44. The facility of Claim 33 in which the level control is based on the standard level control
when a second predetermined upper limit of the level is below target and/or a second

predetermined lower limit of the level is exceeded.

45, The facility of Claim 34 in which the resource stream is fed to the solvent stream and/or to

the mixture stream via a buffer tank.

-28.-

PROCESS FOR CONTROLLING A PRODUCTION PROCESS
ABSTRACTOF THE DISCLOSURE

A production process such as an isocyanate production process, conducted with a production
facility having (a) at least two incoming streams, b) at least one exit stream and c¢) at least one
inner recycling stream is controlled by adjusting at least one incoming stream amount by means of

regulating controls to control the exit stream concentration and/or amount.
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