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Abstract: New energy materials are an important element for the strategic emerging industries and they are also important concerning
economic and social development as well as national security. In this paper, we summarize the development status of the key materials
for lithium-ion batteries and fuel cells in China and abroad and analyze the problems of China’s new energy materials industry,
which include shortage of original innovation, insecure industry chain of key strategic materials, low self-sufficiency rate of high-
end products, insufficient self-supply of high-end applications, and lack of platforms for collaboration among production, education,
research, and application. The development trends of the key materials industry are also prospected. In view of the development
requirements by 2025 and 2035, we expound the development ideas for the new energy materials regarding the lithium-ion batteries
and fuel cells and elaborate the development goals and key tasks. To achieve leapfrog development, China should improve top-level
planning and enhance its support policies for innovation-driven development to foster competitive enterprises. It also should establish
a production and application demonstration platform and strengthen talent training.

Keywords: new energy materials; lithium-ion battery; fuel cell; development strategy

2020-07-12; 2020-08-31

BEAN, R ERREGE B TS 0L, WEFOT RN RE B REAEATRLRI K ARL RS 1 / SIS AT
E-mail: xjhuang@iphy.ac.cn

h[E TR T “BrbrRbsiRE 2035 BIgHESL”  (2018-ZD-03)
www.engineering.org.cn/ch/journal/sscae

060



PEITIERE 2020 F £22% SE5H)

T E'IJ_%_

WA R IR REIR R R, RAREE
i 47 MU 46 Ty RE 1) I BE A4 R BAS 1) D e — R AL 44
Ko BT BE TR ADRE X BE BT B A0 K e R HE T

TERL, WrRe i AR RO R IR ZE T 3 e TR R G 1 i
A, B BEIEA R B R R TR BRI AR SRR,

B HE VR ARL A8 BB R A R B U R G ) R R
5@ TR 1], B3 T it B ge iR A1 )
T A TG TG BEROR,  ARL FL I 2 SRR I
RO K BTG, B, A SCH E A7 DL
5 H I AR HL OB R AR R (KT R A )
RIS .

PR RESS, EEH. HA, RBERIE
E X, PLERMEE . EBvh. MRS
P BRI SEAEAT — RV SCHEFTREVE A RL K
PVBUCR IS, IR R E PRse b4 5 — s 2
o BARKRE, KEGE T “HIREEZREHT
%Il (EV Everywhere)” “#f Rl JE K 2H 11K 7 25 8 K
GRHE, IHE AT T CAERE AP BRZR IR ),
HAME T (9K SRR EERBE R SIS Cir
WA ARG ) SRR [2]; kR HE O A RN D S
& Y B A, AT T BRI 2020 fES 7 (H
1 2030+ (BATTERY 2030+)) [3] 2. wf [EH %]
file T (PEEE 2025) (A =FH7 MRMSTIR R
BT R TURID) & [4.5], S g g3 E B REEALRL
PN R A G AR A, A TH E AR T2, FEEOT
AR BES.

g 2 H5 ), WEHREIEE S TR
ERE, BARNKFHIERE, PV A By K,
NP E BT E R AR A R A AR
VTR AREE 22 SCILPUE K R R it 1 IR GRIF S
MEERSKE, TR Ae IR R AT A e KT
LA AR ROR 228 . & )a, FRIEDHT e IR R =
B 58 F Re ek, UL A EAR I B E 005k &
AT, OISR TN S Ak
XM BE A v ) 1) R 55 i e i, VERALIE,
BRI, AR TEE REUEALRE ML ) SCHE R A AE
17, I TRIR E 22 5k e U7 e A . 1 5 [ PR3,
G5y, SEEUM RIS KRR R S H AR B A EER
AR = o

= ERSMREEIR B SR A RAT

(=) EEFHEMR

BT, S i U A% L B R 2 4 R
FHE. HA, WHEEEZMMXEE, i, HA
BRI T, BRI ECNEE. H
PN /NI NS T | 27 S WA A ol | I 3 TE AR S/ N <]
At e HA AR S (NEC) His [H
LG 54 7 AR 7= 1) B8 1 FAE H 77 Leaf HLZ) 4
JEH Volt BB & RIFM % 4iaitidssk: MH
i B2 o [ ) 1 7 A E (3C) HLIB AR BT,
i E x4 (LG) th2E AR, =B SDIA#A]. SK
Innovation LA 7] /2 KAV e E LR EMFFIIA
R E BN FRE— B E AT b AR
WEFL, AE 20 20 80 FFEAR NG I 41 863 TR i) &
RIH . SR E B R VA A R e, X
BT HI R R BT — BEAR TR = 50

5k E A, 3R E BT st 4B
PR b R AR, BAREEAR R, oM
(1) PR IS, s AR AT R B PR = 0 B 1 B4 2%
FA T REF O TR, 78 ESZAH GBI SCHF
FHERD T, el @52 an T IR EH R IR IR A R T
PUATE O P R J2, T B AT e TR AR A IR A A
RGP 3 J A7 7 PR 2 =] & B A 3R 30 77 it 3 77
HERIRG . fEFEMAM R H, IR R A A
1 DURs B BobA 8 A 4 A B 28 =) 1= RE RIS A
TR, T 0 A AR ARG IR 7 fE O AR
FERER 50% LA .

LR, £EH, HA, HEOEHEE T
AT T R AT E s, R EREBER
] 2 FL v A e 0 00 B fAR R P M A

(Z) IERAGRM L

E T BR AR A AT IR = I8 IE IR BHRR B ™ i
JT, BEAR SR ARMY A G R AR S, ARG i A
E AR 2N, oo m b, e
ZooM R, BE H AT A TR B, AR SR
b3 T i ke S B IR TR s R S i, A
SCHUEL -

TR RAT W T e v B ey, B A A e
IE Br 4 5 A R EAE TG KT, 2019 4R [ 4

061



HEFRE RERM B & R R

MR B AR SR 74% . AR A I
DURFER AR By IR AR BRI
PRAF] L VLGSR B BR 2 =) 45 72 S g Bt
SR AG TS T EA T A A, R AL B )
FLH A b SR R A 75 3K

(=) BfR

BRI EE G P A =E ks
fo HAFEM Rt #iE =4 SDI A7) &
P, B m HRIAA MR S IR e SR . B 4
MVAEFR 3 D RE VR IR BB TH A 77 07 THEAFAE — €
I I 52

MR A S TN RGBT AR A
ARAF RYHEFBREBARARA A KK
V8 [ 28 A SR AL TOF AR AT R 2 WA R A < 2 L U
MR BR 5T 2 =) & M A 7 Al A2 B e A
N2 AT A VA B =1 7T P Dl ES s e A R
O EDR U K, TSR A AN iR =, AT
A SRR DAL L R ol DA
B E L A R AR R, SEBL T A T A 1Y
T

EHT, BRSNS SRR A 3 2 [
WREAT 2L, ARRYEARME AT M R W e B A BB
ARAF ZREATIRBARAT . KREEFH
VSRR BR ST 2 7 55 SEBL T 7N S IR A HhL A o 5
PRI AR A 7, KA IS Y £ LA BE 7 771 C
IR L J@TE S FACERIR LG 1,3 INLemaiR
BE. 13- PUMBEER A S BRlR L MGEESE) thoast
BLE 4L

(M) $2ESFH thPRARA#

AT, b gt (4 el it B SRR R 1 Ak
Bk RSB R RS FR H A AT &
[E e TR AR i i A R OB R A
FEAR, BN KIEY Tk . i B E
BB BR AR FRNGE 737 e A R R A F
WAL & B RE IR RN B A PR A R IRYIE A i
FHBE 2 A PR 2 7] 2 Al 41 o 2L £ 1 7=l Ak
KA, FEATT R [E P 3l ) Lt 2 =) L i
FELPRT 5 R, AL A 72 ol B P SRR R AZZ 00 256 4% H AT AT A
AL,

062

(R FREBARAE KA AL R R

FERRBL R T T, B < UM AR BOR R 46
QBT AL, EARBLLE 5 R A AR < O LRt AL
FE EPR KPR RO ZE R, JEH R BT 5
Ao ATERAE 4 g A R R ) Aol 3 B AR R AR SR
MER BHAL RIS, Horr 5 E 3o/R A 7] 8 4
BRI T A BB AL S Ak Ak T A A . BRI AR
IRAT AR AT BR 24 B AL J5 1 A2 H AT ARl Ak g T
BEFRELIR, TR T 58 M mAEA L L. Wil
RBHA IR~ 7 D R = T BRI R LA
JE~ 5 T SR R X 1 e B M 45
TR A PR R RBEROAR, I B R,
I CIFUE 7 2 e R AR A O A 7. [ P 4b
0 5% P AR AR KT 294 KR B2, (] PAY L [ 4K
TS .

(73) 4L

AT, TFARARESEEM M EiE . &
F s 1 (R S RN (ORR) AT — B R 758
PRkl H it (PEMFC) AR 7T 5 4 [6~9]. H AT
ZE FH R ) Bt H R A7) 1) [ A0t 1 7 A 0 [
{£ 7 £ /A7 (Johnson Matthey). H A H 15t &)@
M (TKK). 8 F i KA TR (BASF) 4.
FE] A R Rk e b B AR 1 A TR SR R B, B
PIEHLRG . — 224l W Sear Al 4 B BR A ]
FEVRE RSB, R RER R I R
RIBRL AL 5 — KR T, W EE
Bt K T A4 27 W B AT 5T T i) 5 1) PA@PY/C A% 5% A Ak
A, HERFEEESReRMMmS. B, M
S TE ORR AL TR T H S 2 — [10~12].

(£) S asEEM

FEYHUZJT I, 73 b w4 B Bk AR BB A 7]
PEN SRS BUZ KIBEAE, I H AT (Toray) B4R,
TEEPEA% B (SGL) aReE, #2 MA k4R / Bk
ATFPEIA AT BUZ ™ dh e Hodr, HARZKINSR B A
FPERIBRACH A E S R, R, AU
RI-FIEEI A, RN ESRBKI T4
W, AR R TS . F AR XU
B TR dt s BRTE R 3 2 B HUZ 7 b
HAT, PR R I RFET AR et B AR T 7T



PEITIERE 2020 F £22% SE5H)

TLTR R B BOR AR A7 PR 2> 7] 5 TR 2T 47 itk
ATRRARHIT R o

=, REFERXEM A REFEREE

DA ES 7 A i AR B R b 2 S T F
PUEEA5 B 2800 77 . FELB 22 T HE, ) i A 4k
W35 F15 Bk, B 5 RE R AL A T HE ) RE I
iy [ LSRR . BB AT SR R B B BE YR
PO RBIZ D BORZ —, BIIN CREPEEAR
BT AR (2016—2030 4E)) (“+=H" EZ
BHE B AR Car A A B IR R A AR <5
HAr, BESE OO REEM R, HRIT
Aok, A H EORBERE RS w2 TN
BRI e AN v S I, 7 A 24055 3 T RE YR
MR AT R R e -

(=) BBy EMEMEHMREED, M™ERM) XK

B el S 2R &

FEAR At FEL AR VR™ b P Aolk 78 23 T RES
TG BT A P A — R BRI O AR
VEREMEAF RIS, 2T R, Fri R G5
PREE SRR B AR AGEE 1 o AR A RRE I AL O I
ORE Rt R, SRR RN B A S A T
W AT BRARSE E B O . E Py ERR
7 AL PR TR0 68 R S 4 R AR [ 7 A A T e
BrBL IR R RE ) O BRI, (EPEREAN
M AMES B AN LR A BORZ2 00 s R B
AP BUZ BRI T, 1 AR IS b B R AR B
A HLR > 0, B 2 e S B s R 7
b % 4

(2) BR~mBBEAS, SinNHANEERE

RENIT

L A R AR B AT S A K
1, B A ERE KA . BORAIETRE AN AL |
E[Ei R VNS T NI L Pi Y E /2 AW N Pl
Ltz BOoRekZ, AT o EA S T bS5 E bR
WIE G AR KEMEL Co. Liv 7885 BLIHA
A PRI AR DR A B .

IR R BRI R fE e HEVE RE . A3 i
A RRATT T, 5 PRt AT LR A BOR Z2 1

| &b e i VR B ™ BT R A AR, AR A AT
BB ST A, T i AT 5 A% O AR
AR EEAREESE O, ATy A . B IEAE
S Jit T i) b S8 i i A2 it A e F) K TR FE 350 H
AR “HDUT” AR, e i E g R
TRESRE TR KRR =

(=) RpIFHAE, “FFEMA” aETFEaXR

R EH BV R SERE BT 7T 95, AFAE BN TR
Senl, B EAGG0H . Bk AR U 1A A
7SR 2 T BRI A R T W B AR BRIP4
Tto 34k, s T IR GG R M BERE AT FTR 7 5
W SR G, KEGH SR DU B 7 S8 = it
TER B, BOA I G R SRR AT 5T R 2
17 L E/NAIS A s EORBE 7T, BHAS T RHIE R
P PR A A = b R

() Eaitt QU L3N SEEAR

F BT BEVEAT A O B AR il i85 2 2 32 1) T N
(KR THD T A4S BURR AR, Pk b T E B
i . WA SHRM, 2 HF BB A,
SEREAT FUWE AN o5 LA, BB D BOR B
JEFNIARE . AN, FEARE TS Tl A 45 & R AR,
BRI 70T SCRIVEAL, SBURIGEIHTRE AN AL -

M. ERSMNM R R S5k Ria%s

(=) 1Tl ZHTE—S MR, KEMEHEFIR AT

K] 4125 [ oIk A 8T REVEAT RSN T4 8,
FCAE v BEDOAEL B 5 B e s AR 7 et o o 9 3t
AL, 38 I BTN 347 Ml 2 W St i s A
P 38 G [ K M Pr e i LB R TRESK M. MR
ARIEED 2B 77 AT R T2 AL, BA=Jofiitk
N, H T IE AR TARER A AR AT S8 A
i b 22 W7 T A R Al / JO B AR R B
ARLH], TEE . H AR E D H Al A e B,
= ICHIBA R SHER AL, HAE A Tl
Rt SEHE 3M 2 ] ST Rk 2 SRR 5%
B RIBOAR . B AR AR R fE O 5
F— HEOTREARTIRGRZ

FERORE L AT, AR (LR AEALTR B

063



HEFRE RERM B & R R

FBRAC) TV R S AR A PR Rk RV KA i M
R, H A B A ot 4R A2 AR = A R 7
Eprli AR ETEM, EEX/RAREAS
BT T2 # I B A5 A T A e U, . H AR AR T
(Toray) FEH. #EEPEME (SGL) AdAl. MEKX
ChifE (Ballard) )7 R4 A 7 554 77 (MR AUE 3K
FE SRR T AT ) 3 Rk 1 7=, o 4 PR A AR
PRI TE AR TR L, TR R FE R R 2 4
PR T T B o

() ZEBRRRAFERTRARNERES

LT REA DR AN Stk A o AR (8T e R Ml 3R
Ul Y SO I DS b TN S SRS S R I
Wk . BT AT R ATORE AT RHEOR AN
W R B BEVI R B E T T P, AR, R
T sh e S B REANG MR, HORIRAT LA fE
PAT R ZI AR . AROR 10 SE 4 2 ILA ERES
2 MAT AR T R R B e A, Rk
LTI AR R PR R R 1 10 48, RS AR
WHEEHE ARG IE. "3 HE. L5
TR R 5 08 [ AT R AROR R SR R, FEERCE
FORB D e, ORI A AR 15~20 4F 4 BR
BT REIRR R T, R R A R AR IR
sy, Ry B S v AR R SR T T R
AR JERLIA .

(Z) FEEMENESMHEL. RiFHERPBE

fniE

HKJFO SRR RGBSy, FraalH 2
TREFRHE R E A A . BEE — RAEHTH AR
T, DV ST L i A RORE FE I OB R AR R 1
Frael A Rk gL m) B kR R mPERETT M R

ERAR SR R A R FEHA T, B
ARG HE AN H BT, A=A 2R T
@, sk, WEZHBMBEAR KRR, HO
SEPLT AL AR TR R = oA R E P O
EE RE A 5] 288 Whkg: e H 78 4038 1) FL Vb R 4t EL
fe B TP IE 140~160 Whikg, 7E ALK M e B3
JEE 7 T 3 s vy D o [ 0 At 2 s

PRRL LI SC B BE. RO, BMES R4t
Ve R RIS T . FEAEAR T, [ Y AMER
MG L ISR HAR, AR S5 % il

064

FIPERE C & T £ E AR (DOE) 2020 4F 1% &
AR TENR . FE T ACHIETT I, b Rk
P Ih e, 35 [ IR A w) DAA JeURE IR W I S S Al o]
BG4 T PHE BN . TR R T
T, [ P40 S a6 = T 3 ©L A #32 [F DOE % &
[¥] 2020 4F i B AR 1 F B4R A5 (0.125 mg/em®, {H
E AT 2 f5 2 1 v Ml A 22 P R R AR B0 3 4T ek
0.35~0.4 mg/cm’,

(M) PR ET K, FEeRM R A &5 1

KHET5IEE

b & 55 it 1) 3 R0 S R A8 9T 7T B 0 1 AS I 4
B, RAVHTREIR OCEEAT R AZ OB AR W HL A 5%
o R LR [ B o 22 ) S 1 FR A R A [
EMRRL T, EARZANE TS T ARSI
o FEL I ) K i R

R BT RE IR IR 2 A R B R R R e A
K 28, R PRARIR R Qe HE U A & 12
2019 4F, REGFREMVA B8 120 J54H, o fE
FEE AL, 2030 44 HIAH) 1500 Ji4H. 3T I
AR EEHT REVR TR ZE (1 i b R R R R YR e AR T
Ko, BT EAREE . SR NUEE3)
S 5, PEMFC 75 A2 38 3 fan A1 [ 52 B vk U &
I3z N T

B BEFERXEMELRER

(=) RRER

ALy 59 B FEL T AT RARE F b Y 7 T R 1
BT REPR AT RS I (0 e B

FEAR I T TH, SCREEN I b R M LS
KRB BRI, e B B 1 i oSBT RHE
K MBS B REAEA TP G @B, SOEHE T
LI 5 77 T A S A RRAR s $5 B SO A
L AR R (1 BB R A S BORWEFE, K R v L g B
A At AREA R EAR T (i
RIS % Stk e IR ST T D 5
PEER T AR SOR BRI BUR ISR T, R EF
[ P T g e s ALt AR Ak (B
VISR MRS R, AR
Pl R R AR v N A BT B S TR
AN 5 S SR A o



PEITIERE 2020 F £22% SE5H)

FERRBL I T, AN 5 3 B [ ORL i b ) 45
AREUH TG, SahIF AR T A e BEIRRL it
LI T RORE L S /N R S R R it s SRR AR
A BB A B A BRI SRR A,
KRR LA AR S5 FPRIEOR DURARRE i it r 37
TR NRGEAR, BB B R F BA s 98/
RPORE it 28 8 1 N FH A0 S IORL F A HL 2
B EHpRiEisE, HRGE RN kg .

(Z) *REWHSERES

1. 2025 F 1)K e Hbr 5 5 piAE 5%

(1) BT Hth

RIBHIRN: J144E 2025 46/, 7630 ) Hit
7 TH S5 I ] Ve A B S P L R R = 400 Whikg,
PEH = 1000 %, SLIAEHTREIEZ) )1 R G B AT
NFH s 4 B AR — O B B e & = 500 Whikg;
4 [l 2 4 )8 B A L B & = 400 Whikg, 1 PR
= 500 K. 20254, Tt IEBARHERS R8N 2x10° t.
FREAPRHEF R8N 1310°t. BBARAEF=EE N 1.5%10" m’,
HLIRIAE P2 BE N 6x10° t

RIS N BRI A S s =
TCIEARMRL, SRR S A IEAR M RE, A
IERRMRL, B/ &S mA R AR, R &
BERR RS S e vE R, R, WA
JE R AT AR . WP IS T =00/ )k /B B IR
PORLR S 5 B / G 4 SRR 1 e % R A
R, R JEEE TR F / TR, iR
HLI D 3R RIS 3G P s PR e AR R
JoR RN e A K L BE LR / FRAR SR AR, $E T3
JIHIBRE R E T TREE, Har. “atbl %
ARG . B CBERE =4k, SEELEN 7 Fth R
T3 5 it S R UE R AR R PR 2 $R A 30 )
BB BT IR B A RMA R, RIE I I AR T )
T VE S s A A, TR RS I RS H &
FAR, FERAEFRRIRIRZE S5 77 I R HHE . PR
BB 1))y A ) RS R R BOR AR 7T, BRI BN
P VUL AR 2R A i S RS , S ST AR A A i B L
THOCATTAL, S SR (%) 2% € B IS A 855 1 ] e 48
PER

(2) #RRL

K& BB 2025 4F, ST S5 L f A
it SR S ARG RN N 5 AR R} Fi v DG

FiAR, WD R AR SR R AR R
Mg, 2025 A £ FE FLE AL TR P2 BEIA B 3 ta, T 2
10 JTE %4 H PEMFC RN H 2 RV E T A i
EFEREN 2x10° m*s BRAREEFEBE N 4x10° m®, e
WeAE = BEIA 2 2x10° m’,

AR BAS v L TIRERL B
R, B RBACHRR A . BEREE T2
BIEROR . mPERERRACH &SR . BRI 4B DU AR
FOR VLS i M e A A3 i JE F AR i A e R . AN FETAA
B &, — M AR R, N&E22
Fo R R A, AR S ROR] 2 R
B ST RER, of i R A R S AR
& HEE G SO R A A T2 T IR T,
HPRAF= ARG &R, T2, REEH
RS R SR G BT IO TR R
Hl&H L8, fEfBEmiR. g% T2 B, JF
RAZE N5 B2 A T e 1 e T R AR A RS SCOR T
Zio DUARLFIh G B O A B B SRR 9 il SR
BRRL LB 4 P D B 7R B RN, BFE A L
B ot st &, BRMRR. PUE
PE DL AR I B2 38 N &% Wit 55, e R4y
PR EL T L HE () — AR e T, MOREEA R A% 0
PS5 RGP BRI . $Em i Ay, W8
R Gei A AT RE RS N

2.2035 K R B AR S H RAE5S

(D) #EFHh

RIEHEFRN: 2035 4E0T, SRR o Hh
FLREE = 500 Whikg, fEFF= 1500 ¥k, SZHLLEHTRE
TRVRZE AR R U A BN s 4 8175 4 J A H it
e = 600 Whikg, B3 = 1000 X, 47 MPHERL
e WAL LA E = 800 Whikg, 7H¥F= 100 /K.
2035 4E97 72 5 IEMATRHER= B8N 131071, Sabi Rl
EFRREN 3x10° t, B4R PR RE N 5%10" m?,  HLfF
WAEFZBEN 1.2x10° t,

HAURBAES N A B E A,
FRELIR TR A . ERPREE . — Ju%% IE A R AN A
Tk FESRSE ORI S gE ] & BORFI T2, Bk
DIRere il 1 2 A VR RS S 4 = M e 31 7 Ha i 1Y) 5%
BEHOR, R TR EATIL AR D, I
KA IRALRAEN & A w5 2 (8] %
i 957K REBY ¥ el K N = Y2e) A REE N 53
RIEZ IR AR F &, BRI EFITH

065



HEFRE RERM B & R R

K, FALEIRE I B & b A R AH 1 L 1) 3
JrH i IE T2/ 28 FbRifE, SRABN. K
PR — AN TR RetoAR, Ml ihah 77 fih G
PRSI E ROR A SE v 8, 2H 2 A
AW RN, BB E T R — R AR T
IEFAARAT BRI DV S G it BGR  BE R B
A A A AR T B AR R A TR FE
FERBRF A HIERR TEM &, R — Qb
FPRL e i F8 hO% R E 1) S B RIEOR

(2) ARl

RIEHFRN: 2035 4, SEILRHALHI S i
2. BE. HE— R, ssImEs g il
S PR FIHET R s B E R RR
ZOEAR, LTS PR IR S, B HE
IR AR AR b, BiE R T NIRRT
WIHE, ARIRE 3 T ERS &R 10%~15%,
IFARHE 10% DA B REVR TR 3K . 2035 4E 477 5 MK
AR RE T PR 500 5 = RRRL LI R G x) FLEE AL
FIRI T E, F2EeiAF) 50 ta, [A R ARAA AL 7 AE
ITERLE; 3SR BEEE ORI 500 &Mk HL It
REWFE, FaEkF) 7.5<10" m?, AR E”
eIk F] 7.5%10" m’,

HARBES . WAEERATHY, 4L IREFIR
] ARG RS A 1 JE IRl P b A 9 7 T AR AR 3o A2
Bt A4 ) 77 T R R 28 v v 1 5 K A A 1 A T
GEMmETR, LA 48 Feo Co 2% Bk A L
JE R, AT AR, PR W E R AR E 1 R R
ARG & @ AR 250, I s BOR R HE /) T 3
Yk SR REAE B B A 4 S . AT
ZR0HT, SRR RO IR ORIN = M e K T i B B o
B L. R T2 LSRR b FEATL BB 5T T
THT, 5 S T 1k B oL ARG 1) 48 22 B F o Bl S P AR,
R R B P A P B 455 2 A v A A K A B I R
i, KRR T AR A BHMA R I MR K AT
PR FL 7 B8 5 LAl

75 MREW
(=) EHR, MABSRIFNE

SEB TR B AR, InsmBl e 504%, 52354
KR RPRHERE, INoRAE R v, SEHLARN A Kk
J&o Feor RAE AN ARHI ST AT IR, ST AT R

066

PRI R, SR R T R Al A P BOR SR T
M, s O BRI LRI R . 51 ATk
AL bR dE, RVE T, EE RIFIR IR B
RIS, 8 [ 50 T B35 SN 5o SE ORI I H (1 B2
B, SCRPBBEIRAM BN SC BRI R S, L RIE R
SRR ST, G AMORBORSE I, WA R
MR KR HI A BN GRS TR, B X [ BT 37
IsE 4

(Z) scredl#hikzn, EENS

SRt B Sk s, AR AT M A F B R P R BOR
RAFMBLADL AR R, IS HERMRH KRB A
FRELEETEARIIERE, ARl e B AN, $Em
AP L ERIERE . — SRS, D BRI
A, PEEPEERTE LS . R, PR BEUR AL
Rk g5y B HA G it BoRE AL,
B A MERMEE . SR ATk 5] S RE IR
PRk, RReRdfEdt - aas &, SElE A R .

(=) thEEkzN, FRTETFEER

TSRS B BT ) Sl SCRF I, %38
AR B IR AR, IR L, S E R
BHEGHR (BT, FEE5) SURTEHoR. I
ORARWBER; KSR GRS 53, 55,
A [ 5 AT 2 MR e B 2 i, A
HEHE PV R T2, B R 58 3 N T R R A 2 A
R RV IENE N BOR,  SCHUR eI A B 5 2
i e R BT RGERUE . RN AR R RIS .

(M) FHRA, miEAAARER

VS ST | A DN L YN 5 1N = S S i
FHESIENA . BAA 9%, SR AN KA G
BN SEREHEEAN A GIBEBUR, et N AT [ b
. W EVER ARG KRS 1, WA
KIETE S, REmEbRES S, BRERM. A4 5
R NA RS -

SE 3k

(11 CERIZE, sk 2, xImems, &5 Braelspr R ot sedt e (0],
BRI, 2009, 28(7-8): 50-56.
Jiang L J, Zhang X J, Liu X P, et al. Progress in research of new
energy materials [J]. Materials China, 2009, 28(7-8): 50-56.

[2]  skEGME HAKA (9K S5 BRREABORBTREIE) [1]. B



hETIZHS 2020 4F $22% H5H4

(3]

(4]

(5]

(6]

thE, 2019, 2(2): 76-79.

Zhang Y Y. Japan releases research and development strategy of
nanotechnology and materials science and technology [J]. China
SciTechnology Business, 2019, 2(2): 76-79.

JEiE 4, kISR, 2R R FRE B LR R R AT (0],
[E LFERL, 2016, 18(4): 90-100.

Tu H L, Zhang S R, Li T F. Research on development strategies
for China’s advanced materials industry [J]. Strategic Study of
CAE, 2016, 18(4): 90-100.

TR, REF, BRAH, 55 OSBEE ARG SRR B T a5
JEE (1], WUEELE, 2019, 41(2): 207-218.

Wang C, Song H L, Geng H J, et al. Review and prospect of
advanced material innovative development [J]. Resources Science,
2019, 41(2): 207-218.

e NI E R BOR S, BHEGRR T HVR (H =304k
ATtk Ak B3 A K1) ) (1038 41 [EB/OLY]. (2017-04-14) [2020-08-
30]. http://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/fgzc/gfxwj/
efxwj2017/201704/t20170426 132496.html.

Ministry of Science and Technology of the People’s Republic of
China. Notice on the issuance of the special plan for scientific
and technological innovation in the material field during the 13th
Five-Year Plan period [EB/OL]. (2017-04-14) [2020-08-30].
http://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/fgzc/gfxwj/
gfxwj2017/201704/t20170426 132496.html.

Proietti E, Jaouen F, Lefevre M, et al. Iron-based cathode catalyst

(71

(8]

(9]

[10]

[11]

[12]

with enhanced power density in polymer electrolyte membrane
fuel cells [J]. Nature Communications, 2011 (2): 1-9.

Shui J, Chen C, Grabstanowicz L, et al. Highly efficient
nonprecious metal catalyst prepared with metal-organic framework
in a continuous carbon nanofibrous network [J]. Proceedings of the
National Academy of Sciences of the United States of America,
2015, 112(34): 10629-10634.

Luo L, Zhu F, Tian R, et al. Composition-graded Pd Ni,
nanospheres with Pt monolayer shells as high-performance
electrocatalysts for oxygen reduction reaction [J]. ACS Catalysis,
2017, 7(8): 5420-5430.

Tang X, Fang D, Qu L, et al. Carbon-supported ultrafine Pt
nanoparticles modified with trace amounts of cobalt as enhanced
oxygen reduction reaction catalysts for proton exchange membrane
fuel cells [J]. Chinese Journal of Catalysis, 2019, 40(4): 504-514.
Lu B A, Sheng T, Tian N, et al. Octahedral PtCu alloy nanocrystals
with high performance for oxygen reduction reaction and their
enhanced stability by trace Au [J]. Nano Energy, 2017, 33: 65-71.
Stamenkovic V R, Fowler B, Mun B S, et al. Improved oxygen
reduction activity on Pt;Ni(111) via increased surface site
availability [J]. Science, 2007, 315(5811): 493-497.

Wood T E, Tan Z, Schmoeckel A K, et al. Non-precious metal
oxygen reduction catalyst for PEM fuel cells based on nitroaniline

precursor [J]. Journal of power sources, 2008, 178(2): 510-516.

067



