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-1 4TH WORLD HYDROGEN ENERGY CONFERENE

PRODUCTION STILIZATION SYSTEM
LECTURES/POSTERS LECTURES /POSTERS LECTURES /FOSTELRS
From FOSSIL SOURCES 18/ 3 FUEL & CHEMITALS 3/1 PROGRAM 20
ELECTROLYSIS 33/ 8 AIR CRAFT &/1 ANALYSIS 6/3
. . \ - MARKET & ,
THERMOLYSIS 20/11 VEHICLES 13/3 “conomIcs 1672
PHOTOLYSIS 8/10 FUEL CELL 7/0 SAFETY 4/0
TRANSPORT [M.H. 10/0 ENVILOMENT 3/0
& STORAGE {Li H, 6/1 MATERIALS 4/0
TCTAL 79/32 TOTAL 47/6 TOTAL 41/5
167/43
REVIEWS 4/ 0
ACTIVITIES 7/ 0
TOTAL IN ALL 178/43
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FTORRBRVBLEDLATDD 9, 201 0FEAE N4 Y CHERRYIREXENBEALI D LVRALLE
LHEFRLTWE, KETDOZFALF—Y —XD cost Bt FTROVALEZ S LS,

IEAF Y —R cost (1980~—x)
B M 5.8%/10°BTU
F 7y 6.5%/10°BTU
R GAS 3.0$/10°BTU
B R 1.8%$/10°BTU
KE(EEDLSL) 6.0-9.0%/10°BTU
" (Em)?é’""/k% 20. $/10°BTU

5 AROBE
3-1 EREHLOKERS |
KEUEOBTICH T BRI ER-20RT. CALOERSLOHRERS 0 HHKT
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5y MCRFRLADRMNDHE L EFE LT D,

F-2 HEBE0®T

N G " Heavy oil coal

Steam Reforming pastial gasification

Low P. High P. oxidation Lurgi Koppers
H: DRODUCTION
248 ( MNw?/ DAY) 1.88 1.88 1.55 6.7 27
H: #ME® 95~97 95~97 98 97
FIGE (MPa) 2.1 7.0 4.1 2.0 3.5

oil APl =5 Coal Coal
LAl eed CH/‘DAY . SCH‘/D 10.000kealky Sufbituminous Bituminous
ee .5 SMNor?', S55MMN’/DA

Feed {Fuel 044 048 # 870ton/day 7,140ton/day 2,695 ton/day
WATER (ton/day) 753 753 639 — 1595
CAPITAL COST M$ 60 70 109 500 437
Cold gas efficicxey 6 8.0 6 5.7 6 1.7 6 0.3 4 9.6

KEAADABERIC AT, FAET v T=T, A2/ AT 5 DA—IHARDG
KE#AREANTLHEL LTEIRER (v 7Y Xo%E ) OFMBAGBAIN
o (BEAAYAr7 220y )avka—F47LkbD),
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® H,S 0. - Hzo+soz+-§—oz
® 2HI — Hjs+ I,
1
‘Hzo d Hz""‘é‘ (e}

CZDORIETHI #BILKEBDH BT HHEL LTRREDLLH PO L AR KLEE 4

NTERTWEH, ThicfRa2428s 5L U THBr #%53/L HI #Dry gas & L7
$HEFLTWwA, L LEFNEOSL AHR TSEORRBRENE AL,
HIDH: & [: ~OGBEIL IR RTG—EEPL/TiOZFA LT &%,
Pdl: 2HICE D L AR -BEERTIL T2 LI HXIEORILEE TS
OE—REEDODBUEFALITC LA, Tv=v X7 a2y b FEA2ETRT,
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H20 02
SCRUBBER 02
PHASE A IS H,SO,, H,0, HBr
H20 02 PHASE A IS HI, I:, H:0, HBr, SO,
MAIN H,0, HBr (HI)
REACTOR
H,0 | S0,
HI |0, SO
HBr | 1 A+B :
H,SO A
2394 PHASE |B SO
BOOST R
REAGTOR: b SEPARATOR | DEGASSER
H,C
H.S0,4
H-0 SO, Hbr }I{O
HB!’ 2 HzO
s > 1 HBr >
HBr HBr HBr o HBr
STILL EXTRACTOR r STILL
HBr
H,S0,| | 2S04 HBr| | HI
H20 I,
- ¥ +*
_HzS04 & HBr PRéISICS}SRE
—{ CONCENTRATOR SEPARTOR STILL
H,S04 HI
H:S804 LI}?IUID
BOILER DECOMPOSER
H20 50 SO, Hzl
3
HiSou | B8O fHO O ni | G
H,80, I: | proouCT
DECOMPOSER STILL
SOz | SO
02 H20 H,(HI)
] H,S04 H, H20
CONOENSER [ Hz == SCRUBBER

¥ NEW OR REVISED OPERATION

Block Diagram for the HBr Mondification of the GA
Sulfur/Iodine Cycle.
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IYDROGEN PRODUCTION RATE X102(MOL/MIN-gPd).
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Arrhenius plot for PdI2 homogeneous

catalyst for various experimental

conditions.
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Arrhenius plot for candidate homogeneous
catalysts.comparison with heterogeneous
Pt/TiO, catalyst.
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2) WESTING HOUSE @ Sulfur 7/ a £ %
\ COBRIGHRED 2 D0 G5 %

H;SO4+Ho 1

ZR
@ SOz+2HzO 60T
@ Hz:SO0 800~900 C

- SO, +H20+%02

H0 —

QOEHEIGE Pt mg /i B &,
400mATI910mVolt (0t 75 CIOAMEREL RS,

BREAY VA o FB(A—FK B/ F70 BB/ n—-K8) 2ERL TV 5,

FBROJPIOLLTMEHER (20 atm) £FEL TN,

@O H SO L BRERAXKD L SRS,

@® H:S04 - H. 0+ S0
900TC 1
®@ SOs — bO‘z"'E‘Oz

X S

1
Hz+EOz

50wt $H280,200mA/elT6 8 0 mVolt,
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H: S04 = 80: +H:0+50;



CORGIAMIES LT2 0 % Fez 03 Al; O 3.2 ma® FAEHK 24900 T, SV6.0 00 hr |
~1,000 hr-lTS{lﬁEﬂ:&w:i@‘L 90 %LU EBBINTVWSE, K3IEH

- 100 T T T T
o .
At S.V.=6518hr"! EQUILIBRIUM
@ 90} / £
g -
o) S.V.=101 mu‘E
©  sor — 7
. S.V. =20234hr"!
Q
w2
e 70 _ S.V.=29.141hr"! -
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. V.=15643hr"!
< i § r T=1173K(1,652F)
& 60 P=1 ATM - n
50 A - - .
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MASS FLOW RASTE, GXx10%k/SEC—o

SOj conversion vs. space velocity and flow rate.
80wt $H, S04 at 1173 K with catalyst ALFA-4 20%Fe;0; on
32maAl203 Cylindrical pellets

3 SO:s&ftzx

OIS 000 hr BlEDF 47235, H4B8H,

T T T T T T T T T
100+ Equilibrium Conversion at 900T +
gol. - %990 90000% o p oo, % _
og 0o © o0 %@
° 4 00 o°
§ 60 d 4
a
3
% 40F Temp. 900T )
(&) 20l Feed 80 w0 HzSO4
w 1 Atmosphere
0 1 1 i | L L 1 { -l
0 5 10 15 20 25 30 35 40 45 50

Hours,/100

Catalyst ALFA-4 endurance test results,
B4 BMESAT7TXP
Hy SO SMREIGHH L LTAMMIT 2 L 2172 SSS 4 4 4 ( Fe—18Cr—2Mo—1Ni
~18Si), Capenter 20Cby (Fe—3 4 Ni—20Cr—35Cu—3 Mo~ 1Nb—1 Si)&®w»n
T Hastelloy G(Ni—~22Cr—19Fe—6Mo—~2Co—2Nb—2Cuy—1Mn—1W)
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INCOLOY 800 (Fe—=22Cr—1Mn)2iL\n,
3) Ispra® Sulfur/Br: 7' =& =X
LORIGERD 3 2D RIE

®» 2H:0+80;+ Br: — H,;SO«+ 2 HBr
® H, S04 ~ Hi0+850:+ 2 O
® 2 HBr }Z‘_“% Hs + Br:

H20 =+ Ha +'§Oz

DOEREGITFATH BT (1Pt +20mPd /el ) OBE*RETLZ L TER
E#42 5mVolts LEIHBEELTSO 28 RBICEHTAHZ ETHERDO0T75~0.80

Volt at 2 0 O mA/cACEBEEH % 0.5 7 Volt at 2 0 0mA /e ( 200 CHTHKEBTE S

[VaY
I ALEELTHRESPEZEVWTERELIT~T58ETT0.5 9 Volt at 2 0 0 mA /edd3 5
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PURE ELECTROGRAPHITES
100 -

CURRENT DENSITY ma/od

T T ¥ T T

+100 +50 0 ~-50 —100 --150 —200 —250 -300
CATHODE POTENTIAL MV vs. DHE

Current density - potential curves for hydrogen evolution at
graphite electrodes,influence of catalysts and activation methods,

Bs MELZHBr 2BA3BEE(H Y — FE)
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Comparison of Different Types of HBr Electrolysis

Catholyte Anolyte Temp. Cell Voltage{mVJat
(HBr, wt %) (K} 200mA /crd 300 mA /o
475 475 373 750 800
423 675 720
473 590extrap, 6 25extrap.
55 55 373 670 720
383 660 705
473 500extrap. 550extrap.
475 475
373 635 700
+S0:
55 55
373 600estim. 650estim.
+S0:2
475 475
+Cu” 373 550 625
0.8M
475 475
+FeT T 373 400 500
1.1M

graphite electrodes; electrode distance 5 mm, without diaphragm . Pt-Pd
catalyst: cell voltage calculated for anolytes with reagent,

M6 HBrEBECdAr7./ 34 Ve7/—-VFVEE



4) SO:DH:SO~DEBEHE
K.Chang (# Y 7 » A+ =27 IHXFE )ORUEER+R 7 LR T,

473 66.3 90.1 120.2 15;/.7
1

T
1
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Sz o =
w2
w | O — O ;
3 v o \O\Oq
@] 50% w/w H,S04
10 |- -
0 60% w/w H-SO,
9 i : { L
20 30 40 50 60

TEMPERATURE(T)

The solubility of sulfur dioxide in 50 % and
60% w/w suifuric acid.

87 SO0, 2H;SO~DBRE

5) Nuclear Research Center, Juelich TOHER-~A 7 Yoy FH A 2ATOER cell “three-
compartment cell” DFR (K8 B8R ),

CrOFEREM] EBERE L L TTEORE4ETIEA0TS b,

{@ 2HL — I.+2H"+2¢" B
® 2H0+1,+4+S80; — H;80+HI Bunsen Reaction
1@ 2HY+2e "= 4, BE

SO, + 2 H:0 — H:SO«+H
cell !B 2757754 +7xrb
BE »FAYAFZTRELC 777 54 b Pt layer
BRE Pis o wt ®H; S0, + (.1 5 wt $HI +£%1 S0,
gz BEHEZL
FHEE 35wtdH: S0 BRELPHZLOME»F+ 4+ TRE
NEOSEPTA C6 6~ 5T,
RICBEE S8 0T, ENHi1KE,
KREBICLABE cel EBEL L1 00mA/cdTO0.6 voit, 1 50mA/cll ECEFREERT
b, BogR, MBARBER SO, »BHLBER A A vOFRBELEIA 4 ViR T 1]
DTHRAWNRELBET 5,
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700+ /
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©
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6) Institute of Gas Technology { IGT ) Cd Thermochemo-Electrochcmical Hz Cycle
CNRIRORBIKIBZDTE B,

@® Cd(s) +2 H;0 — Cd(OH) +H: (& #8)
375TC
® Cd(oH); — CdO +H.0 (&H®)
1.200TC
® Cdo = Cd +%o, (%A )
H:0 - H: +-;“Oz

CORLRKBF TERERHCELT IE TWn5DH, J cell
7) IGT, ZnSO¢ Thermochemical Hz Cycle

)

SO.(g) + 2H:0(1) - H,S0.(aq) +H.(g) (B )

H:S04(aq) + Zn0O(g) —  ZnS0,4(aq) + H20(1)

ZnSO¢ H;0(s) — Zn0O(s) + SO0i(g)

@

§ @ H:0(1) + ZnS0«(aq) -— ZnSO¢ H20(s) + H20(1)
®

L ®

SOs(g) — SO:+~;‘Ozg

H:0 -  Ha +%02

T7u+tx$HRE1,000CTH29%, 1,200CT33IFERMKoTNEG,
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O University of California Los Alamos BARFT Cid L5 & FIARIC Bi2 (SO0 )1 ¥ L TO
H; HEEOWAREEE L T 5, ’
8) Los Alamos National B TiZMgS03/ Mgl 7o+ x\C L A H, 2 (R E58~33%)
CONTEHEFTD 5,
8) H&Ep bﬂifﬁﬁﬁﬁ%ﬁ SIEANI-I-S7a+RCLAHULEOERHBRNIHE INA,
® SO02 (ag) +I:(aq) + 2 H:0(1) — 2HI(aq) + H; SO4(aq)

® 2HI(aq) +H2804(2q) + 2 Ni(e)~ Nil2(aq) + NiSO«(aq) + 2 Hz(g)
® Nil(e) — Ni(c) + I:(g)
® NiSO0«(c) — NiO(c) + S0:(g)
® S0i(g) - 50:(g) +1 02(g)
® NiO(e) + Ha(g) — Ni(e) + H,0(g)
H:0 — Hy+1lp 0

10) feFEpt BHOLMg/l: Yo+t 2T I 5 H: G

150T 5atm

® % MgO(e) + 2 Ta(e) Ly Mg (103 )2(c) + Mg 12 (aq)

excass 12
600C 1 1
® ¢ Mg(102):(c) 15 MgO(e) + 3 11 (8) + 02 (g)
400TC
® Mgl: 6H20(c) ——————  MgO(c¢) +2H1(g)+5H:0(g)

300~700T
2H1 —————  H(g) + I:(g)

H.0 —_— He + Y, 0.

5. KA ERURBILEE

KACEARREERRIAELE A OND LR o e S REEBOHREMICH 5, 202

BCHROBELH 770

1 Pt/ 7w 7 4 v FHTOXKAKSHEH Purdue University, Indiana,U.S.A. ¢, Pt “chla}
K (R 2H,0+2¢ —~H, +20H ), BE (K52 H, 0~ 4aH +0,44¢ ) o,
cell type THIEEN TV S, (chlae2H,0) nT 02 EEATiL 1.05 Volt

2) W EEEEH R (CAS) 58 ART, KL H, ShH oaffi¥ic X 3 H, 4 fF %2 B.Borgello.
(Lausanne) 512k o T, Pt L Ru O, fCdS v TA IR T3, a[f89IC L 5 K46
H 4 % fERo

3) IGT T AEBEBHHEKPL, /n-Ti0, TZ L2~ A (A4 F <R ) 5 50 H, FEHEN
RERTW D,
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4) Australia, USW, Loucas Heights Research Labo. D. H. Bradhurst L@ Ti HEHRE
TiHx KB ETANAHHUEELFEROFRETED Thi,
5) Oak Ridge National Laboratory T/Z green algae L L S SR EEELFIE LA H 00%

ﬁ%wvw*eﬁnfmfurc %
6) Mo(VI)EEITLIZAE,ODXSBEITDOWT® A. Bhattacharaya ( India ) 65O FR,

()u

7) FeB{LmHEE (200~400TTHEHIL)TLLSH,0DKLGEIZDNTGiordano
(Italy ) bOFR,

8) AEAHMBEWIAH ZAEWXET L ITENEZ DN T Salar Energy Research Institute
(AE)OFEIRINR A, Hy cost 1578/ 10°BTURBECL TV A,

9) GePhosphide ERD X EBXBITIONWTAFLOFE

167 WEEAKSEILSWTPL, R D n-Ti0r Xidn-Fe O3 ¥ EEBRIALL 2R &
ZLHZEDIGTORASNBEIN TN A,

=T OHEROFREMBEFTD Schiavello T X -

H

11) Fe T V=7 LATIOFEFLTLLT »
TZEINThni,

12) RBFRILH00EERASGBIC LS H, OHERRD Y 7 » =% Laho, des Scieuces. du
Genie Chimique (France ) THHNTWnE, KBFT=F LA A -V F 1 FE->TERLT
Ste KEIAT=2T /XA THELSBEEEISH, B0 H:0FLEE R LB
HEITHEBOI =T/ A LPBHEBECDWTORHR, / Xroeiarfle X

10 K secr 2 ANTEETH A0 £ BT ENTAD, BRI LAEERMBIC L 5
CHFEEAFEDG0%$£2,200, 2500, 3,00 0°KOBRESdT] 0%, 103 107"
sec DEFTHOND, LD EHDLLBRESLTVETARESENTE: 25,

13} J. Galindo & { Ecole Polytechnique, Genie Mecknique, Montreal Canada ) IZ X BF K

LHBILFELTBRI LTI,

>2200°K
® Fe304 — 3 FeO + Y5 02
450°K
@ 3 FeO+ H:0 — Fes04 + H,

W. . Jones & ( University of California. Los Alamos ) CoO/fe Mg/l 72 &t 2 %

Bt LTw 2o,
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6 B X o B
EXSBTREBCAELIMELT LY, BEEZANLABEECRT B Ar s h T
Do FIAR KD & O REMUVSARRENT.
TELEDYNE # CATHODE & Hi —Mo
ANODE# Ni

1.75Volt at 500mA = at 100C
LIFE System 1.85Volt at 1A/

25 ata at 25°7C

GEn SPE 1.8Volt at 1A/z4 at 80T
JEE 0. 14m
FRE 1.650Volt at 400 mA “oh

20k/ch 2t 1207C
High surface Ni Eik{F H
Mk
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7. EDHDHE

1) b4y 7—~>®B. Biallas BT IbARY—AR) —AnAT )y FTaER

-

LD 3DODRIED L& B
&AG°KJ/mel oH°KJ/mol

@ CH +H:0 85—6'(1 CO + 3 H, -51.5 +2276
® co+zH P cnion +27 ~967
g . E° (V)
(® CH;o0H sone CHeT Y02 +1021 +128.0 0.53
H,0 ~  Hp+ 1,02

i key B DWTEEYHFREITHNTWLE, CORGE LxBERET LEEILT
1

TS, £OHAROCH:0H/l o7 258, BETRCH: ICERR$ T 5,

@ 2CH;0H+2HY — 2CH;0H," (Bs)

@ 217 +CHs;OH,Y — CE:;l+H:0 (BEs)

© 2 H:0 ~ 2HT+20H (BE)
® 2 OH™ — H0+ 1,0, +2¢ (BE)
L® 27+ 1, - 21" (&)

CH3CH + I, - 2CH:I +H:0+ 150,
EEEHE cel OBEXITHESE, PR
02 CH30H/1,

E)] RS
1 1
H* FA’/
. - F=5275 57774 ¢
i N b
2T Y - @——“ /
Ja-—Y—} H3POg

EUACH I HEBARTERD L HWCEIL L TCH, £ 4%,
CH;I + H:0 — CH:OH+HI1
{EVCCH;I+H1 ~ CHi+ Is
HEBITLDE open cell EEIZ 1volt, 20 0 mATH 1.6 5 volt ({E_ Pt Coated B21%
130TC) A8/ —rORABOBRICEED T RAD OGRS LD TRAHELITATHLO
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$~33%&BBoTnb,
2) H:SH#ICLAH. 3G
i) NiS &
IEKRKOKRA, BFLR Lo TTREICOEENTHR TS, NiIbsvr g v 2%
500C

@® Ni3S:+ H:S hd 3 NiS + H,
800T
® 3 NiS e NiaSz: + S
H:S - H; + S

b T 57720 AL 01 ERELAN S 2 FHHWORTWE, StBICE 28 (E51~54

% &L TnE,
i) CuS ¥
SRI THRORIETY 8 $DOMH: ORENTLE TSI LI EXEBRNITTL .

(@ 2Cu+H;S CuzS(1)+ Ha(g)

—
1,220T

Cuz S + AIR hd S0z +2 Cu(1l
@ uz 02 ( )1'220,(: 2 u(l)

H2S + O2 - H; +S0.

cost (23 0 F/m U T CHABRBABAEICAL L LTnd, BIET 550, ESORICE
RT2HDTLYATLELTH: & SEEETHLENTE B,

’8. RERH
1) Electric Power Research Institute (EPRI DA SHRAREERC IS4 5MVOE T

SYIOERETAMFELTHED TnD, AT Va—nEXFORRERERS, 40BITDHL,

R3 HARRIYVa—n

’82!’83 '84/85|86|°8 ‘88[‘89 30

Activity 76177 78{'"79('80"81
T

United Techmology Corporation
i ORI t or
* 1MW pilot plant DRI )
* 45MW demonstrations operational phase
-Consolidated Edison
-Tokyo Electric
* Define commercial configuration
© Venify commercial prototype(s)
« Commercial orders R ]
'Westinghouse ' ]
* Define commercial configuration PN AR NG AT
* Verify commercial prototype(s) e
« Commercial orderas
Users Group
- Specify requirementsa benefits
- Aggregrate market potential
« Define commercialization
~3strategy

Schedule of phosphoric acid fuel activities
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Projected PAFC Power Plant Characteristics

4.5 MW Demonstrator Commercial Units

Module Size

(MW) 4.5 7.5 (W), 11 (UTC)
Fuel Naphtha, natural Clean coal derived
gas, SNG liquids and gases,
naphtha, natural
gas
Efficiency @ ~37 ~41

(based on higher
heating value)

Capital Cost ~450 ~600
(1981 S/kw)

(including IDC

& installation s

based on

1500 MW/yr. prod.)

Projected Life (yrs.) ~1 20

2) Austria Graz KE T EBHER Fuel Cellt LTH;, Taa—n, T7rE=T2HRELT
LERREAY TS VEOAA K-S ERNERORHE B Z IR TV B,

3) P.Stonehort (XE ) MEREFull cell BEORBEA LA LOFELDOWTHAELL 0 &
DF—FTHETEDHT &, BEN2 5Pt/ BB 0.5 Pt/ecldD VA T2 00 ma/cd
T0.75volt, 300mA/cdT0.6 5 volt,

4) Westing House THEKR IR TRE LT oRELETERTCIZEE(TMW) vy XF o 0BEH
PR EfToTnd, 1980F~-2718383$/kWOBRERE-ZA, (% DEGE)

5) General Electric (GE) TR HABEARFERARBERORRERRIC oW THEAN,
3KWOSPEBMRBERTHREBL 200 0BHMU OEREELEZINTNH D,

BRBERELTAS/ — A2 BBETHEGEHARRBERORRITbATL L, &
KERALRELOMBEZ 07T 5/ o v,

6) Los Alamos BVHRFTAERNEREE 241 TORBER T B B, MERTERL

Tnd, ¥5, 688K,
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Background - Essential Electrochemical Requirements

of Fuel Cells for Electric Vehicles

High Power Density (>130mW/cd )

High Efficiency (>30%)

Low Oxygen Overpotential (<4 00mV)

Fast Start-up Time (<5 min)

Fast Response Transients

Lifetime of 5,000 —56,000 h with Operation Under Simu-
lated Vehicle Operating Conditions

Stability of Cell Component Materials at Close to Open
Circuit Potentials

Optimize Systems Engineering of Methanol Reformer and
Fuel Cell

Reduction in Noble Metal Loading.: Finding Noble Metal
Substitutes; Low Cost of Other Cell Components

Minimal Poisoning of Anode by Impurities
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Needed Areas of Electrochemical Research on Fuel Cell for

Electric Vehicles

o Phosporic Acid Fuel Cell
- Improvements in Oxygen Reduction Kinetics
- Evaluation of Performance of Cell Under Simulated Vehicle
Operating Conditins

~ Reduction in Noble Metal Loading

o Alkaline Fuel Cells
~ Efficient CQO; Removal Membrane for Operation With
Reformed Methanol
- Lower Internal Resistance of Cell
- Substitutes for Noble Metals

o Solid Polymer Zlectrelyte Fuel Cells
- Low Cost lon Exchange Membrane
- Efficient Water Management
- Reduction in Noble Metal Loading

o Superacid Fuel Cells
~ Selection and Synthesis of Higher Molecular Weight Acids
- Acid Concentration Management With TFMSA
— Substitutes for Noble Metals

At the same time, itmusf be kept in mind that the performance and lifetime of a
fuel cell system are dependent on the operational characteristics. Until the present

time, most studies have been carried out under continuous operation at

7) FREKREAHNTEHOVRERE Y27 2 (BEH 2RB L TI)OBHIWHK LT %
ThTni,

9. ERAEIY

EBKENMBDORRAKREDEAKETH, RAKEER, » IUSHKERLYOHR,
3%, BECHTLIZEERS IV KEMYMER Y AT Lva v~y reKECH= T 7
—DF VA X HFLONWTTH ok,

KEMHE L TETICrxH, Mn, Cu, Fe, FeTi +E 3WEOEMYR, MNis—x alx,
LaNiz, Zrs VO ( R A2SHE N ) Tie MO(M:IFe, Co, ND"BIRELZEH® " BT D%
Tdotk,
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hot surface
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