JP 2023-138393 A 2023.10.2

(19000000 @P) a0 00000 (A) (11000000
O O 2023-138393

(P2023-138393A)

(43)0 0 0 00050 100 20 (2023.10.2)

GHoOooooo go gboooooooobo
O oooo 11/08 (2006.01) goooo 11/08 goobo obob oooooo
O OOooo  33/20 (2006.01) goooo 33/20 goobo obob oooooo
O oooo 11/59 (2006.01) goooo 11/59 goobo obob oooooo
O Oooo  59/06 (2006.01) goooo 59/06 gogoo oboo
o oooo 3/00 (2006.01) goooo 3/00 gogoo oboo
oo0obooOooooooooboboolsbogoooooooooosogn

(nyooooo 0 02023-34713(P2023-34713) (710000 519414848
(220000 00503070 (2023.3.7) goo00 oooooooo oooo
BLHOOODOO0O0O0O022162614.6 oooo
@2)0o0o0d 004030170 (2022.3.17) gooo0on0O oooooooooo o
@Yo Uoooooooooooo ooo

oooooeEp) gooo0oooO0 ooooo oooo

00000000 000000 0000
0000000000000 0000
000 0D00O00 00000 000
000 0000000

(740000 110002538
0000000000000000

(720000 O0OO0 0000
00000000 00000 0000
000000 0o

ooooDo

4000000000000 0000000000000000

L4OE+05

(5700000 00000
0000000000000000000000000
0000000000000000000000000
ooo

00O000000000000000
Opgoooooo00p0p000pg0008ppg000fg
o4

0000000000000000000000000 &8 om *

|:| D D |:| D |:| D D D D |:| D |:| D D |:| D |:| D D D D |:| D |:| — RiEHI1 1. SEB%NDCaF2% AL (Ca0. 98Pr0. 01Na0. 01)Li2Si04
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

00000000

ooooooo

L20E+05

LOOE+0S

S.O0E+04

6.00E+04

WE/ I FEX20

4.00E+04

2.00E+04

0.00E+00
240

10

20



I e e v e e e e e s e Iy I

I e e e e e e e e s ey Iy Iy

I e e s e e s ey [ ey Iy

oooogao
oono
gooad

ooooooOd
O

obDoUooooodg
obDoUooooodg

O 0o D0Doooooog
O O0oD0Doooooog

I e e e [ [y Ay
D oooDoDoDoDo0o0o0oooDoDoDo0o0o0o0oocoooooodotdoooooag

Oooooooooo o oo oooo oo oooooodg
Ooo0oooooooooooDoooooooooooodg
e ) e e e e e ) A s [
e e e e e A s [
OO0 ooDooouoQogooDoDoooggUooooooogod
OO0 ooooooo0oooDoDooogoooooooogodg
OO0 ooooooooooDoDooogoooooooogdg

Ooooooooooooooooo

oo oooooooggogoog
oo ooooooogQgogoog
oo ooooooogoQgogoog
oo ooooooogogQgoogoo-g
OooooooooogoQgoogoo-g
OooooooooogoOooOgoaog

O 0Oo0oo0ooo
O O0OoQgogoao
O Oogogooao
O Ooogogooao
O OooQgooao
O oOooQgooo
O oOooQgooo
O 0OooQoooo
O oOooQgooo
O oOoo0goooo
I [ |
I [ |
I [ |
I [ |
O O0Oogogodg
O O0Oogogodg
O Ooogogog
O Ooogogoog
O Ooogogoog

Oo0o0ooogoooo
Oo0o0o0ooogooao
Oo0o0ooogoooao
O 0oo0ooo
O 0O ogo
OO oo

Ooooooag
UOoooooag
UOoooooadg
UOoooooad
UOoooooad
UOoooooad
UOoooooad
Uoooooad
Uooogooo
Oooooo
UOooooo
Oooooo

O
O
O
O
O
O
O
O
OJ
O
O

O
O
O
O
O
O
O
O
O
O
O

OO oo

O
O
O
O
O
O
O
O
O
O

o e O s e O s A
O e O e e O o R
O e O e O o A
o e O e O s A
O e O e O s [
Y e O e O s
O e O s [ Y s [
Oooob oo
oooob oo

O Ooogo

O
O
O

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

(2) JP 2023-138393 A 2023.10.2

p0DoO0Y%pgpoo0Bpgpg O

I [ |
Y s |
OO ogogodg
OO ogogog
O Ooogogog
O Ooogoogoog
I [ |
I [ |
I [y |
I [ |
I [ |

gooobooobooooad

oo
oooooooooooo
g
gobouogoboooaoooboaoadd

Oooooog
Oooooog
Oooooog
UOooooaog
UOooooaog

O O
O O
O O
O O

ooooooooooao

0000000000000 ODOO0OOO
0000000000000 O0OO0OO0O0O0O
0000000 pg0OpgD0O0D0OO0OD0OOOO
000000000
0DOo0oDOooDOooOoo
0

0DOo0oDO00oDO00Oo

O Ooogo
O Ooogoo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O O0ooo

O Oooo
O Oooo

O O0ooo
O 0Oooo
O 0O oo
O O0Ooo
O Oooo
OO oo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo

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

10

20

30

40

50



s e s e [ e e e e e e s e e Iy Iy
s e [ v e e e Iy
e s [ e ey I
[ R e e v Ry s [ Iy Iy
B v R Iy Iy

O Ooooooooo oo ooDoDooooooooooooooao

Oo0ooooooooooooooooao

O
OJ
(]

O 0ooo

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

Oooooooooooooooo oo oooooooo

]

O 0Oood O

O

Y
OO dgogodg
O 0o ogogodg
O 0o ogogodg
O 0o gogog
I s [ O |
s [ [ |
I s [ [ |
I [y [ |
I [ [y [ |
I [y |
O 0o o0oogog
O 0O o0oog
s Y O
O 0o dgogodg
O 0o ogogog
O Ooogogdg
O oOogogog
I [ O |
I s [ [ |
I [y [ |
I [y |
I [ [ [ |
I [ [ [ |
I [ [y |

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 Ooogo

O Ooogo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O O0ooo

O O0ooo

O 0ooo

O 0ooo

O 0oo0o o

3

O o0ood

O

|

O Ooogo

O Ooogo

O Oooo

O
O
O
O
O
O

O
O
O
O
O
O

JP 2023-138393 A 2023.10.2

goooobogooan

O
O
O
OJ
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
O
O

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

O
O
O
O
O
O
O
O
O
O

10

20

30

40

50



e s e [ e s e s s [y [ |
s e [ e s [y [
e [ e e s e I s s [y [ |
R s [y [ |
R e [ R ) s [y [ |
e ) [ R s s [y [

OoOo0ooooooood

I [ I
I [ I
O O g g
I [ [ |
I [ I |
O Ooogog

OoOoo0Ooooao
OO0Oo0ooooog
OO0Ooo0ooooaog
OO0oOo0ooooaog
OoOoo0ooooaog
OOoo0ooooaog
OoOoo0ooooog
OoOoo0ooooog
Oo0oo0oooao
Oo0oo0oooao
Ooo0oo0oooao
Ooo0oo0oooao
OoOoo0oo0oooao
Oo0Ooo0Oo0oooao
OO0oo0ooooaog
OOoo0ooooaog
OO0oOo0ooooaog
OoOoo0ooooaog
OoOoo0ooooaog
OoOoo0ooooog
OoOoo0ooooaog
OoOoo0oooao

I [ [ [ |
s O
OO dgogodg
O Ooogogodg
O Ooogogog
O Ooogogog
I [ [ |
I [ O |
I [ O |
I [ |
I [ [ |
I [ [ |
O 0o o0oog

O 0Oo0oo0oo0oao
O Oo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Oooooo
O Oooooo
O Ooo0oooo
O Ooo0oooo
O 0Ooo0oooo
OOoo0oooao
O 0Ooo0ooOooao
O 0Oo0ooO0ooOoao
O 0Oo0oo0oo0oao
O O0Oo0ogooao
O Ooo0oooao
O Ooo0oooao

O0Ooo0oo0oo0oao
OO0 oOoooao
O O0Oo0ooooao
OOo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OoOoo0oo0oo0ooao
O0Ooo0oo0oo0ooao
O0Ooo0oo0oo0ooao
OO0Oo0oo0oo0ooao
O 0Oo0ooooao
O Oo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooaoo
OOoo0ooooao

O O0oo0oo
O O ogo
O O ogo
O O oo
O 0o oo
O Ooogoo
O Ooogoo
O Ooogoo
O Ooogoo
O Oooo
O 0Ooogoo
O O0oo0oo
O O0oo0oo
O 0Ooo0oo
O O ogo
I [
O O oo
O Oooo
O Ooogo
O Oooo
O Oooo
O Ooogo
O 0Ooogoo
O O0ooOoo
O O0oo0oo
O O0oo0oo
O 0o o0 o
I o [
O O ogo
O 0o oo
O Ooogo
O Ooogo

OooooodooOod

OO0 ooooooogd

OO0 ooooooogd

OO0 ooooooogdg

Oo0ooooooogodg

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

Oooooooooogdg

Oooooooooogodg

Oooooooooogodg

Oooooooooogod

Oooooooooogod

Oooooooooogod

Ooooooooood

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

OOooooooood

4

|

OooooodooOod

OO0 ooooooogdg

OO0 ooooooogd

O Ooogogoog
I [ |
I [ I |
I [ |
I [ |
I [ |
I [ |
I [ |
I [ |
O 0Oo0oogoo
O Ooogogog
O Ooogogodg
O Ooogogog
O Ooogogoog
I [ |

Oo0ooooooogdg

Oo0ooooooogdg

Oooooooooogodg

Oooooooooogodg

Oooooooooogodg

O 0Ooo0oooo
O 0Ooo0ooOooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Oo0oo0ooao
O O0Oo0gooao
O Oo0gooao
O Oooooao
O Oooooao
O Oooooao
O Oooooao
O Ooo0oooo

O 0Ooogoooo
O 0Ooo0oooo
O 0OoO0ooOooo
O 0Oo0oo0ooo
O 0Oo0oo0ooo
OO oQgogoao
O Ooogogooao
O Ooogogooao
O OooQgogooao
O 0OooQgooo
O 0OooQgoooo
O 0OooQoooo

Oooooooooogod

Oooooooooogod

OoOooooooood

JP 2023-138393 A 2023.10.2

O
O
O
O
O
O
O
O
O

O Oooo
O Oooo

I [ |
I [ |

O
O

OoOooooooood
OoOooooooood
OO0 ooooooogd
OO0 ooooooogd
Oo0ooooooogdg
Oo0ooooooogd
Ooooooooogdg
Oooooooooogodg
Oooooooooogodg

10

20

30

40

50



e s e e [ e e s e e e s [y [ |
e s e e e s e s s [y [ |
e s s [y [ |
e s [y [ |
e s [y [ |
e ) [ R I ) A s [y [ |

O0Ooo0oo0oo0ooao
O O0Oo0OoOooogoao
O O0Oo0ooOoooao
OO0Oo0ooooao
OOoo0ooooao
OOoooooao
OOoooooaoo
OOoo0ooooao
OOoo0ooooao
OOoo0oo0oooao
OOoo0oo0oo0ooao
O0Ooo0oo0oo0ooao
OO0Ooo0oo0oo0ooao
OO0Oo0oo0oo0ooao
O O0Oo0ooooao
OO0Oo0ooooao
O Ooo0ooooao
OOoo0ooooao
OO0Ooooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0oo0oooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
O0Ooo0oo0oo0ooao

I [ |
s
OO gogodg
O 0o gogdg
O 0o ogogdg
O 0o ogoogodg
I [ O
I s [ [ |
O 0o ogoogodg
I [y [ |
I [ [ |
O 0o o0oogo-g
I [ [
O 0o o0oog
s [ O
OO dgogodg
O 0o ogogdg
O Ooogogdg
O Ooogoogdg
I s [
I [ s [ O |
I [y O |
I [ |
I [y |

I [ |
|
s O
O Ooogogog
O Ooogogog
O Ooogogog
O Ooogogoog
I [ [ |
I [ |
I [ |
I [ |

O 0Oo0oo0oo0oao
O Oo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Oooooo
O Oooooo
O Ooo0oooo
O Ooo0oooo
O 0Ooo0oooo
OOoo0oooao
O 0Ooo0ooOooao
O 0Oo0ooO0ooOoao
O 0Oo0oo0oo0oao
O O0Oo0ogooao

OoooooooOooOonObadd
Oooooogogood

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

O0Ooo0oo0oo0ooao
O O0Oo0OoOooogoao
O O0Oo0ooOoooao
OO0Oo0ooooao
OOoo0ooooao
OOoooooao

OO0 oooooogd
Oooooooogd
Oooooooogd
Oooooooogdg
Ooooooooogdg
Ooooooooogodg
OooooooooQgodg
OooooooooQgodg
OoooooooOod
OoooooooOod
OoooooooOod
OoOooooooOod
O0o0Dooooogd
OOooooooogd
Ooooooogd
Oooooooogdg
Oooooooogdg
OooooooooQgodg
Ooooooooogod
OooooooooQgd
OooooooooQodg
OoooooooOod
OoooooooOod
OoooooooOod
OoOooooooOod
OO0 ooooogd
Ooooooogd
Ooooooogd
Oooooooogd
Oooooooogdg
OooooooooQgodg
OooooooooQgd

O 0OooQgooo
O 0OooQgooo
O 0OooQgooo
O 0Ooo0oooo
O 0Ooo0oogooo
O 0Ooo0oogooo
O 0OooO0oogooo
O 0Oo0oo0ooo
OO odogogao
OO oQgogogao
O Ooogogoao
O Ooogogooao
O Ooogooo
O OooQgooo
O 0OooQgooo
O 0Ooo0goooo
O 0Ooo0goooo
O 0Ooo0oogooo
O 0Ooo0oogooo
O 0Ooo0oo0ooo
O 0Oo0oo0ooo
OO odgogogao
O Ooogogoao
O Ooogogoao
O Ooogogooao
O OooQgooo
O OooQgooo
O 0OooQgooo

O 0Oooo
O 0Oooo
O 0o oo
OO oo
OO oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0O oo
O O0ooo
O 0o oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo

O
OJ
O
O
O
O
O
O
O
O
[
O

®)

O

O

O Ooogogog
O 0Ooogogog
O Ooogogoog
I [ |
I [ I |
I [ |
I [ |
I [ |
I [ |
I [ |
I [ |
O 0Oo0oogoo
O Ooogogog
O Ooogogodg
O Ooogogog
O Ooogogoog
I [ |

O O0ooo
O 0ooo
O 0ooo
OO oo
O Oooo
O Oooo
O Oooo
O Oooo

JP 2023-138393 A 2023.10.2

O Oooo
O Oooo

I [ |
I [ |

O
O
(]
O
O
O
O
O
O

O 0Oo0oo0ooo
OO odgogogao
O Ooogogoao
O Ooogogoao
O Ooogogooao
O OooQgooo
O OooQgooo
O 0OooQgooo

10

20

30

40

50



O O0Oo0ooOoo
OO oO0gogog
O Oo0gogog
O Oo0gogoog
O OooOgooog
O OooOooog
O Ooooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo

O O0Ooo0ooOoo
O O o0gogog
OO oOgogo
O Oogogog
O Ooooog
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooo0ooo

O 0Ooo0oo0oo0ooao
OO0 o0oooao
O 0Oo0Oooooao
O O0Oo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao

OoOooOooooood
OO0 oooooogd
Oooooogd
Oooooogd
Oooooogd
Oooooogd
Oooooogd
Oooooogd
Ooooooogd
Ooooooogd

R s s [ |
Oo0oo0ooooao
Oo0oo0ooooao
Oo0ooQooooao
Oo0oooooao
Oo0oooooao
Oo0oooooo
Oo0oooooo
Ooooooo
Ooooooo

O

I ) e e e R e Iy
O

e I [ s e [ s sy [ |
ey s e e e e A sy [ |
ey [ e v e sy [ |
s Y o s e e Y e e o e O e e A o e Y e e Y e s Y o O e e e A o e Y o e e e o e S O e e s e s Y e e Y e Y o [

I e s e R I R ) [ Iy Iy

(6) JP 2023-138393 A 2023.10.2

oooooooooooooooooooooooao
oooboooboooboboobobooobooboobDbo
uobouobooobooobooobooobooooboad
oobobooboobboobobooobogobooboboao
uooboboobooobooobobooobao
oooooooooooooooooooooooao
ooboobooobobooobobooboobooboDbao
oooooooooooooooooooooooan
oobooboobobooboboobogoboobooboo
ugooodgoand

ooooooood

oooogano

oad

oo

goboouoboogooad
oobooboobobooboboobogoboobooboo
ooooobogao
oooooooooooooooooooooooao
oobooboooboooboboooboobooooboao
oooooooooooooooooooooooao
ooboobooobobooobobooboobooboDbao
uobouobooobooobooobooobooooboad
oobooboobobooboboobogoboobooboo
uoobooboooboobobbooobooobooonboad
oooooooooood
uobouoboooooaoobad
ooboboobooooaoaao
ooboboobooboboooboooboad
ooboboobooooooboooan
oooogoboao

oooogban

ooobooboobooobooonnb

ooboobooooooboobooobooobooobooboao

0000
pODoo0UYpgpooBBpgg O



e s e R e ) e e s e I B

Oooooooooogogogoooo
Oooooooooooogoooo
OooooooooooQgoooo
Ooooooooooooooao
Oooooooooooogoooao

I e e s e s sy s [y |
I e s [ e s s [y s [y |
I e sy [y |
ODoooDoDoDo0Do0o0ooooDoDoDo0o0o0o0oocoooooodobdooooao
OO0 0000000000000 ooDoDoDoDoooooooobobooooadg
OO0 o000 o0o0Doo0Doo0Doo0DocoDooDooooooooobobooooag

Ooo0ooo0goao
Ooo0oogao

O 0ooo
O

O
OJ
(]

O
O
O
O
O

o O0Oo0Dooooo
o UO0ob0Dooooo

e ) e e e A A v
OO0 oooouo 0o oDoDoDooggUgooooooodg
OO0 ooooooo0UooDoDooogog4gogooooooodg

OO0 oooDooogogogooooooo

Oo0Oood

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

OO oo

UOooooo
UOooogooo
UOooogooo
UOooogooo
UOooogooo
UOooogooo
Uooogooo
Uooogooo
Uooogooo
Oooooo
UOooooo
UOooooo

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

Y Y O o O o R
o o O O o A
O Y O o O o A
Y Y O o O o R
O Y O o O o A
o e Y Y o O o A
O e Y O s O o A
O e Y e O s O o A
O e O o O s O o A
O e O o O o O o A
O O o O o A o IO
Ooooboao

O O g

OO0 o0 oooooogogogooooooo

OO0 oooooooooooooo

oo o oooooogoQgg

O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0oo o
O 0O oo
O Ooogo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0o oo
O 0O oo
O Ooogoo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo

oo ooooooogogoog

O 0Ooo0oooo
O 0Ooo0oooo
O 0oo0ooOooo
O 0oo0oo0ooo
O 0o0oo0ooo
OO oQgogoao
O Ooogogooao
O Ooogogooao
O Ooogooao
O 0Ooogooao
O 0OooQgoooo
O 0OooQoooo
O 0OooOoogoo-g
I [ |
O 0Ooo0oogoo-g
O 0Ooo0oogoo-g
O 0Oo0ooo-g
O 0Oo0oo0oodg
I Y O
OO ogogodg
I Y Y |

I [ |
I [ |
O 0O o0oogo-g
I [ [ |
I [ |
O O dgogog
OO ogogodg
O Ooogogodg
O Ooogogog
O Ooogogog
O 0Ooogoogoog
I [ O |
I [ |
I [ |
I [ |

7

|

Oooooog
Oooooog
Oooooog

O

JP 2023-138393 A 2023.10.2

gbooooboooboooboboao
oooad
gooooao
ubbooobooboooooaonb
goooao
ooboooboobooobooaoan

gooooooad

0000000000000 O0OOO0O0aO
0000000000000 D0DO0O0OaO
gp0000O00O0OpgOpgOOO0OO0O

O

O Ooogoo
O Ooogoo
O Oooo
O Oooo
O Oooo
O Oooo

O
O
O
O

oooooooood
gooooobooooan
oo

goooobogoan

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

O
O
O
O
O
O
O
O
O
O

10

20

30

40

50



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

e e e e e R s s s [y s [ |

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

R e e R s s [y [ |

e R s sy [ |

Oo0ooooooooooogQgdg

Ooooooooooo oo ooDoDooooo0ooooDooDoDoooooogogogog

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

O 0ooo
O 0O oo
O 0Oooo

O O0Oo0oo0oo0ooao
O O0O0OoOogooao
O O0O0OoOoooao
O O0O0goooao
O Oo0ooooao
O OooQgoooao
O O0Oo0ooooao
O 0Oo0ooooao
OO0 oooao
O 0Oo0ooooao
O O0Ooo0oo0oooao
O O0Oo0oo0oooao
O O0Oo0oo0oo0oo0oao
O O0Oo0oo0oo0oo0oao
O O0O0OoOoooao
O O0ooOoooao
O OoQgoooao
O Oo0ooooao
O 0Oo0ooooao
OO0 oooao
OO0 oooao
OO0 oooao
O 0Ooo0ooooao
O 0Ooo0oo0oooOoao
O O0Oo0oo0oo0ooao
O O0Oo0oo0oo0ooao
O O0Oo0oo0oo0oo0oao
O O0O0OoOoooao
O O0Oo0ooooao
O O0O0goooao
O O0OoQooooao
O O0OooQooooao

O 0Ooo

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

O
OJ
(]
O
O
O
O
O
O
O

Ooo0Ooo0oaod
I I B A |

O
O

O O Oood

O

O Oooo

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

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

O 0Oooo

O oOooo

O oOooo

O oOooo

O oOooo

O oOooo

O 0Oooo

O oOooo

O 0Oooo

O 0Oooo

O 0ooo

8

O Oood

|

O 0Oooo

O 0Oooo

O oOooo

O oOooo

O oOooo

O oOooo

O oOooo

O oOooo

O 0Oooo

O O

JP 2023-138393 A 2023.10.2

O
O
(]
O
O
O
O
O
O

OOooooao
O0Oooooao

O O
O O
O d
O d
O d
O d
O O
O O
O O

O
O
O
O
O
O
O
O
O

10

20

30

40

50



I e e e v e e [ e e ey A A o B

I e e v e e e e e e ey A A B

Iy e e e B [ B s [y s [y |
Iy ) e e [ s s [y s [y |

Ooooooooooo

Ooooooooooao

Ooooooooooa-o

I e e e [ [ I A o

I [ |

O
O

O
O

OOo0ooooooooooooooooooooao OoOooooooooa.o

I [ [ s

O
OJ
(]
O
O
O

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

O 0Oo0oogoo
O O0Oogogog
O O0Oogogog
O Ooogogog
O Ooogogog
O Ooogogoog
I [ |
I [ |
I [ |
O 0Ooo0googoog
I [ |
O 0Ooo0googood
O 0Ooo0oogoo
O 0Oo0oo0oo
Y Y |

O O0ooo

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

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

|

O Oood

|

O Oooo

O 0Oooo

O oOooo

O oOooo

O oOooo

O oOooo

O oOooo

O 0Oooo

O oOooo

O 0Oooo

O 0Ooo

O 0O oo

C)

|

O oOood

|

O 0Oooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O O0ooo
O O0ooo
O 0Oooo
O 0Oo o
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O oOooo

O Oooo

O Oooo

O oOooo

O oOooo

O oOooo

O oOooo

O oOooo

O 0Oooo

O O0ooo

JP 2023-138393 A 2023.10.2

ooano

O 0Oooo

O

O 0Oooo

O

O 0Ooo

ggoano

0

O

O oOood

O

O Oooo

O

O 0Oooo

O

O oOooo

goano

O

O oOooo

O

O
O

O

10

20

30

40

50



O oo o0oooooooooooDooooooooooodg

OO0 oo0ooooooooooooooogoggogooog
O oo o0ooooooooooooooogogogogooog

Oo0oooooooooooooogQgogoaoQg
OooooooooooooooogQgogoaoQg
oo 0D oooo oo oooo oo ogogogogoog

O
O

O
O

(10) JP 2023-138393 A 2023.10.2

oooooDoan
Oooad
0o0Do0oo0oOooDoOooDoo0oo0DooDoo0oboDOooDoODooDoo0oboDOooDoobooooooao
oo
ooad
0000 OO0bOooODoobOOoobOOooDoOobODOooDoOOoOboOOoO0 oooooooao
0000 Ooobooooboobao
0oo0oo0boOoo0DDbOO0 OO0boobOobDOoO0obOOob0 OoboOoOobobooOooooao
0ooobooDoobooooao
goooboobuobuooobo oDttt boboUobobooonb
I I e T I A I A N A A R 0 A R O A B R WA N
oooobo0 Oob0b ObhooboboO0obOoU0obOobOoUobobobooboono
gooooooooooaoe 06 0o0ooao
I I e I A I A R A A O B A B R WA
Oo0oo0boOooDoOooDoooDooDooboooDoOooDoo0oboDooDoobooooonoao
goooooobo OoobuoUoboboU0ob DbOhoboUobobooobooo
I 1 I I A I A A o e O A A e A A e A A e e A n A R R E N A E R N
ooooao
goooobooboobooobob0 OoboUobooDooboUobuob Oobooo
00000 ODoOOooODoOobOOooDoOoOooDooDooooao
goooboobuooooboo oo bgoobooboDooboobooboobooao
I 1 I I A I I A o 0 O A A O A A R A A A B R A
ooad
a

oc _ EEmEH

FEREME R E T

ooad
0 00 000 DODoOooODoooOooDoOobOooDoOobOOoooOoboooboonoao
oo
N I e I e T I I A I B O 0 O M
000000 Ud0U0ppoopUUpgppopoUUppopU0Ud0pgO0O0OpgUoooo
00pg 0ODODODDODODU0ODDODOO0ODpOUOp OOODODDODODODODODg DOODDODODOO
O00pg ODODO0OOO0ODOOpgpUOpp OODODODODOODODODODOQD ODOOOOOO
I I T e e I I A I A R 0 A R O A B R WA
0o0oo0obOooDoOooDoobooDoo0obooDoooDooobooDoooboooo O
I I e I I I A I A N A A R 0 A R O B A B R WA
I I I e I A R A A O B A W R W A N
I I T I I I I I A N A A R 0 A R O A B R WA
I I I e A I A R 0 A B O B A B R WA
0o0ooo0bOooDoooDoo0ooooDoo0boooDoDooDoooooDoobooooooao
I I e e A I A R A O O A B R W A
oo

g0O0O00Op O
o00O00p O
gO00Op O

10

20

30

40

50



L40E+05

OooDooDoooooooan
ooooboooboboooooano
OoDoooDooooooooaoan
oooooooboboooooano
oooooad
gooobooboboooooano
OooooDooobooooooao
ooooUOO0DOpgODODOpDOOO
OooooDoooooooooan
gooooooboboooooan
OoDoooDoooOooooooao
oooooooboboooooan
goooboobobooobooano
gooooad
OooooDooobooooooao
00ooo0oboDooboboobdag
opUUOO0OpgUOOO0OpgOoODOOd
gooooooboboooooan
OoDoooDoooooooooao
oooooooboboooooao
gooobooboboooboonno
OooooDooobooooooao
oooad

Ooooad

]
O

O o0Ooooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0OooOooo
O 0Ooooo
O Ooooo
O Ooooo
O Ooooo
O oOoooo
O Ooooo
O oOoooo
O o0Ooooo
O oOoo0ooo
O 0Ooo0ooo

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

O
O
OJ
O
O
O
O

I [y |
I [y |
I [y |
O O0Ooo0ooo

O
O
O
O
O
O
O
O
O

L20E+05

LOOE+05

S.00E+04

6.00E+04

BE/hv <20

4.00E+04

2.00E+04

0.00E+00
240

goooobogd

300
B&/nm

— EfEHI1 1. SER%DCaF2% &L (Ca0. 98Pr0. 01Na0. 01)Li2SiO4

360

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

(11)

O 0Oooo

O

O oOood

OO oo

O
OoOod

O
O
O
O

[}

Oood

O o o

O ood

O ood

O

JP 2023-138393 A 2023.10.2

oooao
goooooboao

O0oo00oooano
ooooOOpoao

O

O

O

O

O 0OooOooo
O 0Ooooo
O Ooooo
O Ooooo
O oOoooo

0

O

oooOOpoao

ugogoodgoan
oooogoban
goooogband
ooooooano

O
O
O

O

O
O

Oood

O o R o

10

20

30

40

50



10

15

20

25

30

35

12)

202100281

Process for the preparation of up-conversion phosphors

The invention relates to a process for the preparation of up-conversion phosphors.

Every day, humans are exposed to millions of microorganisms such as bacteria, fungi and
viruses. Many of these microorganisms are useful or even necessary. Nevertheless, as well
as these less harmful representatives, there are also disease-causing or even deadly

bacteria, fungi and viruses.

Microorganisms can be transmitted through daily interaction with other people and contact
with articles that have been used by others. Surfaces are given an antimicrobial finish
especially in hygiene-sensitive areas. Fields of use are in particular surfaces of medical
devices and consumer articles in hospitals, and in outpatient health and welfare facilities.
In addition to these, there are surfaces in the public sphere, in the food and drink sector and
in animal keeping. The spread of pathogenic microorganisms is a great problem nowadays
in the care sector and in medicine, and wherever humans associate in an enclosed space.
A particular risk at present is the increased occurrence of what are called multiresistant

germs that have become insensitive to standard antibiotics.

In order to reduce the risk of spread of pathogens via contact surfaces, in addition to
standard hygiene measures, antimicrobial technologies and materials are being utilized.
Chemical substances or the use of physical methods can have a critical influence on the
process of propagation of microorganisms. The physical methods include, for example,
heat, cold, radiation or ultrasound, etc. Among the chemical methods, halogens, metal ions,

organic compounds and dyes, toxic gases, etc., are known.

Even though chemical and physical methods are extremely effective in the destruction of
microorganisms in most cases, they have only a short-lived effect, chemical methods
promote the development of resistances and are unsuitable for some applications under
some circumstances since they lead to destruction of the surfaces to be protected. The
greatest disadvantage, however, specifically in the case of chemical organic substances, is
the hazard or toxicity to man. Particular substances, for example formaldehyde, which found
use as disinfectant for many years, are now suspected of causing cancer or of being

extremely harmful to the environment.
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Surfaces with antimicrobial action can make a crucial contribution to the solution of these
problems. The standard processes nowadays for generation of such antimicrobial
properties make use predominantly of active ingredients incorporated into the material, for
example silver particles, copper particles, metal oxides thereof or quaternary ammonium
compounds. This frequently involves processing the antimicrobial metals, metal oxides or
metal oxide mixtures to give nanoparticles and then mixing them into paints, coatings or
polymer materials. The broad use of metal particles is questionable since it is barely

possible to assess the long-term effect of this heavy metal on man and the environment.

For example, WO 2019/197076 discloses particles finished with a layer containing both
antimony tin oxide and manganese oxide. The person skilled in the art is aware that the
antimicrobial surfaces are produced on account of the electrochemical characteristics of
metals which, in the presence of moisture, develop microscale galvanic cells and, by virtue

of the microscale electrical fields, germ-killing action.

It is likewise known that UV radiation can be used in medicine or in hygiene, in order, for
example, to disinfect water, gases or surfaces. For instance, UV radiation has long been
used in drinking water treatment to reduce the number of facultatively pathogenic
microorganisms in the water. This is preferably done using UV-C radiation in the wavelength
range between 200 nm and 280 nm. The use of electromagnetic radiation with different
wavelengths should take account of the different absorption of the different proteins, the
amino acids/nucleic acids (e.g. DNA or RNA) present in microorganisms, tissues or cells,
and peptide bonds between the individual acids. For instance, DNA/RNA has good
absorption of electromagnetic radiation in the wavelength range between 200 nm and
300 nm, and particularly good absorption between 250 nm and 280 nm, and so this
radiation is particularly suitable for inactivation of DNA/RNA. It is thus possible to inactivate
pathogenic microorganisms (viruses, bacteria, yeasts, moulds inter alia) with such
irradiation. Depending on the duration and intensity of the irradiation, the structure of DNA
or RNA can be destroyed. Thus, metabolically active cells are inactivated and/or their
capacity for propagation can be eliminated. What is advantageous about irradiation with UV
radiation is that the microorganisms are unable to develop resistance thereto. However,
these physical methods require specific apparatuses and generally have to be repeated
regularly by trained personnel, which makes it difficult for these methods to be used widely.

Furthermore, as well as direct irradiation with electromagnetic radiation from the wavelength
range of UV radiation, the exploitation of the "up-conversion" effect is also known. This uses
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phosphor particles with which electromagnetic radiation having wavelengths above UV
radiation, especially visible light or infrared radiation, can be converted to electromagnetic
radiation having shorter wavelength, such that it is possible to achieve the emission of

radiation having the desired wavelength by the individual phosphor particles.

DE 102015 102 427 relates to a body that emits electromagnetic radiation in the wavelength
range of UV light. Phosphor particles are embedded in the body in a near-surface region
within the material from which the body is formed or in a coating on the body. All that is
stated here in general terms is that the phosphor particles are added directly to a coating to
be formed on the material in the course of processing, where the particular material should
have a suitable consistency or viscosity. DE 10 2015 102 427 is silent with regard to suitable
polymers and additives.

US 2009/0130169 A1 and WO 2009/064845 A2 describe phosphors that can be introduced
into polyvinyl chlorides, acryloylbutadienes, polyolefins, polycarbonates, polystyrenes or
nylon, which kill pathogenic microorganisms by virtue of the up-conversion property of the
phosphors. These are phosphors that are prepared at a temperature of 1800-2900°C. While
US 2009/0130169 A1 and WO 2009/064845 A2 do disclose a composition comprising said
phosphors having an asserted antimicrobial action, they do not demonstrate either evidence
of the up-conversion property or microbiological experiments. The process disclosed in
these documents does not result in a phosphor having an up-conversion property, but

instead in an amorphous and glass-like product.

Moreover, US 2009/0130169 A1 and WO 2009/064845 A2 are silent as regards the
compatibility of the component in the coating composition and the properties of the coating
surfaces, such as the paint surfaces, for example. However, the appearance of coating

surfaces is paramount for the consumer.

The demands on coatings and paints are diverse. In principle, coating layers or paint
coatings have two tasks or functions: the protective and the decorative function. If merely
the term "coating layer" should be stated below, both types of coating are intended. They
decorate, protect and preserve materials such as wood, metal or plastic. Accordingly, bright
and glossy coat layers are required on the one hand, and a continuous coat layer on the
other hand for assurance of chemical and mechanical stability, a certain glide over the

coatings or a particular feel.
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In contrast to WO 2009/064845 A2, the patent application PCT/EP2020/077798 discloses
phosphors exhibiting up-conversion and the preparation thereof. On irradiation with
electromagnetic radiation having lower energy and longer wavelength in the range from
2000 nm to 400 nm, in particular in the range from 800 nm to 400 nm, such phosphors may
emit electromagnetic radiation having higher energy and shorter wavelength in the range
from 400 nm to 100 nm, preferably in the range from 300 nm to 200 nm, with the result that

they are suitable for use as antimicrobial phosphors in coating layers.

For instance, EP 3 929 254 describes a composition comprising at least one film-forming
polymer, at least one up-conversion phosphor according to the teaching of
PCT/EP2020/077798, optionally at least one additive and optionally at least one curing
agent. It was shown that coating layers comprising these phosphors have antimicrobial
action without the other properties, in particular the storage stability, being significantly

impaired.

However, it was also found that the phosphors prepared by a process according to
PCT/EP2020/077798 exhibit an inhomogeneous particle size distribution, which presents a
particular challenge when incorporating these phosphors into a coating matrix. Even though
the teaching of EP 3929254 leads to antimicrobial coating layers, it would additionally be
desirable to be able to increase the intensity of the emission of the phosphors.

The as-yet unpublished European patent application EP 21167984.0 proposed using, for
the production of coatings having an antimicrobial property comprising

- at least one film-forming polymer,

- optionally at least one additive,

- optionally at least one curing agent,

- at least one up-conversion phosphor with

at most 3.5% by weight of flux, based on the overall amount of the reactants.

While all of the publications mentioned above and the as-yet unpublished European patent
application EP 21167984.0 describe a process for the preparation of these up-conversion
phosphors, these processes have been conducted only on the laboratory scale. This
involved using agate mortars and muffle furnaces. The dimensions of such equipment are
naturally limited. These processes can therefore not be used optimally for the industrial
preparation of the up-conversion phosphors. The process regime is impractical and time-
and cost-intensive. In addition, it has been found that the up-conversion phosphors
prepared in relatively high amounts by these processes do not exhibit any reproducibility.

JP 2023-138393 A 2023.10.2

10

20

30

40

50



10

15

20

30

35

(16)

202100281
5

Either the material did not display any sufficient up-conversion or the antimicrobial action

was inadequate.

It was therefore an object of the present invention to specify an optimized process for the

preparation of up-conversion phosphors.

To achieve this object, a process is proposed for the preparation of an up-conversion

phosphor of the general formula (1)

AtxyB*BoSIOs LN L2, |

with

x =0.0001 - 0.0500;

z =0.0000 or z = 0.0001 to 0.3000 with the proviso that: y = x + z;

A being selected from the group consisting of Mg, Ca, Sr and Ba;

B being selected from the group consisting of Li, Na, K, Rb and Cs;

B* being selected from the group consisting of Li, Na and K, where B is the same as B*
or B is not the same as B*, and preferably B and B* are not the same;

Ln" being selected from the group consisting of praseodymium (Pr), erbium (Er) and
neodymium (Nd);

Ln? being selected from gadolinium (Gd),

comprising the following steps:
- preparing a mixture with:

i} at least one lanthanoid salt selected from lanthanoid nitrates, lanthanoid
carbonates, a lanthanoid carboxylate, preferably lanthanoid acetates, a lanthanoid
sulfate, and/or a lanthanoid oxide, preferably PrsO11 and/or Gd»Os, where the
lanthanoid ion in the lanthanoid oxide or lanthanoid salt is selected from
praseodymium, gadolinium, erbium, neodymium and, for co-doping, preferably at
least two of these,

ii) providing a silicate, preferably a silicate salt, particularly preferably an alkali metal
salt of the silicate, or a silicon dioxide,

iii) providing at least one alkaline earth metal salt and at least one alkali metal salt,
preferably an alkali metal silicate or an alkali metal carbonate, selected from a
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lithium salt or a lithium compound and optionally selected from a sodium salt and
potassium salt, preferably the salt of the lithium salt, preferably a lithium silicate,
particularly preferably a lithium carbonate, a calcium carbonate and a sodium
carbonate, and optionally

iv) at least one flux selected from the group of the ammonium halides, preferably
ammonium chloride, alkali metal halides, preferably sodium chloride, sodium
fluoride, sodium bromide, lithium fluoride or lithium chloride, alkaline earth metal
halides, preferably calcium chloride or calcium fluoride, and lanthanoid halides,
preferably praseodymium fluoride or praseodymium chloride,

- introducing the mixture into a reaction chamber of a thermal apparatus,

- heating the mixture until a thermal treatment temperature is reached of from 600°C to
< 1000°C, preferably from 650°C to 900°C, with a heating ramp of from 10°C/h —
400°C/h, preferably 50°C/h — 350°C/h, particularly preferably 80°C/h — 300°C/h,

- thermally treating the heated mixture at a temperature of from 600°C to < 1000°C,
preferably at 650°C to 900°C, the holding time being at least 0.02 h,

- cooling the thermally treated material to room temperature while maintaining a cooling
ramp of from 10°C/h — 400°C/h, preferably 50°C/h — 350°C/h, particularly preferably
80°C/h — 300°C/h,

- obtaining a silicate-based lanthanoid ion-doped phosphor according to formula (1).

The term "thermal treatment" is understood here to mean calcination, precalcination, heat
treatment, or thermal reduction.
With the process according to the invention, it is now possible, surprisingly, to prepare up-

conversion phosphors in reproducible amounts.

What is advantageous with the process according to the invention is the preservation of the
apparatus materials on account of the heating and cooling ramps. Apparatuses used
therefore do not experience any sudden temperature stress that might lead to material

fatigue.
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Preferably, the holding time is 0.5 h, preferably 3 h, particularly preferably 6 h or 12 h, but
no more than 48 h. A person skilled in the art can accordingly vary the holding time within

these times for reasons of economics.
Preferably, the thermal treatment temperature is kept constant during the holding time.

The mixture can preferably be prepared by means of batchwise mixers, such as for example
drum hoop mixers, drum roller mixers, double-cone mixers, container mixers, drum mixers,
or continuous mixers such as for example paddle mixers, extruders, and flow mixers. Other

mixers are also conceivable.

The mixture is preferably prepared without solvent.

Preferably, the mixture is ground and/or compacted before being introduced into the

reaction chamber.

The uniformity of the mixture before introduction into the reaction chamber can play a large
role in achieving the required product quality. In order to achieve this uniformity, grinding
may preferably be used to make the particle size distribution of components i, ii, iii and
optionally iv more uniform. The grinding may be effected by means of wet grinding or dry
grinding. Dry grinding may for example be conducted in ball mills, stirred ball mills, pinned
disc mills, impact mills, sifter mills, spiral jet mills, fluidized-bed jet mills or steam jet mills.
Wet grinding may for example be conducted in rotor-stator dispersing systems/dispersers,

stirred ball mills or colloid mills.

Subsequent compacting/granulation has the advantage of reducing the required working
volume of the furnace, preventing or minimizing dust formation and/or counteracting
demixing of the components. Compacting may be effected wet or dry. Compacted powder
up to and including granules can be prepared by the compacting. Roller
presses/compactors or similar technologies may be used for the compacting.

Preferably, at least 0.01% — 10.0% by weight, preferably at least 0.5% — 6.0% by weight
and particularly preferably 1.5% — 4.0% by weight, of flux is used, based on the overall

amount of the reactants.
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The thermal treatment is preferably conducted batchwise or continuously. Depending on
the geometry of the thermal apparatuses, one such process regime is expedient, which the
person skilled in the art can accordingly assess and employ.

The thermal apparatus is preferably batchwise furnaces, preferably muffle furnaces, air
circulation furnaces, chamber furnaces, trolley hearth furnaces or fluidized-bed furnaces or
reactor, or continuous furnaces, preferably push-through furnaces, flow-through furnaces,
rotary tube furnaces, drum furnaces, tunnel furnaces, vertical furnaces or paternoster

furnaces.

These furnaces can preferably be constructed gas-tight and/or gas-permeable, and may be
operated electrically or with natural gas.

The furnace construction must preferably ensure that the process according to the
invention, which consists essentially of heating, thermal treatment and cooling, can be

conducted with adherence to the respective ramps and holding time.

When using rotary tube furnaces or drum furnaces, it is preferably for the working tube or
drum to first be heated without mixture. Once the working tube has reached the necessary
temperature, the mixture is introduced. On account of its construction, the holding times
thereof can be short and correspondingly high throughputs can be generated. The cooling
step of the invention with the cooling ramp may be dispensed with, since the product is

immediately discharged into a vessel.

Preferably, the thermal treatment is conducted in a rotary tube furnace in combination with
a further batchwise or continuous furnace, such as for example tunnel furnace, flow-through
furnace, push plate furnace.

The thermal treatment is preferably conducted completely or partially under air atmosphere.

Should the process according to the invention be conducted in a reducing atmosphere, the

thermal apparatus should preferably be gas-tight.

When conducted under air atmosphere, gas permeability of the thermal apparatus would
be advantageous.
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Itis conceivable for the process according to the invention to preferably be conducted under
air atmosphere and reducing atmosphere. The thermal apparatus should have such a
combined unit for this purpose.

Preferably, the thermal apparatus in the reaction chamber has one or more vessels made
from ceramics and/or provided with ceramic fillers and/or ceramic coatings. Vessels made
of other materials which do not enter into any reactions with the reactants and/or the product
may also be used. These vessels may be installed so as to be stationary or movable in the
reaction chamber (for example: on a paternoster lift, on a carriage, on a continuous belt,

etc.).

When using more than 1.0% by weight of lanthanoid ions, based on the overall amount of
the reactants, prior to the cooling of the thermally treated material there is preferably
conducted a further thermal treatment under reducing atmosphere at a temperature of from
600°C to < 1000°C, preferably at 650°C to 900°C, with the holding time being at least 0.02
h, preferably at least 0.5 h, particularly preferably at least 3 h.

The reducing atmosphere is preferably CO-containing atmospheres or a forming gas,
preferably argon-hydrogen mixtures or nitrogen-hydrogen mixtures (97/3 and 95/5).

For the process according to the invention, the lanthanoids are preferably praseodymium,
the alkali metals are preferably sodium or lithium and the alkaline earth metals are

preferably calcium.

Preferred silicon dioxides that may be used are the products with the trade names Aerosil®
300, 200, OX50, 200V and 300V from Evonik.

Preferably, the phosphor prepared by the process according to the invention is doped with

praseodymium.
Preferably, the cooled silicate-based lanthanoid ion-doped phosphor is ground.
The phosphors prepared by the process according to the invention can be coated by an

aftertreatment. Coated and uncoated up-conversion phosphors can be used in coating

materials having antimicrobial action.

JP 2023-138393 A 2023.10.2

10

20

30

40

50



10

15

20

25

30

(21)

202100281
10

Adduced hereinafter are examples that serve solely to elucidate this invention to the person

skilled in the art and do not constitute any restriction at all of the subject-matter claimed.
Methods

Particle size distribution to ISO 13320:2020 and USP 429, with a Horiba LA-950 Laser

Particle Size Analyzer

Qualitative elemental analysis by means of EDX with a Tabeltop 4000PIus from Hitachi,
15 kV BSE detector, 1000x magnification

Powder XRD: The X-ray powder diffractograms of the samples were recorded using a
Bruker D2 Phaser powder diffractometer operating in Bragg-Brentano geometry, using Cu-
Kq radiation and a line scan CCD detector. The integration time was 20 s and the step width
was 0.017° 26.

The emission spectra were recorded with the aid of an Edinburgh Instruments FLS920
spectrometer equipped with a 488 nm continuous-wave OBIS laser from Coherent and a
Peltier-cooled (-20°C) single-photon counting photomultiplier from Hamamatsu (R2658P).
Edge filters were used to suppress second- and higher-order reflections caused by the

monochromators.

BET surface area measurements to ISO 9277:2010, DIN 66131 using a Nova 2000e

instrument from Quantachrome.

The degree of crystallinity (DOC) gives information on the ratio of the crystalline area to
the amorphous area of all components in a powder diffractogram. The degree of crystallinity
is calculated from the total area under the crystalline and amorphous fractions:

Crystalline area
" Crystalline area + Amorphous area

boc

Bulk and tamped density measurement to DIN EN ISO 787-11:1995-10.
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Example Preparation of a phosphor (Cao.9sPro.01Nao.01)Li2Si04 with 1.5% by weight
of CaF. as flux on a 6 kg scale in accordance with the process according to the

invention

2.47 kg of CaCOs, 1.86 kg of Li2COs, 1.51 kg of SiO», 13.36 g of Na>COs, 42.95 g of PreO11,
and 92.62 g of CaF. were mixed in a drum hoop mixer and ground by means of a pinned
disc mill. The ground mixture was then compacted using a roller compactor. The ground
and compacted mixture was distributed between three 3.2 | ceramic boxes. Each box was
filled with 2 kg of the mixture. The boxes were then transferred into a chamber furnace. The
filled boxes (batch) were heated to a temperature of 850°C with a heating ramp of 90°C/h.
When the thermal treatment temperature of 850°C was reached, the batch was calcined in
air for 6 h. The phosphor was then cooled to room temperature while maintaining a cooling
ramp of 90°C/h. The cooled, coarse material-like phosphor could be removed from the
boxes and pre-comminuted by means of a jaw crusher. The pre-comminuted phosphor was

ground to a particle size distribution of
D1o: 2.6 pm

Dso: 3.6 pm

Dgo: 6 um

with an air jet mill.

With a batch of 6 kg of reactants, a yield of 4.8 kg of phosphors could be prepared.

Fig. 1 shows an emission spectrum of the phosphor prepared by the process according to

the invention.

The phosphor prepared by the process according to the invention exhibited an up-
conversion property in the emission spectrum in the UV-C range and an antimicrobial

action.
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Theoretical comparative example 1 (CE1) Preparation of a phosphor in
accordance with the as-yet unpublished European patent application EP 21167984.0
(Cao.98Pro.o1Nao.01)Li2SiO4 with 1.5% by weight of CaF: as flux

For a batch of 6 kg of reactants, a theoretical 600 crucibles have to be prepared and 200
muffle furnaces have to be present, in order to be able to conduct the process. This
calculation was based on the holding capacity of a muffle furnace. In theory, three 60 ml
ceramic crucibles fit in a muffle furnace, each of these crucibles being able to hold 10 g of
reactant mixture. In view of this calculation, it is clear that the process known from the prior

art could not be economically practicable.

Comparative example 2 (CE2): Preparation of a phosphor (Cac.esPro.01Nao.o1)Li2Si04
with 1.5% by weight of CaF; as flux on a 6 kg scale without heating ramp and without

cooling ramp

Analogously to the example described above, the reactants were mixed and distributed
between the 3.2 | ceramic boxes. However, the heating ramp was dispensed with. It could
be seen that all ceramic boxes broke. After the thermal treatment, the phosphor was cooled
to room temperature without maintaining the cooling ramp. Damaged ceramic boxes were
irreparably broken. A yield of 0 kg of phosphor was obtained. The phosphors contaminated

with ceramic material were disposed of.

JP 2023-138393 A 2023.10.2

10

20

30

40

50



10

15

20

25

30

35

(24)

202100281

Claims

1. Process for the preparation of an up-conversion phosphor of the general formula (1)

AtxyB*B,SI0 LN L2, |

with

X=

zZ=

0.0001 - 0.0500;
0.0000 or z = 0.0001 to 0.3000 with the proviso that: y = x + z;

A being selected from the group consisting of Mg, Ca, Sr and Ba;

B being selected from the group consisting of Li, Na, K, Rb and Cs;

B* being selected from the group consisting of Li, Na and K, where B is the same as B*

or B is not the same as B*, and preferably B and B* are not the same;

Ln'

being selected from the group consisting of praseodymium (Pr), erbium (Er) and

neodymium (Nd);

Ln? being selected from gadolinium (Gd),

comprising the following steps:

- preparing a mixture with:

i} at least one lanthanoid salt selected from lanthanoid nitrates, lanthanoid
carbonates, a lanthanoid carboxylate, preferably lanthanoid acetates, a lanthanoid
sulfate, and/or a lanthanoid oxide, preferably PrsO+1 and/or Gd-Os, where the
lanthanoid ion in the lanthanoid oxide or lanthanoid salt is selected from
praseodymium, gadolinium, erbium, neodymium and, for co-doping, preferably at
least two of these,

ii) providing a silicate, preferably a silicate salt, particularly preferably an alkali metal
salt of the silicate, or a silicon dioxide,

iii) providing at least one alkaline earth metal salt and at least one alkali metal salt,
preferably an alkali metal silicate or an alkali metal carbonate, selected from a
lithium salt or a lithium compound and optionally selected from a sodium salt and
potassium salt, preferably the salt of the lithium salt, preferably a lithium silicate,
particularly preferably a lithium carbonate, a calcium carbonate and a sodium
carbonate, and optionally
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iv) at least one flux selected from the group of the ammonium halides, preferably
ammonium chloride, alkali metal halides, preferably sodium chloride, sodium
fluoride, sodium bromide, lithium fluoride or lithium chloride, alkaline earth metal
halides, preferably calcium chloride or calcium fluoride, and lanthanoid halides,

preferably praseodymium fluoride or praseodymium chloride,
- introducing the mixture into a reaction chamber of a thermal apparatus,

- heating the mixture until a thermal treatment temperature is reached of from 600°C
to < 1000°C, preferably from 650°C to 900°C, with a heating ramp of from 10°C/h
— 400°C/h, preferably 50°C/h — 350°C/h, particularly preferably 80°C/h — 300°C/h,

- thermally treating the heated mixture at a temperature of from 600°C to < 1000°C,
preferably at 650°C to 800°C, the holding time being at least 0.02 h,

- cooling the thermally treated material to room temperature while maintaining a
cooling ramp of from 10°C/h — 400°C/h, preferably 50°C/h — 350°C/h, particularly
preferably 80°C/h — 300°C/h,

- obtaining a silicate-based lanthanoid ion-doped phosphor according to formula (1).

2. Process according to Claim 1, characterized in that the mixture is prepared without

solvent.

3. Process according to either of the preceding claims, characterized in that the mixture

is ground and/or compacted before being introduced into the reaction chamber.

4. Process according to any of the preceding claims, characterized in that at least 0.01%
- 10.0% by weight, preferably at least 0.5% — 6.0% by weight and particularly preferably
1.5% — 4.0% by weight, of flux is used, based on the overall amount of the reactants.

5. Process according to any of the preceding claims, characterized in that the thermal

treatment is conducted batchwise or continuously.

6. Process according to any of the preceding claims, characterized in that the thermal

apparatus is batchwise furnaces, preferably muffle furnaces, air circulation furnaces,
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chamber furnaces, trolley hearth furnaces or fluidized-bed furnaces, or continuous
furnaces, preferably push-through furnaces, flow-through furnaces, rotary tube

furnaces, drum furnaces, tunnel furnaces, vertical furnaces or paternoster furnaces.

Process according to any of the preceding claims, characterized in that when using
rotary tube furnaces or drum furnaces it is necessary to heat the working tube or drum

before introducing the mixture.

Process according to any of the preceding claims, characterized in that the thermal

treatment is conducted under air atmosphere.

Process according to any of the preceding claims, characterized in that when using
more than 1.0% by weight of lanthanoid ions, based on the overall amount of the
reactants, prior to the cooling of the thermally treated material there is preferably
conducted a further thermal treatment under reducing atmosphere at a temperature of
from 600°C to < 1000°C, preferably at 650°C to 900°C, with the holding time being at
least 0.02 h, preferably at least 0.5 h, particularly preferably at least 3 h.

. Process according to Claim 9, characterized in that the reducing atmosphere is CO-

containing atmospheres or a forming gas, preferably argon-hydrogen mixtures or

nitrogen-hydrogen mixtures (97/3 and 95/5).

. Process according to any of the preceding claims, characterized in that the lanthanoid

is praseodymium.

. Process according to any of the preceding claims, characterized in that the alkali metals

are sodium or lithium.

. Process according to any of the preceding claims, characterized in that the alkaline

earth metal is calcium.

. Process according to any of the preceding claims, characterized in that the phosphor

has been doped with praseodymium.
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15. Process according to any of the preceding claims, characterized in that the cooled

silicate-based lanthanoid ion-doped phosphor is ground.
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Abstract

The invention relates to a process for the preparation of an up-conversion phosphor of the

general formula (I}

AtsyB*B,SiOgLN" L2, I

comprising the following steps:

- preparing a mixture,

- introducing the mixture into a reaction chamber of a thermal apparatus,

- heating the mixture until a thermal treatment temperature is reached with a heating

ramp,
- thermally treating the heated mixture, the holding time being at least 0.02 h,

- cooling the thermally treated material to room temperature while maintaining a

cooling ramp,

- obtaining a silicate-based lanthanoid ion-doped phosphor according to formula (I).
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240

300 360
Wavelength/ nm

——Example 1 (Ca0.98Pr0.01Na0.01)Li2Si04 with 1.5% by weight of CaF2
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