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(57) Abstract: The present invention belongs to the technical field of organic system lithium oxygen batteries. Specifically disclosed
are a metal carbide catalyst, a preparation method therefor, and the use thereof in a lithium oxygen battery. Nitrogen-doped carbon
nanofibers (Mo,C@NCF) doped with molybdenum carbide quantum dots are prepared by means of electrostatic spinning, and then
the surface of a catalyst is treated by means of a glow discharge plasma (GDP) technique, such that not only can a passivation layer
(MoO,) of the Mo,C surface of the catalyst be damaged, but an Mo-N chemical bond can also be introduced. A lithium oxygen
battery positive-electrode catalyst has the advantages of: a coating of a passivation layer of the catalyst surface being damaged, such
that more active sites are exposed; interaction between ions being enhanced, so that the performance of the catalyst is improved; and
the overpotential being significantly reduced, the rate performance being excellent, and the cycle stability being greatly improved.
According to the invention, the surface chemical property of a lithium oxygen battery electrode material is mainly optimized by means
of a simple and convenient glow discharge plasma process, and thus, a promising path for improving the electrochemical performance
of electrode materials is opened up.

[ L& 5]



WO 2022/016554 AT | {0000 AP0 0 0

RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

KERR
—  BIEE R R (FAF21506)) .

G HE: AKWETHIGERER TRBE ARG, BAARTT 7 & B oW % 5 ik B e
AR N BRI 2ZE % RS A REHE T RNRBRNBAKTYE Mo ,CaNCF) , Z
J B ML FL AR B TR EOR (GDPY o AL A AR T REAT A B, ANLRE SR oMo ,CR T #iL /2 (MoO
) ST H BN T Mo-NAL & 8. A A B 4 A 9 £ 580 P e A R AL TR0 B A0 s RO T IR SP) SR T B4 =
M, L REMEC AT AR, W T B TRIRAEEAER], R TR R PR RE: 1 SR R,
BRI, PRINARE MR RS T FRATT A k0 I 2 B8 i ] (58 A R D' R 45 B AR L 2RI B AR
R AR R AL A P, o el WA R B AL A PR BETT R T — S5 BT R iR A2



WO 2022/016554 PCT/CN2020/104636

[0001]

[0002]

[0003]

[0004]

& BT K H] & 05 i B AR R R P RN A

FAR K

KR WE T AR REA TR ARG, BE AT T —ME%E SRR E
IR <5 SR AR AL IO oCHE A TR 1) 2 S LA SR A0SR 0 B2 P

BREAR

T H B E EISREESE (413500 Wh ke 1) , S/ (LOB) fE
N REA TR B R IEZ BB Z I OGE. AR, BRZEM R
HELE PRI AP AN o (AR AL FEL A ™ LA T eI SERRRL A, X 32 i TR
WIZ) S5 U RS, H A R A R A ) 28 JE B2 CORRD AN 78 HEd e o
AT RORL COERD A HURR s AN MESC ™1 (ldn, ANFHILL 0 2 1
MRS . 3 1 AR R 2SR T AT R L T B LR A AT R =2 il
e EARBRER O F A A . o, Mo (CHOER AR THE R (HER) , E2KE
AILOBs FIORR/OERH EA7 32 S+ PE A D BEHEAL R, AHAE 78 ORI R Mo (CR G
ARG E AR — MR K Fh K -

R

B i) BE

KRR ATET e JmRACEALTR) S OL I %A S A A it IR H,  H itk
i % (0 A BB AR R 45 MU AR5 S W5 (RORR /ORI P4 o5, T WL/ B FAR %R0
7 ER) R4 FLZE R IE DA A TAFREANETELT L0 LI T AR DAL
IS5 ORRANOERIS)HL 4 A7 s (K ARG P, ARSI s ol e A B i Rk 1o o
B

15 R Rl R T R

BARMBRTTH

AR R T AT E.



WO 2022/016554 PCT/CN2020/104636

[0005]

[0006]

[0007]
[0008]
[0009]

[0010]
[0011]

[0012]

2

SRR AT, HH R ITEERE T AR, R MR . RN IE
VOB PHER AL T L RTAR VR BOEAT e Y 22, BB, BIGSK
KT ke, BEEEIEEF S NEBRRIK T4 salGas
AH ST A A R T e AT S SRR, 13306 Bk
e AR BER A AR R ML 2 AL R TR, RAE MM CE 7 1 FL AL
170y, ARSI R rh R IR R A PR B AN S AR E T, i
LA, JEARSARRE, I TR A RLHT A 3R .
KRR, RIFE IR SR AN AR E =0, 5g 1 0. 5g
: (5~15mL) : lmmol , fEE0.5g: 0.5g: 10mL : Immol; Bk Iyas S Hh ke
JRRATRRE, DLk, IR TRLE N200°C, WAL/, SRR
BRIIEE A800°C, B AR 2/NA
KRR, BRI AL PR ¥ H 25~ 35KY,  IF[E] 50 ~80F) .
KRR ATE T FhR <G B A A 16 Ao 70 £ 1] 2% B 4800 b A WAl T RS2 o
KRR ATE T — P TAE AR, AR TRV R AL R VA
B e B EALTT) . BRADRL. RRIEFA R e Ei AL RIAE T R
ERIEE 0. 6~0. 8mg/cm 25 FEVEMELD, EEBRACYMEL IR B E T 28
65~ T5%.
— Ry, SRR AR R B KR R R S

AR A AT ] B B LT L2 R, FE RIS AR IR KRL T il 2 1 Mo2C & 1~ i
(5nm) 15 2 & AL &7 5 BB R IRGIK ET4E (Mo2CeNCF) , R AT TR AF
A& (GDP) HEA R A Mo 2CeNCF IR R 1H], 5 B 44 (1) i=r BEKE 7T AT Mo 2CR
LR, SR mmAAE . R AR, ISR Az L5
MR A BN ARRENE: AR IIVEGR I 20 TR R T —
BINTTR, XA G A IR A e AL o
REHRH RBR
S B T
it P 3 B

K1 A (a) Mo ,C@NCFAIGDP-Mo ,C@NCF¥XRDIEIiE, (b) Mo ,CGNCF¥ISEMEIE,



WO 2022/016554 PCT/CN2020/104636

[0013]
[0014]

[0015]

[0016]
[0017]

[0018]

[0019]

3

(c-e) HRTEMIER, (f) GDP-Mo ,
CGNCFIISEMPEIE,  (g—i) HRTEMIEEAN () EDXE4.

B2 RNAEHEREZE 0. 1 mV s I, 2.2-4. 4 VIRHLEASE A IOV Il ZR .
13943 51 - T-GDP-Mo ,C@NCFHMo ,C@NCFI{ILOBZE 100 mA g 1A ()4 70 JiC v il
o

Kl4J97E100 mA g R FIREZ M EULA B 1000 mAh g TR/ 78 LB FR
TS

15 S £E AN [ 7380 H, /78 fL LR 85 52 T IR IB R PR R

16 45 T-GDP-Mo ,CENCFAIEAT FLJEE AL 7RI PEBE X EL
R SE e
7 5 B SE T 77 3K

AR R RS A A SR T B SRR, B A EL A ) % DA T A
He w7

SEHEG—:  $50.5 g RIMMMIELEER (PVP) 0.5 ¢
WNMEHE (PAN, MW=150000) VAM#AE10 ml N, N-—FILRERE (DMF) |, SRG
BINT. 0 mmol FHEREE (H MoN ,0 ) , FFEIR1F Y 22 A iATATR: Kbl % Al
AR VRN T AT AR AN (AR N0, 4 mm) [XERHESTESh (loml) HEAT
Wi, EFRg L hlad i, kIR SR ENERS L ] n12-15
KV s, [ IR 2 o 5 WA 2 TRV R S 24 10
cm, VESTESHOVESE 0. 05 mm e min L, YISV, WGERERILUW MU
S, PR BIRIFAEC0 CRIE SRR E L2 h, BT B 24:
W fE200° CRZE MR EBRE Lh, SRIGAERZEEN ,
PERRYP SRR L P 7E800 C I Ml T #kezh, HAHE®EZ N5 C min
s BIRE, WA T EEIREE T S EB RIRPIK T 4E (Mo ,CaNCF)
T A GO S B AR AL B R AR Mo
CONCFHEAT R EIALFE, b WHHCTP-2000KIERI20 kHz SRS f b 45, 7643
PA30 KVHJHEDHL X Mo 2CeNCFREAT BB S B a5 Imin, S5 8S TAAF 5
LU AT 5 300 3 1 2R A OB A BH 1 A B 3B AR B A K - 4 LA 7). (GDP-Mo



WO 2022/016554 PCT/CN2020/104636
4

CeNCF) , AR W& @il

[0020] Klla AILAE GRS FAELEN, HT SR RN RS, DP-Mo ,CeNCF
P FrAEIEH AR S5k . anE b cliR, SEMAITEMEIR S 7"Mo ,CeNCF ) R £F 4
LERY, REDEH, FHEALNI00 nme. HRTEMEE R, BIEEA S8 440
WA 4 TR N3 ~4 nmffMo ,
CEF R (Kl1dfle) o EI1IMgRBHGDP-Mo ,CaNCFE AT AHBL I £ 4451k
, R, BRTMo oCONCFLASL, FEMEGSE SR ab B RE b, 2R 48 1) 3R e 32 3
i BERL T R IR T, Mo 2CB—1~ AR A3 HELKE [R) Nt 2 1 502 N EEHIMo .CE
TRl XPPEEHE ) ARAAT B T R AR H AR - r AR A AR, DA IR A AL T
VEAZ AT e HRTEMEMRIE R TMo LCE mifIAFEAE, JF H SR
PG 5 BUAIEE 0. 24nm, SR T Mo ,C (101) P (EI1hAT ) 3 EDXIEHEIN T
BREFYE Mo, C. NJEER, KMo CETF AWM L (E1) .

[0021]  SEREfH] . H AL 2203289 LOB LAVT Al e F0 R 55 55—k b 3 5 A 7R D9 2
o K SEEA — IR LA TR (GDP-Mo2C@NCF) R R (super P) FHER AR 38 £ I Hl 6 77
HEET0 1 20 D 10VRE T IRBARIC FF s TAE AR, HPaRat B
AL B8N0, 6~0. 8mg/cm2;  HILAR BT 9 IMBE X (= A ) Tt W iZ (LiTFS
1), fEZREFMT,; 20328 B iLOBs, RS BIHWK (BA152K) . W
LFAERRIEE (gfc, BAR19ZK) Rl iR, MPIAK CTAEmM, HR1422K), 1
— AN R A T B AR

[0022] 7R 2R B as R I S ZH A b R R Ak 22 PR BE, AELAND BT 20007
& N R g BT TR 7S RS, AECHT 604B AL 2 ARG BT
THERAR 22 (ov) PR BTTE (eis) Ml DAVEMEARL B9 S bR 57 3 2 bk
, O0F FLI ) BT LU R R AR S AT T A AL

[0023]  ZH2% 1 203284 LOB LA PHAf R i L 56 1 AR A 3B S AL ROV TR . B2 AT LR
F| GDP-Mo ,CONCFZ HItR [FIORRAT AR HIA7 2. 83 V, WE{HHIE N2, 44 V, T Mo
JCONCFA HLE) (2.80 VAHN2.28 V) , RUIHORRIHMEMAVERER & . thok, £E3. 2
3.6 VA —MRHUN IR IE, AT L 20 HHI . MR HOREICVIE
CE 29 iR, ATRAE BIGDP-Mo ,CNCF BAT A A AL AIR AT OERES 4y FEL AR ) 5



WO 2022/016554 PCT/CN2020/104636

[0024]

5

R FAAR U, 32 W) ORI U ALTE PR SE 4T . I3 R TAE100 mA g ¥ HLIR %
JE T Pt & I LOBI A 7 it £ 24K, Mo ,CeNCFI¥I6730 mAh g !

HIEL, GDP-Mo ,C@NCFZ FLM A B 5 &, SA7437 mAh g . T H, GDP-Mo ,
C@NCF F ARt B AT HE BRI FR L P & 0 40, 72000 mAh g 'RIHRFE 78
HZAE N, GDP-Mo ,CONCFHIFEHLHLE M3.92 V, Mo ,CONCF4E LAk I 78 HL HEL IR
(4.04 V) fRL120 mV, XA T EEEIF BRI R 2% . /£100

mA g RHLEE L1000 mAh g IE E EL S & R VAl T A I LOBIY F B0
M AV, 4R, GDP-Mo CNCFE HLAR B DIz AT 1 106AMEFR, s f Al 7
MR BRAAEMER, JFREF 720,95 VIR FEREEZ; MEZ TR, Mo,
C@NCF LR AX BE4ERF > T 59N . IS WoR [ AEA R R (100, 200
. 500AT1000 mA g ) R4 MILOBR L IERE (FRZR 1000 mAh g -

) o GDP-Mo ,C@NCFHIMo ,CONCFLEMEHR G 1 won ik B /7. (RIS IE AT LA
MELH, fEFTH TAERRE T, GDP-Mo ,CONCEH A HAR 1 78 75 e i R AR Ak
o N A R T-GDP-No

CeNCFE HL AR MLOBI B8, HE— 28 5 BLA R IE K TMCs HL A A 7R O LOB AL — B2 5 4
SRR T FEANRORT T CRIBERIIND , El6fT N, GDP-Mo ,C@NCFERILHAH ™Y
AR, PAEFTESERIESEY, GDP-Mo ,CANCF4 HLR EL A w0 R Fa B Ak
T VAL S 1) 78 8 P T T P

SARKUL, ARKRPIATF T — DA R I AT, AR HIR AR
RIESALE, 0 H A PLRE R E RN RS A TAEAL, ROV Bt
WA R R AL 22 R BT, el AR B H AL 2 MR BB TR I T — 2% AT RIS 1 3

4
o



WO 2022/016554

[BUAER 1]

[BUAER 2]

[BUAEKR 3]

[BUAER 4]

[BUAEKR 5]

[BUAEKR 6]

[BUAESR 7]

[BUAEKR 8]

[BUAER 9]

[BCRIE R 10]

PCT/CN2020/104636
6

PR ZE KA
EIRBACIEALTT), HAFIEE T, Prid e mim iR n sl & 0%
RGN B, BRGNS GTER . RPRIE . EA). HER AR
HYTLLATRVEBORAT RS2, R25W); B SWRIGEAT T
ke, SRS E T SRS RIRYUK T 4E; R SR
HEF R EB R ATHEE TEREAATE, 238K
WAL
AR R TR B R, HAREET, R ZImakns ke
e SRPIMEIE . VA, AHEREZA A1 EEE 090, 5 1 0.5g 1 (5~15mL)
: lmmol.
RAERCR R TR & m iR, HAREE T, R
ke e B e .
AR R 3PTR & B AR, AR T, SRR
TR T 2R PR R
RAERCR R TR B iR, HAMEAET, S8 AR
AL TR HL IR 25~ 35KV, I E) J950 ~80FD .
TR EE R LTI 8 Je DR A A0 A A 7907 1 2 B 0 RS A AR O L
Hlo
— PP TAE R, JURHMIESE T, B s Ot A il e
TSI VETERRIE R TR PR R BRI R LR 6 i AL
eI BRARE BRI R
RIEBOREDR TR A A AR A, JUEAE T, SRy
AL T IR B E N0, 6~0. 8mg/cm 23 JETEAES, &
JEBAL AL ) B 5T & 2 BN 65~T5%.
RIEBOREDR TR A AR AR A, BT, SHEEN
Wdts RAMRL R TR R R IR L)
PP, HAFIEAE T, PR B TR IR A AR AR SRR
FOR LTIR € e A ALl .



PCT/CN2020/104636

WO 2022/016554
1/3

.;% ) s N
. w 8 o MGHORNGE
e 3 .

_?{ - ?Q ¥§ vuvavo(5{}%3'&s5}2{:f&$§{;$

T i R RN o

= 2§V o S s B

. NF R & el

B s
W1 N BEww it
g, Froaoenss g , % 3 YT L
30 28 50 38 40 48
BIE vs WAD



WO 2022/016554

Y vs. LIYLY

7
%

Bk

8% (¥ e, LIRS

& JE (V vs LAY

2/3

e ML RINGY
........... ™

o
o

3
. e
o

RRRRETE

R

s
R 3 \\\\\\\\““\“\‘\\

" RENE

RN RN

SRR
S

S

SRPNEY & Fa oS AR B
e RDP-MEC NG

L%

U0 <000 &N
ElF hE S oAb gy

B 4

8000

PCT/CN2020/104636

o DIRNLE
G A, NG

.

R 4
X =d
R

&

206t 2600 e
e § L R N 3
St E  (eabg)

B s

aan Hia)



PCT/CN2020/104636

WO 2022/016554

3 \\ \\\\\\\\&
\ _____________________________________________ \\\\\\\\\\\

/3

éﬁ&%’



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2020/104636

A. CLASSIFICATION OF SUBJECT MATTER
HO1M 4/90(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)

HOIM

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)

CNABS; CNTXT; VEN; EPTXT; USTXT; WOTXT; CNKI; WEB OF SCIENCE: ¥4 S i i, (L7, BRiLE, R aheL,
Z B, lithinm—oxygen battery, catalyst, molybdenum carbide, electrospinning, plasma

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

E CN 111916767 A (SOOCHOW UNIVERSITY) 10 November 2020 (2020-11-10) 1-10
claims 1-10, description paragraphs 3-18, figures 1-6

X SUN, Zhihui et al. "Plasma-enhanced cycling durability of a Mo2C decorated N-doped carbon 1-10
nanofiber electrocatalyst for Li-O2 battery cathodes”
Journal of Materials Chemistry A, Vol. 8, No. 29, 06 July 2020 (2020-07-06),
ISSN: 2050-7488,
text, page 14816, left-hand column paragraph 2 to right-hand column paragraph 2

A CN 104357937 A (SHANGHAI JIAO TONG UNIVERSITY) 18 February 2015 (2015-02-18) 1-10
entire document

A JP 2018032573 A (NIPPON TELEGRAPH & TELEPHONE et al.) 01 March 2018 1-10
(2018-03-01)
entire document

D 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
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“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 . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report

22 March 2021 25 April 2021

Name and mailing address of the ISA/CN Authorized officer

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao, Haidian District, Beijing
100088

China

Facsimile No. (86-10)62019451 Telephone No.

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



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2020/104636
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 111916767 A 10 November 2020 None
CN 104357937 A 18 February 2015 CN 104357937 B 09 November 2016
JP 2018032573 A 01 March 2018 JP 6682102 B2 15 April 2020

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



E R ERS [ i
PCT/CN2020/104636

A ESIRbaES
HOIM 4/90 (2006. 01) i

FZIR PR R 23 3% (TPC) B ] 4% 8 ] 28 7 SRR TPC P ok 702K

B. R
R R AR IR PR BESCIR (BRI r R R0 2R 5)
HOIM

AR AL TR AU 10 o o I PR B SR L AR AR R 2R STk

e P R I & 10 H 1 R e (B R A4 A, AR A CanfiE DD )

CNABS; CNTXT; VEN; EPTXT; USTXT; WOTXT; CNKI; WEB  OF SCIENCE: 44/ rth, fBALF, FRibiE, #giy, S5,
lithium - oxygen battery, catalyst, molybdenum carbide, electrospinning, plasma

C. AR

H A SIS, WER, FREBMCETE AR AR Bk
E CN 111916767 A (FRJHKZE) 20204E 114 10H (2020 - 11 - 10) 1-10
AREER1-10, HEAPHE3-18RK%, E1-6
X SUN, Zhihui %§. “Plasma—enhanced cycling durability of a Mo2C decorated N- 1-10

doped carbon nanofiber electrocatalyst for Li - 02 battery cathodes”
Journal of Materials Chemistry A, 258%, #529#§, 20204 7H

6H (2020 - 07 - 06),

ISSN: 2050-7488,

SR 14816 T e 2B A AR 2B

A CN 104357937 A (LEAF@ K22 20154E 28 18H (2015 - 02 - 18) 1-10
A
A JP 2018032573 A (NIPPON TELEGRAPH & TELEPHONEZE) 20184 3H 1H (2018 - 03 - 1-10
01)
A
[Nacssepprecms: b . TR R
% 51 IR B PR “rr e E IR 2 JE AT, 5 AL, (Eh T R
“pr PCHAER B R T I A — BRR A RSO R 2 B e B 7 e S
“g” EB/%Eﬁi%ElE‘J%?EEZ‘ZEM‘EE@E?@EE%EZ%%U X GHESHIH, BERERTE, URERRPHZATR
LY AT BRI A TSR R BRSO, B S — RS F S pman Al X
x i O R SIS S
E}%EEHE‘E)EIF@%U%E’ﬁ/ﬁ%l/\ﬁﬁ%%ﬁmﬂﬁélﬁﬁﬁﬂﬁr G fk Bupts iy N L L S Sk
“07 WROSATF. . BB R A TR - E{?Iﬁﬁ@”l{ﬂ
«pr A 46 R i EER T BRI R (s A (S0 & BRI SOr
| o A% 2R S e i A H B | BrrAdr 2 40 25 1R 2 H 29
20214F 3H 220 20214F 47 250
TSA/ CN I 4% FR AT 25 SZE R
o [ 2R 50 R AR (TSA/CN) oy
ot [ L ST VE X B I P L6 S 100088 A
£E5S (86-10)62019451 15515 86-(20)-28958924

PCT/1SA/210 3 (58271) (20154E1 1)



Bl s 18 5
XTREERNESR PCT/CN2020/104636
W B 3 PR S SO el 7 e el
CN 111916767 A 20207F 118 10H T
CN 104357937 A 20154 2H 18H CN 104357937 B 20164F 118 9H
JP 2018032573 A 20184 3H 1H JP 6682102 B2 20207F 48 15H

PCT/1SA/210 R (FMIREFMM) (201551 )




	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 - claims
	Page 9 - drawings
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - wo-search-report
	Page 13 - wo-search-report
	Page 14 - wo-search-report
	Page 15 - wo-search-report

