JP 2005-508246 A 2005.3.31

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
$53%2005-508246
(P2005-5082464)
49 A%EB  FRI7E3H318 (2005.3.31)
(51) Int.CL." Fl F—va—F (B%)
BO1J 19/00 BO1J 19/00 N 4DO76
BO1D 7/00 BO1D 7/00 4G0O75

BEFRR RERK THREERR KRR ® 40 R

@) HEES #FER2003-541602 (P2003-541602) |(71) B A 500565755
(86) (22) HEER ERELI45F1LASHE (2002.11.5) HFATZA - Tev A IRFARA - F
(85) BIRRSCHR L E ERL 1655 A6 (2004.5.6) Yam—
(86) EREHEES  PCT/US2002/035629 TAVAERET YV HNB5004, 7
B7) EELHMES %02003/039716 Ty ZA, S—A R TI TR
B7) HEAMB ERELSEFESH 15H (2003, 5. 15) z— 1
(Bl EEIEEIRES  60/344,681 (74) fRE A 100089705
(32) &5ER ERL13E11A6H (2001.11.6) FELT #HEFE —F
(33) MEEERE  KRE (S (74) fRE A 100078691
#EL EH B
(74) fRE A 100075270
FEEL M F
(749 REA 100080137
f#E+L +¥E HE
BRI S

(54) [READE] BER> / RFLHETLOORBERUNE

GNHOOO0O
000000012000000000000100000
000000001000000000000018000
000018000000000001600000000
0014000000000000020000001600
00000180000000000000000000
0000014 0000000220000000000
00030000000020000000000000
0003200000000000220000002200
00000000200000000000001200
000000000240 000000200000000
000000000320 000000000120000
0oo




e R ey [ s R s [y |

e e e e e e e e s |

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

OO0 oDooo0dd0ooooooUdUoooDoDoDoooUUoUoDoDooogogoooao
Oooooooooooooooo0ooDoooooooDooooogogoooao
Ooo0ooooooo0oooooo o0 oo oDooooDooDooooogogoooao

Oo0ooooooooooao

OO0 Do oDooogoggooooog
O 0Ooo0gooo

O

Ooo0oooogoQgdg

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

O
O
O

O oOooo
O 0Oooo
O 0Oooo

Oo0oooogoQgg

O oOooo

O

O
O
O
O
O
O
O
O

5400 7000
gooao

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

(2)

JP 2005-508246 A 2005.

.31

10

20

30

40

50



OoOooooooo0oooooo oo oDoDoooooooDoDoooooooooogdg

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

OoDoooooooooodg

3) JP 2005-508246 A 2005.3.31

o ooooooooOoooooooaon
O
gboooboooboboobooboooooboobodnb

OoOoo0oooao
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao

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

goooos4007000 0000 bobOOOOCO0OO0OOOOoOODODODOOO

oooooooooooouooooooboooboooooooobooboDoOon

glooooooOoocoO0ouooooobis0cooooooobovysoOonOod

Ooooooooo0ooooooo0oooDoDooooo0ooDooooogogogoao
OOooooooo0oooooo oo oo oDoooooooDoDooogogoao

ooooooobooocooooooooobooboooooooooao
ooao

O

ooogao

20010 1106000000 00O Joel AL TaubeO* 0O OODODOOODOODOO
OO0O0oo0oo0oDboDe0/344,6810 0 00 D00C0O0O0OOOODODODDOOO
uoboooboobooooobodd

O
O
O
O
O

ubooboouobobooboobouoboobooboobobooobooboaa

Ooo0ooooOooo o0 oo oooo0 oo oD ooo oo oo oD oo o oo oDoDooooooooo

6
0
g
0
g
u
0
g
U
0
g
0
g
u
0
g
U
0
g
0
g
u
0
g
U
0
g
O
0]
L]
O
[
L]
O
L]
O
0]
L]
O
[
L]
O
L]
O
0]
L]
O
[
L]
O

ooooooooooano

O
goooobooi1ioogobooboobooboboouoboooboobooboobno
gboobooboobooobooboobooobooboooboooboboboobooboaodnnb
ooooooooboboOoooouoooooboooooooooobooooboooOooao
goooobooobooboobobooobooboobooobobobooboobodnb
gbobobooboobooboooobooboobobooboboboobooboadnn
oooooooobooooooooooDoon



MO OOoOODoOoOoooooooooooooooo oo oUoooDoooooooooooOooogdg

N O
N o

Oo0oooogoQgdg

o [ e e e e e e e R sy [ |

N
e s e e e s ey e e ey s ) e I s s [ [ |

Oo0oooooo o ooooogogoooao

OO0 ooooooQgogooo

O

e e e e e e e e ) e e s e R v
O

Iy ) e [ ) R I R i (y

OOoo0ooooao

O
N
o
O

320 0O
ugoad
g 220
ooano
goad
goao

e
O#D
O Y |

Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oo0oooogod
Oooooooogod
Oooooooogd
OOooooogd
Oooooogd

Oo0oooogoQgg

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Ooooo
O OoOooo
O 0Ooo0ooOoo

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

O -
o

Ooooooggooao

OO0 oooooggogoao

O 0OooOgoo O Ooooo

W Oodgo
I Y [ Y

OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

O
O

OoOoooooooOodg
OoooooooogQgg
P Oo0o0oooogoQgg

N

O 0Ooo0ooo

oo
g o
200
oo

OooooooogoQgg

O OooOgooog
I Y [ Y

= O 0OoooQ

O OoOooo

OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
O0Ooo0oo0oooao
OOoo0ooooao
OO0O0oo0ooooao
O O0Oo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
OOoo0oo0oooao
OOo0o0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oo0ooao
OO0O0oo0oo0oooao
OOoo0ooooao
OO0Oo0ooooao
O O0Oo0ooooao

8l O

oo
g o
oad
14’
uo

240

O
O
O

Ooooooogd
Ooooooogd
Oooooogd

O Ooogoo
O Ooogoo
I Y Y

(4)

O O
O O

oad
g o
160
oo
g
oad
oo
uo

oad
OO
320
oad
Oood

O O
O O
O O

N
N OOOOOQgoao

oNOOoOoOo-goao
o

Ooo0ooO0Oooogoao
OoooOoooood
oo 000Q0gadg

0 300
ooo
ugoad
oo
200 O

g 260

O
O
O

OJ
O
O

oad
oo
g o
120
oo

oad

o
Ooooooogd

O Ooogoo

JP 2005-508246 A 2005.

O O
[ |

oo
220
od
oo

O O
O O

OoooooooOod
oNODoODoOoQgoao

200
g
g o
oad
240

oad

N
P Oo0o0o0oogd

N

O O
O O
O O

OoOoo0ooooogod
Ooooooood
O Ooo o
O Oooo

Ooooooogdg
o NO OO

oo
200
g o
ood
o

O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo

g 260

O O

O O0ooo

O O
O O

od
120
140

O oOooo
O 0Ooo

O 0Oooo

O
O
O

O 0O O
OoOooo0oooogd
Ooooooexe Ood

o

O Oooo

O 0Oooo
O o0Oooo

.31

O Ooogo

(o]

10

20

30

40

50



200 O O
g g i1sno
oo
120 0O

O
O
O
O

O
O

AN
o

O O

Oooooaad

OooOooOoooooaoOod

N0
[ee]
w
DD#
[ |
O Oooo

O
N
o
O

OO0 oooo0o0ooooodg
O
O
O

OoooooogoQgdg

o~
N
O O

OOo0ooooooooooooogoQgaQg

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

O

O
OOo0ooooooooooooo4gogooooooggg
O Oooo

OooDooo4oooogooogoo

Oo0ooooooooooooaoo

Oo0oooooooooooooooooooogogoao

OoooooooooooooooDooooogooooao
OoooooogQgooooaog
OoDooDoR2sod0dooooao
OOo0ooooooOoooooao
oo ooooooQgooo

O

O oOooo

Oo0oooogoQgg

O Ooo0oooao
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao

O
O

O
O

O
O

ooooao
ggz2200
ooooao
0260 OO

O

O

160

O

Ooooooggg

O

O
140 0O
O
O

O

Oooooogogdg
OooOoooooQgdg

O
O

oo
100
o

od

O

O

160

O

O

180

OoOoo0ooooao
OOoo0ooooaogo
OO oOoooogmMN
OO0Ooo0ooooog
O0Ooo0oo0oo0ooao

I Ry |

O
O

O

O

goooan

OJ
O

O g
O O

g o
od
180

O Oooo

140 0O
ugoad
g 160

oggao
ooao

O O0ooo

O Oooo
O Oooo
O Oooo

= 0O 0Oo0oo.
OOoo0oooao
O Ooo0oooao
O Ooo0oooao
O Oo0ooogoao

O

O
O
O
OJ
O
O

O
O

280

O

OOoo0ooooaog

O

O
O

()

O
O

280

0

O

O

O

220

g
t

g 120
320 0O
uoano

O

g
g

|

0

O oOooo
O Oooo
O Oooo

O O
O O
O Oooo

[ B |

O
OOoooooog
OOoo0ooooaog

OOoo0oo0oo0oao
OOoo0oooao
OOoo0oooaoo
O OooOoooao
O 0Oo0ooogoao

0120
g o
0 140

160 O

00000160

ooogao
120 00O
00320
ogoao

0120
ood
gono
uoano

goano
0 200
220

u
O
g

g
O
a

200

OJ
O
O
O
O
O
O

O
O

[

O
O

O Oooo

O 0Ooo0ooo
O 0Ooo0ooo
I
O Ooogoog
Y [ Y
O 0Ooo0gooao
O 0Ooo0ooo
O 0OooOgooo
O Ooogoog
Y [ Y
O 0Ooo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
I Y [ Y
[ Y

O

O Oooo

OOoo0ooooaog
OOoo0ooooaog
O0Ooo0oo0oo0ooao

O OO
I Ry |

O

JP 2005-508246 A 2005.3.31

O

oond

O

O
OO oo
O 0ooo
O 0Oooo

O

O
O

O
O

O 0Oooo
O O0ooo
O 0Oooo
OO oo

O
O

0 280
od
uond

O
OOoo0ooooaog
OOoo0ooooog

ooof
100
oagaod

O

uo
200
g o

O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

w OO0OoOgog
O0Ooo0ooooao
OOooo0oooaoog

O O

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

O
O

O

O
O

oogooao
0 41,422,430 0O

220 0 O

O
O

O

AN
N
O
O0O0OooOooOoao

O

oogd
ooao

goad
220
ogoo
u o

O

god
180
ogoao

O

g od4o0
ood

oooooooboOooooouoooooboboooooooob400O0O0OOnOa

-300o0boooboooooboobobobo4ypooboobooobobooboboDbonb

ogooad
oooooao
oooag
good
O

ogagad

gooobooboad

goooobooobooboobobooobooboobooobobobooboobodnb
gbobobooboobooboooobooboobobooboboboobooboadnn
tooooobuM4000ooooooboboobooooooobooboooooooao

10

20

30

40

50



[ e e e e e e e e e e e [ s [ e [ i

(6)

JP 2005-508246 A 2005.3.

g
g

OOoo0ooogdg

O 0Oooo
[ Ry

140
u o
od

O
O

O Oo0goaog
O 0Ooo0ooOoo
O Ooo0ooOoo

O 0Oo0oooao
OoOoo0O0goo

O
O

OJ
O
O

31

g
16

460

46

O 0Oooo

Oo0ooO0oood

O

gboobooouobooboboobobooboboouobooboobooodnb
oobolebbOO0OOCO0OO0OO0oOoooOooOobOOOOO0OO0OOoooOooOobODbOOOOoOooooao
gooooaoaao

ooooao
gbooobou4oobobooobooboobobollegb0bbobbobgoboOobnn
ooooooobooobobo140o0o0oobobooog4e00bDO0OO0OO0OOOoOoOO
oooooobooocooooooobobooboobil140001e00D00O0COO0OO0OO0OOOO
gbooobooboofolegb0bobooboobooboboboo4oooobobnn
ugboobooboouoboobobotb4gboobobouobooboogoboaondnb
oooooooooooooooooobooobooooooooboooooooao
gbooobooboboobob4gobobobooboobooboooboboobooboodanb
le00DODODOOOO0OO0oOooooobOoOoOoOOoOoOoooooboboooooooooaon
goooboooobooobooboogoboobobo

goooano

oooooooOoocooooooooboDbDs3400l1e0000OD18O0 0000000
gbooo340b0ogbooboogobooboobooboboobogobooboboonn
ooooooobi12zcocooooooooocoo0oooooooboooooooooaon
000 00O0Oooooobi1sobcooooz2b0bObDO02200000000000
oooooooobobi12000000000000

ooooao

gbooz200016e00000180 00000000000 ODOz20000000
ooooooobooocooooooooobooosoooooobODOoboooooooaon
ooooooooocooooooooos2zc00ooooobooboooooooan
gbl1e00000180D 000240 00000000000

gooaoano
oooooobooOobooooooooboobooboos20000005000000°5
ooooooobos400ooooboObobooogsoobbbbobbooooooao
gogsoobobOo0oOocOoO0oooooobooObooOoogsd4nbOOOoOooooan
gboooboboogbosd0gbooosobooboobouoboboogoboonnnb
ooopoz2o0b00C0C00O0ooooobobooo0o1200b0b0O0b0O0o0oOooooOoan
gooogao
oogz2o0000050000000000000000D0D000000000O
oooooooooooooooooobooobooooooooboooooooao
ooooooobDoooos00ooDbDOs2000000001200000000
lop0oobooooooooooboobooooooooooboboooooooooao
gboooboboooboboboobooboboOosobd2.37500006.033cmb O
2.0670 0 005.250cmO0O000CO0OO0.1540000¢0.391cm 00 0O0DODODOODO
0oo4.5000011.43cm00000D04.2600 00 10.82cm0 00 00ODO0OO0.1200 0
0.306cmO 00D O0O0ODOODOO0OODOOOOODODODODOODODOODODS2000.9430 0
02.3%cm000o0oooODOoOOoOoOOnOn

ooooao
oooooobDooooooooooboDbz2o0000Ooso0bOb0OOOoOosloonnDO
ooooooooocoooooooooooooooosoboboooos20o0nn
gboooboboogobooop3sbooooboooobouobobDbgbbaoasan
obOoOoOos0O0O0ODOOOOOOOOOnn

ooooao
gooobooogobooobpsbooooboobooboooboboobooboodnb
ooooooooocoo* ooooOo"boooo0ooz20b00O0D0O0O50000000
oooooboooooooos2bobo0oboo0ooooooboboooooooaon

10

20

30

40

50



e e A i e [ e R

N

s [ e s e e e e e s e e e e s e I [ e A [ Y e [ R o

N

[ e [ e e s [ [ |

Y Y Y O e Y Y Y A Y

o
Ooo0oooooQgoao

gooad

u o

0ooagzooan

Oood
320

O

O

O O
O O
O O

O

O

O« O
N
O OO
O
O

od
320

O 0Oo0oooao
O 0Ooooo
O O o
O O o

N
o
O O
O

120

O =00
(N}
[ B R |
O Ooogogog

O0Ooo0oooo
O0Ooo0oooao

200
od
od
od

100

O

O d
O 0Ooo
O 0ooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo

MOOoooooooooooooooooooogao
O
O

o
ﬁDDDDDDDDDDDDDDDDDDD

OoOoo0ooood

OO0oo0oooogod

Oo0oooogoQgdg
O
O

0oagzaon
0o dagson

02200000

220 0

g o

120
oo
o
oo

g
od
180
oo
oo

oo
oo
180
od

O 0OoOooo
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooo
O 0Ooo0ooao
O 0Ooooo

g
ooano

O
O
O d
0O O

O0Ooo0oooao
Oo0oo0ooood
OO0oo0ooood
OO0O0o0Oooogod
OOooO0o0oood
OO0Ooo0oood
o I A
OOoo0ooood
OO0oo0Oooogod
OoOoo0Oo0oood
OoOoo0oood
OoOoo0ooood
OOoo0ooood
OO0Oo0Oooogod

goao
ooao
300 O

I [ I |
[ |

0120
ooao
ooao
120 0O

O 0Ooo0ooOoo
O 0OooOooo

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

O

[y

»

O
O0Ooo0Oo0oood
O 0Oo0Oo0oo0ooad
O0Oo0Oo0oo0oaoad

O O
O O
O O
O O
O O

O
O

O Oooo
O 0Oooo
O Oooo
o I
O O0ooo
O 0Oooo

O

O Ooogooo
O Ooogoo
O 0Ooo0ooo
O 0Ooo0ooo

€]

ooi1so0oan
gooooao

oooooao
120 0O
0ooooi12o

O
O
O

O O
O O

oogaod
120 0O
ooag
ogagad
0 300

oooao
g o300

O Ooooo
O
O
O
O
O 0Ooooo

O
O
O

O
O
O
gz2o0 0O
oooao
oooao
260 O O
oooao
gooooao

O
O

0O O
O O

O = 0000

OO oo
O 0Oooo
O O0ooo
O Oooo
O 0Oooo
O Ooo

Ooo0oo0ogano
= O 00O

(2]

120
oad
g o

|
|

OooOo=D0O0o0fd

N
O Ooo0oo0ooao

O Oooooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0ooOooao
O Ooo0ooOooao
Oo0O0gow™d

O
O

O Ooo0ooo
O Ooooo
O OooOgoogo
O O0OoOgogaog
O O0Ooo0ooOoo
O Ooo0ooo
O Ooooo
Y [ Y
O O0Oogogo
O O0Ooo0ooo
O O0Ooo0ooo

O O0ooo
O 0Oooo
OO oo

O
O

I s Y i LS

JP 2005-508246 A 2005.3.

gbooboboobodanb

o

200
go
g o

O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O Oooo
Oo0oogao
O 0Oooo
O O0ooo
O O0ooo
OO oo
O

O O
O O

O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao

O

O

O 0Ooo

O

oooao
320 0 O

0oogs40 00

O Ooo0oooao
OoOoo0Ooogo

O 0Ooo0ooOooao

100
oad
oo

O 0Oooo
o I
O 0Ooo

O
O
O
O

uod
0 240
280 O
o
g o
ao

O 0Oo0oo0ooao

o R |

0 d 280

ooooao
O

O
O
O O
O O

O Ooo0ooOooao
O Ooo0oooao
O Ooo0oooao
O O0Oo0oooao
OoOoo0O0gogo

300
120
od

O O0ooo
O 0Oooo
O 0Oooo

o
od
300
oad

Ooo0oogano

O
O
O
O
O

gd
o
0120
340 O
ooano

[ R |
O 0OoO0oooao
Oo0Ooo0oooOoao
O 0Ooo0oooao

00000
0 Laybold

31

O O

10

20

O

O O

O 30

O

40



O

N

OO0 ooDoooo0ooDooooge2ooooog

Cc
O
a
O
g
a
O
a
1
O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O
O
66
O

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

oo

S
<
o @
s

DDDDDDDDSDDDDDDDD
Ooooooooooooooggog

850

O

(op]
N

Oo0o0oooogd4UfooooDooUUooDz2ZooUoUUooDoooUUUoUoDoooUUoooLoDoooggoooao

OO0 oooDoDooeennUooUoooe oo ooogoao

g

uum USA,

s el e [ [y |

(8)

JP 2005-508246 A 2005.3.31

ooooobooOoocboouooobobez4070000d

LeyboldODDODDOOOODODOOODODOODODOODO
ooooooooooooooooDbao

Inc.O Export, PA 156320
0o0o0ooDoooooaoao
OoDb2800 0000001000
0o0oooDbDOoooDoboooaannb
0o0oDoDoo0ooDi12000000
0dooooDoooDoooooaoan
ad

Oo0DODOoO0ooDo0ooOoDDoOo280 00
0dooobooooDooooood
006000000 0O0ODOO?280 0O
Oo0Dbooo3200000000
0ooDobooe0ObODOODOOO
O

60 00D O0DOOODOOO12000
00002800 0000000320
00003200 000000340
ooo2e00000000000
00o0o0oDODOoooDobDoooaoaD
0ooooDoooDooDooooan
000O0DbOOoOO0o0ODOo0o0oagas200
Ooo0oooao

a

000O0DbO0O34000000 260
OooOoooo340000000
0ooooboboooDooooooad
0260 000 00O ODOODOO
oooooDooooooao

ad

0200000000000 e60
0o0ooooOoooDo340000oao
00D0DO0DOO0OO0D0ODO0O0Oeed DO OO
0o0oooDoooDooDooooan

O

O
g
g

340

O0Ooo0ooodg
O0Ooo0ooood
O0Ooo0ooood
O0Ooo0oo0oooad

O 0Ooo
O oOooo
O 0Oooo
O 0Oooo

O 0Oooo

O
g
a

O Oooo

O
O OooOooo

O Oooo
O O o
O O0ooo

O

28000000
ooooooao

ooogoooao
ooooooaon
oodilegonoan
ooooooao
61,620 0 00 0O00ODODOAO

oad
oad

O
O

0 260

oad
od
120
oad

O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo

O O0ooo
O Oooo

O

O
O
O

O Oooo

0 340
340

O

O
O
O
O

U
t
O
g

O

0
O
O
O

O

O0Ooo0oo0ooao

O

320

O

O

O

O

120

O
O

O
0

ooogozs000000
oooooooooao

goooobooDbe0,6
oodgogel,620 00

goz2o00000000
Ooodz2e00000000

OOoo0o0oood
OOoo0oood
O0Ooo0o0oood
O0Ooo0oo0oood
OO0oo0oo0oood
OOoo0Oo0ooodg
OoOooOooo™~™O
O0Ooo0oood
O0Ooo0Oo0oo0ood
O0Ooo0Oo0oood

0 340
uod
120 O

oono
uoand
ooad
oono

O o0Ooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo

oo
g o
od
660

O Oooo
O Oooo

O 0Oood
O o0Oood

wallDOOOOODOOOOOQOODOOOODe6OO0O0OOODODOODODODOOODOGO
oooooooobooobooooooooobooooooooooboboooooOoOoao
oboooboobooboobooboooan

Ooooocooooooooogoogoao

Ooo0oooogoQgoo
Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood

oo
oad
g

oo
320
oo
u
O

O

gbooooaoao

O

O 0Ooooo
O 0OoOooo
O 0Oo0ooo

O

O

oad

oad
oad
660
oad
oad

oad

O

O Ooooo
O 0OoOooo

O

0120

320
oad
Ood
oad
od

t
O
g
u
O

O

OoOoo0oooogod
OoO0Ooo0Ooood
Ooo0o0oo0oood
Oo0oOO0oOoogdg e
Oo0oo0oooogod
OoOoo0oooogod
OO0o0oooogod
OoO0o0o0oood
Oo0oo0oood
OoOoo0oooogod
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
Oo0o0ooogod
Oo0oo0oooogod
OoOoo0oooogod
OOo0o0oooogod
OoOoo0oood
Oo0o0o0oood
OoOoo0oooogod
Ooo0oooogod
OoOoo0oooogod

0ood
oad

oad
340
Oood
oad
320

googano

O

O 0Ooooo
O 0Ooooo

O

oo

oo
oad
OO0
320
oad

O

O oOoooo

oad
60

0

6
O
Ood
O
gd

O

O

260

0
u
O

oad

O

O 0Ooooo
O 0Ooooo
O 0Oo0ooOoo

O

O

0

ood

260 0O

O
a
u

O
oogaod
oonf
340 0O

O 0Oooo
O O0ooo

340
240
g o
oad
oo
uo
oad

g
200
g o

Ooooood
OoOoo0oooogod
OoOoo0oooogod

O 0Oooo

10

20

30

40

50



o000 oooOo0 o0 oo ooooo0oooooog

WDDDDDDDDDDDDDDDDD;

IS

Ooo0oooogooQgoo

OOo0ooooooo0oRsroDooo0ooooooodg

[ [ s e e e e e o O Y [ |

-
ODooooeooooooooooooooerEooooOooooo

OO0 oo oooooooooooooooogoooogooogoadg

O

o OO0 Oo0oodoodgao

o
o OO0 Oo0o0O0oogoogao

o

O Oooo

oo ooooooooooooogoQgogoo
OooooooogoQgog

O

O oOooo
O oOooo

[ |
O Ooogogoog

[ |

Oo0oo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood

O

O
O
O
O
O

O
O
O
O

od
OO0
200
OO

g
O
g

I [ |

O d
O d
[ |
[ |

O

OOoo0oooao
O Oooooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
O Ooo0oooao
OOoo0oooao

ooooao

120
100

140

O O
O O

[ R |
O OO

t
O
g

I I [
I [y |

O

O

O

od

O
O
O

od
od
260
oad
Ood

0O O
[ |
[ |

I R |
o R |

O 0o ogogog
Iy |
I [y |
I [ |
I [ O |
O Ooogogoog
OO oQgogog
I [y |
I [ |

O d
O O

O
O

(9

O
O
O
O
O

|
[

(]
O

oad
OO

O
O
O

O
O
O

O
O

O
O

O

O
O

00 Heucotech,
PY140 O O O
oooooao
oooooao

JP 2005-508246 A 2005.3.31

gobooboboobaoooobooaoad

O d
O O
O O

O
O

O

O
O

O
O

280

O

0 26

0 gdileO
gooooan

O
[

ooooao
googao
240 00 0O

O O
O d

ugoaod

gooao

s Y
I [y |
I s [y |

gooao

O

gooao
oogao

O

gobooooobdaoad

Oo0o0ooooOooooan
O0o0o0Do0ooDoDooDooao
LtdO Fairless Hills,

gpG7rO00O000O0OA0OST7:

gooooooboboan
gobooooobdaoad

0140000000016000

gbo14000boo0obooboobooboobon

o000 O0OO0ODOOOOO0ODD140000000e6800000O

O
O

O
ooano

220 0 O

O

200 O

280 O O

O

OoDoDooooooooogdg
OO0 ooooggogoao
Ooooooooogooao

O

ood
0 200
320 O

O
O

[ R |

O OooOooo

O d
O d
0O O
[ |
O O

220

O Ooooo
O
O

O O0ooo

OJ
O
N
o
O Ooooo

O

O

g
a
O
g

O Ooogo

ﬁDDDDD
O 0Ooo0ooOooao
O 0Ooo0ooOooao

g gz2e0 0O

260

220
g o
od
g o
u o

320

O

g
t
O
g

O o0ood

oad

uoano

200

O

O Ooo0ooo
O Ooo0ooo
O Ooooo

O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooogooao
O O0OoOgooao

O 0Oo0ooOooao

O
OJ

o
g o
oad
120

[ |
O

O Ooo0ooo
Y B S
O Ooooo

O 0Ooo0oo0ooao

O

220

O Ooooo

O

O

150

O
g
u

O

O
g
4

O

320

g
t
O

g
t
O

0oodi1led 00O
gooooboao
goooaobad

[ |
O

O

ooooao
googao
goooano

goodgano

61,620 0 OO 0O O 10

000340

061,620 0 0 00O

O

ooooao
00140 0O
goodaao

Oo0Do0ooo 20
O000ad
Pennsylvan
10000
Oo0D0o0ao
Oo00ooo

0180 00O
0 0O 540
ooooao 30

oo3400000000002200
oooooz34oooooooooao
obobooboobDs3200000000
gso00o0oooOOoOOoOoOoz22000
oooool20o0ocooooooao
obooD32000000000000 40
ooodz24000000000
0340000000024000000
ooooooos34000000a0a2e
gobos340000nooobogonn
uoobooboobooboobooobad
ooooooooboboooi1120000
oooooooooboooooogoi12 50



OoooooooQooooao

vine,

OooooooogoQgdg
OOoooooogogg
OO0 ooooogogdg
OOooooooogoOgodg

O

Ooo0oooogoQgdg
O Ooo0oooao
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
= Oo0o0oo0ao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O OoO0ooogoao

O

O
oad

O
O

120
oo

O
O

O
O

O
O

O
0

O
O

0ood
oad

O
O

O
O

(10)

gooad

O
O

OOoo0oo0oo0oao

O
O

oad
120
120
oad
oo
u o

Oood
oad

O

O 0Ooo0oo0oo0oao

0

340 O

JP 2005-508246 A 2005.3.31

goboobooboaooboodgan

OoseMboooooooooonDao

oono
uon
ood
200 O
uoano

ooano

gboboobooboogobogno
gboobooooobogan
oooooobOoooogao
gooboobi1so0bogoboooan
u

gboobooboooooand

0 O Horiba Laboratory ProductsO Ir

CA 926140 000 00DO0OODODOODODLDDODODDOODDODOODODODODOOLA

o poooOoODOOOoOoooooobooboobooooooooooboOboboooooooaon
1200020000 0O0DO0OCOOO0OOOOODODODOOCOI1ONMMOOCOOO0OOO0OOOGDO

O

OoOoooooo0oooooooo00 oo oooo oD ooDooooooDoooogoQgog
s [ e e e
OOooooooooooeero00 oo oDoDoo0oDoDoDoooggogoao

O

gooao

oooooooboobi1ioO00CO0OO0OO0OO0OOoOODODDODOOOO0OO0OOOOOOODODODOO
goooooobooooboooooooobobbobooooooobobboooooo
o0 00goooobobOoOOooO0oO0oooob200000D0100000000000000

oooooooboooao

|
[

OoooooooQgooQgQd
O0Ooo0oooo
OOoo0oooao

O
oad

O

OOo0ooooocooooooao

w
OO0 oo oDooDoDoeooo0ooooooOoooogoao

oad

O0Ooo0oo0ooao
Oo0Ooo0oooao

O
O

goooobooooao
goooobooooad
ooooooooao
1120000000

gooao
oooao

lso0 0 oooobooOoOOoooOooisoooooononanoai1szn
gbooboboobobi1s20 000012000 0001500
1820 00 0122000000000 C0O0O0O0O0O0O0OODOODODAO
oooooobOoOoobooooonbi122z000000000000

goooooboobooooois200000o00000O0O
1820 000goooooDbOOi1so0D0 0o oooooDbDDO
ooooooooocooooooooboboobobooooooboboDbooboo
1820 000 0DbO0O0obO0oboobo0oobooboobobooboobao
gbooobooboobooooobooboobooboooouoboobooboao
ooooooboooooan

gooobi1s200000000000000O0DO0ODO0OC0CO0O000OaZ8200

gooooobooboooooooooboobooo®
110KO -163.150 0 000000000 O0ODODODDODOOOO0OO0OO0OO0OODODDDOOD
ooooooooooooooooooboooooooooboDboOoooooan

goooo” o0bb00Oo0Q0aO0

oooooooooboobi1loObOO0COCOOO0OOOOODODCODDODDODOOOOOO

oooooooobobilsooboooOO0OOO0OO0oOoOoooOooODOi132000001200000
goooboobok2000b00b0o0ooboo0obooobOoobooboobobn
gboboobooboobooboooobooboobooobooboboobad

132000 0000000000000D0ODO0OO0OO0018200000112200000
oooooooobobob11200000132000000000012400000
gboooboboobooboooboobbl2o000b0000OO

gooooobobzioooobOoOOoObOz2e0000C0000000DODDODOC0OO0O0OO
oooooooooboooooooooboooDoOoo

o0 0000oO0oOODbDOO0CO0OO0?214000000216000000000
2140 0000000200000 000000000024000000000

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |
e e s A e e e . e Y Y e e e A e e e s e Y s [ Y o

Oo0oooooooooooogogoogogoao
OooocooooooooooboooobooOooOoan

Oo0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao

(11)

20 00000 0COO0OU0O0O0oo0obODb2140000000
Uooooobz22800000000000002340
2160 000 0DDOD0ODO

ood O
gooobooooboao
gboooboboooobadao
oooooooooooan
a

O
O
O
O

googao
oon
ooooao

O 0O ogo
O 0Ooo0gooo
O O
O O
O O
O O
OJ
O
O
O

OoDOo0DOooooDoooooao
O0DO0DO0o0ooDoODOooDoooao
Sun Chemical CorporationQ
0 284kg/hr0 0000 OO0
OoDo0Dooooooooao
0o
O0oo0ooooooooooao
OoDooooooDooooao
0o0oo0oooOo0D0oooooDoooooDoooao
6800 DD OooooOoOoOod

0o

O OooOoono
O Ooogoo
O OoOgoo
O O oO0oogog
O OooOooo
OoOoogomnN
O Oooo
Ooo0ood
O 0o oOoo
O 0o oo
I ) A
O 0o oo
I Y [
O 0o oo

O O
O O
O d
O O
O O
O O
O O
O Od
O O

g 20 50
ugod
ogoao

O
O
O
O
O
O
O
O
O
O
O

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

O Oooo
O Ooogoo
O 0O oo
O O0ooo
O O0ooo

O

O

O

O

O

O

O

O

O

O

O

O

ooooao
googao
ooooao
160 0 0O O
ugooadgrvrsd

od

N
oo ooooooQgodg

250

O O00o0OooOoo

O
O
O
O

Oooooooooogoooogogoogao

O OooOooo
OO oOgoo
O Ooo0ooo
O Oooono
O OooOooo
O O oOgooo

0 150

gboogleonmbDOODO0OO0ODODOOOODOO

Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oo0oooogod
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0Oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oooao
O0Oo0oooaog
O0Ooo0oo0ooao
O0Ooo0oooao
OOoo0oooaoo

a
u
O
a
O
g
a
O
a
u
O
a

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

O
O

O
O

JP 2005-508246 A 2005.3.31

goz200000000¢0 234
ooooooooDbDao?214

0

oogooooao
gobooobooobooboobooboooboaodnb
+50000000000000000~0
goooboobobolo0bobbooboOoonn
gboooboobooobooboobooboogan
gooooooboooooooooooboobobooooooobooooooooooao

O
OJ

O
OJ

O
OJ

od

O 0o oOoo O
O OooOoo O

O
O

O
O

oad

gooooooaon
gooooaoand
O

0ooooaoi15.30
070240 O O DO O
oooooooao
oooooooao

goooboooan
uond
oooooooao

O
O
OJ
O
O

gboooboobao
uon
0oogoaoi1onoso

O
O
O
O
O

oooooooao

O0Ooo0oooao
O0Oo0oooao

10

20

30

40

50



JP 2005-508246 A 2005.3.31

(12)

ugboouoboobobooboboobobobooboobobooboobooobao

........................

L%

yeL

oz iy
WO [psly 05k ey zalfr e 2
=
«/wﬁowv ‘ 21— ogl 08l unUrh”ru”r
N e
3y z ol

ooogao

\
==
Lpii

14

oooao

S
3
3
5
AR NLLAN &
o ! U
- g
NEIZRN <i
0e NIRRT, " o
8l ..........,m ......... .m_.‘ S 9l



JP 2005-508246 A 2005.3.31

(13)

good

L A%



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

ugbooobooodoboado

039716 Al

=~

003

(14)

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

(19) World Intellectual Property Organization
Tniernational Bureau

{43) International Publication Date
15 May 2003 (15.05.2003)

PCT

(10) International Publication Number

WO 03/039716 Al

(51) Taternational Patent Classification” BO1D 47/00

(21) International Application Number:  PCL/US02/35629
(22) International Filing Date:
5 November 2002 (05.11.2002)

{(25) Filing Language: Linglish

(26) Publication Language: English

(30) Priority Data:
60/344,681 6 November 2001 (06.11.2001)  US

(71) Applicant: CYPRUS AMAX MINERALS COMPANY
[US/US]; One North Central Avenue, Phocnix, AZ 85004
(US).

Inventors: TAUBE, Joel, A.; 1961-143rd Avenue, Don-
nellson, IA 52625 (US). PUTMAN, Larry, G.; 3749 South
Belmar Avenue, Tuscon, AZ 85713 (US). JOHNSON, Jr.,
Loyal, M.; 302 West Hardy Road, Tuscon, A% 85737 (US).

Agents: DAHL, Bruce, E. et al.; Dahl & Osterloth, 1P,
555 Scventcenth Street, Suile 3405, Denver, CO 80202-
3937 (US).

(81) Designated States (national): AR, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CII CN, CO, CR, CU,
€z, DE, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GII,
GM, HR, HU, 1), IL, IN, IS, JP, KLi, KG, KP, KR, KZ, LC,
LK, LR, LS, LI, LU, LV, MA. MDD, MG, MK, MN, MW,
MX, M7, NO, N7, OM, PH, PI, PT, RO, RU, SD, SE, SG.
SI SK, SL, TJ, T™, TN, TR, TT, TZ, UA, UG, UZ, VC,
VN, YU, ZA, ZM, ZW.

(84) Desngnaled States (regional): ARTPO patent (GI1, GM,
KE, LS, MW, MZ, SD, SL. 8Z, TZ, UG, ZM, ZW),
Lumslanpalcnl (AM, AZ, BY, KG, KZ, MD, RU, L], I'M),
liuropean patent (A1, BIi, BG, CH, CY, CZ, DL, DK, L,
TS, TT. TR, GB, GR, IT:, IT, LU, MC, NI, PT, ST, 8K,
TR), OAPI patent (BF, BI, CF, CG, CL, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

Published:

—  with inlernational search report

—  hefore the expivation of the rime limit for amending the
claims and to be republished in the event of receipt of
amendments

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

{54) Title: APPARATUS AND METIIOD FOR PRODUCING PIGMENT NANO-PARTICLES

10\

CARRIER

(57) Abstract: Apparatus (10) and method for producing pigment nano-particles (12). One embodiment of the apparatus (10) may
comprise a fumace (16) having a vapor region (18), the (urnace (16) vaporizing a pigment precursor matetial (14). A precipitation
conduit (20) open (o the vapor region (18) of the furnace (16), the precipitation conduit (20) receiving vapor (22) rom the vaporized
pigment precursor material (147). A collection fluid port (30) opening into the precipitation conduir (20), the collection fluid port

(30)delivering a collection fluid (32) into contact with the vapor (2

2) in the precipitation conduit (22), the vapor (22) condensing 1o

form the pigment nano-particles (12). A collection system (24) in fluid connection with the precipitation conduit (20), the collection
system (24) collecting the pigment nano-particles (12) in the collection Muid (32).
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WO 03/039716 PCT/US02/35629

APPARATUS AND METHOD FOR PRODUCING
PIGMENT NANO-PARTICLES

Cross-Reference to Related Application

[0001] This patent application claims priority to United States provisional patent
application entitled “Pigment Size Reduction Apparatus And Method” of Joel A. Taube,
serial no. 60/344,681, filed on November 6, 2001, which is hereby incorporated herein by

reference for all that it discloses.

Technical Field
[0002] This invention generally pertains to pigments, and more specifically, to

apparatus and methods for producing pigment nano-particles.

Background Art

[0003] Nano-particles (i.e., particles having average sizes less than about 1
micrometer) are known in the art and are of intercst because size and structure dramatically
change the properties of the material. For example, the extremely large surface area to weight
ratio of nano-particles allows nano-particles to interact with their surroundings very quickly.
Nano-particles of pigment material are of particular intcrest in the inkjet printer industry for
use with high-quality printers having many small (e.g., nano-scale) delivery orifices.
[0004] Pigment nano-particles can be produced using a primarily mechanical process
in which the pigment precursor material is ground in a mill (e.g., a ball mill) until particles of
the desired size are produced. Such grinding processes, however, are energy intensive,
require substantial amounts of time, and typically result in the production of a powder having
undesirable, larger size particles. Such larger size particles must be separated from the
pigment nano-particles before use. In addition, the abrasive materials used in such milling
and grinding processes may also contaminate the pigment nano-particle material.
Consequently, such grinding processes generally are not conducive to the large-scale
production of a highly pure pigment nano-particle material.

[0005] Consequently, a need remains for a method and apparatus for producing

JP 2005-508246 A 2005.3.31
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(16)

WO 03/039716 PCT/US02/35629
2-

pigment nano-particles that does not suffer from the shortcomings of the prior art methods
and apparatus. Such a method and apparatus should be capable of producing large quantities
of pigment nano-particle material at low cost. Ideally, such a method and apparatus should be
less sensitive to certain process parameters than other systems, thereby allowing the method
and apparatus to be more easily practiced on a large scale (i.e., commercial) basis. Additional
advantages could be realized if the method and apparatus produced pigment nano-particles in
a relatively narrow size range, with a minimum amount of larger sized particles and/or

contaminant materials.

Disclosure of Invention

[0006] An embodiment of apparatus for producing pigment nano-particles may
comprise a furnace having a vapor region, the furnacc vaporizes a pigment precursor
material. A precipitation conduit open to the vapor region of the furnace receives vapor from
the pigment precursor material. A collection fluid port opening into the precipitation conduit
delivers a collection fluid into contact with the vapor in the precipitation conduit, the vapor
condensing to form the pigment nano-particles. A collection system in fluid connection with
the precipitation conduit collects the pigment nano-particles in the collection fluid.

10007] An embodiment of a method for producing pigment nano-particles may
comprise vaporizing a pigment precursor material to form a vapor; drawing the vapor into a
precipitation conduit, rapidly condensing the vapor in the precipitation conduit to form the
pigment nano-particles, contacting the pigment nano-particles with a collection fluid in the

precipitation conduit, and collecting the pigment nano-particles in the collection fluid.

Bricf Description of the Drawings
[0008] Illustrative and presently preferred embodiments of the invention are shown in
the accompanying drawings in which:
[0009] Figure 1 is a schematic representation of the apparatus for producing pigment
nano-particles according to one embodiment of the invention;
[0010] Figure 2 is a cross-sectional view of a portion of the precipitation conduit in
which the pigment nano-particles are formed;

[o011] Figures 3(a) and 3(b) are scanning electron microscope images of pigment
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nano-particle material produced according to the teachings of the present invention;
[0012] Figure 4 is a schematic representation of another embodiment of the apparatus
for producing pigment nano-particles;

10013} Figure 5 is a cross-sectional view of a portion of the precipitation conduit in
which the pigment nano-particles are formed according to the embodiment of the apparatus
shown in Figure 4; and

10014] Figure 6 is a schematic representation of another embodiment of the apparatus

for producing pigment nano-particles.

Best Mode for Carrying Out the Invention

[0015] Apparatus 10 (Figure 1) is shown and described herein as it may be used to
produce pigment nano-particles 12 (Figure 2) from a precursor material 14. Briefly, apparatus
10 for producing pigment nano-particles 12 may comprise a furnace 16 having a vapor region
18. Precursor material 14 is fed into the furnace 16 and vaporized. In one embodiment, the
precursor material 14 may be sublimated (i.e., converted directly to a vapor or gas state from
a solid state without passing through a liquid state), although the invention is not limited to
such an embodiment. A precipitation conduit 20 open to vapor region 18 receives the vapor
22 from the vaporizing precursor material 14’. The vapor 22 condenses in the precipitation
conduit 20 and forms the pigment nano-particles 12. Precipitation conduit 20 is connected to
a collection system 24 which collects the pigment nano-particles 12.

[0016] Precipitation conduit 20 is shown in more detail in Figure 2. A collection fluid
port 30 opens into the precipitation conduit 20 and discharges collection fluid 32 into the
precipitation conduit 20, preferably as a fine mist or fluid stream. As will be described in
greater detail below, the collection fluid 32 may be used to rapidly cool the vapor 22, causing
the vapor 22 to condense and form pigment nano-particle material 12 in the precipitation
conduit 20. The pigment nano-particle material 12 is suspended in the collection fluid 32 and
carried through the precipitation conduit 20 to the collection system 24.

[0017} Again with reference to Figure 1, the collection system 24 may comprise a
collection drum 26 and a pump 28 fluidically connected through the collection drum 26 to the
precipitation conduit 20. The pump 28 draws or pumps the vapor 22 from the vapor region 18

into the precipitation conduit 20, where it condenses and forms the pigment nano-particle
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material 12. The pump 28 then draws or pumps the pigment nano-particle material 12
suspended in the collection fluid 32 into the collection drum 26.

[0018] Apparatus 10 may be operated as follows to produce pigment nano-particles
12. A suitable pigment precursor material 14 is fed into the furnace 16, where it is vaporized
to produce vapor 22. The vapor 22 is generally formed in the vapor region 18 of the furnace
16. Depending on various design considerations, a carrier gas 34 may be introduced into
vapor region 18 to enhance flow of the vapor 22 into the precipitation conduit.

[0019] Pump 28 may be activated to draw the vapor 22, and the carrier gas 34 where
provided, from the vapor region 18 into the precipitation conduit 20. The vapor 22 condenses
in the precipitation conduit 20 to form the pigment nano-particle material 12. For example,
the vapor 22 flowing into precipitation conduit 20 may come into contact with coliection
fluid 32, which rapidly cools the vapor 22 (i.e., substantially adiabatically), precipitating the
pigment nano-particle material 12. The precipitated pigment nano-particle material 12 is
generally suspended within the collection fluid 32, although some of the pigment nano-
particle material 12 may also be entrained in the carrier gas 34. The slurry containing the
precipitated pigment nano-particle material 12 and carrier gas 34 are carried through the
precipitation conduit 20 and ultimately collected by collection system 24.

[0020] Advantages of the present invention include, among others, the ability to
produce large quantities of highly-pure pigment nano-particle material at low cost and on a
shorter production schedule. The present invention is also relatively simple to construct, easy
to operate, and is not overly sensitive to certain process parameters. Consequently, the
present invention is ideally suited for use in large-scale (i.e., commercial) applications.
Furthermore, the design of apparatus 10 allows ready removal of any pigment nano-particle
material which may accumulate on the internal components of the system.

[0021] The pigment nano-particle material itself is a high-quality product that
requires little or no additional processing before it may be used, making it particularly useful
for use in, among other applications, high-quality inkjet printers. In addition, the purity of the
pigment nano-particle material produced according to one embodiment of the invention gives
it a “richer” color than what has been conventionally produced.

[0022] Having briefly described the method and apparatus according to one

embodiment of the present invention, as well as some of the more significant features and
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advantages, the various embodiments of the method and apparatus for producing pigment
nano-particles of the present invention will now be described in detail.

[0023] Referring to Figure 1, one embodiment of apparatus 10 is shown and
described herein as it may be used to produce pigment nano-particles 12 from a precursor
material 14. Apparatus 10 may comprise a furnace 16 having a vapor region 18. The furnace
16 is suitable for receiving a supply of the precursor material 14 and vaporizing it.

[0024] In the embodiment shown and described herein, the furnace 16 comprises a
rotary tube furnace having one or more electric heating elements 40. Preferably, the furnace
16 has three heating zones 41, 42, 43, although other embodiments are also contemplated as
being within the scope of the invention. Electric heating elements 40 are used to elevate and
maintain the temperature inside each of the heating zones 41-43 at level(s) sufficient to
vaporize the pigment precursor material 14.

[0025] 1t should be noted that the present invention is not limited to use with a rotary
tube furnace. Nor does the invention require the use of electric heating elements. Any of a
wide range of other furnaces that are now known in the art or that may be developed in the
future that are suitable for vaporizing the pigment precursor material 14 may be used
according to the teachings of the invention. Examples of other types of furnaces 16 that could
be utilized with the present invention include, but arc not limited to, muffle furnaces,
induction furnaces, vacuum furnaces, and arc funaces.

[0026] The pigment precursor material 14 may be delivered to the furnace 16 in any
suitable manner. In one embodiment, the pigment precursor material 14 is fed into the
furnace 16 in batch mode using a shot feeder 46 (Figure 1). That is, pigment precursor
material 14 is loaded into the shot feeder 46 outside of the furnace 16, then delivered into the
furnace 16, where the pigment precursor material 14 is emptied from the shot feeder 46.
However, delivery of the pigment precursor material 14 may be accomplished using other
suitable delivery systems. In addition, the invention is not limited to a batch mode product
delivery schedule. In other embodiments, the pigment precursor material 14 may be
continuously fed into the furnace 16, for example, using a screw-type conveyor system (not
shown). Yet other delivery systems may also be used according to the teachings of the
invention, some of which will be discussed below with respect to alternative embodiments.

[0027] As discussed above, the carrier gas 34 may also be delivered into the vapor
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region 18 of furnace 16. The carrier gas 34 is preferably an inert gas, such as nitrogen.
However, other gases may be used based on the properties of the precursor material 14 and
the desired properties of the pigment nano-particles 12. The use of carrier gas 34 promotes an
even flow of the vapor 22 from vapor region 18 into the precipitation conduit 20, thereby
enhancing production of the pigment nano-particles 12.

(0028} Precipitation conduit 20 is open to the vapor region 18 of the furnace 16. The
precipitation conduit 20 may comprise a generally elongate, pipe-like inner member 50, and
may be supported along at least a portion of its length by a generally elongate, pipe-like outer
member 52, as best seen in Figure 1. Pipe-like inner member 50 fluidically connects vapor
region 18 of the furnace 16 to the collection system 24.

10029] In the embodiment shown and described herein, outer member 52 is generally
concentrically aligned with inner member 50 and is separated a spaced distance therefrom so
that an insulating space or annulus 54 is defined between the inner and outer members 50 and
52. The insulating annulus 54 may be maintained under a vacuum to enhance its insulating
properties. The insulating annulus 54 is advantageous in that it helps to maintain the inner
member 50 at cooler temperatures, thereby discouraging the re-vaporization of the
precipitated pigment nano-particle material 12 flowing through the precipitation conduit 20.
[0030] It is noted that the inner and outer members 50, 52 of precipitation conduit 20
may be fabricated from any of a wide variety of materials (e.g., high-temperature alloys and
stainless steels) suitable for the intended application. In addition, the inner and outer
members 50, 52 may have dimensions that are commensurate with the size (i.e., desired
production capacity) of the apparatus 10 for the desired preduction of pigment nano-particlcs
12. In the embodiment shown and described herein, the inner member 50 has an outer
diameter of 2.375 inches (6.033 ¢cm) and an inside diameter of about 2.067 inches (5.250 cm)
and a wall thickness of about 0.154 inches (0.391 cm). The outer member 52 may have an
outer diameter of about 4.5 inches (11.43 cm) and an inside diameter of about 4.26 inches
(10.82 cm) and a wall thickness of about 0.12 inches (0.305 cm). Accordingly, the insulating
space or annulus 52 will have a thickness of about 0.943 inches (2.395 cm).

[0031] As was briefly described above, the inner member 50 of precipitation conduit
20 is provided with a collection fluid port 30. In the embodiment shown and described

herein, the collection fluid port 30 is fluidically connected to a supply of collection fluid 32.
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The collection fluid port 30 is suitable for discharging the collection fluid 32 into the inner
member 50 of precipitation conduit 20, as shown in more detail in Figure 2.

[0032] In one embodiment, collection fluid port 30 comprises one or more nozzles
that are configured to discharge a spray or a “curtain” of collection fluid into inner member
50 of the precipitation conduit 20. Preferably the collection fluid 32 is discharged as a fine
mist. In addition, the collection fluid 32 preferably sprays through a cross-section of the inner
member 50 of precipitation conduit 20 so as to come into contact with most, if not all of the
vapor 18 entering the precipitation conduit 20.

[0033] The collection fluid 32 is discharged into the precipitation conduit 20 so that
the collection fluid 32 contacts the vapor 22, causing it to cool. As the vapor 22 cools, the
pigment nano-particles 12 precipitate and become suspended in the coltection fluid 32, as
illustrated in Figure 2. Some of the precipitated pigment nano-particles 12 may also become
entrained in the carrier gas 34, also as illustrated in Figure 2.

[0034] Coltection fluid 32 may comprise any of a wide range of fluids suitable for
effecting the rapid (i.e., substantially adiabatic) cooling of the vapor 22. In one embodiment,
collection fluid 32 is water. However, the collection fluid 32 may also comprise a mixture of
fluids, organic fluids (e.g., ethylene-glycol, kerosene), a base, or other fluids suitable for
mixing with the pigment nano-particles 12. The selection of collection fluid 32 may, at least
to some extent, be based on the desired characteristics of the pigment nano-particles 12.
Design considerations may also include the desired medium in which the product is collected,
as may be specitied by the end-user of the pigment nano-particles 12, among others.
[0035] The location of the collection fluid port 30 within the precipitation conduit 20
may influence characteristics (e.g., size) of the pigment nano-particles 12 produced by the
apparatus 10 according to the present invention. For example, moving the location of the
collection fluid port 30 closer to the vapor region 18 of furnace 16 generally results in the
production of larger pigment nano-particles 12. Conversely, moving the location of the
collection fluid port 30 away from the vapor region 18 generally results in the production of
smaller pigment nano-particles 12.

[0036}] Other design factors can also affect characteristics of the pigment nano-
particles 12, For example, increasing the flow rate of the collection fluid generally results in

the production of larger pigment nano-particles 12. Alternatively, extending the precipitation
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conduit 20 at least partially within vapor region 18 of the furnace 16 and positioning the
collection fluid port 30 therein may also affect the production of pigment nano-particles 12.
However, we have found that it is generally preferable to position the precipitation conduit 20
and the collection fluid port 30 external to the furnace 16 in the manner shown and described
herein.

[0037] The temperature of the precipitation conduit may also affect characteristics of
the pigment nano-particle material 12 that is produced. It is generally preferred, but not
required, to position a temperature sensor, such as a thermocouple (not shown) within the
interior region of the precipitation conduit 20 at a location downstream from the collection
fluid port 30. The output signal from the thermocouple may be monitored to maintain the
temperature of the suspended pigment nano-particle material 12 within a desired temperature
range that is appropriate for the particular pigment nano-particles 12 being produced.
[0038] Since the sizes of the pigment nano-particles produced by apparatus 10 of the
present invention are related to several structural and operational parameters of the invention,
as described herein, the present invention should not be regarded as limited to any particular
parameters or range of parameters for any given structural or operational configuration.
[0039] Pigment nano-particle material 12 exiting the precipitation conduit 20 (e.g.,
suspended in the collection fluid 32 and/or entrained in the carrier gas 34) is conveyed to a
collection system 24, The collection system 24 is best seen in Figure 1 and may comprise a
pump 28 and collection drum 26. The pump 28 draws the vapor 22 from the furnace 16 into
the precipitation conduit 20, where the pigment nano-particles 12 are formed, as previously
described. The pump 28 then draws the carrier gas 34 and the collection fluid 32 with the
suspended pigment nano-particles 12 into the collection drum 26. The carrier gas 34 is
scrubbed and discharged into the surrounding atmosphere and the pigment nano-particle
material 12 is collected in the collection drum 26.

[0040] Pump 28 may comprise any of a wide range of gas-state pumping devices that
are well-known in the art and readily commercially available. By way of example, the pump
28 may comprise a Leybold vacuum pump/centrifugal blower having a capacity of about
2407 liters per minute (85 cubic feet per minute), commercially available from Leybold
Vacuum USA, Inc. (Export, PA 15632). Of course, the pump 28 may have alarger or smaller

capacity depending on the intended production capacity of apparatus 10. In another
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embodiment, the pump 28 may be provided with a variable capacity to allow the user to vary
the flow rate of the pump 28 to more easily effect certain changes in the sizes and/or
production quantity of the pigment nano-particle material 12.

[0041] Optional purge valves 60, 61, 62 may be provided for use in conjunction with
pump 28 prior to operation to evacuate apparatus 10. According to the embodiment shown in
Figure 1, purge valves 61, 62 may be closed and purge valve 60 opened and pump 28
actuated to evacuate the furnace 16 and precipitation conduit 20. Purge valve 60 may then be
closed and purge valves 61, 62 opened so that the collection flnid 32 and carrier gas 34 are
diverted through the collection drum 26 during operation.

[0042] The collection drum 26 serves to retain the pigment nano-particle material 12
and to scrub the carrier gas 34. During operation, pump 28 draws both the collection fluid 32
and the carrier gas 34 from the precipitation conduit 20 and empties the collection fluid 32
and carrier gas 34 into the collection drum 26. Discharge is preferably below the surface of a
liquid provided in the collection drum 26. The liquid may be any of a wide range of liquids,
such as a mixture of water and ethylene-glycol. The properties of the liquid may depend on
various design considerations, such as the desired characteristics of the product as specified
by the end-user of the pigment nano-particles 12, and its properties when mixed with the
collection fluid 32, to name only a few.

[0043] In any event, the carrier gas 34 is bubbled through the liquid in the collection
drum 26 to scrub any pigment nano-particle material 12 from the carrier gas 34. Carrier gas
34 may then be discharged to the atmosphere, as illustrated by arrow 64 in Figure 1.
Collection fluid 32 and the pigment nano-particle matcrial 12 is collected in the collection
drum 26, which may be diverted or drained occasionally to retrieve the pigment nano-particle
material 12.

[0044} Collection system 24 may also comprise a venturi scrubber 66. Use of a
venturi scrubber 66 may increase the removal efficiency of the pigment nano-particles 12
entrained in the carrier gas 34. Operation and design of venturi scrubbers 66 is well-known in
the art for removing particulates from gas streams. Briefly, the converging walls of the
venturi scrubber 66 create a pressure differential through the throat of the venturi scrubber
66. This, combined with a large surface area for contacting the gas stream (e.g., the carrier

gas) with the liquid stream (e.g., the collection fluid) aids in the transfer of particulates from
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the gas stream to the liquid stream passing therethrough. The higher the pressure drop, the
greater the removal efficiency.

[0045] According to one embodiment, the venturi scrubber 66 is provided upstream
from the collection drum 26. The collection fluid 32 and carrier gas 34 flow from the
precipitation conduit 20 through the venturi scrubber 66 before being discharged into the
collection drum 26. Liquid from the collection drum 26 can be recirculated upstream of the
venturi scrubber 66 to dilute the collection fluid 32 and increase its ability to entrain more of
the pigment nano-particles 12 from the carrier gas 34.

[0046] Other systems could also be used to capture the pigment nano-particle
material 12 suspended in the collection fluid 32 and/or entrained in the carrier gas 34. For
example, collection system 24 may be provided with a filter (not shown) suitable for
removing small particles from the carrier gas 32. The use and selection of such a filter will
depend on design considerations, and may also be governed by certain regulatory
requirements governing discharge of process gases to the atmosphere. Since filters for
capturing such nano-sized particles are well-known in the art and could be easily provided by
persons having ordinary skill in the art after having become familiar with the teachings ofthe
present invention, filters that could be used with the present invention will not be described in
further detail herein.

[0047] Yet other product collection devices and processes can be readily provided, as
would be obvious to persons having ordinary skill in the art after having become familiar
with the teachings of the present invention. Consequently, the present invention should not be
regarded as limited to the particular product collection system 24 shown and described
herein.

[0048] Apparatus 10 may be operated in accordance with the following embodiment
of amethod for producing pigment nano-particles 12. As a first step, the apparatus 10 may be
evacuated. For example, purge valves 61, 62 may be closed and purge valve 60 opened to by-
pass the collection drum 26, and the pump 28 operated to draw carrier gas 34 through the
furnace 16 and precipitation conduit 20. The purge valves 61, 62 may then be opened and
purge valve 60 closed to divert flow through the collection drum 26 during operation.
[0049] The pigment precursor material 14 is then fed into the furnace 16 (e.g., ina

continuous or batch manner), as discussed above. A pigment precursor material 14 suitable
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for use with the present invention is copper phthalocyanine crystals, and may be used to
produce pigment nano-particles of copper phthalocyanine.

[6050] Of course other pigment precursor materials are available and could also be
used in conjunction with the present invention, as would be obvious to persons having
ordinary skill in the art after having become familiar with the tcachings of the present
invention. For example, pigment nano-particles may be made from proprietary pigment
precursor material such as PY14 (yellow), PG7 (green), and 57:1 (red), which are
commercially available from Heucotech, Ltd. (Fairless Hills, Pennsylvania 19030). These are
merely exemplary of other pigment precursor materials that may be used according to the
teachings of the invention and are not intended to limit the scope of the invention.

[0051] Regardless of the particular pigment precursor material 14 that is used, the
furnace 16 heats the pigment precursor material 14 to a temperature in the range of about 540
to 700°C (with optimum results being obtained within a temperature range of about 680°C),
which is sufficient to vaporize, and in one embodiment sublimate, the pigment precursor
material 14 and form a vapor 22 in vapor region 18 of the furnace 16.

[0052] The vapor 22 may be combined with a carrier gas 34, such as nitrogen or any
other desired atmosphere, to assist in the flow of the vapor 22 into the precipitation conduit
20. The vapor 22 (along with the carrier gas 34) is drawn into precipitation conduit 20, for
example, under the influence of pump 28.

10053] Upon entering the precipitation conduit 20, vapor 22 is brought into contact
with collection fluid 32 being discharged from the collection fluid port 30. The collection
fluid 32 is considerably cooler (e.g., about 15°C to 50°C) than the vapor 22 and causes rapid
(i.e., substantially adiabatic) cooling of the vapor 22 and the formation, or precipitation of the
pigment nano-particle material 12. The resulting mixture of precipitate (in the form of the
pigment nano-particles 12) and collection fluid 32, along with the carrier gas 34, continues to
be carried through the precipitation conduit 20, whereupon it is discharged into the collection
system 24.

[0054] The mixture of pigment nano-particles 12 and collection fluid 32, along with
the carrier gas 34, which is discharged into the collection system 24 ultimately reaches the
collection drum 26. The collection fluid 32 and carrier gas 34 are discharged below the

surface of the liquid in the collection drum 26 so that pigment nano-particle material 12
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which may be entrained in the carrier gas 34 can be scrubbed as it bubbles through the liquid.
Discharging the collection fluid 32 beneath the surface of the liquid also reduces the re-
entrainment of the pigment nano-particle material 12 in the scrubbed carrier gas 34.

[0055]) From time to time, contents of the collection drum 26 may be diverted or
otherwise emptied to retrieve the slurry containing the pigment nano-particles 12. The carrier
gas 34 may be discharged into the surrounding atmosphere.

[0056]) Figures 3(a) and 3(b) are images of pigment nano-particle material 12
produced by a scanning electron microscope in a process that is commonly referred to as
scanning electron microscopy (SEM). As is readily seen in Figures 3(a) and 3(b), individual
patticle of the pigment nano-particle material 12 range from generally cylindrical to generally
spherically-shaped configuration. Preferably, most if not all of the pigment nano-particle
material is generally spherical in shape. Faster cooling of vapor 18 as it enters the
precipitation conduit 20 tends to result in the production of more spherical-shaped pigment
nano-particles 12.

[0057] The size of the pigment nano-particle material 12 can be expressed in terms of
the mean diameter of the particles. The particle size may be determined using scanning
electron microscopy, transmission electron microscopy, or a suitable particle size analyzer,
such as the laser diffraction patticle size analyzer (model no. LA910) commercially available
from Horiba Laboratory Products (Irvine, CA 92614). The preferred pigment nano-particle
material 12 has a diameter of less than about 200 nm, and more preferably a diameter of less
than about 100 nm.

[0058] An alternative embodiment of apparatus 110 is shown and described with
respect Figure 4 and Figure 5. It is noted that one-hundred series reference numbers are used
to refer to the like elements of this embodiment.

[0059] According to this embodiment of apparatus 110, inner member 150 of
precipitation conduit 120 is provided with a quench fluid port 180, as shown in more detail in
Figure 5. The quench fluid port 180 is fluidically connected to a supply of quench fluid 182
(Figure 4) and discharges the quench fluid 182 into the inner member 150 of precipitation
conduit 120. Quench fluid 182 may comprise a fluid svitable for effecting the rapid (i.e.,
substantially adiabatic) cooling of the vapor 122, causing the vapor 122 to condense and form

pigment nano-particle precipitate 112.
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[0060] In the embodiment shown and described herein, the supply of quench fluid
182 may comprise liquid nitrogen. An optional accumulator (not shown) may be provided in
order to provide optimal quenching performance between the supply of quench fluid 182 and
the quench fluid port 180. The accumulator helps to ensure that the quench fluid 182 is
discharged as a liquid, as opposed to aliquid/gas mixture. Alternatively, aliquid/gas mixture
can be used if increased flow-rates are desired and the end temperature is maintained within
the desired range.

[0061] Although any suitable quench fluid 182 may be used, it is generally preferable
that the quench fluid 182 be a cryogenic fluid. As used herein, the term “cryogenic fluid”
refers to liquids that boil at temperatures of less than about 110 K (-163.15°C) at atmospheric
pressure. Cryogenic fluids include, but are not limited to, hydrogen, helium, nitrogen,
oxygen, argon air, and methane.

[0062] Also according to this embodiment, apparatus 110 preferably comprises
collection fluid port 130, which may be arranged downstream from quench fluid port 180 to
deliver collection fluid 132 into the precipitation conduit 120. Again, collection fluid 132
may be any suitable fluid or mixture thereof, including but not limited to water and ethylene-
glycol, as discussed above.

[0063] The collection fluid 132 is discharged into the precipitation conduit 120 in
such a manner so that the pigment nano-particles 112 formed by the rapid cooling of vapor
122 by quench fluid 182 become suspended in the collection fluid 132 and can be readily
collected by the collection system 124, as described above.

[0064] Another alternative embodiment of the apparatus 210 is shown in Figure 6. It
is noted that two-hundred series reference numbers are used to refer to the like elements of
this embodiment.

[0065] According to this embodiment of apparatus 210, pigment precursor material
214 is delivered to the furnace 216 on a continuous basis. The pigment precursor material
214 is stored in a storage chamber 290, and the carrier gas 234 is introduced into the storage
chamber 290. The pigment precursor material 214 becomes entrained in the carrier gas 234 in
storage chamber 290, and when the pump 228 is operated, it draws the carrier gas 234 and
entrained pigment precursor material 214 into the furnace 216.

[0066] Of course it is understood that other embodiments and product-delivery
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schedules may also be used. The embodiment shown in Figure 6 is provided merely as
illustrative of another embodiment that is suitable for use according to the teachings of the

present invention, and is not intended to limit the scope of the invention.

EXAMPLE
10067] In this example, pigment precursor material comprised 15.3 copper
phthalocyanine crystals having a mean size of about 25.9 microns. The pigment precursor
material is readily commercially available from Sun Chemical Corporation, Fort Lee, New
Jersey 07024. The precursor material was provided to an electrically heated furnace of the
type described above having a capacity to sublimate or vaporize approximately 5
grams/minute of pigment precursor material.
[0068] A precipitation conduit having the configuration and dimensions of the
precipitation conduit described above was mounted adjacent -the wvapor region of the furnace.
The precipitation conduit was fluidically connected to a collection system. The precursor
material was fed into the furnace in batch mode using a shot feeder. In the furnace, the
precursor material was heated to a temperature of about 680°C which was sufficient to
sublime the precursor material.
{0069] Nitrogen carrier gas was provided at about 2-5 liters per minute. A supply of
collection fluid (i.e., water and ethylene-glycol mixture) was discharged in accordance with
the description provided herein. The pump associated with the product collection apparatus,
such as the type described above, was turned on to produce a vacuum of about 10-50 torr.
[0070] The apparatus started to produce the pigment nano-particle material, which
was thereafter captured by the collection system. The flow-rate of the collection fluid was
such that the temperature of the slurry containing the pigment nano-particle material 12 as
measured by the thermocouple positioned within the precipitation conduit was maintained in
the range of about 25°C + 5°C. The apparatus was operated in this manner for a time period
of about 16 hours, which resulted in the production of about five gallons of pigment nano-
particle material suspended in collection fluid having about 10 wt% pigment nano-particles,
15 wt% ethylene-glycol, and 75 wt% water. The pigment nano-particle material had a mean

diameter of less than about 100 nm as determined using a laser diffraction analyzer, such as
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L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(29)

WO 03/039716 PCT/US02/35629
-15-

the type described above.

[0071] It is readily apparent that the apparatus and process discussed herein may be

used to produce large quantities of highly-pure pigment nano-particle material. Consequently,
the claimed invention represents an important development in nano-particle technology in
general and to pigment nano-particle technology in particular. Having herein set forth
preferred embodiments of the present invention, it is anticipated that suitable modifications
can be made thereto which will nonetheless remain within the scope of the present invention.
Therefore, it is intended that the appended claims be construed to include alternative

embodiments of the invention except insofar as limited by the prior art.
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WHAT IS CLAIMED IS:

1. Apparatus for producing pigment nano-particles, comprising:

a furnace having a vapor region, said furnace vaporizing a pigment precursor
material;

a precipitation conduit open to the vapor region of said furnace, said precipitation
conduit receiving vapor from the vaporized pigment precursor material;

a collection fluid port opening into said precipitation conduit, said collection fluid
port delivering a collection fluid into contact with the vapor in said precipitation conduit, the
vapor condensing to form the pigment nano-particles; and

a collection system fluidically connected to said precipitation conduit, said collection

system collecting the pigment nano-particles in the collection fluid.

2. The apparatus of claim 1, wherein said furnace sublimates the pigment precursor

material.

3. The apparatus of claim 1, further comprising a pump operatively associated with said
precipitation conduit, said pump drawing the vapor from said furnace into said precipitation

conduit.

4. The apparatus of claim 1, further comprising a pump operatively associated with said

furnace, said pump drawing the pigment precursor material into said furnace.

5. The apparatus of claim 1, further comprising a filter provided between the pigment
precursor material and said precipitation conduit, said filter blocking the pigment precursor

material from entering said precipitation conduit.

6. The apparatus of claim 1, wherein said collection system has a collection drum fluidically
connected to said precipitation conduit, the pigment precursor material and the collection

fluid delivered to said collection drum.
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7. The apparatus of claim 6, wherein said collection system has a venturi scrubber
operatively associated with said collection drum, said venturi scrubber removing at least a

portion of the pigment nano-particles entrained in a carrier gas.

8. The apparatus of claim 0, wherein at least a portion of the collection fluid from said

collection drum is recirculated through said venturi scrubber.

9. The apparatus of claim 1, wherein the collection fluid condenses the vapor to form the

pigment nano-particles in said precipitation conduit.

10. The apparatus of claim 1, further comprising a collection fluid port opening into said
precipitation conduit, said collection fluid port delivering a collection fluid into contact with
the vapor in said precipitation conduit, the collection fluid condensing the vapor to form the
pigment nano-particles.

11. The apparatus of claim 10, wherein said collection fluid is liquid nitrogen.

12. The apparatus of claim 1, wherein the collection fluid is selected from the group

consisting essentially of water and ethylene-glycol.
13. The apparatus of claim 1, wherein said precipitation conduit is external to said furnace.
14. The apparatus of claim 1, wherein said furnace has at least two temperature zones.

15. The apparatus of claim 1, wherein said furnace is maintained in a temperature range of

about 540-700°C.

16. The apparatus of claim 1, wherein said furnace is heated to about 680°C.
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17. The apparatus of claim 1, wherein the pigment precursor material is copper

phthalocyanine.

18. A method for producing pigment nano-particles, comprising:

vaporizing a pigment precursor material to form a vapor;

drawing the vapor into a precipitation conduit;

rapidly condensing the vapor in the precipitation conduit to form the pigment nano-
particles;

contacting the pigment nano-particles with a collection fluid in the precipitation
conduit; and

collecting the pigment nano-particles in the collection fluid.

19. The method of claim 18, further comprising drawing the pigment precursor material into

a furnace, wherein vaporizing the pigment precursor material occurs in the furnace.

20. The method of claim 18, wherein collecting the pigment nano-particles comprises

removing the pigment nano-particles from a carrier gas.

21. The method of claim 20, wherein the pigment nano-particles are removed from the carrier

gas at least partially by bubbling the carrier gas through a collection drum.

22. The method of claim 20, wherein the pigment nano-particles are removed from the carrier

gas at least partially by directing the carrier gas through a venturi scrubber.
23. The method of claim 18, wherein the precursor material is copper phthalocyanine.

24. The method of claim 18, wherein vaporizing the pigment precursor material occurs at a

temperature in the range of about 540-700°C.
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25. A pigment nano-particle and collection fluid mixture produced according to the process

of claim 18.

26. The pigment nano-particle and collection fluid mixture of claim 25 characterized as about

10 wt% pigment nano-particles, about 15 wt% ethylene-glycol, and about 75 wt% water.
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