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TRETFLEEDE. EENBE 4 RED (8x8) W LT
ETAET R, LARE Y. ZRMB. B E%. BRHE
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RlE RN EMAR) AHEFHRIE (FRA).

3. WRALLN A &NHB A&

(1) 78 % B A5 W BDIE R BT B % F Rk
kA BAL, B R A AR B AR SAT H

(2) v et i8] 7 2020 4 6 F 30 H .

(3 WBERARLF, BEGRWATHNWRF ERETH
EEAME K 2GHER “B4 R LR,

4. FERERKUAENEBH AT ELMHER

FERFFFEFFTERA, FE L5 R LEHTEA 3K

FEFHAFEREA: ANKF



Ry BHE 2021 ST

ER IR T P iR 2 ¢ 4 L
s 7 TAEHAL AFRERSS
I WEw | LiEE A ¥’
2 ¥ | AR RS g R 5 R
3 AR | HILRF PR R
4 % | AEMERRAF 2R
5 Ihm | HRKRFE #®. B
6 ST | PEAE RGBTSR A
7 I B | PERERT EEA T B A
8 KEW | FRME AT R
9 os | dEA¥ #i
10 MAE | EEIKF FI
1l vhoB® | R RETRAF H#
12 T | B WA SR e ERRLTAEN




B 5

“SRERER” EA R 2021 4
TE

AL TR HEERH A ARELH, BXE
RATEWRIB 2020 AR EAET. REREELTHE
MT R E, WEA 2021 EHEFE WIS,

AELAETRKERE: UREES. RHBELEAESR
ARG, RGAREEE AR %4 F B frE iR HR,
VO AR RTHE . Mk, TRNAMPEAEET, 3 2025
S E S BRI R AT AN E s #4T77).

2021 FRBHEMEBRBHEFEGH. 5Lk EARMNE
W, ESERKEHURE MEEFRER. AR HME Rtk
MR SREFUREFERHINEER “BHRFE 55T
FANEART @, A AR S R RER . R R,
WED I8 NE, MEHERER 7951070, E4, BEAE
LB RERBERREAR T W, BB I N FEREREH,
TR HE B 3k A& 5 A A3 500 75 5.

BH S %38 —FAFM (40 1.1) W R I A H ). F4F
HCRBA 1~2 B, LA F A4 %, ERTEGHE RN
O R F — PARRE TS W PR AW R N A M AR, 3t



TR RTE T RRBYF AR 4 A, T 55 2806 Mo A 3t
6 2, S RAEBR K AT L 237 B T I HOF At 5 A,
RESEBMEH TR 0K, TER14REA, S0
B 14 REAN. |

TE TR R L ZRBY (T E 4R AR ), §p
KRR FARRIS 5N RAFWER, BURY 1983 21 F |
HUBW A, SMMA 1981410 1 B EHRE

R BIXHHH 1250 28 EF 5 S BT, ¥
I AR E O RN AR, R B R
WB TR IR 2 ATE . 2 AN H BRI EAN B £
TR B SERE A 2 N AT W AT 0, AR
WAk R R G T

1. H AR BTG MR Ak 2

L1 AR/ % B3 b LT W AR A e A e (B
WHRHA )

FIHNE: H AR R E NG R FTNG 7A SR
PEADIEATA U4 ML, TR 50 o b AR S o 72
T, REABQHE: FFRLRTHT MG R 5ol A
P AT R S LA EAT TR AR b B By g
VG RAGR 04658 B35 50 1 M0\ B A b5y 324
ADGRAL; B 5 AL 45 0 X 9B/ A 208 3 A A o
IR R AR G R IL T & 15 % WAl 37 6 05 o B 2



B M R A A RN R RAE A, TR BN AR TN
WS AR REE R R A, FHE R BN AY
kAEawEH ARk E.

E Y AokR: AR SR AEA AR £ <10%; BHElE K
N AR RS, LR FRRRER
15A/cm?. BE F <2.0V@1.5A/cm*@80°C. B E T & > 100kW
WA J7 > 3.5MPa. & ALE >99.99%, 5~150%F E R E N
WGP, FATAE 30000, 35 KRR E <15uV/h, K
&, W, RAERAFEFEEREENEEFHEARTT
fE 2000h. T34 3 8, JE F R <40pV/h; HRE R T I T AR
E RIS 4, SUEME: 100~2000Hz, &t 1~10% ¥,
0 K i L B A < 20ms, A BLIR 2 <1%; ZKEMAH AR RN
RS B TR R, HRAREAE (RWR) >33

12 BARRFFASLE (PEM ) ARG 4 X R4
HEA (GEHEXRIA)

R WA ARt AN R RA RS A
PEM Ak &, 45 4,80 ] Fo & B W9 1R RE, FF R A AR i AR AR B K
AR S BB SRR, AAAREE: AR
K (Ir) #/4F Ir AR AFEESE. ARE5E-BRRELRNET
¥ ARERSR. BRE. HREEAE TSR E
T S B AR, SRR A KT B AR R A RO T
¥ HEE THEET W AE TR TR R ERE.



ENHAF: M A I EE <03mgem?, FTHE AR
B E < LOV@2A/cm?*@80°C, it # <200mV@10mA/em?, £
ok LA, B R BRI TR R E <
+10mV@10mA/cm?, T4E 3000h 5, H#FR <2%. F Ir /T4
A HB<1Smgem? A4 T, BRRBELE <
1.80V@500mA/cm?, it W # <350mV@10mA/cm?, BEK4HT
10000 % 783 J& 3 H. % R < 20mV; JT T : i R B B (IEC)
>0.9mmol/g, B <80um. iz <£5% (RAFWER >300cm?),
BT8R >025/em@80°C, frfhiEE > 50MPa. HEKE >
300MPa ( 50%RH, 25°C), T R+HEHE <5% (50%RH %
100%RH ), A <2300 ju/m? BB &% 4 %% >600mm,
PR >10 F m¥YAE; EWARE &R A E R VEEEAR > 3000cm?,
FEEE > 10 7 m¥4E; TG SR AR & R &R e > 10
4y F B AL AR LY %R GR A Ir £8 4 b,
E A > 3000cm?, H M EJE < L9V@2A/em?, W #H <
200mV@10mA/cm?,

1.3 BRANERKEREXBEAF R G RELFH (Gt
KEHEA)

TR WA 4T3 EMAR AR R, BRAEE. K
BENER, HEADEREAEBEHEARRIAL 2 A5 K
BA, BARNAERE: AR, BENE. K&5F0 KL XER
FALSERE TS REHNEHA, HFWH TR TR



BagFmME; RER. BERER. EEAM%. By
MAEBRBEREH SRR K LA AR 0Lt
TIRMAUR; P AT 5020 6 9 5 38 1L Ve vy o AR ) B B 3 4
MR EEREAR, FHREAHTHTHEAE S0y —Hh—
FHE R AR,

FHAR: WREH T S8 >3000Nmh, BARNE B E
< 1.80V@5000A/m?; | A 5177 > 80% FUE &, W Adsd Hiw
# <43kWh/NmHa, £ 45 #1078 7 < 4.8kWh/Nm?H,, 2000h )& .
AR B A R < 0.1%; A H S & B I E > 15MW,
RHBATE A TR IEE > 0.8~1.6MPa, Ih T 55 B > 20~110%
W T T,

14 BFHEW CO, B TR IBERR P RELF L (L0
KEEA )

TN 43t KBS S A0 COy L BB 8y &= M 4k 5 R
WE, BTREMH AN CO TR IBEAR P REL, L4k
BRFE: WA T COBRFELHEAFKEZ; X Hafr CO,
TERNARTE R 5. AR o 1 7% R o
EAE; FRAEE A Fofml R AT R, E A BRI ¢
BEAR; FRTUMAEN SR UFRRNERTY, FET
FEAL T B/ 2 KA UK BRI B B A 7 £ R A4
mCOMFEAELY A, SR+ FHET LR,

ZRRAEAF EAAEIT 5000h FEE KR F R <5%; RE:



HIEAAE > 10 o, AR >90%, COr HREEME >15%,
BB > 90%; HALAE B AE > 99.5%; Jtl A CO,
FFET SRR TIEE, BRRAGBE. 2TV REERE RE,
BT+ AR IV rEEE, COrEELE >90%, HEEEHFE
M >95%, A% EIZATHE > 5000h.

1.5 RS —HMEKESRAXBUEARKEA (StiEXHE
HA)

RN St RKRTHARRESHREESREAELIRS
FEkE, TREBRHE—RAZESRAREBIREEA, B
WARHE: RELEEEAMAAEGRETIHR, #HAMERMKE
B B BB AT AR o R BORE Y I RHT R, W N=N R
760 N-H 8 5 8 AL 155 8 e f i b & & R AL A
FHE RIS, BT A kIR A & — R E b
ERANEPHET 6, FRXEANBERZANRBTEA, &t
HRR TGO B A R IR & — IR E R F SR AT AN B
ERE.

EG A SAKMLE>260%; AEESRABEMTN: RN
B <200°C. BRLE 7 <02MPa, 8% E > 100mg g h!; 1&
MACE RS R ABAR: KRR E <400°C, RRE K <
7.0MPa. % > 100000, &% >15%; W H4 IEH & —1K%
BEEACFERBEEARANBIEXE: THEAGERNEAERASR
>3MW, &RABITE N <7.0MPa. K J & F <400°C, #4%



> 15%, 3000h DA _bi% 4848 2 3547,
1.6 THEATHAREREANELRATHEIR (XK

B

SE

R 4 xR B W M XA /oE K g R DR R
AR T LR F F AL, R v R A AR v AR K
HEERATHNAE, RANAEHE: FFREN TH4EBED
SHENEBRAHNEGRARFEME RAVEE T %, HRE
BLEMEAFHE R T Y RBMNE W, #5858 AKH 4
FHENAAREHANERRER S ERBEHNIR, HARE—
A—f— R T ML ZEHRREEA; FRHEE. 4
FERFNATUNEZAGF S THEENG, BRELE KA
KAFEIRE .

ERET: ¥BRTHARBEORARAEGRALT ERHY
HBEEAR, HBABAEES%, FEENERATHERE
TORBHELS IR BR+ 7R kG S 6 REATH
TH: KEAH L 100%, &RES 6k >10 FrH/eE, mEHTE
B 50~100%, AWM FHARERHE —HKERE (BETEN <
7.0MPa. R FLiRE <400°C) #ib ¥ SR AXBRE IR RIE
U BREEARS: HHE > 100MW, £ GHE4 g <
4.8kWh/Nm?, S# % G ¥ B E 10~100%, %4 )& 30 1 <
30min, B 378 <30s, AV FHER > 20%/min; 7 FH 4
REJRH AU BE 7 > 5 40 kWh/4F;  w B F U 4 4o L B B] < 1s;

i

/

E'-‘



REATE (RFRH) >5 3.

2. e RAFMHE TERTEARR -

21 HHEREMABRETER/BEATAR (EHAERAR
SHRERFRRA)

FRAE: 4 EEEHENFOREAR R, FEEAER
BREAENTHEMEEME. REHETLURTHREER K. B
RN EAYE: BREREMENEIT R4 &5 EEaEsnR/
WA FEMFJFRR, B AR R R R R
B ik A AT IR0 B o SR B AR T s DA R
AME N TR —FHERRE ARG UWERBEHREAT RN
k. BERWHTEE.

A KT 2000C THR AR EEEE K >9.0wt%, 7
FREE >95%, RIBEHEHFEG (50 K) >90%, EEE 7 <
TMPa; 7361k A % 4% R/ A3 F >3.0/03gHy/min, ALK
> 99.99wt%, ¢ AR B RN A AR R GB/T 37244
—2018 E K.

AR ATE BT R AR kA & Ok
S — AN AR R

22 SARNEELBEINAH GHEXRIAR)

FRAA: 4R AL, REMEEHENEERNE
GROEL, FREMKIL. KEAAHRKEMEMELLER
HR. AEARRHE: SRMRBEABKIA SR E S



WRESAR; ®RAGR AW IR 7 55 KBS ENE THE
PR RKE N RIBEMANGEH. LRBAGH®ET Y M
MY, BHERABMBEEARNBITI 54 TY; )
P SRR AR R AL WS A 7 B8 5
BUA;, ETEAAWENNERNRITEE,

ZHAN: SABKBREBERE Y >5 /K, REF 5
AR (KR >97%; SN S RW KL E >80%,
BAEFF > 1000 K, #Z 10000h %4 #3547, WAL RN
B2 <0.5%; ARG RBE G FESME, w8 FE
Z<1%; FFREBESSBBER I, RRBLLEHYyE
A LR 2 < 10%:; 2SI A SR EEE K47
W E AR (AW 1~2 .

23 FRAGHBHAAHERELNUN S BB FEHEA
(FEMHEXEEA )

RN HMERERLEMHEIERE SR A
EARME R EF K, FRERSMAESAN. KI5 240
BAFR. RERWEAE: FRAMIPRIEA, %8BT
RERGAMAEEEEEI G RREN, SEMBES At
BEEWER. REAETRATHRBMTANESL S ML S5
WA 8 T I T AT G Fo 515 83 LA, 4
FROT A ARG IR R B HAR, &8 A b A
PHELRIEAR, FRRL SMBEE S B R, Eo0H



it AR E 4 TR Ao SR NITE Tk, FRESHBRE
ARG RIS E%E . RAAAE LA EN 5 FFRARAE.

EHAAT: FHNERE AR EEFAAMELERLE
FoBahlR2EE<05Smm, AHEI;B/RERGERT
Q6mm, 2B /4T 4 Wy 24 U6 U RE B 1] /0N T Ls; S IR R o e BT
JE <0.5s; 75 > 50 WMH A E L E AR ES ENR R,
5 753 (A AR o S R4 1k AR B At xR & < 15%,
5 & FNER bR 2 <15%, 5 FARBF LD BT
Z£<15%; REFEHEAMAREFERARUEZR. RS
W, %% 5RMEAME 1 F (F K% ERHE GB/T 35544 —
2017. T/CATSI02 007—2020), #XM &L oM 1B EM DK
LA, W 53RN0 RN E KATLARES D T 2 B

24 SA5HELBREGRR. BRE5BET T FoR
FRER (EEXEHEAR)

FFR WA 4t AR RS Lt S B A
. A AAMARET “WEE. BEHEIEREE &
HREATER, FREBRBREGLAREDW T E. KR
B — R — A R R ERGEASR ., SRR ZENL
M, #ANPELEENARBHR. ARAELHE: FIE4A
WIRAT A A A XML T, ARHEAETHEAREN KK
WM R, BHAAREEME— T BN 54 BN
AR, R EM TEas. EEEPR TAAKBEARRE



RAVE G BN, 87 BB A A S Al e Tt SR 24 Ao
RICRAE; R4 ERBME 5 BN P20k 5685, FF 41 % 0 B
wE PR AR WEAM L, FRBARIG AL BENAR Y
SRR, BRI EREBINA T A ED W7 %R0 LA M
VRIS OB W0 B A B VA RN SR S
AN G EWBREEART EREITE, BEBRF LT
FEBL 2B Sk BOM BRI B

R WEASMBERN R EE KN R T, BRR
o AT T T A e OBk 2l v T B 1) < s ST AN 3 B
FERBELAPREMRY R IE TR = F R TR
TR Z <15%; HLEEGMIR E LKA H 4 5 89 % 508 1k
W5 KA BHE, HFATRERE, EFEESAMEED <
35MPa, BREEHERKEEFMT 2000, KBAKFDHF 5
K BFRRRET BB EEAZREGIBHAE, HEFNEA &
SRBE. RS RRECE T WA >00%; £ Mg isn
BRRAERIMZ 2Pk, RitE AT mE ol )t al
TORME B % 235 B RO, #0BA R T x4 I3 0 8 B 0E K s
SMWH, B S TH 95%0L b I8R5 x4 & 4 W R 1% T
0.3MPa Y3 JE & 77 SE 30 52 245 4 B AR M R T 1% 70%
AL WRBREA B ARG T2 B ROk s ie, YR MER B T
KT 725m/s (B0 @AMETF 2100]) TEESRALE B R R IR S
. 100gTNT &SN R ETHE, B E. B4 B H



ot B B SOMORL S JE K T 00%; AU B %A 17
(KR, A BT A RSNk M
T T S B T R S AT R S, B4R
BWE <Smin; ETHEAEBXAGEEET S, EAFHT
1000 & (&) ARk AmE e

2.5 HRME L OREEMAERES ERFREAGAE
(S EEHR)

PR WA TR R R A R
EE, FREWTAER. SHEERCERNEE, LABK
W . BEGEH. LR, FRABFET. &bk
PR, BANBAE FRRMRERLR. RERPHEE
37 SRR, S P52 4 R U R B 5 R BOR s A2 B
S A R B L R AR ARRE L TR
FRAME RS, AR, LEE. FREET. 45%4
R B R A M T SRR BRR AR R B
G4 B A TR HAR T R AR R I 5 AR
B

AR A AR BB AR A PR
WA, SRR >5 T, MRAE SR T R
BEEH. . FESEIE AT LRI > 2R, BT E
1120 F 1000 FRAEEFERFERNES LN %15, &
M A A AR ENAL 15, BEmE. B8, A8



FEFRI R, TR M o 5 2 A A 4 0 54T A
HAAE > 1 1.

3. AMERAR BRI N R4

31 BREFHLARTEAE (XA EHER)

FRI I SF AT ot R od 2 S R Go LB R, R
ABRE THERINARAR TROWEN, KU Ak, Bo
WhlE. RERTRASEER, A FEURFRTH S
FIBRE N BT RAWEWRI RS TR T ENE: Af
BTN BRNERBER VA, FREEE. KEGLATT
REMG RN GRES 5N, FRRTFIBRBEETY BT
BABERAR; £ TE A2 AT R 3 i 5 K

U 2RRTREWBKREE >99%; BEAWHTE
225 77\ XA B (IEC) > 1.25mmol/g; 324k 3438 FF > 130°C,
RENATERMERE >350°C; i FAHM EW < 900g/mol,
T E 8 E 8 B -30~120°C (e AR hR THE &), W 8% >
458/em?® (60~120°C. 50%RH ). >5S/cm? (-30~0°C, Jif B 4% 52 FF
TAEZAE), WARTEE > 50MPa, Fi8 46 30m A K > 20000 %: 3
BHEE TR E<£lum. R BE >99%.

3.2 ERAK F AR o bR T ) AR EAR )

BRI AR AR A R R E R, KRBT R
FHRMERIR B b3 . ME R A LR, BN AE
W B I T R AR R4 R A AR S B AL B )



Ry FRIEFGBHENMBMGEREREN S HEBR, X >
80°C I I, T A MR v ot B K B BUR, SEINAR MR B o v 3
W PR AR s R AR T AR R AR S X CO2 By R
W B AR R AR R R, KA/ T AA
e TR R R b WL 3 B K R A 3R AT |

YR fwRERAEaghR. ARERERERSER
A, AR R4 e A B <0.05mg/em?. AL FAENA
E M > 0.044A/cm’@0.9ViRgee ; B M JE B 7 F > 45S/em?
(25~80°C). AfLHrIE 7 < 10s/om; FAPEEWOH B R 3ET) R >
2kW. ZHE¥E > 1W/em?, @ A/2 A B MEH® >3000h (£,
M8 T % < 10% ),

33 W AEBKFFERRIAR GEEXREAR)

B R A AT R SR 3 R L s K A R R R Y RE
JAR R, FFRw B AR, Bl R AR ERAR
B, BANEGE: BERRcEEEAR. BT, ¥
WEALKE TR THRERALS EWBAEAR, RAPEBRES
Fod0 CO B8 J7; A W 3l FF B AR M8 b B AL o ¥ BB B A% T
A, BRAELHNEE. RACAGERCERBoREE; R
B AR B TS — KRB B A R TR A BAR, B
PR AR g, RER AN ST R,

EHAAF AT RERS T, BEARE T THE 8w W
& <10%@40000h ( SZFF JUSK 10000h, AT <2%); B



Pt # & <0.25mg/cm?, M b > 0.80V@0.4A/cm?. > 0.70V@1.2A/cm?
(2 R JE 7 < 150kPags. A5 CO 48 >5ppm); L FET&
Ve — KRB SR LM, TF RN AR A B A R AR
BEER. FFHE260 AR, B E<10mV (12A/m? TH,
HE, WBMARS300 ), Er@BERLA. BRY. KTk
JEERHA A M R BINAEA, HA R £ <10%.

34 FAEAREMWRB L B LT RERXBEEAR (£
MXERA)

R NA A xTE Rk & gt R M BN KA HE
AR ER, TFRE R EREA YR o e
B e, wRHEIL 5 ITRUAR. BhaE: Fk
HHE RGN BE BTG E T Y a5 &, F5
AT B i o B Ao AT I SN A R sk A RO i
iRy R R KRR . B N, B
BAEBN LT A RRE B FREATEEAEERER
BAT AR EAAE, s R E R AR R o A e
RHR, FIMALE X . B TRMEAR,

R BAE B R BRE AT 20V, MlohE
B> 04W/em?, BARM R >100W; 4K b ib ¥ AT HF <
2L%o0, FLEEHE >25%, B WE > 50MPa; w JBEAUA By b 3 4
RIIR > 5.0kW, FIH B IXE > 55%, A RIEIRE 5k 3 > 100 %,
LA R, < 0.2%/ K @100 3Kk, £ LE3E4T A > 15000 ( 2 30)),



R ZATH UL T 4 1000h FHE < 1%, #EFHE6 > 20000h.

35 TRABERAMAMB L ER ARE THM B A
BEAR (HAEEAR) |

FRAB: 4xES. BF. HRXHOHR MBS EHR.
KA. TEZRBEEREAMMHERNER, FRETER
BlRE AR SR TRUEARGRARERTR, LER
BAKE: FRIFEEREN RN RELTE . AR, B
HREEEGEWEH, BEEdENSHkErge, FFxmk
WHE TG HERAH. B BN, FFREEREE
FRESHLMHAEAR, B BERTE, FETRAE
Moy TG & GIFMEARTER; HF 50 3 o e = R a3
AT 75 B R 0 LA, FF IR LB 5 S B B AL BE o R AR K
HRT RR B BE 2 G R B 5%

FALTEAF: PR ARt L ( ASR ) € 0.25Q/em?@750°C,
A B E I E R FE R < 02%/ K @100 Kk BEIHR >
IkW@0.85V, & >65%; ZAHE>20kW(HERRAME),
RPLERE > 55%, REBKERR >90%; % G5ELETH
2 4500h( SEI ), A FAFER B Bk 3 > 100 K, T A4 > 80000h.,

4. “G@HFR” H4TH

41 FEESLE B LMAGERBE LR LBHR (3
HXREA )

TRNE: SR E A AER, TR KEALE5BE



(5~20% ) MRAAE 4 3% J 3 B R RSB AR . RRN AR $E:
GH AR R BT ENE, FMPRE LA/ EMANEE
WA, thE/Bamde e Rt T Y, Y B4EAK%
FHrEnE, #RREFRREREAR, SEBERAERNTY,
AREFEK; AL/5 EMAE B X R AR A T BT i
MR . KB RE G FH R TEMEE KN IR BEER;
AN BLY S RETERAMMERETL R FHHERS
B, AEGERARRTE. BEAKSERTE, 44/B4EAX
FIIR R i WA AT AL R EM LR . R
Al RARKBE K mE K EERHARTE. |
AR BRPHEAEG/BEARAERITL. B4 HR
FEATWERA BT ERFR 23T AREMT LR E,
WRREM RSB EARE 1B FRAEABERAE H T ¥ L
TERH 1 E, BRAG/BERAE BN SR BT L/EERN
SERATERER 12 W, RRAGEERNRBERRTE: &
JEJ7 <4MPa, KJE > 4km, 4% >300mm, &K E > 5000 v/
4, ZAFBIT60 K, AHEMRKE LIP THEF <03%h (RE
BfE] 24h), MR EMETESGETHEARER, BRBA%E
SRTE: BEAW 520%, EHTRERE, REME2%, 7%
RFFMAREHAEERN, SR BEAE >99.999%; #F
JE A7 >2.0kPa, FKAMERKBHRBE >80%, KAMERELH
fir 2 3.0kW, MBEEAFHAAMYEE <0015%; RwH L



EEEEZE 02MPa; MR DG EIRAM R E 54T bartk
% WA 1~2 T

42 EEARTREERBERZARBRAEREYA
(FEExEEAR)

PR A GAH AT 2 %A * (PEMFC) B9 7= |,
PR L BRI R . iR Kk, JFRAEEH PEMFC #
MK AR R X BUANTR, RERAREHE: FREAES
FRABHGHEA S BB E, URRR b e ) S8 E 21T
M. BB MBS EER; A5 B RS R b B gt
ZAERMARBTRASH BN D HEA, FREEREEA
MRt o B R G R B A BRI B FFRABEM
b E R A RE K. TR REA; FREMR
Pl R R SN PSR, AR AR Y B A B P45

#MAgAR: T4 @ AW PEMFC #w B4 & 4
PEMFC W3 3h R 5 > 08kW/L; R B EIE > 1kW, WHEL
WAL E >50%, WEBEEEAER >85%; (FEHE E RS M
P B0 Th B I ELE > 95%, T % 45 8 v Bl B 8] < 100ms, 2
Ay 275000, EAF#AF® >40000h, £ & > Smin 3 200ppm CO
Tl W EE N 22 F@100ms, H—FKARBHETEE
R A BF 18] < 10ms, I 42 413848 BB E <25, R EAWAE
A, MR BESHATE, HERR G <5000 TAW,



“SEERR” ELTH 2021 SEE
“tBB I B

ARNEMEL RN IRE P LM f “+HE” AR,
YIS iR a) Frddfo A, “AREAR ERETREERY
BEE. NASHSNE. KA P ARNEARXTR BRED
2021 4 JE “WAFEN HE, AREEESERARERTU
KA

. FER AR

AMBEEEGSERGHREE. K5 LR EREINEXR
R.oH-HMEMELHESEANAGE, PRRERREHE
BREEF T LRI EREE, TR EHERD. m%m
MRBEESANET LRSS, BRAGNRIRE. BHE
ﬁ\%ﬁm%#%m\E%%%RI%&%%,%ﬁ%ﬁ%%&

Bk AL X IFEMA, BB IANARE, SUREERE R
Xﬁﬁﬁmﬁﬁn%ﬁ%%%%,ﬁAﬁﬁﬁ%ﬂiﬁmﬁﬁ
A1 W FH FHERICFEALSA, RE SR8 FET
10K, HEHE1LAHFA, EMRAR 1L ATA. DhFELF
ﬁ%%E,Mé&%EI&ﬁ%mGKﬁ%tL

%%%ﬁfﬁ&ﬂ%% VB # LW AR A Sl AL T A
R, HEH (RE) AFALER. ¥HABRRER. FHREN



BELZ TR EBENWF RS me, BT
B L., WS RS RIE, HOTERY SREHE
WEEAT “QHIFE,

. WRFEZER

B\ LTE, BERAAEE “FAR”, x “BEE®” FH
Bk, ZHRBEATR. LEHERRPEFHITAKRSE,
e ts B EREVE, SRRBFRE, 2HTRRMERK
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55$ﬁ$ﬁ$ﬁk3%oxaﬁ1%\ HaEA, FERFXR

H A FAERER, W R K 1983 48 1 A 1 B BUE B &, §°e
&ﬁﬁwmﬁwﬂ1aufﬁi EN S S AR A
WERE L.

%m#“Wﬁﬁﬁ%yaﬁ”%%:&ﬁﬂﬁ%ﬁ@T,%
ﬁ%@ﬁﬁﬁﬁ%%%ﬁ%ﬁwmﬁﬁ\&ﬁ%&%i%ﬁ%%
%ﬁ,Wﬁﬁiﬁﬁz%ﬁao2¢ﬁaﬁﬁmﬁ%¢%&iﬁ
Hy 7 2 %#V&%&F%ﬁzﬁﬁﬁﬁﬁ%%ﬁﬁﬁ%,ﬁ%
Wk SR T K

1. SN

Lléﬁﬁﬁﬁaam&ﬁ(iwﬁ%ﬁﬁ,%%@ﬁ%%
B E )

%%Wﬁ:é@%%%#@ﬁ(ﬁm\ﬁﬁ)ﬁﬁﬁ%%ﬁ
ﬁ@ﬁiﬁ%ﬁ%ﬁﬂﬁ;&%W@&ﬁ%ﬁﬁ(%ﬁﬁﬁﬂ‘
%%ﬁ\@%%@ﬁﬁ%)#@%\%%%ﬁﬁﬁﬁ;ﬂﬁ%%

— 136 —

ant

=



IR G B 6B 4 51 AR A B 25 o o P R/ M X AE LR ALY
W, BHEE TR SRERD AT RS EREAR TR TREY
I AAREE . 5 ERBRE AN, FALREN. Fits
W HT AT R G0 sk B 37 X s B R E
05 5 AR RBRBOIR G S By R A BRI A 3 42 8 4 o7 3

TR BAEAERWAE >400mAh/e; 4464 B8 K
WA E > 1500mANg; BEARBEMFLE <15um, ZEW B2 >
ImS/em, EHFIHH>08; 2EA4BEE]: 28 > 10Ah,
L ik B > 600Wh/kg, 76IR%EA > 500 7% .

HARE: LFH—BREGRE, HTLRTEN3AREH
BABL (EMZHE. 5 BT E 2 AEABESAETE) &
FERFRRE; THANTELL S 4,

1.2 FRERAMRE L 2B EAR (AR BEA)

RN HXTERE G R E R T % b %
5, BIRABERAMYWMAE RN (SOFC) £4#ud. Wik, Z4
RUTREREAR, EEAHE: ROERBNEY, FRBE .
G RO KT AR, th A R £ 4,
IFRERAEBE R TRRE B SR, FEE—5E. L4
WRBAREAR, BRTRARRBER G, FLE5. £
R BRETE MR B LW, B8 ERE R
50 SOFC R4, FERKREE DMBHA, HELSEML
PATH T I 8y B %4
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Mo ki: BT FH SOFC #HE . wiEL RAMAKE
WA, ZREMEE. BT EE NSRRI, R
> 300mA/em® & fE T, WE B < 4%/ T/ (ZATHF >
1000h ), R MEEALBESEIAEMNHMTTY, HHAE
A% 5000h, ASR <30mQrem?; %48 SOFC HEARKEA, #
BT > 1.0kW, WIETNEREE > 1.0kW/L, BRE >60%; 5t
RAA. RIREEE K% HHE ) SOFC 2 AT K, AL R
T > 50kW, B 5 3 o4k 0% g, K B E > 55%(DC,
LHV ), I RHZLEMETFNEE.

AEPA: AR S 4.

13 BHEARERAERMER LRI R X 5
(tEXEEAR) -

FRME: A xR e E R EHKREMRER, FAFR
REK. ERBAZLRI. HEARIEAR, FEARIRT
K BB AR A T AAE, HT I & T0MPa KA B IV AR,
ERIE. RARAAERA. HALZAEHE. EAREIN
ERBE, HREEN. KEBEEHHEARA.

stk R R AR AR R, FRKRE. BHS
2 TRAG T REARGER G EHHAR, HHEAREEH
. IR AT B MR RS,

4F 3R s A A A R, AR AR HhEE
AR BAAEERAGPWY B BE. FRENE, KERE
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IG5 e BEEF R, EXEMWUMRBEPRER. £
BARGTAD G ERWIRBEO TR, FLENETE. &
T W EMOE P e i R R AR . B ML TR BGRAE W
FHI: FH& T0MPa AR E IV ARG ARG H R ER
& >32kg, EAMEER <10mL/mh, HEAKT >7gs, RERKE
A >10 455 T RRAE B AR 5 AR 1 8 R AR B AR )
R GEMM BREN. BRI E L 2R TEN. £, 70MPa
SIVE R B T/CATSI 02007—2020 Bk . AR >400L, M
EWAY K >68wt%, HAL(fF 6 34 %6 i & <10.7kg/kg
Hy; 8 AR R E 7 > 70MPa, W B 2% 17 A4 > 50000 XK,
AR A6 <8W, MM BE <1.2kg, MEERLUTXEKE.
REXE. HEMERKEE (TPRD). BESNE E v F 54
RE, FE R LM E4 > 50000 K, #dENH N E
10~15%, W ahF4Enta <10s, M RE >7gs, HE <1.2kg;
FRAFGHEFBEEP LI EHER. LR 6 BULAR
allEE, EEmERSEHNSFEELLLUERE, mEH
R EA8 niE & > 7.2kg/min, ArE O H Fa >20000 %, A0
E M A AR <85°C. A¥LE AR B & W /A& AT AKE
>Tg/s (WARKE), AWHEAREE <03mL/h@30bar, it A
5% 5t 1 FF PR 3N F 4429k CEe Bl o B2 JF BRL R 3R/ F 500
FHR), RREEHEIAG HBREA >50kPa, 5|4tk >22, Bk
R 390 [H 60~400kW; KR EAAWIE R LEFA > 50kPa (%
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A EAREEAR, B E>3000slpm, A5 KE >90% ), i
<1.5kW, & >46%, ¥ <70dB, & >20000h, 2 WE
AENARE O AR BE YR RAE AL, R R W
T AeiE AR ER A ERRE A K.

2. WA

2.1 RFHFHBAFBEN LB ZAARAR (EAAHEEAR)

B AR R RITR AR ST, TR SIC REHF
Gir 4l MR ERABEREE T %, FIE SIC BRI R
G5 v HE FE AR RO 7 3%, MRk SIC WR 3 R A B LR AT
B AR R, PR A RRZBARRE 24, 5T
IR R AT IR AR AR AR ERARA S TRRER LR
Bk, AL 4 o bR R G B BURAR I BT R T T A L
T hk IR A G B R AR R AR AR, R AR R
W, R EEREREE (BEEFRRTETHEGEIE/ARE
L8 AR AR &) KENSA B AR, R KR
SIC MOSFET # M #7741 b . # 18 B AL I Ao 40 6104
T Gk e 45 W] SE B OR 0T 0E, B AR A0 B S U AU B SIC AR
S5 AR RATA, LI L BHRL.

FHAGIF: P& 20°CH WL I % <1.90x108Q-m, 180°C
iy o B < 2.57x108Qm, FF R F &b g LAl 1200V SiC
MOSFET # % B i % 8 7 > 250A@150°C, % i & % <
2.5V@250A/150°C , & & # W& 250°C, B W &k H <
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0.1V@150°C; SiC WAL 42 ) B04{f oh AT K & > T0kW/L@ WA
Ty % 300kW, EMC ik CISPR £ 4 Ef; RXEWMAL T &t
TR GEARGHRES, S B, BEHAE2E, RREBES
G ERENTE 1,

RV SHEMAARRS 4.

22 BEBRRENEEREA (GHEXREIA)

FRNB: EEN BB RS RAE, RUBBENS
B, #HAMERRAREEREHEXEQTE AR, LI
RREANR AR, HREEPRETEZAFERA, HoFd
AR AT KA R A BT, AT R
T, TR EEE R AN AT E S YGRS
R WEDW G AEEG . HERDIOHE . RENRfTEN
5w AWRIER %, FRBEENATE. FEHH T EH
A (BEAHEN. hEHRE). |

R BRENE R 30s EHEEEE B > 20N-mkg;
HEENE R RARERE >92%, %% CLTC TREAH X
£ >80%; REEHNEF CHEE (FUE#ERITE), | XEF
BREEZLST2AB (A), B ERFMET P68, M FIRAAFAET
BT G B A5 4r, WAl FEAM AR Classd ZREM L, B&®
HLE B 5 LR EZAT, BT EES R AR,

23 BEFNERRINEEBHEBETA GEBEXEEAR)

RN FRBBOEERE (BHEEFRFHASL. &
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EGR &. HA KK, BEHL. TENMHEARE) FHHENL. &
WA, BN, SRR, REEMEF SRS
WA ERRFNEA, FEERFERE. HAFHRES T
KW, ARFBLA, —FUNBER. BBED. BRRE
., ) A HERFENRBSHEA, FREEHE. HEK.
RAERAY B EE LA, AR AR BIBHERLE. BRRBHE
BlRE. R A RYK BN, HEXAEE. WARIESRY
BRFA, SEIRE R G b, &3k F bt sL
A F RAT AT S 20 7 Ao BEFE G A

ERRAT T RINREHRRER >45%, FFHH0n R E
7N btRDE; M6 R AL 20 BE > 95%, HLEHe kAL
ARHE >85% (iF: WLTC TR T4 T I T #y & o 3K ) iy A
RGEaRE), FRIEUAAFGHREEFESR, ERKFBEAT.
s 8 0 % 0~100knvh i BF 1] <7s, A REA R EHEFFE X
T34 <0.0018x ( CM-1415) +3.8L/100km. B4 5 EHEXK
RKHMNEFEART, 1 KEFEFEH<0dB (A); VEHEE
RO ARE (BEEIE), L RRFERFEL<TRIB (A)
SRR AN ESE.

3. FRER

3.1 #BAETFRARE LEH (EED) $A (EREFER)

HRAE WEXTFRFIWERZH —ERUEFT B TRA
B REM, REHAR, KBEEMTHRX, HRBREHEAL
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FRPEL G WAL, A . 380w R AR
Yo WEEWLNR. BET Aoz T 6875 BBR fof i A
HFREM, BRBW. BE. Fofpfn, SIREHEREA
LKA 2 B 50 C-V2X Fo 4 W4 B 60 3 B R A R 2
AF TR RSO BT 2 B DK P o Bt BRIP4 5 BB AL
RFEH . MHE. BTERNREEERGME, WREKER
B, HW. HREAZ—ERUAERFE; FFRBTRARY
ZRURER, RTEEERERIUTTE, WRREAEN. £
EES R EEREE RYRG AR, AR T RARMIT
5 EREG RO EAR, BLZER —RbETEIEHN
WRIEARR, FREFBRZN R E T TRAR BRI
Fo; FARTRAGEEEMERNA, EREARMAE T,

FHRT: RMIXFFER TR R &R B 28 5 A
S8, W SEBLBCRE ARk S A A W B TS, RS S S p
R WH & fop A KR BAs G B LI T A X PR
TR B E 0B A AR LR R T 2400 A, 04 $E:
FRAEREED, RFRAED, T2k 0 od 5 Bu%
BEOE, RERED LF2 MU LHRELRSR, BT EAEH K
BAT-& L8 CV2XERARE, FHAEXHAEA R <20 5
B, T P4 A W34 10Gbits, B Rk 43 & i E
T 50 BRb, EHIE B B EANF 20 . BAET R ITA N A%
WUt TO R TR TR R U e 2T . WR A
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W BINSE TR R A K, @3t GB/T 18387 #u GB 34660 77
WK, #E R ANR T EN TR, HREFR T
BABA I . AR BT RRA . 2 R LR
A RGP, TR KRB ARFEREE 3 T

HAPH: SHEBATMEELS 4.

32 ¥IAEHERAAXBEA GHEXEEAR)

HRAB: HRAEE XEZROGEZREHFEBEOR, I
RRBHEHNKEETHHME SR, 835 BRI — kK —
Floh fb7E LA ST UK, B R S S8 a6 R 20 B B A R
K, FRAANER. RGN HE FRENERER
GHEEHER RS, BERIEREITERN. 245
WAL 4 E 3, ROEBRE G/ 58 FF REHAR; FHRZES
BUGBIMMEZRENET &, AEALTZHERERBEE.
DL g A2 B 7 B BT AR B AL L SRR WA A e Y 5K
WEFNEE, FREHEFRAFIDRER S NHRBIESAR,
B FE R RATENT LT ERARRRE, . ®ED
. mARMAE. AV ESEHIES, LR KA B R
ol B R

ER I BAZXBESEHTATNEBA DT 5, KB
BB FPHE Z <0.6m () fo<2m (4w ), THLIRAKUL
HaE o bt B RIS, BERAREGE >S5 XId
HEH 24K, EEFIRAANWEF AN <30min; FHRUHHRE
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BEAT L3 Z R A LB 208 B kR, iu%ﬁﬁﬁ
2Tops/W, FEI Atk P HER<150ms; HEFEWERE R
BAKRE> 1A, DGR EA >80 %, BB HEETEH
U AEHE > 90%; W ERT & k> 100 AR W RUE M-
B, XEFDTF 20 55 & 0y H R B IR T 6 B e
57 B FKAT AT >3

33 BHAETHIBLLEAR GEEXREEAR)

HRAE: FIRERAETH IR RPER, A5
B T A A K R A e A SR LR R G R R R AT 4L
A, GEERTAFLRBHAEESNBERAL T ERA, HET
64 R AN TN k2B iTHHA, AT L 2E
B FEA, WERHES LT ENE FIF R % FRRE
W e R HILEF I RK R AREEA, QEHERE
LB 5] KT 6 R 3R R G DURCE K SR Y TR T e %
ABEREITEEA; FRANL EHFH L2 EBR,
A3 % W AMANLR B B T 2h b % A0 3 SR K o AR
A HRFEH D AT EEAREKIRTFRER, AEFRE
WP T EMBE EHERAR BAET AT FENEREA,
MR B e AR WRIPNEA, ELF M 2%k
I ST KA

M HF FEBHIRECLEIRGFRE—F, EATH
R A LR, FELDTF 20 MNEEHETHRATHUAR
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ity AW ABENEFELGEREZHETE 1B, FkH
W ZRZWMT N, HEIMFEFE B T LA 1 E;
TER A A B 3078 30 R L _E GO B Rk B OR E T S b Al
REGE 1 £, WXAG >300 4&; BAEFY %25 ERR
FE 1A ZE>100 FAREEHBEHRERE, WETH 6
FAY R 21000 ;TR M) 22 E L ITFL KR ITMER
FHEBESR 1,

4. EP b

41 ERAFERDYERSE (CPS) HA (EARBEHEA)

FRAR: BHERAELERAERE A E— kb, 2
TERAFEENERAEMEL, AL EAEEENELS
RIMRREE. AT EMA R %, HEE B AERE EDEF
ENE, BURREZDHEFENGEHBENE, FEEHA
FERMERREE T, FRERWRAEEENERATK
M. RAEAERHERE, AREHNRAEGEEYELZS A4
wRRRFELEENRT S RATIRT %, FFRERATEEY
BRGNS IES BENIFH ik, EIERAEEEDNELA L X
WRHRARR;, AREHAEEENERR W LI %, gl
WHERGURZ RPN %, |

FHI BAERATERNELAREN. BN, &
B.EE P RIE thESER. REFAS RATEY
RMERAERTAMEE ST, REAREMEASEZRERE
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X 22000, ZGouek. EEMERHERTD T 4500 4
FREBTAFATIRAD T ANKAERE A, RHR
TARBNIHEAD T IANEEN R G2 £ AR ERIH
B, HAXEFADT 50 AN P ey 3038 E & E % & fo v —
BAHRAHE, BFRAFEENERAFAHETERCELD T
TR B REETBLEBAD T 5040 FiAFE EHHE
ARABSERGREAHTXRAD T 16 RERAFETYR
A 2D F 3000 FUM R H 4] 6B IS E; ST RRAR K B FEL D

B, RARERELEALDTIM, TRAGTEEAFM;
1 &,

ARV LAY AR S £,

42 BREE S ERHZRES NI T ERESEMUHEAR (3
MxgEA)

FRAZ: BRI A EYNBRE S SEER 54
. BT E AR U REN SRR A
A, BIAZES. RoWRMERENRE G EENH, HRE
o BT A AR B AR S AT BN, BT T R SR e A B
Hw A 6OR; BF 02T B R o BB A L BOR F Wh IR) R K
AL F—B—ZPIRELNZ BRGNS, FFRFALA S 2
ShEFERZBRULRPA, WEETIHIRARBRANE
HRM. M. ARG, HRBENE. HR5HENY

EeRd ez BARAR; AAHFBERMES ELRANF
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R IR,

EHA: MEBAXFBRALEHERAA, AEEHE
BRAE G HENM B O, MEBEAER> FAE; &
B MBI 100 A AHEZ <15 K, 2T R4 % 0 B 35
BRI >99%, FHTFANE T EEFEHE >00%; EAEL
BRRARIEAHE >90%, HAEEEMER<1H; ETH
HAS T E ML, FBEEEARSLATRE L, RRp4&
BT, BATEERBRIMRES EX, tAEHHEEN
BESI0EX, AIEGSEENEARTEEERT, 1855
WM AR £ <20 JEXK XHFRAEFBWFE Rk E B
BEHERBRE 2 AUL, THREXEAGTAEREFE >5 5.

43 HHABBHERIRFE LR TN T A GHEXREAR)

FRAE: “A—F—B—3F" BolmkLEEGEER,
MREHELRE. h¥. FEEEEAREHSIH, %k
XEL3 R LB SR B RAEFHERT R
WP T ERAR, AR PEE B R ESTF %&
%%ﬁ%*ﬁ%ﬁﬁﬁ%ﬁﬁmﬁmﬁﬁm EFEME & R
S5t RAIEZHENKT6; E—F—FWHENERERE
&m%m&w%&ﬁ,%%%%xﬁm%%%ﬁﬁﬁ\a%%%
AT AW SRR S £ ST HA; £ EWRNESE
REARE TR AR, GBS $50. fm—id
BEJRETE, R “A—F—E—3%" THHEYNEELBE
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X EEBMERHEA; HHERIKIENTERIEE, AXER
SHMITR. BB E BRG] S 2 AMRINERA, WEREE
TREHEREHTE.

HMAEAT: B E 5075 B A AR R T LB AR
KR > 00%; TR B Y S W EYIHE R >1000 4, ZET
& WA BN I3 PB A&, EAE S RAT BT > 99.9%, 35 2| 10000
A58 ) 2 R 2 K 10000 AN/ B R IR E R TR A
Wk Z 4 X 5% 200knvh, B A HIHIRE 10m/s?, AT A
40° HEEATEE. LTERBETE M TR L3 AU
Fa B ARBIR, RERMAABRGERERZADT 2 A
W48 505 3 FRA DT 20 4

5. X#BA

51 AERPELARTABFR GEEXREIAR)

FRAE: HRAELERETESARGEERTR, KA
TR BRI, TR AREREE TR IET
B, SOHENRRIER R BREL. o g —. AR E
fhy FFEARERBETHREGERNRGHFETL, KAEE
HE R Th M B R R AR PR E RIS SRS MR TR
S At 2 B S A o B R A g AL PR ETEEAR
WREREE TR HEFEEHAE, IRz THAENZ
St AT T H SR

H W R AR TR R Ry ko T L ke
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WR VAT RRAE, TEE SR HOR IR R 4
HHEGREFF WA TET DT 4f; REBEE TRRR
GURMT ARG X HZAERNEE. $858RGE. KA
VM ST DT 3 JR AT 8, K% b 208 T RS T
A X HERAMRA 2. LHE R E. TR )
BERMA R K~ BETD F 3 AN, ALBRETH
FUHERNREFEZ ARG LHF LT 2 BX AR, ¥
B P R BT RTE, 3R B R R LR B &
FOF3TAAINM: EMBALEHFES WK TE L3580
AN EBAB . VWS EFD T3 TR, BEFL
THARERSTEELAEZMA P BEFADT 1000 Ak12 A
A TR Z A & A A BB T D 50 A

52 FREERLEH WURBAFFEM KRR (X
HA)

FRWA: FRENEE. B HE. 24, GREAE
ERGERERTHTEN . bl EAMNREA, FHFLET
FPGA 541 & Fuis r 54 7 & 89 28 A% J o b 224 W AL 4
FEEINRBA; 48 0ERENER, FRENTEYSHWH
A REIREA; 4SRRI, FRERE LG e
SRR FEEEEERERN R BRANREAR; BEEN
BHL B HE. 24 FHEENRT S, BIREERE
B R T 3R 4 7 v A AR &
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TR BEIFEHEER (2200 AFRE. RBBE
36 [ -40~250°C. I8 JEAH AT B E>65%. £} > 15psig (BE/FH &
) WERBLN R R G, VLR IR (R S 0~20V A
AHEE10mV ) B FH R RS B2 EMC RIS, T
% 3 F #.( 20Hz~108MHz ). 48 4 F #£ ( 20Hz~40GHz ). HBM_ESD

(10kV ). IR R BTk 95 52 30 (Bb 1] < 1ms); #8524 1024 } 7

WEH, 5G EMNER, B EEE-05+1.5V BHa#R A
10uV #y ATE UK & 45, JF K & MAT 8% UK & 48, 4% GPU/AT
EEMBMERUECAETRZABEET (WHTRE. TH
M AF E & N 100MHz ) B 5 J7 3R (56 BB % 5~20TFlops.
5~300Tops ) X feAENN (RE&GHEE 0.1W ), it F L LHFENL
R Sifo s R e 2 2R A%, MR E B =503
HE e ¥ %, 7%, DDR. W4, 10. PHEFEELELEE
B, TR 1~2 RS R g 2R L ED 1000 4&; F
RENGEREZAEHEREE (SMI~SM4) # il & %, F Hl
X R 25000 KRB A B PR, FF & LRE R E (afd 0.02~0.05)
ERAXEAD T A ANERALIRE B I X WAL R R & R AL
BEATHAUAT &, FLELZ2WRAN (BEZARERG)
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