JP 2015-73990 A 2015.4.20

(19) EFEIFHFF (UP) 2 M EF 2 ®A) (1) 453 R 2 A
135B32015-73990
(P2015-73990A)
43) &AME FEHR27E4A208 (2015.4.20)
(51) Int.CI. F1 F—=a—F (%)
BO1D 5% {2006.01) BO1D 53/34 125Q 4D00O2
BO 1D 53/77 {2006.01) BO1D 53/34 125E 4D0O20
BO 1D 53/68 {2008, 01) BO1D 53/34 1348B
BO 1D 53/64 {2008, 01) BO1D 53/34 134D
BO 1D 53/18 {2006.01) BO1D 53/34 136A
EEFRR RFER BRECH 15 OL HMEFEHE (£37RH BHEEIHES
QL) HEES $5FE2014-209099 (P2014-209099) [(71) HEEA 503416353
2y A ER26EI0A 108 (2014.10.10) THARL FTFZ/OP— NIFwE
@) EEBERES 14/051,734 ALSTOM Technology L
(32) &5l SERE2LEEI0A11H (2013.10.11) td
(33) BAEETERE HE US) A ZE S—=Fr TSor Hrx)
Yaphs—t 7
Brown Boveri Strass
e 7, CH—-5400 Baden,

Switzerland
(74) (RIEA 100114890
£BE TAIEL TN v I A=A
DAY 7
(T4) (RIBA 100099483
#ELT AF Hl
BRI

64 [READEM] BRHERATLV—BROKEBLTER
GHOOO0 P
0000000000000000000000000 ® .
0000000000000000000000000 62 ®
O 74 m%
0000000000000000000000000 /400 0 V.. M
000000000000 0000000000000 L j§832435°5§ o
0000000000000000000000000 ey et
0000000000000000000000000 mperdenie 70
0000000000000000000000000 . R
DD0D000000000000D0Doo0oooooog ][ p2 o 15
0000000000000000000000000 5 Wmsae
0000000000000000000000000 20— Mg_—q?ﬂb“

goooboooboobooboobooboooobooo
gbogoooboobooboobooobooboao
ooooooooooooo

gooooood




e e e Y Iy

ey e e A
OooocoOooooooooooooooooooooooooooOooo.o

I I A |

OJ
O
O
O
[

O
O
O
O
O

OO0 oDooogog4Qgooood
Oooooooooood
OO0 oDooogo4Qgooood
Oooooooooood
OO0 oooogog4Qgooood

OJ
O
O

O
O
(]

Ooooooo0ooooo4o0D oo oooo0oooDoDoooooooao

s s s e e e e e Y o B |

Ooo0oooQgogoao
OOo0o0ooogogogao
OoooooQgogoao
Oo0ooogogogao
OoooooQgogoao
Oo0ooogogogao
Ooo0ooooQogogoao
OoOoo0ooogogao
OoooooQgoogoao
Ooooogogao
OoooooQgoogoao
Ooooogogao
OoooooOoogao
OoooooQgogoao
OoooooOoogao
Ooo0oooQgogoao
OooOooooOoogoao
Oo0ooogogoao
OooOooooOooOgoao
Oo0oooQgogao
OOo0ooogodgogao
OoooooQgogoao
OOo0o0ooogogogao
Oo0oooQgogao
OOo0ooogo-gogao
Ooo0oooQgogoao
OOo0ooogogogao
OoooooQogogoao
OoOoooogogogao
Ooo0oooQogogoao
Oo0ooogogogao
OoooooOoogoao
Ooooogogogao
OoooooOoogao

OoooooQgooo
Oo0ooogoQgogoao
Ooo0oooQogooo
Oo0ooogoQgogoao
Ooo0oooQogooo
OoooogoQgogooao
Ooo0oooOoooo
OoooogoQgooao
Ooo0ooooOooOooo
Ooooogoogooao
Ooo0oooOoooao
OoooogoQgooao
Ooo0ooooOoooao
OooooQgooao
OoooooOoooao

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

O
O
O

O
O
O

O 0Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O O0Oo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0ooO0oo0oao
O Ooo0oooao
O 0Oo0ooO0oo0oao
O Ooo0oooao
O O0Oo0ooO0oo0oao
O Ooo0oooao
O O0OoO0ooogoao
O 0Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O 0Oo0oooao
O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao

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

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

(2)

OoooogoQgQg
|
OooooogQgoQg
I [ [y |
OoooogoQgQg
OO0 ooogogdg
OooooogQgQg
OOooooggdg
OooooogQg-g

]

O

O

|

JP 2015-73990

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

O d
[ |
O d
[ |
O d

O
O
O
O
O
O
O

O

O
O
O
O
O

O
O
(]
O

2015.4.20

O oOoo0ooao

10

20

30

40

50



OoooooooOoooOooooooooooOoooOooooOoooOooooooDoooooooooobooOooOooOod
e ) e e A A A
OoooooooOoooOoooOoooooooOoooOooooOoooOooooooDoooooooooooOooOooOod
Iy e ) A A B |

OoooooogQg-g
OOoooooggdg

Ooooooooooo4o0 oo ooo0 00 oDoDooo oD oDoDooo0oooDoDoooooDooogoQgg

Oo0oooo0o4doooggUoooDooUUUUoDoDooUUUoDoDooggoao

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

OOooooogoogdg
OooooooQgdg

[ |

OoOoooooooDooooooooogogoooao

o0 oo
Oo0Ooo
Ooo0Ooo

O 0Oooo

O OoOooo

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 O0O0oooodg
OOoo0oooogdg
O Oo0oooodg

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 oOooo

O 0Oooo

O0Ooo0oood
OOoo0ooog
Oo0Ooo0oood
OoOoo0ooog
O0Ooo0oood
OoOoooodg
O0Ooo0oo0ood
OoOoooog
O0Ooo0oood
OoOoo0ooogdg
O0Ooo0oo0ooOo
OoOoooogdg
O0Ooo0Ooo0oodo
OoOoo0ooogdg
O0Ooo0oo0ooO
OoOoo0ooogdg
O0Oo0ooodg
OoOoo0ooogdg
O0Ooo0ooog
OoOoo0ooogdg
OO0Oo0ooodg
OoOoo0ooodg
OOoo0ooodg
Oo0Ooo0oood
OOoo0ooodg
O0Ooo0oood
OoOoooog
Oo0Ooo0oood
OoOoooogdg
Oo0Ooo0oood

O
O
O
O
O

O o0Oooo

O 0Oooo

O o0Oooo

O oOooo

O 0Oooo

O oOooo

O o0Oooo

O oOooo

O 0Oooo

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

€))

]

O

JP 2015-73990

2015.4.20

gooano

O
O
O
O

10

20

30

40

50



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

Oo0ooo40odo0ooDoDoo4ogoooooggdg

s s s e e e e s |

OoOoo0oood
OO0Oo0ooodg
OoOoo0ood
O o B
Oo0Ooo0ood
O o B
I B B
OoOoo0ooodg
Oo0Ooo0ood
OOoo0ooodg
I R B
OoOoo0ooodg
O0Ooo0oood
OoOoo0ooodg
O0Oo0ood
OoOoo0ooodg
O0Ooo0oo0ood
OoOoo0ooogdg
O0Oo0oood
OoOoo0ooodg
OO0oOo0ooodg
Oo0Ooo0ooodg
OO0Oo0ooodg
OoOoo0ooodg
OO0Oo0ooodg
Oo0oo0oood
OO0Oo0ooodg
Oo0Ooo0ood
OO0Oo0ooodg
Oo0Ooo0ood
OOoo0ooodg
Oo0Ooo0oood
OoOoo0ooodg
Oo0Ooo0ood

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

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

O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooo
O0Ooo0oooao
O Ooo0ooogoao
O0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Oooooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooo

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

Ooo0oooQoogoao
OOo0o0ooogoQgogao
Ooo0oooQgogoao
Ooooogogogao
Ooo0oooQgogoao
Oo0ooogoQgogao
Ooo0oooQoogoao
Oo0ooogoQgogao
Ooo0oooQoogoao
OooooQgogao
Ooo0ooooOoogoao
Oo0oooQgogao
OoooooOoogoao
OooooQgogoao
OooOooooOoogoao
OooooQgogoao
OooOoo0oooOoogoao
Ooo0oooQgogoao
OooOooooOoogoao
Ooo0oooQgogoao
OOo0ooogo-gogao

O Ooooo
O OooOooo
O Ooooao
O O0OoOooo
O 0Ooooao
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao

O
O
O
O
O
O
O
O
O

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

4)

goad

O
O

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

[

O O oQgogo
O 0Ooogoo
Y Y
O 0Ooogooo
O O ogoo

O

OoOoooood
O0Ooo0oooogd
OoOoooood
O0Ooo0oooogd
OoOoo0ooood
O0Ooo0oooogd
OOoo0ooood
O0Ooo0oooogd
OOoo0ooood
O0Ooo0oooogod
OOoo0ooood
OOoOo0oooogod
OOoo0ooood

JP 2015-73990

O

goooao

O
O
O
O
O
O
O
O
O
O

O Oooo

O Ooogoo

O Oooo

O Ooogoo
O 0Ooo0gooo
O OooQgoo
O 0Ooo0ooo
OO ogoo
O 0Ooo0ooo

2015.4.20

10

20

30

40

50



e e e Y Iy

e s s e s e e e s [ |
OoOoooooo0ooooo o0 oo ooooDoDoDoooooooogdg
e s s e e e s [ |
OoOooooo4oooooo o0 oo ooooDoDoDoooooooogdg
e s s e e e e e e s s [ |

Ooo0oooogoooao

OO0 0DoDooggUoooDoogogogoooaog
Oo0ooooooooooogogooooog
OO0 o0ooDoogogUooDoDoogogoooaog
Oo0ooooooooooogogooooo
OO0 o0ooDoogogoooDoogogoooaog

OoooooooQgdg
Oooooogogdg
Oooo0ooooQgdg
OOooooogogdg
Oooo0oooQgg
OoOoooooggg
Oooo0oooQgodg
Oooooogoogdg
Oooo0oooQgodg
Oooooogogg
Oooo0ooooQgodg
Oooooogoogg
Oooo0oooogodg
Ooooooogoogg
OoOoo0ooooQgadg
Ooooooogoogg
OoOoo0oooogoadg
OoooooooQgg
OoOoo0oooogoadg
OoooooooQgdg
O0o0Doooogoogdg
OoooooooQgg
OOooooogogdg
OooooooQgdg
OOooooogogdg
OooooooQgdg
OOooooogoogdg
Oooo0oooQgdg
OOooooogogdg
Oooo0oooQgdg
Oooooogoogdg
Oooo0oooogdg
Oooooogogdg
Oooo0oooQgdg

Ooooooogogooaoo
Ooooogogoao
Ooooooogogogoao
OooOoogogoao
Ooooooogogooao
Ooooogogoao
Ooooooogoogooao
Ooooogogoao
Ooooooogoogoao
Ooooogogoao
Oooo0ooogoogoao
Ooooogogoao
Oooo0oooogoao
Ooooogogoao
Oooo0oooogoogooao
Oooooogogooao
Oooo0ooogoogooao
Oooooogogogoao
OooOoo0ooooOoogooao
Oooooogogogoao
OO0 ooogogoao
Ooooooogogoao

Ooooooogoogoao

Ooooooogoogoao
OOoooogogoao

OOooooogg
OooooooQgdg
Oooooogg
OooooooQgg
OOooooogg
OooooooQgodg
Ooooooogdg
OooooooQgdg
Oooooogdg
Oooo0ooooQgodg
Ooooooogg
OooooooQgodg
Ooooooogg
OoOooooogadg
Oooooooogg
OoOooo0oooogoadg
Oooooooogg
OoOoooooogoadg
OooooooQgg
OO0 ooooogdg
OooooooQgdg
OO0 oooogg
Ooooooogdg
OOooooogg
OoooooooQgdg
OOooooogg
OooooooQgdg
OOooooogg
OooooooQgdg
Oooooogdg
OooooooQgdg
Oooooogg
Ooooooogodg

O 0OooOooood
OoOoooood
O Ooooood
OoOoooood
O Oooooodg
OoOoo0ooood
O Ooo0ooood
OoOoooood
OOoooood
OoOoooood
OOooooodg
OoOoo0ooood
OOoooood
OoOoo0ooood
OOooooodg
OOoo0ooood

OooooooQgdg
OOooooogdg
OoooooooQgdg
OOoooooogdg

O Ooo0ooooao
O O0Oo0ooooao
O 0Ooo0ooooao
O Ooo0ooooao
O 0Ooo0oo0oooao
O O0Ooo0ooooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O O0Oo0oo0oooao
O Ooo0ooooao
O O0Oo0oo0oooao
O Ooo0ooooao
O O0Oo0oo0oooaoo
O OoOo0ooooao
O O0Oo0ooooao
O Ooo0ooooao
O 0Oo0Oooooao
O Ooo0ooooao
O Oo0ooooao
O Ooo0ooooaoo
O 0Oo0ooooao
O Ooo0ooooao
O O0Oo0ooooao
O Ooo0ooooaoo
O 0Oo0ooooao
O 0Ooo0ooooao
O Ooo0ooooao
O 0Ooo0ooooao

)

ogogoano

JP 2015-73990

OO0ooooogogdg
OooooooQgdg
OOooooogoogdg
OooooooQgg
OOooooogogdg
OooooooQgg
OOoooooggdg
Oooo0oooQgdg
OOoooooggdg
OooooooQgdg
OOooooogogdg
Oooo0oooQgdg

2015.4.20

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

OoooooooooooooDoooogoooooaog
OOo0oOooooU0ooDoDooUggUooDoDoogogoooaog
OoooooooooooooDoooogoooooaog
Oo0oOooooUooooDooUggUoooDoDoogogoooaog
Ooooooooooooooooooooooaog
Oo0oooo4o0oooDooooUoooDoDoogooooaog
OoooooooooooooDooooooooaono
OooDooo4o0oooooogooDoDoogogogoooaog
OoooooooooooooDooooooooaono
Oo0ooOoooo0oooooogooDooogooooaog
Ooooooooooooooooooooooaono
Ooooooo0ooooooooDoDoogogooooaog
Ooooooooooooooooooooooano
Ooooooo0ooooooooDooogogooooaog
Ooooooooooooooooooooooao
OoooooooooooooDooogogooooaog
Ooooooooooooooooooooooao
OoooooooooooooDoooogogooooaog
Ooooooo0ooooooooooooooooa.o
Ooooooo0ooooooooDoooogogooooaog
OO0 Oo0Oooo0U0ooDoDooUgUooDoDoo4gooooaog
OoooooooooooooDooogogooooaog
Oo0oOoooo0oU0ooDoDooUgUgoDoDoo4gogoooaog
OoooooooooooooDoooogogooooaog
OO0 oOoooogUooDoDooUogUooDoDoogogoooaog
OoooooooooooooDoooogogooooaog
Oo0oOooo0oUoooDoDooUggUoooDoDoogogoooaog
OoooooooooooooDoooogogooooaog
OOo0oDoooUoooDooogUoooDoDoogogoooaog
OoooooooooooooDoooogoooooaono
Oo0ooOooooUo0oooooogUoooDoDoogooooaog
OoooooooooooooDooooooooao
Ooooooo0oooooooooDoDoogooooaog
OoooooooooooooDooooooooano

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

OOoo0oooogod
O0Ooo0oooogd
OOoo0oooogod
O0Oooooogd
OOoo0ooogod
OOoo0oooogd
OoOoo0ooood
OOoo0oooogd
OoOoo0ooood
OOoo0oooogd
Oo0Ooo0ooood
OOoo0oooogd
Oo0Ooo0ooood
OoOoo0oooogod
Oo0Ooo0ooood
OoOooooogod
Oo0Ooo0oood
OoOoo0oooogod
O0Ooo0Ooood
OoOoo0oooogod

OoooooooooooQgodg
OO0 oDoogogogoooogdg
OoooooooooooQgdg
OO0 oDooogoogoooogdg
OooooooooooQgdg

Ooooooogogogogoooaog
Ooooooooooooaoo
Oooooogogogogoooaog
Ooooooooooooao
Ooooooogogogogoooao
Oooooooooooaoo
Ooooooogogooooao
Ooooooooooooaoo
Ooooooogoogooooao
Oooooooooooaoo
Ooooooogogooooao
Oo0oooooooOooooao
Oooooooooooao
OoooooooOooooaoo
Ooooooogoogoooao
OO0 ooDoogogogoooao
Oooooooooooao
OO0 ooDoogogogoooao
Oooooooooooao
OO0 ooDoogogoooao
Oooooooooooaoo
OO0 ooDoogogogogoooao
Oooooooooooaoo
OoooDoogogogoooao
Oooooooooooaoo
OoooDooogogogoooao
Ooooooooooooaoo
Oooooogooooaog
Ooooocooooooaoo

(6

O O0Oo0ooogoaog
O Ooo0oooao
O Oo0ooogoaog
O Ooo0oooao
O Oo0ooogoao
O Ooo0oooao
O Ooo0ooogoao
O Ooo0oooao
O Ooo0ooogoao
O 0Ooo0oooao
O Ooo0ooogoao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao

JP 2015-73990

2015.4.20

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

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

Oo0ooooooooooooooDooooooooog
OO0 oDooooUoooDoDoDoUogUoooDoDoogog4gogoooog
Oo0oooooooooooooDoDooooooooog
OO0ooDoooogUooooooooUoooDoDooogog4gogoooog
OooooooooooooooDooooooooog
OOo0oooooUoooooooooooDoDooogoggogoooog
OoooooooooooooooDoooooooooog
OOo0ooDoooUoooooooooooDoooogoooodg
Oo0ooooooooooooooDoooooooooodg
Oo0ooDooooooooooooDoDoooogoooog
OooooooooooooooDoooooooooodg
Oo0ooDooooooooooooDoDoooogoooog
Ooooooooooooooooooooooooo
Oo0ooDoooooooooooDoDoDoooooooog
Ooooooooooooooooooooooooo
Oo0ooooooooooooooDooooooooog
Ooooooooooooooooooooooooo
Oo0oooooooooooooDoDoDoooooooog
Oo0ooooooooooooooooooooooood
Oo0oooooo0ooooooooDoDooooooooog
OO0 o0oDoogddUooDoDooUgUooDoDoogogUogoooog
OOoooooo0ooooooooDoDooooooooog
OO0 o0oDoogogUoooDoDooUgUooDoDoogoggogoooog
Oo0oooooooooooooDoDooooooooog

O
O
O
O

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

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

P

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

JP 2015-73990

OO0 ooogogUooooDooUgUoooDoDoo4goooog
Ooo0ooooooo0 oo ooo oD oDooooooooQ-g
OO0 ooogogUooooDooUgUoUoDoDoo4goooog
Oo0oooooo0 oo ooo o0 oo oooooooo
OO0 ooooooUoooDoDooUooUoooDoDoo4goooog
Ooo0ooooooo0 oo ooo o0 oo oo4oooooo
Oo0oooooUo0ooDoDooogUoooDoDoogogoooog
Ooo0oooooooooooo oo oooooooono
OO0 oooooUo0oooDoooo o oDoDoogogoooog
Ooo0ooooooo0ooooo oo oooogoooooo

2015.4.20

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

OooooOoooOoooOoooooooOoooooooooooooooooooOod
A A A |

Ooooooogoooodg

Oooooooooooaog
OO0 oDooogQgooooaog
Oooooooooooaogo
OO0 oooogogooooaog
OoooooogoQgoo
OO0 oooogogogao
OoooooogogoQgoo
OOooooogogogao
OoooooogogoQgoao
Ooooooggoao
OoOoo0oooogoogoo
Ooooooogogoao
Oooo0oooogoogooo
OoooooogoQgoao
Oooo0oooogoogoao
Ooooooogogoao
OOoo0oooogoogoao
Ooooooogogoao

I e R ey I B
e e e e ) s e e ) ey A
OO0 oDOoDoooo0 oo ooo o0 oo oooQgooo
OO0 0o oDoo4Q0 oo ooo4QooooDoooggogogoao
OO0 ooDoooo oo ooo o0 oo oooQgooo
OO0 O0DooDooUo0 oo ooo o0 oo ooogoggogooao
oo oo oooo oo ooo o0 oo oooQgooo
OO0 OooDooo0o oo ooo4o0ooDoooggooao
OO0 oo oooo oo ooo o0 oo oooQgooo
OO0 OoDoDooo0o oo ooo o0 oo ooogoggooao
OO0 oooOooo oo ooo o0 oo oooQgooo
OO0 OoDoDooo0o oo ooo o0 ooDooogoggooao
oo oooooo0 oo ooo o0 oo oooQgooo
OO0 oDoDooo0o oo ooo o0 ooDooogogooo
oo oooooo0 oo ooo o0 oo ooogooao
OO0 OoDoDooo0o oo ooo o0 oo ooogoQgooo
Oo0ooooooo0o oo ooo o ooooogooao
OO0 Do oooo0 oo oooo0oooDooogoQgooo
oo oooOoooooooo o ooooogooao
OO0 Do oDooo0o oo ooo o0 oo ooogoQgooo
oo ooooooooooooooooogoOooao
OO0 Do oooo0 oo oooo0ooDooogoQgooo
e e s e e e sy e Y I Y
OO0 Do oDooo0 oo oooo0 oo ooogoQgooo
e s e e e e sy e Y I Y
OO0 oDOoDoooo0 oo oooo0 oo ooogoQgooo
OO0 Do oDooU0o0 oo ooo4QogooDoooggogooao
OO0 oDoDoooo0 oo ooo o0 oo ooogoQgooo
OO0 Do oDooUo0 oo ooo4gooUooDoooggogooao
OO0 o0DoDoooo0 oo ooo o0 oo oooQgooo
OO0 Do oDooo0o oo ooo oo oDoooggogooao
OoOo0oooooo oo ooo o0 oo oooQgooo
OO0 Do oDooo0o oo ooo4o0ooDooogoggooao
OO0 oo oOooo oo ooo o0 oo oooQgooo
OO0 ooooo0o oo ooo o0 ooDooogoggooao
OO0 oooOooo0o oo ooo o0 oo oooQgooo

OO0 oDooogoggooood

OooooooogogQgoo
OO0 ooooggogao
OooooooogogQgoo
OOoooooogQgogao
OooooooogoQgoo
OOo0ooooogQgoao
OoOoooooogoQgooo
OOooooogQgoao
OooooooogoQgoo
OoooooogQgoo
OoOoo0oooogoQgoao
OoooooogQgoo
OoOoo0oooogoQgooao
OoooooogQgoo
OoOoo0ooooQgoao
OoooooogogQgoo
OoOoo0oooooOooOoao
OoooooogoQgoao
OoOoo0oooooOooOoo
OoooooogQgoao
OO0 oooooggogao
OooooooogQgoo
OO0 ooooggogao
OooooooogQgoo
OO0 ooooggogao
OooooooogQgoo
OOooooogQgoao

(8) JP 2015-73990 A 2015.4.20

O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooaoo
O O0Oo0oooao
O Ooo0oooao
O Oo0ooogoao
O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao

s0o0oo0oo0o0oo0oo0ooooocooooboobood

gooboooobboooooboooooao
gooboooobboooooboooooan
gogoboboooobboooooboooooan

OooooooQgoo
Oooooogogoaog
OooooooQgoo
Ooooooogoggogoog
OooooooQgoo
Ooooooogoo
Oooooooogoo

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

€))

JP 2015-73990 A 2015.4.20

gooooooobooboooooboooooooboooao
goocoooboobobobooooooooobooooao
goocoobOobOoboooooooobbooooao
Co.0 D OO0OOODODOOA4CF-3031200 OO OO
gogoooooooboogadd
ODooDOoDOoDOoOOoOO20000
goooooooobobogo
3000000000 DD0D0DD

O00O00DO0oo0DO0oo0ooDoooao
Oo00O00O0o0O0oo0oooooao
0o0o0O00O0o0o0o0ooooao

000000 Spaying Systems
0000000000000 O00DO00DO0o0ooOaon
0000000000000 00000000a0
0000000000000 00D000DOoOoaOn
0000000000000 O0D0DO0o0DO0o0oooOaon
000

0000000000000 00DO0o0oo0oOooOaon
0000000000000 O00DO00DO0o0ooOaon
0000000000000 00000000a0
0000000000000 0D0D000oDOooOaOn
0000000000000 O0D0DO0oo0ooooan
0000000000000 O0000O0DO Spayi
0000000000000 00DO0o0O0oDOoOoaOn
0000000000000 0D0DO0o0Do0oooOaon
0000000000000 00000000a0
0000000000000 00000000a0
0000000000000 00D00D0o0DOooOaon
O0ooDo0oo0DOooooooo3®W0oo0D0o0o0o®00
0000000000000 00000000a0
0000000000000 0D0D000oDOooOaOn
Oo03M00000003W0000000000n
0000000000000 O0D0DO00O0o0OoOan
0000000000000 00DO0o0O0oDOoOoaOn
0000000000000 00DO0o0oo0oOooOaon
000

0000000000000 00000000a0
0000000000000 0D0D000oDOooOaOn
0000000000000 00D00DO0o0ooOaon
0000000000000 00000000a0
0000000000000 00D000oDOooOaOn
OO00DO00DO0oOooooo3Ww000000Dn3o
0000000000000 00000000a0
0000000000000 0DD0D000DOoOoOn
SboooO0oOoOo0o3MWO0D000000O0OD0DO0OO0
0000000000000 O00DO00DO0o0ooOaon
0000000000000 00000000a0
0000000000000 0D0D000oDOooOaOn
000

0000000000000 000000000
0000000000000 00DO0o0O0oDOoOoaOn
0000000000000 O00DO0o0oDo0ooooOaon
0000000000000 00000000a0
0000000000000 00000000a0
0000000000000 0D0D00D0o0oOooOaon
0000000000000 O00DO00DO0o0ooOaon
0000000000000 00000000a0

O Oooo

O Ooooo

OoooOooooooo0oogoao
OooDoooogooogao

OoooOoooooooOoQgoao
Oooooooogooogao

Oo0oooQgogao
OOo0ooogodgogao
OoooooQgogoao
OOo0o0ooogogogao
Oo0oooQgogao
OOo0ooogo-gogao
Ooo0oooQgogoao
OOo0ooogogogao
OoooooQogogoao
OoOoooogogogao
Ooo0oooQogogoao
Oo0ooogogogao
OoooooOoogoao
Ooooogogogao
OoooooOoogao

0000
O0oa0o
Ooooao
Oo0oao
O0oa0o
Systems

O

oo oooooogoQgog
OO0 oo ooogogodg

OoooooOoQgoooao
OO0 oooog4Qgoooao
OoooooOoQgoooao
OO0 ooogQgoooao
Oo0ooooQgoooao
OO0 ooogQgoooao
Oo0ooooQogoooaoo
Oo0oooogogQgoooao
Oo0ooooQogoooaoo
OooooogoQgoooao
Oo0ooooOogogoooaoo
Oo0oooogoQgoooao
Oo0oooogogoooaoo

O

oo oooooogogooo
OO0 ooooogogoao
oo oooooogogoQgo-g

gooooooboad
gboooooobod
gooooooboao
gooooooboao
gboooooobood
Co.oonooOooOooOnOaO

g

OO0 ooooogogoo
oo oooooogoogoo
OO0 oooooogogoo
oo oooooogoogoo
OO0 oooooogogoo
oo oooooogoogoo
OO0 oooooogogoo
oo oooooogoogogoo

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

OoooooooooooooooogQgQg
Oo0oDoo40odo0oooDoooooooooggdg
OoooooooooooooooogQgQg
Oo0ooo40odo0ooDoDoo4ogoooooggdg

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

Ooooooo0ooDooo4o0 oo oooo0oooDoDooogooooaog

I e A B |

Ooooooo0ooooo o0 oo ooooDooDoooogooooaog

g
O
0
U
U
0
U
t
0
g
g
U
0
g
U
0
g
g
0
0
g
U
0
g
t
O
0
0]
L]
O

OooooooQgdg
OOooooogogdg
Oooo0oooQgdg
OOoo0oooogogg
Oooo0oooQgdg
OOooooogogg
Oooo0oooQgdg
Oooooogogdg

OO0 oooooooooooogdg
OO0 oDoooogogooooogdg
oo oooooooooooogodg
OO0 oDoooogogooooogdg
oo oooooooooooogodg
OO0 oDoooogogooooooggdg
oo oooooooooooogodg
OO0 oDooooogooooooogdg
Oo0oooooooooooogodg
OO0 oDooooooooooogdg
Oooooooooooooogodg
OO0 oDooooooooooogdg
Oooooooooooooogodg
Oo0oooooooooooogdg
Ooooooooooooooogodg
OO0 oooooooooooogdg
Oooooooooooooogod
Oo0oooooooooooogdg
Ooo0oooooooooooood
Oo0oooooooooooogdg
OO0 Do ooogogogoooooogdg
OO0 oooooooooooogdg
OO0 oDooDoogogooooogdg

[ |
O d
[ |
O d
[ |

O
O
O
O

O
O
O
O

(10)

0ooo0OoDOooooOoo
Sbopoooooo®0ao
0ooo0ooOoooooao
0oo0oOoDOoo0ooDoOoo
Sbooooooooso
0ooooOooooao
ooooo
oono

0
O

g
ua

O d
[ |

uad

O
O

O
O
O
O
O
O
O
O

O
O

O
0

O
0
0

OoooooQgdg
OO0 oooogoogdg
OooooooQgdg
O0ooooogoogdg
OooooooQgdg
OOooooogogg

O

JP 2015-73990

O
O

OoooooooooogoQgoo

OoDoDoogooooooggogao

OOoooooao
O O0oooooaog
OOoo0ooooao
O Ooo0ooooaog
OOoo0ooooao

OooooooooooQgoao

OoDoDoogogooooggogo

OoooooooooogoQgoao

Oo0oDooooooooggogao
OooooooooooogoQgoao

2015.4.20
ugooano
oooao
gooao
gooao
ugooaod
gooao
gooao
gooao
ugooano
ugooand
gooao
gooao
uooaod
gooao
gooao
ugooand
gooao
gooao
ugooano
ugooand
gooao
gooao
gooao

ooooObOoOoo0oooooooooboboooo,00o0ooooooobao

s0o0o0oobbb0ob0ooooooboobbbo0os0obbb000ooooooobDbo0ondd
ug,goobobooooboocoobboooooodd

ooocobObOOO0oOooooocobObboboooooao
goobooooobbogooboboooobbooogdd
gobooooobbooooobobooooboooodd
ooocobObOO0oOooooocobobboboooooao
goobooooobbooooboboooobbooogd

O 0Ooo0oooao
O O0OoQgooo
O 0Ooo0oooo
OO oQgooo
O 0Ooo0oooo
O OooOgooo
O 0Ooo0oooao
O OooOgoooo
O 0Ooo0oooo

oad
O
O

O Ooooo
O 0OooOooo
O Ooooo
O O o

O

O

O
0
0

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

O OooQgoooo
O 0Oo0oooao

s ltugtbbboduguobbouoooboboocouobobooocobobboogoodd

goocooOboOoooooooooobooooogsb
oooon
ooo

uad
O

O
O

0
0

oooo:nd
g

ad

goooao
gogooano

oo
g

gooao
ugooaod

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

O 0Ooooo
O Oogogo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogooo

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

Oooo0ooogoogoao
Ooo0ooogogoao
Oooo0ooogoogoao
Ooooogogoao
Oooo0ooogoogoao
Oooooogogoao
Oooo0ooogoogoao
Oooooogogoao
Oooo0ooogoogoao
Oooooogogoao
Oooo0oooogoao
Ooo0ooogogoao
Oooo0oooogoao
Oooooogogogoao
Oooo0oooogoao
Ooooooogoogoao
OoOoo0oooogoao
Oooooogogogoao
OoOoo0oooogoao
Oooooogogogoao
OO0 o0ooogogoao
Oooooogogogoao

Ooo0oooooo0 oo ooo oD ooDooooooooo
OO0ooooogooDoooUooUooDoDoogogogoooao
Oo0ooooooo0 oo ooo oD ooDooooooooo
Oo0ooooo4o0ooDooo oo oDoDoogogogoooao
Oo0ooooooo0 oo ooooooDooooooooao
Oo0ooooo4o0ooDooo oo oDoDoogogooooao
Oo0ooooooo0 oo ooo oD ooDooooooooo
OOo0ooooooooDooo oo oDoDooogoooooao
Oo0ooooooo0 oo ooo oD ooDooooooooo
Oo0ooooooooDooo oo oDoooogooooao
Ooo0oooooooooDooo o ooDooooooooao
Oo0oooooo0oooDooo oo oDooooooooao
OoooooooooDooo o ooDooooooooao
Oo0ooooooooDooo oo oDooooooooao
Ooooooooooooooooooooooooao
Oo0ooooooooDoooooooDooooooooao
OoooooooooooooooDooooooooao

O
O
O
(]
O

O
O
O
O
O
O
O
O

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

(11) JP 2015-73990

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

OOo0Dooooggdg
Oooooooogdg
OoOooooogdg
Ooooooogdg
Oooooogdg
OooooooQgdg
Oooooogdg

Oo0oooooooDoooo0oooDooooooooogg
OoooooooDoooooooooooooood
OoooooooDoooo0DooDoooooooogg
o e e e e s s e [
OoooooooDoooo0DooDoooooooogdg
OOo0oDoo0fdUoooDoDooUoooDoooUgoooogdg
OoooooooDoooo0ooDoooooooogdg
Oo0oDoo40oUoooDooUoDoDoDoooUgogoooogg
Oooooooooooo0ooDoooooooogg
OOo0oDooo0oooDoDooUooooDoooUgogoooogg
OoooooooooooooDooooooooQgg
Oo0ooDooo0oooDoDoo4ooooDooo4gogoooogg

O
O
O
O
O

OooooooQgdg

OooooooooooooooDooooooooQgdg

2015.4.20

OoOooooogdg

Oo0ooDooooooDoo4ooooDoooogoooogg

OooooooQgodg

OooooooooooooooooooooooQgodg

Ooooooogdg

Oo0ooDoooooDooo4ooooDooo4gogoooogg

OooooooQgodg

OoooooooooooooooooooooOgodg

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

Ooo0oooQgogoao
OOo0o0ooogogogao
OoooooQgogoao
Oo0ooogogogao
OoooooQgogoao
Oo0ooogogogao
Ooo0ooooQogogoao
OoOoo0ooogogao
OoooooQgoogoao
Ooooogogao
OoooooQgoogoao
Ooooogogao
OoooooOoogao
OoooooQgogoao
OoooooOoogao
Ooo0oooQgogoao
OooOooooOoogoao
Oo0ooogogoao
OooOooooOooOgoao
Oo0oooQgogao
OOo0ooogodgogao
OoooooQgogoao
OOo0o0ooogogogao
Oo0oooQgogao
OOo0ooogo-gogao
Ooo0oooQgogoao
OOo0ooogogogao
OoooooQogogoao
OoOoooogogogao
Ooo0oooQogogoao
Oo0ooogogogao
OoooooOoogoao
Ooooogogogao
OoooooOoogao

OooooooQgdg
OOooooogogdg
Oooo0oooQgdg
OOoo0oooogogg
Oooo0oooQgdg
OOooooogogg
Oooo0oooQgdg
Oooooogogdg
OoOoo0oooQgdg
OOooooogoogg
OoOoo0oooQgdg
OOooooogogg
OoOoo0ooodgdg
Oooooogogg
OoOoo0oooodgadg
OooooogooQgdg
OoOoo0oooodgadg
Oooooogg
OoOoo0oooodgadg
OoooooQgg
O0o0o0oooogoogdg

Oo0oooooo0 oo oo o0 oo oo oDoDooooooooogdg
e e e e e ) ey e e s [
Ooooooooo0o0 oo oo o0 oo oo oD oDoDoDooo0oooooogodg
e e e e e ) ey e e s s [ |
Ooo0ooooo o0 oo oo o o0 oo oo o0 oD oDoDooo0oooooQgodg
OO ooo40ooooooo 0o oDooUooUoUoDoDoDogoggogoooogdg
Oooooooo o0 oo oo o0 o oD oo oo0ooDoDoDooOoo0oooooogog
OoOo0oooooQo0oooooo 0o oDooUoo oo oDoDoogog4ogooooogdg
Oooooooo o0 oo oo o o0 oo oD oo oo0o oo oooo0oooooogog
Oo0ooooo0ooooooo 400 oDoDoooo oo oDoDogogogooooogdg
Oooooooo o0 oo oo o o0 oo oo oD oD ooooooooogog
OoOo0oooooQo0 oo ooo0o 00 oo ooUoo oo oDoDoog4ogooooogdg
Ooooooooo0 oo oo o o0 oo oooo0o oD oDooooooooogodg
OoOooooooQo0 oo ooo0o 0o oDoDooo oo oDoDoDoo4ogoooooogdg
Ooooooooo0 oo oo o o0 oo ooo oo oDooooooooogodg
e e e ey s B s [
Oooooooo o0 oo ooo o0 oo ooo oo oooooooooogodg
OooooooQo oo oo oo oooo oo oDoDoo4oooooogdg
Oooooooooooooooooooooooooooooooogod
OoOooooooQo0 oo oo oo oo oo oDoDoDoooooooogdg
e e s e e [ e e ) ey e e [ s [
OooooooQo0 oo oo oDoD oo oD oDoDooooooooogdg
e e e e e e e ey e e [ s [

(12)

OOoooooao
O 0O0o0ooooaog
OOoo0ooooao
O 0O0ooooaog
OOoo0ooooo
O O0Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog
OOoo0ooooao

JP 2015-73990

OoOooooooooooo o0 oo ooo oD oDoDooooooooogdg
e s s e e e A s [ |
OoOooooooooooo o0 oo ooooDoDoDooooooooogdg
OOo0oooo0oU0oooDooUooU oo oDoUUUoDoDooUogoooooogdg
OoOooooooooooo o0 oDoDooooooDoDooooooooogdg
Oo0oOoooo4oooooUogUDoDoDooUogUUoDoDoDoogogoooogdg
OoOooooooooooo o0 oDoDooooooDoDooooooooogodg
OOo0ooOooooU0oooooUoo4D oo ooUooUoDoDoDoooogooooggdg
Oooooooo0ooooo o0 oDoDooooooDoDooooooooogodg
Oo0ooOooooUooooooo4o0oDoDooooUoooDoDoooooooogdg
OoOoooooooooooo o0 oDoDooooooDoDooooooooogodg

2015.4.20

10

20

30

40

50



Iy e e e e [y
e s e e e e ) ey e s Y [ Y
I s e e e ey e ey [ Iy
e ) s e e e e e e ) ey e e s Y [ Y
Iy e e ) [y

OO0 ooooogogooao

OO0 oooooogogo-g

OO0 ooooddooDooog Qoo oooogogog

Ooooooo0oooooooooogoQgdg
OO0 oDooo40o0oooogogoooooggdg
Ooooooo0oooooooooogQgdg
OO0 oDooo40o0oooogogoooooggg
Ooooooo0oooooooooogoQgdg
OOooooo4o0ooooogoogooooggg
Ooooooo0ooooooooooQgdg
Oooooo40o0ooooooooooggg
Ooooooo0ooooooooooQgdg
Oooooo4o0ooooooooooggg
Ooooooo0oooooooooooQgdg
Ooooooo0oooooooooogoggg
Ooooooo0ooooooooooQgdg
Oooooo4o0oooooooooogogogg
Ooooooo0oooooooooooQgdg
Ooooooo0oooooooooogogQgg
OooooooooooooooooQgdg
Ooooooo0oooooooooogoggg
Oo0ooooooooooooooooOgdg
OooDoooo0DoooooooooogogQgdg
OO0 O0Dooo0o4doooooUgogooooogdg
Ooooooo0DoooooooooogogQgg
OO0 OoDooo4d0oooogogUogooooggdg

OO0 oooooggog

oo oooooogoQgo-g

OO0 oooooggog

oo oooooogogoo-g

OO0 oooooggog

oo oooooogogoQg

OO0 ooooogogog

OO0 oooooogogogoQg

OO0 ooooogogog

oo oooooogogoo-g

Ooooogooao
OoooooOoogooao
Oooooogooao
OoooooOooOooao
OoooooQgooao
Oooo0oocOooOooao
OoooooQgooao
Oooo0oooOooOooao
OoooooQgooao
OO0 ooogo-gogoao
OoooooQgooao
Ooooogo-gogoao
OoooooQgooao
Ooooogogogoao
Ooooooogooao
Ooooogogogoao
OoooooQogooao
Ooooogogogooao
OoooooQogooao
Ooooogogooao
Ooo0ooooOoooao
Ooooogogooao
OoooooOoooao

(13) JP 2015-73990

Oooooooooooooooooo
OO0 ooDoogoguooooogogoooaog
Ooooooooooooogogooooo
Oo0ooDoogogooooogogoooaog
Ooooooooooooogooooo
Oo0oooooooooogooooaog
Oooooooooooooooooaono
Oo0ooDooooooooogooooaog
Oooooooooooooooooao
Oo0oooooooooogooooaog
Oooooooooooooooooao

2015.4.20

10

20

30



(14) JP 2015-73990 A 2015.4.20

ogogoano oggoao

CG

§
74 SIS

s0 TR
o 72| 85240 54 cc
< J‘t e S 113

I
170 2/58 ?2 ;50 cc
[

AR 113
60 48 50 o

12
“l |8 {} 6 6 1
30 =B

oooao

15a
36—, C_a>_|j 2
<D 50 22
42 N 20
'—\—1 22
64
66

ggono




(15) JP 2015-73990 A 2015.4.20

gooooooaoo

nt.CI.
51)Int.Cl oo gooooboooood
ggoo ooOoOo  53/18 ggoo goooo

(72) 000 OO0O0O0OoDOOoOooogooo
gooobbooooooboboooooobobooooooobobooooon

(72000 Ooooooooooog
oooooobooooooooboooobooboobooooooooobobooOoooooon

(2)000 DOOOOOOoOooo
gooooboooooooboobooooooobooooooon

(72000 OoOoOOooooooogooo
goboobOoOo0oooooooboobObooooooooon

(72) 000 OCOOoOOooOoooOogoogono
gobooboboooooobbobooooooboboodad

ODOO0O(@O) 4D002 AAD2 AA19 AA23 AA28 ABO1 ACO1 BAO2 BA14 BA16 CAO1

gooo oo DAO5 DA16 EAOS EA12 FAO3 GAO1 GBO6 HAO6

OoOO OO 40020 AAO6 AA10 BAO2 BAO9 BBO5 CB27 CC21 DAO3 DBO5



(16) JP 2015-73990 A 2015.4.20

gooooooanb

METHOD AND APPARATUS FOR WET DESULFURIZATION SPRAY
' TOWERS

TECHNICAL FIELD ,
[0001] The present disclosure provides in general a method and apparatus or
system for cleaning polluted gas and/or cooling of hot gas by contacting the gas with
a finely divided liquid for absorption of gaseous pollutants and/or cooling of the gas.
More specifically, the present disclosure provides a method and apparatus or system
directed to nozzles resistant to clogging used in a nozzle configuration for cleaning
polluted gas and/or cooling of hot gas by contacting the gas with a finely divided
liquid for absorption of gaseous pollutants and/or cooling of the gas.

TECHNICAL BACKGROUND

[0002] Cleaning of polluted gas with a view to removing particulate or gaseous
substances is an important and common process in today's industrialized society. A
vast variety of techniques have been developed, and today there are often several
methods to choose between when a gas cleaning plant is to be designed, even when

very specific pollutants are to be removed.

[0003] Particulate pollutants are often removed by means of dynamic
separators, such as cyclones, electrostatic precipitators or barrier filters, bag filters or

cassette filters.

[0004] Gaseous pollutants are generally removed using an additive, either by
absorption by the additive supplied in either dry or wet form, or by reacting gaseous
pollutants with the additive supplied in either gaseous or liquid form, so as to obtain a
particulate product. The reaction product is thereafter separated in a particle

separator.

[0005] Cooling gas with a view to adapting the gas’s temperature or to v
recovering heat therefrom, is also an important and common process. Heat transfer

generally takes place either by means of heat exchangers of recuperative or
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regenerative type or by direct contact between the hot and the cold medium. Since
this invention concerns heat transfer by direct contact between a gas and a liquid,

other techniques will not be discussed.

[0006] One method advantageous in many respects consists of conducting a
gas through a “rain” of finely divided liquid or past surfaces overflowed by a liquid.
These methdds make it possible to cool a hot gas as well as to capture particles in
the liquid and to absorb or to react gaseous pollutant components of a polluted gas
with the liquid. The liquid may also contain substances causing or promoting
dissolved gaseous pollutant components to form solid particulates for easier

separation thereof from the liquid.

[0007] The liquid is normally recycled in the contact device, but a portion
thereof is removed, generally continuously, in order to use its heat in other
applications and/or to be treated to separate pollutants therefrom. Thus the cooled

and/or treated liquid can be recycled to the contact device to be used again.

[0008] Polluted gas washing plants can include contact devices or open
towers where the polluted gas only encounters a finely divided liquid, and packed
scrubbers or packed columns where the polluted gas flows through a tower filled with
e.g. saddle-shaped or coil-shaped small parts, onto which liquid is sprayed so as to
produce a liquid film which flows downwardly over essentially the entire total surface.
However, since packed scrubbers do not fall within the field of the subject disclosure,

such will not be discussed further herein.

[0009] Examples of contact devices or open towers, e.g. for separating
sulphur dioxide from a polluted gas and/or for cooling of the gas in order to recover
heat, are disclosed in U.S. Pat. No. 3,532,595. As such, U.S. Pat. No. 3,532,595
discloses both vertical towers and scrubbers with horizontal gas flow and liquid
supplied at several levels or positions. U.S. Pat. No. 4,164,399, discloses a tower of
less complex design, where liquid is supplied only at one level but is distributed after
capture at several levels. U.S. Pat. No. 2,523,441, discloses a combination of an

open tower with a packed section.
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[0010] The above-noted techniques require that the liquid used in the contact
device falls or flows downwardly by gravity. It is however also known to design
contact devices or scrubbers which generate more or less horizontal liquid curtains
through which the polluted gas flows. Two examples are disclosed in U.S. Pat. No.
2,589,956 and U.S. Pat. No. 3,691,731,

[0011] An intermediate design is disclosed in U.S. Pat. No. 4,583,999,
wherein the washing liquid is supplied horizontally but, after some deceleration,

descends as a rain of finely divided droplets.

[0012] Another gas contact device or tower is disclosed in DE-A1 33 41 318 or
U.S. Pat. No. 3,532,595, wherein liquid is supplied at 4 to 6 levels. Each level has
several nozzles to distribute small liquid droplets for gas and liquid contact. As such,
e ach level is provided with nozzles arranged with a spacing of 0.5-1 meters (m), in a
regular lattice. The distance between the levels is 1-2 m. The efficiency of the
contact device or tower is largely dependent on the relative movement between the
droplets and the gas. It is therefore generally preferred that the gas flows upwardly in
a direction contrary to the descending liquid droplets, i.e. counter currently, but for
various reasons there also exist gas contact devices or towers in which the gas

descends in the same direction as the descending droplets, i.e. concurrently.

[0013] If it is desirable to increase the gas treatment efficiency using this
method, it is necessary either to increase the height of the tower or to increase the
flow of liquid. Whichever option is chosen, the consequence is increased pump work
for a given volume of gas flow. Open gas contact devices or towers also suffer from
the major disadvantage df réquiring significant space. Significant space |
requirements also mean significant associated building costs since the towefs
typically must be relatively tall. As such, liquid to descend through the tower in the
form of a rain of fine droplets must first be pumped up to a considerable height. Such

pump work significantly increases operationél costs associated with gas treatment.
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[0014] Another open spray tower system is disclosed in U.S. Patent No.
5,474,597. The open spray tower as disclosed uses nozzles arranged in a pattern
whereby nozzles spraying liquid upwardly in the same direction as that of gas flow
alternate with nozzles spraying liquid downwardly in the opposite direction as that of
gas flow, for purposes of improving mass transfer. A disadvantage of the system is
that the nozzles arranged to spray liquid upwardly plug when the system is not in
operation and without a flow of liquid. When not in operation, accumulated slurry
and particulates from nozzles arranged above spraying liquid downwardly caused

plugging of unused nozzles, or worse yet, back flow into associated pumps.

[0015] Gas cleaning and gas cooling in wet-type contact devices or scrubbers,
has for many decades been a well-established technique in process industries,
power plants and incineration plants. Even with certain drawbacks, such as those
noted above, this technique is well tried and must be considered both efficient and
reliable. However, a significant drawback to such wet-type contact devices or
scrubbers is spray nozzle clogging resulting in inefficient gas cleaning and gas
cooling. The drawback of spray nozzle clogging needs to be addressed. As such, a
method and/or apparatus that addresses costly nozzle clogging and the inefficient

gas cleaning/cooling resulting therefrom is needed.

SUMMARY

[0016] The subject disclosure provides both a method and an apparatus or
system that address costly nozzle clogging and the inefficient gas cleaning and/or
gas cooling resulting therefrom. As such, the present disclosure relates to a method
and an apparatus or system for cleaning polluted gas and/or cooling of hot gas,
wherein the gas is contacted with a finely divided liquid for the separation of
particulates, absorption of gaseous pollutants and/or cooling of the gas. The finely
divided liquid is supplied using anti-clogging nozzles arranged within a pattern of
nozzles in two or more planes substantially perpendicular to the main flow direction

of the gas flowing through the apparatus or system.
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[0017] To address costly nozzle clogging and resultant inefficient gas
cleaning/cooling, anti-clogging nozzles are used within a pattern of nozzles to supply
finely divided liquid for contact with a gas for gas cleaning and/or gas cooling. The
subject anti-clogging nozzles are dual orifice nozzles with a majority of an amount of
liquid flow flowing in one first direction, and a relatively small amount of liquid flow
flowing in another second direction. The relatively small amount of liquid flow
discharged in the second direction has little effect during nozzle operation. However,
when the nozzle is not in operation, the relatively small amount of liquid flow
discharged from the nozzle in the second direction provides é drainage route for
particulate matter that would otherwise clog the opposed nozzle that discharges in
the first direction. Thereby, the relatively small amount of fluid flow in the second
direction serves to reduce or eliminate nozzle clogging often associated with the
cleaning of polluted gas and/or cooling of hot gas. Also, the subject anti-clogging
nozzles reduce or eliminate operation costs associated with frequent nozzle cleaning

and/or replacement as previously required.

[0018] In summary, the subject apparatus or system comprises a wet
scrubber with at least a first spray level and a second spray level, each equipped
with downwardly spraying nozzles arranged in vertical alignment one above the
other, and upwardly spraying anti-clogging nozzles alternating between the
downwardly spraying nozzles also arranged in vertical alignment one above the
other. Each of the upwardly spraying anti-clogging nozzles has an upward extending
portion and an opposed extended portion operable for particulate flow from the
upward extending portion to the opposed extended portion to prevent particulate
clogging of the upward extending portion of the upwardly spraying anti-clogging
nozzle. The subject apparatus or system may further comprise additional spray
levels equipped with like arranged downwardly spraying nozzles and upwardly
spraying anti-clogging nozzles, such as from 1 to 18 additional spray levels. As
such, a flue gas produced in a boiler flows upwardly through the wet scrubber where
an absorption liquid is atomized or dispersed as a finely divided spray from at least a
portion of the downwardly spraying nozzles and at least a portion of the upwardly
spraying anti-clogging nozzles. Preferably, about 90% or more of the absorption

liquid dispersed from the upwardly spraying anti-clogging nozzles is sprayed
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upwardly from the upward extending portion thereof and about 10% or less of the
absorption liquid sprayed from the upwardly spraying anti-clogging nozzles is
sprayed downwardly from the opposed extended portion. Alternatively, preferably,
about 80% or more of the absorption liquid dispersed from the upwardly spraying
anti-clogging nozzles is sprayed upwardly from the upward extending portion thereof
and about 20% or less of the absorption liquid sprayed from the upwardly spraying
anti-clogging nozzles is sprayed downwardly from the opposed extended portion.
Absorption !iquid so sprayed from the nozzles contacts the flue gas flowing through
the wet scrubber and absorbs acid gases therein to produce a cleaned flue gas.
Preferably for this purpose, the absorption liquid is a limestone absorption liquid or
slurry. To significantly reduce or eliminate particulate clogging of the upwardly
spraying anti-clogging nozzles, the same are operable to remove particulates from
the upward extending portion thereof through the opposed, smaller sized, extended

portion.

[0019] In summary, the subject method comprises supplying an absorption
liquid to a wet scrubber with at least a first spray level and a second spray level,
each spray level equipped with downwardly spraying nozzles arranged in vertical
alignment one above the other, and upwardly spraying anti-clogging nozzles
alternating between the downwardly spraying nozzles also arranged in vertical
alignment one above the other. Each upwardly spraying anti-clogging nozzle
includes an upward extending portion and an opposed extended portion operable for
particulate flow from the upward extending portion to the opposed extended portion
to prevent particulate clogging of the upward extending portion. The subject method
further comprises contacting a flue gas produced in a boiler flowing upwardly through
the wet scrubber with the absorption liquid to produce a cleaned flue gas. According
to the subject method, the wet scrubber may also include additional spray levels
equipped with like arranged downwardly spraying nozzles and upwardly spraying
anti-clogging nozzles. The preferred absorption liquid is a limestone absorption
liquid or slurry is atomized or dispersed as a finely divided spray from at least a
portion of the downwardly spraying nozzles and at least a portion of the upwardly
spraying anti-clogging nozzles. Abdut 90% or more of the absorption liquid sprayed

from the upwardly spraying anti-clogging nozzles is sprayed upwardly from an
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upward extending portion thereof and about 10% or less of the absorption liquid
sprayed from the upwardly spraying anti-clogging nozzles is sprayed downwardly
from an opposed extended portion. Alternatively, about 80% or more of the
absorption liquid sprayed from the upwardly spraying anti-clogging nozzles is
sprayed upwardly from an upward extending portion thereof and about 20% or less
of the absorption liquid sprayed from the upwardly spraying anti-clogging nozzles is
sprayed downwardly from an opposed extended portion. Accordingly, the upwardly
spraying anti-clogging nozzles are operable for particulate removal from the upward

extending portion thereof through the opposed, smaller sized, extended portion.
[0020] Further objects and features of the present disclosure will be apparent

from the following description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention will now be described in more detail with reference to the

accompanying drawings, in which:

FIGURE 1 is schematic cross-sectional view of a wet scrubber system

according to the subject embodiment;

FIGURE 2 is an enlarged schematic side view of the circled nozzles of Figure

1 referenced as II;
FIGURE 3 is a schematic top view of the nozzles of Figure 2; and
FIGURE 4 is a schematic side cross sectional view of the nozzles of Figure 2.

DETAILED DESCRIPTION
[0022] Figure 1 schematically illustrates the subject apparatus or system 10

comprising a wet scrubber 12 useful for cleaning a polluted process gas and/or for
cooling a hot process gas. Spray apparatus 13 in wet scrubber 12 is operative for

removing at least a portion of a sulphur dioxide content of a process gas, in the form
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of a flue gas, FG, generated in a boiler 15 operative for combusting a fuel F, such as
coal or oil. Flue gas FG flows from boiler 15 through fluidly connected duct 15a into

fluidly connected inlet 16 of wet scrubber 12.

[0023] The wet scrubber 12 comprises a vertical open tower 14, an inlet 16 for
flue gas FG to be cleaned and/or cooled, and an outlet 18 for cleaned flue gas CG
from which at least a portion of the sulphur dioxide content has been removed. An
absorption liquid tank 20 is arranged at a bottom 22 of the vertical open tower 14.
The absorption liquid tank 20 is provided with an oxidation arrangement 22. Fresh
limestone, CaCQOs, is supplied to the absorption liquid tank 20 through an inlet 28a
from an absorbent supply device 24 comprising a limestone storage 26 fluidly
connected to a supply pipe 28 fluidly connected to inlet 28a. It will be appreciated
that absorption liquid tank 20 may, as an alternative, be positioned outside of vertical
open tower 14, and that the supply of fresh limestone could, as an alternative, enter
the vertical open tower 14 at locations other than the absorption liquid tank 20, as a

dry powder, a slurry or both.

[0024] The wet scrubber 12 further comprises a first circulation pump 30
which circulates through a fluidly connected absorption liquid circulation pipe 32, a
limestone absorption liquid, sometimes referred to as a limestone slurry, from the
absorption liquid tank 20 to a fluidly connected first spray level system 34 positioned
vertically lowest and within closest proximity to bottom 22 within vertical open tower
14. The wet scrubber 12 further comprises a second circulation pump 36 which
circulates through a fluidly connected absorption liquid circulation pipe 38, a
limestone absorption liquid from the absorption liquid tank 20 to a fluidly connected
second spray level system 40 positioned vertically above first spray level system 34
within vertical open tower 14, and a third circulation pump 42 which circulates
through a fluidly connected absorption liquid circulation pipe 44, a limestone
absorption liquid from the absorption liquid tank 20 to a fluidly connected third spray
level system 46 positioned vertically above second spray level system 40 and the
greatest distance from bottom 22 within vertical open tower 14. A vertical distance,
illustrated as a distance CC in Figure 1, between the mid-point of the first spray level

system 34 and the mid-point of the second spray level system 40, as well as a
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vertical distance, also shown as a distance CC in Figure 1, between the mid-point of
the second spray level system 40 and the mid-point of the third spray level system
486, is approximately 1.25 meters (m) to approximately 3 m. A distance CC less than
approximately 1.25 m is less preferable, since such distance tends to cause
unwanted interactions between adjacent spray level systems, resulting in a
decreased sulphur dioxide removal efficiency. A distance CC which greater than
approximately 3 m is less preferable, since such distance tends to result in a very
high overall height of the vertical open tower 14, increasing investment and operating

costs associated therewith.

[0025] The first spray level system 34 comprises a first tubular portion 48 and
a plurality of fluidly connected atomizing nozzles 50 and 52 that atomize or disperse
as a finely divided spray a limestone absorption liquid circulated thereto by the pump
30. As such, the finely distributed limestone absorption liquid achieves effective
contact with flue gas FG passing substantially vertically upwardly through the wet
scrubber 12. The second spray level system 40 Iikewise comprises a second tubular
portion 54 and a plurality of fluidly connected atomizing nozzles 50 and 52. The third
spray level system 46 likewise comprises a third tubular portion 56 and a plurality of
fluidly connected atomizing nozzies 50 and 52. The atomizing nozzles 50 and 52 of
the second tubular portion 54 and third tubular portion 56 are of the same or of a

similar type as the atomizing nozzles 50 and 52 of the first tubular portion 48.

[0026] All or a vast majority of atomizing nozzles 50 spray in a singular
direction, i.e., in a cone pattern directed essentially downwardly within vertical open
tower 14 counter current to the flow of flue gas FG therethrough. Atomizing nozzles
50 may, for example, be of the type 4CF-303120, available from Spraying Systems
Co, Wheaton, lilinois, USA. This type of atomizing nozzle 50 is operative for a liquid
flow of about 70 m*/hour, corresponding to 70000 litres/hour, or 1170 litres/minute, at
a spraying pressure measured using water, of about 0.5 bar, as well as a liquid flow
of about 107 m®/hour, corresponding to 107000 litres/hour, or 1780 litres/minute, at a

spraying pressure measured using water, of about 1.2 bar.
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[0027] All of atomizing nozzles 52 are anti-clogging nozzles that spray in at
least two directions, i.e., in a cone pattern directed essentially upwardly within
vertical open tower 14 in essentially the same direction of flow as that of flue gas FG
therethrough, and to a lesser extent, in a downwardly and/ or a near downward
direction counter current to the flow of flue gas FG through vertical open tower 14,
Atomizing nozzles 52 of the type described herein are commercially available from
Spraying Systems Co, Wheaton, lllinois, USA. During operation of first spray level
34, second spray level 40 and/or third spray level 46, about 90% to about 99% or
more of the absorption liquid sprayed from anti-clogging nozzles 52 is sprayed in a
cone pattern upwardly from upward extending portion 58. As such, anti-clogging
nozzle 52 is operative for an upward liquid flow of about 63 m®hour to about 69
m3/hour, corresponding to about 63000 litres/hour to about 69000 litres/hour, or
about 1050 litres/minute to about 1150 litres/minute, at a spraying pressure
measured using water, of about 0.5 bar, as well as a liquid flow of about 96 m®/hour
to about 106 m*hour, corresponding to about 96000 litres/hour to about 106000
litres/hour, or about 1600 litres/minute to about 1766 litres/minute , at a spraying
pressure measured using water, of about 1.2 bar. Alternatively, during operation of
first spray level 34, second spray level 40 and/or third spray level 46, about 80% or
more of the absorption liquid sprayed from anti-clogging nozzles 52 is sprayed in a

cone pattern upwardly from upward extending portion 58.

[0028] During operation of first spray level 34, second spray level 40 and/or
third spray level 46, about 10% to about 1% or less of the absorption liquid sprayed
from anti-clogging nozzles 52 is sprayed downwardly and/or in a near downward
direction from extended portions 60. As such, anti-clogging nozzle 52 is operative
for an downward liquid flow of about 6.3 m*hour to about 6.9 m*/hour, corresponding
to about 6300 litres/hour to about 8900 litres/hour, or about 105 litres/minute to about
115 litres/minute, at a spraying pressure measured using water, of about 0.5 bar, as
well as a liquid flow of about 9.6 m*hour to about 10.6 m*/hour, corresponding to
about 9600 litres/hour to about 10600 litres/hour, or about 160 litres/minute to about
176 litres/minute , at a spraying pressure measured using water, of about 1.2 bar.
Alternatively, during operation of first spray level 34, second spray level 40 and/or

third spray level 46, about 20% or less of the absorption liquid sprayed from anti-
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clogging nozzles 52 is sprayed downwardly and/or in a near downward direction

from extended portions 60.

[0029] When first spray level 34, second spray level 40 and/or third spray level
46 are not in operation, little to no absorption liquid is sprayed from upward
extending portions 58 while about 10% to about 1% or less, or alternatively about
20% or less, of the absorption liquid is sprayed downwardly and/or in a near
downward direction from opposed extended portions 60. This continued fluid flow
through extended portions 60 during periods of non-operation provides a direct
drainage route for particulates collected in upward extending portions 58 thereby
significantly reducing or eliminating particulate clogging thereof. As such, when not
in operation, anti-clogging nozzles 52 maintain a liquid flow as needed from
extended portion 60 of about 6.3 m¥hour to about 6.9 m*hour, corresponding to
about 6300 litres/hour to about 6900 litres/hour, or about 105 litres/minute to about
115 litres/minute, at a spraying pressure measured using water, of about 0.5 bar, as
well as a liquid flow of about 9.6 m*/hour to about 10.6 m*hour, corresponding to
about 9600 litres/hour to about 10600 litres/hour, or about 160 litres/minute to about
176 litres/minute , at a spraying pressure measured using water, of about 1.2 bar.
However, when not in operation, spraying pressure will typically be reduced thus
reducing liquid flow to a level appropriate and a time period appropriate to prevent
clogging of upward extending portion 58, depending on limestone and like particulate

levels within wet scrubber 12.

[0030] Atomizing nozzles 50 and 52 are arranged in a specific pattern on first
tubular portion 48, second tubular portion 54 and third tubular portion 56. As such,
on each first, second and third tubular portions 48, 54 and 56 respectively, nozzles
50 are arranged to alternate with nozzles 52 along the lengths thereof. Also, on
each first, second and third tubular portions 48, 54 and 56 respectively, nozzles 50
are each vertically arranged one above or nearly above another, and nozzles 52 are
each vertically arranged one above or nearly above another. Nozzles 50 and 52 are
so arranged to minimize spray interference between nozzles and maximize spray
and flue gas FG contact for efficient flue gas FG cleaning. Optionally, rather than

having two different types of nozzles 50 and 52 available for installation/maintenance
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purposes, only nozzles 52 could be utilized with half of nozzles 52 positioned with a
majority of absorption liquid flow dispersed upwardly and the other half of nozzles 52
positioned with a majority of absorption liquid flow dispersed downwardly, thereby
replacing nozzles 50. However, since nozzles 52 are typically more expensive than
nozzles 50, such is not the preferred arrangement and therefore for purposes of

clarity is not discussed further herein.

[0031] A mist eliminator 62 is located above the third spray level system 46.
The mist eliminator 62 removes at least a portion of the absorption liquid droplets

entrained by the cleaned flue gas, CG.

[0032] In wet scrubber 12, sulphur dioxide, SO, in the flue gas FG reacts with
the limestone, CaCOQj, of the absorption liquid to form calcium sulphite, CaSOs,
which is subsequently oxidized to form gypsum, CaSO,. The oxidation of calcium
sulphite is preferably performed by bubbling air or oxygen gas through the
absorption liquid using oxidation arrangement 24. Hence, the absorption liquid
comprises, in addition to the limestone, also small amounts of calcium sulphite and,
as a major constituent, gypsum. The gypsum formed through this process is
removed from the absorption liquid tank 20 via a disposal pipe 64 and is forwarded
to a gypsum dewatering unit, schematically indicated as bel filter 66. The dewatered

gypsum may be commercially used, for example in wallboard production.

[0033] In addition to sulphur dioxide, SO,, the wet scrubber 12 will remove, at
least partly, also other contaminants from the flue gas FG. Examples of such other
contaminants include sulphur trioxide, SO3, hydrochloric acid, HCI, hydrofluoric acid,
HF, and other acid contaminants. Still further, the wet scrubber 12 may also remove,
at least partly, other types of contaminants from the flue gas, such as for example

dust particles and mercury.

[0034] A control unit 68 controls operation of wet scrubber 12. To this end, a
control device in the form of a first control valve 70 is provided on the first tubular
portion 48 of the first spray level system 34, and a control device in the form of a

second control valve 72 is provided on the second tubular portion 54 of the second
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spray level system 40. Furthermore, a control device in the form of a third control
valve 74 is provided on the third tubular portion 56 of the third spray level system 46.
The control unit 68 controls, individually, each of the valves 70, 72 and 74, for

efficient operation of wet scrubber 12.

[0035] Figure 2 schematically illustrates nozzles 50 and 52 of Figure 1, circled
and identified by reference ll. As such, nozzle 50 sprays in a downward direction as
described above, and nozzle 52 is a dual orifice anti-clogging nozzle that sprays
absorption liquid predominantly in an upward direction from upward extending
portion 58 and to a lesser extent in a downward direction from opposed extended

portion 60.

[0036] Figure 3 schematically illustrates from a top view looking down into
vertical open tower 14 nozzles 50 and 52 of Figure 2. As such, within upward
extending portion 58 is spray orifice 76 through which absorption liquid is dispersed

from first tubular portion 48.

[0037] Figure 4 again illustrates nozzles 50 and 52 of figure 2. Spray orifice
76 of upward extending portion 58 of nozzle 52 is sized approximately the same as
that of spray orifice 80 of nozzle 50. However, spray orifice 78 within extended
portion 60 of nozzle 52 is sized considerably smaller than spray orifices 76 and 80,
since fluid flow therethrough is considerably less. Also, spray orifice 78 is aligned
below and with that of spray orifice 76 to allow a flow of particulates from upward
extending portion 58 downwardly through spray orifices 76 and 78 for release from
extended portion 60 thereby significantly reducing or eliminating particulate clogging

of upward extending portion 58.

[0038] In using the wet scrubber 12 to clean or treat a flue gas FG produced in
a boiler 15, the flue gas FG is passed upwardly through wet scrubber 12 for contact
with an absorption liquid, such as a limestone slurry or the like, atomized or
dispersed as a finely divided spray from nozzles 50 and 52 arranged in a pattern on
at least a first spray level 34 and. a second spray level 40. The atomized or finely
divided absorption liquid spray absorbs pollutants such as sulphur dioxide, hydrogen
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chloride and like acids from the flue gas upon contact therewith to produce a cleaned
flue gas CG. To maximize absorption liquid and flue gas FG contact, nozzles 50 are
arranged to alternate with nozzles 52 along lengths of at least first spray level 34 and
second spray level 40, with nozzles 50 arranged vertically one above another and
nozzles 52 arranged vertically above one another along the lengths of at least first
spray level 34 and second spray level 40. Nozzles 50 are arranged vertically one
above another and nozzles 52 are arranged vertically above one another on the at
least first spray level 34 and second spray level 40 to maximize absorption liquid and
flue gas FG contact while minimizing absorption liquid spray interference between
nozzles. Additionally, nozzles 52 are anti-clogging nozzles with 90% or more fluid
flow therethrough flowing from upward extending portion 58 and 10% or less fluid
flow therethrough flowing from opposed extended portion 60, thereby providing a
route of particulate flow from upward extending portion 58 to and out from opposed
extended portion 60 to significantly reduce or eliminate particulate clogging of
upward extending portion 58 when not in use. Alternatively, nozzles 52 are anti-
clogging nozzles with 80% or more fluid flow therethrough flowing from upward
extending portion 58 and 20% or less fluid flow therethrough flowing from opposed
extended portion 60, thereby préviding a route of particulate flow from upward
extending portion 58 to and out from opposed extended portion 60 to significantly
reduce or eliminate particulate clogging of upward extending portion 58 when not in

use.

[0039] While the invention has been described with reference to a number of
preferred embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof
without departing frpm the scope of the present disclosure. In addition, many
modifications may be made to adapt a particular situation or material to the
teachings of the subject disclosure without departing from the essential scope
thereof. Therefore, it is intended that the disclosure not be limited to the particular
embodiments disclosed as the best mode contemplated for carrying out the same,
but that the subject disclosure will include all embodiments falling within the scope of
the appended claims. Moreover, the use of the terms first, second, etc. do not
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denote any order or importance, but rather the terms first, second, etc. are used to

distinguish one element from another.

[0040] In summary, the subject apparatus or system 10 comprises a wet
scrubber 12 with at least a first spray level 34 and a second spray level 40, each
equipped with downwardly spraying nozzles 50 on each the first spray level 34 and
the second spray level 40 arranged in vertical alignment one above the other, and
upwardly spraying anti-clogging nozzles 52 alternating between the downwardly
spraying nozzles 50 on each the first spray level 34 and the second spray level 40
also arranged in vertical alignment one above the other. Each of the upwardly
spraying anti-clogging nozzles 52 has an opposed extended portion 80 operable for
particulate flow from an upward extending portion 58 of the upwardly spraying anti-
clogging nozzle 52 therethrough to prevent particulate clogging of the upward
extending portion 58 when not in operation. The subject apparatus or system 10
may further comprise additional spray levels 13 equipped with like arranged
downwardly spraying nozzles 50 and upwardly spraying anti-clogging nozzles 52,
such as from 1 to 18 additional spray levels 13. As such, a flue gas FG from a boiler
15 flows upwardly through the wet scrubber 12 where an absorption liquid is
atomized or sprayed from at least a portion of the downwardly spraying nozzles 50
and at least a portion of the upwardly spraying anti-clogging nozzles 52. Preferably,
about 90% or more of the absorption liquid sprayed from the upwardly spraying anti-
clogging nozzies 52 is sprayed upwardly from an upward extending portion 58
thereof and about 10% or less of the absorption liquid sprayed from the upwardly
spraying anti-clogging nozzles 52 is sprayed downwardly from an opposed extended
portion 60. Alternatively, about 80% or more of the absorption liquid sprayed from
the upwardly spraying anti-clogging nozzles 52 is sprayed upwardly from an upward
extending portion 58 thereof and about 20% or less of the absorption liquid sprayed
from the upwardly spraying anti-clogging nozzles 52 is sprayed downwardly from an
opposed extended portion 60. Absorption liquid so sprayed from each of the nozzles
50 and 52 contacts the flue gas FG flowing through the wet scrubber 12 absorbing
acid gases therein to produce a cleaned flue gas CG. Preferably for this purpose,
the absorption liquid is a limestone absorption liquid or slurry. As such, to

significantly reduce or eliminate particulate clogging, the upwardly spraying anti-
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clogging nozzles 52 are operable for particulate removal from an upward extending
portion 58 thereof through an aligned smaller sized extended portion 60.

[0041] In summary, the subject method comprises supplying an absorption
liquid to a wet scrubber 12 with at least a first spray level 34 and a second spray
level 40, each equipped with downwa%dly spraying nozzles 50 arranged in vertical
alignment one above the other, and upwardly spraying anti-clogging nozzles 52
alternating between the downwardly spraying nozzles 50 also arranged in vertical
alignment one above the other. Each of the upwardly spraying anti-clogging nozzles
52 includes an opposed downwardly draining extended portion 60 operable for
particulate flow from an upward extending portion 58 of the upwardly spraying anti-
clogging nozzle 52 to and out from extended portion 60 to prevent particulate
clogging of the upward extending portion 58 of the upwardly spraying anti-clogging
nozzle 52. The subject method further comprises contacting a flue gas FG produced
in a boiler 15 flowing upwardly through the wet scrubber 12 with an absorption liquid
spray to produce a cleaned flue gas CG. According to the subject method, the wet
scrubber 12 may also include additional spray levels 13 equipped with like arranged
downwardly spraying nozzles 50 and upwardly spraying anti-clogging nozzles 52.
As such, the absorption liquid, preferably a limestone absorption liquid or slurry, is
atomized or dispersed as a finely divided spray from at least a portion of the
downwardly spraying nozzles 50 and at least a portion of the upwardly spraying anti-
clogging nozzles 52. Preferably about 90% or more of the absorption liquid sprayed
from the upwardly spraying anti-clogging nozzles 52 is sprayed upwardly from an
upward extending portion 58 and about 10% or less of the absorption liquid sprayed
from the upwardly spraying anti-clogging nozzles 52 is sprayed downwardly from an
opposed extended portion 60. Alternatively, about 80% or more of the absorption
liquid sprayed from the upwardly spraying anti-clogging nozzles 52 is sprayed
upwardly from an upward extending portion 58 and about 20% or less of the
absorption liquid sprayed from the upwardly spraying anti-clogging nozzles 52 is
sprayed downwardly from an opposed extended portion 60. Accordingly, the
upwardly spraying anti-clogging nozzles 52 are operable for particulate removal from
the upward extending portion 58 through the opposed, smaller sized, extended

portion 60.
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[0042] It will be appreciated that numerous variants of the embodiments

described above are possible within the scope of the appended claims.
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Claims:

1. A system comprising:

a wet scrubber with at least a first spray level and a second spray level;

downwardly spraying nozzles on each the first spray level and the second
spray level arranged in vertical alignment one above the other;

upwardly spraying anti-clogging nozzles alternating between the downwardly
spraying nozzles on each the first spray level and the second spray level also
arranged in vertical alignment one above the other; and

each upwardly spraying anti-clogging nozzle comprising an upward extending
portion and an opposed extended portion operable for particulate flow from the
upward extending portion to the opposed extended portion to prevent particulate

clogging of the upward extending portion.

2. The system of claim 1 further comprising additional spray levels equipped with
like arranged downwardly spraying nozzles and upwardly spraying anti-clogging

nozzles.

3. The system of claim 1 wherein a flue gas from a boiler flows upwardly through

the wet scrubber.

4, The system of claim 1 wherein an absorption liquid is atomized or dispersed
from at least a portion of the downwardly spraying nozzles and at least a portion of

the upwardly spraying anti-clogging nozzles.

5. The system of claim 1 wherein an absorption liquid is atomized or dispersed
from at least a portion of the downwardly spraying nozzles and at least a portion of
the upwardly spraying anti-clogging nozzles with about 80% or more, or about 90%
or more of the absorption liquid sprayed from the upwardly spraying anti-clogging
nozzles sprayed upwardly from an upward extending portion and about 20% or less,
or about 10% or less of the absorption liquid sprayed from the upwardly spraying

anti-clogging nozzles sprayed downwardly from an opposed extended portion.
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6. The system of claim 1 wherein an absorption liquid is atomized or dispersed
from each of the nozzles for contact with a flue gas flowing through the wet scrubber

to produce a cleaned flue gas.

7. The system of claim 1 wherein each of the nozzles are operable to atomize or

disperse a limestone absorption liquid or slurry.

8. The system of claim 1 wherein each of the upwardly spraying anti-clogging
nozzles are operable for particulate removal from an upward extending portion out

through an opposed, smaller sized, extended portion.

9. A method comprising:

supplying an absorption liquid to a wet scrubber with at least a first spray level
and a second spray level equipped with downwardly spraying nozzles on each the
first spray level and the second spray level arranged in vertical alignment one above
the other, and upwardly spraying anti-clogging nozzles alternating between the
downwardly spraying nozzles on each the first spray level and the second spray
level also arranged in vertical alignment one above the other, with each upwardly
spraying anti-clogging nozzle including a downwardly draining extended portion
operable for particulate flow from an upward extending portion of the upwardly
spraying anti-clogging nozzle to prevent particulate clogging of the upward extending
portion; and

contacting a flue gas flowing through the wet scrubber with the absorption

liquid to produce a cleaned flue gas.

10.  The method of claim 9 further comprising adding additional spray levels
equipped with like arranged downwardly spraying nozzles and upwardly spraying

anti-clogging nozzles.

11.  The method of claim 9 wherein flue gas produced in a boiler flows upwardly

through the wet scrubber.
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12.  The method of claim 9 wherein the absorption liquid is atomized or dispersed
as a finely divided spray from at least a portion of the downwardly spraying nozzles

and at least a portion of the upwardly spraying anti-clogging nozzles.

13.  The method of claim 9 wherein the absorption liquid is a limestone absorption
liquid or slurry atomized or dispersed from at least a portion of the downwardly
spraying nozzles and at least a portion of the upwardly spraying anti-clogging
nozzles with about 80% or more, or 90% or more of the absorption liquid sprayed
from the upwardly spraying anti-clogging nozzles is sprayed upwardly from an
upward extending portion and about 20% or less, or about 10% or less of the
absorption liquid sprayed from the upwardly spraying anti-clogging nozzles is
sprayed downwardly from an opposed extended portion.

14.  The method of claim 9 wherein the absorption liquid is a limestone slurry
sprayed from each of the nozzles for contact with flue gas flowing upwardly through

the wet scrubber to produce a cleaned flue gas.

15.  The method of claim 9 wherein each of the upwardly spraying anti-clogging
nozzles are operable for particulate removal from an upward extending portion

through an opposed, smaller sized, extended portion.
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Abstract

A method and apparatus or system is provided for cleaning a flue gas and/or
cooling a flue gas with a dispersed finely divided absorption liquid. As such, the
absorption liquid is dispersed in a wet scrubber through which flue gas flows for
absorption liquid and flue gas intermingling and contact to produce a cleaned flue
gas. The absorption liquid supplied to the wet scrubber is dispersed from upwardly
spraying anti-clogging nozzles and downwardly spraying nozzles arranged to
maximize absorption liquid and flue gas contact with minimal spray interference
between nozzles.
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