WO 2020/141936 Al A T K000

12) 53 g 5&9?311 o3l A FAEL
(9) A A A 4 A4 7] é} U0 OO0 OO 0 O OO O A0

= A A= )
43 FAFNLY = an FAZAAL
()
20209 79 9 < (09.07.2020) \WiPO | PCT WO 2020/141936 A1
(51) FAEE (72) 22} B3 (HYEON, Taeghwan); 08826 4 24| ¥
B01J 35/00 (2006.01) B01J 23/46 (2006.01) okt #el = |1, Seoul (KR). ©] ¥ & (LEE, Byounghoon);
B01J 23/72 (2006.01) B01J 37/00 (2006.01) 08826 A1 2 A Tob7- TekE 1, Seoul (KR).
BO1J 23/745 (2006.01) B01J 37/02 (2006.01) 4 B9l B2 (KA . o] Az
BOLJ 23/75 (2006.01) BO1J 21/06 (2006.01) (74) © RAE 2 (KANG, Moonho): 06575 A1=2A1 412
BO1J 23/755 (2006.01) T AR ] 70, Seoul (KR).
> 5 g5 0 i/ﬂﬂ"“iﬂ 7bEek BRE FRe =
21) FAEANS: PCT/KR2020/000124 8D 218 (2 0 S
@y A CT/KR20207 0 Ao B3 E 93l9]): AE, AG, AL, AM, AO, AT,
(22) FAEYY: 2020 & 1 €4 3 2 (03.01.2020) AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,
N N CL, CN, CO, CR, CU, CZ, DE, DI, DK, DM, DO, DZ, EC
=0 01 . ]_ ] Ll L] ] Ll s ] L] 2 ] L] ] L]
25) Eddel: A=l EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU,
(26) E/MAof: e ID, IL, IN, IR, IS, 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,

(30) SAAAR:
10-2019-0001082 2019\ 1 € 4 1 (04.01.2019) KR

(71) 2921: ALttt yd =g (SEOUL NATIONAL SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UNIVERSITY R&DB FOUNDATION) [KR/KR]; 08826 UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.
ME A epy e 1, Seoul (KR). 712 AFATH o0 s e o) 4,\] 7} 9l o, Ff e B E R o
(INSTITUTE FOR BASIC SCIENCE) [KR/KR]; 34126 1) Agle] 132 9ake]); ARIPO (BW. GH GM. KE.

HALA 7" )23 2 55, Dagjeon (KR). LR, LS, MW, MZ, NA, RW. SD, SL. ST, SZ, TZ, UG, ZM

(54) Title: SINGLE-ATOM CATALYST AND METHOD FOR FORMING SAME
(54) @ o] B 0 4 F) R 1

1. Cu atom predistribution 2. Wrap process 3. Bake process 4. Peel process
{Spatial confinement)  (Thermodynamic redistribution) (Etching SiO)
s e Ti0, crystalizati ’
- Amorphous T Adsorbed Cu atan, ‘S?afggyafg:f“ed, . Stte

»

900°C, 2

. Amarphous TiO, Anatase TiO, & Cuatom

(57) Abstract: A single-atom catalyst and method of forming same are provided. The single-atom catalyst includes a support comprising
afirst metal oxide and a second metal atom positioned in the first metal oxide. The method of forming the single-atom catalyst includes:
a step of forming a sacrificial nanoparticle; a step of coating the sacrificial nanoparticle with a first metal oxide to form a support; a
step of adsotbing a second metal atom to the first metal oxide; a step of forming a sacrificial layer on the support; and a step of heating
the first metal oxide.

ks

(57) £ 9FA: el A} o) B 1 A
7] A1 B4 ks gl 9 A e A2 2
W7, 7] H A Y= AE Xﬂl:% A

THA 7= A, 7] AA A 2 el 8] A

Wol AlFert 47 el 94 Hoje Al B SRS wshs 244 2
ARHE E G 7] B A Se] G e el A YA
ol

22 gstel A4 A G4k B, 371 A A2 24 978
5 : R



WO 2020/141936 A1 | /110000000000 0O

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))



T .

T
=

A7}

1

3

Is} ¢

A

PCT/KR2020/000124

EE
7] A4 A $el

==
=

[e)

el R

A~
T

ko)
-

= e A= B S

Jok &

[

8 Al A

MEN
Aol ol g},

B!

T
T .

= =4 AL CO, A g
|

o] AA W= s}

@ 4

==
=

==
=

FA|

713 A

0]
=

Ein

Ao olas

1

A= =

)

\=]

=

F 9 25 2 (redox) W) A ZE-E] 9] A} o) F, B Q1xle] pA] W3l Y

AbgE T ey ol
)9k e BA WS

Wl A7) &
7] g},

g &

1

2

_(H

WO 2020/141936

[2]
[3]
[4]

jm1
_i_l

o



WO 2020/141936 PCT/KR2020/000124

[10]
[11]
[12]

[13]

.~ —
DN
w0 &

[28]
[29]
[30]

[31]

n)
o

e 4

T 18 P=u] 24 Alo] F o] tekst
% 23 Cu/TiO, 9] F=n) 2H-g Alo] &8 e
5 32 TiO, oFUERAl (101) o A o] @ 345

g

rr

Aol £ Lpeblet

a3 @l 2a) ) WA ol LA S ARS8 s B5 Aol 28
L,

%= 53= DFT(density functional theory)E ©]-8-3}o] A4k 7Fs sk Wb 12 A3

AFo] Eof th &t Bl 8] o %] A& LEFYITE

=62 ol A4 CwTiO, F5vl ol 4 348 el

= 72 Cuw/TiO,9] TEM ©| 1| X & HEFAT]

% 88 Cu/TiO,9 STEM-EDS A} ¥4 & v} ebylit),

E9%Qﬂm;MmKﬂﬂxm&s&@E@%%ﬂﬂq.

102 Ti ¥ Cu K- A ol A Cw/TiO,2] EXAFS ~H Ed] 1 B Aul &

SR=Rti=g

5 11-& TiO, o} EFAl 9] Al HE @ o] 4 H HAADF-STEM ©] 1| X & el T},

T 122 % 138 TiO, o} ERA o] Cs B4 ¥l HAADF-STEM ©| 1] %] &
SR=Rti=g

% 143= RW/Ti0, 9] *F2] o] ¥ 3 9 e & vebyit),

= 155 RW/Ti0,9] XY 21 =70 X 2918 ERAT

5 16> Cu® 2] 1E Cu/Tio o H, A4 £ 55 YeRdIT

% 178 Cu/TiO,4] H, A o] Afo]l &S vhepdlith,

% 18 Cu/TiO, 9] #ZAF 10 A9 F £~ Eq] W35 et

% 195 Cw/Ti0,9] FZ2A} 105 A5 2] CuK-o ] XANES ~HE# &
SR=Rti=g

%208 Cu/Ti, 9] Al 7kel whe H2 WHE 45 5 ekl

212 FEA0E A5 CwTio,o] XEFu| Ui~ 2~ EQGS e,

=22 WA & 24 Cu ¥ TiO,9] 354 Qe EdololA 2 HE Cu YA
Ao drgsty] gk ol
o] AAE A A FH

olal, Ao &2 Foto] & WP & Al
= o]ake] A A 153 3l g7 ol sl E Aot} & g & o]

F5

o

-

ﬂlﬂ ﬂlﬂ
rlo é
= o
2ok
i _Hl
> 2 A
oo &
- lﬂ
O, i v}
—;% rln
- [
b
rk,;z T
ra
.
i
ok
> gt
X0,
l—rl
il
[
s u
k
ric
i3
2
o3

% 2otel B 4re) A8 712 Aol
$% = 5] 918 AFE = Aol ch utekA, olshe] A ool
g

S A = S = S
X
i

RSO T A )
Sﬁmﬁ_%llué
re



ol A

=
=)

PCT/KR2020/000124

7] A2 F<-& Cu, Fe, Co, Ni, 2 Rh

WO 2020/141936

[32]

& T :
= g s B

of T PR 4 g oW o
o T oap T E R oy 2w G
=) g F BT R Ko o B o
< ARy IEET G TeTw e
4 A 4%%ﬂ ® o) X o) T E W Y
BT LT PERT N R %
= = A AN (R s vy . R of
. o) H — e = X o5 Bk o) = b D =
5% Mo & R o e - X S b oo
DN N T =y we P T
T4 © T o SERE A 55 W -
O R S ok ) B @
Fom gL LFex W Mﬁ.@@ I
v ® =pAT FZoL 4w = 2 9 L
UL M= XA Oar = & ™ L X
—_ = i - o = ~ _ D_K ok
o —~ X X Jﬂ o o — ~< AO N B (@)
O_E X e o dﬂ LOLN Ot P 1I
. ‘MIO g ‘m“ﬂ % LO#H cJHl ;OD U9 ‘mE _ \AT _5.0 Ot . ‘m“ﬂ E#E . hA ‘u|
£% 7 gnz#T md¥zifzs Grre 7
FT 3 B3In ailfrErr BRI ¢
N - S W E i€
AN Pragm ER<STZhpe F 2w B)
o T Pl X0 wmO =&y A %O
T T g AR M- S L S > R 1o %o
SLE¥w §Eed 2iusiIE e FEry T
mﬁ L I A O E ALT N G NG u_x 3 __EE
Cptrrw = awm L LR A B WO o
o o X Tt e X
Eﬂﬁfo«ﬂoﬂ Aaﬁuﬂoﬂx :nJAj,_ o “ﬂlo«ﬁ; e oF = ™ HooE
PrRag® PP %M Reqgd X @ T A
PR ® whega TCEPuagmdl F phXbs o5
&ﬂﬂoﬂﬂ T T fn o =~ R = = % ol T 9 o o 3 S
ToR%® PPV B VM T F xp2HeE o3
W 9 BT W o B W R " el R 2
m T == = 52 934 T T =
S R G ] ©, ST T . 5 = =

=]
=~
]_

R

6|

=

ok

Faz,

ks)

7}

7%
=]

=

=

o], 771 Si0, Y=Y A= A 2o A ol ' &5 -2-(23mL), H20(4.3mL)
o] TEOS(0.86mL)

= =
=

YR oF47(0.6mL)

o



WO 2020/141936 PCT/KR2020/000124

[49]
[50]
[51]

[52]
[53]
[54]

[55]
[56]
[57]

4
& At A wRkstE Aol o3 FAAE o Ak V] Sio, =P AE 44
st = old SR A HG T o d Aol HAA 1T 427 Si0,9]
A THY 5 vk

2) TiO, =L

Sio, ¢ X}E TiO,& ¥ gt Si0, U= A5 40mLe] 7 ol & & &0
HAAA Si0, Lhg) A G012 F A ek 7] SI0, hmgd 4 & ool %24
oA EYEH 14mLe} ¢ Y ol92(28~30wt%) 0.4mLE # 7}3le] A1 =3}
galg YAk ] Al EFE o)A 7] FuLjolse] G Tio, el
Lol of &g n| At} A7] Al 3 8NLS 0% BoF 283} A g]Ete] A7)
UAbE 2 BALA T 4 o W 23 6mLet ol A E U £ omLE
ool TBOT(Titanium(IV) n-butoxide) 0.8mLE- 83| A| A A|2 =3+
Ao AL EF Bt A2 B £o2 E s of 340 B

i

! |
ks 0, U0 A1 & Ti0,2 T e 3hh, A 5 m Al 8ol 94 Na)slw
a5 =R AN A TioR 29 ¥ Si0, W= 2KSi0,@Tio;

=0 A E H,0 40mLol) FAFA 71T}

TiO ol Ho] & A& FAAZIY 545 A A2 55 A3E 3= (FeCl;
6H20, COC123H20, N1C126H20, CU.C122H20 ‘;’-l RhCI3XH20)% /\]‘% 6&5} %él\"
A3} E 4.0 mgS Si0,@TiO, W= Ape] F 2oz &-ol 4omLel % 713k},
23 FEolE §dg Ao M 3AZE &t AE A wnlbate] F & AALE
Si0,@TiO, H =1 A4l TiO ol F2A| 1t =5 A A7F 5214 Si0,@Tio,
= 2HSi0,@M/TiO, Y i=A Zh S A4 ¥ 8tal &2 Al # 3ttt Sio,@Tio,
e zpo] AL A o] x| gk 55-& o] 2 F A o] o] &l v #pe] Alo] upH a1
T2 E = A5 bl whet o] ekl th(Fe : 4, Co: A, Ni: =4, Cu:
A2 A, Rh: F54).

O s

o}

4) Si0, ¥ 52 F4
Aol =4 Ax7E F2HE Tio, el Sio, - Z& A4
=7
U

s A AE 40mLo] HO°N RAA 1T} PVP(0.4g) S H7HE F, 8918 v
k3ol Si0,@M/TIO, Y= AFe] 1 Aol PVPE &2 A| 71t} pVP &2 &

\%
A e A4 ool el Felstal 103 F¢F e 259 2 2o o3
ol ¥H-2-(46mL) L H,0(8.6mL)2| &of A &-4kA] 71T}, o] o A, 1.2mL 2]

oF 7 1] o} 5=(28~30wt%) 2 1.6mL2| TEOS(tetracthyl orthosilicate) S 47| & <l o]

A7bghet, el FAE v Ao S Q8 3k 103 oW of) whE A

#3229l 0 7] 31 §i0, LE =S & AT} vk 4X7F T §j0, e =o] P A H

Si0,@M/TiO, Y- AHSi0, @ M/Ti0,@Si0, U= U Zh E o et L &



WO 2020/141936 PCT/KR2020/000124

[58]
[59]
[60]

[61]
[62]
[63]

[64]
[65]

[66]

[67]

A7 gkt Si0,@M/TiO, @Si0, Y= A& A4l -2 3} a1, 80°Cell Al 371 Sl A
AZA 7|1, FUAL A7) 98] B2 EE (mortar) 2 ¥4 3o}

5) TiO, 7+

TiO,E 7FA gt} w4 AAe] AR w5 1 o= g str] 9l &, 1% Sio,

@M/Ti0,@8i0, L= A} B3-S 900°Co| A 2A] 7+ B0t Sl AaA] 7] = o] d &
TAL Pl ] od B TR A FHIN AAE FFEE Ao
uhghz st} A7) 7hd ol o &) Tio,= B A F oA A2 AR WMslar, Ho| 345

743 Ti F=o] W)= 5}

6) Si0, Al 7]
Si0, Y= A ¢} Si0, ¥’ &8 A A g Si0, o A S #13 24 ¥ Sio,
@M/Ti0,@Si0, Y} =4 A} = 0.5M NaOH & N of] F-AA] 71T}, FALol S

AEA o =2 wHkabA A 90°CE 7HE gt 641 - A B A4 el of 5
el ekal HyO B ol e a2 2 Al & 8ke] MITIOE 75 3t 7] MITIO &
80°C A 7] ol A HEA[ZIT) ofel ofaff, vl A=} S 7F A |t TiOA=
el A2} Fuj o] (A AEE ZEu 2 7] 5eth I Tio = A4S /M ¢
UL, T T2 T FFE7HE + A

51z g S 28 Abol Z o] thFd A E ol A CwTiO, 2] oW A & HERH AL
52 23= Cw/TiO,9] 35wl 2H-8 Abo] &8 LHERAL

E1RE28 sk, & i el o Al oo & vl f14} Cw/Tio, F V=
ARl E Sol 4 vl x Sl 2 35l Hy, A e 27 sl A 558
243} 74 & A2 CwTio, o] A& Ar th7] dFoll A 3:1(viv) E-v e
SN F AL ol WAl A S0 2 WghTE S A Cw/TiO»R= H el Ar 7]
Stoll A AX Foll I A& F A st a8 2R HE A4 - 2ARR 0] 0,90

S5 Aol flefe] A oR Hmote) G 245} Alo]Fo] gk

7] B A2 CwTIO, Fvli= A ol = e E 78] faket Tio,7F F4
Aol gl o v ZA] AEf o] tHCTO A ER). A Ao} &S AAs= A&
Fete] CT0 S ui7t 23 o171 8 (CT1 A uhE vh¥ith. 33 A4 | WA= Tio,
Aol A ar gl ] Y] d-A =R o] Fehrh of o] AshE 4kA
FA sl o8 BAH O HEs 2o ayE el Ak AATF S E

AQ

O

AOZITHCT2 o). 2] d-H| 2ol A 28 A= 25 2 frieste] e+
] A 9ol A QI TIO, AAL A EE Z A FHCT3 GH)). CT3 el =
¢Als] v FAvishehA 4 s LPEHHE] **uﬂ H, 44 &3¢ =17
SFAAZITE 24 CT3 A= o] T8 A H ol A 2 & &< 0,0 1Het3)
=EH S 1 el F4CTo *Jﬂ];cz FA HEobd 4= vk aid el
A e} I Z TiO, Abol 9] o] |52 olar 7F 2|91 = 28> A E 49l



WO 2020/141936 PCT/KR2020/000124

[68]
[69]

[70]

[71]

[72]

[73]
[74]

[75]

6

B Fvishde] Bh W B A 2N T S)sh 2R 0= A,

5 3 TiO, oFHERA] (101) oA o] @ 54 A5 8 565 A%
Al EE ‘/PE]HHJ— Y4 v A5 S FA YA E AlAbstr] 9 gk -k
& 98} Alo] E-& Y} EFU A1, &= 5= DFT(density functional theory)E ©] -85}
AP 7 e v d A A Alol Eof] th gk E--5kH o Y A A& HFERA T,
562 Tl 44 CwTio, F=vi ol §4 34 -& e
L3 WA = 6 S, Aol E Hol 2 v 1} S o] ¢
TiO, oFHHERA] (101) ZH ol 7] FAE A A = 3=
sHelstar A B AW NAAEE AAstaL, T
=2 02 g Ax Suf o] A H T2 5] Al 2
functional theory, DFT) A}-8-3F = 9l T}
et A xol] gk A A A FH| AN AE) e FHH AT Ao Gl AR
A NI (Bp)E 3= - 8FH (Bon-Haber) AFo] &-& ¢
= o] B A o| A (Ep) & W3} 8 4= 9 UHER = Ep + Eg). AIAFE ol %] 4]
W 2 FH 91X EpE R k= f1x] 9} I8 A4 & A=
At EpE T A= 34 ¢ 3709 *}°1E(°15L(at0p) i Ao
HEX] Aol Ey= ¥ AP Aol EE s = v Eprt 2ok F
Es v dds el =2 ot ]ﬂﬂg o= gt 35 BE
£ Q87 o}l DFT Z3e] w2 0 &5 Brhe Ti &=l A
317 9 3] GLAJO]OﬂOﬂtﬂXJ =l o o] 5] ;qo—]ﬂo—]olzﬁLq R
&l Si0, 2.8 #| 101?'-— ¥ EtaL, Tio, A9 7Hd ¢+ & Ti

N

¥ 4>
Tn
ol
o

(o]

-
o
- =

o oo o O du B>

~
2l
h
o

of Mo md mi gy > Hr fo
2 e mo > > imomel

44

e A2 S HEshr] fEl e dA e E g
@ Y2 CwTiOo, F5v = 1) Si0, Y= Al Tio,E Z ' §F % Tio,°ll w35
%X}-% &2 7] = ©HAI(Cu atom predistribution), 2) Si0, LW @ olo] & FE 3=
WA (Wrap process), 3) 900°Col| 4] 2] & A 2] 3F+= W7 (Bake process), 4) SiO, &
]?@} Sto] A A SF= WA (Peel process)E -8 5ho] &A= 4= qlt)

% 7€ Cu/Ti0,9] TEM ©] VA & YER a1, & 8- Cu/Ti0,2] STEM-EDS ¢! #}
W32 Ve AL, X 95 Cu/Ti0,2] Cu K-l A] XANES ~¥ Ed & Yehlal, &
102 Ti 2 CuK- oﬂ Aol A Cu/TiO,2] EXAFS A~ E8 2 1A A2 Jehf o
% 118 TiO, o} }ERA o] Al & o] A ¥l HAADF-STEM ©] 1| X & YeRfaL, & 12
2 %132 TiO, oV EFA 9] Cs B4 ¥ HAADE-STEM ©| 1] %] & Ve a1, &=
143= RW/Ti0,9] F2] ol ¥ & el ™, & 153 RW/TiO,9] XY &1 =70
E2utd-g e

% 75 Fxsd, TEM o)1 x| o) wp= Ud_ ZF B2 Cu/Tio, Ve A= oF
TiO, Y= AA o2 4} Sio, Z¥ ol e o7t glod Az g
WA o= Qo



WO 2020/141936 PCT/KR2020/000124

[76]

[77]

[78]

[79]

[80]
[81]

[82]

[83]

7
L 8g FF, STEM B = A 9] o 4] ¥4k X-41 #-3 H(EDS) ¥-4]2
SHE A e Tl Fo FAF Bare "ol
5% 95 3#& 3, XANES(X-ray absorption near edge structure) FH-& Cute]
AP A 541 7] WA Cu/TiO, Yol A 8996.3eV o] &= ol «] ¢}

8989.3¢VY| 22 &U| & HolFr)

%= 102 ##3HH, EXAFS(extended X-ray-absorption fine-structure) 2] ol 4 2]
TiK o 4] 2 Ef] & A4 ofubebA] Aol M Ti-OR Ti-Tie] F 7H4] 54
Al el EA15 BolZth CuK ol %1 9] EXAFS ¥ E & Ti K o <] 2] EXAFS
A E ]I ] 9 FARSHY o] = 34 A7) Ti Aol Eof] 1|8 A&
HERHTE ALO]| E So] 40 ?El AAe} Az} Aol 25 A FH(Cu-0)0l
alFsts o AR ol et aagE g TR 4 <l Tio,

3 (Cu-THS YEH &= 22 935 23} EXAFS A H-3) ¥ (curve-fitting)
B B TR 24§49 2abetE, 7hg 2 B 2L 300 A 927}
A A Cu-0 d v fell 71918k v 2H& FH A 3] A= Cu-Ti 7] o] ol A
st s Ho

1WA E 158 FEEhd, 2 o g 92 S o] A e np2
Z3 9 TiO, Y =Q A2] Ti & =°| 7 Cu, Fe, Co, Ni & RhE 46{} =
Ao wabel ol 299 bl 92 S A4 5 o ie e

A

O

IR I Ay
AT JXP Aol gtk & X 5Fe] Rh DA Ti &=l 51240 =2 EA45H2 &elsh
T ME} L A2} %35 HAADF-STEM ©] v %] =] ¢] % EXAFS ¥4 4 i}+=
A Aol Qo Aol E Eo| Ti &= ol 35 AA7F 43 H3tsE = A&
Bl

T 162 Cuol 2dako) uE Cw/Tio,2 H, A4 £55 el &= 178
Cu/TiO, 2| H, A o] Abe] &8 YERH L, & 18 Cu/Ti0,9] At 104 A 59
T4 2~d9EY W E YER A, & 193 Cu/Tio,2] F2A 108 A52] Cu
K-o A] XANES 2= E &2 tFebf a1, & 20> Cu/TiO, 9] Al Ztol] wh& H2 W&
&2 Yehl Y, 218 FZ2AF 105 A5 2 Cw/Tio, 2 X E F1| 4|4l
£ Eg] S ek

L1662 = 17 A, 0.75wi% e -8 & E k= Cu/Tio, =19l H,
A A $-o] 16.6mmol/gh® 714 =7 Yebgth H, A A o] 43] A4 527] St
o] Foy x| = Ft FFuf o] A FHAshA] gFar b A o =2 FA] H AT
2 A 3} 0.75wt% Cu/TiO, 3= = 340nmol A 45.5% 2] A H.7] A}

#_ & (apparent quantum efficiency, AQE)S UEMH ™, o]= 7]<& TiO, 7| vt
FEue ARV A a8 A FUke

L 18E FrxetH, FA4 ”HJ AMET 4] A A E Alol o] Aol Zlol o o] &
W 1 ukel o], UV-vis & 29 E Q- A3 o2 o §lS vepdlt) F4
A ABEZ 2 o} L} EFA| TiO, 2] W= il A o] 9F Cug] d-d A o] Z+zle) ] oali=



WO 2020/141936 PCT/KR2020/000124

[84]

[85]

[86]

[87]
[88]

[89]

[90]

[91]

8

A

o} 390nmell 4 ¢ F4 3k A 2+ 700nmel A 9] §& =& Holt) g4l 4
S =749 sl A A 21300 ~ 800nm)ell A vl 2 F=E HHERWI T
195 Fzehd, 3 243 g ot sy el |xe] e Wl

XANES S0l o8 g2l= = qlr}, F4| e A&l 3-8 2ALeH
8982.1eVoll A 53 &k & vl 7} A 7] a1 8996.3eVoll A = 3] A2 7} 74 dho] -] 2
AA7F7E 3 A Aol of sl Hagrh T dsHA 32 % Cu AAHE 128 o,
T Ao A M3l py Fa] Yo} LA 01 Tio, 37 Abo|o)| A
A2 Azfel of sl AMAIE = FHAA F A3 D T AR} of ol 7|1 52
o]
ém%%
Z7Fat oL o |
5218 Fxshd, 27] A4 e e L EFv Y AL 29 EQ(CT0)S &
TiO,o] TEF YA A ~AEq] ) A o] FUstal, o= 3 &4 35171 dojrr]
Aol Ast 7leof o mEA <l Fel7F dolvtA] &= Ae R s &4 A9
FEEFu YA LS 2 ER(CT)S dASH Fash=d, ol= 27| WA Cu/TiO,
(CTO, T4 e &4l ola, A =4 Cw/TiON(CT3, 4 A )= 33|

=

-Im PN o iy

0,9 @4 Q1B Ze)olo] A A H Cu A7)

N
k1
[\
~
iy
®
=
;ﬁ

T 222 %238 ZFEPH, DFT AL Ti &= Y Cu A7} Tio, o] Y A7Fe)

A5 Abelel] Cudx-y29t dz2 S & 2h= S B E AT dr= A&
A4

5248 sk, g ol7] (5249 %), F A" A A= Cudz B E
T 3kE o] Cu 2 XM AAZE G E A2 F7he] FA A7 3R st
TS wF7] Al FHel FAH A Eastth(E 249 7). & TiO,
e F A QAT Cu s 2 A 7F §L7] w5 Aol

Eaias 7]EE}: TiO, o] A Lztholl A Bl =72 2 2 ol It} Cudz? =
Hc}f’ékﬂ HE L(antl bondlng) EA8 zka1 7] wi-of, ] e o] A 2] A ;<}
H

%jﬂﬂﬁ(*zzu & ) o]3= Cuell »
oy &} TiO,+* 740”7‘1 73;(} A d
] O

B I e P P P P e
Aol g1} 2k aho] ol sf ML) of 147k Wk Q13T TIO,O B BHE
Fastel 219 54 A TR 29 A 2 $50 45 2



PCT/KR2020/000124

WO 2020/141936

d

Z

@ 7

of o

mo
2

)

1

o] A 7}A]

[92]

ol
0%

-

~

;OE

6

ol
olp

0%

-

B

ol ubA] &= R 9l ol

Aot} ;1o oz A |

A el

ol

==
(o)

9o veht 9o, 19}

jm1
_i_l

o



PCT/KR2020/000124

WO 2020/141936

10

T4

B

Q_—rL

[

o $ho1 A,
7] A2 7 At

&

A1

@ 2]

Q_—rL

[

2

T

AO

uf|,

==
=

w914

o 3101,

&

A1

@ 3]

Q_—rL

[

o 3101,

&

A1

@ 4]

Q_—rL

[

of 3loj A,
A7 A2 F4-& Cu, Fe, Co, Ni, @ Rh Z=0] A]

&

Al 4

@ 5]

Q_—rL

[

==
=

o 3101,

&

A1

% 6]

Q_—rL

[

o 3101,

&

A1

7]

Q_—rL

[

o 3101,

3
7] @ 7}
3 At o

A1

% 8]

Q_—rL

[

2

T

g

fl 248,

5]

==
=

o 3101,

&

A 9

4 10]

Q_—rL

[



PCT/KR2020/000124

WO 2020/141936

11

o 3101,

&

A 9

@ 11]

2

[

o 3101,

&

A 9

@12

2

[

of 3loj A,
A7 A2 F4-& Cu, Fe, Co, Ni, @ Rh Z=0] A]

&

Al 12

4 13]

2

[

o] g4 .

A} =

2]

o 3101,

&

A 9

@ 14

2

[

o 3101,

&

A 9

@ 15]

2

[

o 3101,

&

A 9

@ 16]

2

[

o] g4 .

4 &

2]



WO 2020/141936 PCT/KR2020/000124
1/12

Activation process Photocatalysis Reverse process

: b e i ) l L i
resting state intermediate stat active state resting state
(CTO) (CT1+CT2) (CT3) (CTO)

[5=2]
G712 state

Electron transfer
(from TiO, to Cu")

TiO, lattice distortion
(by e localization at Cu)
7 Protonation
(charge compensation)

Hole scavenger

CTastate H, generation

CTistate Photoactivation cycle  Cl3state
R lactive state) cycle

Photo-excitation -

N Reverse process
{e", h* generation) P

CT0 state

UV light irradiation {resting state) O, purging




WO 2020/141936

4]

Energy

2/12

TiO, (Binding site) + Cu atom
7

1. Binding site
preparation energy
(E,) 2. Single atom
__________ binding energy
Pristine TiO, (Eg)
+ Cu atom

3. Atomic-catalyst
formation energy

E _ _
(E- .. A, i
Cu/TiO,

55]

S E

4 -

2- 3 B [
g O..: E, E, E, &
? ] EB EF '
O -2
c
il -

-4~ o . -

1 Binding site preparation energy (E;)
-6- Single atom binding energy (E,)

Atomic catalyst formation energy (E))

Tivac Ovac AtopTi Hollow Bridge

PCT/KR2020/000124



PCT/KR2020/000124

WO 2020/141936

3/12

Aoueoea 1] ul

WOLE N9 olilosds=a1ig

woje no

UOHNGINSIPSI Woe Ny

uope

(Cois Buyola)
ssoooud |98d ‘b

‘011 esejeUY

Uz ‘0.006

2

K10 011

{uonnguisipal olweuApowsay )
ssao0.id ayeg ‘¢

Z

O11 snoydioury

£

HN 'so3aL
?.!'Ilol

(uswauyuo9 jepedg)
ssan0.ud deipp ‘2

uonnquisipaid woye nH *|



WO 2020/141936 PCT/KR2020/000124
4/12




WO 2020/141936 PCT/KR2020/000124
5/12

[5=9]

—— Cu/TiO, (Cu K edge) 8996.3

Normalized absorption (a.u.)

8970 8980 8990 9000 9010

Energy (eV)
[5210]
O TiKedge
=
S
o
=
7]
c
9 O CuKedge
= - Gu-0O contribution
e GU-Ti contribution
0 6



WO 2020/141936 PCT/KR2020/000124




WO 2020/141936 PCT/KR2020/000124
7/12

[5=13]

Anatase (X) [100]




WO 2020/141936 PCT/KR2020/000124

8/12
[2=15]

Q
AN
|
c»‘nun--hu-nmn v
%&m%w ©
%, —
],
>

1.2

1.0
X-Y line profile (nm)

04 06 038

L =

0.2

0.0

(‘n"e) Ausuayu|



PCT/KR2020/000124

WO 2020/141936

9/12

[5=16]

1.5

1

Amount of Cu (wt%)

025 0.5 0.75

0

© 1  © 5 o
N - -
(,-u,-6 joww) uonnjons °H jo arey

[5=17]

: @fg@

T
o = o
(Joww) uonnjons °H Jo JUNowy



WO 2020/141936 PCT/KR2020/000124
10/12

[%18]
g after photoactivation
q) ‘/\
O
c
©
Ko
.
(@)
n
g before photoactivation

300 400 500 600 700 800
Wavelength (nm)

i

19]

8996.3

- before photoactivation

Normalized absorption (a.u.)

8970 8980 8990 9000 9010
Energy (eV)



WO 2020/141936 PCT/KR2020/000124
11/12

T
&)
2

o
1

AR R R A KRR R Ry
{ .

By

#

Q. A0 ' 1
- m’““*«% o [ @M g -
he @

as®
£
wwn®
'lllll:-ln[i--ulc---l--n---nisl:-:::in-!l'

(o))

i
ey
&

:

Y

n
§
%,

i

N
I

o

10 20 30 40 50
Time (min)

Rate of H, evolution (umol 5 min™)

o

1
N

Cu/TiO,

{before photoactivation)

PL intensity (a.u.)

Cu/TiO, (after photoactivation) i
320 360 400 440 480 520
Wavelength (nm)




WO 2020/141936 PCT/KR2020/000124

12/12

Energy (eV)

UV light e CU sy Cu dy?
irradiation & Cudz @ Cudz

Cu dx2-y?
e . TeE | TR

1. Photo-excitation 2. Electron localization at Cu 3. TiO, lattice distortion



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2020/000124

A.  CLASSIFICATION OF SUBJECT MATTER
BOLF33/90(2006.61}, BOLF 23/72{2006.01), BGIF

23/745(2066.61)i, BOLF 23/75(2066.01)i, BOIF 23/755(2066.01 ),

BOIF 23/4602006.81)i, BOLY 37/00¢2006.013i, BOLI 37/62(2006.01)1, BOI1J 21/8602006.01)
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

BO1J21/06

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for ufitity models: IPC as above
Japanese wtility models and applications {or wility models: IPC as above

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & Keywords: photocatalyst, silica, titanium dioxide, etching, hollow

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

pages 14150-14165
See abstract and pages 14152, 14161

E

pages 5231-5238
See abstract.

pages 6062-5070
g

See abstract, page 6063 and Scheme 1.

See page 243 aud fignre

X DERITA, Leo etal. Catalyst Arclutecture for Stable Single Atom Dispersion Enables Site~-Specific
Spectroscopic and Reactivity Measuremenis of CO Adsorbed to Pt Atoms, Oxidized Pt Clusters, and
Metailic Pt Clusters on T102. 1. Am. Chem. Soc. 13 September 2017, vol. 139, no. 40,

Y TAYADE, Rajesh . et al. Transition Metal Ion Impregnated Mesoporous TiO2 for Photocatalytic
Diegradation of Organic Contaminants in Water. Ind. Eng. Chem. Res. 2006, vol. 45, no. 15,

Y LESHUK, Tim ¢t al. Mesoporous Hollow Sphere Titanium Dioxide Photocataly sts through
Hydrothermal Silica Etching. ACS Appl. Mater. Interfaces. 30 October 2012, vol. 4, no. 11,

Y PIAO, Yuanzhe ¢t al. Wrap-bake-peel process for nanostructural transformation from $-FeOOH
nanorods to biocompatible iron oxide nanocapsules. Nature Matetials. 2008, vol. 7, pages 242-247

...
s
e

-

56,916

5,13

6,9-16

Further documents are listed in the continuation of Box C.

E See patent family annex.

the priority date claimed

S ial ¢ ies of ci - s . N . . . ..
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
to be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or after the international  «X”  document of particular relevance; the claimed invention camot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other wyr £ particul. lev - the claimed inventi b
ial (as specified) ocument of particular relevance; the claimed mvention cannot be
special reason (as sy dored olv hon the d
) . o considered to imvolve an iaventive step when the document 18
“0”  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than <« g

document member of the same patent family

Date of the actual completion of the international search

09 APRIL 2020 ¢(09.04.2020)

Date of mailing of the international search report

10 APRIL 2020 (10.04.2020y

Name and mailing address of the ISA/KR

Korean Intellectual Propesty Office

Government Complex Dacjeon Building 4, 189, Cheongsa-ro, Seo-ga,
Dagieon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




IN E’ERNLA"]?EQNLA‘L SEARCI{ RE?GRI Titernational appﬁcaﬁgn No.
PCT/KR20206/000124

C (Continuation).  DOCUMENTS CONSIDERED TO BE RELEVANT

See the entire document,

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A KR 10-2017-0117773 A (PHIL-CHEM CG., LTD)) 24 Ociober 2017 i-16

Form PCT/ISA/210 (continuation of second sheet) (Januaxy 2015}




INTERNATIONAL SEARCH REPORT

) S International application No.
Information on patent family members

PCT/KR2020/000124

Patent document Publication Patent family Publication
cited in search report date member date
KR 10-2017-0117773 A 24/10/2017 KR 10-1822557 B1 26/01/2018

Form PCT/ISA/210 (patent family annex) (January 2015)



FAZLANL
S A AR A PCT/KR2020/000124
A, ERo S = 7| EFG AT L FAPC))

B01J 35/00(2006.01)i, B0O1J 23/72(2006.01)i, B01J 23/745(2006.01)i, B01J 23/75(2006.01)i, B01J 23/755(2006.01)i, B01J
23/46(2006.01)i, B01J 37/00(2006.01)i, B01J 37/02(2006.01)i, B01J 21/06(2006.01)i

T

=
=

ZAR H A EAEAS 140
BO1J 35/00; AG61K 8/27: C09C 3/06; BOLJ 23/72; BOLJ

BO1J 37/02; BOLJ 21/06

=
ERE

23/745; BO1J 23/75; BO1J 23/755; BO1J 23/46; BO1J 37/00;

S AbE )% ool &ohe A 23 ol 9l o] e
FRERUBANITN W FFFAUGNET R B
YEEBUE AN W AR FALE AT 2AE

71 A" IPC
21428 IPC

Az o] S
eKOMPASS(&-51 7 &
dioxide), °l#(etching),

Adak o) v o] 2~ (d] o] ] v o] 2~ T3 A
7-]/\]-]}\]/\1:;“) & 7]‘45;
%3 (hollow)

#Z 1) (photocatalyst),

2 Aol F ek 49)

A7 (silica), ol4tslElebE(titanium

c. #EE™

(EEEE QgAY L Bl FAGEFE B9l 1A Al Y7 Y
X DERITA, LEO &, “Catalyst Architecture for Stable Single Atom Dispersion 1-4,7
Enables Site-Specific Spectroscopic and Reactivity Measurements of CO
Adsorbed to Pt Atoms, Oxidized Pt Clusters, and Metallic Pt Clusters on
Ti02", J. Am. Chem. Soc., 2017.09.13, 1399, 4035, ¥ °]%] 14150-14165
QoF 2 ye]x] 14152, 14161 =
Y 5,6,9-16
A 3
Y TAYADE, RAJESH J. &, “Transition Metal Ion Impregnated Mesoporous TiO2 for 5,13
Photocatalytic Degradation of Organic Contaminants in Water™,
Ind. Eng. Chem. Res., 2006\, 457, 15%., #Ho]X] 5231-5238
QoF &z,
Y LESHUK, TIM &, “Mesoporous Hollow Sphere Titanium Dioxide Photocatalysts 6,9-16
through Hydrothermal Silica Etching™,
ACS Appl. Mater. Interfaces, 2012.10.30, 4¥, 115, ¥ °]%] 6062-6070
Q¢F Ho]x] 6063 % Scheme 1 3.
Y PIAO, YUANZHE 5. “Wrap-bake-peel process for nanostructural 9-16
transformation from [3-FeOOH nanorods to biocompatible iron oxide
nanocapsules™, Nature Materials, 2008\d, 7¥, #Ho]X] 242-247
H o] x| 243 2 Figure 1 3.
X 571 @to] A %)el 71415 s, SIEEEL LR SRS EL R
* &H T 5 e ae:
T EFAEYY BE XY Ty F)E EHor 295} AR
A7 583 B gl AR HolE dutEd Verad Ao £ kom o] 7|27} 5= Ay o] 22 ol s slr] Yl <84
‘D B SAZAAAN F9900] AgH F T
‘B ZAEALRT ME 299 e $HYL A FAEYY o5 X SET A e £ sE £ shvtom Frd g A
ol 7Y AEY £ 58 #3 T s AR gl Aem Ak
L $AE T R L ATt B E Be TR AST A Y <y 5w pde) Q= B9 82 Flo] s} o)) 2 Eew
wE ohE 5 ol f (o] f2 WA Z #s)7] gate] AgH BH Zghebs 202 1 x5ko] Bzt A A A A7 wy
‘0" TF A, ALE, BN B V1 RS A el Qe £ 8 sdpgel e don 2.
Pl o] Fel| T H o ZAEDY o) Aol TR FD &7 FLd S S D Hohe vl
A 2A o] A A 9a A AR LA
2020 04€ 09 (09.04.2020) 20204 049 109 (10.04.2020)
AL
A8
2 WG +82-42-481-8578 denle +82-42481-3371

42 PCT/ISA/210 (- A A 82 2019\ 78)




= A 2 AR 1A

TAEEAD

PCT/KR2020/000124
cAZ). dHEd
MR A& g L AA FAEIE s FHe 71A e A7y
A KR 10-2017-0117773 A (21 3A} H71) 2017.10.24 1-16

AR = FH=.

42 PCT/ISA/210 (- A 8%] 9] A< 2019 7€)




L ELEET
o 3

A ZEW

SE o) Bat AR PCT/KR2020/000124
jf;ﬁj%g%"”” =AY =53 =
KR 10-2017-0117773 A 2017/10/24 KR 10-1822557 Bl 2018/01/26

212 PCT/ASA/210 (-5

£3] F7182)) 20194 78)




	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 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

