wo 2022/004979 A 1 |0 000 KO0 YO

12) 5 Hx g 93t TME A=
~.

a9) A A A 4 A4 7] 7 éj U A 01 0 0

= A A= 2 )

43 ZA AL %ﬁ 10) T A N HE

20223196 Y (06.01.2022) wWipo|PCT WO 2022/004979 Al
(51 FASHE Ulsan (KR). f&ﬂgﬁy (HAN, Gaofeng); 44919 21| 2

CO1C 1/04 (2006.01) T AUYS FU2EA 50, Ulsan (KR).
(21) FAEYUE: PCT/KR2020/019127  (74) W&Rl: FAE 5332l (Y.P.LEE, MOCK & PART-
22) FA2LY 2020 d 12 € 24 2 (24.12.2020) 1;‘1551)2 %&sgij é’lj)?mjl 5= 304 13, Hwoba
(29) a2 T ) A4 caesl AL Gl ks R E e 3
(26) FAAA: gkt W Ag e BEE 938to]): AE, AG, AL, AM, AO, AT,
(30) SAAA 1. AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,

10-2020-0080499 2020 ¥ 6 4 30 & (30.06.2020) KR

942l 247387 < 4 (UNIST(ULSAN NATIONAL
INSTITUTE OF SCIENCE AND TECHNOLOGY))
[KR/KR]; 44919 -AFA] &-F1 A3 FUXEZ 50,
Ulsan (KR).

Wy 7} aﬂ—’a'ﬂ (BAEK, Jong-Beom); 44919 2-4HA] &
F A% FUAEZ 50, Ulsan (KR). 43 (KIM,
Seok Jin); 44919 Sl & A g FUEEA 50,

R

(7

[e]

(72)

(84)

CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, DZ, EC,
EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU,
ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN, KP, KW,
KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG, MK,
MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
SE, SG, SK, SL, ST, SV, SY, TH, TI, TM, TN, TR, TT, TZ,
UA, UG, US,UZ, VC, VN, WS, ZA, ZM, ZW.

AR (el A7) gl @, b5 a2 el o
0 @l H3E 93}e]) ARIPO (BW, GH, GM, KE,
LR, LS, MW, MZ,NA,RW, SD, SL, ST, SZ, TZ, UG, ZM,

o=}

(54) Title: MECHANOCHEMICAL AMMONIA SYNTHESIS METHOD

(54) &g o WA 7] 7 shebe hrof g4 U

AA ...
BB ...
... Active Fe

Active defect

DD ..

EE ... Hydrogenation

Nitrogen dissociation

. Compressive strain

(57) Abstract: A mechanochemical ammonia synthesis method according to one embodiment comprises the steps of; (a) ball milling
Fe particles, with balls, in a nitrogen (N») atmosphere; and (b) ball milling the Fe particles that have been ball milled in the nitrogen

(N») atmosphere, with balls, in a hydrogen (H») atmosphere.

(57) 8.9FA: & A ofo]l mhE 7] A sh b4 h R of Al Z W2
Al 5 (0) 7] ANy B9 71l M = HHE 7] Fe dAbE



WO 2022/004979 A [IN 1]} 00 000 00O T O OO

ZW), 5-2HA o} (AM, AZ, BY, KG, KZ, RU, TJ, TM), -
# (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FL
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM, TR), OAPI
(BF, BJ, CF, CG, CI CM, GA, GN, GQ, GW, KM, ML,
MR, NE, SN, TD, TG).

0

—  FAZAPE LA 9} A (= 0F A|21%(3))



WO 2022/004979 PCT/KR2020/019127
1

%49
drg el WA 7| A stehy dEYop ¢

vy e ohw o} g4 W

oX,
L

of 3t

S

ol

S E LU ol(NHy) = H| &, F0E, Hob~E 2 7[E 38t 4 M T8
T Y85 F shvelth 20191 AA Al A wd oF 19] 437 E 9
Yo7t A E ) o, gbE o= Al A 10t) 3}st &4 5 sfvfoltt. Al
Yo} 34 H-S 400-500°C 2 100 bar o]l A A A (N,) 9 4= 2 (H,) 2
h= 3} -H. 4] (Haber-Bosch) &g o] t}. 3F¥-H.4] &4 2] ¥+ 05N, + 1.5
H, © NH; (2H=-4622 kI mol'')-> & HEgo|ng 25 g3 o] 24 o2
ZARE 2] ol (Le Chatelier)2] 9] 2] #H oA NH; 22| A3 S8 4= 9l
JHY =S N, s8] o\ #| (dissociation) 2} =4 2] Zdet 52 of| 1 X 7} F o}
A& Aelste] shi-B 4 272 th7] 27104 Ao 5= glrt. whehA
Aol A Ao shA s E o] NHsoll #e] &3 A s 54 9] &olAd wjiell
oA A FLglol st -H4 T B} 2-38he bR ol A Wil Al
A} a2y} BT U n aw]o} AL 100d AT FAE 72
TS ZEar gl
o=
Al ==

O

Q2
2
1o
)
r-”é

& <€ 3] (enthalpy of reaction)& 31281, N, 3l 2] & ¢
"olH 0w FabAle] 24 A ol UA & Baw B} 4ol
el T ne g Hl N, Habel 8E L 2
(N*, NH* 5 NH,*) 9| &35 53187] 9 gholH, 5ol

7] 918 2ARE 2o Q2] 23E ko] ABH ) ujelA

=] OPELJ o} A 2715 &A1 717] $13F] Bell-Evans-Polanyi
(BEP) #A| & 7= WhH S 3= Zlo] H Q5
oy o] A% ’é 3
71=2 3A

L2 ase] ShRE Yol A 2 & A A g ol R Yol A WS
Ag3h= Aot
71=4 AU

A T ool wE 7] A B} A kR o} Al & WHH 2

(@) Fo QA2 A &Ny 9171004 231 371 13} & g e

(b) 871 13+ = " E 7] Fe AAE F2H,) 71004 &3 & 221 &=
A ok dA; & 88

F71 (a) GANA 7] B3] &= Qlste] 7] Fe A #loll, A& (N7t
FAE o] A& ANy E F e E A= A E Alw b 24 A SHactive

ml

ﬂ_l
¥
5

rlr

>
el

ol
T oo B oo ox M

2,
ot
_‘4

‘

3
B oy Ho2
o
_>‘~1_5

o o (L

ey

g =
_E

mtm



WO 2022/004979 PCT/KR2020/019127

[9]

[10]

[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

defectyo] AAE o= Slt).

A7) (a) @A A 7] 84 Ashel] A A AAHNH7F E2E Fe(N*) A7t
A= =t

2471 (a) AN A Fe QAF Yol &2 A AAHN7F A7) (b) ©A o) A
T3l E o] NH* = NH* 9] T3 A E = Y ol(NHy)E A e 4=

871 T A =0l 5 Yol WshE wj7hx] AV (b) GAE

#37) 8 Yol o] ste] 7] Fe A Aol B3} Aol WES} ol A 5 Qo

7] (a) BAIRZ 20°C WA 100°C 9] £ 5 E g1l A o] Foj = gt
2471 (a) ©713= 1 bar WA 20 bar 9] $F8] 9] dholl A o] Fo1d = 9l
A7) (@) @A A7) (b) GA Abololl 7] AAN,) ¥-91718 471 52 2H,)

271 (b) ©7A13= 1 bar WA 20 bar 2] &2 ¢ dtol| A o] o4 4= qlt}

271 (b) @A ol A 200 rpm W A] 1000 rpm H Y o] AL R H wlye 5=
AUTH

A7 B2 Fe & ¢ 5d 4 ok

471 Fe & -2 Fe& o] 7o %] Fe &Y 4 Q)T

(a) @Al A 7] Fe A2l #1742 10 nm WA 1 mm, ol & £¢] 10 nm WA
100 i H A A = St

(b) SA AN A 7] Fe(N*) A2 2742 5 nm - 500 um, o] & 5] 5nm - 50 ¢m
HAD 7= dom ALgH Fe ko] 274 B} 2holA] A o,

(©) 71 (b) @A = AAAHE B Yol& st @A E o 2383 5 .

A7 (c) GA F A7 Fe QA= Q. ~EWE <A (Ostwald ripening)©l] 2] 8lo] T

2 5z 948 5 gk
A

Fo §17HE o] 88 % @ ol o3 717 s45b4 ol o] sto] she £xsp vt
SFEel Lokt 271o) M G LlolE AT 4 Ark



WO 2022/004979 PCT/KR2020/019127

3

T2 Ao Hy) 1ol

[30] =3 A 7ulA 1ol A FAHEN, 23] of Ed Agke] g et

[31] 4= A 7 WA 1ol A SAHEN, 73] of 28 AR 2pl 219
“1ef Lol

[32] L5 A 2 15004 SAHE 2 7] 3 A S e B 87
<5 g bR ol Ry o] 1zl rh

[33] L6 A3 16 W 20004 SAHH SR o} Fu] off B AIgHe] 1ol

[34] 572 A%l o 16 W 20014 A H R Yol Hu) o] zped 21 o B A[7E
“1ef Lol

[35] SR8 A9 21 A 28 ol M HAE H, fhH el whE FE ol F kR
YR Uol Ry o] 1ef Lol

[36] 5 9ax= A7 o 21 W A] 2890 gk A A GC = Edolal, & 9bi= H, ¥] A7}
LR AR 9] GC 2~ E o] 5L, & 9ci= h R U of 3| A 7F vrERd Al ZET) 9
GC ~F Ego|t},

[37] 5102 A3 o 2994 A H ehR L olo] Hu & gHE Alo] & 3] ol tfj gl
Lhebd L szo) )

[38] % 112 &4d Sl(activated) Fe ) AF2F Fe(N*) 9 AF2] XRD 3 H-& Ho]5=5=
“1ef Lol

(39] % 12a% 489 Fe,N 91 #4He] XPS “Lu| 0| 3L, % 12b%= Fe(N¥) 9 Aho] XPS
“1Ef ol
o] AXAE 93 FH

[40] olatell A A F-A ol whE 7] A 3}eHA W & o] &g R Yol FA Wil
A A gkt

[41] (YE o} 4 WA

[42] L 12 A ol & A 3}shA Wi & o] &8 dE Yol A WAV S-S
MeEFd o2 EAIg Ho|t & 18 FASHE, A FF o of] & ¢F o) A
wAY F-S 2 A 3l 2] (nitrogen dissociation) 2} 5= 4> $H(hydrogenation)2] 7 WA &
g

o

[43] 2 4 &l 2l nitrogen dissociation)

[44] A W97] shel 'E el HE %ﬂAmH@ﬂ%%ﬂgﬂFqu
FEH o) A dHdefect)o] FAE T o] AL AAN)7F S 2] o] AL AN E
A E 7 A= A E At 24 7éé{}(actlve defect)©] T}, Fe ¢ #} = =50
o ste] o] H& Fe YA 2 H WA el F EEA o] F7HHT) Fe
AA= Z7hE T v o Bo g4 A3 A e 5= glow uldbA T
B2 2AWN)E F2e=d st

[45] %@&@i@ﬁﬂ%%ﬂAﬂﬂﬁﬂ@vﬂﬂﬁﬂﬂﬂﬂmﬂiﬂa%q

i
e,
ot
offl
r o]
"11

Hylo] ubE Aol &2 9lsle] A H 84 AL As



WO 2022/004979 PCT/KR2020/019127

[46]
[47]

[48]

[49]

[50]

[51]

[52]

a2 ol w5 ghel A 28 5 Qlot 2 3t
active Fe atoms)© A A w2} AjEs = = Wl F7h& ZH7] "), o]
AL Aol 44 WA shaL obg gk A4 AS 3
el & sk 23} YA & wEF= gl 713 4 9
olste] Fe f#} 3xH o] &4 Ao w7y =
AANHE 2 5= o) 38, Fe A o] 24 AxHNH2| 557}
FolAH F2H Fe-No| A7) 5o U A ¥ a1, Fe-N& Aol o] A7t
7I7H # el uhe} Fe-N& 7] 2] o] dber g I} (repulsion effect) 7} A 71 4] Fe-N A o]
okafl 2 = A th. Fe-N A 3ol oFa|#|H ¢ E o} A& 918 N-HAT o] ¢
freletAl dojd o ot

T4 $l(hydrogenation) Y7

Fe YA Yoll 28 AL JAANHE F42H,) A 7oA =4H,) 92
HH-$- 0 & NH*, NH,* 1= NH, &2 =43} | th(NH*, NH,* 1= &t 4 &
L ERIT. Fe 4 2Fe] 32 of] Z3HA] 528 NH*, NHy* B23= NH; 2 & 2 % ol
o] gt FA ol 238t Qb= W (compressive strain)ol] 2] 3}o] Fe 31 S 2 H-F
2 4 v Fe Aol A NH; A Eo] W5 Fe YA S AEHE
<2/ (Ostwald ripening)< &3l T & A7 2 A4 4 o

olalel| A & Aol whE 7] A5} sH4 FE o) A& i of] #hsto] Al st Al

i

3t
2 oo W& VA g4 R o} Al WS =g uke) o) () A4
7N E A A FAHNH R sl 2 A1 7= @A <k (b) sl 2l E A4 dANHE
YW ol FAgtehs BAE EEegt

(a) Aol A 3= Fe JAE H AN, ¥-9 710 A &3} &7
Aol AALMN)E THA7]a1 Ao AANHE 2l A] 71,
oo TEE QISte] Fe YA Yol &4 Aslo] At o] &4 Asl
ALMNY7F 528 & A4 AANHE g2 7 ok webA ()
el 2l | A A ARNH7F F A Fe(N*) QA7 A E =7 vk & H = ol o] shof
Fe 1#he] A&7 02 ¢ & Fe A7 A H AY Fe 9 A 912 2443}
Agto] Wrl ol = lom g AAMN2)Y FA H A4 AAINHE 2
& F7Fe 4= )

()9 & 29 dAE ALoA FadE ok B 8 o] 22 &Y

dete] Frbete Bl 8

FH oF 100°C7HA] 7

olt

(o]

o
2
2
>

Hat 257 Ao = o Sl B 879

3| A4 5= of| & 591 200 rpm A 1000 rpm 2] WA S 7H2 4= 9t} (a)9] &

L8 GA3= o & 50] 1 bar A 20 bar & $F2] W el A o] Fo A 4= ¢l
S, B o] ALg 3= B2 Fe S dHhet 5 5 o). FAH R

L& Fe & o707 £ 4=t} B& o= E0] 2 mm WA 30 mm 92

A4S 7HA 4= odnk. vl el A S 7HE A5 B DG A Fe YAk



WO 2022/004979 PCT/KR2020/019127

[53]

[54]

[55]

[56]

[57]
[58]
[59]

5

Zxo) 95te] EA 07 Fe ¢ Aol B4 238 34
Fe® o] Fod A=A (a) @A A 10 nm WA 1 mm, o] & £ 10 nm WA
100 um B9 o] A4S 747 YAE FYsto] AFEE 5 :
(@) SACNA sl d A4 ARNHE (b) BA A R bR 52431817

Aste] B 7] do] AN, 2475 Fa,) w712 ¥ g

5y v Aol aE 4 ol B 8719 3 wpef B
&7 Wl Ha 257} oF 100°C7HA] S 71k = ATt (b) @A 9] E3 &7] W9

253 (a) @Al A oln] =3l E U E o] o & A3k Aof o] 5o

o xo
i)

Ir
=

AeRT H B8 5 ok B9 &7 e S BH 47]9 L5

] g she] F7heheh B9 87] 9] 3] #1453 200 rpm W A] 1000 ipm 2] WA S
7HA 4= Atk (@)@ £ =¥ 9A= 1 bar WA 20 bar ©] 918 Mo A o] Fo A
2= o]ﬂ.

T AT

(b) AN A = 4(H,) 9171 3ol A Fe 2t 9ol 2 N* 4 217F = 4(H,
)of RE&3Fe] NH* H1= NH* 9] 3 A = s GEYol(NH)E A
Atk NH* 3= NH,* 9] T3k A = o] 5 bR ol = W gks wj7h4] (b)
A E RS 5= ot (b) BAC A A A& AN 7 F A E o] QL= Fe(N*)
P2kl A2 (@) GAIS] 7] Fe 92k A4 Brh 25 5= 9ht}. o] W Fe(N*)
A72ke] 272 5 nm WA 500 e, o E S 5 nm WA 50 0m M A 5 Tk

(b) GA o] Fo] AR dF Y olE ¥eldhi=z (o) HAE o 83 5= gt
A Uole] FE]= ol F Fo] 9 A, AR H A WS, A3l Fo Wy
o]ato] ol Fold 4= vk E Uo7t F2lH ¥ Fe A= L 2EWE
%A (Ostwald ripening)©ll ©l8to] o & L= Agsk 4= 9o}, 18| g &
Aol ofate] o 242 JAE A A H Y H Fe YA R Yo7t weld &
ChAl & JA R Agstel & E g ol AAREE 5 vk whEbA (@) SA € (b)
GAE 717 Fe A= 9HESLA] (a) A9} (b) ©AIO) A= = 3l

21 & of

i 2 1A

Ar (99.999 %, KOSEM Corp., Korea) % 7] 2] =] H 82 Yo A Fe 4 A} [24
g, A7 <10 um, 99.9 % Fe, Alfa Aesar, 7FE+& 1 ¥ 5:00170] D Fe & (74 =5
mm, 99 wt % Fe, 500 g 74 3} 7S 3 87]250mell A A8ttt Sel B
ul 2ol A of 29 Fe A 7F & 71 ¢ &5k 2l& ] 8to] Fe A3 A40) 5
WA Sk Slolt) oo A S Wk AR B Fe YA 2 Fe o] A9 &3
S5 70 F 59 87 YWl Ar 7FAE N, 7FA2 P AEA T N, 7EAE
AZAsH7] Aol 7k 9l WA N, 7F= 2 A A 8] Al H 3§ v B &7] W
AF Ar 7R E A SRS B 8715 A IS AR N, 7F2 (99.999

AR

N

%, KOSEM Corp., Korea)= 5 3] o] A Esto] o x|t 3 8-7] 9]
N, 7h2=2] SF#2 9 bar Q1 aL, 7k b2 2 9F5 Al o] A (22 801, V| = Harris

Calorific Co)E &4 3ttt 0, = A4 afglof] oFdeS nx 22 0, 29L



WO 2022/004979 PCT/KR2020/019127

[60]

[61]

[62]

[63]

[64]
[65]
[66]

[67]

[68]

6
¥] 3= Al o] & a8t
$HH, Fe YA ¥l A4 A2 0 114 0 2 A o] f{-2lst7] wstol 7] Al 4
WA S5 5 ol il Y| & Aol glth ek 30% & HUH 2y T 10+
o EEH e Fdsto] A2 WESE T o] 9 o] sho] Fe Y AFe] W ol A
N, 7FAE g A A AL AANHE 2 G A Ao, AL AN 7F 13 % Fe
AAHE Fe(N*) YAFE A5 aheh

gh o} g4

A H Fo(N*) Y AHE - ststel mulols sty Aste] B &7] el
AN, 7HSE H, 782299999 %, th7d AF]1 7k 5221 8| Ah R tiA| skl o N

TV EH, 7hAR X 3E s WL AL Ar TFAE N, 7HAR X3 ]7]%
v gl Edstc}, B &) ol A E H, 71~ ¢ & 9bar ©
. iﬂTR“XLE1%ﬂﬂ”®“t“$mﬂiéﬂﬁﬂﬂ
F700) w% 9 F B4 Hle] Az old) FYehis T S F2)0)
ARty a0k F 2el ks ol A Fe IS 48 2 S A4SHA T,
Zeln uhag o] kY] A 7]9) o] 7k EFE (NH, % H)S 919]

AA s o )

o
0
ﬁ

2

|

FeN™) 1] -8l 34 & A2 S 2js) G2 §9 5402 180) o3
79 gone Aed A Ao AL Feaglth £, 4 4o

o4 2] 60+ 105 W skt Sad A A QJX}(N*)-E‘ A 5] A 7817
98] 8k TAL Fe(N®) ol el W S H AT A48 T 1919 2 1Y
Al B 4 A ZFo| AT}, 248 3 9] 18] 2fell A S3HE A4 XN oF 60%
7} gtpjolE 4 3H
A4 el & e sefn] el
é@ﬂlmﬂ@ﬂﬂmgiﬂ1m-

27

.

o:
il

o
o2

it I

rfo

(i

ol

i b

:(‘>L_r‘
[t L, oft

0%

T,
oﬂ
o%ﬂ
i, O,
A_
oo 1
N 2
fo,
to b,
e
Q9
=)
it
jila?
fo,

i ol

e
o

N
2

ol o M &

)

=2
)
olo it
N

A€ qmaﬁ%ﬂgﬂﬁé
=

oo o

! _[1}J| l’ﬂ
o
N

e o
i
ojrt
ot
>,
9L

~ _W o FU}'E
¥2,
Olfo
N
o -
g
;
%)
10
_>|:
l—rl
)
(i
d

AN

offt BN rfo
1o Y, b
1 o o n@
oxl ol ok
do
:(‘>L_r‘
I
it
>,
e
>,
ilan -
e,
oo
~N
o
o}-r
e
-
[\
N
o
o o
()
o
S
>,
©
piltl
il

ol
ol
232

B S

I
e,
oo
N
o,
tott
m

3= 250, 300, 350, 400, 450 2 500 rpm . & A B ¥ 9 a1,
7} 16.0,13.3,11.4, 10, 8.9 2 8.0 Al ZFol Atk o 1
6ol A =A 3 Fe YA}E -7 o 7 A} 2319} Fe(N*)
§M1V?%H%°GU%h¥“% 57930 24 Fe

2

gi?
i

;

oo ol
>

N

N

rlo

N

£

) —
>

NS
>

% 0 &
2L 4 oft H
il
o e
e
ol
BB =

Ny
e
z
ichen

. 411
i

m
g
@
ofi
ol
¥2
i)

O

B 5 879 &5

2 XﬂéiN»JTA UER 2z o)t

Y E 2, 5 879 A&} Skslel whe B 8] 9]
= =29 gz 2 A AN,

k1
[\
rlr
>,
o<
£
m =
® (@)Y
s o
3k
= 1N
ot o
Bl i
R L)
oo
~
AL o
2
>4
k1
é

il
o o
H oo
N
y =
o

fo F1oyE

LS
N
)
i
o7
o
N

r|

Py
o
2
4
o,
%)
H
o
[\®]



WO 2022/004979 PCT/KR2020/019127

[69]

[70]

[71]

[72]

[73]
[74]

[75]
[76]

[77]

7

N
-

g
op
N
do

Szof] vl ¢ 3k F7FE7F 400rpmeoll A 7 A4 o]
2 Ueldt), ©o9o] o] Al A E 2 o]

N
Y

o ¢ = to g
N,

ot rob

do > o n
Ot
o,

<
2

21 A A FAe) o8l HAYSH= Fe YA 2
FAHET Fe A R 9 &F ol A= Fe
A7 E2E A E A Fete] AAx s E F S
2 ey A oy A 5=, Fe YAl 524
2 s A WEE FAenZ AN
n & 4= Qi) 29 g oA & ol x| e} d
TAEHS A E o= A A9 23 S5 5= 400 rpm

=

Mo d
it ot Mo e T iz

L B
fu
L o= o
o
X e
Z
ol
Y
L
o
o
rot
0%
1o
ox
o
=}
o,
3
lo
:(‘>L_r‘

=
ox 1o

e

o

0,
1o
=
)
il

2l

=}
o ol:o
A

Moo

bt

z

<

N

=

o

3
@ o ¥
Z

o [
o2

=

1o, —{E
o ¥
to r
o

il 0%t

o 2 oo my ¥ xO Mo X ok 1 o
>

UL B b BN o 2o ol E

ol o

i
o
=

>

>
o oo
Iy

2

| 7 WA 11: B AN, &2l thalk 5 U3 Ajgke] o
| 7 WA 11914 Fe Y4 A& 500 rpm <]
| A = g stint e B EE A 4,8, 16,30 F 50 Al ko]t
WA 1104 ALg5 Fe A= ZH2) A

A H Fe(N*) YAS A 3]
2 Fe Aol &9 AN, -y & 248
S A 7 WA 1104 B2 A ke wh

13, & 4% B39 A M A2 E

> M
(o]

2

£
~

e =
ot = ¢
ook

o

ki
w
r
i

&
&

£ 2
(8 [d

&

5}

=1
ez FHS 5 = A7k 92 o at
asiel & vl shepu]e]

-

fe)
WA GEokE 45 Astel a8 wANA B b ERES
0.3MHCI 4910 % el dste] YA H dwiloldiel B 2 5w s Skt

PF ol £A
Z 2 (10Ft 1/8 2mm HayeSep Q 80/100 um)©] -2+ 7}~ A 2 vl E 13 3)(GC,
7890B, Agilent)Z AL-g3to] A E 7H2~ B35 S0 R Yol LS
SA st g, SR ol RS et oha-o] 7 7HA] Wi o] ¢
AL& 5 AT
A 7t EFES 34 2EHE 2831 0.3 MHCL 8 (100 m) 2 &2
A ol FATF O RN 7F Z3=E o dEYoE 3 EEoR

ZvlE 12 3)(IC, Thermo Scientific,

o
rfo
H



WO 2022/004979 PCT/KR2020/019127

[78]
[79]

[80]

[81]

[82]

[83]
[84]

[85]

[86]

[87]
[88]

8

Dionex ICS-1600)0l ol &l =4 35}7] Y&l ¥ 49 &M20ml)S 35t} kA,
] *4 L} 2] £°“(80m1>e 3] A %%}ﬂi AZA 72 " =2 A 75°C9]
]

%7“ 8t Tk li E/.;E’aﬂ}l% :HHJJ olate] Fojxl R ol Faef xxH
D3} dRFo] FARTEH dojxl dE ol Fhe AR 2 AR E A

28l o] 12 WA 15: =48] o3t & 2=

Fe 4 AFE Ny(9 bar)°ll 4] 400 rpme] 3] A &
Fe(N*) Y4 A5 Al 23k T}

A4 H Fe(N*) Y AHS Hy(9 bar)ol| 4] 350, 400, 450 2 500 rpm2] 3] A 5=
A7 57,50, 44 R 40 AR Fot B W She) SO RA SR ok
AzstAcH A Ao 12 WA 19). 7423 @Al o) A F 3] -5 120,000
Atol Eol ATt A o 21 WHA] 24004 5L % Fe AAE ¥HT 2 0 &2 AME-&F QAT

5= A 120 15004 SAHE EE 879 3 S5 mE 5 87
5k B kR Yol 3] o] e Zot,

59 gz Fxetd, B &1 3| A&t Fobgkel whe AR
S olo] R 7} Frbeh= AR Eld T 431 GAlE FYE BP0l BE
8719 3| &7t Sobeto] 2 w7F Sebghel whel A E R o)

\=]
n

Fe(N*) A& A| 23} o).

A4 ¥ Fe(N*) A Hy(9 bar)oll 4 500 rpme] 3] A £S5 =2 7171 4,8, 12, 16 2
20 N ZF B B el Ete] 2Aaztelo 24 ok ol E A £F A THA E o 16
=] 20).

56 AFlel] 16 W 20014 4XF A 0 2 HAE kR o] 73] o £

ol A4H %EHO}TJH il
q

=
SAAZEE] 4A[7E Aol M SHZA A B NH 2 F-3] ot} o & 591,
47| Zke] NH, 9] 4-31) 5= 0A] el A 41 E7EA] 208 NH, 9] -3 o] aL, 8 A He]
NH, 9] 73] = 4A| 7holl A 8AIZ17HA] ABAd ¥ NH, 9] -9 o] th. = 6 2 & 79]
W EZE Festd, B A ko] Frhghel utek A ¥ = OPUHOH -3 7}
A e e g sk Ao R YEpd o= R of A o] Fe(N*)7}
Folstd A W29 w57k Fol 5] wtoltth

Aol 21 WA 28: = A43lel] et H, 9hel o] 9

Fe 4 4HE Ny(9 bar)ell 4] 400 rpm©] 3] 7 & %22 37.5 A[{F &<t &

5l 0 2 4] Fe(N*) YAE A 289 o} A A E Fe(N*) 4 AHS 500 rpm 2] 3] A
©®H,2,3,4,5,6,7,8,9 bar2] $FE oA 7217} 4A|7F Fob B ¥ sl
a3hgte 2 R olE Al vk (2 d el 21 WA 28).



WO 2022/004979 PCT/KR2020/019127

[89]

[90]

[91]

[92]
[93]
[94]

[95]

[96]
[97]

[98]

9
% 88 APl 21 A 28 914 Z4 0 H, SHo) mE ol 55
Qb fo} 3] o] e Toluh. k89 e LE FsHH, Hy dol F7hE

FRUG % AAE TAAADE, FR FH4 A 4R

% 9a3= A el 21 WA 289 T @ A GC 2=H E o] AL, = 9b3= H, 9] A7}
LR A ZF o] GC A E o] a1, & 9ci= ;uo}AEIﬁIJrEMAVWH
GC 2= E o]t} & 9a A % 9cE A 23H4, 24 (Hy) <l $FE ¢ Ibar A4 9

bar 7HA] Fob A5 QFF Y o(NH;) ¥ =17} ﬁwﬂ iow =S Y5 AT B,
N, 3 A7k vhebd Ao = ol ] = 2] 5(0.8458)°ll N, 3] A1 7F EA8h4] &=
AL g2 e gEY ol I A AL Fh o] Ny& B 4] i, B
Frols £x1H = Ao s d.

o} A Al =%

Al 29

Fe 1 ZH& N9 bar)oll A 400 rpm @] 3] £ 522 10 Al{F &t & H gt o 224
Fe(N*) 14+E A28t ol of A Al 28 Fe(N*) U AHE 500 ipm @] 2] %] 5=

O

4 A1 X5 H,y (9 bar)oll A & H & 8o 224 FASIA[AA SHE LY
738ttt ol ¢ g B4 & 93] HHE Bl T

5102 A3 o 2994 A H ehR L olo] Hu & gHE Alo] & 3] ol tfj gl
Ve 2 ot} & 102 A2, THA o] F Alo| Foll A 31 A
Atol 2 Bt A H = gy olo] Fu7F S EX|RE FH A o] F Alo] Eof A
A3 o] h Yol A o] E Fa ool mpE kol Aol
SHA A A& BAE

Fe YA E4 -4

A 270 R =0 A Cu-Ko AR (L = 1.5418A)& AF-&3}9] D/max2500V
(AE- Z7Hhel A X4 A XRD) HE A& 7335k 5l ) @A = 0.02°0] &L
A A B 6 Folt) 270 59 W 9l= 30-90°0] T S XA F T v A
?1 (EXAFS)E X3} 7}4:7] A7 A (3H0)2] 6D UNIST-PAL "l &}<lol A A %

B g £H3E Y. -4 ¥ H o] B & Athena A E 9j|o] & Al-£-5} o]

A AT X-A 33 A 2F 2~ 3 E 91 (XPS)S Thermo Fisher K-alpha XPS
g A o A S 8k3l T

%= 112 24 3 ¥ (activated) Fe 9 A2} Fe(N*) 9 A}2] XRD #|H & B+
2 Eolvh, A3k Fe A A AN E Faete] 3l S & & Fe A&
ow] &k aL, Fe(N*) A= afl 2] |l A& AN 7} 52 Fe 4 AHE o gk}, &=
129] XRD “Leff ol A 45°2 2] Fe(N*) 9 2He] 3] A7} &4 8} Fe 1 #ke] 3=
B} uhe Zb e 2 o] F8tal ] A F o] Hloj x| A1 2R vERd T o] = N, WAL
Fe 1Akl F2Fata A N, W21} Fe 2} Alol o] Ao 2h-g 0 = Fe 2} Alo] 9f
A7t g yr] v o2 o AX,

b

_1



WO 2022/004979

[99]

PCT/KR2020/019127
10

5 12a+= 382 Fe,N Y AFe] XPS Z1#f 32 0] a1, & 12bi= Fe(N*) Y AF2] XPS
T otk k1208 FAEH, 3-89 Fe N YAtell A= 397.15eve] vl

Fe(N*) ] ol 4 = 398.10eV 2 399.30eVol A F7} 3] A& Zk=1}. o] = Fe YA}

Fdol M o] 322 No| a9 18 Q1% oF gt Fe-N Aol 7]918h= o2

AAZI,



WO 2022/004979 PCT/KR2020/019127

[ 3]

[T 4]

[ 6]

(7478 7]

[ 8]

4% 9]

7973} 10]

[7d7-8 11]

11

3789

AL Fell oA,
B71 (a) GACNA 7] B3] FEE 1St 7] Fe dAF #19ll, 2 &N,
)7F F2 o] A& AAINH R el E 7 = A E Ak 24
A SH(active defect)o] A7 ¥ 3= 7] Al 3}t 4] B o} Al & W,
A2 el oA,
71 () SANA Z7] B Aol A& AANH7F FEE Fe(N*)
UAZE A B = 71 A8} sth 4] e of Al &= v,
A1 aol] 9o A,
&7 (a) GACN A Fe 4AF ol F2H8 A A A2 NH7E 7] (b)
Al A =43} o NH* 3= NHy* o] $3F A= HEi= P2 Y ok(NH;
)2 A= 71 AIE e A kY o} Al & W,

(e}

%ﬂ(@%ﬁ%:erﬂﬂzoMUAowam71aﬂkpq$qng
A erA ok ol Az W,
1

&7 Well M s

Hu

=

WA 1000 rpm A o] B &7]9] S| AL R
U ¥ = 7] A3l ok v o) A% .

1
9] (b) T A= 40°C WA 100°C ] £ 8 $16l 4 o] o] 1) 7] 4|55 4



PCT/KR2020/019127

12

WO 2022/004979

Fo

=0

N

H

9h1fo} A

T .

T

o]

=z
“F

Foll A o]

ks)

1 bar W %] 20 bar 2] $12 H

w10} A4

o $ho1A,

T .

o $ho1A,

3

.
271 (b) ©A

717 8} 5t

A1

}12]

q.

(37

Fo

=0

N

H

i

[e)

o $ho1A,

1

[
1

[}

q.

71 (b) ¥EA o A 200 rpm WA 1000 rpm % ¢ 2

A1
A1

}13]
}14]

ke
ke

(47
(47

H

-

ol
i

ol Az

o $ho1A,

o 2Loj A,
(a) GA N A 7] Fe A Ake] A4

1
9F1fo} A

[
1

[}

q.

q.

A1
A1

}15]
}16]

q.

q.

(47
(47

;Oﬁ

10 nm WA] 100 um = <1 7] A 3}

o
T

Fo

=0

N

H

o $ho1A,

3

q.

A1

}17]

q.

(37

=0

N

H

wjo} A

o $ho1A,

i

[e)

717 8} 5t

3

q.

A1

} 18]

q.

(37

I
fite]
;OD
B

iy
iy

)
)

—_
fite]

it

Fol 71 (@) R 471 (b)

] o} Al W,
[6)

I E /4] (Ostwald ripening) il
2]

AL

1%

o
o

=

=

O A~EHHJ
s S

7] A &}

A=

o]
H

7] Fe
AAH 7] Fe YA

/\01—

ol 1o A,
k3

7] (c) @A
of gJofA,

1

[
1

[}

q.

q.

18
1
18

} 19]
} 20]

(47
(47



PCT/KR2020/019127

WO 2022/004979

1/7

oo
% | o A
(1% 20
._M_._._ __2=._

wofl

NH,

100




WO 2022/004979

2/7

500 rpm, 9 bar N»

o 500

PCT/KR2020/019127



WO 2022/004979 PCT/KR2020/019127
3/7

[5=5]
200 90
- 80
150 F
§ {170 ©
o+ 100 b H
£ o
z 160 =
oo
50
- 50
0 40
[5=6]
600
—~ 4004
E
=8
il
T
=
200 -
0




WO 2022/004979

4/7

In NH 35 (ml)

16

PCT/KR2020/019127

NH; S5 (%)

1600

4400

NH3 5 (m1)

<4200

N\

N

2t2 (Bar)




WO 2022/004979 PCT/KR2020/019127
517
[5=9a]
H2
5
S
LH
O
" JQ bar
NH, (/8 bar
ar
o
A— ~5 bar
/S — 4 bar
\3 bar
' ' ' ' ' ' 2 bar
0 2 4 6 10
NZH(2)
[5=9b]
H2
N2
S
8
LH
O
Y
7
1 I ) I 1
0.6 0.7 0.8 0.9



WO 2022/004979 PCT/KR2020/019127
6/7

[59c]
WL e
VL 700w

(a.u.)

4 6 8 10
3|4 (cycles)

o
N -



WO 2022/004979

717

-4

Fe (06-0696),
T I I T I ' I T [ !

30 40 50 60 70 80 90

26(°)
[2=12a]

@ Measured Alfa FeN (x = 2-4)
— Peak sum

Fe-N (S)

[=12b]

©® Measured Fe (N*
— Peak sum ¢

>

G 6
ff‘///u&\

% ’

&y X > R
- vl <__'§:L{_@‘.{“£‘lex@a‘+f§:;§§§;
5 0Pt 0

I
402 399 396
2t o] (eV)

PCT/KR2020/019127



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2020/019127

A. CLASSIFICATION OF SUBJECT MATTER
C01C 1/04(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C01C 1/04(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: IPC as above
Japanese utility models and applications for utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & keywords: ol 1]o} (ammonia), A (synthesis), 71 Al shsk4 (mechanochemical), A2 (N2),
T2~ (H2), 24 ¥ (ball-milling), -& = (temperature), 3+ 2 (pressure)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

JACOBSEN, C. JH et al. Ammonia synthesis over multi-promoted iron catalysts obtained by high-energy
ball-milling. Catalysis letters. 1999, vol. 61, pp. 115-120.

A See abstract; and pages 116 and 119. 1-20

LEL L. L. et al. Modification of wustite based ammonia synthesis catalyst with fine Fe particles. Journal of
molecular catalysis(CHINA). 2017, vol. 31, no. 3, pp. 206-214.

A See entire document. 1-20

WO 2010-114936 Al (QUANTUMSPHERE, INC.) 07 October 2010 (2010-10-07)
A See entire document. 1-20

US 2014-0072499 Al (QUANTUMSPHERE, INC.) 13 March 2014 (2014-03-13)
A See entire document. 1-20

GAO, W. et al. Production of ammonia via a chemical looping process based on metal imides as nitrogen
carriers. Nature Energy. 2018, vol. 3, pp. 1067-1075.

A See entire document. 1-20

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>» document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
08 April 2021 08 April 2021
Name and mailing address of the [SA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon Building 4, 189 Cheongsa-
ro, Seo-gu, Daejeon 35208

Facsimile No. +82-42-481-8578 Telephone No.

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/KR2020/019127
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
HAN, G.-F. et al. Mechanochemistry for ammonia synthesis under mild conditions. Nature
Nanotechnology. 2020[electronic publication date 14 December 2020], pp. 1-6.
PX See abstract; and additional page 1. 1-20

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/KR2020/019127
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
WO 2010-114936 Al 07 October 2010 us 2009-0117014 A1l 07 May 2009
us 2009-0202417 Al 13 August 2009
us 2010-0183497 Al 22 July 2010
us 2011-0158889 Al 30 June 2011
us 2011-0165055 Al 07 July 2011
us 2011-0171100 A1l 14 July 2011
us 2012-0082611 Al 05 April 2012
us 2012-0082612 Al 05 April 2012
us 2012-0087854 Al 12 April 2012
uUs 2012-0308467 Al 06 December 2012
us 2014-0072499 Al 13 March 2014
us 2016-0175816 Al 23 June 2016
us 9272920 B2 01 March 2016
WO 2009-061954 Al 14 May 2009
uUs 2014-0072499 Al 13 March 2014 us 2009-0117014 A1l 07 May 2009
us 2009-0202417 Al 13 August 2009
us 2010-0183497 Al 22 July 2010
us 2011-0158889 Al 30 June 2011
us 2011-0165055 Al 07 July 2011
us 2011-0171100 A1l 14 July 2011
us 2012-0082611 Al 05 April 2012
us 2012-0082612 Al 05 April 2012
us 2012-0087854 Al 12 April 2012
uUs 2012-0308467 Al 06 December 2012
us 2016-0175816 Al 23 June 2016
us 9272920 B2 01 March 2016
WO 2009-061954 Al 14 May 2009
WO 2010-114936 Al 07 October 2010

Form PCT/ISA/210 (patent family annex) (July 2019)



A E AR LA FAZANE
PCT/KR2020/019127
A. B o] £33t 7B FEAS EFAPC))
CO01C 1/04(2006.01)i
B. ZAbE 2o
ZALE #H AL A (T A S 7S 714D
CO1C 1/04(2006.01)
ZAHE 7] &R okl &l HaEF o] o] Ed
oS A B Albe i B S e ) A Bk i Ak H ik d wtel 71 A | 1pC
dETHHEEANdTE B A7) B2k W A HAEF el 74| IPC
A FALe] o] G- AAL H o] B Wl o] 2(H o] HH o] 2 0] B B Ao (3l k= )
eKOMPASS(5-3] 4 W5 A A ~8h) & 7] H=: &2 1Yo} (ammonia), $4] (synthesis), 7] 2l 3} €4 (mechanochemical),
A (N2), 4 (H2), B4 % (ball-milling), 2% (temperature) & (pressure)
C. wd 24
G ECE QeEAY B B THEDHE 32 7)) el 3y
JACOBSEN, C. JH 5, ‘Ammonia synthesis over multi-promoted iron catalysts obtained by high-energy
ball-milling’, Catalysis letters, 1999, 617, 3| ©] #] 115-120
A 75 #Ho]A] 116, 119 1-20
LEL L. I. 5, ‘Modification of wustite based ammonia synthesis catalyst with fine Fe particles’, Journal of
molecular catalysis(CCHINA), 2017, 317, 33, | ©] %] 206-214
A AA = 1-20
WO 2010-114936 Al (QUANTUMSPHERE, INC.) 2010.10.07
A A EE 1-20
US 2014-0072499 Al (QUANTUMSPHERE, INC.) 2014.03.13
A A7) £ 120
GAO, W. -5, ‘Production of ammonia via a chemical looping process based on metal imides as nitrogen
carriers’, Nature Energy, 2018, 373, #H o] #] 1067-1075
A AA = 1-20
[7]57 280l el %ol 7 A= of Ay, g Eslo] 9 HA 2 BxaAA L
*Q18¥ W dle] 5 he) e
A" 3 Belo] Qi AOR Mol AMNAA N|EFFS HY T FASYY EE SN Fo FAE RAOL, U 5
sEd % gpomn o] 7|27} ¥ At o] B2 o] sfslr] #a ¢l
D2 RA RN Feelo] Qg B 884
EomAgddRn e SUd BE PHAS I SATUY o 2we pe) Qe A s E Y shnos HrE wy
o] ol FE A xS £ ANqbd EE AR Ao g gl om B}
Iy 07 TR oEG e B TE ol & S e 5 5 = g
R s ot s e Y S8 Welo] gl L9130 4aio] shit ol o) ok £ ois)
agma TR eE AT ZGels 49w 1 xge] Bl A e A5 e g
RN g dEAo] gl Ao w Bt
07 FFE WAL AR, A e RS Ak gl vl PR AnAel BE A £
“pr ©.x0) o]Fo] BAEY O ZAZAY o] Ho] TAY B & TAR WSS Hohs 2 d
SA) A e] A ST SA A A B E
20213044 08 (08.04.2021) 20213044 08 (08.04.2021)
ISA/KR®| 73 4 9352 A Abe

_?_
Ens 533
(35208) A FS
A Ah

22~ 1 5 +82-42-481-8578

e e

Al AT AR 189, 4% (B4HE, AR

Ao

2 3 5. +82-42-481-5373

A& PCTASA210 (- H A £-4]) (2019 79)




= Al AR LA EF TR
PCT/KR2020/019127
C. U kil
Zhe ) g dd B gl A E e H el 71 A = A
HAN, G.-F. -5, ‘Mechanochemistry for ammonia synthesis under mild conditions’, Nature
Nanotechnology, 2020[ % X} 71| 2020.12.14], #H|©] A] 1-6
PX 25 FrhAelA 1 1-20

A& PCT/ASA/210 (7 1A 841 (20194 79)




%oﬂﬂ ZAFH I A A Z YW I
R A PCT/KR2020/019127
oAb 2 7)) HeEsEY 2 7))

WO 2010-114936 Al 2010/10/07 US 2009-0117014 A1 2009/05/07
US 2009-0202417 A1l 2009/08/13

US 2010-0183497 A1l 2010/07/22

US 2011-0158889 A1l 2011/06/30

US 2011-0165055 Al 2011/07/07

US 2011-0171100 A1 2011/07/14

US 2012-0082611 Al 2012/04/05

US 2012-0082612 Al 2012/04/05

US 2012-0087854 A1l 2012/04/12

US 2012-0308467 Al 2012/12/06

US 2014-0072499 A1l 2014/03/13

US 2016-0175816 Al 2016/06/23

US 9272920 B2 2016/03/01

WO 2009-061954 Al 2009/05/14

US 2014-0072499 Al 2014/03/13 US 2009-0117014 A1 2009/05/07
US 2009-0202417 A1 2009/08/13

US 2010-0183497 Al 2010/07/22

US 20110158889 A1 2011/06/30

US 2011-0165055 A1 2011/07/07

US 2011-0171100 Al 2011/07/14

US 2012-0082611 A1 2012/04/05

US 2012-0082612 A1 2012/04/05

US 2012-0087854 Al 2012/04/12

US 2012-0308467 Al 2012/12/06

US 2016-0175816 A1 2016/06/23

US 9272920 B2 2016/03/01

WO 2009-061954 Al 2009/05/14

WO 2010-114936 Al 2010/10/07

A& PCTASA210 (5531 F=718-2) (201941 7¢)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

