HLoR AV H i

CHINA MACHINE PRESS




= AR AT
MEIBMEZERS
A H v F

XRE i

@

HLAR T o R #



BAERE-FARE . B BEE. FRAERERRE
KE, WIHT kW~ 1000MW MBBERX ZBY . BEH (R3hK
. OEHERE WHHGTE) WHER X VTRERE. &
PR SK THLBAS R, arfXm T (EiCEER. TN
%) MBS, SR 2 HERTAREFNFALRAERZ—,
ABAG T OB R R RENK, NG THESR S, &
TRBBRR | BRI L . IR . AR
Ykt | BT R TR, B S SHH
FEIBH 7 ASIRDEORE 3t B B R BRI 1) A& B JE BB R R B E & 40
ZENFHEBRNER, ARTHERERERLHE B RS
RS ER . K27 ERSE N R P s A

Al LRI RO R B S B A B BT S I R BB A B,
ABME . BRI XBUBS %, WANEL R EA T SRR AR
REHEN I BERARBAESENE. ’

BEEREE (CIP) 8

R RSB R E B RAE RN NRAERE. —dt
e MU TR, 2005.10
ISBN 7-111-17541-7

1.&... O.x0... M.#HKdMm V. TM11.4
R A B 308 CIP BB F (2005) %5 116793 5

LA Colk ARt (bstti SRR 225 RIS 100037)
JEmE: ¥ B ORI B FHER: XESC
HERI: DA IR 4 @

b3 2 E R A PR B ERRY

2006 4 | A% 1 RE 1 KER)

890mm X 1240mm AS « 15.125 §ifk - 448 FF

0 001—4 000

EH: 29.00 5T

FLEAA, WABRIT, F5, B, BAMRITHIES .

At BIMLEIE (010) 68326294
HHE TR bR BAR



RV =
E])] &

BERAXXAREWS H, FLEHE-NERNEFLR
SARAEFHEERF, HFEEFRBMN, KL RERAHRH 54
¥, HoRAHLHKI L ZHFWEE,

0 EHREREF RN ML, RN FR. RERYAA 5 IF
BRPHEBANER, HR2IMHEHFEFLBRNER, LAY
AR A EEFRRETFR, RERRARS AR THREL RR W
EEUARR S, EEANMEL, AEHRLZARRZIHRNE. ALK
RSN RA SRR, Fot TR RS “BRR” &
A, BRFTHER, WARFEERTENTR, BRE2I HLE,
VERBEHARFERE, BRERNNAARERDRERR > & W7
I, CRILABRRANEETRE, RAURERLE -HF2ERBT
BEBETE. BROREEE, BT A M A5k RER
HE—REERREE, FUCRI 2N ELEAXNENREIELR R
TR, BERAEN (AEEBFERERA LN (MCFC) FEAA
BB (SOFC)) TARAMBE SRS, HEHGHRHEH
RMELTRRARES, $HREFAERBERZERBE—LETER
B, AHEZWHLRBEFRA,

HRER, EHAFTHARTIFARE, TERERUHAFXA
EREEMENA, REK, BRAHATE, EHRHABIRE
AERAWASR, CHTHREEANMNEERETERK (XA
30W-h /kg), FHRIFHHERAAEHELR, o558
K, ATHEATHFRENE), TABREE b RMREFTAEN
HARE, CRA-NEERNZBRRE, HEORYREAKRE) WA
BY, #RNEXH#TFEK,

HA, M EARES IR E, KETEHHBE, HA
MAEMEN T ENBEEERL BC) BT THAERE, &



I\

HERALTHBONBEE, AUARER, REEARANEEEZE
ERAEA VW ER, REAL 2 FLRTARLFN T ALAR
RWE A, REERBERL B EFREWERFTR, FEFRMAH
MEAFE, AT KEWES, BH, BEALHERERRSENARE
i, KERBRAMAX HAFAEHTRNERNFARFLIE, H4
T 467 R H ¥ o

19944 3 A, El4m&ERT (PE 2 #LE—FE 2 #4L
AB L, FRFELERBEERE), RYRBTHRAXABRS RS THRLERR
B, EREFRREFREGUERAAEAR, REAFERET
BAHEENE. REERA L RAERFERBAEHRZ —
1999548, VP EEFEA¥2., AFHXBRBEARITAR, &
XRAHT “KERERBERBEAFITL", 54RE—FAN, &
BERANRBEBRAEREA, FHRBEREN-—FRATRE, £+
HEKE, 2004 £S5 H, HBERAB., YENEEARLEREL
ftheEHNE _RERAGEREEALFEARALERERE, BXF
THERRAAZ ARG ERXE, S22 UNARMHELREE
MEREMRNARFHIE SRR, V& IAXNEFIREME L TR,

EERERT, FLTHRRBEURRERENWATERE, KT
ENEAARH - ARBERMZERARAN AN L TELHE, X
EHERBEXRERT, REKF W SENBRRRENER, B
AYUMAERERGARTRMEE TR,

KE4A RN ERTHREE, AEEAURFREMLES
MAWEE, #TTHEANIMMERIT, WENEREENSIERR
58K BNRFFERR., AF T LE5EFE BB URRENE &
FHEERAGETAMN, SEARAXFOTRZLREMT HARKK
MM RARERNR — SRl TR/ A,

AHEQ10F, F1ERRAEANZLBR, F2FNEFT
BB, FAF. REREERMEL, FI3FENFTHRMERE
W, BAENBTRFRGHERE RN, SS5ENEFTHBRRAE
W, FOENFTHRBHRERAEN, FTENFTEIELUHK
Fod, ESENFTHEFHRAEN, FOENETHERA LK



\Y

K A%, FIOENAGTRBERERFTAE., KB VAT, B
FHRTHEACRYE R, REEMTPARET -~ L 2HRA
ISR, LR EF SN EERRN IR E SRR T
EREWT#,

EREHN—EE, REEAARLRALBARAANRE., XA
REMBHRREZEHENRREEE, BATR. KFLMHE XK,
ERALUABREFREALNNAE; BRAGTAMERMKRERK TR
SEEERTE, LTS AR 1 B8 ET LR b
HEAF; BRNATERA L TRE (wERALRE, ¥ b s
FOE) HBRABBERNTRUERARFESE, EhTREER
WRAEGAT, BEMMATHAMTERANE, B FRWAEE
JUE B+ L4t Bt ]

MAEMEERLANARR - IMRANRALR, EHREH
B, TTARE. TR, #l#E. ERERA. B EFRAR. fp4EMLRA
PESEANTE, Bl, “B. F, " HELERBER LB Z4
REW—NEERE, WRLBZH, ARbLRAELERT, RE
AN BETHREERTLINBHREAR, HELURAE -8 E -
o INMNABRRETZANE, HEERAKXFHRENE, 2 E
TRAAKFEMBAETERENE /EFRANERLRE, BATR
X ERAELEENTEELAMNZENME, FOHBEQLER
TLEHEE, REEM XL RAR LA HEERENE /LR A
WEELHE, ABLREANKATE, URBANKLETE,

HTREXFRAR, Ao, RRERAZEZAYLTRER
B, R, FTLETHBEN, BH, dTAHNKET Hit
WRHM A 24T, BRELARRAHEZL, Hohigs it
HIE, HEHRTRCHEH _

CEWBEL: LEBREEAERSS 5405487515, B
% % 100039, B A WiE: 010-68764462,

K& AR
2005 4 2 A



EXEN

a activity, THYEE
B Tafel parameter, B=RT/nF, V
b Tafel slope, b=2.3RT/nF, V
cp  bulk concentration, (&) WE, mol'm™3
C, oxidant concentration, S fLFRIEBIEE, mol-m3
Cy reductive concentration, ¥JRFAVARYEE, mol'm™3
¢, specific heat capacity, HL#Z, kJ'K™!-kg™!
C, surface concentration, FEEMEE, mol'm™3
D diffusion coefficient or diameter, ¥ B EMWFKILE, m
Eq cell voltage, BB, V
E, null or reversible potential, FTR{HLAIELA[HEHAL, V
E° standard potential, ¥R¥ERL, V
electron, FFHA, 1.602x107°C
Faraday’s constant, ERIERE, 96484.56C/mol
gibbs free energy, HHIfE, kJ-mol™!
enthalpy, %&, kj-mol™!
current, L, A
i current density, FAEE, A-m 2
i limiting current density, BBHEFEEE, A-m?
i, exchange current density, X#HHEHFE, A-m 2
J  volumetric current density, EKFHEHKFHE, A-m3
K  equilibrium constant, -85 ¥
K, standard rate constant, IRHEEBHE, m-s™!
K oxidative rate constant, EALRMEEHFE, m-s™!
K.y reductive rate constant, JEREMEEEL, m-s!
m  mass dissipation rate, JEEIEHEFE, kg's™!
N amount of mole, BE/RE
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n number of electrons participating in a reaction, 25 & MW #JH T
n, number of pores in the anode matrix, PR KIFLE

n. number of pores in the cathode matrix, BA#MKZFLE

n. number of pores in matrix of electrolyte, HLEREIAN KT FLE
na, ng, nc, np Coefficients, R FBRRRH

n nole dissipation rate, BE/RIH#EH, mol-s™!

p pressure, FEFf1, Pa

Py power, 1¥E, W

oxidant, # 4L

quantity of electricity, H &, C

reaction heat, RM#, kJ-mol ™!

reductant, R

universal gas constant, “THAFE, kJ mol !-K™!

Rq  cell ohmic resistance, HLHEERMFHEFH, O

S entropy, %, kJ-mol !-K !

t time, B}EI, s

T temperature, JBEF, K

U¢ fuel utilization, BREFIHE, %

Vo cell voltage, B, V

v rate of reaction, RBEE, mol-s™!

v volumetric dissipation rate, EBIEER, mds!

Wi maximum (reversible) work, HXK (d[#) #BIf, kJ-mol !
Wt Weight, EE

Rhr

symmetric factor of transfer coefficient, XHRE FEHEBELH
hydrogen utilization, ESXFIAE, %

diffusion layer thickness, ¥ BUZBE, m

efficiency, %%

Jap Combined heat and power efficiency, & HHE

. electrochemical efficiency, HfbL¥REF

7. thermodynamic efficiency, #JI%ER

Nos  System efficiency, REME

Y interfacial surface tension, FE K}, ntem™!
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€.« Aactivation polarization, HRA, v
€ene Concentration polarization, wER, V
€4mm ohmic polarization, Bk, vV

9 electrolyte contact angle, o R S
8o QO coverage, — AR R

LR

b bulk, B

O standard conditions, PRHERZS

S surface, KM
Tir
a anode, FAR

act activation, TEK
ads adsorption, WRBH
C cold, K

¢ cathode, BI#R

conc  concentration, K

e electrolyte, HLEE

{ fuel, #2%
H hot, &R
i species, sy

in cell, inlet, BRI} BN

O oxidant,

ohm ohmic resistance, BXEBRH L

out cell outlet, BRBHERRH

ox oxygen or oxidant, FRHEALN
P pressure, £ S

R reductant, ¥R

T,t temperature, RE



AC alternating current, ACHLEL

ADG  anaerobic digester gas, KE NS (—HMAER)

AES  air electrode supported (tube), BEBEHRITH (F)

AFC alkaline fuel cell, BE{ER¥

AIP air independent propulsion (system), (¥##g) HSHEHIHERK

ARL  (USA) army research lab, (£H) BEWREBRE

BMC  bulk molding compounds, 25U & 446 g

CaFCP  California Fuel Cell Partnership, il e Mk ££ ¢ 3

CHF clean hydrocarbon fuel, {E#KEL SRR

CHP combined heat and power (efficient), FHEBK™ (FFE)

OGH2 compressed gas hydrogen, EZEX

CV  cyclic voltammetry, T&¥FREHE

DC direct current, BELIfLH

DFC*  direct fuel cell, Fuel Cell Energy MCFC 83 M B #5

DIR direct internal reforming, HIEREBHA

DMFC  direct methanol fuel cell, B B B L b

DOE  Department of Energy (USA), XEHAERI

EMF electromotive force, HiZh#:

EVD electrochemical vapor deposition, Hfb2¢7& ST

ERC Energy Research Council, fESR#FZPT (FCE R &)

EV  equivalent weight, &

FCE Fuel Cell Energy, % E—% i1 MCFC M4 H]

FETC (USA) Federal Energy Technology Center, EBEIFRETH A L

Freedom CAR “(USA) freedom cooperative automotive research” project, (3%
H) “BHE” RE BB ERRITR

Freedom Fuel (USA) hydrogen fuel initiative project, (E@E) “HHHRK"
A REMESD IR

GE  General Electrical, BRBS (F5) A



GDE gas diffusion electrode, S {&¥ B

GDL gas diffusion layer, &3 82

GRI Gas Research Institute (USA), (EEH) MR

GT gas turbine, BAS ML

HDS™  hydrogen on demand system, ESEIfF RS (—Fi b E-HtEHE
R)

HEXIS heat exchange integrated stack, —fKBJE#AZ# (SOFC) MKl ith
#H

HHV higher heating value, F#\H

HPD SOFC  high power density SOFC, SMH#HE (RFH) SOFC

IFC International Fuel Cell, UTC {815

IIR indirect internal reforming, [EENER

J-M  Johnson Matthey Catalysts, E#—ZF 4 =R~ F

LANL Los Alamos National Laboratory, % E¥#FEBEMER LR E

LCC  Ca-doped LaCrOs, B AFGHYHEEM

LHV lower heating value, K&

LHZ liquid (cryogenic) hydrogen, ({Ei) &

LPG liquid petroleum gas, ASATMES,

LPM liter per minimum, #MESHI, L/m

LSM  Sr-doped LaMnQ;, BABHERM

MCFC molten carbonate fuel cell, #EBEBREREL SRR

MEA membrane electrolyte assembly, FEHL R

MOLB monoblock layer built (SOFC), #iBELH (SOFC) md

NASA  National Aeronautics and Space Administration, BT R EIHE

NECAR non-emission car, R(H3#) 50 3ER BAMAM B it

NETL National Energy Technology Laboratory (USA), £EHERBEF R
EHE

OCV  open-circuit voltage, FFB&HLHE

P&W Pratt & Whitney, HEAF, UTCHEHATH—KAH

PAFC  phosphoric acid fuel cell, BEER#RKIHLM

PBI acid-doped polybenzimidazole, 5 A BR#I3E FH oKk

PBPSH poly biphenyl sulfone: H form, [ %5 DR

PEFC polymer electrolyte fuel cell, 4 FHEHEARRHEM (= PEMFC)

PEMFC proton exchange membrane fuel cell, i F3CH/E#%R M



PEN positive electrode-electrolyte-negative electrode (SOFC), (SOFC) %4
HERSERRM =& —&H

PFSA  polymerized perfluorcsulfonic acid, & 2B (Nafion® HFKE)

ppm  part per million, B 42—

PTFE polytetrafluoroethylene, BB, BHRERE (—FFARD

RH  relative humidity, X7 E

RHE reference hydrogen electrode, %5 Mtk

SAXS  small angle X-ray scattering, /NMAE X BETEA

scem  standard cubic centimeter per minimum, FRYEARZES FHRE LM, an®/
min

SCG  simulated coal gas, B#IHES

SEM  scanning electronic microscope, 5 HF 5 1k

SMR  steam/methanol refomer, ZKS /HfEE KL

SOFC  Solid oxide fuel cell, FZSE L8RS & b

SOFC/GT  SOFC/gas turbine hybrid, BEIZSEALYIARN f MRS HLEE S %

BARS '

SPFC solid polymer fuel cell, BIZ#HFHEHEM (= PEMFC)

STP  standard temperature and pressure, FRYERZS

TARGET  team to advance research for gas energy transformation, % B/ ]

(P & W) JHEK PAFC R/Ei &I

T™ trade mark, B#i

UPS  uninterrupted power supply, 78] 8 ¥

UTC  United Technologies, Corp, (XH) BARAEA (XE—-FRE%E
B2e])

XRD  X-ray diffraction, X Y6Z85HX

YSZ yittria stabilized zirconia, BAZE L W E LY, SORC H A I b1
ﬂ
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