12. Q002 OOOODOOOOODOOOODOOO

oo.0 OOobooa
gboooboobobobooboooobobooooobobobooooobobooobooooon
gbooboooboobobobooobobooooobooboboooobobobobooboobOonbo
gbooboooboobobobooobobooooobooboboooobobobobooboobOonbo
gbooboooboobobobooobobooooobooboboooobobobobooboobOonbo
gbooboooboobobobooobobooooobooboboooobobobobooboobOonbo
gbobgbooooboboobooooobobooooobooboboooboobobooboon

12.2 O001BOOOOOOOOO

12.2.1 0000000D00OO0OO0OOO0O
gbiibgbooooooobgoooooboooooboboobooooobobob120oooon

gboobobozgobooooboboooooobobooooboboboobooboobobo

gbobogbooooboobobooooboboboobooobobooboooboobobooooDn

012.2.101 001BOOOOOOOOO

gog gog
0o0oo0o00oo0oooobooooonoogn gooogn
gobobooooboboboooboobobon gooog
0oooooooooooogn
0o0o0o0o0o00oo0ooooooon googno
0o0o0o0o0o00ob0oooooooooooogn 0o
gbobooobooboboboooboboboobobo gbooobogoooo
0o0o000000b0000000000000
gobobooooboboboooboobobon googo
0ooooo0ooooog

12.2.2 0000000000C0O0
OHooBOIODoODoDooooooo
0000000000 000DoOo000ooooo
000000000000 000O00000o0oo000OooDoOoOoOooOon

Step1 : Fe0, + 4H, - 3Fe + 4H0

Step2: 3Fe + 4H0 - FeO, + 4H,
000000000 000000000SteplI0000MMOOO0ODOOO0OOODODOOOO
00000000000Step 2000000000000 0OOO4000000000000000
OStep200000000000D0OCO0O00ODOO0OOODOOOOOODOOOOO3050000
O0000o0ooooooooon
0o0000o0oooo00oooooo00oooo00Do0ooo0o0o0ooooo oA, Sc, Ti, V, Cr, Ga,

-90-



Zr, MoDODOOO0OOO00OO0ODODOO00000DbO0OD0OO0O0Step 100000000 DODOODOOO
UbO0OStep 2000000000 DOODOOOOOOLOODODOOOOOODODOOOOODODOO
gboobobooooooboboooooboobobo
gbooooboobgobooboooobobooooobobobooooobobooboooooDn
gbooboobobooboooooboboboboobooboboooobo4.wtd0goooooon
gbooboboobobooooboboooooobobooooboboboobooboobobo
gbooboboobobooooboboooooobobooooboboboobooboobobo
gbobgobooobooboboooobobobozoboboobooooooon

oono

s R RERERE —
gooo

[ 0 TH <t
oo k22 oooo }(ED_ wg < D;;D
0000
B 0 Bl b<

012.2.2-1 O000O0O0OODOOOOODOOOOOOOOOOOOOOO

gbobgbooooboobgobooooobobobooooobooboooooon

gboobooboobgobooooooboboooooboboboooooboboobooooon
gbooboobooboboooobobooooooboboooobobobooboobooboDbo
gbobgoboooobobgboobooboboboooobobooooooboboboon

00000020100 00000000000000000000740Nm00000000000O
gboobooboobobooooobobooboooooboboooobobooboobooboobobo
gboobooboobobooooboboboooboobobooooboaoseoboooboobonbo
gbooboooooobooog

gboobooboboboobooooboboooooboboobooooobobooboooooDn
gboobooboobobooooobobooboooooboboooobobooboobooboobobo
gboobooboobobooooobobooboooooboboooobobooboobooboobobo
gboobooboobobooooobobooboooooboboooobobooboobooboobobo
gboobogoo

-91-



oooo oooo

= = = =

oooooo

ooooooo

oooooooo
gooooOooooooooooo

012.2.2-2 O00OOOOOOCOOONCFGODOOOO

0000 OHHVO 9726 kW 47.9%

000 1,600kW  7.9%

0000000 (HHY)

20,324 kW 100.0% 00000 3124kW  15.4%
00000 4528kKW  22.3%
ooooo 1,038kW  5.1%
connnnonn  1184KW  58%
oooo 280KW  1.4%
oooo 629kW  3.1%
oooo 1,707kW  84%

0 00000000000000HHAVO17.6MJ/kg-W.B.Ox 100t/d - 00000 20MPal 65,700m3/d(NTP)

012.2.2-3 OO00OOOOOOOOOOO

gboobgobooooboobobooon
gbooboobooboboooooobobooooobobooobooooboobobooobooooon
gbobgobooooboboooobobobooooon
gbooboobooboboooooobobooooobobooobooooboobobooobooooon
gbooboooboobobobooobobooooobooboboooobobobobooboobOonbo
gbobgbooooboboobooooobobooooobooboboooboobobooboon
gbooboobooboboooooobobooooobobooobooooboobobooobooooon
gbooboooboobobobooobobooooobooboboooobobobobooboobOonbo

-92-



gbooboboobobooooboboooooobobooooboboboobooboobobo
obooobgo

0.60
@ ® ® o
@ O
O
0.40
z O O
E O B
O % B
0.20 I
7 ., o -
@
u
0.00[H 1 1 1
0 200 400 600 800

00O [Torr]

ODlOODDDDDDlDDDDDDDDDDD DDZSDDDDDDIDDDDDDDDDDD
.DlOODDDDDDlDDDDDDDDDDD .DZSDDDDDDlDDDDDDDDDDD

012.2.2-4 O00O0O0OODOOOOODOOOOOOOOOOOOOOO

gboobobooooooboboooooboobobo
gboobooboobgobooooooboboooooboboboooooboboobooooon
gbobgoboooobobgboobooboboboooobobooooooboboboon
gboobooboobgobooooooboboooooboboboooooboboobooooon
gbooboobooboboooobobooooooboboooobobobooboobooboDbo
00000000000000000000000000000000010mol/s/m/Pall 0 00
gbobgoboobooboboboobobono
gboobooboobgobooooooboboooooboboboooobooboboobooooon
gbobgbooobooboboooobonod
gboobooboobgobooooooboboooooboboboooobooboboobooooon
gboobooboobobooooboboooooobobooooboboboobooboobobo

-03-



gbooboboobobooooboboooooobobooooboboboobooboobobo
goobgog

KRVIFHR RH
(H,, CO, CH,, K#&EX) (134)

A%
EHEH
KF-KEREEHA

" ( ) KT

012.2.2-5 OO00O0OOOOOOCOOOOOOOOOOOO

gbobgobooooobobooooboobobooooboboobooooon
gboobogooooobooog
gboobooboobgoboooooobobooooobobooboooooboboooboooooon

gbooboboooobobgoboobooboboboooobooboobooboon
gbobgboooobobooooooboboooooobgr.3wtonbonoog

oooo ooooo
gbobobooomobooooooooboboooooboobobo™mooooooon
gbooboboobobooooboboooooobobooooboboboobooboobobo
gbooboboobobooooboboooooobobooooboboboobooboobobo
gbooboboobobooooboboooooobobooooboboboobooboobobo
gbooboboobobooooboboooooobobooooboboboobooboobobo
goobgog
gboobodpt-ReU00DOD0OOO0OOOODODOOOODOODOZ200D00000000D0
7wt 0o0DOooOoooool1ooobobonog
gbooooboobgobooboooobobooooobobobooooobobooboooooDn

-94-



o(@ooboooo)yooooooooogoboooooobooooooobobooobooDboo
gbobgboooobmoboboooobobobooobobmobobooooboobobo
coocoooo@uoo)yooooooooooobooooooboooooooobooobooDboo
gbobgoboooobobgobooboobobobooooboboooooobobooboon

100

i ﬁ DDDEQQH
E 30 Dmggggg o\\o 80l DDAAA
€ - I ®
~20f A o0®? 5 o 0‘..
- oA ‘Q. o 05 o®
D 40f 00
o wlAre OOOOOO o (Ahe 000
O .OOO O 20—‘0O
I O L O
ml 1 1 1 1 1 L 1 1
qu' 1 2 qu' 1 2
good/h Ooo0o0/h

0 0 O PYC (5 wt-metal% )
000 /00000300mg/1.0ml

000000000 (005000000 2100 (o )0
2400 (e )0 2600 (0)0 2800 (0 )0

012.2.2-6 DO0O0OODOOOOOOOOOOOODOOOOODOOOODOOn

EE RIS
R ER AR E A REX(148) & (
AR R FIRER (34 e i
Ry|mlx R E ..»EE.X‘( n) INEAER ;r] i
5 3
<EGR> a0 z
ot —
YR E—5— R | 4 C
e - a4 %
«q >l
4 \\\\\\
SO~ me ()
QE;'E +
T R LE—S— < > @0 ATULRIR

mam o}Se 5

O] - s

a2 7 &

[z%ypxe—xj E_

E3b ]
[
b e
7vhe—4— ~

fnEAER

e

012.2.2-7 DO0OOOOOOOOCOOODOOO



000000000 0000000000D00O0000DoDoOoO0OoO0ooOoo0OO
0000000000000000000000000000000DO0000oOoOOO00
OOKvaerner0 000 0000000000000 O0ODOOOO0OODOOOOOODOOOOOO0O
0000000000000 0000000000000O0000D00O0000o0oODoOOoOo0oOOn
0000000000000 0000000000000O0000D00O0000o0oODoOOoOo0oOOn
0000000000000 0000000000000O0000D00O0000o0oODoOOoOo0oOOn
0000000,00000000000000000D0O00DOO000D000O0ODOOO00O00OOn
000000pDooooooooooo
CArONO O ODArON,0 0000000000000 000D00O00000000000O0O0O000
O000ooooee0onoooooong
0000000000000 0000000AF000000000D00D0000ONO000000
ArON,0J00D0ODO0000D0DOO0000D0OD0000D00DO0000D0O0O00000O0O0
O0000000000NO* 0D 000000000000000016070kwhI 0000000
KvaernerO O 1.3kwhD OO O D ODOOOOO

gbooboobooboboooooobobooooobobooobooooboobobooobooooon
gbooboooboobobobooobobooooobooboboooobobobobooboobOonbo
go

gbooboobooboboooooobobooooobobooobooooboobobooobooooon
gbooboooboobobobooobobooooobooboboooobobobobooboobOonbo
gbooboooboobobobooobobooooobooboboooobobobobooboobOonbo
gbobgobooooboboooobobobooooon

YA IA—A—H— ’—{‘lﬁiﬁ@-éijﬁl:loov/sm |
Ar _Q 1 EFREE2: 150V/100A |
N, LJ ' ﬁ
CH, ‘g‘ |—| YT WIZA VA HU7 IR B
ARk =
TS AYRIGEE
=Ky Q ® ' — 7 OuT
7 o mEmEs #nanE
(Y EE

012.2.2-8 OJO00OOOO0OOOODOOOOODOOOOOOO

-96-



@Uo0Booogooooooo
gboobgboooooboboooooon
Oo0o000b00bD1200000ooo00ooooo0ooooDwkg0ooooooooo
goooboooboooboobooboobooboobobooboooboobooboobon
gbooboooooboboboooon
lokgD O OOOoOoDOOOoO0OooooObOOoOoooDOooooooAaRLOOOODOODOOOOOO
gbooAaRLoDOobDooOoooobobooooooboboooooboboboooobooboDbo
gbooboboobobooooboboooooobobooooboboboobooboobobo
gooogno
gbooooboobgobooboooobobooooobobobooooobobooboooooDn
gzaookD O3ookDoooooobobooooooobobooooboboobooooboobobo
gbobgbgoz2sopy 0DO000OO0DOODOO0OOODODOOOOO0O0DbOO0ODbOOOO0ObObO0ODbODO
Ooooooooo0ooooOoo0oOooooOoboOoOoOoooDoOooOoOoOoOoDObOOOGdygpbys00O
gboobooboobobooooboboooooobobooooboboboobooboobOonbo
gbobgoboooooobobooooooboboboooooon
gboobooboobgoboooooobobooooobobobooooboobobooooooon
kgD OOOO0ODOOOO0OO0OOOOOO0ODOOOOOOOOOOO0OODOODOOOODODOOO
gboobooboobobooooboboooooobobooooboboboobooboobOonbo
gboobooboobobooooboboooooobobooooboboboobooboobOonbo
gbobgboooobobobooooobobobooooboobobooooomooboDo
gbobgobooboobooboooobobobooobobooooooboobooooboobonbo
gbobgbooboobobooooooboboooooboobobooooobono
gboobooboobobooooooboboooooboboboooooboboooboooooDn
gboobooobooboboooobobooooobooboboooobobobooboobooboDbo
gboobooobooboboooobobooooobooboboooobobobooboobooboDbo
gbooboobooooon

012.2.2-9 00000100000 012.2.2-10 O00OOOODOOOOO

-97-



50

45

p=0.55MPa =
40

—x A
by ; 1

p=0.45MPa —z— p=0.65MPa

35 4

30 4

25
p=0.25MPa 7"—‘ 74 f
20

15 A

Pressure Drop [kPa]

10 A

‘,/u/f'
0 ; ; ; : :
0 20 40 60 80 100 120

Reynolds Number [ -]

0 12.2.2-11 O0O00O0OO0OO0OOOOOOOCOOOOOOODOOOOOOO

Compressed Hydrogen /
\\ Cold Box Boundary /
[ 7 \ /
\ /
\ /
3 / Liquid Hydrogen
\ AN
H, 7 7
Supply
1 I
I i
i .
i i
' |
: :
i y I
— | w N A | LH,
! ‘M Storage
i i
i i
| |
- 1%
U I
8 $‘\
Helium Pump
Rotary Valves
| — B
M
3 I \»\\ Cold Box Boundary
1T 7
Water | - E i \
Chiller . \‘\ Regenerators
/ k ) A < for Stage Six
2 N |
\
/ AN ‘
N

Regenerators
for Stage One f

= i

Magnet for Stage Six

Magnet for Stage One

012.2.2-12 OO00OO0OO0OO0OOOOOOOOODOOOOOO

-908-



gboobogoooooobooo
gbobmobooboooboooooboboooooobobooo@moboboooooooon
gbobgboobomooob1zbgbooooooboboooooboboobon
gbooooboobgobooboooobobooooobobobooooobobooboooooDn
gbooboboobobooooboboooooobobooooboboboobooboobobo
gbooboboobobooooboboooooobobooooboboboobooboobobo
gbooboboobobooooboboooooobobooooboboboobooboobobo
gboobooooboboboooobobobooobobobooooobooooboobobo
gbobgboobooboboooobooboboooobono
OEr-Dy-AlD 00000000 OODOO0ODOOOOOOOODOOODOOOD
oed(sice)fooogooobooooooogobooboboobooooobogboboooooDo
ODy-dO 0O 200K OO Dy GAU OO OOOODOOODOOODOODOOOOOD20KDOODOO
gbobgboobooboboooooobobooooobooboboobooboobono
gboobgobosisoogooooobgonog
gbobgoboooobobgobooboobobobooooboboooooobobooboon
gbooboobooboboboooboboooooobobooooboboboboboobOoDo
gbobgoboooboobobobooobobono

gboobooboobgoboooooobobooooobobooboooooboboooboooooon
gboobgobooooboboooboboboboobobobooooboooboooboDo
gboobooobooboboooooboboooooboobobooooboboboobooboobobo

gooo

ErAl2 Gd0.36Dy0.64
0.14 I ] S B B BN LN LN
oo o B=0M|] 14t ]
0.12 o a B=2(MH I ]
B o B=6(T)|] . ]
8 o ) x ]
0.1 ]
e 5 ]
8 o] = 1
< 008 o sgood < ]
2 e 0" ] g ]
e ] g ]
S 006 LI = POV S g ]
e £ ﬁﬁf 08 ] 2 ]
oA 8@ ] S ]
0.04 oA P o ]
gé?“é Boo000°°° ] E —
0.02 /3 2 ]
'_
0 1 1 oLl v i
0 5 10 15 20 25 30 0 50 100 150 200 250 300
T(K) Temperature (K)
012.2.2-13 ErALOOOOOO 012.2.2-14 GdDy,.,0 X=0.360 O

oooooood

-990-



12.2.3 000000000000

gbooboobooobooboooboobooboobooboobooboobmon
gboobooobooboboooooboboooooboobobooooboboboobooboobobo
gbobobooobooboizoooooooooooobobooooooon
Guooobogooooooo

oooooobobobobopPet0D000O0OOPMODODORMOOOOOORMOOCODOODO PO
gbhoobosbobgobooooobgobooooboobobooooboboboobooboobobDo
gbobobgobesobomoooobgoboosopbgbooooobobobooooboobobo
gboobgoooooboboooon

0 12.2.3-10000000000000O0wy0 O 12.2.3-200000000000000

O tw/yd

TEa4aE] 1999 | 2000 | 20014 7700 a7 137X Fof &5

Pt 151.5 164.6 173.5 Pt 121.3 16.8 8.4 5 151.5
Pd 250.7 242.6 234.2

Rh 15.6 23.8 17.6 00 0o L7 A0 2o |Gt

Ru 12.8 13.7 g Pd 58.2 167.9 19.6 5 250.7
Ir 2.89 3.86 N

w7y 7R a7 [dE7 AR Fofh, o

Rh 12.8 2 0.6 0.2 15.6

@ oObooboooobooobooo
gboobgoboooobobooooboboobooooon
gbooobooboboooobobooboboboobooboboboooboobobooboon
gbooboooboobobooboooboboooooobobooooboboboobooboobobo
gooog
1203 OO0O0OO
gboobooboobgoboooboooboobobooooobobooooooobobooooooon
gboobooobooboboooobgobooooooboboooobobobooooboobooDo
gbooobgog
gboobooboobgobooblzoobgooooobobooboooooboobooooooon
gboobogboooboobobooooboobgoboobooobobooboooboboboooon
gbooboobobgobooblzobobgoboooooboobooboooobooboboobooooon
gbooboboobobobooobowkgoooooboobooooobobobooooboobono
gboobooboobobobooobobooboooooboboooooboboboboobooboobo
gboobooboobobobooobobooboooooboboooooboboboboobooboobo
gboboobooobig0oboobobogoooobobobooobobobngoooboo
goboooobobgoooobooboboooooboobobooboooboboboDooooboD
goboobooboooboobooboboobdoooooobobooDobooobobDooDobobobUbD o
gbooboboobobooboboboobobooboooooboboboonoooo

-100-



