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Summary

1 R&D goals
WE-NET is a long-term project. Therefore, in promoting the project, there may be 

some certain innovative and leading technologies not included in present objects of 
R&D, although they are promising for the future. On the other hand, incorporation of 
existing technologies into WE-NET project may be necessary depending upon their 
technological improvements.

Such innovative and leading technologies and existing technologies are to be studied, 
investigated, and evaluated, and depending on the situation further studies are to be 
conducted so that useful suggestions and proposals may be made as to the course for 
the WE-NET project to follow, as well as its R&D.

2 Results in FY 1998
2.1 Research and evaluation of innovative and leading technologies 

6 proposals were collected in FY 1998. And 7 proposed technologies, including 1 
proposal collected in the latter half of FY 1997, were evaluated to prioritize for 
feasibility study. These are summarized in table 2.2-1.

Table 2.1-1 Proposals and evaluation results
Year - No. Proposal Scoring

FY1997 - 3 Methanol-fueled power generation turbine system 7.237
FY1998 - 1 Conceptual design of high-efficiency production system for 

high-efficiency solar cell by the lOGW/year scale production 
process

6.912

FY1998 - 2 Investigation of potential of wind power 4.576
FY1998 - 3 C09 recycling methanol fuel cell 6.786
FY1998 - 4 Investigation of catalysis materials for hydrogen combustion 

and catalytic combustion systems
5.352

FY1998 - 5 Development of reversible high-temperature steam 
electrolysis cell / solid oxide fuel cell by the synthesis from 
aqueous solutions

7.071

FY1998 - 6 Mobile heat recovery hydrogen production system 6.766

2.2 Study of innovative and leading technologies
(1) Evaluation of feasibility studies conducted in FY 1997 

3 feasibility studies conducted in FY 1997 were evaluated. They were evaluated as
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follows:

©Feasibility study of hydrogen production by effective utilization of wavelength 
dependent on solar energy

This study investigated hydrogen production systems utilizing high-temperature 
steam electrolysis cells combined with selective transmission/reflection film and solar 
cells. In these systems, the film transmits wavelengths in the sunlight used by solar 
cells for conversion to electricity, and reflects those not used by the solar cells for heat 
collection, then these electricity and heat are supplied to high-temperature steam 
electrolysis cells to produce hydrogen. Though the systems investigated this time 
turned out to be wasting heat not using up all, efficiency will be improved further by 
taking in the technologies to increase heat utilization. To judge how good the system 
utilizing selective transmission/refiection film is, it should be compared with various 
other hydrogen production systems utilizing solar energy and be evaluated.
Therefore, “Feasibility study of hydrogen production by effective utilization of solar 
energy” will be conducted in FY 1998.

©Evaluation of economic feasibility of magnetic refrigeration technology for large- 
scale liquefaction of hydrogen

The efficiency and capital cost of a 300 ton/day magnetic liquefier were calculated to 
be 60% and US$100 million, respectively. Magnetic refrigeration is an interesting 
technology for a hydrogen liquefier that has possibility to have great advantage over 
gas-cycle refrigeration in both efficiency and capital cost, and the idea of cooling from 
BOOK to 20K only by magnetic refrigeration is innovative. However, it is not clear 
whether high-speed heat exchange between large amount of helium gas and magnetic 
materials rotating at high speed is technically feasible or not. Therefore, this point 
will be the subject to be examined from now on.

©Feasibility study of hydrogen production from biomass
The comprehensive investigation of the status of biomass resources and technology 

gave the valuable information. From the viewpoint of cost, it was suggested that 
there were more advantageous biomass conversion such as to bio-oil than that to 
hydrogen for the time being, but biomass conversion to hydrogen pays enough from the 
viewpoint of energy because its energy payback time is short enough. We are going to 
utilize the obtained information for the examination of hydrogen introduction 
strategies, scenarios, and so on.
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(2) Feasibility studies conducted in FY 1998 
Based on the additional examination theme derived from above-mentioned 

evaluation results of feasibility studies conducted in FY 1997 and on the evaluation 
results of proposals summarized in table 2.2-1, theme of feasibility studies in FY 1998 
were selected and 5 feasibility studies were conducted. They were evaluated as 
follows:

©Feasibility study of hydrogen production by effective utilization of solar energy 
At first the system using selective transmission/reflection film, which separates 

sunlight into for solar photovoltaic use and solar thermal use according to its 
wavelength, were expected to be promising. However, contrary to our expectations, 
the system combined with solar reflector and Stirling engine turned out to be more 
excellent from the viewpoint of both efficiency and energy payback time. This study 
resulted in confirming the extremely ordinary matter because the efficiency of Stirling 
engine is 48% and higher than that of solar cell; however, this study could clarify what 
kind of system utilizes solar energy most effectively to produce hydrogen. We have 
decided to put an end to this study and not to put it into the fundamental research 
stage.

©Feasibility study of methanol-fueled power generation systems 
It was shown that carbon dioxide recovery power generation system fueled by 

methanol can be constructed, which efficiency is a little higher than existing LNG- 
fueled thermal power generation. And this power generation cycle fueled by 
methanol turned out to be about the same economics as the one fueled by LNG.
This technology seems to be worth investigating as a power generation technology in 
the intermediate term of transition to WE-NET system. We have decided to entrust 
further examination to the “Carbon dioxide recovery closed cycle high-efficiency gas 
turbine" project, which is being planned as an independent project from WE-NET, and 
to watch how it would go.

(©Conceptual design of high-efficiency production system for high-efficiency solar cell 
by the 10GW/year scale production process 

A large-scale production process, which uses vapor deposition considering the 
recycling of material gas and substrates, was proposed for manufacturing of thin-film 
crystal silicon photovoltaic (PV) cell. And it was clarified that this method could 
drastically reduce the percentage of silicon wafer cost in the PV module. Although we
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need to reduce the cost of not only wafer manufacturing process but also module 
assembly processes, support, and so on, for the economic improvement in PV 
generation system, the cost reduction of Si wafer will become an incentive to that. 
Because this technology can make it more feasible economically to produce hydrogen 
by utilizing PV cells and electrolysis, we are going to utilize the obtained information 
for the examination of hydrogen introduction strategies, scenarios, and so on.

©Investigation of catalysis materials for hydrogen combustion and catalytic 
combustion systems

In the catalytic combustion of hydrogen, the possibility of precise control of 
combustion speed by optimizing catalysis materials and reaction conditions over a 
wide range of temperature, from room temperature to 1000°C, was showed. And as 
one of the strong application utilizing these good points, an idea of high-efficiency gas 
turbine, even with a relatively low combustion temperature, using isothermal 
expansion combustion was proposed. This isothermal expansion combustion gas 
turbine has large possibility as a hydrogen utilization technology. It is necessary to 
clarify the system image of the gas turbine and to investigate the feasibility of 
isothermal expansion combustion further.

©Evaluation of technological and economic feasibility of production of high- 
temperature steam electrolysis cell / solid oxide fuel cell by the synthesis from aqueous 
solutions

There is no doubt that this method has possibility as a production technology for 
high-temperature steam electrolysis cells or solid oxide fuel cells. However, though 
particles of ceramic materials, such as electrolyte, electrode, interconnection, and so on, 
have been synthesized from aqueous solutions, this technology is still in the stage that 
films have not been made. Furthermore, in the actual high-temperature use of the 
films synthesized from aqueous solutions at ordinary temperature, there must be some 
problems to be solved, such as shrinkage, deformation, crack, and so on. Therefore, 
we are going not to adopt this technology in the WE-NET project but to collect 
information about the progress in research and development for the time being.

2.3 Examination of new areas and items of technology development
Promising technologies to be reflected on the WE-NET project were examined based 

on the trends in the new technologies acquired from the research and investigation so 
far. And then the following 2 candidates were selected for the fundamental research
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subjects to be started in Phase H (final decision is to be made at the first fiscal year of 
Phase n):
©Hydrogen liquefaction by magnetic refrigeration technology 
©Catalytic combustion gas turbine

3 Subject in future
In Phase I , the trend of related technologies were continuously watched, and from 

among them the innovative and leading technologies those incorporation into WE-NET 
project may be necessary were extracted, investigated and evaluated. In consequence, 
we could find promising seeds such as hydrogen liquefaction by magnetic refrigeration 
and could provide the project with useful information to forecast the hydrogen 
technology in the future, so we could almost achieve the goal of Phase I of this study.

For keeping effectiveness of the WE-NET project also from now on, the trend of 
related technologies should be watched continuously.
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#0 (U)S» X^-A- ## cf—Y

namsg)

nama)

Z&sw-W

namsg)

n##a)
n##a)
BE^^SE

namsg) 08—09 0001-oot IT

96 99 0001-09* E/c 01
66-86 98

1l1 E/c 6
66 08 0001—09* E/: 8
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namsg) 96 OOZ, 9

06 96 00A 9
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Incident Angle: 0°
100 r

Reflection
Transmission

Reflection
Transmission

600 700
Wavelength (nm)

TRANSMISSION

325 450 575 700 825 950 1075 1200

Wavelength (nm)

IE] 2.1 7hh < — (te K ~E > K) IE] 2.2 v h <7-(C0RI0N)

SE&cktf 45° Alt

100 400 500 600 700 . 800 900 1000 1100 1200

Wavelength (nm)

SSfcJrlMS'AW

300 400 500 600 700 800 900 1000 1100 1200
>6S(nm)

0 2.3 Thy h = 7-(CVI) 02.4 *'W57-(^l/^yW)
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400 500 600 ZOO 600 800 1000 1100 1200

WAVELENGTH (nm)

g|2.5 am# <7-(ORIEL)

IR CUTOFF FILTER

x 80

700
WAVELENGTH (nm)

g!2.6

(%. H)

(AMfi o°)

TRANSMITTANCE

1075 1200
;‘&6 (nm)

g|2.7 #^^7 7

(^# : C0RI0N)

(xf"— 22 -6



50% T,

X e 5% (T^,)

ti "j Y^y 

ti£il(nm)

500 85 525-625

600 85 630-750

700 85 735-875

800 85 840-1000

900 85 998-1188

1000 85 1050-1250

(g 2.8 '>3— h;U7 ^ ;i/^( “ a.—— h )

niiteisitew

900 1000

"J Yt7 

il6S(nm) &'&*(%)

400 85 420-470

500 85 525-610

600 85 620-790

700 85 720-930

800 85 830-1030

900 85 940-1150

1000 85 1040-1250

(g|2.9
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PEAK TRANSMITTANCE

0.65 - — 66% AVERAGE 
TRANSMITTANCE 

OVER RANGE

5%
TRANSMITTANCE

CUT-OFF

BLOCKING RANGE

WAVELENGTH

t> "J
if$S(nm) SW M

500 65 530-689 689-1200

600 65 635-827 827-1200

700 65 740-965 965-1200

800 65 845-1241

900 65 950-1241 (EM L)

1000 65 1055-1400 (3BSUKL)

m 2.10 '>3— h/'xX 7 ^ ;l/# (ORIEL)

400 450 500 550 600 650 700 750

Wavelength (nm)

80

700 750 800 850 900 950 1000 1050

Wavelength (nm)

A "J
iSI(nm)

t) "J 1^7 
iKnm)

(nm)

400 50 480-1200 800 80 960-1200

500 60 600-1200 900 80 1080-1200

600 70 720-1200 1000 80 1200-

700 80 840-1200

m 2.11 '>3-h7U7-{ ;i/^(CVI)
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2.2.2 '>3—1-^7,7 J/V?
ITU, ifl/h;®X77 Ufc*y K7- 

roJ; 5 lc, iSft^*>750 nm»±
rot)tottrtiEdiLTV'7^VN j; 5 -efcSo *MLt#EeMM)7 3 —

m-fZ>t^j^ibZ>„ - ro«(7)7-i'/v^ci$|4ISMfc, 8e2.1#SLfc0 $i=-8~ll^^rilT-$>5„ 

->g — b/^X7,7-/U^(7)®4, 02.8~2.11(7)cf]t^|lMELfc47)^fc^>5 <t 5 IX * y h7h7$ft 

iXiSKliA^ *3 i fiXfc 9 , 400~1000 nmropB'3X*if S*f(;cD* y h xh7E*(7)t,©3ril^ - <b ^ 

X^ 5o Stc&V'* y h7hy®*(7)y ^;v^^SStxE^r*gr 5„

ya — h/<77a'/lx7<D^A^X'k, #f8 (02.8) j3j:m (02.9) <D J: 5 IX # y 5tC7ifcft

Xtitt, *y 5 5 7-ilSCJ:

9 lx, ##,(*#@9#X#R%LXi,'5 fc/t'L, igiiSlixh y b ; 7 —J: 0 6iD/)\

, t5#100%Xfe5„ -*, 104»ll(O#e, ?i@@*aU200nm

i£X'ie(£SiiXX5„ 7tut. ##*#(Xm*XAm#mt#mLXx6t&X^6 6#7 6jx 

5„ X(D#4, :fejS£f£oXC'-5fcfc, 0@< *5.

jSi®$roSM*tt$iiTV^0
«±<DJ:dIX LX. * y hX7$*^6 6llil^5-7 3- \-><77 4)Vt>

lrfi|ffl1-x>Xit#xX4;i/X #'>, )S@*£#tttc Lteifnif* ib&v'X i (c

XK60

2.3 £ t »6

*SXH, $E$iiXX6*#*f &M4L, t fclX
tO#m&5T#£t A5.

(1) mm33Z15R#7)^#$XB::+6ilXW6*f IX^y b 5 7-Xfe-5^, rt?E®^y h 5 7 

— CD* y hX7&*l*700nm##(Dt(DL^^V\

(2) * y hX7»**g S(XSiRX*#5SSX.|i.>3_h/'77X7l-c?X*fc57)i, XcDS^XttiS

y±rox i: A'6), *E®* y h 5 7-, 93 ~ h%-y h7'f/l'P<DMfrtk, *X7.t AM 

CD $ X6 5 i: ttSC'Ev \ Stol, SW*ilRS*f@iSM^Sffc!xEH- •

fc5i#x,6.
S©Llc«fgSr^o*cfi:LXcXX7nXy^S7-^i>50 -t©S^toPSfcff-ofc 

A\ * -> x T A (DtirSlx 1$ i: A/ ifil S & ;t»o fc0

-9-
#-25



L

3.1 I2CA#

<fc 5 *i8#?@iSKIM8ltei5r
-)K(c, Ettffro#e»ES:fflV'T®lfSh-5. *$T*I4, 1WIBH3 

Ml^l3it5S*to**^totteI2'3',1Sr»Lfc±, #SKwaig^fc±0tKW^wH-»'>5 ^ y- 
■y3 ysrSLT, *y i-^ysssr-yy hs*6*&,

z<o&, ujszo=&#MK«
t;ot'TSfi-<5>0

3.2

3.2.1 **IBI©K#«3«ktfjSia
03.lKSM-.fc 5 K, ES (BS*n„) -@Sdw»M -SIS (B#^) rosST,

H-tsmG, mm<owiwmKisi/'-c^msw^er 9, a^
T*SWLfcKi:B^*'6>fflTV'<®i:roffitSM2<S 14, ^/KOStfiJ (Mgsin^^sinA)

261=^«1dcoscJ>1 (3.1)

i*5o rro(4tBS£#i*LTKM$roiBto£ <kofct,roz);®BEM^-e<fc5„ 8EA*trotg-g-,
$? fc'it/Wo'ir-rs t, 7y^;^#%6B#$6«

Mff,£fflV'T, zn^/i^-KHWottifcsSco J; 5 K%6.

n
r, t,tw, IJ\rW; (.Cn’r,1

0 3.i

#-26 -10-



Rq— 9? • %

______________________________________________________
(n2 + n2)(n2 + w^) + 4w0n12«2 + (m/ - n2)(n2 - Mg2)cos2 5X

(3. 2)

/?0^<^=(2/z//l)M1<itz:>tf UTiESti L, )t^:^i?w1<i=(2m + l)/V4joctU?«1d=2>M >V4 (m

ROmin
Z \2

+WoMg^
7?0 max

r «2 ~«0 
l«2+«0,

(3.3)

< ftO, **5, 8iK^,t5rSW:*V'3S-g-, (%#lij
^T0(i, T0=l-R0XfcZ>,

0 3.2
(«o =1.0, «2 =1.5)

3.2.2

E*tvfc9iSi@Lfcof5„ mx&msi-fuf, ±ft<DMt>mftimz,
EMSrolta-g-b-tirK^sfcto, fc$$6roEM^Srliill5-8rfcyig'>5'ti:fcO-e^5„

0 8iid-ti-fc0-ti>^):5rgto±: #11, SI9X$±I=
&m9Tmk{&mvrm<nmm:tzmzmsi*tzmn»2’Smfr£<mm£hx^z>e zzx% «t,

rrr*tt, #«Bro$*$r-fc5@ffl#SBirov'TEr*5r i:#-f5» ztfc*u, #SB®
#BltiSi®, (»„) B6#rn#$ w BCD2HS,
wiciaosg^x^ uw (-r*t>*>,

-ii- #-27



nHdH=nLdL=y4 : d„*5££ Vteatlr*®toM@, Aott^Si§»rot'b 

&* (##) ) , (=R#t») ©**»«* Ar

li&Sro £ 5 lc*5R4l0
X r = 2?t nHdH / j'y (3.4)

CT, &l£ti:fglK@'e& 9, ifcKT-eSi-iS,

ga = cos-1 nH~nl 

\nH +tlLj

^mi&%r<vm%2AgbirZ> t, Aght,
a 2 . _iA g = —sin

7t
nH~ni

nu + n,

\

(3. 5)

(3. 6)
V. "h T y

&EI3.3tc^i-. ;:t, 03.4©±5(c, SiS^ttlctiij-d^FSiSSlc

ML, A„, *5£tf £v

S'r £o £v

IA/VvvWnA , /Wvv>aaA , AaaaaaaA

0 3.3 m<,/[LH]9/ms CD&WX ^^ h;i/3)
/ L : h,M/. = 1.35 \
/ H: ZnS,nH=2.35 \
I «0 =1.0 )
\ Ms =1.52 /

h.
t£

Xv Xo Xr

Wavelength (nm)

m 3.4 (I & (t 3

#-28 -12-



it6o
l R=

1 v=

1- A g 
1

1 + A g h

(3. 7) 

(3. 8)

^(7) (3. 8) ;*&*:# (fNi,
7^###: W4=M/^=M^J

m.3(l, ZnS(%=2.35) hNa3AiF6(w = 1.35) ^(D ^/4 m#-r#^L7i: 9 @

^^L-CV'5^

Ro =
npp2q -ns 
TiQp2q +n

V

S J
(3.9)

X$-xbixZ0 fc/c'U p=nf/nL (Biff*)*) , ,?lt$*#Jiim<7>J9#it «0ttAMffliJ©ttft®Stff 
m, «,l*S(gro@tfr*i:'fc5„ rro^ii, («(/»s)/.2g>iro$^, ®i^itds*£W5^;Rtia#©K 
#$^=a< (=si®*^!(so , tfc, mm<i<om±b ioo% (=m^m%) #s
<X LTV'5„

y_hro-jlffl#eB$(O@Sjoj;0Elt4#tt^5:E'r5^7^-d'tt, )#*»,, *## 
W-nd (#>5V'tt, VSiSS^'L'iS* A) , 48j;U:TOCi@tffSMro3'Dfc5r

3.3 3 v-->3 y

JSIfflroSt

X^Em+S+SAn^y.ASrfflV'TiSiS^tiJzUxEttW 
ttW-XaW—>3yrttofc0 ->5 3 !/--y 3 y|ctt, o ^ 9 AOPTAS-FILM ft

IS (»//<* y b fcffli/'fc0 *Stt BK-7 (m,=1.52) , («»=1.0)
t Ufco HSroEllctiElt'S^^LrTkv^rofcd^, E##f (%) = l-@@$T (%) T*fc5.

ten, ftmmmvitmmminMfr ui^m^H, <&,m^mx%^mm(.nLdLw V4nmzLtm

B#U ?e^«offifr^^AStf5*tt. no/lxLxmnttmZHi-'

3.3.1 JflfflErotiACJzdEM^diglra
Ti02 (n„=2.3) *5j:VSi02 («t=1.46) , ViSiSS^tiSft/to 

^820nm(=4wd)i U JiWi #(»§:, 3, 5, 10<t£-frX-V3; 3 ly--y3 'xZftotz, 
^03.5(C^-fo 0(a)ro? = 3®*#, iSii W300~670 nmE^90%T*fc <0 ,

-13- #-29



717 820 957

i 1111111i »il
100 400 500 600 700 800 900 1000 1100 1200 1300

Wavelength (nm)
(a) <7=3

Xv Xo Xr

iilni 1.1 ,i,t. j.-i,
400 500 600 700 800 900 1000 1100 1200 1300

Wavelength (nm)

(b) <7=5

Xv Xo Xr

100 400 500 600 700 800 900 1000 1100 1200 1300
Wavelength (nm)

(c) q=10

(no/lLH]1 Ms, Mo = 1.0,7U = 1.4, Ww=2.3, «s = 1.52, X0 =820 nm)
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5 b LT820 nm-e»/J'feto30%i: 0, t© Zil(7#L, ?=5©*-g-,
»y lftA(®ij£t743(43a®^©*4>Tft(0(l?=3©l§-3-4'9;f,iii*4A:'), 44c, VSiSSroSiS 
*1110% Ml:, q=Wb-fZ>t, Ay h ft78*7:-©;Siil*
(OVr^TTlsyttS-f-S-tS-iefc*1), 44c, V$®@(Z)Sii*l40%i:*5„ tftS8©4cfc, (3.8)54 
TAy717 nm 77fco4cc 0(c)£ji-5 i:, -O'5; 3. o—0's ygfttr 
©ffi^l$l#-gcLTV'5r

m_k©Z45^, Ay 147&*tz43t46&4,T4:0 45@.#(z%6 4
i: -Me, Sv^AiUi, RM^tDRM^mn-ti X b friofrZ>0 *
43, aa*(:43(46T%a@#i4)#im»&^(k$-47:t&4 0^(k(44ei\

3.3.2 ^##@©^2(74 5 A y lt7ftft©77 h
Ay hftAzSftiA, IM 14c 4 5(7, @Xa#JlM©)t:^MJ¥5r$x.5 r 4 T-$*T*S 5, Zii 

£»ftto7:*5„ Sft/hffii:|i5)C4 5 (7ff43 4T/LJil7tiut*;h. Ti02434U:Si02§rfflv\ li*8$g=10 
©#SHi:t, 4X^#Km 7<iSr820, 930, 43 4441050 nmi^ffcSAn: O'5 3. 0-0 g O£tfo 
fc„ -Aro*g$SrH3.6(77p-r. KMWttlAl'vVc. R04^6, ftfOEffSrJK-45 Z <k 77, Ay 
KA-7R*55^4im 700, 800, 43 A O' 900 nmirAfcRffi-oy 5 T*t 5 71 £

4e43, @(c)/ty (b, 7o=1050 nm AJiSUft L/t^rn, 350 nm (/V(2m+1)=350 nm, m=1) tzjti 
ZftroTiliSffi^SiiS Z £ tffrbZ (3.2.1®#®) 0 @(b)77, 300 nmT-@i@*^0%(7^o-CV'5 
© fc i@ ft © ^ 3® * ^5 *8,17 T V' 5> fc (A 7? fc ?> „

3.3.3 B#$&^x.ft)#^-©aia$©${b
y_h©->5 0--y3 ©T'lA, HSb LT«fl=2.3©Ti02^fflV'T#7c= ZZ77I4, t©B##&-

^(k$Ar5 («ffi«ti;©**^A5, fctl'IA, n„bnlb<Dlt%%.?LZ>) Zb 77, iSiSWti*5 
A© 4 5 (7^(k464^M^4:. «t=1.46 (Si02) , 7<,=4«<i=1050nm, g=10—gtt, «„©(!£, 
2.5, 2.3, 43 4t>* 1.75<t^(b$A:ft0 t©%^&03.7 (7#-f„ I904>£>, M«©W©4A < tt, 

-ftefrh, nHbnLb(X^iz% < 7k$,(79£v\ 7Faa#©*M^)6^-3 7:V\< Z t ((3.6)
it#®) . 4/C, M„©(iiA04S ©($£', BIW=«A.4vJ'£ ©la 4', TFSiaSIzjolt
&aa$5:l@±f 5 (=RW^5MST-#-5) Z ((3. 9)it#S) „ til
6 ©(4* 0(7, «ff©«4©4£ < 45i, aiSS©a®*^W5fcHSiv5ffl|6]^fl.biv5„

3.3.4 y-xAA^Sffl=Tf6/j:aKaiaSME©®S+
ftS©l¥L<il!^-55>, ftBzttoiliRiiiStoHBI): LTI4, Ay ^(=7^4-45 £,

^350nm5>i57c©)t&ajiat, 7,5^%1300 nm©*&R*£-46##e#©#45m4 L©„ 7,© 
®I314700-900 nm 77 fc -5 „ tZ77, A y h ft7$ftSr700, 800 , 900nm4${i5 5*, t©45*

t©IS$£03.8(75St4, 0(c)© 4=900nm©M#:l4, 03.7(a) 
<nm%bmcxh<9, z©#tt(4|tii6©tt:S^I5®«SLrv'5<, LfrLtetfb, 4=700 43 4 V 
800 nmOSp , - o © ©**2« JS M #■« BIT? (4#7t-® il£tz 4314 4 £ ©^SSil«
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Xv Xo Xr

;00 400 500 600 700 800 900 1000 1100 1200 1300
Wavelength (nm)

(a) X0=820 nm

Xv Xo Xr

100 400 500 600 700 800 900 1000 1100 1200 1300
Wavelength (nm)

(b) Xy=930nm

100 400 500 600 700 800 900 1000 1100 1200 1300
Wavelength (nm)

(c) X0=1050nm

m 3.6 s* 2
(no/[LH]9Ms, Mo =1.0, Mi = 1.46, m#=2.3, ms = 1.52, ^=10)
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Xv Xo Xr

■ill i.i lI i i i.jlLi i t i-l-i i i.i Iw i i i 1 i i
400 500 600 700 800 900 1000 1100 1200 1300

Wavelength (nm)

(a) «//=2.5
Xv Xo Xr

i I i i 1 1 I > i i 1 1 i 1 i ll » i i I 1 i i i 1 1.
100 400 500 600 700 800 900 1000 1100 1200 1300

Wavelength (nm)

(b) nH=23
Xv Xo Xr

993 1050 1114

100 400 500 600 700 800 900 1000 1100 1200 1300
Wavelength (nm)

(c) nH = 1.75

n 3.7
(no/[LH]q/ns, Mo = 1.0, «z. = 1.46, ns =1.52, X0 = 1050 nm)
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£

Wavelength (nm) 

(a) Xc=700 nm

£

«0/[i.ili.WaW/«s
Xo=930 nm 
Ml— 1.46, Mh- 2.3

nAl.lLl.W'ALHf/tk
Xo =950 nm
M// = 1.46, ml =2.5

100 400 500 600 700 800 900 1000 1100 1200 1300
Wavelength (nm)

(b) Xc=800nm

n0/[LH)'°/ns 

Xo = 1050 nm 
Ml =1.46, Mh = 2.5

\ J. i i ■■■ i i i i i i i i i i i i i n i 11 i i

00 400 500 600 700 800 900 1000 1100 1200 1300
Wavelength (nm) 

(c) Xc=900nm

0 3.8 *y h
(no =1.0, Ms =1.52)
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(=£«•») zw&rtz>^bnwm-?hr>tL<DX\
$fc, ffiBiff'¥©ffittSi02©1.46 6 LfcriS, «Bff^«ffllin=2.5* 

#'>${b5en=2.3j: L/y ^©SS, 0(a):J3 J;T>'(b)tx^-r<fc 5 IX mi SB© tti* & 1$ l«£ X £ 

5>3t^Wtt^ta:f+-c#fco

3.4 ajfoSiaKltJB$©#*fLii L, Sff6t)s$@
3.4.1 Kiai+©^i#3feEiiU

3-®©y ; ^ u->3yru, ilKiSiiSSMSi: LT$*2»©®e»^ffl#JiESr$!i9 Jzlffc, 
$*#JlElr31-^4)llc-f-5, 3-J9X8S©

#@E©-9l^Ag-^Al, Au*j:'©&«ilig$ESrfiJfflt-5, SIS©*® 
6 /mx%<#®ct#@X6, *6, xt tx j= o, ±y

<-©z$^%#t#m©#mm©em-
tt, *####©K:+^#a#iff&iff9 5 ^ y-y3 yyy p TOyyTO9A&$Mf 6x 6
r-itl5to¥ei:ffx.5yfc6 5„ ^Btt, OPTAS-FILM (*4'/^s' &m
V/x;5\ ^(0#, CAOS-II TFCalc (*H Software Spectra, Inc.)
6. ztibitmftx-mmztix&y, fijffl=rsgxfc6<, t©4:
fijffl LX, 4-##m^#^©#@K©^##*t:Mf 6 y $ a. i/--y3 y£fr5 X 6X, >016 
^LX-yi ^ i/->3>8*i 9 tMXim0»*###&#©$@m©m+^fTx6t$x6^
*5) o

3.4.2 ^sroxittfiiiL

aisisiasitflitoisissit^tttt, mizBLxz ?tx, ###©#*#, *##m, *J:TFTO 
©Btff*lx*#y6. X©?X, »SicVX^M@BI$H-J:©®HX*fc50 Biff
SliTOBWtofctoXfca/c©, 6Biff#§r#©##^#iim0#A^' p A'&%MX#< A

@3.9t'©<©A^©#^##©*#%*%&^-y. Bali, «-#s©-«ew*igiiaife* 
*E06Biff*©R**t^LX©6. $ISff#SflIroa«SiSiSMEtxfiJfflBj|g^ti-Stt, *3f, 
SBiffTOi: LX, ZnS, Ti02, TiO„ Ce02*i’©fljffl Zh,, -*, ISBiffTOt LXIt, Si02, 
MgF2, Na2AlF6/jtX'7)Sfijfl5iL5,. 4K‘t, Ti02®I^Si02l8lft 6'tt, ##%##,

*5 J: LF6bXttlx i,ffirx jo V , KtKttTO y * feTO* dh-59.6©SIEfiKMSEX- 

Ibti&tiSSlxfFfifcXS' 6„
Sfc, -©©##xt, RK#e*^AI*^^x6t#7k5Biff#©#m^#6h.5. -«tl 

x, H3.ioxx©r Kgj6zam#,yy/py@%^y-ym**xif#L^Tio2m©a#T$&yy.

550 nm ('j3lt6Biff^5r#ff2.2~2.6©®HX$ik5-tir-6 X k ^X# 6X6 TO;y6„ 
y±©± p ic, ^jik-yaygfiiilfroatSIH't,

J£tt©ft»rX, S*Sii5f±«&®fcXSiSS®SMESra:8+ L, SW-f6 X 6 ttBUXti: 

7kt'6Sx6o
3.4.3 SEtoBSH

MffliSXlx, aiffiSiSS»tE^iai+±WlgXfc V , *fc, ^g7k*#*MTOt#@f 6 X 6
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( ) : < 1 (jm, [ ] : 1~8 pm (D\U

ZnS (2.4) [2.28-2.2]

Ti02 (2.35) TL0X2.Q-2.7)

SiO (1.97) [1.70]

8102(1.46) [1.44]

Si [3.3]

Ge [4.0]

0.1 0.5 1.0 5.0 10
X (pJTi)

E) 3.9

Xr7 K§i(0.1 Pa) 
7t7 K^(2.0 Pa)

2.5 "

Wavelength (nm)

H 3.10 n,£7-?MWfer'£.J%Lfz T\0iWk(DmW

#-36
-20-



L^Lte^©,, %rn~, Wc*®7t;3r*%bKMffl1"5fc»ro'>x 

XAKiia-rsfcftKii, V'< oA^a*HASfc5o ±S*,6ll«Tro2^;-efe6 5„

Sf, SB IK, E«to, ft^ttWttKM-rassaX'fcSo

K^53t^^^=sf'-^®iRL^V'J; 5 K Lftimif & 

fcfeKii, $$fc-X VS-JSroJSro yisff.B (fcSV'li, m%%Wi: SSBtffsp zz=«-i6K*5it56) 
ty fi|ffl-f-5$*85BKjyv'T0X&5 (=®iRMfe5Sfti'0 $fc,
t, ttaicJ;5^*/var'-tl*^^i:50 Sot, A

K, SWtottSKMLTIi,
$KLTj3< kMM<DWMl-?j:Z><, EoX, -£<xi 5 *f£X>£l*fn-X3± 5 *#SJI»igK-t-5 

■i'-m^hZo *fc, tfSiaotlJ, SSjrroft#t$^gv', fcSVNt, a*^+ex^t'Xt 

fcfcISS. roffiK#eti£&i»X5l3l£A5}Kg(l Ufc 9 , :*—/<-=■-HBt£i£ofc

•9X5S«t£<®K*5„ 3SK, 4@©^T^tli, iStRiSigEttStt, ELV'S^S (# 

KEttffl) KftBtBSbSjx-5^ tl:*5fc», <b^toK$$T-fc5'

'WlXt,

S2KE®=^ hrofSHXfcdo Mx.li, 916ffTE£:h<XV'5* y 5 5 5-4: fl.X*5 i:, # 

5 K, 3^R/10cm2T*fc5„ XiLSrlSO m2co®g$KK

■tSitM, Wl:S»tot, 4ff5=P^RKt*5o **£EKJ: 9 =x E^lO^roiK* 

oftiitt, 4,5oo^nxfcd„ $6,

y?St-i)5X lot, 3W@iSElf@lro3lWkKPWXtj:, £mmi®

=1^ $>5Wt, J; 9

Xfc-So

3.5 iir*
*SXtt, @R3@Sl4E&EI+rdroK£,$*»JeEjsJ:t>'#eMKM-f--5Ei$),6f:K-oV'

Tffi^KizE^, S§aff$*2@J9M#SEro)t^!m4i/i = v-->3 y&d>LTft©j6&!9M>K
Lfc0

(1) SKiSSEItMro* y 5X7i£*tt, *###:, 4oZtf##«e#*X*

SSii-S,
(2) * y f-xxfcttro-yx Mi, otf40$@6ExiLtf6.v\ *tc, EltErotsii, SftSHXSro

r. 6X*l£if 3X t^pJtgXfeSo

(3) B& As, 4©x v ^ 6*#x##x& &.
&,±<DX ? K, *W$T-S$LXX5SjRiSiaKMSll, KI+43 J;tEM^rott,jS.A^attK4a 

V'taiifttiV'iSiS. fcfc'U *^K@ax# 6 9 y ) AKAWXIl,
#«%, #4:tHb#Ki##KML, gn#WK+^3EK, B 

ttXiiSfcoSE^y. h^SAXSvXcfc, =x hSUMro/t
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S4S A

4.1 I4CAIC

*»«?& £: SiRiS«E*tE5r 56 9 <4 14 fcS^gg/)1 £», ktfT'Z 5„ *$"Ctt,
-roj:5 <nmttt«(£ A*<b LfcTksSBiS-yxAA&5o#?gL, -tium®

■yxrAicoV't, %#. &U^/i^'-tem»P»1©titg£tT9o 

#it55o0'>XTA^, B4.ltc,A1-„ 4->AfA0*ia6i:Mtt, ElTtoii 9 XifcS,,

(a) (4, SjRiSiiKMli: AISttESriS9(HT, MKW
e *m<E%®# t^ (soeo xw&u, TknsrSBsrs-yxTA-t-fcs,, soEc-m, *

ncosfEisa^aEEJSa%5^^?g.$^iSv^i$^e 

MAAK#-f ibT,
T*#5„

(b) (4, (aMex^-y yA3iy'Ay^l)DAfc'A^TAr*fo50 iSiRSSiSKMlEi: AHeitltofflA-'S- 

4rtNH4±-QTI4, S^SA^SOEC^roSi^iSPlir^y 5 S„ i®»<fc&-5^<D*i£x*-y yA^ 
y-Xxic^-X, *SU t D® A^SOECtc#%f 6 6, $

(c) «, x^-y yA^y-Ay<D«Mi:, *®ttffll7)^C>a®S:, *®#tA (PEEC)
iAtoSL, *E^EiSt"-5-yxAAXfc-5„ x^-yy^iyyy^, PEECtt,
£4rt-5roT% i68b***E®jS-yxAA^s^^-e# 5„

(d) n, simc$«@SKitiev±naffli&3g <o <4A-f,
m.t tTxA-y y^xyyyfMt, XD«A;AfcB<*»i54A*®<irfe/yt*7k*£Bit1-3-y
XAAXzfc-5. 'yxAA^itRWffiifX'fcSoor*, 3:*/vA*-@iR*8Pflco.6X, Ef4T*fcA5„

(e) i4, (b)tc*3(45*fi&®?i^®oiv'fc-y/TAtfcj. xA-y y^iy-yytiSlfizksiMS
ft®fct)®S|-lr;H4t txsa^xfcy, fttfe^WoSii'^rAi Lrffl#T*#5„

«t, 4.2ifixi4, iaKiSiisstretAnaaico^'ttics^t, m^A^tomtaamA^A-x,

4.3®Xii, '>4rAgir-fc5*M. iW?fi*SMBf*g?-fE#ie6|-lrA, xf-y yAx

yyy, B#KAA*®#t/WD##&# L, 4.4ffiXI4, AXTAtogb^SrS+SL, 4.5®T14, y 

XTAD^Avi-5r-0it5ZXIiFflSrl*S-t-5„

4.2 SKilSSItSi: *6l«ffiiro»t4lc$<Sv XcBi ttMtitiA

4.2.1 E<k®^ttiA©H-®&

#*A#64l6 8**14, Air Mass (AM : SStiiiSi;) Id 4 9 SibAS, X <DAM©<itl4, B#J - 

*® • fcSSAJ; 9$<hA5;!A *5*5t>kil~2(7)^fflT-fc5,„ 04.2 H: 14, 3LT-XX : 1.5, BiSBlt : 

ikW/m2xro*B*®StMX'<y' @K#WA%*x^4 h/n4At<*9, ftKftlffl

(:<T< RA%*X^y h/H4A$ < t£.5f*(S](Cfc5„
B4.3IA4, $6$® <b S ii-o' 5<t#&W3$S<7>±§§® ?ti WyfAiTWT^^iJay : 

T-a-Si, #gn-yy =y : P-c-Si, y y7A%# : GaAs)
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2.0
: 1. 5

ESBlt : lkW/ra2

^ 1.0

200 400 600 800 1000 1200 14001600 18002000 2200 2400
Stic [nra]

®4.2

T-a-Si (35)

P-c-Si

T-a-Si (25)

300 400 500 600 700 800 900 1000 1100 1200
Eft [nm]

04. 3 ±Bfta*©Eft»J©£&2W

z<DZo\z, i<r>
fcfc, *©<6©Kft»«©;k®
ytztemm-tivii, t s.
:5U:ii'b, igiRiSiS5:MIBS&mL, ±R#*©@Eft#lt±t:*m*%a

i:, *®56i]5r±ic*issEfc LxsoEc<Dtim*?x?-vyp^y-sy (se) ommtvxfm-f
4WfA (04.iro->^7"A(a), (b), (c)) £SNLt r©SEftrWi:ftSft:Slco9£#Fi: & 5 Eft 

&, «S±, 04.41:14, SjeifcigjRiSiSKMJRroiSi® • 5E

» y h^-7®fi!4, 600~900nmtoiSffl-eES:$'BJ6e-efc5o 350nm~* y h^Eft, 

*54Vl250nm«±ro*B)lei4®|-eSil $il, *®a«ll:9li$-r5. t©@@$!4, 95%<t Lfc. » 

y *5h7Eft~1250nm(D*®)tl4e$-eSI45fi-, ^©5*^1490%i: Lte.
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100
... SiS*

S 80 -

%
& 60
1^
, - 40 ■

e
US 20

0
300 400 500 600 700 800 900 1000 1100 1200 1300 1400

[nm]

04.4
(# $/ : 700mn)

^4.1 3

*ntt»roaa

T-a-Si (21) 20.0%
T-a-Si (31) 30.0%
P-c-Si 25.0%
GaAs 30.0%

T-a-smamm
\x 2j§$o£.mj§(D?

wsr =jp-T(x)-i(x)-n(x)dx (4.1)

Q%,„ = \p-R{x)-l{x)dX (4.2)

ZZT,
p : (= 0.98)
T{X) : SWiSi®SWa®Sii^
p(x) : iliRiSi@S*ftoros»t^

l{X) : ±W,yt<F>1&tMm
rj(x):

SSlcS)t:^Ti#ibiL5*®Ett, (4.2) ^©(IKS^gg-e<£>@1(235, ScWtB^fc'J;W5 
91 • yEt**4^su^ij-iLif^<b^vv soECcoateas^iooot:, S3tsr-to®
Wa*&1075tlcR^LTV^. -tCDfc*, z<7)
^.wpacML-CIi, Zk»ti4Tr-a?^5„
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4.2.2 §+»!§m<9*$$

H4.51CI1, *y *8
BUM t rolH-ffibbt", * 7 bb7##b@l < b6 6, ±lirl 
t, ±BWtfc(7)|itohtiS*t--5„ UbLft^ib, T-a-SiblOT 
ytli&Wt L&V'fcit), * y h b7,b.ft8(K)nm>900nrrrC<7)b(

t$o
(2@) ros-e-, 850nm«_hto*ll 

iBrottibtt, laemciE'C-ifod,

-*, S:)tgg^cOBtti*tt, A) -7 8^-7®ft600~900nmro®HrtT*«, * 7 8 bXfcftblOOnm 
iftfcbb Btibil4bb4bl0kWe,MfiTb5o 

SOECb4 5*#M^yxbAbiOOO°C?3^b5%'&l:^#4 tSEb : *3*3 4
bT-3 : 1T**>5= b<ombbbl=bl##:*#4 y#i&b6#'8'l:l4, *7 hbXiftAhiiSv'br^J: 
v\ LbLft^ib, x^-y y^'^y^yi-J:5B%e->XTAMx.7tS-6-lctt, &#t%5B 

*14*8X1-, l-t78*^S<t4-ili, £'fL{)S;il<4i\ * 7 hbyfcftcDKSt;;
14, X|5§ttiit!ibib><oS#U±to, xb —yyx'^y>;yb6><oil^U±l;ti, bii'btottbbAAi.ybS 
SOEC©aKT-ik:.Si;*5Bco3o©x^/ix3f'-*i"©J; •5(;/3yyx$ii--57)^s^#i*50

4.3 yxfiolijK5 

yx%y b#y%b6 -t^b# #m@, sytgg, x^
y yx'rny-yy, BffiWyH-beiWir/WcyyT, -yxyArt-ero-fig^b, #6, ftiUbifi^d,,
4fc, BbettA.Aib:#"t"-5ttiy:torl-S*'Sbb-t"=

4.3.1 ®)t;SS

#3fctstA, 04.ib#Lit 4 ?b, yxTAwAyptatta.

#A%@blbbb646A^, mg%m#tyxS.
sye$l'l4, &RbA y jrUfc4/'xx®Sr®Etice:BLT*|ii7,f:^*^-r54;'7Xffiat9]| _ft

tobt^/ix^xSttcoffi-eSyfcr5^ffi-i$/ix4?ySno1, S<b*S5l#b4 5#®-e*7fe1"-5 

§l*y##%bb&5.

#7XB§!I4, T4Sb<Sb;8L, 04.6©Sb, #gfe 

GOSABbScbSSA, AMiltbAlkbWstSDfcBro A# 5 ASfcfciSSbh£ V'4 i: b 6, 

WfcSl'ffiSSrffi-t-r. #l#Altb#6 4 t 6. 4 5 LfcfiJ^bS-^irbib,

*«STi4, #7 xm@#^em^4-5.

###AB(OBmbl.lm%^6 L, 4bbl36feI2itL, ^BfilblSOnvAbS, *»»i6*I4, 

$*[o], TvbxAIfi](4BJtlT*fc-5o

SyeSbfbBro.XSbSi'LbiS-S-, Abb#, 04.1 (d) 4(e) o-yx tax* «, TbSbifiby 7 

bUfcbxxEbSjtBi: LT4VV LbL, Bitt«bMb£b3 yxr.Ma), (b), (c)T*(4, * 

ABbiltoSSEItBI t y tttA) t fc*M§bfiJfflb-5.

iS«iS@.EIffi$b*l»e'?t!lb38 y #IAfc*A;S§b -b ©B* t $51*14,
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<0, |tj®(7)il4.5roa <0 -efcs.

4.3.2
SiXgstt, *7tt5^©«KMtf»£g#, S?U7kSmil*i?<ktiSAl't:yV'^x^-y y^y

vyicEi5rtt^t-5„ $)6$ro@itZtt:BgiSr/h5<g9:StU, %H2#ei%B#*@^L, %BX©m#

tCt, 4 #, @i&ftro$8i§r0.1m2tcL, 

tt-Sr 1500, %iR*m*&j3Ztl075iCt L, $©ii&©®«£ia5®T*©!to«n©S'tty£i: tfc„ 

sxsictt, ^I'^hf^-yf11, E-ywtfy7-gp', t-5/^7'®[lsn*t'^fc5^, 

xMS'S-T'ii, itlSMffi®*, 07 If yj is? 04.7
nEfioi;, y^'Lfcsoi&s^ynic, 6

5-tir, ®)RLfcffW/WErt&lSfl-f5^!1 Soffitft-oXl'-So

S3fc3§l4, H4.licEl.fcJ: 51c, ^ficavr £ 5 it i: 0, Eie^c £Ka*S5vlS#:MyWefi|-feyv
^7-!)y^iyyy|;«t5. 11, ±fS.<P^<Dtk&m$:$:%Itt, m©/<9y%5^,

(?fi£C — aREcQcONT ~ ^REC£(7^fREC ~ ^ANB1EKT ) (4.3)

i*5o :;t, Amc l4$}i|X$:©ffiflX0.1m2, £ I4©i|2{$©»tt'3m, <7 I4Xt7 7
ySSr-es.esxio^wm^K4, rffiC «®iixf$©fiA-r*io75cC(i348K), ttj9ffl*«?g.$r-25<c

(298K), a^c ll@H2(*:©@iR^-e0.95 b f 5„

4.3.3

@»a<WK5rfiJffi L 7c (Solid Oxide Electrolysis Cell, SOEC) 1C 4
5*$$#iSl4, -twfcfcSOEC
14, 6®m^/ix^-tcJ:5,7kS®ia'>yTA^rn.^yoar'-ifK$$Ei: LTffiB ^AfcTV'-5„ 

fcaraftTXyK^a^sf-ra*^, a^^yi^'-ictssi-sAGt, ^^yv^-tctaa-r-s 
TASfc£.$Xfc5„ Sfc, £ fclC*i£^££j&XSfc*©f^*

yw=¥-'b£>Hi:/4 5. X©EVz-Eyv-fc-ro-Sm, 3u&Lfc@lsi$, *SiroEfiatc4 9*15 C irEtij
*5fc, 4#8 4fcm%#m5)fc#?&E6. 04.8KlOOO‘C©*S^;SraiW Vfc#-s-i:, 25t©

0 20 40 60 80 100 %

04.8 SB., AffilC45t4da®=:^;V^—Ci^lR

Ef$®ykSraS5>#IL/cS'S-©^:*S^X-yixir-aS3:^/v^-j:B^yirvix5r-©J*;6»-ro
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^A-^'-ttAGtCfBS L, Ex-4vvar-(4, 25t:ro$-g-lAltTAS, lOOOVT'ttTAS + (*#;%«

mmt#%##&) -[ (*$ro@m)+ {wm<nmm ictis-rs,, iooo"c-r*m%^E%e#utt
25'C©7k%9.%ttM-tZ>£V, <

&-5, -o$9, *»gto 7)>LK?UroSMttS6/»i"Bm&®-8-, 4 9

@4.9(a, 4-@Sffl Lfc¥SSS0EC5r/T:-f-o rN9$<k toiSW4, MLfc^O 

mitczt, XZM'<'Tr-~tX-bZ>c JMLfcSOECwTOtt, Sfrifcft#
(Solid Oxide Fuel Cell, SOFC) l'ffll'bHTV'5^*W^tc0Sr#x.fco 

me#*, SffiroSPK*, iiff,titti[ie'iu"^##iafc„ 04.9ro4 y? x*^ro±TB(4 
W14i: U x^ y=3ry^'tt¥#iei-»-tr/vSrfll»_hlfTff-@Lfc0 5KE!4, ML

fc-y Wat
Ett5cE[19'20'21,S:#*iA*»fco #fL®tt«rt»yfxro«*^#tt, '«tiLSr04.9roy*|S]ro-S5cflt 
T-SEL, MiJSBTL^T/^'SrfflV'T**?,, Sfc, iz/urtroS«E5>SttS«0iS5rffiV'TI+SL
+- [23]
/*— o

@4.9 ¥®®SOEC(DE^@

ESFSfi$cDTM)ttSr^9 -9^coE*^I9SLT. ES9>*-StEEL/t»^-ro£SK^b-ti- 
ixli, LfcB#<9 #S. L*i'OfroSOECroi-Vtmil, t$Sl=]L<k*ofcE41„ iot,

m&7Kmmm#yxTA(DE%%* (£(£*$ro»Hti5m*/a;$iAA) £#»■*>$£-, soeco#
%i4#&A#$* L temem v 'fc„

SfS.*ES,«S'>XTAtt, 4a«OfLD«^S5Sr%x, @4.10,

4.11, 4.12, 4.13I-, 4#E<OBW#B?6lc*5lt'5, -t Af y X A A (D#g& & AA.

@4.1091, E«SlSfA#3(4 5»lfi^,

#mcz9aomt6*m-L&9, Lh,emgmiti-6. @4.1114, mmR^tm^Am^isoEc
to-LA—/M*A(a4 9#i\ 9 *DE"t-5*$Afc 9 ,
Lii5rgiE$2fc-l-5„ @4.1214, ««EJ$tAjot45@E5>,
9lA'LE^,»nEt"5*Sir-fc 9 , L4i**«HiS2’i-r5„ S/i, @4.13(4, £-g*B(4,

14 — 46 -30-



&%### IMPa, 25°C

$|3S* 6|#S* 

1.01 MPa 1MPa

rW/mTK
1SUB

04.10 S£7kS«e«->XTA(g|Eftl)

9V$tt«6$ 1MPa. 25°CH2+H20

1.01 MPa 1 MPa

1.01 MPa

@4.11 i6ra*SSS«->^'rA($e&2)
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m/m iS/m

1MPa, 25°CH2+H20

1.01 MPa 1MPa

1.01 MPa

04.12

H2+H20

Z? PJ/ 1.01 MPa 1.1MPa

04.13 ^
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##T0.64, ^ (j:mif&mm(D^g-e900%:(1123K), T^r |j:#^^#(D^g-e25t:(298K) 
k-T6„ 04.151', *H-gT*S$Lfc (l - t£It^ccse £, W&X'BiTc

4.3.5 B&S^TklS-irA'
B /!/ (Polymer Electrolyte Electrysis Cell, PEEC) 14, 7°n p >ISWfi.c07 -yM

mnsx'f a-yzmigzmmitk LfcTkmm-k^v, 04.1604 5 eiwe^Bfr
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Cixbo&im&tii'oX, SOEC-^roSXA* j:EA*lc*g UT, X!&^*A'*—ir%iW%*<oWL

7 = [ 7 SC ^ 7 COST n REC 7 HE 7dls + WcONT J1REC VhE — 7tfo ) 7s£ J 7sO£C
*ESS<>e>®SMAA SOECWSiiR SE/j>6®®@AA SOEC86*

*[ 0.19 +0.34x0.46x0.9x0.59 + 0.34x0.46x0.9x(l-0.59)0.48] x 0.88
*[ 0.19 + 0.08 + 0.03 ] x 0.88
® 0.26

b
(4.6)

4.4.2
mm<0£MW& (P-c-Si, GaAs, T-a-Si (31) , T-a-Si (21) ) b, 4offl*ylt7»* (600, 

700, 800, 900nm) &s<7 J-f IZLX, @4.1C*t(a)~(e)ffl5o®-A?f

A? b*7&&<D&&-/W<z>&Mlt, «iroVSSr*-t„ *lzELt#lc, S^SirofiSSrlOTStli: 
SfacESLfcror-, -*, *yht7iS*«<!!E5i, S^A^dEtil* (St

4.2®£ro„.) V, oW:»E*A#6 R#t» 9 , E®T£&£CSl-3m6 j:&5„ *fc,

Sjt^^roEtiiA^, (soeo t%Emt-m11vt

fo5>„ c®zo%#et, n-w^mx-ibZo

#4.211, WT®#K$t A6i+5a

(DGaAsS*E«?fi, *y b^&STOOnmfclg U, '>*t

1$4.2®O-efflAyKSIttEfcifclfc-fS t, K*#+SE+PEEC®yy 
7"A(d)i531%t, *t>®VX

A^AA(a)®±l#^:^/+^-#%0m$tl, SOEClclg LX, Affi®^^®«^A*b, ®
E#A^,

7a — |,7sC + VcONT *1rEC ~ tfcONT 7REC 7waste j tfsOEC
*#mm @b Act# soEcsis

»[0.l9 + 0.34x0.46 - 0.34x0.46x0.54] x 0.88 (4.7)
«[0.19 + 0.16 - 0.08 ] x 0.88
« 0.23

bft&o 8)f;gg*^SOEC-^toE^iS#*®A, b Ltz,

-y^TA(b)®*B=^/+ji:-WafiJffl*tt, SOEC1-1B VC, ABtt*<kx^-y 
y(SE)/i' b b, EES* 6,
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(a)

SOEC

(b) mm&stJBi

SOEC
SE

(c) mornim##

PEEC
SE

2cmr Qsoec 7 2cmr Qsoec Qsoec 0 Ccmr Qpeec 0

4<^#g

'7
h
*
7
&
s

nm

P-c-Si

600 8 52 31 10 9 8 52 28 7 21 10 22 20 8 52 31 15 22 19
700 14 38 18 17 15 14 38 16 7 9 4 22 20 14 38 18 8 21 19
800 19 27 7 23 20 19 27 6 19 27 7 3 21 19
900 23 19 23 19 23 19

GaAs

600 13 52 31 16 15 13 52 27 9 19 9 27 24 13 52 31 15 27 24

700 21 38 18 26 23 21 38 16 9 7 3 30 26 21 38 18 8 28 as

800 27 27 7 33 27 27 6 27 27 7 3 29 a?

900 31 19 31 19 31 19

T-a-Si 
(3 @)

600 13 52 31 16 14 13 52 28 8 19 9 27 24 13 52 31 15 27 24

700 ^ 19 38 18 23 20 19 38 16 8 7 4 27 24 19 38 18 8 26 a?

800 23 27 7 28 23 27 7 23 27 7 3 25 a?
900 27 19 27 19 27 19

T-a-Si
(21)

600 13 52 31 16 14 13 52 28 8 19 9 27 24 13 52 31 15 27 24

700 19 38 18 23 20 19 38 16 8 7 4 27 24 19 38 18 8 26 a?
800 21 27 7 26 21 27 7 21 27 7 3 24 a?

900 21 19 21 19 21 19

(e)
SE
SOEC

■SOEC

Q. W <D##± kW



(4.8)

Vb ~ i^sc + 7cont ?Irec 7//e 7ldis + 7Icont Vrec Vhe (l 7<fo ) 71se J Vsoec

SOEC0)$
= [0.19 + 0.34 X 0.46 X 0.9 x 0.59 + 0.34 x 0.46 x 0.9 x (l - 0.59)0.48] x 0.88 
«[0.19 + 0.08 + 0.03 ] x 0.88
= 0.26

6
(PEEC) lc#gLT, ±1#

#76 6 SEfr 6 (DM^Atl J: <9 ,
7c — \llsc + 7CO NT t1rec Vse J 7PEEC

PEEC%#
= [0.19 + 0.34 x0.46 x0.48 ]x0.96 (4.9)
* [0.19 + 0.08 ] x 0.96

= 0.25

■>X7-.A(d)C>*|l:xA/l^-*$*l|JWt, SEA^PEEC^roaaAAto*x*S:$ 7,
rla = \ y P Prec Pse j P PEEC

7?-!) y^T-yy-'y PEEC8W
* [0.98 x 0.9 x 0.76 x 0.48 ] x 0.96 (4.10)

*[' 0.32 ] x 0.96

*0.31

btez>' yipli,

■y^-y-soecic#b lt, #m*6SE*^0E%xxz 7,
7,. ~ 1 }' P 7rec Pm 7,/n + 7 P Prec Pi re 0— 7</m ) 7,y/J Psoec

SSjSl X?— SOECa-S
*[0.98x0.9x0.76 x0.9x0.15 + 0.98x0.9x0.76 x0.9x(l-0.15 )0.48] x 0.88

* [ 0.09 + 0.24 ] x 0.88

*0.30

(4.7) ~ (4.11) &ltRf m#$j%7cSOEC(Dm#a$A\ HBICtt, PEECro^ 

ltd; 7 8%l&i/\ PEECrnTTIl^^ymX^^ PEECSr
tcttofcv^Xix©*^, SOECSrEofc-y^T-AJ: 7, < * 9»-5
;t^t. SMC, PEEC £•**«*« i: L-Ctto->xxA(c)t(d)T*lt«-f 6 i. (c)«SEZ7^t 
*0(6i. '*ll*iililt>'D7‘oTPEECIcEX5rtoB UTV^toT*. SE^£OX^rix(d)»l5 5 ^PEEC
-^4: 7 Xgr TeSX SrW*pT# 5„

>%XA(d)j: 7k-f74c±|#3:*/L'jr'-#-mi#m#^,pSV^^TX(e)ll, *eS*SS£ieSi 
-xWAXti, WfS(d)ffltiiJ;t)*§v\ L7»U SOEC<o$*llPEECro$^J: 7/hSV'<OT-, 
i/py--Me)tt(d)X 7 :7:fg,m7/u*---paf11;7/j'9,c,.
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AAAA(e)i:(b)tt, I'-ftitSOECSrWHai LTV'SiS, (b)roAT>±|S§Aft-,AA'-*5gjfiJffl 

-tili, AAAA(b)l4SE,k O^roev'AfiiWlfi'tftiJfflLTV'Sfcsb, SOEC—roAA 

7)5, AAAA(e)lctiA</h$A/-c,6T%.5„

w<dm^\ AAAA(a)Tit, s
)tSS7)^©Si^1-^TSOECtOP^Ej: ltifLTV'4)'. A©£*Jc7)mt)eoTSET--El;-f-5 A 

AAA(b)ft, (a)lctt^, SOEC^ © S« 4: $) A*©$-g-tt;$5 5tig S it 5 © T, (b)<D*A5i%%$t'k

o

<2)fc-5*y b*7®filr*g L, #%S±m#mT±m:c$/PA-f 5 4, (a)~
(c)©V'Til-©AAAAlC:}3V-Tt,, GaAsS! ri5® t> i6i k '„

* :v b TAfcBTStfin^S A, ro±|ft«»-?£&. ft, 52, 38, 27, 19kWt*<WS, -

A, **«*db* »7C"'«, ftJAtf700nmTii, P-c-Si, GaAs, T-a-Si (3S) , T-a-Si (2®) ©lilltc, 

14, 21, 19, 19kWT, GaAs@7)5#t,*#l\ (a)-(c)>'^fAftt, SiAtjAmC^b, ««AA 

cOASrl'A^;, ^ftA/vStlWiK A5,, ±oT, GaAsStoABAA/tzA'-WafMW&fcSiVX

4.5 aaAA©a.A/l-A—[H]i&XE[ffl©lit@

4.5.1 tt-Wifc

->XTAA'a*tolc*S4r^fijcUTi'57)ii'5^'$ri|9JBr^-5fcit>lc|j:, fOv-krA);± OgtO 

m-fr-5** (rcAyV*1-) .fc-tWAAAASr&tfit-afcfcICj&Si&S(SAa^A 
-) i: 6itl8-t"5£.$7)5fc5o *$B6Tii, AAA ©©KA^AA'-Sr AAA ©©^BlASEiS

m t9]5;i[:i!) AAAAWTn^AA-Hi&Mra (ept) srn-su,
4y^fA»ifc'J: mSKSBKMIS© * y bTA&*^*A^.

AATAro^Rfi*S®S*li, A A A A £ itiS B M750W/mzT-¥l,0006f Rfl, illET# 5 <k txif 
P=1©±|SftAft-AA-£fm L, AtU-*4.2^7p-r*|Sft3:L 

fco

A A A A roSA^^;uir-?rf+ei-5 Igt; tt,
(1) AAA AmgTEffl S;H5SftA.ftvkA-
(2) AAAA^S©MiiB#(^^<t
(3) #AAAAE^4-ffiirr, AAAA&^^-tb5imK^#t%6ma^*AA-

(4) *#joZU5AAAA##@&#%A6m(=^#tt5#l#3:^AA-

$-*S-f-$.^$^5fc5e -^©^T, ®il3L^AA-ttAAAAE$^i:'AAS$r57)b $7c 
AAAA^if^(dR«-r2>A>r-, ^ron-gE^5 a^t < A at-, *«6-T-tt, (i)~(3)££-

1+LTSA^^/kA— Srstgbfc,
gAA^/vA-^fflStAffg-T5¥S4 UT, r**ii|gi£j

TV'do L^L*t)5 ?>, *iSt»It5 Akf AT-ftffltS Al»i, gifc A-AV

T-tt»itsHTA*A«s7)s#<, %-oT*##mm7)^:+si-6A6A5@mT$,6#m5$v\ 
Awfcsb, 3E*tofttt, Q)~(3)©#=4vvA-&tig l, Aiub^SL-g-b-tirS t

ft-56 -40-



2,
5-

#

4^

4.3

'■ST' ~T ^{5A ## S»[kg] ##
XWiWtiL p-c-si =:^) 153.6[m2] -

GaAs (^/!; 1>AE#) 153.6[m2] -

T-a-Si (2#, 3@) 153.6[m2] -

Si02 6.11E-01 -
Ti02 7.67E-01 -

3.38E+02 -
# 8.75E+03 “

Haynes 230 alloy 1.21E+00 3Cl#[33]

(SiMtti^JlOkW)
- m 2.03E+01
- 2.10E+01
- 1.47E+01

SOEC
(AAS^lkW)

La(Mg)Cr03 5.86E+00 -
La(Sr)Mn03 4.79E-02 -

*S8 Ni-YSZf—^ y h 5.08E-02 -
YSZ 1.78E-01 -

^>A He = 0 -

PEEC

(##@#200cm^ ^5#) 
(AASM77kW)

2.20E-02 Ai&[34]
## : Ir02 3.02E-03 -

## : P tl 5.04E-04 -

m# : ir-f'yffimm&m 2.04E-01 -
## : SUS316ES^ 2.65E-01 -

y^r'y^ji y-N^f h ydK 2.20E-01 -
ttSK & 7zc / '—/!%## 5.36E+00 -

-tr/k7 y—A l#@ 5.56E-01 -
M : SUS316 9.63E-01 -



4 9 St® Lite

-Hr, ff-@Lfc„ t©R, *W©3;^^^-)l^f4^ir*coj;5l-ft®-r-5^^s*S-Cfc5„ C©## 

cD^^/udr—JSW(4l4$*6til'lj:S$®fflft[27,A>fe#sb, SSjSBB&I^ J: 9 *it> tbii&v 'SiHci4, 

±#™ jo 4 VLCA y 7 h ^ i T TNIRE-LCAj ™©ge##±L±.

ftjo, ESSrn^/vjf—(4-;yX71.Af$$<7>$ti’:c4vv=3r—cD30%<k IT, (4

->^xA«S©*#oi^/i.dr*-45j;^Mit^^=¥-©^ff«©10%i LT, ^tVeiLH-gtLfc, 
*4-3±t4#yy.TA##§©*^##4ir©%^Bm$r, $fc, $4-4#tt^rh-^©®ffl5H#©^ 

*;VA-'-®W4&, tirf jr#f. ftjs, SOECIrtSrS#*5#-< £ ivt j3 9 , rttfc©*#©^

Z 4 (4, 9M4 #14811 T%5„

4.4

i/'Ts'T J^Wi^ ## ^ ^/lx [kWh/kg] ##

Si02 1.52E+02 ±#[28]

Ti02 2.67E+01 -

7.67E+00 ±#[28]

Wi 7.12E+00 -

Haynes 230 alloy 2.08E+01 -

m 5.33E+00 ±#[29]
T/1%^: - 1.05E+01 -
7,771x7, 1.67E+01 -

SOEC La(Mg)Cr03 - -
La(Sr)Mn03 - -

Ni-YSZ f—/ 7 P - -

YSZ - -

He - -

PEEC 6.98E+01 ±#[28]

Ir02 5.67E+04 -

PtS 4.36E+04 -
IttSS 3.39E+01 -

SUS316##%# 1.67E+01 -
/<^T p 7 7'^, 3.02E+01 -

>0 — 7p' yj$i%a$i 9.44E+00 -
7^:/—/Ix#^ 2.28E+01 -

#f"^7 3.39E+01 -
SUS316 1.67E+01 -

4.5.2

$4-51:14, #->::r©P.t4©IWt • 5rS-t"„ T-a-Si (2®) jsj; i4P-c-Si*H®/t!l

©## " EiBoo^/lxar —14, ±#,3CI1© fit £:##!: L/t„ T-a-Si (3®) ©$4f • EiSrn^;v4f'—

#-58 -42-



4.5
'~y y^T A^#g *W [kWh] mm [kwh] S#+mm [kWh]

#%35 P-c-Si - - 3.98E+04

GaAs - - 4.75E+04

T-a-Si (31) - - 1.99E+04

T-a-Si (21) - - 1.32E+04
iStRSilSmiB 8.26E+03 2.48E+03 1.07E+04

KMS - - 2.59E+03
$#* - - 6.23E+04

^Ali# - - 2.51E+01
^^—9 (bbAlOkW) 5.73E+02 1.72E+02 7.45E+02
SOEC (AASAlOkW) 4.20E+03 2.48E+03 6.68E+03
PEEC (AAEAlOkW) 4.20E+03 2.48E+03 6.68E+03

(1, T-a-Si (2#) (Dl.Sfe^L^ GaAs#, ^cOEPTt##^^^#,

W'L, #3^, h#$0.167/kWh

6P-c-Si(D#^#^^-CV^3^ h$0.140AWh^^V#^^5^%^^5^o -9 L/cC^X;^, 

GaAs(D^A^$^^r-^, P-c-Si O^A^A/E^—[-GaAs^P-c-Si(D=i^hit$r##AA^r, 

6CE^ L/Co

##iA§@^(cZ "9 #&67c:o

PEEC#, ((##, #m##:Ir02) Af^

(D4#J]5<&^af)-CV':5o ^*5, SOEC#ov^T#,

^EmMAAcOPEEC### -
6^ (k (k L/Co

IE4-18##, IgtD^A^^/L/^—(DP^gK^, #

i?$)6o IE](a)#T-a-Si

(2#) A|##%^^V^#A#OV^l:, i/^TA#^(Cj:6^A^:^/^^"-(D^V^^LTV^o

SOEC (PEEC) , ±1##%, #^#^##(7)^#'#

5^rc^/L/^—G A A '(^^t'GN6o
^%%A(e)#, #m^^6S0EC(Dm^AA^^^TA(d)(7)PEEC(7)m^AAj;i9^/J^V^, ^

^)GJ^ < ^oTV^6o
(g(b)#%y;%AA(bXC^V\T, A##%(cZ5^A^:4;/^^r—(7)3#V^^Ll:V^6o 

P-c-Si, GaAsA(##%,2:it^L-C, T-a-SiA##%,(7)tS:A3:^/^^r—#30%#^/J^<^c"CV^6Z

#4-6##, (c)

OAT?#G^A/E^-[H]i{%^^^m^(7)#, >/%AA(b) (A###.: T-a-Si (2#) , AyhA?# 

#:700nm) (7)4.13^T^)6o GaAsAI#mm^#mL#iX^AA#, Al#^/^—

-43- #-59



A (e)

50 100
[MWh]

200

1SWI ■ %■&-& ffl Q%%s Mse □ soec Upeec Dm

(a)
(±1##:# : T-a-Si (2#) , # ^ : 700nm)

0 50 100 150 200
[MWh]

■ *8gr®ite iWM Wfrttm ■£#?■& 1§B Mse □ soec H peec Um.iL

(b) J:
(i/^TA(b), ^^h^7^&:700nm)

fj-60 -44-



:4.6 > % 7 AcOEPT'ZjJ-tfc
sSHw-yyyA

SOEC SOEC
SE

PEEC
SE

am
SE
PEEC

at#
SE
SOEC

600nm 13.18 6.30 6.53
c-Si 700nm 8.00 6.27 6.66

800nm 6.00 - 6.59
900nm - - -
600nm 8.68 5.46 5.75

GaAs 700nm 5.72 5.08 5.47
SOOnm - - 5.29
900nm - - - 2.92 2.80
600nm 7.00 4.40 4.67

T-a-Si 700nm 5.11 4.40 4.75
SOOnm - - 4.81
900nm - - -
600nm 6.55 4.13 4.39

T-a-Si 700nm 4.79 4.13 4.47
SOOnm - - 4.76
900nm - - -

g:A^^/vir-^ST-a-Si(7)#tl3f»T*fc-5ZcA, -cA/w^r-EHRXIfflttT-a-Si<k 9 t* 
< <e5„ $fc, T-a-Si5r2)l(CLte®^-<k31lcLfc®-S-<k-ett, H C# y f-A7ifcftT*<7>A|S*:n^yl' 
=f—L Wc t^T)* loTS®# L/'cS-S-iriiKA^^'W^r—^A/v 
¥-@toflF=gil2ero*7>sE< Tk-5,
-*, $R®i@Sltfl$$rfflV'7kV7'>XTA(d)j3k;me)©jSAxAyv^-tt, S#y§ilE«l8l£ffl 

I'tWfAJ: y t@< 7k6. ->x^rA(d)li, AXAA(a)~(c)t*iRLTA;%AA#&#W^7k 
V'/cAlr.->x^AroSA^AyvA'-7)siO%@*/h5 < , *t A/p # $^m.7%t *
I'tfcl:, 7ecircA/Vjr-|5UR*g|igtt2.92j#i:->XAA(b) (T-a-Si (2@) ) J: ►) tl.2^e#ffi< 7k 
^oPEECcdA^i? (;S0EC^ffli/'5->^r^(e)li, *B:nA/PA-W<MiJfflW30%lli: -yxAA(d) 

tmsmws.x-h'0 , SA^A/PA'-^teroAXTAk 9 tvhd V'fc*. Aco^A/PA-BUmffl 
2.80¥T-fc5„

7k*5, 4.4®T-t>iS-</cJ; 5(c, '>xAA(d)T*tt, X:?-y yA^y-Ay^soo-WCT-g

RA#6AAC, S$WU$^4-iac> !$$$.$ (1075°C) J: 9 't,iS< IS:6f5 r j: ^ =Tigr*ife5.„ t 
»*■&, *EBtroB#Att*8r<SAL, yyAA(d)»Afii^AypA-#MiJffl«s±#+5>kcfe, 
^(7)rcAAA'-|flliRfflF»^ttJ: y@< 7k66f«$h,6.
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1-1 X 9 X ~~ *r ~~ X X 9 T y
U~ 7 1 X-x 2 X-X 3 X-X 4 X-X 5 X-X 6

## y ^ y - 71/ y y y - 71/ y y y - 7i/ y y y - 71/ y f y - 7i/
7 9 7 -)UgfcR y y y — 7i/ ^ it' ^^*"x^c y y y-7i/%% MCFC MCFC

UR C 0 2 Etty' D C 021E^ n O20JR^ D- C02E]iRy n 3 >/<y > K 3 >/<y > k
-X K^M y 7V -XKtO 71/ XK^O 71/ -X K-^/f y 71/ X y y 71/ x y y 7i/
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4S
(1) B69

-|fiii/!)5'«fKf*X'X t:Z3 3 C h & B M
t-fio

•%«$$$ 60%ti.± (HHV)
•C024, 100%»!B5.UfBi|X
• nox, sOx#0m#B@#%(D#m#L

(3)
- ±KB*»a&faTC^tX-xx+Fty^Mtlt^To/io ($4-1 #W.)

X-x l (y ^ y -;v5fcgc 0 2 Btt^ n-X KtOM
%mix«i:j3v^r, u x-if y±mc*&#

2 t i:J;-5Tft£OftS:fftt4aSiSt,

x-x 2(y ^y-^WCCOjlWx n-x k-xx x ;v)

y - e y #xx t X - if (:-#-%.3 Z a t: Z C T, %
#±f

X-X 3(^.«*'XXtCBC02IlI®X D —X Ft'fi’/V)
y xy-^hdttRto/fiibic, #$H:Wt:$#x"x&m^X:X-xx*&o *$X

t X ;W±. X-X 2 i:l$l?|B]i;i: LZ:„

X-x 4(y X y-;v$®C02iHlXy n-X K^XX;v(E»fEASU))
3X:AC, ®SS$i:**5KiXi^SiJ«6ffloX:X-x

T**>4<, EXStiSlclUfl-SmUffl LX:„ *|yXfA|Stt, X-xii:*Dtv>5,

X-x 5(MCFCn>/U y KXt X »
*SKii:, MCFCkf-'fyimz.&t’-tZZtlziiT, *tl»?Wl6]±* 

3fio/;X" XT'^j^o

X-X 6(MCFC3>aX > KXtXMJlSXlKASU))

XT*6o
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■ v'v'y hcO'i y-7. 1 (X y J-^ScKC 02®iRy n-X K-y-i- y
;v)8.U\ x-x 2(y y y -;vji#SC 02Eltt^ n-X K-y-y y ;v) izovirSSEHa^^ffi 
L/-«

■ y y y -;t/|:Z 3 t:16 ty)i:^LT@aMi:#RLy .5^
y--y 1-3 i:ov»T^SS(i?r®i±i L/:»

(4)IS$
- *4-1 6. ZAZ 0, ^y-«ttOW>', gSttkSH

• SsfeWfc&Sffi: LT, MCFC3WU y K->M y A-SVIlfl-itA S MC
FC n y/<y y Ky--f y ;n±, y y y->5fc®C 02®iRy n-x xy-y y 4.2%,
li»SiASUI±, )$it»$ASUliit^ 0.6%%ms±#U t, L
T*ST* -Sit

5
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5*
5.1 §n

• 60%y.± (hhv)

• co2«\ 100%
• NOx, S 0L

5.2 7D-@
(1) y f/-;!/&## 1:

0 5.2-1 to ? y h
j: Ox y y y-&eA&L. y yy-;v^*B:#t:rfro-r

5o -e LT%ei5:ei-T0J1Xsti/o Eft^X$• iM; L, irras£ff&y vXTA-eabSo

(2) %K*"X»##1: L/:A#yXfA(y ?y-)n:i jyyfiiwitRffl)
0 5.2-2 l-X**»'X L/;4#7D-ft- 1 .

0. -eLT%mEffli:r@a
ZWzZ&fkgm&WtU *T»15-!ii:r>7fAt|)5„
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5.3
5.3.1 %S7"7 > b 

5.3.1.1 k- by<7>x httlE

(1) y yy-;P55:lco2[l]iEy n-xpy-y yy-
7 y y-A-55:KC02II]iK7 n-x py-y 7 AXisStk LT, II 5.3. l.l-l i:

k-XXyx, $5.3.1.1-2 ICttlggSir^-f-c 
*y-yy;ni, tfxy-kXHTT) , E$Sffi(HPC) , sUEii^y - kXH P T) ,

&EtmM?-t?XLPT)<D4w?-e>> ms, &8S, snss. m*s, co2»m 
SrtXfii)®?*U. fPiWflX, mSt:%A$fT-6## (S*t^2-^) a. r 
ElkS$h7kT-*4„ -E-coSEtL^S-ti:. m$6ai7>-iSSieEcrE<l:^;Si:*l±. *'xy

C 0 2fl-StST-r EES*i: * i: 53-#i £ X - 
S<DrEES*tiE#68XmSt: A-oAEyx y •).

#%#±SA, iEEE^^-e">^<7)Em4-%4.t. y y/
& o

SDSStLZzy yy-ivii, $^h*tc5t$ST-*S. ZEES*, -EES*i-5S:8£X 
mSI-SASE-X

(2) y^y-Mtsco20®yn-xK-y-yy;v
y y y-xMEC o2itt?o-x py-y y ^©By^fAfit lt. 0 5.3.1.1-31: 

t-lA'7>y. $5.3.1.1-4 cttigKS4-^1%
$y-yyxii. tfxy-kXHTT) . ®EE*i8(HP C) . @EE##(LPC), ®E 

fi^y-kXHPT) . fiEES.y-k>(L pt)co 4 ooy-t'y, |*s, yyy-;v 
e%s. S4S. m%#ss, *e%s, yyy-ivsnss. co2»ms;)x#m$E&o 

MScSAftiJM (E*fcy yy-iv) 4i%< t, ZEES* 
y-^zfuESrTFti:, mS£ tti MSfiSSEOZEESS k *i±. *'x y - k 
y yy-y'6nSS-ff&s-*;B%$<oJiiit-;isx tot. -ei5ii&Ei^:y-ky-co2 
s-hst-zees* t&izimztiMUzmm $ x -amy y y-JUfs-mai- 
SEESiSKAX #ASXm* LT^xmsaAcT'cmy-y y ;H:RX 

***gt% iSES^y-ky-^roE^;*^. y yy-xmmsf. y y y-^m^Jra
7ml:#a&#=bfL&o

6aS?ti7^y y y —;n±. y y y -xtn*&ST $ 6jmsa&A^EX

(3) A# #x #5 C 0 2 0% y a - X py- y y x
A«*'xME-co2ia®y n-x py-y y xcos*->xxAf#s;i: it, 0 5.3.1.1-5 ice

- XX >X. $5.3.1.1-6
*y-yyxi±, tfxy-kXHTT) . £EE«na(HPC) , 6EE«I8(lpc). 6E 

Igy-kXHPT) . iE»^-t'>(LPT)o4ooxf>, ms, yyXn%
s, mawts, s£s, *m#s, ®*ddss, co2»ms^x#m$E^.
mSi-ixASE-E-m (®»tyy>) ei#< a, zKES*t*T*x •eroSEiL8-$f
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4, 9 >:
«±$-*S5§g?Olilli:;M, AoE, -@i±f£EEM*' -e 7-C 0 25MESlc;tA, co2 

S-SI$r-rEfkK*a:*i:»SI5n^(.|:®:aj5ti^o Aoffili, -* ? >l%Sr-l£EE$6a 
-KEESiittlcAtU *±$AIDSIXfrbK A •) +1 -i1 7 iv U5$£ 0 

*E%&1\ SEEM?- b" , ? 5- >iiB$T\ > ? >K4diDSi:a*5-
hti&o
inSStiA^ ? >i±, > ? >6nB$T-£ ibctraSgtA ###?t:%A$^6o

5.3.1.2 7" 7 7 t-Eiill
(1) 7 ^y-;p%#C02@%7D-XK-ft'7;i/

5.3.1.2-1 IItSIa HT-li. ?-V>W&<D2f8imLTis*), lPIKIi, «* 

$^7)?SittSti-£„ 4 A, ioB$, gfcKif, EfSS»oE(fli, #*'X7)i-iIH0 3 7A-f 7 Kf- 

f ?;70 4 9 64 9 <E#R (HPC) -MittS S ft 6/20, U$S

k L/-o

(2) 7 ??-A-frtSC02E]iE?n-X K-9-/f ?;i/
¥@0611] 5.3.1.2-2 1:^1% HT'li, ? - f 75**0 2 L.-Ci3 •?, 1 PSICIi, IS* 

Sr^SBfi ? ft 6 „ 4 A\ EMRA#, 7 ? / — iHiDfeflk S4.$, 7KE5§Sk 7?7 — XE 

USOESii, ##%^a#03 7/W 7 Kf-f ? 170 4 9 4 9 ^2 h

< fiEEsiti a pc) v^m tit:.
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{'t ~~ 84

to

CO,

C0,+H,0

48.5P 
1701T 
481G

GOP
680T
64.4G

/

610MW

83.6G
1.07P
799T
565G

H,+CO+CO,

350T 350T

655T

CHjOH(Liq)

L/

535T

61P 
1ST 
38.5G

681

87MW

£

HPT

0.05P
38T

/I

LPT

A
22P
600T

i
V

k i k

25.9G

------------------- ----- ------------ --------1 H---------
H,0(Gas)

100P
26T
77.5G

z
1.0P
25T
443G

534MW

61.2%

%®m*i-co2Kira 534MW

61.2%

P: ata 
T:°C 
G: kg

1
CO,(Gas)
UP
53.4G

25T

1.0P 
NJ 25T

e-«

n —H,0(Liq)Vy

,5G

H,0(Liq)

68.6G

42.7G

5.3.1.1-1 Hco oliie^n-x KtH h/s>>x>



5.3.1.1-2 7 9 y-^&KCOalllE^D-X FZf X M4fg:

SB se

E##%$ % 90
»’"x X - tf >%6$ % 93

“ kf % 85
% 5

itiPEM: t-7°> % 15
% 98.7

•ttSB
»"X X - tf > (HIT) MW +618
EH^(HPC) MW -165
m^^-tf XHPT+LPT) MW +88
-aftttl* MW + 541

® : MW 534
(Mttti^x 0.987)

■BMim kg/s 38.5
^Bh(HHV) kcalAg 5420

©:iSZB* MW 873
%$(%#%) ®Z© % 61.2

©: #>7"W)t} MW 1.0
ESiTi* kg/s 57.6

kWh/Nm3 0.33
ESitS kg/Nm3 1.4289

© : EXSiitito MW 48
(®-®-©)z© % 55.6

13
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ooO)
P:ata 
T:°C 
G: kg

250P 
600T 
78.1 G

CH3OH(Liq)

TTl

HPT
51P

/I 452T

31 MW x_ 596MW

51P
630T
32.8G

1.13P
222T
174G

\

650T

3.6G

51P
630T /

-------=»

~V tK L s s V m
£56# ) j

51P
300T

e*>7*

705T

45.3G

531 MW

63.3%

%S3Stti^-co2EOT 507MW

60.4%

1.19P
735T
354G

zx

CH3OH(Gas)
------------ 209T

LPT 69MW

*

/
25T
81.7G

H20(Liq)

0.05P
35T

n
—O^TIW—»

C0,+H,0(Gas)
1.01P 
323T 
66G

► H20(Liq) 1.01 P 
26.4G

<H9 5.3.1.1-3 CO 2m^<7n-X KIM <7 Jit - h/<7>X>



5.3.1.1-4 * ? S-MifcC 0 2 IIJR? D-X K-y-41 9

Si

% 90
»"X ? - tf % 93

% 85
###E* % 5
itiPKiE,: % 15.0

% 98.7

•tt«e
»"X 9 - ¥ > (HTT) MW +604
Effiti(HPC) MW -167

XHPT) MW + 31.4
ISEEA^-k'y (LPT) MW + 70.0
-g-fttH* MW +538

MW 531
(-g-SfitilbxO.987)

kg/s 37
mmmw) kcal/kg 5420

©: SASM MW 839
©/© % 63.3

©: t’y/Wit} MW 2.0
®: co2m&i±mm. MW 24.0

ESEh kg/s 55.4
ESEiiESti: kWh/Nm3 0.33

E»it* kg/Nm3 1.4289
©: E*EiiKi* MW 46

%b^(3IS3$) (®—®—®—©)/® % 54.7

15
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a
oooo

250P 51P
P: ata 600T 100T
T:°C 84.4G 58.3G
G: kg

cn

507MW

62.1%

%®8ffititi*-C02Em 493MW

60.3%

--------------------------- * C02+H20(Gas)
1.03P
49.4G

► H20(Liq) 1.03P
23.6G

<0 5.3.1.1-5 2@JR?n-X KtH 0 J\> k-



5.3.1.1-6 H&.iTztt&CO 2®i|X^ n-X K-tt *

Si se

E##%$ % 90
ifXf-h:>$)]!$. % 93
m%9 % 85

% 5
iSiPSM: i--7°> % 7.6

^ a-X % 22.4
% 98.7

Sttfg
*'x j'-e'> (hit) MW + 534
EHtsS(HPC) MW -107

— kf> (HPT) MW + 33.4
fiE^^-tfy(LPT) MW + 53.7

MW + 514
©: MW 507

(-S-ftffiiJX 0.987)
■Bfi-zful kg/s 14.7
5IB*(HHV) kcalAg 13270

©:&A&a MW 817
®z© % 62.1

©: ^r’y-fWsts MW 3.0
®: cOz^KEm# MW 14.0

WiW'iji'm. kg/s 58.3
mmMykw,mi kWh/Nm3 0.33
EXitS: kg/Nm3 1.4289

©: EXEiiSto MW 48
(®—®—®—(D)/® % 54.1
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5.3.2 y 9 J -^'kfcy’yy >

5.3. 2.1 y 9 9

0 5.3.2.1-11:, XB.Jfxismt-fZJ ? s-n"£j&y”a-b?.<oKmyv-£mto y 9
/-;v-e-j$7-D-txii, mmim, 35:1x11, ^«xs, m@x@^a7)=6^6. htc, &
Xlio«E £ fK* 12 !£91-f £ „

®KS£ie
6o ^<***7.12,

ais*2.©«##71:2 ^tKSSJT-fa?KgicAJ. fiBi:
liKi#t*4ZnO (Hft) 4;5E«5itTj3i). Tfa^EJSi:2

flho
H 2 S + ZnO = ZnS + H20

®asis

(y y >CH4) 3k®^^6^###*'7
tcioTgtjtciD&Sjt^^ SRgCAJ. tffiAiaii. y 9 J -fr'kJSLX'tkCtz
Rm»-.(omm-x^xmbiu>o ait, *Eseci$i±, 
t, »m»'t.cos# emeu&ict-im g tir v> a „ %g
1=12127 h1AO- 7 T ivtoS*'?Eilg HTj= 0, y 9 > t*lK7>?I'&*'7t23fc® 

1=1*1 T* 850-90013 i Till#giLT, *# t —SMkltX $r±J&£)-ttZ&l&Jf 7,1235:® g 
ti-s (-eotet2, rSHkiilS^y 9 ytc £ ft*) o ±;t*Ei£t±,

C H 4 + H 2 0 = CO + 3 H 2 - 206.3kJ/mol 
CO + H;0 = H2 t CO; + 41.2kJ/mol 

T\ LTI2±#^%BEE-T&*. -£• g £ BI ± ^J& ik - 7> C> /1 - ->' g ft £ * E
6**7 t X.# *'7 *-##g +2T?# fc ft * „

4ffi g n/2-e-® A" 7 V'BttS^-7 OWT-£>g#l±- mBtoSBCiS^IslJR-TM 7 - *2 

LTlUiRgft, ESsSWfEUffi^ffly 7y-;woE@l2ffi*>tL6o

©y y y -ik-6-gEifi

9 9 9 — ikilfiSVk— 7‘l2J±SBi8l{it> "oJSElE'Sf, B3c#3f, y 9 J — ikSISsISk ^ 1 
y-;k»%g@»A'A®^*. *ES3fc®i2A 0f#k>ft/2-g-S;a'7i2, y y y-;k53-SKf 

-cftm$titz*E&-*rzk t i>r.l±mztLtz'ik, 'g-ffiEiE«(2«§g2t^„ mfvKB 
tl 12, m - M$a»<0M&£?e«L/2:KfiKS$T, TieoEJSt2 2: 0 y ^y-zv^iM; 
gfiSo SttTli, LT, @E#zSEcf3T<7)-g-®ESrM56cf,T

&*o
CO + 2 H 2 = C H 3 0 H +90.6kJ/mol 
CO; + 3 H 2 = CHjOH + H 2 0 + 49.4kJ/mol 

CO 2 + H 2 = CO + H 2 0 - 41.2kJ/mol 
a-S<7EE-*El2, EA 8-10MPa, SS 240-27013T, ElL-Bli^ETkS^l: LT0lRg

20 ft-95



ti&o Rg.g(rmaL/:m, s 6io #- y-;vg$e$T*itg$ 
k, ffly ? y-w&mfmztiZo *Ke»"xtiHE#snrEE'StcK-5.fifix -s 
i±*Sia&®fflc>«4i: Lr«#stL4o

fiy 7 y -^coSffifl-iiy 9 y totiSstloiSi® 7a- n -iv-S’k#
*$=fc^t^tro ill# Egllili 2 £n. (5 x k'yy# :
E-tT-li h 7 e>y#Sli««SUT*5) T-y y
(v 7 t 4-y x#) T*jo4 u=J:7 y - &.

5.3.3 yx
(1) y y y-;v5Scsco2@iixy n-x K-y-y y ;v

0 5.3.3-1 i:^7AK- l/«7>3, E S.3.3-2 yxtgtf.
M(DW#7EBi>4o^»*7i>t,y y y-;vi^au %«!$«( y }’;-^8[fco! 
®i|X7 n-x K-'M y^)CTfijfflt*o ::f, *mm« $ ft 6 m# ii, Sitfi-SIA
SUJ: i)tt#6S#i4o -e LT%SE«icT@iR£^L, tffFMSHf*7
•/xfATii, yxii. 100%
t LZ: 1: £ tOJAyyV^'-fi&SrTF'fo

• y yy-;vy y»-ii, 17Ft tfMLFo
• y ?y-;KD«t^«, *Sfljco»fKi±, 4SHtt*„
- y f y-;i/-8#%$i±, 78%tL£0
• c o2mmm t90% t tto

(2) yyy-;wre-co20i|xyn-XK-tfyy;v
E 5.3.3-3 i-Ay yxx E 5.3.3-4 yzimto
±ieoy ?y-;v$:gco2®i|xy n-x Ky-y y ;woi§£<7)^SK«£y 9 /-)«c 

02@JR7 n-x KF4- y ;vtcL/A<.to-e*,5,„ ±jEk E D t L/;„

(3) F##X#BCO20i|Xy n-x py-y y x
0 5.3. 3-5 i:M-77t- t-A-7 yx, 0 5. 3. 3-6 >7JSt.

reyi-ro»'XB»^coFB»'x*ibMril6L,%$ISffi(F«=»"xyEC OzE4xy n-X h-y-y 7

^izxmtio ::TX S^*ASUi5ttf&Sft*.
FLTi6®K«lcT®i|X£^*:zattt^**«-(t:U ftTlSSrffir/XfAtiJ.

yxa, *'xm^60%B*'X(D%#& 100% t L/:ilWi'W-l

3fcSr7jrf<>

■ i£ftF»*'X»*'y *4 7 4 0.3%/day t U:.
• 90% t
• co2mt%smit 90% t L/-«

#-96
21



5.3.4
5.3.4.1 YU
(i)

2500t/day 7^7 > -f >77(D^c/:mi#'e^ 250#M,
^ 350mm#ma#6fiTv^(i). 2500t/dayy77j'(Dmm#^ 300mM
^ L#mL^o

(2)

LT, mT(7)3

^5.3.^i-i y-7gij#m37 h

7 7 v -;v&K 7 7 v -;v*tr£ jim-tfzttfc
#{5: CO20JR co2m C02[HJR

^n-XKtOJl' ^n-XKtOJV

^ ^ y-;i/^&y7 > h W^n/(t/day) 9.96 10.08 —

%^y7>KASU^) RAW 178,081 128,754 127,683

<m^>
wtmm 101,761 73,574 72,962

15,264 11,036 10,944

±/K 61,056 44,144 43,777
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fcB
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#-99

r

1TCF
2235 MW(100%)

rfK»*

17751

>5»y-;u 
Mi**>*-

y^y—7u-Bfi£ists

to4^

%±
J<-----®o—

IteTtelvXTA

Hl

CO,
Wi39>*-

T:°Cx P:ata 
G:ton/day
* as. 2 *5I|»

#*
. 100TX50P 
99530

**«*?]
1068MW 
(48%)

2.0MW(0.I%)

172 MW(3.2%)CO,(;•«») 
-507x7P 
85000

co,(flt»)+2k«t«(
257X 1.OP 
92280

(0 5.3.3-1
C0,;8Htg@

y 5ty-;u$Hco ^iRyn-xK-tf-'f h/<7>x>

►



ii X rn ft 6 (100%)

y 2 y-;u-£j& (78%)

$'>~h —13«£-5 y d7 y — Jl'tiiaM(78%)

*<&<*»* (o.i%)
(43.6%)

A S U»*(4.3%)

<0 5.3.3-2 * 5/-^aSC 02HlR<7P-X'K-9--f >^.)
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<115.3.3

tfXEBA'b (D^ (100%)

eta / 2/-;i/#iim(78%)

C02E«i, ^(Dimt)(2.A%)

co2^<bii*(3.3%)

•4 y ^y-;uMJ^C o2[DE^n-X KIM' y;ux^;u^-/<7>x>
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# X ffi A> 6 <7)#X (100%)

LNG )&4kW)t} (10%)

^>^-CJ:5LNGi^Urlfi(81%)

LNG (9%)

(43.5%) co2ffii, w\m+i{\.7%)

co2mtmti(2.8%)
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5.3.4.2 &Kflt <r>£MWM 

(1) > ? y-A"k&-fy> h

####I i^ “WORLD ENEGY OUTLOOK Table A1 :Ful 1 Cost Gas:Del ivered to European Union 

Border”121 £: #5°, L, Deposit size small,medium 1.2$/Mbtu b L/20

1 $=120 R t Ltz0
■ A#

fU7,74Ll— H- a L LT 3.5% Lli6L/2o

• sens

• K®»
«E»0 2.7%i:EeL7l:o

•-tesa#
**f 5MSfc t ilftu jt«#W8%tSgL^o

k LT,E5.3.4.2-1 O
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5.3.4.2-1 * 9 ;-)V%l8L77> V(Otm.WM

y y

cogime
^n-XFtA^

y y y -jififc

co2m

y d- XKtOit

ton/day 4,657 4,476

/ 9 J — kcalAg 5,420 5,420

% 90 90

AB/ 9 v A kcal/year 8,292,000,000 7,969,000,000

TOR 46,370 45,098

y y >##%%# ton/day 2,397 2,338

kcalAg 13,270 13,270

R/Mkcal 571.4 571.4

~S75 R 6,635 6,472

W^R 4,591 4,465

#$u TZ75 R 1,623 1,578

S^R 2,318 2,255

@7E'£B& H75R 649 631

m## W^R 1,252 1,218

mm WAR 292 284

WAR 100 97

WAR 192 187

m#* WAR 12,770 12,440

h R/A kcal 1.54 1.56

#-106
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(2) 9 9 9 ~ IS9 9 — o 7, b

- y y / b
70 ^ kwx2 o.2-0.3 R/f kcai^-e^^ c ^ z (]#m

Ltz0

• 9 9 9 ~ ^ Hi 32^ 9 9 h — 3? 7s b

L/:#^^^7i/7^6^7 >^7-3y. b^O. 15

R/^kcal

(2)9 9 9 — 7 V $7/!$$. <7 ISIS 9 9 ts — zi 9 b

9 b. LT^ 9 9 9 ~- 7Vlr/iE5.7b|Sj3£ 9 9 jj — z19 b 9:i^cHi U/20

5. 3. 4. 2-2 9 9 9 ~~ 7Vtriit75. <7ISj2s 9 9 9} — zj 9 b 1^

##

9 9 9 — 7V$j/H zi 9s b R/^F kcal 0.2

9 9 9 “ 7V$fyi% 9 9 j] — R/^F kcal 0.15

(3) C 0 2It^n ISiil 27 X b

• C 0 2It/E 9 b

%7#m o#mo
• C 0 2 ISeI ^ 9 ii — 'Zi 9 b

%7^m o#mo

(DCO Sbve! ^ 9 b B&W

C02#r^, #^3%b^K#L^:o

5. 3.4. 2-3 C 0 2fr/ii^t£blti^ 9 9 9} — u 9 b g&

##

C02B^3% b R/t 740

C 0 2IS%& 9 9 ii — R/t 2400

(4) #&mmm 

(DK#:^f4:(0^:^

• STzutiX)

32
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iiItS(Ditto t LiZo

....... ifz.mfrbong+-&®^^ t h-be^a t +#&3% t
...........1f* H^fecDNG+ffift^* h +tftii3X t- + 5UtnX 1

-en-e"tuD3 7. ##a%l:6«Di,#J^-lj:|2l 5.3.4.2-4 l:$t»
• &flj

I»7'7-(A1/- t + «t LT3.5%i:lx£L*o
• affifgip

15$%# a L£„
■B%##%

#$%$i.4%am%L^.
• ess

-«te*7'7 > hi 1, ii!£$<D 2.7% i: E% L/-0
•-fesat

HKSfl-Sl: -i> JUi’ft- It®£<D 8% k K% Ltz,

©f£*ISiffiR*
<h IT, E 5.3.4.2-5 IT 3 $-X <7)%S@e£tt# L/To
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5.3.4.2-5 5§W,«

#i3i / ^
c o-

X Ki- /T ^ ;i/

> ? / -

C 0 20ljI? n

-X K4M f ;l/

02@^/o-

X K4M f 71/

MW 485 459 442

% 70 70 70

MWh 2,974,020 2,814,588 2,710,344

BIxS'n It W77R 97,519 69,978 67,676

S7j R 86,369 59,098 56,436

Asum^* S7j R 11,150 10,880 11,240

kg/s 38.5 37.0 14.7

kcal Ag 5,420 5,420 1,3270

###% RAP kcal 1.9 1.9 2.1

S7j® 12,440 12,090 12,890

STj® 9,654 6,928 6,700

&?ij ^75 R 3,413 2,449 2,369

mmm# W^R 4,876 3,499 3,384

®7z%mu W^R 1,365 980 947

g#* WAR 2,633 1,889 1,827

mi* WA R 590 472 475

WAR 211 151 146

WAR 380 321 328
: w

WAR 25,320 21,380 21,890

h RAWh 8.5 7.6 8.1

ft-110 35



5.4 KA-IBA S U8t£:&lf
5.4.1

AS*!® ASU(7)»$5$I±, (700-9001C) - «Eig
iem#A-Eim?&E'(i)i:z uESWH^gst'f a.

Z o

0, + 4e- - 2 0 2- (1)

4.BE LAEXX * >lifiKXfl-Efli:t£IM£, ffiEXfrEfl-CRJE® UJ: OKXX* >?m 

2 0 2" - 0 2 + 4e- (2)

EWiJ*. S$S»E1Bi] b®EX»E18~-KX;ts®K69I: »$ S A Z „ *E!±f»X

»EfSiJ*0= SEXfl-Efflij-Ng£S*fflSl*l £ itillE • SKrt-BtomsmS • ^SE0!SI±E$T- 
£>Zo

5.4.2
K#»$8ia LTIi USP5.261.932. 2533832 #t: La,.2Sr0.sCo„.sFe„.202., S A T v >

io S"$81®ttliltSft 3/4 -f > f .5? 2™ T 2b Zo 7S7X1T 0. 5cc/min. 835X1T* 0.68cc/min 
<Z>KX;)S53~$T'§ Z t LTi'Zo (S O F C)r-li Wcrn2l:%mtZ
EX * ililT- § z z t i# A z t.

lxlOVm2 X 22.4 x 10-W X 3600 /(4 x 96500 ) = 2. lNm3/h
WKKTi'Si&DXffi-tiZo

15atm 05* (EXflbE 3atm) t5>ZE* latm OEX£53'$-fZii&'g\ 53-*tnjm®EX*£ 
x ZtZfc,

15 l(21-x)Z(100-x)l =1 x =15.35
e>sbeits. aot. e* 73%(oK*^am%!:a-$pr#r*z. 4-im±*$4-BT eo%i:

tizE LtEo

5.4.3 Z- h/<7 >Z

IS-ttASU®I$»Si LT, 0 5.4.3-1 i:t- p Ay >X. *5.4.3-2

t.
±IE!5a^fl8vVbflifl-$A S USi:lS:ltc0 7n-|±y.T(Ojii)T'3)Z„ 41\ KX^**ff 

-C<fcZ5*£ 15 XEAESBLTSKXlEE (3 *E) Cf Z. ZSBtti$ AtX
Exmm5*i:z *$■&>*■.*?700-900x1 t:fz. zoies.
S«^Bl»$tl(2ft*.&1-Z t, EXfi-$KoKttflJ;i> ZXEo&EX^'SUS$ tiz„
^bmta 5 nz2KSf6tti$»;iiE«i$M^E»E.MLT^ - e > emm LT5*E«ffift 

ZiCi-E^@EtZo -s, @-$$A2:EXUZ ZOt:#»#AAAm. 4

tz9 — S-ti-.EA#’- if >£iESi LXStffii
ItoO-SKS-BEtZ,

5.4.4 i»SASUJ-ttffiL/;>7y-)l*S'>7fA
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El 5.4.4-1 k- El 5.4.4-2 #5.4.4-3

zima^a-xK^/r^;i/)i:T#mt6o ccr, m##A
suz f)#$e$K^o -eLT#%B:#t:Tm]iR$fL7t:z^bm#^mbL, z^fbKmmT^ 
@t&v;%fAT&6o 
% 100% t L tzb 0
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COoo

P: ata0.192kWh/Nm3 

172kcal/Nm3
1.03P

19.5P

60.5G

1.06P
15.5P

1.34G
60.5G

16.3P

14.6P
100P [/

550T

16.8P

co

(0 5.4.3-1 #^%ASUb-



5.4.3-2 ES-itA S U146E!

Si

ESS-Slx6$ % 60
ffi»¥ % 90
»*x x - tf % 93

% 85
% 5
% 3

•t4fg
®: EjSES* Nm3/s 42

»"X X - tf > (HTT) MW 143
EffiS(HPC) MW -184

— 1: y (ST) MW 12
-altfxAtb* MW -29

©:StitStoSCSti: kWh/Nm3 0.192

kg/s 1.3
H^M(HHV) kcalAg 5420

®: i£AS* kcal/s 7236
ESSfi-MSe ®z® kcal/Nm3 172

kg/Nm3 0.031

0.5
kWh/Nm3 0.100

kWh/Nm3 0.292

—114
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}tf;*E0#e><7)5^8*'* (100%)

5? — (78%)

(29.5%)

-f (M#7](0.l%)
(43.5%)

co2>£fbii*(3.i%)

<[15.4.4-2 o2IHK?p->ckim ^;u(E^Hasu)x^;u^-/<7>x>
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n 5.4.4-3 * 5> J ;i^Ejc®CO 21b]JR^ d-X KZ-Y 7 A S U)1tfgg^:

ms

E##%$ % 90
% 93
% 85

S'MrEfi % 5
i + “7°> % 15.0

% 98.7

•tttg
zx ? - tr > (hit) MW 4-618
ESSS(HPC) MW -165

HPT+LPT) MW 4-88
-Dstititl MW + 541

®: MW 534
("afttij^l XO. 987)

##&# kg/s 38.5
$mm(HHV) kcalAg 5420

®: MW 873
a# mm*) cdz® % 61.2

©: zxy'lto MW 1.0
E*®* kg/s 57.6
fxAto*+i£ASto$ff$fi-ri!#ie kWh/Nm3 0.292
ESitS kg/Nm3 1.4289

®: MW 42
(®-®-©)z© % 56.2

42
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5.5 MCFC3WU > b'-V-JPH'
5.5.1 MCFCKIt^ft

*5. 5.1-1 IZMCFCmt£tti*to
#5.5.1-1 MC]

Jig #{5l

SEE* atm 1

aes® (?%) r 650

##am mole% CH3OH/H2O =66.7/33.3
% 80

iHWja* mole% 0 2/C 0 2/H 2 0 =28.4/56.7/14.9
% 50
% 50

A/cm2 0.15

•##
#mmmE V 0.832
iti;»$® W/cm2 0.124

f2 cm2 1.2
¥±bfflg§*E V 1.012

•SB
m2 1
kW 1.24

#@#E%^ — 800

ftStiJtiti/j MW 0.992
— 404

5.5.2 tt
MC F C 3 y/i4 > FEZ y >ucr>^m& t IT, B 5. 5.2-1 IT t— .

*E/y;w±, / :/ / - ;wi* US-6- SEUU MC F C###--#*&^ E 3. 

stV-ry y y-;n±7K^BcK^<i-TrSEffcM*t7K*i: J-Sttio
C H 3 0 H + H20 - COj + 3 H 2 : ScKRlE (K») (1)

£U:, %£ L7l:r SHkst * 1: *X i: E <b i$ -> 7 5RE4:Z
CO; + H2 — CO + H 2 0 : j® '> 7 h RIB (2)

■«S$±T-**l±XjtiM%t ~mtikmti±l& 1--5o
H 2 4 CO 32- - H 2 0 4 C 0 2 4 2e" : ##@RK (3)

BtoSKrB(3)T-*XU61$ iiS U ®->7 t-RtE(2)<U£R£tc«t
KCtffl@±Tli=:®lfcK*ysE* t Rl£- LT4K £****«

{xl"— 118 43



0 2 + 2 C 0 2 + 2e- - 2 C 0 32' : Eitir'lSRE (4)
£REii/ 9 y - vwttSUt^StjS-fk-riLSHfcstX, *EflU: t 

eft®rtertT-*tt^»»i±eiKRE(i)(:+5}-T-*^0
CHjOH + 3/2 0 2 - C02 + 3H20: £RE (5)

co#/y M:&oTAy y y-;y##o*9 90%*?iii?-s-ET*$KS 1,2
8L MC F CSfiSt:ftSS it S „ / f y-;FUMCFCmSBT*#k-^fbK*t:&%gfi
6. & 1 RE' M-B & * Ii / ? y - 1: S-6- L T toS S ft S« **h-EEK*C> 80%

$ft, 5
«?ftSo *REo*St-EEK*ii:B:K$titft&A, ESirSIUtMLT 1110130 

• rg$ESt*?g-8-*'-x t iTWUizti&c ■ r®EK*S-6-*'xi±a
^%g?3T7iori:%0$ftSo itipStiETkaSjK ■ rEfti-teS-S-RAOi*!, 6 32%tiB5c 

1 -e 30r 4 ftitip 5 tiT C 0 2 9-ltSft* h b • @iR£ftS„
»i o® 68%iiS3t#t# 2 r-> 9ex • -mtikm ■

7, X-hh9-M's^a^b i Uz, MC F CEfMffiftffif&SftSc, ttlSSftEEX, -Mit
KXO 50%7)$E1fc^J6RKE/ E > t:S8i? f% So E 0 OEX • rSMbsc
X • *S9v!-8-»"F.U: 700ERMC FCEE*iJ@^6#m$ftSo Sto^iiEES ■ EEik^
• • 7t 6oor • ioo a±o*m#.efmg-EE#\

ST-(tip $ ftT * £ »n.t S o * £ »m L tz EX • r Ef L^XiS^ it7, li if 7 9 - f > E«t» 
ft 30 SOIftESiE, SS8S3Tim?)i, y - Ey #%%!:#$&$ ftS. if7, y - kf
y#*^i:li^y y /-iWSfioft I0%7ms$fts, EX • rEEEX •
ft* S #* RA I ±9- E>EaE, MCFC E'fM«ft«& SftSo

5.5.3
®i$it»SIA S UfUfflO##

8 5.5.3-1 @ S.5.3-2 C^ft-X^A/^-Ay >xx #5.5.3-3

ftttfgg^SrEto
yy-A-t-g-ffiU SSStlMCFCn^W y

K-O-y y;0)(:rfljffl1-4o Z2ft\ SISStlfttti&SftSEXIft ai^aiA S U J: 0 tt*& 
?nj„ E L ft %SI4fil ft ft BE sft ftrElbRS£ EE U «TSlsmr/3fAtii 
So &ft\ f/FRAEa^60X»lR%0A#e 100%h Lftt #

tzfc&ttt&TIZFto
• / 9 y — io 9 y ii — ti> 17 77 t 5* f 018 L ft 0
• 9 9 J - ivoi^^nSls mBWJOIrjlEift 4 IE lol -b L ft 0

• /j'y-j'^swii, 78%a LEo
• COjEfticWli, 90% t L/-o

©SI^SIASUfiJfflO#^
El 5. 5. 3-4 e - h /S'7 y X, B 5. 5.3-5 —/<? y A, S 5. 5. 3-6
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zz
i-H

2208 MW(IOOX)

J—ll
Ifi-KiS#

>$/—vuSfiEISS

►fx

tarn*

co,
Ifi-KKil

iTffilvXfA

(m 5.5.3-1

T:°CxP:ata
G:ton/day
* 3Se>. 2

it*
100TX30P
98500

M 75 t

69 MW(3.1%)co,(i6(*)
-50Tx7P 
91870

CO, (*<*) + *»* 
30T x 1 OP 
90720

CO,

MCF C3>/W>



(100%)

$ — [Z £. %> J — JU!biJ3£(78%)

C02M1*(3.1%)

<0 5.5.3-2 MC F C 3 >/<< > KIM

4S
#-123



5.5.3-3 MCFCn >/U > 7 M±Sgi

Sf$

% 90
»"x % 93

>%ti$ % 85
mm#E# % 5

% 98.7

•14SE
MW + 380

U >/<-^%$0.95)
-HA MW + 193.7

ess« MW —110.3
S$\A — t: > MW + 103.4
tsitmMttiiti MW + 186.8

®: MW 564.4
(IMttiA + mis^-g-lttti^xo. 987)

kg/s 38
kcalAg 5420

©: MW 861.7
%$(%#**) ®/@ % 65.5

©: *">7°ito MW 1.6
kg/s 57

mmwLMmmi kWh/Nm3 0.33
ESitS kg/Nm3 1.4289

®: ESEiiito MW 47.4
(©-©-©)/© % 59.8

#-124 49



Q
Z

T-
W

cnO

co,(»(*)

■€K
co,(»»)

y—(tKH

T:°Cx P;ata 
G:ton/day
* mm, 2 am#

y*y-;u
15TX30P ME
2140 100TX30P
56MW(2.5%) B850Q

4am* 17 75t 4 am*

- LJ
*\ y ----h

y^y-yu
i?e»«

y*y-yu y*y—yt-
i?e»*

11

y*y—yu
15TX30P
85660
1724MW(77»)

X

*««»»« co,(8U*) + *EE
! ! co,(E») 30T x 1.01 P
; ! -50T x 7 P 90720

81870

%±
CO,
Ifi-ESE

\ ’r)
co, co,
WiX*>*- I7EKE

z
/ EA

69MW(3.I%)

2000m

iteTSHIvXirA

Z~>,
□

r-ti
6-

w

co.EtbEi
3 5.5.3-4 MC F Cn>/W > KIM S t- h/<7>X>



*'^E0*'6<D^*'X(1OO%)

, ■?©<(&»* (0.1%)(47.5%)

(0 5.5.3-5 MC F C =l >/<-f > K^-f ASU) >^>

ft-126
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S 5.5.3-6 MCFC3//M> K+t-'f 7 S U)liS£ESE

Si SG

% 90
% 93

^ — k: > % 85
■BEtsEfS % 5

i + ~ y°y % 15.0
% 98.7

mm
MW + 380

U >/\-7%$0.95)
MW + 193.7

E$HS MW —110.3
MW + 103.4
MW + 186.8

©ii&mJStB* MW 564.4
(%^^/] + XO. 987)

kg/s 38
%B*(HHV) kcal/kg 5420

©: SASftl: MW 861.7
##(%%%) ®Z© % 65.5

©: 7°lto MW 1.6
®3$S1 kg/s 57
KiSB7lE#e+SAto»«*Bt«*e kWh/Nm3 0.292
ESJtZ kg/Nm3 1.4289

©: KEito MW 42
(®—(D—®) /© % 60.4

52
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5.6
#5.6-1 Ltz-y - A 1~6 <D&%Z7f;to&TlZ'r-Z 1-6

£i$^6o

(l) y y y-x8;fiC02i]i|xy n-x' y MX-x l)
$ir-xTil. y-tf>#E*"xc>si-t-y x y-;vir$:RU 3X K *'x £• X - tf >±St:*6 

mmr-BMt z> x t iz x i, fssos*@ei--b<x x»)vff±)x6$M*e.n. %s->xt 
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5£56tt@jUtSHi/SrSto)

8$:

$-tr5 30 30 60 £$££si (2000#)

v-V—3T 22 38 60 j&isasu £*sasu a-Si(1998#)

H5M* 8 7 8? a-Si

10 - 10 a-Si

2 7 2? CdTe

«*Hts£x* 1 10 11 a—Si( ? )

.^rars<$A/ 1 - 1 sisssu ^^asi
=*e« 0 20+40 60 £*gaSi(1998#+2000#)

HESXS 0 10 10 a-Si (2000# ?)

7>V*

Siemens Solar Industries 20 10 30 sisasK?)

Solarex 12 5 17 ^asi
10 - 10 a-Si

Solec International 12 7 12? snasi
United Solar Systems 5 25 ? 30? a-Si (1996#)

aset^u* 3 10 13 V7tf>Si(l998#)

Astro Power 3 5—10 8-13 su ztiMsimm ossa#?)
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Ebara Solar /Wd'yh 2~3 2-3 U/K>Si
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Ever Green /</D'7h 5 5 V#>Si( ?)
Iowa Thin Film 7 7 a-Si

GSE 0 1.5 1.5 CIS(1998#)

BP Solar WJ±>) 0 10 10 CdTe( 1998#)

3—n^/<

BP Solar (<^rVX) 9 40 49 #*sasi(?)

Intersolar C'f-^'JX) 2 9• 2? a-Si

Siemens Solar (F'fV) - 10 10 CISC ?)

ASE(K>f’» 3 13 16 mta&su ^isasu v^>sici998#)

3 7 3? ^*sasi

X^H^yKT^/X) 5 10 15 ^asi

Eurosolare C'f£lJ77) 3 2 — 3 5 — 6 msaasu ^tsasK?)

^V^XWJT) 3 - 3 mtz&si

lsophoton( X^-f >) 3 - 3 m*£&si
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0 25 25 £*SaSi(1999#)

EPV(F<V) - 5 5 CISC 1999#)

EPV(/\>**U—) - 5 5 a-Si( 1999#)

t-x f-7'J7 /^>7^7^V-7- /WO'yh 20 20 ^^asi#nm(2ooo#)

Sustainable Technologies — 7 9 GraetzelS (1998#-)
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C0: fttti*:, %AXX H:A©6%A##©#'J#^±#< A6X6A^b.

±i%mm©x x h fsiit® © # «&Atit4©$# s s & $> s=

sstit, sisi
l. fit.
■XCObX X+K {7 JL'^fJT^fT lb fI$1"-5 7°D-tX(Z)XtXl/4: —fSStt, C02 Stiu

«l:t5.
P$BEI+tt¥S low X°x> Hc-xtxTfr©, ^©igmSStCiFS 10GW ^-©X 

X—)l/7btf&Lfz, xyetil, iogwiSj*©*!'□©ff<ISSIE£)KT<,

2.

reSilSiS, Si ©KiSA&ti, &+BAb©R%#:A&Xm+BX)^b©RKmA&(:ASiJX# 
§0 jf%*QXIsi -f j- SOC (Silicon on Ceramics) li[l JX RAFT (Ramp Assisted Foil-casting) 

iS[2], LPE (Liquid-Phase Epitaxy) ft[3][4]& Eififo5. ttl b (ilSfififlS A# < 

A5/t*©SlSS-fbti-^S^v^X BST'n-trXTa&O,
itx$>5>„ xncytU 5(,ffifiicSttE©ISSiliif$»xjxdufcii)tcp|$glB-(i:»)-i:'$x
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jj;9'X£65 SiH4 D SiHCl, 6 E<D Si/H/Cl % A'XtiSlJEEinSjl-S, SiH4 ®EitW 

ESiSE&ttEEHIES (UCC ?i) [6]T$ 0 , SiHCl, ®D3C6Cl6B;iSE?£EE'>- X 

>Xi£D$>5„
ElMbtiBI 2-1 EDDifE Si #6d Si S:fflUfc*llF<?tilEifi7”D-tiXS:fInlLTU 

5>[7]„ xtoSiS7°D-trXtt. $88 Si coSKEE*jjiX©Si6Dfi$i:E*c>BiJi$P® 
XXCIsIBfEfiD bCDT&Z, Si £ F — E> ('©±TS) 0 , Si/H/Cl
Xtt IJ +K 7 7 E bisitlCtDOfiJ*6
S5[8]„ E©7°OtX SSCDUthX 7
E6E#EE&Em&A##©mm^E#67'otXE*0, R*ggEEE6a%$ 
EEE-oT, ±*@67X L±U C®Eil±i4to±S1lEiS
7° n ± X ± M ± 5 S * W 6 ± tff (± 6 $ fi T ^ 61-x 

fCT, $#^EE:7©if#Mi#, Si ±l##*Eia±/£E#g L, 0 2-2 EDEH 
##©'J ±6 7±S:#S.L6SSSS Si ±l###©±a#EiS7°OtX$:@*E5. 
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98.5%iluE® Si "7$ 0, i$ScoEai Si ±I###©E 7 EK#6aa# Si DES 

t h©fg;«±pj#gxfifc^„
AS Si l D1S L T E -£> Si/H/Cl % ED ((D) E <h fc E /IS)® EMa S fl, X -y X > X" 
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(zmZZtiZ. 6#%#§§, SEH, #ffit-7TC0E±«±±S5 6±Er. 

Ei#E±77°&mE5.
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CVD 8@C7)EDrm$$T/mSiA5[9]„ ifSSnBH Si fifefiEiiSISa^/bCO/t 

iOESDeE'ETiaED-S, 7(0E-5 E LTSE±E®B6$n±ifS$oSi Si E, Si 
E#K##E©miB#$©*E&jUmLT*#±b#8#L, SEttSfMES-
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w^^vi/SfijfflLfctn], cnttiissheeseee , KifcVomBm'M <ae
cofc^TcoVEEfSSI+STS^^'Jl/TifcO, EfGEMEAA 

^ScottB C,,, X>XS tf— //„ j3At/I> h □ t°- s„ li, EtTtC^-f^JSitiS 
ftiCO7 Y y A 4 > X"7\"X X-XE LT^ibftTi 'l).

c
s

/A,
Rr

&
R

’’ = a,+a2T +a,T: +a4T3 +asT4

= a. H—-T + —T~ + —T3 +~T +
2 3 4 5 7

= «, in r + a,r+ —r; + ^r’ +^r4 +«.
2 3 4

(3-2)5$

(3-3)5$

(3-4)5$

|+gi<7)Et2#SLE Si/H/Cl %©#KEE©74 'jf-f > XV\° 7 X - X ti# 3-1 
tcAH XH0E£>'5„ *7°D-feX-r lmol ©@{*
si AttiAy-t-a#^© si/H/ci %A'x©A)i/S*. HAat)$A$&a©E*§mE 
#3-2 1:AA. EH, CVD (EPTtt SiCl, 7X'HEAIP(SiiS.fi$(2a SHEA, XH 
(:©©XIS#x#§§l2A5|!$&cN2A#Aa@sgi2#©Ex@l:m{bH6E@,H'
Lfc, EH, -ifUiEii Si £ p ittSfcftl: F-X°1"-5HI£tl (B:H„EE) 12© 
©Ttt, E©#m#A##EH6 si t2ExT%#E&%xEAb, Si/H/CI % fi X

TEIfSEtt^StcAHEA-D
Eo

LEAoT, 1GW/E©4)1SSE'SE$dIIi Si AUS'/t&SrSiiT-SE*©*© 
a-fz x©—#F=fiHE 0 E—fltflflSE 0 ©ttHiESitiE'HE'H# 3-3 3-2 ©A
olcSSSHA-

3.4 ymzxisihcfflixfc-e©ffl!©5fefr
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AsSEEo

(1) SE
iWHESeSi SriSMSEdSEtCttSi (TEC=4.1 X 10'yK (800K)) tCO»WM% 

& (TEC) ©JtAAcf©7H5 A (TEC=8.0X107K) Ag.SLE, SSil 0.002m 
E L—(X©$KAi£tS20cm AELE.

(2) AXfig/1
#3-2 AbHAE>Axl2EET5> Si/H/Cl ^A'XtoBE/uEttTKSrSA X E 

Ab> lEfi-A’X©tig/2 [bPa• s](*7k#©tiS 20.3y Pa• s (970K) T(E#5EE„
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(3) itm&£zf71 7-*m $
fta!1"5=t 5 (*, 7©7°D-t:X©lxHi::li7 7-5ft, sic, ### (nyfO

->l) , Xf>PX4WtLtSSl,fc. Si m#ALXAM Si m&x

5 #15 o

7 4ib©#m#$. tti*=tr/7-rx-xxxee-xss 3-4 icst, ms

7 7=7, SiC tAX-'K##©## CO, #*HK#{$X##fxA%77/f —75 

in (103.44g-C/Mcal) T'Wtifi L fzWrfi&T'$>$, Uti< S'f’iCcfeSW^fSBX*&i; 
X, fffic0 6£3^biinitcig'7?> CO, J^tB. x X h 7#S."75> A© 

©7©77,6. XX, X f > l' X t #1 Si ® 2 t ©s 1-3 H

X 7 L tz. i, © > |s]L fax* 5 o

4. yn-bx<OI6lt-

4.1 ditto*

SEiftSTiEI+tCtiS 4-1 ^fttLTW:.

(1) iS ft II 1*1 Ed,
$ 3-3 XEL AtlHWS/Lb lGW/^®#©±HeS±Et7i:'S*c£i;ftoJlA

U©V,„, X 7.94mVs X&5. LvtftHto-il'glSKEfSS,[m:] 
IX.

5/7 - F .in

’ /•' .Z/7

7.94
4.0

= 1.99

6, = —jrdF

ct 0 d,—1.6m 7 X 7

(4-l)S

(4-2)it

(2) iXSiJSKfcX*l* K,4o=fc5ff iSi hF

mmpwxyT-stftf hci mmnwsGW
fi! I',[m’]XJXT©:SX*z-X b tl-5>,
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kFPmil
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d„{ m/@]: :tmm\Hm.T<Dw-mi%
*„[-] : StoSfaA© hci ©Ef5¥

£ /)= ^A^aO

dA : StoJSrttoEfblCjottA HCI 1 mol $>AD©mol it^fb 
y„,6 : ffiiiADtffl HCI ©t;i/^#; 

ijm/s] : HCI ©SBESiSSSE
8tEEtLi$$ /t,[m/s]ti, HCI ©EtbiM A[mA]&Stoll*l©± Si #A#E% 

A$jo AL©A&5. ffcifo*.

^4 = A 'W/A

A&6
Stoll*!© Si

£F.p^F 6eF pVF
1,3

JlU n
ml,

(4-4)it

A60, Sfc^fTSiSA'b, C#6&( 4-3)SlCftAT5ii,

E =
V Find P
^e£ F.P

l(l + f Jln-J—- 
1 1-A

(4-5)it

HCI ©SBEfS ill!®#: L ©©©"TO, @3-1 © 7 1/© b7 X 7"□ v hz) 3 ©

ke = 2.6x10" exp
X

2.4x10“ \ (4-6)S

A%0lL©[10]. 7>743K Atijt,=2.44X 10'3m/s A&-5.
—A, StoeiA¥iA©¥#*it$ dp ti. KAf 5>#H Si ©tMtolA 120/tm 

6 LA, Sto@©#^A%A^#MiA:At#:E#A% A L AAL AtES LA# o'© 
fii:¥#e2A*5 dF=61Aum 

StollAA© HCI ©EfWxJA S3-3 A¥LA#iRmSA 0
X

3.24-0.06
3.24

0.981 (4-7)^:

6 x,0=0.024 4-5)^^:RAT6C(h(:j;0, K^=0.8m-^^#

btl^o L/t^oT, ijftS^JIS(7)ISrWj hF 15
0.8
1.99

= 0.4 m (4-8)A

[T3] LA Si (7)^#:^^ 77^ 2.5m

(3) C7)S/JXy-l5 $ t
F,i
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ef[j/s]tt, dftSbJS A □ 11 xA-WT5 
IIo, ;„ [ Js ] t A ft BAA 0) A A $*■ 2fr[j/s]roftTfe2>o

(' =•< -•'/ /': (4-9)5?

intlj])ll*iroStSE (),-,[J/s]B, X'Xg^X?
G cOltS A 6 <2f,[J/s]=-125kJ/s tt&Z),

5 t/)A T, ef(±

(A =Gf „, +Gf, = CJU -iW, A, +GFj =3.4x10" (4-10)5?

iiAAbASo SSMA¥©±Pg^5 ^,,[J/s]
H,

</f , =0.05 Gp = 1.7x10s (4-11)5?

(4-12)5?

T&6.
-A, Si fe[J/s]tt

A7
(G kS,CAH,„ )+ (Gv kl-dFJJm )

ASStl5>„ AA'L,
7[K]=rrrf„ : A®j®A£KBtiA1-8B®/a$S

A,,,„[m2]:
/G,jnr]: Aherns*

s it® ® ia $ @ i* s a f [m2] - ARi,{m2i
/),.,[m;]t-tzt, tn-*%G,MAAnrf,2[m]caot

Af = mlFHF x x4F ;1 = 2JtrF ]HF > v4Fi2 = 2mF 2HF

^,i Jt(2rFl-dF)HF 2MfHf
ln(^F;1 x4F) ln(2rF1 dF) ln(2rF1dF) (4-13)%t

/4 .,2 " ^F./l 2jt(.rF2 rF\ F)u, 2MF iH y
F j Jm ln(^f .,2 A,) ln(G-2 G,) ln(G: G,)

d&A, Xilb£( 4-12)5? (CftALTmMTZtXftttiZ. 
2jzHf{tf-TFj,)

<?Fj ln(2rF.dF) ln(G.; G.i)
AL

k St(

(4-14)^:

(4-15)^:
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xm< t,

rF-2 ~ rF1 - exp
2nk,HF1?F-TFM) kt J2rf,\

V dF )qF, "AC
(4-16)it

lee, x-DTmmiz&mfcWtmavmx

e, =rF.2 -rF., =rF, i - exp
2nk,hF(TF -TFji) *,

AC

In 2\ 
V dF ,

~rr, (4-17)S

ElR© bEE. AWEESSftlE&E r, ,=0.80+0.005=0.805. 4=1.6, 1,=7.2X Hb 
(WffeW©lEt(:¥EJfilt504KE L ^3-4 E©ittCE 0 !+#),</, = 1.7 X I0\l5ir=15.

T,=743. r,,„=323, 4=0.4 EEAEEi:, r„=3.36X I0'4m EltbtlE tifi l cm
ISrE#©)!SIS 0.01m (=lcm) LTE

WESEiASsEy.'lSmiA
oSKHlEffliEtllE Ap,[pa]IS, iiS)Sl*l¥LES©EEE* -3/),v{Pa] 6ESI) 

E E « E Si IS E E E # * A/7,.,[Pa] © to E 6 0 , Ap,,=0.4 ApFf Eifi{HE S E [ 12], 

LEEEE,

Ap, = Ap,, + 0.4Ap,, = 1.4Apf/ (4-18)S

LEE, £E, Ap,v ISsii$jei»Ef*$>E 0 ©KE^-SeESMEE A LEES 

E[14], EteitoE,

Ap,,, ~4eCA (4-i9)E
s F

iS-5. EEL,
u, (i[kg| : iiTcJLWLl©ISEte ® m 
g[m/s:] : SEtiniSS (=9.81)

TSi5. iSt##©EEl*#IS E=0.8m: E$> 0 , SDjglEES Si
tm £ ,,,=0.45 t LEEELLEb, iSlilF^JS Si ¥±E©SLM: w,„ IS Si ©

E$ P,=2.34 X 101kg/m:' £ ffl © E,

4., =(Sf-Hf} eF'„ ■ ps = 8421g (4-20)E

LjRsSbtlE, LEEbE, ( 4-18)itoEy< 4-19)it=k 0 pf K)JII*l©EE*it 

E A/?,- i 3,

A/?r = 1.4 •
, , 842-9.811.4 •---------- 5.81x10'Pa

SF 1.99

ElDiI AO E X©E® P ,=0.167kg/m' E 0 ,

(4-21)5*

El* lkg $>E0©l»

ffto.EF,[J/kg]ii

IE-158
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(4-22)itF APr
' " P,

^ 5 o

5.81x10'
0.167

3.48xl0"J/kg

--23
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4-3

FWtfR SiC

SiC [/ 20W/(m- K)

0.02m
mw <£,„ 0.001m
m#©'Srmx#$ s£ 0.5

5%

SiC

H-WBz. . 0 005m

4.2

IjtSiSiftgsSlfflSt'S. fWAES (7>743K) OftMhMttj □ A' X * 
iAfXXIlAD, A-SSiiitlSiSS (7>1373K) © CVD fcti P A X S 873K XP4S 
1"S„ Elt©#;frttS 4-3 ©SfchjolO-eSS.

(1) lA t= A X © 5i it§s til P S$ 7,
^#SiitAlS CVD mPAX©AA###C£3=31.51 J/(mol• K).

II M,= 132.54mol/s T$> 9 , £A, ^Sjt§sAP?mS Ts ioAA-'Uj PfiJt Tt HAXlA 

ft 1373K X 873K T£SAb, SlSit§sA-t= A Slim5 ,mS A X A b A=ff Siitfl 
AES AX fC&SrtS#* <7£,.[J/s]e,

<?£., = C,5M5 (r,-r6 )= 31.51 • 132.54 • (1373 - 873) = 2.09 x 10" (4-23)S

T*5. -A. qE, AAoT±#l-AeSAX©$txit§ffttiPS$S 7,[K]XXS
X, C,.2=34.44J/(mol-K). M,=128.74mol/s. Exit55 A PS

If 7>743K A 0 .

qEr =Cp M2(T} - 7,) = 34.44-128.74-(IT., -743) (4-24)iC

xni2( 4-23)itSltAA"SXXPA0 7,= 1214K (941°C) Af#bft5.

ExittgAPisAy-ttiP Slims Ax ©SSS 2 7£3[k] X x r£6[K]ti.

A7£3 = 73-7, =1373-1214 = 159 (4-25) A

A7£ „ =7; - 7, = 873 - 743 = 130 (4-26)S

x&SAb. Bxftgs©S(*©iiSsFifiS$^xr£„„[K]tt

#-160 -24



(4-27)i£
at-£.5 -Ar£.„

ln(AI£5 Ar£,)-144
Ltzm-oT, lft52^§sCO*g^S€St@#^£[m2]tt, 

2.09x10"
A, - E.v

[/AT£ ,/m 20-144
= 726 (4-28)it

& %
-ft, ift S £ ® ill" -ft ft x © ftf jftZSSr£lXI,„[K]tt r2 ft d;y-'r, =k v iUnM =959K

=io.im7s rtW£>iB'£'B*R6' Ar£J*]<!:f 5<b» iftSft X ©ViftiftiS
"c,„[m/s]G

'Em (4-29)S

£./« -A'

2: % <5o u£:„ ©-hliS-ft 15m/s f§)Sftft'ftiHo', _fcj£/ft b ./V£,„i —2143 Aft# ftftlft X ft 

7)>6 N£i,=2400 * ft ft ft. Lf;fcT, BEES#»$(4-28)S'r*«e>fc 726m21: 
# L \ ft; ft ft ft ©Hr ft ££[m]tt

ft “■®f/f.,„W£.1-„Z,£ a 726 (4-30)5

ftftftttllfftbft:©. X©5ftb L£^4.81%5.0m £t5.

im ftftftft,

iftSftSfifl £ <? £=0.5 ft 0 (1/2)27T X0.5=0.125 7T [m7t?]T$>5. -ft, -*©!*]

S©7t-Sr@H s'E,i„[m2/ft]ti,

s'em = -ft/, ,,, + 2<l;, ft = 1 ,2Lt Xnr4[nr/ft]

ft$> -5 A1 b , —
0.125jr[m:/ci']

£2 £ ,»i ./mu'
1.2l7rxl0"4[m2/*]

(4-31)5

E@ftmgftA#©#ftft#: %,„,„„„[ft/o'] Si-

= 1033 [ft/ft] (4-32)5

© n£,,,,„„, ft|g,|ft#ft#ft& NEi„=2400 ft 0 , /V£=3 o'. —o'* ft

0 iftHftSc nEl,=800 ft/oft"#"5« LftAftT, 4,.,[m]St,

-jk/
.9 £.m "Mg,

E .out
(4-33)5

ft 0 . 4»,=0.88 = 0.9m ft At ft

(3) SrBftJSft
!*##©#$ ft:[m]©Stti(Xtt, 6lti)e©l$ir®tti"@S$-d<»5ESl2StijLft(4-l7)

-25-
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zm'Mt % a x mmw-xi&m
'“■^■i,m <4-34iit

Qej - 0-^5
Cp,5^ 5^E,out Jm

Nc [J/s/n']
31.5M32.54.H04_ ,

(4-35)5$

X&6. LfcA^T, (4-17)iU2*5toT /t,=8.65X 10" (ISrEti'toAtEVilSS 635K 
X9S3-4 , *sr=15, ^. = 9£i=7.68X 104, 7, =323, hF=L,=5X)<

dF=dEjm=0.90, rf=r£i„„,,„=ii04,

X.i =r£J = +;£.«„ = 0,455 m

£^AT5t, r£=1.30X I0:m (=13mm) <$$£-$>

(4-36)5$

(4)
a) l*l@

±a!L/i=fc7>fC, fit^'XtoSSWftWoftil v£,„=10.1mVs X&D, SAcAff 
OlOTWrBI* S£,„[m2]H 4„= 0.02 *$,£# jV£,„=2400 «k 0 S£,„=0.754 T65t)'6, 

Xto^SiS uEi„[m/s]tt

u E (IJ =—= 13.4 m/s (4-37)5$
$E.m

T&6. 1*114 # X to $ $ /) ,=0.174kg/nf, u =20.3/( Pas =fc 0 , K /

X X'% /?<- tt

/?<? = 

2:7^ <5 o

^ 2297 > 2100 (4-38)%t

#^:[14]^ 6 ^,,=1.26 X 10"2 :## 6 ^16 o

^= = 3.21og(^^7)+1.2
V f

LtiXT, F£,„[J/kg]tiX7X>Xto5$[15]J;<0

(4-39)5$

FE, =4/£j„^-^- = 1.13xlO-’J/kg (4-40)*

2 &E,in

#-162 26-



Vb , - Pz^e.,,! -197Pa (4-41)i?

6^6

b)
7t-iF;7fx©*f|6:¥±SB2ltt(5.4-34)i?<J: 0 r£„„,„=1014K T$> 0. Exit##—o' 

MVWt.=44.2mol/s/if T $> Z>frb, —0 ©¥*^ftSliI 

r;;:[m sfr 1 vj :l K @F. E f|: a? 4. '1 vt„,=4.0 * /:. Exit##—n' eft 7: b 0, '4

SiiLSSISrB# .s£„,„[m:/t?]tt^l=l*lBrffii«S:Ex}tgs-^*fc 0 (0
©£7ftb 5i,,,„=0.322 T*S. L«hT, ftl-WftiX(WillSiS«£,„„[m/s](i

/; .out

* £\y<77
= 12.0m/s (4-42)i?

T$>5>o
Sfc, ffPASit* 6 Sb® j£i[m]h ^ 

© £ !7f-3!Ei*)T £> S 7)'b [ 15],

SE.mnE,m
4 + 2©.„, )ro = 2.2xl0~2m/n" (4-43)1?

£',(>7

tt£&o ctbTKyii/X'ic/?ei±,

Re = P<%/ ..^1 E .out1* E.- = 1268 <2100
0

(4-44)it

t;f©bti-5©T\ nw#x®En«)iat"e*5. *&#&&<*# 
16

/E .out Re
= 1.26x10 (4-45)1?

T * 5 7)7 b, 1$]*** f£»,[J/kg]* <fc UE E) if £ APeo„, tiEiS ttz&c

(4-46)i?E,„, -4/£/„%Llx = 825j/kg
2 d E.\

E.out - P5^E.out - 76.3Pa (4-47)^:

(:3;<ba6/:

27 #-163



4.3 flSfc—$

7>1214K CVD KlS
l&MlzMa'tXfc&lz 7>i373K S'Cjjnifirf-5 = b®#£b-^(i#x#§§b|s] C 

IfrBi+Si&b L, ftStoltjtlnSH:JxoTftt1#XSr9fS(7)SS$-e#Bf 5= $ 

/t, Cto#?gh-47ttExitg5t:j:iiitLTEESn5:fo®cl:"t5„ LtihX, 
b —S'—p'ic A'„[o']43j;U;h — 5'— ishtz 0 ® AffE »«}*/o-]^:bt,#x#g§6 

BCT&6.
#fi b - S' £$ 4-5 Cit.

(1) b —S'O-lbgfiS
I*]® £ijrtft-5 -n xbb-S'®ADbffi nxrcosss A r„,[K] b A rH4[K]ti. 

AT„ , =TH -T, =1573-1214 = 359 (4-48)S

A7„ 4 -r„ -r4 =1573-1373 = 200

TSSA'b, b - S'Ar,(,„[K]tt
„T ATH3~ATHA n11

^I^bT^bT272

—^ ^ b ^ td* ^ ^ ^ <2w[J/s]^

Qh =Cp.,M,(Ti-T,)-7.05x10s J/s

'C&'bt)'' b. b — S' ©IS^SIkEIBUAH[m:]

^H
Qh 7.05x10'

20-272
= 130m2

(4-49)it

(4-50)iC

(4-51)it

(4-52)it

b#® bti-5>„
lb#©l*l#b <Wm], lt-*E5r JV„„[*]. b-^tssymlbtst,

(4-53)it
N H Ml

T'S> 0 , b — 7 ! 1 [Mi A' bfiii f!£ $ ft- A 0 7„;,= d£i„=0.02, :V,,„= A'£,„=2400 b t A;;: 

RXtht, i„=0.863=0.9m b&5„

(2) ISr#ftfi"©JS£
(4-i7)^&b-^i:mmbTb-^yt-#i:m®6i*m#®*$ <h,£jr*3„
b-S'SI-SWctt CVD TKou,=U73K T$>b>„
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qHj =0.05
Cp.5M5Th^

Nu Ex

= 0.05-31-51-132-54'1373 ^9.55x10-
J/s/p

I'ClSrEtilcSUitE

(4-54)it

TEE ISrSlWTIEEiiS® 7,=323K (=50°C) , A: =9.50X 102 (M

# $t ¥ *9® $ 726K =fc 0 S 3-4 41 © S: 12 J: 0 S tti) . ksiC= 15, Hf =L,,=0.9, 
dF=dw„,„=0.90, 7/=7',/„„,= 1373. -X; 3; TX

rF.i = rn = 0.455 m (4-55)S

¥(5.4-17)St2ftAT¥ £, f„,=3.0X10-^ (=3mm) A^btlE lcm *
S TE -5> 21 2: ¥ b rH=0.01 (=lcm) ih'iTE

(3) !*}§}***>cbtXEASA

a) rtS

(5.4-50)iCct 0 . fc — X A r„.,„ ,=272K TE 5 A b , |X]#¥
X»¥¥JSS r„„;,,„[K]=rH-ArHJ„ = 1301 6^-5. lA#AE(7)AAll/^mH

M,= 128.74mol/s TA5/5'b. li A g it A 0 I*] if 11 X © ¥ ¥ 1*1 {A ft oft iS 
v„„ = 13.7m'VsX:$>5- Lfc^'oT. 1*1 IEX(0¥±9Sj$ uH,„[m/s]tt

V,
H .in 1

tf.i/i

^H .in^H .in

= 18.2m/s (4-56)^:

PlUH .mdH.Re = = 3120 >2100 (4-57)^:

T#5(4-39)^:&#mT5 C 2: j; 0, ^=1.16X 10^ 2:^)6 6^l^)o

fh,» - 4/».,„ Uh" Lh = 346J/kg
2 d

(4-58)5t
H.in

¥v„ = pA„, = 60-2Pa (4-59)S;

b)

#-165
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$1-1=$/ X©B)t rM„„=1373K, 0&/2 0 COX) 1/ifH A/S/JV„=44.2mol/s/
0 vtt„,=4.97m3/s/^^Tj:5„ Sfc, -

£6fcO©^t7j®KM( jMo„,[m2/t7]($^XiS$©tI^b[BIS =0.322 "C$> 
So Ltzftr>X. X ©¥K|?3rii$uH.ol„[m/s]ti

»H.... =-'^ = 15.0m/s (4-60)3$
^7/ .016

X&S. £/© dH,.[m]Slftx^§ii:|sltSX3DS7)'

b dM,= 4=2.2XlO^m/atrSSo ofcbT. U'f/nsX^kRelt,

Re - P4V.?“rf'S g 1504 < 2100 (4-61)it

ts*© sns ©t, $m$fx©eftntt©tt 0 l&uxs s. s © t ^-©i^tsiss:
(±

-^--l'06xl0"2 (4-62)5$
Ke

T$>s^b. FM„„,[j/kg]jSckt/E*#*/)pto5$tts.so

- 4- 195J/kg (4-63)3$
2 rfH.,

APho,,, =PiFHm, =18.0Pa (4-64)3$

#Sb —X($. Xg-#S$#SX:A©xs3l/f—#$BA =$S:#a t-

Lfzfr-oX, #fib-X©EFBie 
$) $ * * £H[kWh/¥] ti(4-51)S. (4-54)S 077 =t U

Eh = («2„ +<7„.,A,h ) 077 = 7.93x10"kWh# (4-65)it

S3*© b$lSo

0 4-3 *3 =fcO-’S 4-6 tt. #"Bb — X ©EltrgSS $ S ©7c S ©T$> S,

4.4CVD StSSE

CVD EfSSS©tat+^frSrg4-7 ICtST,

(i)!b'En,S:
2m I® (rD) Xlm i@ (77d) X25m 6 (lD) ©©FxEES© CVD EJ$ 

SB&$#-rs. 0 4-4 SSiitit£ «0=io-"m/

If-166
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'rt (=1 u m/#) th L /Co SIBISIflt rs=10'4m (100/xm) ttO, "o'® CVD Etc® 
s^-Reratc%iiiT#5XtsBf*5R,[m2/h/i3']ti,

50 l =-^-rD ■2-60 = 60m2/h/-n (4-66)5$
t Si U D

T&6. tfiizE®^KilX$=k 0, 1GW 5X io'W/
9 , 077=7992 —

BYFbWc to

i _ :#X# _ 626m2/# (4-67)5$
' 7992

tu&o L##oT, CVD SfSSB®£'S'oSA,o[a']tt 

7V„ 2^4_ = 10.4
^D.s

(5.4-68)5$
T#it*BYcC6%®. ® cTiijVd=i1 a115„

(2)1*###$
*##®@$# ;a,jm]i:L*±l£\ CVD KtS8@®l*l8BB**, ®r##®l*:$B

##=fcy:#gBf*:Sr';E-;hJE#/lD[m:/'a]- AD;,[m2/n-], 4aa[m;/a] i#5 t.

A„=2{WI)+HD)LD^6LD (4-69)5$

/*„ = 2K +HD+4tD)LD= 6.04 Ld (4-70)i$

= 2(tC„ + //D+4ra + 4;d, Xo = (6.04 + 8tDj )iD (4-71)5$

Lfc/)®T, CVD EfSSBl*m®#ic¥K)e#Bf»/iD,to[m2/-&], *5*#*## 

®* S##H5#B#Ma,jm2/*] B*5$ t & 5.

(4-72)5$^D.,1 -ylD

v4D./ ,lm
^D.i 2 ^D.d

ln(y40j2 v4Dj1 )
^D,Ad

In 1 +
(4-73)^:

DJ
6.04

CVD 0 (DAO t;i/m#m,=My^=128.74/ll=11.7mol/s/e,

CVD A=1373K j: 0 , —0 ^[J/s/a']^

=5.53xlOU/s/-o (4-74)^:

= 0.05^^ = 2.77xl0y/s/o (4-75)^:
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CVD SJSSBftAISEWSEAtoSJtS/lr^TyTAlOSOK. AA>0. AA, I*] 
Ejocm'ISfBtfCDBfiaSW^E-n^'tl kA=lS, *,=9.50X10- 

$ 726K A 0S3-4 A'OiUbA OStti) AA>5Ab. (4-17)^=fc 0 JATA'tfbtlAc

= ________ A7g_________
(.A kAADJm )+ {tD , )

2.77 xlO4
1050

0.005
In 1 +

8AA
6.04

18 6.021, 9.50x10"-&0,Z,o

(4-76)5$

CAi2/,D=25m SritALT rD, (Cb)UT®< A, rD,=0.793 = 0.8m &#%.

cvd SBtoSAifietiSSA® 5 fgoiAAA-MAlffffiL A„

(4-75)5$A0, gf-f?*fcl3 0#}i^ 9d=2.77X l04J/s/irT'$>-E)A b, SB® 
» VD=11 joAtXlprBljSEHeRfl 0/7=7992 A0, CVD A)#*

£0[kWh/#]tt

Ed =5-qD, OH -Nd = 1.22xl07kWh/A (4-77)®:

A$t-5>o

(4)$fE#xA!D —b —

—□ ® A 0 ©XKMxiS □ — b *S( A:/#] ti
2^°,— = 334 (4-78) A

‘A., + 1A.,
A A-5 =

jy.±®IS$$:0 4-5 TALK'S 4-8 CAST.

4.5CVD sjssam

rah-j'nf,
>7Ar<555„ SBcfS:f2 1 pi A, 7p,=0.7 6A6.

(1) S fj A 43 AlA¥ fW) M A 9: It
(4-63)5$;, (4-46) 5$&A A(4-12)5$ A 0 , SxJtgs®®4* A A

1)51*1 ©WHlitAti, AAlfAl F„,„=195J/kg, /'£o„=825J/kg, Af=3.48X 104J/kg A 

#©E#@BA'A±A6#m*A® /$,.„„ A f£„, ©« AEliAtfJljAifilA, 
CVD (AO Ab7°A#b^#©&6±###AF£,[J/kg]ti,

#-168
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(4-79)i$

tfc&o * J; ZSifcWlMAU /9'x ® >v;=1.38kg/s TS
SAb-Lgltit) P„[kW]t±

Ppi =-LiL£L = 7.25xl04J/s = 72.5kW (4-80)i$
Vn

t f#b4l3, SZt, fM] 0/7=7992 =k 0 ^111*^* It P„[kWh/^]ti
£r] =P„ -O// =5.79x10’kWh/^ (4-81)it

XE[16](2cktl(i. I17if©47>7”f£ffl-t5»J$/Pp[W]<tail WL[kg] (##) fCti,
1PP = 0.027P;’5'*’ (4-82)5$

©SBfS/L'&S, * 7° □ -fe X Tffl © -$> # >7l${^»b?aS^i6i?ST$-56d, t55 
7 XMA<L (2 =k<h#xbtl&Ztfrb* CVD titin#>7‘ 
©a# WWkg# (4-82)5$ Tf#b#a-£>*#© 2 BXfffffiLfc,

IPp = 0.054P;15W (4-82’)i$
tt5. XcDitCJiTJR©/: Pp, Srf'iAt'SXtlcAD, CVD tijn#>7°©a* 
IPp,=42.6kg b 4l <5 o

4.6 36!iiettin7K>y

a X jt Is 1*1 t # ?S h - X 1*1 ‘S T" 4 L £ E * a A £ tt 7 tz tb © 47 > 7°'X $> .
SHcJSt Nr2 X nP2=3 fJi L, ctifc#

's-fm&wm* pp,=o.71 u/c=

Fn = Ff + 2(fh.„i„ + Fe.mu )=3.68xl04J/kg

ay&mw>
(4-40)S*5 A tX(4-58)i$ A <0 , —

Ff.„ = 1.13Xl03J/kg t £„„=346J/kg Xr$>5o CVD tti □ 47 >7°£ |W] L =k 7 (^©gEt4 

SAXtL5»miA£ Frj„t fh,„ ©fntlslSfcttJL&tJtf-Sch. StSjStBa 

47 > 7(24; -o TS 7^7# Pp2[J/kg]ti.

Fn = 2(p£.,„ + £„.„, )= 2.95 xlO’j/kg (4-83)5$

wJNP7[g/s]'V <&> b > ^ 7FP2[kW/'p]^
= w'-F.£1_. = l.99xl0’j/s = 1.99kW (4-84)5$

■^P277 P2
0^=7992
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EF2 -Pn-OH-Nn = 4.77x10“ kWh# (4-85#

CVD ttin7)x>7^|B]ScO#x(CfeIh'd'S'(4-82’)it;S:fflt^-£> i:, hltfjltti □ A > 

7 -isfrfz 0 toil ic,,:=5.0kg/n#f# 6 ii #

4.7 S«^Sffl*9UFfc'«fctX Si

CVD KfbSBl*# Si &##$#XcA0 7/l/S EXE$(. SS. (298K) A'bK 
1373K SlriD^f 5. 8B®{±t$j3d:U#IH;i CVD KtSSB 

tlUCtL. *«©SD#ftic^S/j:^PB1®*'Sg*&jRAfc.
5X10'’mWT$,0, $E®»Stt 0.002m T&-5. L 

AA#T. 701/SAotbm (=4) =t d-^PaicMSStiSSEoa* r,[t#]ii
Ik = (5xl06 -0.002)-4 = 4xl0“t# (4-86#

T&6. XE It htz 9 0#Si2^S/j:SA Sr 1.7Xio’kWh XEE#m
SS-EO |g fp PS ##### ££f7[kWh#] ii.

E£n = 1.7x10’ - Ik, = 6.8x10’kWh# (4-87#

i:A$#

(2) Si ilBiffSnSMIlflVtF
cvd E)$sei*i'e@ssiifc si #mo*ag,aK&i^±$#5/:Ai: 1573K 

(=1300°C) 8B®ltfrB®tto=bU#$tt cvd gfi<bB C if

3AC #fi/U$Ai 200K chXEEBO 1/5 TSSC^A^bSBftH 5m *
ESilfflD —victi SiC *%ti 334/5#70 *£A=s#. SAc, XE it

35 E 0 om&Et&Efce* fc8ETB®±S£® 1/5 7/355 3.4X 102kWh tLfZo 
t#A#T, Cotia iC^EAcIt^PiaiSKS** £££2[kWh#]ti £££, ® 1/5 6E

6. EAfEA.

£££, = ^#- = 1.36xl07kWh# (4-88#

5. gusHsa si *»«ab:E 5; a. -;u$iisx8iD 5 >r 7 im *

flflSnTSiij U/tSBIxt+i:. poly-Si iclirfltf&t yi-Jl/ffl 7S' 7+t# 7 
ExJl/0-feJl/Hie*i^'Eva-/l/ffluI@$rfflAT. SSSSit Si AUtSBSiiS 

7‘otX©fiAX74^-l, CO,#tii**J:tXEA3X h4r»(tiL;#
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5.1Sira*#

5-1 (i,

tt$4(0 y -f y 'ty'f >7 AA— t fi$ 3-4 

(2)SB(2X©T
S-6Eco^$'a'Etilfj®Tr"T:l2At<6dTV^-57)s\ ^EtoiSSSr^xTSlgC: 

(l(«lo'7)^©f #&##L7c. $7c. ^SEti^MUJS: 0.001m Jf CDXx> UT.'C’ffiS 
f 6. Sbl:, $3-4 SfflUTSttiSii.SSEtoixAxAil/^—, co2 WttUitcSJ 
siag**a=2$iffli, sa=ix HctijiasE*s=3 Simla, t£&, m
rBie;±Bffl¥S(& 10 ¥ (xxXA-loAU-'CO-,) . ®#*$S 15% (*tffi«£P: 
5%. SfilS : 3%, A# : 3%. fKAA©# : 3%) t LXWttiLfto

(3)###©#©it#)C©©T
KiSKSlAAiilKSiT.Sfl;*©—AxtAl/41—il'xtoitSS co2 #ttiH©@Hl 

ixuttt. 8 l-i, 1-2 ©ASiSS 1GW ©A'-tffA—Xtffll'fciyfSMA 
— Ax A/t/f — ####S 9.23MJ/kWh (Ei%$=0.37) tL, C02 SttiEStiS 

lOOg-C/kWh iLfc. $7c, #©##%# 2 $A"#3 $M©b#T©6 12 M/kWh

t L A,

5.2 ^IB C029to*fcJ:tX#HSA3A KDSffi

5.2.1 e^fsSyin
luffi© 8 BIS !+©*§$«$ 5-2 ©Ax ASSSflS, 6-8e©-£&A L ©S 

i:(iAT©A-5(2l+@$1l5o

(1) MSbS
ftHSKMSiC) : (0.8052 - 0.82)-;r -2.5 • 2.3 = 145kg/"n

KE#§D7) : (o.8152 -0.8052 * )-m ■ 2.54-0.1 = 12.7kg/n
Tl-Sgl7/# (SUS) : (0.8I62 -0.8152 )-;r • 2.5'8 = 102kg/a 

JSSKAEK (SiC) : 0.82-?r-0.005• 2.3 = 23.1kg/o

(2) Exit§5
|*]t= (SiC) : (O.OI l2 - 0.012 )• jr • 5 -800- 2.3 = 607kg/ti
71-# (SiC) : (o.4552 - 0.452 )■ ;r ■ 5 ■ 2.3 = 163kg/tl
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: (0.4682 -0.4552)'7r-5-0.1 = 18.8kg/a 
Af-HgB# (SUS) : (o.4692 - 0.4682 )■ JI ■ 5 • 8 = 118kg/□

(3) #Sh-?
1*1# (SiC) : (o.Ol l2 - 0.012 )• • 0.9 • 800 • 2.3 = 109kg/n 
A# (SiC) : (0.4552 -0.452)'^-0-2.3 = 29kg/6 

8rEfl"nB# : (o.465: - 0.4552 )-jr ■ 0.9 ■ 0.1 = 2.6kg/a 
AI-gSR# (SUS) : (o.4662 -0.4652)-tt• 0.9• 8 = 21.lkg/n

(4) CVD SB
1*1 IE SR# (7)1/5#) : (2.01 x 1.01 -2xl)-25• 4 = 3.01 x 10'kg/n 

: (3.61x2.61 -2.01x1.01)-25-0.1 = 1.85xl04kg/n 
DIESIS# (SUS) : (3.612 x 2.612 - 3.61 x 2.6l)- 25 ■ 8 = 2.49 x 102 kg/n 

□ -7— (7)1/5#) : 0.0252-jr-2-334-4 = 5.25xl03kg/n

(5) #77°
S 5-2 #### 7 (5, #>7° 1 (CVD tidD#>7°) ##57'# >7° 2 (Sit ft Bit) 

□ # > 7°) 42.6kg/o'. 5.0kg/-n#S5o ttftt SUS Tiff® L

fZo

(6)

XKTBfflSSEfiproSeftm CVD SB# l^tSTfe 5o

(7) SioEfflSxLiP
SdaEfflSSltPtt cvd SB® 1/5 ®fid#S5#6l*lgp|5#. EBMS#-# 

n-Sfc 0 SSt##®# 7 (C&-5o 
F*HEg|5» (7)1/5#) : 3.01xl0'V5 = 602kg/a 
EB#pR# : 1.85xl04/5 = 3.7xl0'kg/n 
#■11 SR 7) (SUS) : 2.49 xl02/5 = 498kg/a

□—7 —®ti"M(4 SiC #—□'£># 0 70*T%-$>#b, #®*iiti 
D —7— (SiC) : 0.0252 • ^ • 2 • 70 ■ 2.3 = 633kg/n

y.#®i+s#s^#e., ^Eieisii—o®a®. sax###-, co.

5.2.2 SSfl/iE
*7°D#7TSaL//5@ieES®iSEtCfflV^6n5X#)l/#-G-f/7r«*T 

$> 0 * 5-2 1/ S L T ti 5 , r®$Sl:^a#®-Ax#)l/#-!t@^8(
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(=9.37MJ/kWh) , CO, SEttiEAft (=100g-C/kWh) (=12 R/kWh)
A'biFPBmi79^-i, amco2#m*43x h&maia.

5.2.3 lf8ftt-ftxA
*7°n ft X ft ESS A A AS # S XlA titm AM Si 
P mtT%rc.®tz mg LAA A

t®5Cti'b#lL&AAfc. A A, 7°DftXft|&##A6 Si/H/Cl EA'Xti: 
i*ilftftftftx> l%@g®#Aft#AbftSA7 AftSrit^t'rft A$b® x X Hi 
AXA-AKiSxX h® 1/1000 @®AAA (At A b, CtlfcflL&A'Tt,

(1) AM Si

tiKEA/A D AM Si ®AMS#ilti: Uxioftg/AT&ftftb, S 3-4 ftAL 
A7 7 7A7 X/l/A-ftftAL, AM Si ®«fi:i ft Ax AM&AiA/l/ft- 
S> AMco.Sttiliftfty'APal&Axx hAHttJLAo

(2) 7/1/3 ASS
7/1/3 ASStoMStt 0.002m AL, 100 @®$S U+H X Aft'AftE ATft. 5

xm'W/¥®AW%lSSI*AffiSfASSS*tt,

5 x 10"-0.002-4=4 xiOXg/ft
AAft. 7/1/3 A® 77 AtH X/l/ft-X=k L, A®m#ft*M)AftSA%A/l/ 
A—*, CO:#ttiiift=kUftxAxX H5, fttlAftl 1.20X io"’MJ, 2.97X10AC,
8Xio10 RT&ftftb, SE®U+H X/l/@$c£ 100 @ AftftilA®AMlxAi 
A/kA-*, AM co2#tti*AAUi'AfSS:A3X Hi

APtfl&AiAAft-S : 1-xl°- = 1.2x108MJ/A
100

APbI aftflPitiit : 2,9--xl.°— = 2.97 x 103t-C/A
100

APalfxAxx h : = 8x10s R/A
100

5.2.4 Aft#
*7nftXAft®#/#AmA LT, 10 A®ASfl. (ElitAxft) A 10 7,®# 

flWASSLAo -A$>A0®APB1Aft$$: 800 7/R A Aft A, AM®l£Aft# 
!i( 10 x 4+10) x (8 x io")=4 x io“ R/A A A A. o

5.2.5 ft/HSislS-ftcty-tya-/HliXS

37
ft-173



A XEBXbE A "6 XAl /l/AElZ/XflE tCXX v© lA, poly-Si AI^BIS'/tiL'E: X x J[/ 

© Case3-1GW TfflMMST'H btlAA^XX AA-fiAl;, CO, #m#Ack
y^mxAxx h&A©mm#mLA.

5.2.6 ©A XAA X/i/A)A/T©$ A©

JX±£AA(c, SE-efScAEj-ffl^S,
©TtoAfiflfSAxAXl-A-i;, ^FB1C028mifi*<fctmB1ftA3X hSIILfc
$g$S:$5-4, $5-5 4oAtX@ 5-1 (CtrA.

e. mm
6.1 iSKSi 0 i ASlffitOSAi*^*-. C02Sto*j3<k^SA3 7. h

0 6-1 tt, SSIaiB Si XxA lm: $>A *0 ©ixAXXll/A —, CO, SbtijIto.AA 
SA2X h£, 8§ 4 $© poly-Si AHrSStCMt"5> Case3-1GW © poly-Si XxA© 
^f/flSSAfcbSLT/SLfcfcAASS, Si X lACSAl^M-, CO,
#%#, tx A X X h ttAtlAXl. 227MJ/m2, 3.39X 103g-C/rn2, 715 R/m2 AAx A, 

XtlA poly-Si XxAAJ±©A>A. txAXX'AX—tA 26%. CO,i#ttiiltt 23%, tx 
Ax X htt 11%A, ©TXiAA'I'BAfaMSrxXA.

0 6-2 joAO^S 6-1 ti-Sli Si XxA lm2Sfcb©fiAXtXI/f-i, CO, WtH 

WitfSAnx HcfiX-SMxASPlIAtMSxLAA©"/:*?-, ISASEiSX 
itiSAxx H:AA& cvoEE, mfflSflvK SfiDEffieSiPtotfc^A'AS- < , 

©©fttitogBlAASux AA'XAo A, #§:#EBAXx/\&{*l:R©6#IAA, 
tSAxXXX —A CO, 4~6%@ftT£>x AA, fxA© X MXAAJ 25%

/rA©A„
®i:, ase*B#ttSAxA©i/A-A- co,#*axa&Ae6*m&a©,

XA, KAxX hXA±#©$A 1/3 &6AA. mAffi»»A'llfcAA©lSttS 
*x#A& 0 , ti.iflgllABR© 67%£A©A„

##RAH, IxAxt'/l/^—SlCd3©AfiJo l3%S)SA/hA ©A\ CO, 
#ARAXX bttti#:© 30%##&6AA. i&tcStot 100 @©UAX XAS 

@$ L A A A A A A b A, Ax/\A#©#xAxX h©$X 1/5 £ti©AX AAb, 
SS'JAA XAttAXJAT'&O. SA. AOf&XX hAg###©m#A'5#A 

Jo5i#Cbft5.
A4o, AffttiAx/xSAXA h© ll%TSxA,

6.2 *mea si ^wityi-ii'CSAi^^-. co2#mmt&A3A h
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# 6-2 A, $ 5-5 (XtkL ASEISiB Si ±I%#*AA^ —A 1W StOOSAx 

XL A-, CO,#AmXlAAXxA3X h A, poly-Si *|S§Sto© Case3-1GW ©ifiX 

A A i X,ft L ft L> © "X A> A „ iWJM Si Aii&qE'/At A 3/ — li/©hxAxXL-4"—, CO- 
AH ft ft ALL A XI X HX4.95MJAV, 74.2g-C/W, 82.9H/W t/iofc, poly-Si All 
Sffi.TftftxA®lifift-X©t3:AxAXft — t CO- #K#AAft© 55%ilAS£ftft 
TUftA, SEIara Si 25%ftTiC<6Mt"S X ftAASftlft, —A.

poly-Si AliieBtofxAHX He Aftft-XxAEignx he 30SB 
IqIh Si A [iiSS A A X - A A ti 5%(X A AffijS L fc. SESSII Si Al###t Xft 

— Lfte, tya. — iHi.Al@© x X h A Aft© 7 Syjy, A §: fti ist> ft ft 0 , A® A 
AfttlliStiXXftftftXftASg 2 $ft©AX,frAb:bAbft©ft> = Lfd^T, A 0 
—H©x X hESictit Xx-AtSinti'S-tolBMA UftX X^«St3&ft>„ 

@6-3 A, XS©U AA Xll/@ES$AdAAcA8'©'$S$Sii, Si ftftx-L/ iw 
Aft 0 ©fLAxAL/ft—, CO, #hb#ftft ABAx X h©^ft^ALftft©ft&

5. X©l3ftbftftftftotX 8mfi$©$tSU+hX X ll/ftAftArL-A Aftl:: 
ftftftSKtoWftft'ASX, AXx-A iw P>fz 0 ©fSAXAAA—A CO, Stij 

1, fSAxX hAASCA-oftLAXA, UAXXABEA 20 @@SAiffiAAii 
$®©lFft-ftAd < U 0 , fxAxtOt-X-, CO, #E£ti1|ftftUftxAxi X h©(6S 
ASSttftft X tXAA'ot,

6.3 »«eS Si AP**ii!lA Aa-A/Affl©/t rffiSigiEfc V/B1&UJ ti^fflAX
xAffl ept. co2HtolS*fil<!:S*ax h

$ 6-3 A, riSS9i)it$) O/SIlifie L j ©fA^^AI#X6%#AXAA (tya- 
L#E : 3.5kW) tc, XXXAfiLAcSESeB Si AlUBSrffl©ftii□©XX 7 

AX X ll/A#r ©$§$$: ALA ft © ft & &,
SBSbb Si AliiSS Affl l Ac A X A A © EFT, C02PT, CPT A 0.73 A, 0.66 

A, 9.7 ft ft ft® , poty-si AI##*AA©AAXAAAA^AAAAA 30%, 31% 

A A A 16% © iS 'P ftftbft,
ifJiloll Si AllS/iilAffllAc±IA©%1x X he 16.8 FI/kWh tSofdh ft 

AA LTA©^AA&AAA.-A3X h A Aft A© A. ILAAT, AXf A®

«iS14©lft±SI21ftSL5ftbft, AAi-AfflftI9S©xx h#MAA'#ft&&.

6.4i0GW/^t?©ffiAx^;u^-. C029Etti*j3<J:lXgz&14

X XT A, iGW/AhS^©A$SSSrSAL/tx°n AXlSI+AA©liFiWS:fT'3T 
5ft„ x©AShSt!AS Lie iogw/AALXctl^-tce, iltt®AEglxflXcAft 

IxtiSiStoX A —A7 v AxiASUftti X XAx: S ATS A A, LAL, S 5-4 
A b A AX'S A X IX, l2ffftA#&#Ja&d5»ftA5©A CVD ASSEAASA

39
#-175



'1SUFA&0. XAbXIHLXti;, ¥M 1GW Atog,Sy,±©ASA7vX-Xy y 
7XiM#Ae%A.

fCT, RTtOlflECOtxhlC, 10GW AtoSESSiii Si XxAtoKAXAA 

A-#, co2Wffi«AAy.'SA3X KAjt^LAo

1) SEES Si ^i/\8$7"DtXl:ol'm EliSii&XA©iiExXXX 
-tAXX —A7 b7°7 T X 7 0.9 AilfflfA,

2) SEES Si 7x/\SiS7"D-trXtoSSli lGW/AXIsjlX Ar£4 (10 XAfX 

lit 10 A«@a#) -etfi,
3) 9iA Im: 6/2 0 toMFfxABH lGW/^t|B]D tt5,
4) AXSiaXS&ALXEXx —AEAlgiCAXAtt, Case3 

SL AAS 10GW (Case3-10GW) AA^tfrE^Silffl A5.

g 6-4 ti, ASEIuEICfctlA'AT, AH 10GW AtoSEES Si Ax A lrrrSA 
0©gAx^J^-l, C02#titi**Ay."j§A3X hSrliSLfclSmAjD^o g5-4 

Xti;6(t'-5<t:,l0{5cDAS*aS©l£AtcAb AAnbOXA XiM X AjtSA 20% 

<S8fS#Htt5XXA'A#gX&5 7X A'AAotH
7A. g 6-5 iiAt##*AXx —AX LA#^©A% 7AX X Afg#®#,A,E 

$A$>-$> = g 5-5 (CALAAXiC, SEES Si X x A-S: Al UA APljlIztllX XXl — 
I1TI1 lGW/AAHESSA&AX'x-AS^COfSAxXAA-A CO, ###, 
EA®X H:AA6Xx/x®tb#A/J\$ A. LtzifioA, SEES Si XxA^E 

SStoifiAtcAX-AXx —XH{*zx©3):4-t:iAS < . 2~4%l?jSX>{Ji;jiAX#b A

7. EK

AliBTtfglXXAAAS 6ti5WS.t£A&nJ|gX75SE$5S Si A I# 
SmtoBiiSAiAXLT, EFAH X8K© U AA XA£#SL ASABJESSICA 5 

AiSSSiaXa-feXSAS^X, A©7‘n-tXEItlcX X-X'AAXX AIM X AE* 
AfiH A„

*$A#bAA%mamT«mxA&6.

(1) SESi Xx/xroEAXA'AA—-C02Sttilt&AUXxAXIX Hi 226MJ/nr,3.36 
X lO’g-C/m2, 689 R/m2 X A 0 . poly-Si *|i6*S® Case3-1GW ®XX/r X — X, (ii
S©StR -^|6]1@?S) A© poly-Si XxAtdtAAAnATt 26%, 23%, 11%

XAtS&EMTAirrtgA&S CA&^6A(:XA.

(2) Si X x;xAttESilG A B AtiW AS &S'I£ £ 6 © A, EfigE

Xf —176
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"e:±$Si^to/c<6®-a*t8#»s±S-<, xx, f5Xti-FTHXE®6®5iiJ 
XX a u;i b x t ts. x ic„

(3) SIS Si XlifUWE yX-iKOgAi^J^-, CO, #Hj#AXtXfxX3 X Hi 

4.95MJ/W, 74.2g-C/W, 82.9 R/W tt£-?tz, TH-fMC 5 7 x
/N 3 X b X 5%iC £TfSS-TX 7 6CchXBflbXicL/X

(4) iilI$£JS Si r iSSI ?S $> 0 /SI /fi it L j yXrA© EPT.

C02PT, CPT tt 0.73 ¥, 0.66^, 9,7¥t!5;-3ft. Sic, ifflgSSU Si XUS®, 
XffltHctlS'toESTi x Hi 16.8 R/kWh iis-oXAC LTEXiiXE

Tl '52t iHs$ n/n

Xf$itoSE7°DizxSrilffl{CLT®<ic*tcti,

(1)
*S"HiiWS$SBBB Si 20%<hS£Uic*C 7n£S89l1~5

xAicti si

(2) KflitofaSihciStS®'J+H 7fbXE®##a9##i
+fX'07i 7ii XfbXtfrXb, *81 Si Xx/xtofSXTiX H2664i5SiJd® 

SUgSHSEnX b ®f #®/2®®###XX&6C6A^6XI:isoi:.

*E5EXii. Si M
®®$ijB£S;S L T 7lb 5 XSrilK LXc AC
of:, X}t$ffiisSS$iJglXfitoM<*miiH^STS-5>, Xic, *»T© Si 8

m®#mii*%##®)#R®W&*A6 7^X6, X E iiE X #;ft is £ t> b X X

bii:X%XgXX5.

<4) mf4X'x®*aB%xiKX6%#M##i 

*$xei+ • Ftou/csasiSiB si xm#*®xfa##E7°otxxti, :mm
XXXCVD ElX#@m®B#XX$mXE#*mi:&6£@ELXi£ XEii* 
^®Eig#l:Ali6M#X'X®*aR%&##(:X3 79!6/)4:76'E#^66.
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(5) TMmTmwxtomm

TXn-feXTSiiST3iWI! Si 7xa£ p syXTSTti, cvd BUSgslc b2h6

ffflF-/'i>h£eAt§'M«5*s', Si/H/Cl %»XO»S»<Ctfc^T-e©iS 

SS^aiTSSoii'b, *»£©fMG’m#*K: lit. Wfc. Si 5.
TtoT##6LTAM Si to TIE#) ® ?1 AX'S A b n 3 „ TSHLTLtoTM#) 
XT XDizXiC^'toXb & S g Sr & ST X t£ 14 X $> 3 X TfMt LTV' < &SX& 
3.

(6) tya — ll/toflt js&Slii L A®}q 7 CHlX ©fiLt
TT#r*Smx6 Si Tx/vEBTTtonx MSMXiiAXXIirlXT tyatoV

to#B##XTX ZL - TA# AA# fc&W £ & ST C £ X'BJi b X A * x A„ L A 
i)3t, XHXfSmLXT-T t LT©g^14toiBi±iL«, TxAEBT.fi AST 

X<#mX^@*to#m;TmXX6V'TTHX{l:^#rTTTx-T#mT#mf4 
#toUXt77l/T##T3 A AXmgT&3.

TA, 7<7TT7 TADf AM 31 L ATfItolSIS 3 L T ttJXTXSXf bil3„

(1) TBSSS/x"7 / —X (L L ATT XTS XXBfJr

T/tfifiT igw/TTAT iogw/TtSTL A 7° □ iz X15 If A t> <h 
T< 7f 7TT XTTtlf Tf4x7c„ T#SXIi#X%@:7XTAtoXa##&to# 

mStoBTXL, A <3 X##TtoTg##$rSTLA@'&to7t' 7Xt XTff 
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L K
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H'.S)

cP J/(mol * K)
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n U Pa • s

*/ W/(m-K)
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Qf J/s
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Of. J/s

hj m
AT K

Af.:m nr

A E.i.lm m2

af m:
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rFJ m

rF.2 m
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Wr-P kg

4 J/kg
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m
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m 1-1 poly-Si t
Casel Case2 Case3

- 0.15 0.17 0.2
t;i/ (^7%/\) m # 0.1 0.15 0.2
t v 3-—ji/fe m 0.445 0645 064
't S/^L'—yi/^ m 0985 1 28 1.27

i %&/c o cells/module 36 32 18
- 096 0.96 096
- 0.118 0.142 0.170

soo-si
- 0.99 0.99 0.99

sio2aic^@* o - 0.85 0.90 090
si msim&zij - 0.95 0.95 0.95

^raittSB - 0.80 0.80 0.85
- 0.8 0.85 0.9

< >#y h#ia%
#@$9 - 08 0.85 0.9

< >3 y m # 0.206 0.306 0.806
mm/A 2 3 4

C7o:/\#l#r3:@
0.93 0.95 0.97

um 280 250 200
C7 3L/W um 250 200 200
1 Ay if 0 >3*y h# A/batch 2 3 3

m/min. 300 400 500

#$@$D - 094 0.95 0.96
h/y 5040 8760 8760

- 1 1.5 2

m 0.0032 0.002 0002
kg/m 028 0.19 0.19
kg/m 0.28 0.29 029

-49
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1-2 (7) a-Si

mm#### Casel Case2 Case3
0.08 0.13 0.16

tw g Single Tandem Tandem

t;i/ (&# A# m / m 0.3/0.4 0.4/1.2 0.4/1.2
-t;L-ssx@yiS$o 0.9 0.9 0.95
&%ZfAAU mm 2.0 - -

mmMmm A 6000 5000 4500

a-Si IHU A 4500 3000 3000

a-si ittsuas A/s 2.5 15.0 20.0
*M«#@ A 5000 4000 3000

"E Uxl—71/ m 1.26 1 24 1.24
-EUrv—Jl/JI m 0.43 0.43 0.43

cells/module 4 1 1
Amam# - 1.0 1.0 1.0

t ^ ^ - 7.09% 11.7% 14.4%
■EtUxl — 71/#m ss%' DSS%" DSS&2
RS#5X» mm 3.2 2.0 2.0
ifrii $) zt o y ja i^ss g/m 280 190 190

g/m 280 290 290

&) 1 : A—/\ —A E lx— 2 : AA 1/A E A"A"A h lz— b^in

Af—186 50



& 1-3 7 H

3X h

# # %7
—

t/.
5# -5^ St

m
kWh Meal Meal Meal 7H 3X H

t 500 5,000 5,000 -
[15]

(7 7M—X^) t 600 6,000 6,000 -

X#7 7X@^ t ] ,000 10,000 10,000 - [15]

m t
1,700 5,900 1,000 6,900

-
[15]

(E###) t 1,000 (& 1)

7)^^x7A t
17,500 11,000 | 11,000

590
[15]

(&D

(t7^-;i/^) t 630 (& 2)

77 7 E t 130 460 440 900 - [15]

3 7 X U — h t 20 104 61 165 - [15]

_ %77X t
230 3,200 3,200

748
[15]

[16]
E#7xx t 250 (& 3)

H,7X t 50,000 0 1,512 (& 4) (& 5)

SiH,7X t 215,000 0 50,000 [17]

Q,7X t 420 0 16.8 [18]

N;7X t 670 0 16.8 [18]

Na2C03 t 900 0 45 (& 6) (& 6)

## t 1,000 i 1,000 20 (& 7) (& 7)

t - - - - 20 [1]

77777x7xx t 11,000 I 11,000 650 [1]

7X-& t 18,700 I 18,700 400 [1]

Cl.XfX t 1,360 0 66 [1]
NaOH t 1,200 0 250 Qj

KOH t 1,200 0 250 (& 8) (& 8)

t 600 600 -

Ar 7X t 75 | 75 400 [1]

sic a# t 15,000 15,000 900 [1]

H7/m t 9,000 9,000 2,000 [1]

7 VXa7)^7)l/3-)l/ t 7,200 7,200 250 [1]

#@zK t - - - - 1 [1]

POC1, t 1,500 8,300 8,300 28,000 LU

6^#
t 230 3,200 I 3,200 -

(& 9)m - - - - 300 [i]

s%7;i/X
t 230 3,200 | 3,200 -

(& 7m - - - - 50 [i]

Ti(OCH(CHJ,), 10 10 6,281 [i]

X X U - 7
t 17,500 11,000 ! 11,000 -

(& 10)m - - - - 20 [i]

^\—X h (Ag-Al, Ag) t 17,500 11,000 I 11,000 80,000
(& 10)

Xe 7 77 m - - - - 60 [i]

7—X m - - - - 5X10-3 [i]

7X0 7^A t 30,000 30,000 28,450 [i]

EVA t 15,300 15,300 1,000 [i].....
PVF t 29,000 29,000 -

#i@7—;i/ t - - - - 9,000 [i]

77jl/7A t 27,000 27,000 1,000 [i]

t 2,800 18,000 18,000 - [15]

t 3,000 20,000 20,000 - [15]

i) 1 : #### 2 : 7J7S tt x 7 X) Sithi 3:70-- S%#7XX)^#W&

4:7K(D#^^#C#T6%%;1/^— 5: r^EXfXj?^c476^Xi^E7X^M/tW#E#^

St=kD#)S 6:NaOH7bX)#% 7:#^T## 8:NaOHTW#
9:77X7## 10:7)I/^Z:7A7##

— 51 #-187



1-4

(lt-^m Si&/:0)
t 2.4

kg 550

•fxA^Fi kg 600

o v M y v y kg 300

g%3-^7A kg 200

(zKA) MWh 15
COz t-C 2 08

{'t-188
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## mm a. a. a4 ai Off o-

CL mfi 2.92E+00 -3.60E-04 1.29E-07 -2.16E-11 1.38E-15 1.37E+04 3.26E+00

mm 2.38E+00 8.89E-04 4.07E-07 -2.17E-09 1.16E-12 1.38E+04 6.02E+00

CL2 Am 4.27E+00 3.72E-04 -1.89E-07 5.34E-11 -5.06E-15 -1.33E+03 2.26E+00

mm 3.44E+00 2.87E-03 -2.39E-06 2.89E-10 2.92E-13 -1.13E+03 6.47E+00

H Am 2.50E+00 O.OOE+OO O.OOE+OO 0.00E+00 0.00E+00 2.55E+04 -4.60E-01

mm 2.50E+00 O.OOE+OO 0.00E+00 0.00E+00 O.OOE+OO 2.55E+04 -4.60E-01

H2 Al/m. 2.99E+00 7.00E-04 -5.63E-08 -9.23 E-12 1.58E-15 -8.35E+02 -1.36E+00

mm 3.30E+00 8.25E-04 -8.14E-07 -9.48E-11 4.13E-13 -1.01E+03 -3.29E+00

HCL r^im 2.76E+00 1.47E-03 -4.97E-07 8.11E-11 -5.07E-15 -1.19E+04 6.52E+00

mm 3.34E+00 1.27E-03 -3.67E-06 4.70E-09 -1.84E-12 -1.21E+04 3.19E+00

HSICL Am 4.90E+00 1.98E-03 -3.63 E-07 -2.29E-10 7.63E-14 6.91E+03 1.38E+00

mm 3.07E+00 9.06E-03 -1.16E-05 8.31E-09 -2.48E-12 7.32E+03 1.03E+01

SI mfi 2.78E+00 -6.21E-04 4.84 E-07 -1.28E-10 1.13E-14 5.34E+04 4.54E+00

mm 3.11E+00 -2.33E-03 3.52E-06 -2.42E-09 6.39E-13 5.34E+04 3.01E+00

SI(S) Am 2.53E+00 8.52E-04 -3.22E-07 1.28E-10 -1.85E-14 -8.40E+02 -1.25E+01

mm 5.75E-01 1.03E-02 -1.78E-05 1.46E-08 -4.49E-12 -4.97E+02 -3.40E+00

SI2 Am 4.23E+00 4.32E-04 -2.96E-07 9.82E-11 -1.30E-14 6.96E+04 3.31E+00

mm 2.99E+00 6.05E-03 -1.02E-05 7.91E-09 -2.35E-12 6.99E+04 9.15E+00

SI2CL6 Am 2.10E+01 6.89E-04 -3.88E-07 1.01E-10 -9.85E-15 -1.24E+05 -6.43E+01

mm 1.37E+01 2.62E-02 -3.46E-05 2.02E-08 -4.37E-12 -1.22E+05 -2.83E+01

SI2H2 Am 5.78E+00 4.07E-03 -4.26E-07 -7.92E-10 2.38E-13 3.98E+04 -5.39E+00

mm 1.62E+00 1.49E-02 -8.71E-06 -1.70E-11 1.10E-12 4.10E+04 1.62E+01

SI2H3 Am 7.26E+00 5.12E-03 -7.63E-07 -6.66E-10 2.05E-13 5.06E+04 -1.03E+01

mm 3.34E+00 2.16E-02 -2.93E-05 2.29E-08 -7.27E-12 5.15E+04 8.66E+00

SI2H5 Am 8.45E+00 9.29E-03 -1.09E-06 -1.44E-09 4.25E-13 2.47E+04 -1.71E+01

mm 1.58E+00 3.55E-02 -4.27E-05 3.06E-08 -9.36E-12 2.63E+04 1.67E+01

SI2H6 Am 8.88E+00 1.15E-02 -1.22E-06 -1.91E-09 5.54E-13 5.97E+03 -2.27E+01

mm 5.30E-01 4.18E-02 -4.69E-05 3.18E-08 -9.48E-12 7.95E+03 1.88E+01

SI3 7.02E+00 6.98E-04 -4.82E-07 1.72E-10 -1.93E-14 7.43E+04 -8.18E+00

mm 5.31E+00 5.92E-03 -5.08E-06 5.30E-10 7.03 E-13 7.47E+04 4.04E-01

SI3H8 #m 1.34E+01 1.56E-02 -1.94E-06 -2.39E-09 7.12E-13 9.17E+03 -4.16E+01

mm 6.32E-01 6.41E-02 -7.77E-05 5.49E-08 -1.65E-11 1.21E+04 2.13E+01

SICL Am 4.26E+00 4.02E-04 -2.89E-07 1.01 E-10 -1.41E-14 1.78E+04 4.13E+00

mm 3.10E+00 5.74E-03 -9.74E-06 7.64E-09 -2.28E-12 1.80E+04 9.60E+00

SICL2 Am 6.49E+00 8.24E-04 -5.77E-07 1.97E-10 -2.71E-14 -2.23E+04 -3.57E+00

mm 3.83E+00 1.31E-02 -2.23E-05 1.76E-08 -5.27E-12 -2.18E+04 8.97E+00

SICL2H2 Am 7.73E+00 5.03E-03 -1.10E-06 -4.42E-10 1.63E-13 -4.03E+04 -1.17E+01

mm 1.10E+00 3.26E-02 -4.69E-05 3.49E-08 -1.04E-11 -3.89E+04 2.02E+01

SICL3 Am 9.10E+00 1.41E-03 -9.32E-07 2.98E-10 -3.82E-14 -4.14E+04 -1.46E+01

mm 4.49E+00 2.24E-02 -3.79E-05 2.97E-08 -8.86E-12 -4.06E+04 7.20E+00

SICL3H 9.66E+00 3.56E-03 -1.21E-06 -1.61E-11 5.64E-14 -6.30E+04 -1.89E+01

mm 2.88E+00 3.31E-02 -5.17E-05 3.95E-08 -1.17E-11 -6.16E+04 1.34E+01

SICL4 Am 1.17E+01 1.97E-03 -1.27E-06 3.90E-10 -4.76E-14 -8.35E+04 -2.79E+01

mm 5.25E+00 3.12E-02 -5.25E-05 4.10E-08 -1.22E-11 -8.23E+04 2.58E+00

SICLH3 i$m 5.96E+00 6.28E-03 -8.21E-07 -9.28E-10 2.80E-13 -1.85E+04 -6.40E+00

mm 5.06E-01 2.70E-02 -3.30E-05 2.30E-08 -6.78E-12 -1.73E+04 2.04E+01

SIH Aim! 3.11E+00 1.09E-03 2.90E-08 -2.75E-10 7.05E-14 4.52E+04 4.19E+00

mm 3.84E+00 -2.70E-03 6.85E-06 -5.42E-09 1.47E-12 4.51E+04 9.35E-01

SIH2 Am 4.14E+00 2.15E-03 -2.19E-07 -2.07E-10 4.74E-14 3.11E+04 2.93E-01

mm 3.48E+00 2.14E-03 7.67E-07 5.22E-10 -9.90E-13 3.15E+04 4.44E+00

SIH2CL Am 5.56E+00 4.05E-03 -6.58E-07 -5.03E-10 1.60E-13 1.91E+03 -1.91E+00

mm 1.70E+00 1.96E-02 -2.62E-05 1.94E-08 -5.85E-12 2.74E+03 1.68E+01

SIH3 Am 5.02E+00 3.73E-03 -3.61 E-07 -3.73E-10 8.47E-14 2.19E+04 -4.29E+00

mm 2.95E+00 6.47E-03 5.99 E-07 -2.22E-09 3.05E-13 2.27E+04 7.35E+00

SIH4 6.89E+00 4.03E-03 -4.18E-07 -2.29E-10 4.38E-14 1.11E+03 -1.75E+01

mm 2.48E+00 9.00E-03 2.19E-06 -2.68E-09 -6.62E-13 2.93E+03 7.75E+00

SIHCL2 7.23E+00 2.87E-03 -8.85E-07 -7.50E-11 5.75E-14 -1.97E+04 -7.05E+00

mm 2.37E+00 2.40E-02 -3.72E-05 2.85E-08 -8.53E-12 -1.88E+04 1.61E+01

:1000~5000K, ;3oo^!OOUK
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3-2 si/H/ci
#AP :2^#@#n/cvD Ao (BcvD am

mol Sc mol jd'W' mol Sc mol E# mol S( mol
Si/H/Cl H-, 75.24 ^ 0.9290 75.19 0.9400 72.83 0.885

^ A % HC1 2.01 i 0 0240 0.04 0.0005 5.75 0.070
SiCL 3 66 0 0460 2 63 0 0330 1.33 0.016
SiHCh 0.08 0.0010 2.07 0 0260 1.00 0 012
SiH.CE - : 0.04 0 0005 0.08 0.001
SiCl7 - ; - 1.33 0.016

ft 1.0000 1.0000 1.000

@f*si ^A 1.00 1 - -
- - 1.00

3-3 (l#&/cO)

cvd m
p/#3c# am/h- P/CVD P#3C#

@AP #%AP ^AP AP 2§AP
i CP # @ (g)

is* T, [K] 743 743 (AMl) 1373 1373

EA latm latm latm latm latm
h7 121.14 121.06 121.06 121.06 117.26
HC1 3.24 0.06 0.06 006 9.26

mol tilts [mol/s]
SiCL 5.89 4.23 4.23 4.23 2.14
SiHCl, 0.13 3.33 3.33 3.33 1.61
SiH7Cl7 - 006 0.06 0.06 0.13
SiCl7 - - - - 2.14

E: mol ffitlM, [mol/s] It 130.4 128.74 128.74 128.74 132.54

AK#m# w, [kg/s] 1 38 1.42 1.42 1.42 1.38

E,[m3/s] 7.95 784 (AtO) 14.5 14.9

^A^<?,jkg/m3l 0.167 0.174 (#»> 0.0979 0.0925

EEE#C,,JJ/(molK)] 33.74 34.44 34.44 34.44 31.51

3-4

[W/(m • K)]

#MnE#Sc
ttm Energy

[MJ/kg]
COz

[g-C/kg]
Cost

[R/kg]
Energy- •

co7
Cost

SiC 2.3 '2 P/
i 380 9.39 X103 5X103 2 3

0.1 A’=-319.14+144.74-
log(T[Kl)

150 3.71/IQ] 103 2 2

4 kA=\ 8 150 3.71 X103 103 2 2
8 - 516 1.13 X 103 2X 103 2 3

is Si 2.3 - 21.4 2 ns in1 2 X 102 - -

#-190
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*4-i mmmmm:
4.0m/s

0.45

StSSS 7f 743K(=470"C)
SiC

0.005m
5%

o v
323K (=50°C)

*4-2

tf x-yFFFR JSfiK K 743
Up m/s 4.0

^ F, v umm\HtLFniFmn^m - 0.45
tF m 0.005 (## : SiC)
dp m 1.6
SF Bill# m2 199

Vf m3 08

Hf m 2.5
hF m 0.4

%Y,P kg 842

{Fj m 0.01

ApF Pa 5.81X103

Ff iStfr lkg Mz D ®#iSS* J/kg 348X10"
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14-3
SiC

sic [/ 20W/(m-K)
0.02m
0.001m

eE 0.5
5%
SiC

nvm h.o,, 0.005m

n v
ISrSfHWSWfijX Ta 323 K (=50"C)

4-4 mzzmgoRm-K*

NE 3

t2 AtrAnim/i K 743

T3 K 1214

dE.in m 002

tE,m m
0.001 

OH® : SiC)
£e - 0.5

nE. in 800

NE,in A 2400
FE,in J/kg 1.13X103

fiWtoffAS* Pa 197

t5 K 1373

t6 K 873
d-E,out m 0.9

tE, out 51-«¥ m
0.005

(## : SiC)

Le m 5.0
I-Ea m 0 013
Fe. out J/kg 825

#-192 -56-



4-5

b—^ o'#: 3 #
b—o'&/c 0 ® A## 800
t-j'SST',, 1573 (=1300'C)

SiC
SiC (7)#^### (7 20W/(m^K)

0.02m

F4#J# 0.001m
0.5

»#**±P5 5%
SiC

ftV» t„o» 0.005m

!####% n
mmtftxmum. r„ 323K (=50°C)

4-6 b—^

Nh # 3
th K 1573

T3 K 1214

t4 rt'fftbPfi® K 1373

dH,in m 0.02
^H.in m#w m 0.001 (## : SiC)
8 H - 0.5

nH,sn $:/o' 800

NH,in $ 2400
Eh, in J/kg 346

E P}] in Pa 60.2

dfi, out m 0.9

tH.out ft’em m 0.005 : SiC)

Lh es m 0.9

tiu W*t#to@S m 0.01
Eh, out J/kg 195
APh.ouI ^«®)±*a^ Pa 60.2

Eh kWh 7.93X10*

57 #-193



&4-7CVD^^B
1^#^ ($g) ^ 2 m

(^) /# lm

1*1 (#) *D 25m

CVD &Bt*l^ 7}, 1373K

z; 323K
##7;i/5d-

rtsst 0.005m
5%

K$n-5-Bg4,r 0.05
ix m n — 57 ~ HH [?l dD, 0.1

*«£ 7 7 5 7

4-8 cvD
WD m CVD ^#@01*1#^ (#) 2
HD m CVDa^B#### (^) 1
ld m CVD^j^^g(7)|7g^^ (#) 25

^/"o ^SfcD®SS*SD-7» 334
UD m/yjx mmmm 1

hi m $M8MI]¥ 100
m2/h/# CVD 0 60

Nd "o' CVD ^^@(7)^^#: 11

h,i m 0.8
ed kWh/¥ cvD 1.22X102

#-194 58



ik 5-1 gB® 7-f 7^-1 <,####
##j# (## : 7-7777) 0 001m

— 2

nmmwi CO:#m# 2

37 h 3
10#

if=M9m 0.15
—####: 9.23MJ/kWh

## 12 H/kWh

5-2 &gg®f±#tgim#±i##*®

mm
m

#35
m%§

Ao#t:—
7

CVD #>7 1 #>72 ?#mm
&

mn#m

# 2(1) 4(1) 4(1) 14(3) 2(1) 4(1) 14(3) 14(3)

(m ^)
m 2.0 5.0 0.9 25 25 5

##
m 1.6 0.9 0.9 2X1 2X1 2X1

m 0.005 0.005 0.005 0.005 0.005 0.005

SiC SiC SiC y;i/^± 7)l/^7 7)l/^7
m# 1% m# □ — > —

## 800 800 334 334 70
m 0.02 0.02 0.05 0.05 0.05

#2 m 0.001 0.001

SiC SiC 7)1/$7 7)l/^7 SiC

1##$^
1#$ m 0.01 0.013 0.01 0.8 0.8 0.8

m 0.001 0.001 0.001 0.001 0.001 0.001

sus sus sus sus SUS SUS

g# kg# 42.6 5.0
SUS SUS

#^#7 kWh# 7.93X10* 1.22X10" 5.79X10* 4.77X10" 6.8X10" 1.36X10"

■a) (m»)

-59
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COng^A^A^Aoxh
m#

[kg/^] [GJ/6-]
COJfiKi

[t-C/if]
%AA A 1^
[io6H/A]

A# SiC 145 220 5.45 653
12.7 8 0 19 0 08

» sus 102 21 0.46 1 84
SiC 23.1 35 0 87 1.04

If 282.8 284 696 948

A# SiC 607 923 22.80 27.32
A# SiC 163 248 6 12 7.34

188 11 028 0.11

^E SUS 118 24 0.53 2.12

it 906 8 1,206 29.73 3689

A# SiC 109 166 409 4.91

ff# SiC 29 44 1.09 1.31
2 6 2 0.04 0.02

ffE SUS 21.1 4 0.10 0.38

If 161.7 216 5.32 6.61

CVDMSSS
AE y;i/^A 3010 1,806 44.67 18 06
U — -y yji'it 5.25 3 0.08 0.03

0f## 18500 1U00 274.54 111.00

^fE SUS 2490 514 11.25 44.82

If 24005 13,423 330.54 173.91

AE 7,&sf 3010 1,806 44.67 18.06
U — y y;i/^ A 5.25 3 0.08 0.03

18500 11,100 274.54 111.00

^■B SUS 2490 514 11.25 44.82

If 24005 13,423 330.54 173.91

Sin M*gp
AE y;i/^ A 602 361 893 3.61
n — 7 SiC 633 962 23.78 2849
mmtt 3700 2,220 54.91 22.20

SUS 498 103 2.25 896

If 5433 3,646 89.87 63.26
SUS 42.6 9 0.19 0.77

^>A2 SUS 5 1 0.02 009

#-196 -60-



3c 5-4 Mien Si i;S-a?t!iSa;g7:n-fex»7'f y+K 9)

(fWfiAl. »as Si 37 x A lm2 *3- D SAD
<m#Am Si

Ener^v CO, Cost Energy CO, Cost
[GJ/A] [t-c 4] [10* FtAn [MJ in2] [g-C in2] [H m2]

### 5.68E+01 1.39E+00 2.84E+00 1.14E-02 2.79E-01 | 5.69E-01

pn# 4.41 K- 01 1.09E+00 1.96E+00 8.82E-03 2.18E-01 | 3.92E-01
1.52E+00 3.77E-02 2.29E-02 3.05E-04 0.0% 7.54E-03 ! 0.0% 4.57E-03 0.1%

A# 4.21E+00 9.22E-02 5.51E-01 8.42E-04 1.84E-02 | 1.1013-01
7.02E+00 1.74E-01 3.12E-01 1.40E-03 3.47E-02 | 6.24E-02
4.82E+02 1.19E+01 2.21E+01 9.65E-02 2.38E+00 | 4.43E+00

3.69E+02 9.12E+00 1.64E+01 7.38E-02 1.82E+00 i 3.28E+00
ft# 9.91E+01 2.45EtOO 4.40E+00 1.98E-02 0.0% 4.9013-01 | 0.1% 8.80E-01 0.6%

4.51E+00 1.12E-01 6.77E-02 9.02E-04 2.23E-02 3 1.35E-02

ft# 9.74E+00 2.13E-01 1.27E+00 1.95E-03 4.27E-02 i 2.55E-01
#® t ~

*
8.63E+01 2.13E+00 3.96E+00 1.73E-02 4.25E-01 7.93E 01

m#

ft#

6.63E+01
1.76E+01

1.64E+00
4.36E-01

2.94E+00
7.83E-01

1.33E-02
3.53E-03

0.0%
3.28E-01

8.71 E-02 i
0.0%

5.89E-01
1.57E-01

0.1%

»r## 6.24E-01 1.54E-02 9.3613-03 1.25E-04 3.09E-03 l 1.87E-03
ft# 1.74E+00 3.81E-02 2.28E-01 3.48 E-04 7 63E-03 4.56E-02
CVD

1.88E+04 4.63E+02 3.65E+02 3.76E+00 9.26E+01 | 7.30E+01

D —7
2.53E+03

4.411 G 00
6.25E+01
1.09E-01

3.79E+01
6.62E-02

5.06E-01
8.82 E-04

1.7%
1.25E+01 | 
2.18E-02 1

2.7%
7.59E+00

1 3 2 E-02
10.2%

»r## 1.55E+04 3.84E-02 2.33E+02 3.11E+00 7.69E+01 4.66E+01
ftm 7.20E+02 1.58E+01 9.41E+01 1.44E-01 3.15E+00 | 1.8813 + 01

?#m#
&&

1.88E+04 4.63E+02 3.65E+02 3.76E+00 9.26E+01 | 7.30E+01

AE 2.53E+03 6.25E+01 3.79E+01 5.06E-01
1.7%

1.25E+01 |
2.7%

7.59E+00
10.2%

0—7 4.41 E tOO 1.09E-01 6.62 E-02 8.82E-04 2.18 E-02 1.32E-02

»r## 1.55E+04 3.84E+02 2.33E+02 3.11E+00 7.69 F# 01 i 4.66E+01
ft# 7.20E+02 1.58E+01 9.41E+01 1.44E-01 3.15E+00 ! 1.88E+01
#to#m

m^jtp
5.10E+03 1.26E+02 1.33E+02 1.02E+00 2.52E+01 2.66E+01

Fg# 5.06E-r02 1.25E+01 7.59E+00 1.01E-01
0.5%

2.50E+00 |
0.7%

1.52E+00
3.7%

□ “-7 1.35E+03 3.33E+01 5.98EK11 2.69E-01 6.66E+00 ; 1.20E+01

ism# 3.11E+03 7.69E+01 4.66Et01 6.22E-01 1.54E+01 I 9.32E+00
ft# 1.44E+02 3.15E+00 1.88E+01 2.88E-02 6.30E-01 3.76E+00

%^>y i 1.76E+00 3.85E-02 2.30E-01 3.52E-04 0.0% 7.70E-03 | 0.0% 4.60E-02 0.0%

2 4.13E-01 9.04E-03 5.40E-02 8.26E-05 0.0% 1.81E-03 j 0.0% 1.08E-02 0.0%

l£BMiE
It 4.33E+04 1.07E+03 8.92E+02 8.66E+00 3.8% 2.13E+02 i 6.3% 1.78E+02 24.9%

mems 9.42E+05 1.02E+04 1.22E+03 1.88E+02 83.1% 2.04E+03 j 60.2% 2.45E+02 34.2%

#m t= - 
9

7.32E+04 7.93E+02 9.52E+01 1.46E+01 6.5% 1.59E+02 j 4.7% 1.90E+01 2.7%

CVD 1.13E+05 1.22E+03 1.46E+02 2.25E+01 9.9% 2.44E+02 | 7.2% 2.93E-01 4.1%

6.28E+05 6.80E+03 8.16EMJ2 1.26E+02 55.4% 1.36E+03 | 40.1% 1.63E+02 22.8%

1.23E+05 1.33E+03 1.60E+02 2.46E+01 10.8% 2.66F.+02 i 7.8% 3.19E+01 4.5%

^>7 1 5.34E+03 5.79E+01 6.95E+00 1.07E+00 0.5% 1.161 nl 0.3% 1.391 "U 0.2%

^>72 4.40E+02 4.77E+00 5.72E-01 8 81E-02 0.0% 9.54E-01 i 0.0% 1.14E-01 0.0%

&A## 1.48E+05 5.67E+03 1.06E+03 2.96E+01 13.0% 1.13E+03 i 33.5% 2.12E+02 29.6%

ifr/rSl Si 2.78E+04 2.70E+03 2.60E+02 5.56E+00 2.5% 5.41 Fa 02 16.0% 5.20E-01 7.3%

mm 1.20E+05 2.97E+03 8.00E+02 2.40E+01 10.6% 5.94E+02 17.5% 1.60E+02 22.4%

Aft# 4.00E+02 O.OOE+OO 0.0% 0.00E+00 j 0.0% 8.00E+01 11.2%

-&lt 1.13E+06 1.69E+04 3.58E+03 2.27E+02 100.0% 3.39E+03 i 100.0% 7.15E+02 100.0%
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5-5 Si (WS

:
Energy CO; | Cost Energy CO; Cost

[MJ ceil] [g-Ccell] I [R cell] [MJ/WJ [g-C/W] [R xv]

4.74E-04 0.0% 1.16E 02 0.0% 2.37E-02 0.0% 6.17E-05 0.0% 1.51 E 03 : o.o% 3.08E-03 0.0%

14# 3.67E-04 9.08E-03 1.63E-02 4.78E-05 1.18E-03 2.12E-03
l##&# 1.27E-05 3.14E-04 1.91 E-04 1.65E-06 4.09E-05 2.48E-05

3.51E-05 7 68E-04 4.59E-03 4.57E-06 1.00E-04 5.98E-04
5.85E-05 1 45E-03 2.60E-03 7.62E-06 1.88 E-04 3.38E-04

4.02E-03 0.0% 9.91 E 02 0.0% 1.84E-01 0.1% 5.23E-04 0.0% 1.29E-02 0.0% 2.40E-02 0.0%

3.08E-03 7.60E-02 1.37E-01 4.00E-04 9.901+03 1.78E-02

8.26E-04 2.04E-02 3 671 -02 1.081+04 2.66 E-03 4.78E-03

3.76E-05 9.30E-04 5.641 -04 4.90E-06 1.21E-04 7.34E-05
8.12E-05 1.78E-03 1.061.-02 1.06E-05 2.31 E-04 1.381+03
7.19E-04 0.0% 1.77E-02 0.0% 3.30E-02 0.0% 9.36E-05 0.0% 2.31 E-03 0.0% 4.30E 03 0.0%

m# 5.52E-04 1 36E-02 2.45E-02 7.19E-05 1.781+03 3.19E-03
1.47E-04 3.6.3 L-03 6.53E-03 1.91E-05 4.73 E-04 8.50E-04
5.20E-06 1.29E-04 7.80E-05 6.77E-07 1.671+05 1.02E-05
1.45E-05 3.18E-04 1.90E-03 1.89E-06 4.14E-05 2.47E-04

cvD£JSSfi 1.57E-01 1.0% 3.86E+00 1.8% 3.04E+00 1.7% 2.04E-02 0.4% 5.02E-01 0.7% 3.96E 01 0.5%

2.1 IE-02 5.21E-01 3.16E-01 2.74E-03 6.79E-02 4.12E-02
U — y 3.68E-05 9.09E-04 5.51E-04 4.79E-06 1.18E-04 7.18E-05

1.30E-01 3.20E+00 1 94E•00 1.69E-02 4.17E-01 2.53E-01
6.00E-03 1 31E-01 7.84E-01 7.81 E-04 1.71E-02 1.02E-01
1.57E-01 1.0% 3.86E+00 1.8% 3.04E+00 1.7% 2.04E-02 0.4%i 5.02E-01 0.7% 3.96E 01 0.5%

p^l# 2.11E-02 5.21E-01 3.16E-01 2.74E-03 6.791+02 4.12E-02
U — y 3.68E-05 9.09E-04 5.51E-04 4.79E-06 1.181+04 7.18E-05
»r^# 1.30E-01 3.20E+00 1.94E+00 1.69E-02 4.17E-01 2.53E-01

6.00E-03 1.31E-01 7.84E-01 7.81 E-04 1.71E-02 1.02E-01
WMffl

4.25E-02 0.3% 1.05E+00 0.5% 1.11E+00 0.6% 5.54E-03 0.1% 1.37E 01 0.2% 1.44E 01 0.2%

4.21E-03 1.04E-01 6.32E-02 5.49E-04 1.36E-02 8.23E-03

D — y 1.12E-02 2.77E-01 4.98E-01 1.46E-03 3.611+02 6.49E-02

»r## 2.59E-02 6.41E-01 3.89E-01 3.37E-03 8.34E-02 5.06E-02
1.20E-03 2.63E-02 1.57E-01 1.56E-04 3.42E-03 2.04E-02

■NA%
1.47E-05 0.0% 3.21 E-04 0.0% 1.92E-03 0.0% 1.91E-06 0.0% 4.18E-05 0.0% 2.50E-04 0.0%

3.44E-06 0.0% 7.53E-05 0.0% 4.50E-04 0.0% 4.48E-07 0.0% 9.81E 06 0.0% 5.86E-05 0.0%

sttiimm tt- 3.61E-01 2.4% 8.89E+00 4.2% 7.44E+00 4.2% 4.70E-02 0.9% 1.16E+00 1.6% 9.68E-01 1.2%

asmmm 7.85E+00 51.2% 8.50E+01 40.3% 1.02E+01 5.8% i 1.02E+00 20.7% 1.11E+01 14.9% 1.33E+00 1.6%

#@k-^ 6.10E-01 4 0% 6.61E+00 3.1% 7.93E-01 0.4% 7.94E-02 1 6% 8.60E-01 1 2"o 1.03E-01 0.1%
cvDMfE;

9.38E-01 6 1% 1.02E+01 4.8% 1.22E+00 0.7«6 1.22E-01 2.5% 1.32E+00 1.8% 1.59E-01 0.2%

5.23E+00 34.1% 5.67E+01 26.9% 6.80E+00 3.9% 6.81E-01 13.8% 7.38E+00 9.9^6 8.85E-01 1.1%

mn#m
1.02E+00 6.7% 1.11E+01 5.3% 1.33E 00 0.8% 1.33E-01 2.7% 1.44E+00 1.9% 1.73E-01 0.2%

4.45 E-02 0.3% 4.83E-01 0.2% 5.791-02 0.0% 5.80E-03 0.1% 6.28E-02 0.1% 7.54E-03 0.0%

^>72 3.67E-03 0.0% 3.98E-02 0.0% 4.77E-03 0.0% 4.78E-04 0.0% 5.18E-03 0.0% 6.21 E-04 0.0%

#A$m 1.23E+00 8.0% 4.73E+01 22.4% 8.83E+00 5.0% 1.60E-01 3.2% 6.15E+00 8.3% 1.15E+00 1.4%

fe/SSi 2.32E-01 1.5% 2.25E+01 10.7% 2 171. 00 1.2% 3.02E-02 0.6% 2.93E+00 4.0% 2.82E-01 0.3%

1.00E+00 6.5% 2.47E+01 11.7% 6.671. • 00 3.8%| 1.30E-01 2.6% 3.22E+00 4.3% 8.681.-01 1.0%

AfrS O.OOE+OO 0.0% 0.00E+00 0.0% 3.33E • 00 1.9%; 0.00E+00 0.0% O.OOE+OO 0.0% 4.34E-01 0.5%

9.44E+00 61.5% 1.41E+02 67.0% 2.98E+01: 16.9% 1.23E+00 24.8% 1.84E+01 24.8% 3.88E+00 4.7%

5.90E+00 38.5% 6.96E+01 33.0% 1 47) . . 02 83.1% 7.68E-01 15.5% 9.06E+00 12.2% 1.91E+01 23.1%

1.53E+01 100% 2.11E+02 100% 1.761+02 100% 2.00E+00 40.4% 2.74E+01 37.0% 2.30E+01 27.8%

2.95E+00 59.6% 4.68E+01 63.0% 5.98E+01 72.2%

7I'd" If 4.95E+00 100% 7.42E+01 100% 8.28E+01 100%
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#6-l##Si^%/\(/9#A%4Vl/f-#, CO,###
4oA^AA A

Energy [MJ/nr] CO, [g-C/m:] Cost [H/m2]

CVD# 2%

2%

0%

93
93
25

3

3%
3%
1%

0%

73
73
27

6

10%
10%
4%
1%3SIS. 0%

34%
4%

23%
4%

CVD mg 23
26
25

10%
55%
11%

244
1.360

266

7%
40%

8%

29
163
32

:S-JS Si

16
6

7%
2%

171
541

5%
16%

21
52

3%
7%

24 11% 594 18% 160 22%

Am 80 11%
227 100% 3.389 100% 715 100%

# 6-2 Si 1W 0 C#A%4Vl/^-,

C02###j3AlAxA3 A h (poly-Si Case3-1GW

Energy [MJAV] CO: [g-C/W] Cost [ PWl
poly-Si 

Case3-1GW ##si
poly-Si 

Case3-1GW #msi
poly-Si

Case3-1GW
SOG-Si#m 3.20

55%
52.0

57%
13.7

30%
1.32 1.23 25% 21.5 18.4 25% 19.6 3.9 5%

-feJI/M® 0.77 9% 0.77 16% 9.1 7% 9.1 12% 19.1 17% 19.1 23%
295 36% 2.95 60% 46.8 36% 468 63% 59.8 53% 59 8 72%
823 100% 4.95 100% 1293 100% 74.2 100% 112.1 100% 82.8 100%
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6-3 iWEiss->xxa®©
-1" X+K X (poly-Si *®e*© Case3-1GW #$ff y-X t ffltfctx)

poly-Si/Case3-lGW SHHiMiHsi
0.17 0.17

vX-rAWfi 3.5 kW 3.5 kW

#mm#a 1295 kWh/m2 # 1295 kWh/m2/#
20.6 m2 20.6 m2

3,795 kWh/# 3,795 kWh/#

36.9 GJ/# 36.9 GJ/#

mm#m 20.0 # 20.0 #

co#mmMRrma 675.5 kg-C/# 675.5 kg-C/#

h 94.3 # R/# 94.3 # R/#

x#;u#—&AM£:EPT ^A# EPT m#A# EPT

GJ ¥ GJ #

;i/ 28.8 0.78 75% 17.3 0.47 64%

5.1 0.14 13% 5.1 0.14 19%

/^9 —3 >T^r ix a # 1.7 0.05 5% 1.7 0.05 7%

Em## 2.8 0.08 8% 2.8 0.08 11%

38.5 1.04 100% 27.0 0.73 100%

C02Sttj*<hC02PT #ma CQ2PT C02PT

kg-C # kg-C #
453 0.67 70% 260 0.38 58%

112 0.17 18% 112 0.17 26%

/t >T"V '>3 t 27 0.04 4% 27 0.04 6%

Em## 47 0.07 7% 47 0.07 11%

639 0.95 100% 446 0.66 100%

^A3X H2:CPT #A3X h ###

f R #R/# #R #R/#
577 426

^^/Em## 208 208

#@ZE$ 23 23

A9-3>f Sxaf 206 206

6.7 5.7

1,014 7 863 6

CPT [#] 11.6 9.7

#m# A h ###

R/# R kWh r/# R/kWh

3.88E+04 10.2 52% 2.87E+04 7.55 45%

9s#/Em## 1.40E+04 3.7 19% 1.40E+04 3.69 22%

1.51E+03 0.4 2% 1.51E+03 0.40 2%

/X9-3 ^ ixg# 1.38E+04 3.6 18% 1.38E+04 3.64 22%

## • 6.74E+03 1.8 9% 5.72E+03 1.51 9%

7.49E+04 19.7 100% 6.37E+04 16.79 100%

co2#mm% m#ma
kg-C g-C/kWh kg-C g-C/kWh

t y al—)]/ 453 5.96 71% 260 3.42 58%

112 1.48 18% 112 1.48 25%

AV-3 >T/f i>3 t 27 0.36 4% 27 0.36 6%

Em## 47 0.62 7% 47 0.62 11%

639 8.42 100% 446 5.88 100%

ft - 200
-64-



6-4 10GW Si^7o:y\ lm2&^O0
CO:#mKA^A3Xh

!xA%% CO:#m# lx A 3 X h
MJ/m2 g-C/m2 R/m2

emmm 6.9 1695 141.8
149.6 1621.3 194.6

IxA## 29.6 1134.4 212.0

Aff:# 8.0
186.1 2925.2 556.3

#c 6-5 10GW#ck Si AM%tX^-;i/ 1W &/: 0 0

coz#m#^j;^A3Ah
^A%4v^— co2#ma ^AZIX h

[MJ/W1] [g-CAV] [RAVI
#Wg^siC7%;\ 1.01 15.9 3.0

0.77 9.0 18.4
2.95 46 8 596
4.73 71.7 81.0
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1000/T [1/K]

(2)2.82 X 104m3/h 
(4.63 X 105mol/h) fc—$t

ifeJSSi : 163kg/h 
(5.76 X 103mol/h)

t

©5.36 X 104m3/h 
(4.77 X 105mol/h)

@5.22 X 104m3/h 
(4.63 X 105mol/h)

V

a
(470°C)

T
@2.86 X 104m3/h 
(4.69 X 105mol/h)

Si## : 147kg/h 
(626m2/h,1.56 X 104t5c/h)

3-2 IrSloBB Si ^#1
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K Wn=2m ->i

El 4-5 ISI+ir J: oTSfc CVD KJ$36Bro#i£

©2.82 X 104m3/h 

0.05GWh#

43kg X 2^^

13001#

283kg X 2-^

t — $ 
162kgX4£

K- 7.9GWh#

®5.22 X 104m3/h

®2.86X104m3/h

(0.92GW#)

pi) 5kg X 4pJ

©5.36X104m3/h 
68GWh#

24tX 14^

i# : 4001#

BaE

13.3GWh#

-fe/L-
1.2 x io8#:#
(0.96GW#)

w

: 1.25 X 108$# 
(11701#)

5-1 y°a-t^gs:gj-iz a. #fc.
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C02»ttie[g-C/m2]fc«fc[/SA3Xh[R/m2]
0 2000 4000 6000 8000 10000 12000 14000 16000

Energy

C02

Cost

Ik] 6-1 Si 9 (k poly-Si 9

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Energy

C02

Cost

[g 6-2## Si

-71- #-207



80
Z-

W

to

M
On

I ^

no

&

<h

>
u
>4
~r
s

cv

4

r

#
rs
irr
g)4

>
H
>
r
4

C02»ttieig-C/W]. SAnXHn/W]

5o 8 8O 6

£Ax*;u^-[MJ/W]



ft-209

h—1o
4%
»

* m
#

s 2f

$ m a
7—r

V
nff
#

>4
Hi at
> #
8 8
$ puli

nn|i-4- w
Pr



1. li Utoic

B*-ei±#i:^-(7)®S$As'Sv>0 $ /:5#IW#t: &%%%# l:#m g di 6 

6&6(0T5*t:Wf MS^ffi^-ec^SStt^'olatio S i t

n o SSMS t ze05*&mi f *«§•*g/j|§*, 5*t:ft#Z tzliWt-r b

$i@<7)H9% • |iJ$l±iJlft(7)l*^EBh 4* O iZo 5R-

dwi^'-J: 0 t±l%7k, @7' '1/f - (Mill • ifetj) tt h"cO^Jffll±—o<t)3!*Bi: #x_ <3 ii

6o L*>L±@tl,i/f-liSjfeiliJIS«rli^^C±liR,^'SttBEStz <0

l), Z tz B*T!±±Pg<7) BWM^S«iI#!±^®W*MtOTicL 

< , 6tr6-)41 ^^41"-ffife-uov>r!ili b;)' til, ii U±x&v-‘COtffM.M'Cfob„ fotib iz 
fS'fT'd*-6 Z~C<D —B LT%%Z£. fo 4r — H'E'tK'C fobfr^ hHfndM£*

LTjo I) , Ii.6lcKxV>T^*JV^'-jlgcOcfn.L.UliVlj: *) I®1) 12 < lx(D7)%R?*6o 

2iWB*S*,)^^*)V4;'-iSScom#StftMLrv'<±-t\ ES^*;v^-(7)|i)®l±ir+

MtftCDJ^A/df-tim 1 ) njei. (2)#*B^OEffltt, (3)f!J 

(4 )iii*HfPtt> ( 5 )$£14, ( 6 )IliSttHtzmtlbZt btlfcl£%b%

I'o -- 7- 4 -r — i Energy i, l|iljl (Environment), (Economy) <03E-£* fotfo'b.'fob V y fo l/>"7'

cidU

-tsWZt$tib0 $6, f co#4 (0^$;t/f-igof f*##&g $ diT vx . TKSliftoii

#>u*% ►) t"i: i I) #e»*i6r*®fi--e*6*t, ***l:#l#

/:iifbw##<o*<> *eomcDitfimnttmi
T, TiliI*WdivJxSt^BA'xBBT§ 6.

im^mz^fobJzfonsJf-tlXfim. ■ titf-ti ■ xmifxtfWfhiix^biiK **##*>

-i-lif + f oti'J.

2. *Bf%cog6<]

o, suBidta. a*®nta,

&>"<y*l$aRS-%£LSv/2sX 4 V-y»##(D#6#t:#tf%d46o mk7K*m##k

tblRLT**titSI*** •) o^Steiid'SV'**, KM&tz *) i

Id-—211
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b<7)T#S8:tt^c>Effi*?*e#StirV-Bo 4 b LxmMW&n £ n &

gttTi)6o SScix.*

oi:»"xx-8*8 »

>(#*#%:cGs)7)?#±isnrv>-£. ziiiix&urz*z<ni£E*Mimm-txnhtiz, 

tiimcom^p^Mmxm^iti, » Ttf-c#a:g g/:# t u-rm ^ 3*&?, %$%

CGS14*'-f 7 t ^X - tf >t&irftHl 500°CgJt<DKffifThbi)L l®$«i 

4 > -C S -E, /2ItSvibB«S£ gffl 1" -B g. i: 7)s'S4 Lv\ -bwS X - tf X APtfXSJt

kbztfrbitiinns^iil vs > &i"tmmmmimmttTi-Nz-btibo ^<n%, # 

tNOxon^s-jtpMT^bztfrba gn. xb»" 

x«>-e'>'x<7)E'ffl7»siff%Siltv'io £Jflv'4/J'S*"xX-tfyx>

toSBjtitWtoiSffl t; o t > x % co -> x -r a tin t; M ■t b &IL * 4 t to * 0 lf#%c*#8#

^4 ?$ g-CV'6##8# L/:*-x x - e*"%)«

r-lil.tilcov'rtMLZzo -E-i:S*$tib8ii®44f4<7)*|6lttcg> t'T f&lt U 

*fi:U**5r’Bf4fc"t'Bti-S'CO'>XT/<(7)^:|6]'|4izov>r 4 iiA/bo 4 fzt'b X - K'x+K X 

;KDasp<7)[n|_tt;ot>T, #& • ®1-oc'T4 X i^bitfZ 

LX, b#SLo

EfbfcS^'a'BM'ft'atK **, —E-ft-SS^ h'XiBME'*SiS5rfflv>r

a#X)4(3%#m4 0 i> g*-£ #!$■?". i^TCOz, H2O t: & 6

itKfcT&bo tE.ffli: Lri±P»"X4uo*e»'x, ##%#, EUt/gcoB* • esite k*<7)

IS^fM4-iWt + ^t0t, fix<0S±fflin8fL«§?, ISSt-?-,

fc"coStrife(® E) * i to k -t £ <> wmiWh b0 4 ^ rf£S(Sia~3oo°c), *

ia(300'800t:), @S(800t:J-l±) l-53-SStl-B (Table l)„ ttSB'E&fIJfff L/-:,6E, 8

Table 1 Applications of catalytic combustion
Operation Temp. Applications

300°C and below Radiation heater, Body warmer, Hydrogen combustor, Deodorizer of 
regrigeator, Gas sensor

300 - 800°C IR combustion dryer, NOx free combustor, Soldering iron, Exhaust purifier 
of gasoline-powered vehicle, Smoke remover of wood stove, Exhaust puri
fier of industrial combustor, Paticulate filter of diesel-powered vehicle

800°C and up Boiler, Gas turbine, CO2 laser

i'f — 212
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tt 10 4 & S® ± # iHt tti 1" -B V B14 *" x -t: > 9\ x B-7'r##X#HL 7 4 n>, K7 4 

-V-, ff nei5vi±WS&iSE4=i6
#, *###% *<0#56tt*#fl:^»<0S«ti86*4>Ei£<0»"x x-kf >#%#% j^oiEHW 

«ikEB*(OfmiM e *&#* 1: lt#f 6 t'Xnti

il-B2-5‘8’o

(1) BJ&sif ^'fs < NOx^tee^'&vt

(2) #%#X $-##?# 6

(3)

(4 ) BMIMt)5*& < ,
(5) ‘kj»mM>bmiY.X'%i,

±E<7)4 i Rat LTtiJtlTcoi 9 &&<09s*-Bo

(i)

( 2 ) %fet
(3) ttE<0^-fOll€lc J: -BIR i)

(4) ttB<7)flf§7)s'fiV'

3-1 . i£(4=)>Sl!$EB'M

f /X*--r-) l±toEBtt<7)ggic j: O Ti&£ %£ g-tir-flc#*&##tM
-ES-tir, -edB%Si*ftiE*'%gf##BEh Lt> M4S-ti:B> =t ■? 

/<-3--T*,^9)0 2<0ttE^'-

#&#14, #x 

414944 @ $tiTv-Bo Fig. 1 

o i:,

#J$l±*EBC>®ff utoE
?7 l 9?* <o. g 6 n-E-<or*jfffl (Cl#

;&#? 7 19**6. ffifitfl*lSStil±
ttES
thnW!!-x-9 nr,
f(Oli:««541^1=^'*-Bo 2(0

-— «F»"7

H*K«K
-^ - t ^ f -y h

Figure 1 Schematic illustration of catalytic heater.
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bX-oXW.*) &£>B>„ Z«*&T'l44S&RJSli®!EJI

k> iiB) 0
xt)4/L-Aici±, i,rrlt4-toffi(0R]5ei>■■£■'M7* 0 , pd-Pt-7;u 5 f 7 r < /

8i>®/-i-7-1:MLri±7k*dBi!Sli'Ki>Sf%S ftr v > b> „ tfyxfi., llyxfi.,

##, 7*7 X4- y 7 /*- k'towefb^-twlitl, *E, 6n#ti3 4 OtM

tftgffiUli, f£ia<7)*$®,@e#4?#UWffl t%4 o *$(0|6i£giE’Btoi:i±*<7) x 7 

A5'* 6 „

( 1 ) *XtonSlJ'D *SI#L-TSiM7)'‘y500°C4-eC>!g*jS$5rSI#"e§ -B

(2) MEt^oTliTBtfcEi: *TSS*' 6
(3) itv^siiiEia^jRn-B

(4) *91 • yNOx<y&ai7>s"&V>

(5) X&mMtW\-x>%W%BM<DBMtfX i 4

( 6 ) Pt, Pd^<7)**g/2'ltT'^ < Co, Mn#7)$Ag7' iU«k tlB>

(7)

3-2. «5JS$E#M£

Tl&sa k rpSSi:K'ltB.fliE«tt$lj:i|illA < Efflgnr § /2*$, ®iatoE»lli=T 
6M41±% k*#i ftT v&;4>0 /■.:0

la-eiitiswsiiuis

itB>*'4 7, **xx-k>, BE'jp»k*5-a*S-*/2CGS(7)Ee^'fr7kuScF<StESfiTv

6. :»M«SIy3fi«S*«@,ifi±, NOxro§§±l:7)>>l*TSv,r k UifeB)11, Xts 

SrEp/rS k"<7)*ani6%±i6lx:(7oviTiiEUNH38a$Siikiiil3:Lri'B)„ kd7?iii±Tio2M 

7>^-T4-S7cS'Jk LratRS7C*ff7o 

LNHa^mTca k 1“l)NOx7)$8KjSx!i:, StcS'Jk)NH3!iSit t3s'6t' ;k », 

K^*SkiB»0 4 kc»ffiT l± K<k*S £StM k E B) fit® v x 7 A *11$ S ftT v B> rik *

k'tW:LTt#m#kim

lc!Mj'K>s*gk tihtzibt >+M* h6tj£fijffllil±, L7kk9oTNOx-FSt^glyt t;: t'&vest 

y7riO»«I*JK, 6iE'K'ttiiki?3S < $#SftTvB> = 

t t\ 35 * n 7 a X tkkk* <n f IJ tf if XL x 1' B> ilK xtibZBMttb J)4Eii’M£#i d M 3§ i> 

iiAtbftTvB-o tojfloeiiE-ftttfflff#RfliE»5E-L-T*,oZttIn II6W%l4-b7 i y X^ 

— *AttE^-kSHSki., Sit, IfRMt, #^l:#1X7kA$E##7)^7^kytLTi'6o
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»"xy- H' > JiSimtoS'B'to$<7)1Sti:liPfefferle E 4 o TCST(Catalytically Stabilized

xl) $£fLsn4iEffl#$«b)qixsnm*, aseg 

&stitmx s 4ii»0 ^Mj-ttSKrs4

K34M#7y»>M)-KSlcJ:»-tSi9t5-^«i5*6j6EK*»o Tlifig.21:#
t X n tz, £*4 4 f

I ds 4 4'ttEl 4 4 fgj£ $ nr 

t'4o St®lC>S:toc7)6l55)-T'(j:toEfi 
Slit < , 4 4 *K SP4

n£6E$ftrv£ (Fig.3roEt$A)„ 4

<7) #® f t^EEitafiis-c i4 eese 

(±i£)t 14ii L r J§a® tc Jf £t 

40 X !)RiS144ttS, 4 0 Rim6 L 

< (i X i) B il E 4 E# r E£ 5- ff i

fuel in
 H ft-

4. < 4 *) z>

StiJjS S 14 ISEB'^'W EtE'ft <4 f£® 4#: 

iS 4 4 E> (Fig. 34)fEt^B) o ^@^$614 

iSSi:4 oTpc^ < EftL4v'0r® 

£i$$l4ia$±#4 4 & (:£>t 9*# 

< 4b4v>0 sRsimeiitimite 

#±<4mmfb#KW^E£aE4# 

+ E> isg n± 4 >.' n x\ fliSPajco till
I4gfcl!l4ts§ 4vn EBlzdbv>r%Si. 

444 5 b ;:,lv 4 , i] 7, ffj AtiHiJi

|6]A>SEl±S4B < 4 i-n S@i±8i« 

# <4 & 6 4 A+B *" 7 SEA*# L < 

B < 4 <0 , ttlEE 1: 4 b r E C 4 

OH-, H-, 0-44"<7)7 v*44EOB 

44:J£f£U

4 (Fig. 3(4##C)'«-"'o Fig.41:/\-4 
A dbitE. WSS-eO'JS

#@#4£L4.

air in
premixed, 
preheated zone

catalyst
turbine

Figure 2 Schematic profiles of temperature and 
NOx emission in a combustor.

Temperature
Figure 3 Temperature dependence of overall 
reaction rate in catalytic combustion.
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xx\ tec&zx

-rz o - JtiEfflKlEX'mSXft li'it X X W ro X -L'SftfstSX Z „ sK^iait(Tin)

(Cin)Kov>r<olim<ofr**tftSfr*6 k, < t)\
*-L4S<7)*"xia$!±XniU)$i:ffii'4 ftftli^vffi&SXWift coMi:i£*Lr*

f>X\ #T-t>Ji:t£W/J'3V'&-c*&o 4X®

ol:& 0, -**.C.8BijtM#E«t*te# 

XX 4Xl±Xnii$ftav>0 L X L M ft TE ft X 6 t Xfz#

x4o s xmmmmx*xx* v v* §*-$> ,o>„
g^EXt-a 4Xv##X##$#X##gXX#'X. *XX&NOxcOti t X t'XZeldvich 

##1:4 t) XX £Thermal NOxX* £ „ - 0) XXii-XXX X 5 fi 4 # i:EXXX'It XX < 1500 

°Cti,±Xl±NOxOXi$i$)$l±S$X'40Xi9Xr jrizetgX-B'>=

Na + O —> NO + N k = 7.6 x 1013 exp (-75500 /?'* X1) [cm3 mol'1 s'1]

N + Oa -> NO + O k = 6.4 x 109 r exp (-6250 R l Tl)

N + OH —> NO + H & = 3 x 1013

LXXXTl500XJy.T<7)f£wS)t'r'5tS:®S*ffXXtUi"NOxXEld:iBX^^^X'XS-Bo 

#xxs»"x x-xxriix- $ ft6##xn$-%nx<o#Lsxe, &-Z.

iSSti-TfteiJES ft£ <Ot\ X L 6f£iS<7) XX*f IJT£X „

XXX®®XT XThermal NOxXSX XXX l-XIS'/Jc'p" - XSX X Z o n e ftX X X ft.® ft XX

development of laminar flow — 
------------------- conduction in solid

temperature 

fuel concentration
Radiation

' velocity profile 
\ (laminar flow)

no gas phase 
combustion

Combustion 
products out

p re mixed fuel 
and air in

T adiabatic

Gas phase combustion in boundary layer becomes significant

Figure 4 Schematic of important mechanisms in a catalytically stabilized reactor.

#-216
-6



*I*LTi'£o W'LZdZp Btli&$*Tlf-£ i

coE$B»Rd#aw$L < tgtnf 3. teuco + oh^C02 + HoBttuE 

IZSEEdjSSTEfL < f&T-f-So aS‘0«top-ei±COi:NOxt5tiilS-$ai*S!Sl-'e-b-ti:T/s' 

7>xj«v>j0 Fig.5l:( 1 )@#dB#B. f ###&!: Z 6 fENOxfEcoB

tttpjs z 0='( 3) to®Sttff51- js 11 -!> cojs z y=Nox <nSItiES, £• ifclE L "C EE1fliSKtt'JPii 

NOxEZ Ecom#dE&t$L < fETTS 4o * E KiUttSfittg?£ ffl v E t» -£ l± E* O B 

■aSTlie^'H^-c £ Ev*SEiii-6-»"x SttSEE-CdiittEEEE-i;: Z >) SSEBttT 

hitzub, EikiS$*Thermal NOxEjSBtETEjtllE -B Z E r)sE I B> 0 ZOThermal N0x<0

*. Srmmt bcdce^ettsssssEii#s n. mmim-e&&&&&&%%e

1:6# U ^rEEaSS-SA-Bo jttEBtMMditBtti: Z o Tieffifi$d6to&§:lt-B E

», <B«BIEH*$TIRtt£lT(*S;4.0~75.0%> * S' >; 53-15.0%)*3„

NOxEffiMlZffidB'ttE^dtf'g-Z Hfl< EEd0
EZ 7, x > v > E Edlto'BfWBtjt'y xfA 'vOSffi 1:

mnmwMm^bfix\^bo m^^atKe e e i: ■§-* e

8I5<0F*ffeJ. ttEUE^SiiSrfeftEli, EE LT^Td&fWiMf S>*i-Bo

(1) fEi'trEfiS (fE&6St4)

(2) mmm m- e e 6 ass time v >
(3) Bffidiij—|i; ' #Ci.J local heatingE E V 1;

(4 ) gtiESiSitati E HSliS'lt

Conventional
combustorv 100

Catalytic x x \
combustor Premixed and pre

vaporized combustor
O 0.1

NOx emission / g kg

Figure 5 Schematic profiles of temperature and NOx emission in a combustor.
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(5) srffittt ffittfficolltf (»tA iSitW&u)

(6) (#?L«)
(7) Si$»"xSAi:iti-85S$
(8) EASEL'S v

(9) (l$M±)

ttE«gSI±toESet-*4 i:£„ KSUttElcJ: 9*AU T 
ilfliJrotoESB±'e'K'ttEE.?)tii*, S®^±#L, #*ggaiO3. ttESffi 
Tf&iusrAl, mnzvzba®m^#ENo»i±%t'%4.l*v>0 :roas.By 
^86E’Bto'>XTAt05t®l7l±Fig.6US1" j: 7 &i$S t fStfcl" 4 l2lo S TEBtt
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Technical problem: Catalytic activity control
(space velocity, temperature, pressure)

High catalytic activity 
at low temperature

Fuel / Air

300°C

Heat resistance 
active species 
stable support 
(mechanically, thermally)

1300°C

Gas turbine

Reaction regime: Surface
reaction

Mass Catalytically-supported 
diffusion homogeneous reaction

Catalyst type:
ignition no local 

heating
non-sintering 
stable catalyst

Figure 6 The factors for ideal complete catalytic combustion.
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catalyst a) Pd-AIzOa/cordierite honeycomb
b) Pd-AIzOs/metal honeycomb
c) Mn-substituted hexaaluminate

Figure 7 Proposed catalytic combustors types.
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Bypass
Valve

Turbine

Combustor
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Figure 8 Conceptual model of hybrid catalytic combustor.
Zl, precombustion zone; Z2, premixing zone; Z3, catalyst zone; Z4, gas 
phase combustion zone; Al, A2, A3, air in; FI, F2, F3, fuel in.
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Figure 9 Schematic illustration of catalytic combustor for gas tuebine developed by 
CRIEPI.
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To turbine

precombustion fuel

\ Bypath valve 

Combustion catalystMain fuel

NOx formation

1000-

Catalyst Cell Honeycomb
number length(mm)

A, B,C 
D,E
F,G

Pd/Al203/Cordierite
Sro.8Lao.2MnAlnOi9
Sro.8Lao.2MnAlnOi9

200/in2
300/in2
300/in2

20x3
20x2
20x2

Figure 10 Schematic construction of the catalytic combustor and gas turbine operation results.

Table 2 Combustion rate at laminar flow of various fuels

0 0.8 0.9 1.0 1.1 1.2 1.3 1.4 Smax 0 at Smax

h2 120 145 170 204 245 273 290 325 1.80
CO 28.5 32.0 34.8 38.0 52.0 2.05
ch4 30.0 38.3 43.4 44.7 39.8 31.2 44.8 1.08
C2H6 42.3 45.6 46.2 42.2 34.3 46.4 1.06
C2H4 50.0 60.0 68.0 73.0 72.0 66.5 60.0 73.5 1.13

Smaxi maximum combustion rate at laminar flow (cm s"1); at 25°C; 0.31 vol% 
steam in air.

Table 3 Physical propaties of CH4 and Hi

h2 ch4

molecular weight 2.016 16.04
boiling point / °C -252.79 -161.4
critical temperature / °C -239.9 -82.5
critical pressure / atm 12.8 45.8
carolific value / kcal kg1 28 570 11 930

/ kcal N'1 nr3 2 570 8 550
diffusion rate (0°C) / cm2 s'1 0.628 0.22
maximun flame temperature / °C 2045 1875
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LT# Table 4 Combustion range of Hi and
ch4

(1) z mixed fuel lowent highest

(2) iSTk^iSSVXv'1

(3) (QTSti^EV'

Hi/air
Hi/Oi
CHVair
CH4/O2

4.0%
4.0%
5.3%
5.1%

75.0%
94.0%
15.0%
61.0%

±e<o

Ll'ifibiu. f 0% f jolf 6 y X

7K*(0m#t#W7W*?&6 C t irfljfliLr, 'i^fV ? XXh?o-XV?-

tf>yxfi6„ 5JH6#@tximMsn/L-7j<*?-e>©j'D-XF 

->x^Acof5!)4-Fig. m:7pi~21lo L/_-®'B • SEt7)7j<SMl± ? - E > t:js f> ii,

m 1) «7klfUif£E?- k: > HlEfclgs, ®7k$U 

J;-9Ti«l, #7kStt6. 5 6 izn <0 <7)7kli*' > 7'r#Em,

Ey-e>Srffi|ll-t-$.o -)K$6-*fx4-SAU
tx i), *tebm^u* e» ltv £„ fos, -iststtinBS^ 

i7oo°cxj»oTiNOxi±%EL4-v>0 L-h‘V\i^°cxMw-mmmm&ythtz^7m.%<nv

Figure 11 Diagram of the hydrogen combustion turbine.

#-222
-12-



•W z^l*H:*KE'»"xZP'i4i5tixmt

(&T(0Kai:^6#6. ^ k U J: 0,

i> @TSi> biii> tfHiU. S6M5IS V'£ ttEtWi 1500°CJ-1±OS

J$tNiBI64- £<D£1km$il< , BiSCiU -) 

ti.±roJ: 9 9-2 ili, #*

t * /:UNOx(7)%tf#i|(0@A^6M,T Lv^ MW'4,

MM i - ffl >-1 b ii 4 U-3v>r ;$-< h o

4. S-IMtf

^r/aa-l-M, #lijKSR

ccM4L»w\ mtss.fi-i»#?-e%simmmi±§es■&-szjabv'Sbi*^#sn
6. fM##t Lre«fl95SS7)iS*5ii^icfi, foSIcz+yyi^-i-i

v 'Sffift * ig* s £*S£Zff*bti^„ T-iiffittSifl-t@*##1:0v>r-E-n-e'nii^

a,

6 fc #« t #S®<rac* 6„ Table51:#^ »ME<oj§44i?51J 

«4iZ:ttSiSttt#-t-SroiiMiZ®T% I), # < (0«#t:34 L T# t ^3** /Ff. $A

(0KB-ITro gm>ES 1; '.'bti6tgi's'k, PtBfc'-$c>;*#5<oEB±Ui%# L/L-gSSt^'E 
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Table 5 Order of catalytic activities for combustion of hydrocarbons (HCs) and hydrogen

Methane Pd>Pt>Co304>PdO>Cr203>Mn203>CuO>Ce02>Fe203>V205>NiO>Mo03>Ti02 
Methane Pd/Ab03>Pt/Al203>Cr203/Al203>Cr203-Mn02~Cr203-Fe203 
Propane Pt>Co304>Cr203>Pd=Mn02>CuO>NiO>Fe203>Ce02=Th02 
Propylene Pt>Pd»Ag20>C0304>Cu0>Mn02>Cr203>Cd0>V203=Fe203=Ni0

»Ce02>Ah03>Th02
Hydrogen noble metals»C0304>Cu0>Mn02>Ni0>Fe203>Zn0>Cr203>V205>Ti02
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Figure 12 Correlation between the catalytic 
activity of ethylene oxidation and heat of 
oxide formation. Tl.8%: Temperature at 
which conversion level is 10%. Reaction 
conditions: CH4, lvol%; air, 99 vol%; S.V., 
48 000 h1.

Figure 13 Correlation of the catalytic activ
ity with heat of oxide formation in H2 conver
sion. T50%, Temperature at which conver
sion of H2 is 50%. Reaction conditions: H2, 
lvol%; air, 99 vol%; S.V., 20 000 ml g1 h'1.
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Table 6 Heat resistance of oxides

Oxide Melting point / °C

C03O4 900-950 (decomposition)
CoO 1935
Crz03 2266
FeiO] 1565
Fe304 1594
MgO 2852
MnO] 535 (decomposition)
MnO 1785

#:A #:B Q:Q2-
Figure 14 Structure of perovskite 
type oxides.
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Table 7 Surface areas and catalytic activity of 
BaMAlnOiq

Figure 16 TEM photograph of BaO 6AI2O3 
calcined at 1300°C.

$ fl h o ^ T Jl/ T ~ V (D

M Surface area^
/ m2 g'1

w
r c

Tc)0%D)
/°c

A1 15.3 710 730
Co 15.7 700 770
Cr 13.7 540 740
Fe 11.1 560 780
Mn 13.7 540 740
Ni 11.1 710 770

thermal reactionc) - 810 860

a) Samples were calcined at 1300°C.
b) Temperature at which methane conversion 

levels are 10% and 90%.
c) An empty reactor packed with alumina 

beads.
Reaction conditions; CH4, 1 vol%; air, 
99vol%;S.V.,48 OOOhk
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Table 8 Support materials

Material Composition
Heat

resistance
/K

Linear expan
sion coeff.
/x 10'6 K-i

Thermal stability

hexaaluminate BaMnAlnOi9-a 8.0 Good
alumina AI2O3 1811 8.5 Good
alumina titanate Al2Ti05 1800 2.0
beryllia BeO 8.8 Excellent
cordierite 2Mg0-2Al20]-5Si02 1478 2.5 Good
fecralloy Fe-Cr alloy 1350 -

mullite 3A1203-2S102 1700 4.9 Fair / Good
quartz Si02 1100 0.55
silicon carbide SiC 1922 4.3 Excellent
siricon nitride Si2Ns 1811 2.5 Excellent
spondumene Li203-Al203-4Si02 1367 1.9 Good
zirconia Zr02 1978 11.0 Fair / Good
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Figure 17 Schematic illustration of atalytic combustor of methane and hydrogen.
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Figure 18 Catalytic oxidation of methane over SLMA/CI-AI2O3 mixtures. Reac
tion conditions: CH4 1 vol%, air 99 vol%, S.V., 48 000 h'1.
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Figure 19 Catalytic oxidation of methane over SLMA (6 vol%)/a-Al203 (94 
vol%) mixtures at various space velocities. Reaction conditions: CH4 lvol%, air 
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Figure 20 Catalytic combustion of methane over alumina with different specific surface 
area. Reaction conditions: CH4, lvol%; air, 99 vol%; S.V., 48 000 h*1.
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Figure 21 Catalytic combustion of methane over BaMAlnOig (M = Co, Cr, Fe, 
Mn, and Ni) Each samples was calcined at 1300°C. Reaction conditions: CH4 

lvol%, air 99 vol%, S.V.=48 OOOh L
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Figure 22 Thermal NOx emission in methane combustion over BaMAlnOig (M = 
Co, Cr, Fe, Mn, and Ni) Each samples was calcined at 1300°C. Reaction condi
tions: CH4 2 vol%, air 98 vol%, S.V.=48 OOOhr1.

#-234
24



<tiStt(:5Lv^Ai2o3, SrTi03-e$> OT <)

cmtla„ -M'bmm$m&vs.fc&w<Dmmi\: 

i:z I)sa~ 1000°C$TtotstAV»«*[cftv»r*|j»*K«-W#PT§&Wlgtt^abms5

fi/A

100 —---------
O

--------- .-------- L««aih--------- ■--------ei»* A-------
a & •*

•A0C
O0y A

o'" •
•

rs
io

n
C

D 0 -

◄•<

g H2 combustion
0 40 
0

- A SLMA
A ao Pd/SLMA

x • CH4 combustion
O 20 A A SLMA

A a e Pd/SLMA
■ e • A ■ Pd/Sn02

0 ^A—A---------- ■ - e ---a— -------- ‘----------'--------- 1--------- ----------

0 200 400 600 800 1000
Temperature / °C

Figure 23 Catalytic combustiom of methane and hydrogen over SLMA, Pd/ 
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j:nur, -kv ho-

• iabT, ftisbi£]f jt^EtfxKi'J'g < X tSsaWISJf-e^ Jo

• j#»"xiSJt;i5'S {tti, II-g-E-f 7 xt Ltzt k

;;t?lotsmsskn<r>ajmms&&iK csstixt>*0 l*

7)soT, 7k*<7)fliE’B'tt<7)S$* 7 i < E-fflE-B X j:T\ %$EE#k#x_6ETi'Z:C<7)Z

7-3. 41$toE%Sli

EI2+H' 7 xxfXA-i 11 tnlXXjXii, ttBoifStffl'4 2 Woto =t <7S4E® l:Z6Btt3J$ 

X$>&c

■ mmn->ztmxit-xxcofi*j. nimxtmtzzt

« X.IJT, KSetT# h n - X<0 2 IS: (2 ■t -6 C t T* bft-hZtm3-
i»‘oZz*t, »S»^®$EiSISroa*-6-b*i;ovr#.E69^#fff*fT7'£-E*'* 0̂ *

7E $m##/X7H:cv'Tt, jR«^##E#5l8Ef-#SLZc±VHto^e9#»4-ff)
o

• ^ i - xv^m^m

±m(o^mmy K^ci^iasiSTuTSM-g-TZiit

• x - ky<DmiMtmmx>sM<x>mmmmk Lrommmmcotm
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^ & o
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1% L & V5t£&BiiS'JSttS*5Elti:' § £TM±t W Lrv a „ £***

mmf 6Ctl:Z i)#$<7)|n|±7)#($gft6. WSRE4: J; i)*$<0^,-5ia$T<7)-Ktoj$)$S- 
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1. \ZUtblZ
x>hDb°-toW-iFC=ki9, iSMtztz&teiimkttM 

SE^STL, C -Jj. iS

MTffmf iSttidx ##®a
MUTCM-tt6iffi/KsgMWWi

itett, ib'ftlfc-feb $ y 2 Xfribfc&fi V— p, iM.7y-K®3I^> F 
-f CS&ofcWifiS-ET-So 1:11 ffiWS
MiSS, ## - 3X/1X 0. -feb 3 -;/XX£ii

-S £ i^as £ &-5ofiE/kirX 5 -y XX?SfflS£#3^i££ kT, 
:®M*&, & -5 ® 5'/E-yW 6 tlTW &. CVDj£^>

^/h##f##®/c&®3X Ft)^®£()3XA^&6. — 
iE®iaB5@s^EnjXT, ccr5 £#c 

Basted:-SSto^S^SSS^D-SMBi:75:5, £/t, m&tm
#&#3##«#fFKai@LTW75:W. Ckl(=*LTzK@#^6®-k9 3 vXX## 

SE*® CVD j£, XA'y
mm^X F&#<#$x6C£A^#55x, <"

tut, 0, $/c;toBi@i£iBg£
66#®#A&#T5.zK##^ 6 ®A^& 

tt, #e#H, LT(Di?)lU-7R&

CVD&-^X/1'yX&# 
X/lvXiSXtt, #$ 
mmwx'h-itc'o,
'/>i-'f)vm-rm, mi

t=r

%Ku-fZtM F#
S»5Cd:tCd:D, *^E^-fi£i£l7J:5

W.UttntLT<Dy>?>i 
KS®f$E6froTj3D, rti^Sfc%,

£#x5cg? /t„
SfFnx F
XXEAA:#:C*-f 6#^l: < S^Sr&lffC & Wxbkl6.
c d: a ;wf m®K#m • mmmmc-3
WT#Sf 6.

2.
2.i. rea*sMesp[i-3]

7k^b*SS-fFS"fSTkidto^iS®—dd:LzTBx^lF^—ClDxT, S5[x
*®eSl^®SSB> /XK^TKSitl::

SEo TtKS 5,
h2o H2 + 1/2 Oz (2.1)

®ES®B6X*;F^-${bG25-C, ^ECd3®T«239kJ/molT£D, B©



AH (total energy demand)

AG(electrical energy demand)

TAS(heat demand)

Temperature / °C

#-246 -2-



to to to b TtiElb liSto-ti-lg mMxtoto^-£®4b&tototf/to etodtob tts. 

to *> z. (d g * x* cffis-r -s mmftMWi&stomfez mat %&m
to'SSo ai6&*®EB, 25°C, %j±Ktoto-cm.23 VtAto.

to©7-K##EjScoxtotof-x(i$&#xto to#to, ####to%E#$©M@

eF = Wj/tVj -Qa IQ (2.2)

:2T, w;. toUPKtof# bto7cgMtofi)cfi ,

to to$rt; L- ^ EJ¥ $ to to g ©5!§li(fei§i jUtoife D. to to Hf m ^

#5totoStL/t€S(ee .hSBflMSgototttoSf'^fc 
gijsjtxtoSE. m#Rtototos#ftoammmm, a* 
###©aAtoto 0#TEto. UtoU EEcoto to75:%Nt#$(0{ST5zk@:#to 
tot-vm#xto< <. xE)l/f-^$&#gEtotoHEto#E##<Dto&#xto 
to'totocac6 6. #E#$a, a#E^B6&toto#E (aifE)
to^EtoflnxbtoTtmEroittoLTSStoto,, aB€EtolhStotieSie®B^ 
#0E&##EtoAB^&to.

02 . l to. 7K^toj3to5S^¥HEtoSSfSS-l4€SEo &lt;©f Xtotog 
Axtotof-&*#l:L/:##%Etoa##toa#^##EU,i:to(fto,
)§ s to to 0

AG
2f

AG°
2F

2.303«r 
2F

I

log

\

I \
^ -P&

a HiO
(2.3)

r^-e, ^ aftof to*^, ESco^ESrSttLTtoD, aHi0 G*co?sa

to$>to„ M#T7k%#&to3#MzK##to#Aca, gfixEE^F—to/Jto *S
51 COffl^fttototo^to^'MEto, Sife^«mEtt^itto^Sto-5„

u=- AG° (2.303RT\
2 F 2 F

j log
f. \H,

\f*HiO)
(2.4)

E6tot. ikSroto to&fi6fe#-l4coll-S(/(A"$>to„
1/ =1.290-0.292 xlO"3 7 (2.5)

;cto T BfigTftO, tototo 0-. SMWEWto UTlSELtetotottote: B&to 
Sfix^JW-iftAG tt, ®6tos’i6< & to tototoTM^U itoStotKETS^ED 
©xEE^—tifSHfoBxtoto^—tof£Sfit"toti:to to to to^'to^S„ 

f/toto*,, zKfl®EJ$$rfiJfflt'-57°DtoX"rtt, ififitrKlSSrff 7 ® ifEJS® 
g 6 iE)VE'-E(bAtoh£ < & 9 , a####E^#Tf 6^6,



a, rev

electrolyte, aelectrolyte, a

electrolyte

electrolyte, c

.2
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x©EHT£T'-5iieE''?3:7-5 7 X H

U, = (A0„ + |A^|) + (% + ?;,) + / (Kjear.,1,,, + fy) (2.6)

x, c/r = A0O +|a^c|x<& e n. - nc t5EtiE’nyy- HjoJ:tXAy- Mil

electrolyte

E£SLTl^, $7c, «,■electrolyte

TCOSl^jgPiS-zK-ro -fe)l/®E©fit*-£1fiWH: 02.2(2^7
SSitSSJ = 1/AX/KE.kikit.k&'S,

xmSSrfryTcibKti;, 7X- 
M©il®E£ffi«73 2tfc):E HS(i©7-5 7 XfiKE/S # 

lx mSR©7-5 7 X fit #■ft,£ i®V> S E 5 : i^-Kgx&S.

:ti£X> ;KS®yXfAtLT. 7)1/* 
ilXXX, ^n«, IS** LTKOH t)L<
K>, 7X-Mt:ttX7>l/XX7-)H2X7X)I/£:X 7Eb7c!fc©> * V- Ml: 
HXr>l/XXf-JH[g/(M)S© btl-5o Efit*X®*-HCDTc6e)®-fe/N"l/-7i: 
tt:ilSTH7X7X mSSSH75~85°CXfT
totiS :*?))#< . 7 y - H\ *V- M©iieE©{6M©/t®tX #x©##& 
SfinE5 6t»7))y«i:SnTVi5„ U/^U :©7)1/* U*^'$*eS'>X7Att,

. {5«Ste$X$>E S^'l4©eSR@-$$rfflV^*i6CS^©Fn1@
;7'$>-£>„

ycl:izE^7h j:9l:xE)l/f-^gSr#%$E6^61:KamT©m^^g& U 
©„ -rt£t>%. SSXH*SE)BiiSS^^< 75: 0 , 7X - M43=ktX* V- Mile 
EtofST. ®8itES©iila^BJE*ti-5„ 

ScS°CD)E©i6fiX©7kS5(eS$r$SE-S/tidl:li, WtMtXCUSK*^ 
X X 7 5 7 X X Xtlfit $ il/tms#£ fMEt" 5 $> -E>„ 02.3 CiSfckSM

®S#©Ma0&^E. *V-M\ ®S*. 7y-M© 3 */))*-> M-l*
*o 7c(fit& * •£o * 7- MX tt(2.8) U, *SiE> 6*S*X*

#(!:#< *-X^Efitf 6. Eibtl^a-XHIl^mSK^&iAEV, 7 X - M X 

(2.9)it©ESt:=k D, #$*x*66.

* V - M : 2H20 + 4e- ->• 2H2 + 202- (2.8)
7 y — M : 202' — 02 + 4e- (2.9)
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7/-F h2o

H2

12.3
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A © © E 7° □ E X 77Et!6iflW*£ t & -5 X <E # V - F i: 7 y - F ^@#:%#RE{± 
9bhT©-5©TBEt"Bx£;g-|t£,68d3fcsbi6ET©iS$i;^nJfEi:7Lj:5 7i:^ 
©SfiStlTl^. @SzKSxl«S©'>X7A^SlSr-5tCti, 
SHE##KE'#@#©g-#mKS*l:*UoMSiE##ESE##&a%7a c t
esses.-5„see, yy -halt7>x>x>^'>m

-©□EXEE FEEtbtl, StSRSLEE-y h U 7$5g{b7E7-7, *y-Hi 
LTX7 yS/SSEySnxy-y—y y histss.

17±Si:s6-5 t, SS®7.kiiM®$Mi©Wf HHT»J:5CS:5. 
i.0MSf5W/Eli5fci&, tE#igE#mi:E3RS).
2. W6'lt©$Si$:S:< -EtoT^EtiE^ESS^b^V^toTy'D-feXEE^ 
W¥liS5,

3. #7 - F £ 7 y - FE@fl;m®KEl±9J b ii E © 5 © E SE12 W x EStt 
Ea66E&i%EE©##ES#A75:&. £/© **X©5>SM#i'r6© =

4. 7S# U*mSt:E^TiS©esitSSTilEE$5-
5.,s-®EttagEj$j$SEj$<ao, yy- f^so-av- fme©® 

T. #m%g©j#AnES#EA&-S.
6.7k©eaurHSKj3E'm, x> Fat:-©W4-t2£E iSSC&Sif ifSIi 

^itE^iiTi/. a©%EEf-#$E*m&#mE6c
■5 o

2.2

7k#A:S'©mW#3'fb#%EEf-&#^.%EEf-6LEmDmE 
z.EEf-##7/MXES6.[4]#{b#liE7E##^SU(7°D F>E#1t®WK£ 
fflVEcSMitt©58WS£02.4lcEt"o cntt, *SMe^©ZEjAE$>5, ©f

(sm%s) ©eiles* e@ebe{lsj©Stce

EEgC 6 7 a ES 0 E#6. ESOM-IIBtiU y(E*%© j: 7 KBxEE
E—ESSjxEJFE—©ilSSE^E, {F#xEEE—&%##MxEEE— 
mE#6©E. iS©xEEE-^j^y!j¥Ef#5Ci:^'E#-So E©SEE0 2.5 (cS 
S= $E Sj&ESE ffl© E © & © /t adtySW-^SSWES<, IWXSXU—>TS 
■5tv^tcWm^hZ* S6tc^B&ejSSSCchVTW^iJE9E-S7-7xEy- 
7a 77X7AKS0^XEEE-#$@:i#<E#6C #^©X%EE-

A'E X i: L EE i E SlE © 3 „
ss-eiteH, ffliEtiicibT'jyti, b^b^-ee, se^ese, m# 

m\MicMsti. #ms?fi©^sj-MS«m«Ht2* d^sssis, u >mmm 
sms, s©@mEm##mEH#@M#s uriSffi^e^
&#B7A^E# A©. -©E ?SE@<E$Emi!BE 
@#:EE»lEttSSW5,6] <h © b /t i6SE©SMSEti, WIEEEF^Ii fcmfft
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liMMs1

SJt (K) WZEOT (%)
400 92.2
500 90.0
700 85.2

1000 77.6
1300 70.5

B.

E.

r=ff>
%

t

= E! X e2 X e3

E,:7ftW7-«(>90%)

e2- ^—a s'(D%h^(j3)V/—9"4' ^ ji/fxrtjijisil$tr§) 

(<44.5%)

e3: EES (DOT ( > 99%)

02.5
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57C© tciStoti 6S:<h L-75:VX S 6 KaS^TO®®©#® ALT, iWS

D, %%7l/f—©fW%ll$&l%66LAAiT#'5XAX)i#l'f 6^1-5. &< K@##{b 
##m#mm5#mM^7)%iooo r f ttm^
ztizo u >mmm
nmt&o£. o izmmmm^ttz z A#% <, SE^ESstts-msTTtms n s s

\nfom{mmm+mM<DHm&±A&%A, ht«j;5i:&5.

M#%A75:5.
3.* V- H A7y - H^’B^eiWRTfty‘E=tlT©5©TSEiCiS;LSyg-|4 

&i@«65/c«6 AET©##7)1W#A7X6. tfc, ^Xro^-gtS/^©,,
tK*-®*

ffi S it jg '> X 7 A C fg ® $ E 3 X t WX # & o 

&A<T#a

6. a ST © ®® EE^SIAr iifrT 5 T ® 12 Affi & 6 A L & © „

2.3 MUfcMnMM/mmL{mmmnnM<DViPc 
ASzK#M®## • ^©B^esite, e©sesi§*ett

®T{5S^/SS-fr6V7y ^/ES'ltSrWU, iWST {l7mi2$®T, ^3#@T&5 
Ag/)%6. Aft5©#:#£Sfct‘,&©ALT— I£t2, 771/* V ±S:feeE{t:#l(CaO 
A A')4>, #±mA##{m(YA*:A')$@?SS#7cE{bX7l/3 - X A^j£< ® A £,ft 
TA5o[7-10]S7c, SUMS-ti: A © «E{5S'I4 £ W L, tiSt®iftti!isai?T-?5' 
© ^7LR T & ^ & 6. AfiL©#A^6, ^SzK#M®##©*7- M, ##
®%ff##©7 y - F A LTH#7c#HMTTlb#M}2^®T, *S^<b©S-ltTg 
nS-'y'rJl'tgfflt'sJl'Z-TCOD— X 7 h /771]© b ^5„ [ 11-15]-*, aS*SM 
®*P#©7y-F, rom^SjBt©* V- F A LTG EfLSHdvTTfL^
W1:^®T®@%#©A©, La1.,SrxMn0375:A to^EE- SSEJStS T □ XX *7 Ml 
mfb#A%<m©6yiTW5.[i6-2i]#t7i/^#:^]:##76/c&©y xx-^tx 
x-s, e^Sjcshmttsst, y cs©eEes-it&wb,

#© ## A^oxx*< mi

LaCr, xSrx03 A $ tlT 1/ 7 & 0 [22-24]

•7*7 >^’H$sn, SHfsm:©^ HfWSItt, MSS^bTA^jlRjdWfcEb
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x meLT&o, cnssis .hexes, mm.
croig-er, #?LK$#e#:i: Uxmgg#:£:Six3 C X7-;/X £Etti:
£(DM##t$a#t$cof@coM#i, RfWExti,
-^(D@m&#Cxj3 0, -^o#®0MW:/it)TU«i. ¥S1B, eg, 
eSH, #g, -f XX—3%XX (t/^-7) # t*B £Tl/tSifiX$>-£.„
VEECtt, gjz:TS-6Efftom®R (-ISC150 u mJX±) £SV^cgiz:BE<h, 
SttroSj$ttH1WEi:llS(0#?LKSgCck7DTff^, ^co±CSE©«SS^I* 
Hf55ieSEcD2@S^$.5„ MilT-B, eSRcoSEetCck^fiSffiliiCD 
@M^%#X£6/:6lC, MaWKK-T^Tcolfjfiro^X, Sfcf*lSiygin:SSh£ (b0

/: & i: a, isatliifofg5. 
;tirc, #ms#$ t u xm * x n # x ^ x e> nx id s „ x ? xv x x
I/-'$[25, 26]X> DC, RF X/1 y X$[27, 28], £ b Cfb#MEhK#$ ( chemical va
por deposition: CVD ) [29-31]&fc<DX£> <0 , EH, 
b#/ut:#^^#k#XW6. LiJ'LCMfiCMI:<fc D,it^*llft;-r$-XX 
###^&#6A:6(:a, 5(5g^$.6. £
X>[ti]HL^ $• 5l1BT5 6b 12, eSvib^^E/$S$(Electrochemical vapor deposition:
EVD)[32-36]^@S%£h/t0 CCDX$Xtt, ^IKXXIgCDWflJiCSrJSigetl 
(ZrCl4, YCl3)i:ESii^: VTmSfcL< SSI, #?LHSg±
X, M^fDtfX^'KlSb, Mitya ($S{L'X$nx7) cnicXoX
#?LR*«©r]f7^£^5o f CD#5, 02.6(c^C£cJ;dC, Eltbfc^Jgfb 
7$x = 7l#&jyi/X, L< kbkSxvffl.h OES^Kcd

S£KibS i: VT$S{t:'X;V3-7e^ltST5„rtib*.,7KSxt.:fe V < M#* 
x^ft: 3 - 7 xi§7c $ nxMltya-i x x tfikf&T -s o l fzMim-i
s-xamE^-f s-x##i$x$.-5$%es;;i/3x7ms:#:mL, ^eexji/3- 
7/^BS<btl**Xffi#BX^SS<l:tl^:HSVT$SEv;i/3X7^E)tr5.- 
;ni:<koT, SS<t:'X;i/3x7jS^/tS"r-5„ /=&(:,
me#is-xcDi»rn^iRi^rm^im]i:%f^#<evd$x«, itsu
XV^6##t#XCDef CD##^#iiglcA6/2&tC, &RCD/J\£VX 3$ 0#*CD#

L, mEWCj#—LXL, 
#4"7)#{L#XS-x#e$#l:l:^xef (D#f x«##
A#g6/a:a. DfcibC, $/t, Dffltffflfl

Ecoissas^&tisi'jtc^oxEaixss, t,
7/H xs<yes*«h UX(DffiS^’#X bii5@flc<®*lCjoV^XH,eTcDl6* 
K&I/C C , EVD $t J; O Xl'fMtZ itJEOfiSSiSS/XiSX C 6
ag#X&5. $7-, «2X[-«<,
CilX;6S-h<Z)in]iIi:£tb XtD<5„

#-256
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3.
&f##-fa7h 01: a,

E* • nx/xy
u&zwBvrMT’&m-?'5 c (kamgT&a.fBK bm cvd

i^x/xy& 5 © « v> -y;izi£^7)t^ne nr © •£> „
CVDi&^X/X'yX&l:6©T5, ^gl@Ti@#75:K^##&^,S'©T67c&, ±@%© 
##&g#-? & 0, $/tSE^S®/t6©3X h^iWu-hv^X^^'S. 

5. -©fr, '/;i/-y;i/i6Ttt, e#fb©/:&©m#m#^HB%'T& 0, SififTSS® 
siiyrstmz%mmz£2>Wk<D%Mj$>M%i&'kV2>mstf3.a„ $/t, ©m©* 

&fc, ##%#K&#o##©#fM:H&©T©&©. utu;Mb> zK^#^6©-a- 
fti£tt, ^M'ltKfCtiTc, A@#T##6BK&#T6##©fW#!i#ET& 0, £ 
7c, ©%©zc&m©mB-^#g©aw#<,
@&^m©6©^«6, glax f- fcft< jf ^ t)i5T*#5„ *SS^b©^i£ 
5,#©#^%$r#C©©T&6.f^U:©A^^6f,

f ©oJIEIttiWJlc^ftt$nsc:tfc7S 

^ofco ©ti3©, 8^Cg£|iW5<h, %4©#[37], #©|£, &&©)!#%#, £ 
Wl^-Si^Sfc-bx 5 •;/ XX £*?§'$ W b-nfii<:©T jo b>, STctSjLhtoSGtCS* 

b £-;$ S fife < )a e> iiT© 5» c©#%#^(:#», tizKg®
^bffltxSyXXMCSOa^t/:. IW8tLtOy;i/3
%7&bX#@##6L-C©x>^>m#A#m'<ayx*< hSE{t:#l©*^E^6 
©-&^^©^%l:3V)-c#ST5.

3.1 b © Vlb3 - 7<D-6-fiK[38,40]

3.1.1 ica
7kS®*Te, ZrF62igy*>«, (3.1)it© J: 5 CZrO^U^ :*> <h(iXFFS©l8 

#=*,5. (3.2)55:0*5

&#%T6 6, (3.1)3:©f #«Fi 7%©6, ZrO^O^lWittl t#x ©
jl<5o

ZrF62" + 2H20 ^ ZrOj + 6F + 4H* • • -(3.1)
B033‘ + 4F + 6H* -» BF4 + 3H;0 ■■■(3.2)

ZrF,2#<*>&#a^&6LT, *>UM*m^Z>J5mtP)V2l~7%:-7 y{ t

!:g«ft5^s© 2 aTI:,

3.1.2 ig-f:*>§i^£jB©3-&fij<:[ 38]
3.1.2.1

Na2ZrF6&S@*C©, ZrF,2#< *©zK^#&f##©7h. zK#*#©^#?#^

-13 -
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-0ZrF62-ig< -^y^m\Z^±\zm bit-S/tfe. H^®Zr02|»*&toxT24 hjt#L
£„ Zr02SrjgiSVT3?l9l^S, C«7->7°1F##C, 7;F3-
,>l'4]T@W®'Si#'Ufc;95'X;Sf£ (15 mm X 10 mm X 1 mm) SrgiS V. f ®#, F 

7 7 7 6g/gT&iLA# & AimT5 ^->7°;F#*(:* 1/T, 0.4 X 10‘3mol ~f ~z>
lh^csiuflDx/to xiitt. if > 7% jS?6 * ® f- 4- >At(3.2)a;roKSCj:-3T^T

$/t, tt^©7c®(C3^7^2:SDx75;^-tl->7;F®?St4o^TfcS®^g?tb/t„30°C 
-ei dRU?3 0 tti bSW/JcWc^ U mUTiaSS-ti-fc. S4S$ffl&X
®®jff(XRD), &z;%^;Ff-^mx#^#(EDX)Kj:

$T b/b.

3.1.2.2

03.1 Icxrd$ISIS$^S1-„ #09<z)/tid, Mi©¥MtftyJl'3z^AfflS 
*XRDU^ISM^trr^-To 77SE£jjnx75:^o7bii£u S$C7)XRDAX->lC 
afBJWb— 7fcfc<> SKOX'n- HZj:UjcD*7)s'S^snfc„ rncsit/F^is 

mxTbS^u sisro XRD A 7 - > 12W4itE{l:VJF n x 7 A C BIST -5. 20£S28"43 
JxV'3V ^’iESSn,CZr02^'^^bTb£ b i$ti7b„
f-7to®tmSK. ax$bXtZr02ti|SlBtt7)ickb<b#xbnd„ $7b kf-X^SS 
ttgtSi, g$%|H7)U dcoig-6-j: 0 fc,3 d(T)^^6S^it7:b/t„ imW)'t><D'J 
!FXX7©^SJibtt, at)ldbl±##-7&a#Xb#%.03.2K^7X*# 
^@cosem^S£vS7. feltU §gf#'Sbl;M^L, Ea>

ltfibTVi-E,^S^#SSil/t„ Zr®#&-76#N%&mf^m7'5 b t SEDX^I/r 

C j; DWfgbfc.

3.1.3 -7JI/nx7£fflb5^fi)t[24]

3.1.3.1
ISJgro 7iF3%7m*&7 -y {bzk*m^*i:Anx. [ZrF„]2- #< ^ b

7b. ^F@CD7JF3X7S:SjSbT®i3BS. 7>7lF^#&#Tb. f#e.ilfc-9->7> 

#m(:71F3-lF42710^fm. @#mm#&eo7bV-7'5R#9X*K (10mm x 
15mmX 1 mm) lESSI b. f (0{%, 77^&linx7b. xb 7 St £: iS-tk77lF^$C^f b 
T4S*f"7j]DX7b. £7b, lt^c07b©C4x7M&JPx7S;b-y->7lF^?g(243bTb 

SS&SSbTbo 1 S*&®XTil$Jt2xh7E$r*nx7bE- 7JF7X7(fe^SS^S 

Si\z Mr b. lift: < TkmW.'77 7 SI 3 x 7 <D 7 3 Stti^ $> Z> 7b &.
77^^273 amf 7 1 h#K#6 BUmx/c. 30t773 d $,X, H46 d&#&# 
0ttibT^@*7-9c'if b, SffiTiy$£-ti7c„ %#:#bT*#&,E®#a&A:<fT 
4rf. f«&^(7)K#7#mx#0#Cj:O&R%#iOR%. *Sftttl:7bt©WSS 

fjo7b. Sfc, SEM(2ct 0S1SS@$rl9Sb, EDX(C<£ 0 ^fiM^COTC^^yrSrfrb7c.

{4-258
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3.1.3.2 ig||

03.3 C4a#torh7#&)mx7c-!ft>XH/##CV-X'5R^7X##&3d$,%to 
ti6dg*LfcBe®XRD$!|^te$&^t"„ #B,9©7ft$X 6tSto:/7!/3;z7toi$*XRD 

iHSISSSr^liTS't'o
zh^ESrlnx/S^^/tS-a. SKto XRDA° 7 — > CtiMto k: — X fc 75: < , S®c97* 

□ -H/5:aj(Z)»^'ESSil7c„ *7E^toX7cSS-, 26^24% 34% 35% 41% 44% 

45% 49° joj:V50°#StcE{L>::g3-'j7A6t$l2EHSn5.H-5'^'ia#$n%c„ 
H - 7 to ® ttV %cE< t'%%!/3 - 7 A CD ® j: V j: ^ S h 7c „
H-X#gCHg*RMmcd:%#HeAA,gM.6fti75^o/c. AtoKJft4i,3 d^ptjfc 
))c7f 5#to6#x6ftl&. IX-htoKSJ; 9, 7S3;37£7 ytekS^C^bT 
f7#%7%-y-%7°7b^#&mtoT, 7Ki##^60i###{by7b3-7A&^-f6C7 
A^#7&6 C &7)%$kl/c. $7%, *7#&An^7%#-e-toH-7#^&l:l:#TaA, 

lnx5xh,j7E^16)]Dt'-5lD3nTb:-7^S^ti*U7%„ E{La)1/3 - 7 Ato^ 
mH*7#W0#C&#T3 C ir^'S$tlfc0

03.4(a)t2*7E£j]ax%c-9->7>BMtC3dg#L%cV-7’5Ek^7XS$®Sm 

to SEM ##Cto#?^*K^@CSSUT53$LzTV)-5>£tl
7ft „ EDX C=kD. C#8tomf^77b3-7Ae#tj'C A&##ll/7%. 0 3.4(b) C@ 
3.4(a)to&±0^aT. /jN$*fe7^'StoCjg'&b, <7 07ftSftK:?A<l:l$:6l.Tto5 
yti§7)3l@8i£il/c„

3.2 imm»6 ® 7 > X ASSckg^ □ X'X * 7 hEE<btito^[39,40]
3.2.1

7>7>SS^B^z<dX‘X*7 hSEfbtlC^V^Tfc, 771/^n^fri:toRgc,

y^3 37©i#t|^I, (3.3) ^tto(k36fb#T#M#7)%]lT6 ft:#x 6ftl6.

LaFp3 p + MeFq3'q + 3H^O Z LnMe03 + (p+q)F" + 6H* - (3.3),
where Me=Cr, Mn, Fe or Co ; and pa4, qa4.

ti, ite^CJ;DfEEUZcLaMeO,£7 y-flxkillECSSI"*Ci:Cd;oT7> 

7 7Am#ABto77F7-0#(k&-a-tf7k##&f##U7%. Cto^&Tti, 7 7-fb**
L&toA#x67i67%&, m#Am<7>A4ia#

tokto7?iJ^^'S>-5o KftXAXXii^ftXnA, Kfx>7fX mtWi, m#3/l 

)l h £®-f ftife 7 >X > 6M#ABtotSH:m:lC:%&j:7 CgAL, l400cC75B$f® 

LaCr03[41], LaMn03[42], LaFe03[43]$, -5 ®ti:LaCo03[44]$(7SVZc„ fttl 
b7>X>SS^S^^DXx*7 bg#{b#@g,&tof^itm7)X###. 7 9ft 
7k$E$lnxTj!#U fto#@mcd: 0Dimto/c. Cto^mc*7#& 

#An L 7ft tot, poly-ethylenterephthalate (PET)S(SSrSSL'fco 30 °C 73 d<ft> -51-%%6 d
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20(CuKa)/°

@3.3 (a) : (b)
zh^ES-inx-TSdil#, (c): *'j7ESrlnx."f C6dg)g, (d): ggjfrro*"5XSfi- 
(e) : K#0yj|/3-7O#3NX#/^->

#-262 -18 -



<§kWik. SESSDttiU S@*T?ycSU, X$S@£XRD,
SEM, EDXlC=fcD#tfrb7c:„

3.2.2 t#j?
3.2.2.1 LaCr03

03.51C, LaCr03lCj3bT, 3 dRU?6 d gSfi©SES@®XRD$!i^M$$:St", * 

^itSrlinxfc^'o TciS-a-tt, SWc=k-S>;fe©.£iJ1-©tf—ir\t&&-£tlfcfr-otz<D\z%i 
b. *^E$lQX/t SEIZES b/tSE"m, #R%LaCrO30H-^6-grf6Xm[g 
Hrkf-^igSSil, $K$ffllCLaCr03*S4y&lTb5 C #^LaCr03
&7 '7{Lzk##l:S#f 6 Z 61C j: 0, 5’>^><h5'DA©7;i/^-D^#:^fiKV> 
Z©SElC7 7'fb#M'^76^%##:&BfiKT-5zh^#&Al]X-5 21 <htc<fc 0, 771/ 

n#iWm&6LaCrO30#A#mb^t©a#xSfia.

<, #mb/cLaCr03HK#%©j:WC6A#^$^l%. XS©@Sf^Stt, 3d E*
<fc 0 fc6 dgf*©^7)titj]DLT* 0, ?©LaCr03^^5d>^ < 6 %3 dGA

±##T66#x6^a. 03.6K*%^@©SEM#^©0$&^-#-. S$±iCG2~ 

5^rn©##:©mfA%<^-mL/-C#ajUTW5©7)#^$^/t. EDXtCiD, 7>? 
>&&K^OA©#%i"-5##6#:f&T&Z6&##b7b. &K-hlZtifiti,©t>© 
tts^snya:^7fc„ XRD$|JS®$£6*-tfT5tx-5i:, Z#6©#fH, LaCr03®
00,^0#$#^. 03.7C, LaCr03A#m^}:#ai b/t^&^T. $teE@©#ifS

(Ci;D, LaCr03©#mA##$^l6 <b#X 6#.6.

3.2.Z.2 LaMn03 -ajj^
03.81C, LaMnOjlC-febT, 3 d&CK6 d ES#©&K#@©XRD#|/g%$%^"^,

*r>®§:;fmx&/^-3/tS-nti, Stocks fc©bW©e—? ti#iS£fi73>7 fc©ic 
*b, *C7#&Anx^#micm%L/7b*KTlj:, m%LaMn03©H-^5:-&Taxm 
llffb’-^^SSSn, mK^mt:LaMn03A^^L/TW6 C 
LaMn03$ 7 7 {LzKSl® lZj@8T-5 Z E 1C £ D, 7>f 7&77^>©77I/^D#^ 
£fi£b, Z©S#Z7 7fl:#<:f7 6^%##&)lMTa#^$&j]0x&Z,htCj; 

0. 771/^0#i%SE 6LaMn03$5###mb/ct©6*x6#a. @8rt:-7©S 
, #mb/CLaMnO3110#,#©zXS©0tfr*iB, 3 

d ES£ D t)6 dil#©^ttHnVTi5 D , *SEfT©LaMn03^M7t:57!>6 < t 
t,3 db7_b®iE"t-5 <h#X 6fl5„ 03.9tcSK$@©SEME^©K$$^tb SE-htZ 

H2~5(xm©#ic©fe:?^'JA<^MbT#ftijl'Tt/^©^|g^$tlfe„ EDXlCck D, 7
ca&mmbTb. *K±icim

©&©H*#$fl%A^7h. XRDU5£^$i:-&t?-ti:T#x5i;, Zii6©KT-tiU 
LaMn03»|5i,i:^$tl5o 03.1O1C, LaMn03A##KK#m bTcgR^&^i". $ 

K#@©K#(:j; 0, LaMn03©tfrtiti^S#Sii-£

#-264
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20(CuKa)/
@3.5 LaCr03^K*3tt5PETeESM®SEX®llIilT/^->„ (a) : Tfr^EiSttl 
XX6dg*, (b) : (c) : (d) :
-l?t|tf|CDPETgfc (e) El^LaCr03@teX^[ij)T/^->XRD0 ££/£LaCr03© tf- 

i? t— &T-5 (a) <h(b)lcSLaCr03(Z) (c)

-21 -
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30 35 40 45 50 55 60
29(CuKa)/°

03.8 LaMn03M(Cj3tt-l)PETSESH®'SKXSt3S/^->= (a) : 

x_T6dil(b) : *r>ES:laxT3dgS, (c) : C6dg?g, (d) :
S#SfrCOPET$S, (e)^LaMn03®^XEEiyr/^->XRD0 ;fe&LaMn03©fa;- 
i7i:-Srr5b-/7&mTSr, (a) b(b)bHLaMnO3C0H-^^g$iJSn7c^\ (c)

#-268
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3.2.2.3 LaFeOj -p-fi?
03.11 C, LaFe03t:j3©T, 3 dR££6 d g#^®SSS@(7)XRD$!j^E$S:Sf- 

^7#&AHx%^?7c#AK, $8l: =k -5 ©bW©kf—7$tit&fry>fc<D\z 
Mb, *^E$;)raxfc^®2'g#b7cSirm, m$LaFe03<D¥-p t-$cfz>xm

X8S@CLaFe03;)tti&bT©5C<h#bS£:h7c„ 6|j£ 

LaFe03 y {b*$EtbSSt" Sutfcit), 7 77><hi&©7 ll/Znig#:^^ 
b, C©^%!:7 S^O^^AOx-g, C 6E j: b,
71F^-nil#:g'®^bLaFe03*Sit^tbb/tfe©«J;#xbn-g)o @i)rH-7 ©M^tt 
#<, tfrtidbfcLaFe03tt®,i,-tt©j:Vib^^ffiSSn5o X#©EI##ga, 3dg 

# £ 0 t)6 dg^CO^'lHa bT45 b , 7K^Mcf,T©LaFe03^MiStt/>*:< tfc3d 

!^±.MMttz>t%7L<bnz>o 03.i2c*#mm©sEM#^©0m&^T. sn±c« 
2~7nm©#Sc©S^jA<^®bT#rttibTU-l)©^ESnfc„ EDXCJcb, 9> 
7 S r t&®|Mbfc„ S8±Cttffi©fc©tt

XRD$IJSE$<b^'b'ti-T#X-5<h, £tlb©feZ«, LaFe03«g

iii:Sli$tl-5o

3.2.2.4 LaCo03 -§■/$

03.131:, LaCo03t:j3V)T, 3 d&Uti d gttfl©SES@©XRDl!|^M$:&5s"to 
^b'ESrlnxti^bfcS-pti, SEKdi-g^tobW©hf—7BE^$tl75:^b^:©l: 
Mb, ;§*(:##bTcmmra, %^Lacoo3©H-7 6-&T-g,xm

@|lTb-7^ESSn, SKSMlCLaCo03*t#;Jtb-rVi-5^^7)l'S:Sil^„ 

LaCo03^7y{LTKSEKSlSIt"6£6t:d:b, x > 7 > £ rm ib h © 7ll/shnSgW 
ay$b, b©##C7^-fb#<^->6^%##:&#m%T6zKC;^&jmx5C6Kj: 

b, 76LaCo03Ma^Sttib/t© £#x b ns, HifTtf-7©® 

%am<, #?ajbfcLacoo3t$#$s,-it©j:v^ j:^$ssii5„ xm©ts#T#ma, 3 

d g%j; 19 t)6 dgj#©^i#)]abT45 b , 7KS®cF,T©LaCo03^S:iBB/>^ < £ t> 
3db,±##T6£#xb#5. 03.14l:X8$@©SEME8l©B$$Stb *8±C 

tt2~8nm©*e©^^i£< ^bTtfraj bTbSto^'SSSilfCo EDXCd: b, 9 
>7 >RtX3/t;lz h©#i£-i5^1ti:6;W—&T-5 C£&##.byc. SH-tCttffi 
©t)©«ES$£n7S>b7to XRD%!|^^^i:Ak#T#x6 6, Ctlb©SZ«, 

LaCo03®g H £ MU £ tl -5 o

3.3 7Ki§^b©7, t'D>f9A@g7>5'>7>*’>^a^X*-l' hSIWbtl

©^r/S[45]
LaMnO, © La-?M h ©—gR$ Sr tBi%bfc(La,Sr)Mn03 &, SbUTSHt^, W.

S-B7kSMe®1tZ@#:EfbtlEES-em-fe^©«SKt£ 

h U 7^S{b'7;l/7X7^BS$*^jfiV)C<h, < & g>
C£%£7nb, %@##abT©##l#%&Tm)##-C&6<, 7777##^#

-27-
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03.11 LaFe03 —>o (a) :
iaxT6dg?t, (b) : zh^ESMxTSdgtt, (c) : zh^ESrflaxTfcddg?*, (d) 

: S#|fr©PETSE, (e) ^LaFe03C®*XS@8f/V->XRD0 ^LaFe03CD 
b-? ii-grT-S b-/7 (a) b(b)(:5LaFe03<Db-^ A#*!l&Ab

(c)T'HiI S o fz o
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30 35 40 45 50 55 60
26(CuKa)/°

03.13 LaCo03^l-j31j"5PET$®S@roSEXEia8f/15'->o (a) : 
lDxT6dEjt, (b) : (c) : (d)

: if*fffCDPETSfc (e) #^LaCoO30#*XmBlgT/^->XRD. %^LaCo03CD 

tf-^il-Sj-r-5 (a) 6(b)(:HLaCo030 H-^^

#-274
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%tdtxxh s-e-,(La,sr)Mno3©*sM-er/&

SrftTTo

3.3.1

1^,0,1 SrC031 MnC03 $ 5 > X > t X h D >T 7 A i: V > ji > ©TJUt^' 1-x : x : 
1.0l:TaTXt:##l/, E^rtiSlnEfimSt, 5

MTHOOTTSR#####, La,.,Sr,Mn03 SrfS/to Sr B ##L#T#T < ##L,
7 n 12 7 ry {txKSESrlnXT, 24 Bf f@jt# V, @tj-@e-D/tS*SSi®tC«k OBSL/to 
7 ©B$ £30mlT 7> L, T7#&miQLTT77°T#mALTo ^®Sr®f^LT 
#, %XX-;i/TT10^@#m%#T#-3TTU%T#7T#7X7- h&K£7 

®-9->7,E@®CSSb, 30TT6d®3ET„ ###, S*SrI& <0 tBb^@yKT'» 
#, S®T$t;SS-ti-fc„ f©#, SSSMS:XRD$!l5t, SEMSgSK, EDX^#r$ffo 

To

3.3.2
#T77°T#mTT7#Tmi#, 6dSZ*LTS$©XRDilSteSS03.15 #E

To ©TtlfcT^'XT# hSMiBtoSiA t°—X^'ilillSti, 7#6©0#,^T##
TT6 E/&L-T 7 t S ilT„ X h a >T7 A1PT-5 tcffAB—X #6ti— 
ax=0.10T#TLT#,x=0.15Tj@lnl/,E©#HX hd>T7A#©l#lnTff©H- 
X^StiM^LTo X ho>TTA#mm:#l\ xrdkf-X®i6A6#WtoSlj-^ 

S^snTo Atitt5rKUTMII.CX hDXTTA^BSb, STSE^'M^LTC 

XTT-5T#Xbtl5„
x=0.2 ©T>X°TS®Kg?SL/TS1t©S@to SEM#^©$@m&03.16 l:St. S 

fiilCIi, #t©Sf*^tLTff ffl L.T©-E.filWSSSilTo D, &
#Ta2-6 ^ m©±#$T&6 tfrttiLTfciE©edxD, S

T©tiB<hx>X>- X hn>T7A, v>T*>©^n^'il©SET5EWi-SL 
T£D, Atl6©1ME^x>X>, X hDXTXA^UT, V>**>T^TT©5 7 
AT'SEStlT,

3.3.3 EDXSI^CTS Sr©^M

0.00~ 0.50©sx ©xtoTATTiSE^ 6-6-I5; VTBtS-©X h □ ATT AST, EDX 

SfflV^TSJSUT, tti%ES-roffll$La1„xSrxMn03iC*fL, ^B$fl-®EES: La,. 

,SryMn03<hET= xTy©M#©03.17|2STo *#©#^5(3^ 1 T&6^,
< 6% Ay©#ln#J\^ < 66#tm]A%6aTo 7-yfcMlSti:, Wb, STcSrfiTEj:

©T&, V >**>©MTtoti, ^#T5E#T(0ETMSr##L/, E©T

ftxiy Aiaa# b < ft -5 *§*## b#Tt©A#xSfl5.

#-276
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x=0.50
x=0.40
x=0.30

x=0.25
x=0.20

x=0.15

x=0.10

substrate

26(CuKa)/°

@3.15 La, ^Sr^MnOj :/;!/jg® (C 6 d b fc *f 9 X
ES@®'SEXBEiyf/N’^->- ^EHtt,(La,Sr)Mn03

-33-
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y of the La. Sr MnO,-/ 1-y y 3

synthesized from the aqueous solutions
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3.4 USKE'X© LaMnOj ©##[46]
3.4.1 Jjfe

@{kttWRT$>59 -y hUTBiSSS^yll/n 
X 7(YSZ)_h^x©LaMn03<7)H*^ff o 7c„ #{1:9 >9 > £^#T> 1i>£ 9 >9 > i

1400TT5#[m#^L, LaMn03&{^SL
t„ 9-7{b7ks#s:)]nxTjt#L1 E©#mmcj:oE^&

mo##, XEi:UT, S V-*it^%#YSZK%1600 "CT24
hBsaLfcfcto&jg^/t, x9y-^43'#io^rEga#)^i5t'^#{To/tft
C, m9E&StolvA:9->7°;VS?$tcg«Lfc, {%##, XStSmOfctiU S@*T 

itifE, SEXRDfJS, SEMiggE, EDX^#&{9o^.

3.4.2

m&MTrm< *jsbiir^5{$^i^8st»esn^„ see 

@(7)SEM|iSto|S$^@3.18t2^-r„ YSZSISiC^icCO^^-ftlC^tStbTffffi 

L T © 5 Wi^'lEgi £ kl/t„ &/c@{g$©WE, KE©9; # £ A5 3 ~ 5nnvm titi] 
-T£5X<k7)^£ilfc„EDX9H?T©E§ll:, 9 79 >©#EE6$M%#T >W7©#E
tzmm-i-mL, sc, :neoisa, mE©{&m£-mLT^o, m-wzMz
tl%friflZfhm^&<LaMn03T$,Z>Z.£timM2flfZo tirtitiSKEtoSMCti, #gc©
ma^&o, ##cks-I£©S5i/> £;Wtg?£*l£. 7k#m^6©^Cj:0, 3T

SETTYSZi :±C LaMnO^S^i

3.5 c j; 5

raj ffl{t©/i®ctt, jav^mh, 

mm - E9S y9X
##&#E©B#T#WE6 £ £AmBT&6. ^toCVD-^X/N-■;/ 9)6, &5© 
C70l/-{rE&C*l/, t^RttCtX’tlTc, ±m#T##^B

s we s %e© wet $> -£, ew, u%©7c&E©^#T
##©mw#©, SCI@#T#*W##W^WL%©£:©, Mi£ax hfe{S<jf£ 
x6£#^T#6,#©#*&WE6.

JS 7 W W □ is{k®?gC 9 -y {tf59 W > i; ^W7iig{k&Jgm'f-5 m 9#&J]P X S a 
i:CE0, 7Jl/*DE#:©to7k^®ErS^iifTL/:„ £©HJECJ;0, nteM&&& 
C#@©##6a-57Eax7&U:9797m#A#^^o 7'X WW r@#S##© 
ir9 5 y 9XSTkSE^B-a-^f 5> £ tMiifto zK##^ 6©MCJ: 0 S
S • SETT, YSZ##ECLaMnO^##£#5 £ #^WET&o£:. iSft-fC, i%— 
CLaMnO,#EA%$LTJ3 0 , ElE#©K©©##A##£ tl %. £ilb© 
ti-fl.HiSST{$W£n-5fc60, A^Bm©An##CJ3W^##&#^55g^*"5. 
**^?S#rfiK)£Ttt, gm£f-amm©t9£7 9XA#&frm£#6^&,

M — 280
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ffi, toi6ro;RtETSSc^im$$f£Bj^TW<£<, ^##1/<

ft — 282
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4. == % m#

4-1. iilkAX
aazk#M### / Ltz?mm^ feroxx

5 s'^MSiSrBt'TffKlfeS-g-A^y. hro^SSrfro/co =>x hwfs^te. # 
lR&X&5AMfb#Mf@^&& (EVDife). ^yXVMS. jb'JiU5 KrZ X—yV— K 
?£kAlt®XS.S Sr S X fc„ XAfcAic, fFSffiXJroXnx HsXrifriXMftSy. 
S' y k B5}A®3S = y h4-StidL/t„ *jb\ #*&XZ5y X y E
<7)smt±, sx 4>*w5EEff (- i o xnn^Mzm^ (Mmmx.47,48]) ^##x v/x

4-2. hSttitolufl^
4-2-1 itiUbkiittfllSfll /

$i6]tf45;h,x v5 si^ksmess/ m
##k LXXk A,k'X^X^y y HJ T Sr K—7° LfcSSikiY/Vn - r (YSZ) ZiifflV' 
tkiTV'Sc, S/c. iS?g.7kSM®SroTy — H\ y— Kk

LTT/V* y±E^MS- h##ik#Zik
^lm.7k##,##'7)A7 y— K, Bflsr^-fk^SSfl-ttSroTy — Kk LX— y X/y-X/y^ 
= Tik— A y hA\ 4 >9 — :=XS 9 k LXT/y* !1 ±ErfcJSSr K—XLfcyXXX 
S □ A|ypk7*'f hiSE-fLWzkfflxLkiXV'-So tu^xyi^/t J: 5 k> AS®, * 
y- H\ ry- Kxffli/'ibiv5±a!ciE]btil5BEBt±x7k®$iix-re

4-2-2 HiSykSMSStf • @]#^{b##B##MiX/yx#:R 
iWiUzkSMAStti / Bf^gt^^jSBfi-EMiX/yciSSIS • 'lYtklLXXtifiy Af f

y xyyi$$ix sHxsnxxs, sfi-emk lx, uyii. a*
R^esKStok'xyyy^wtsiixi/^k LiiLAm$y#mxEb^x. af$
#fb#m#*4-#mxii, X^X»t#J5)t^*^-lry 5 y X x b L < terfeJIB&X&SX
AX. ®«:®6Eiaj$^iSvy #t]#W$iiXv^^ia.7kmm@## - B##{m@# 

■ mmmtLxMcbimtttebntt, pmwmm our, ntsmt 
i&x) [49, so]. ?mmaAzm#[5i,52]. ¥«m^]fsii!i[53]xfe5o ykm®«
Sr El 4.1 XtjXXo

Rfjliii. X^xXy xX/\9xf±Xk-oXM%AYwXB*X\
A#XXX5. C -(as-* L t #?L®®##X J; -3XB#&*R LX#a 0 .

ztv&mmtLxmm, ask. m@k#M&##&#@X5. r©s^. 

f$k LXSt$6]*SrfflV^5 r k 7^ y X SrEtf k #to RfW ip-X/yk EXX
-yX/vya/y h^fflV'50 RfjSXfi. —iXtoiCBSrStLXrfciX — 

*®Si®^ij!|g[C)i:otV'5„ LfcJ'oX. -fe/y^tc^X^BflMBroB^tb
zxk£<. xy h*y/'y-y—/y^^-^k 

sp+SSHtt. AS. ask. A@. yxx-^^xx (x/<x-x)

- 39 -
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¥EEsofc

RMMSOFC

@4.1 niwEiss ¥®s6az:siil
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SiLfcfSjS-efcdo CtofiiSit, mcoS*4S?t!i©f#5S6*ii-e&5o

ET'ti, 5g*m»ft^S®C>B*|6]5ra5S$§^SV'fc»(cir;V(7)|*iMeyLzS$tl*:-t5
'5166-14^6.5^, ¥tEE-X:'tiaSl,tolcit®g*|6](c*8lt^)tii56:lt'e6,9, ir/vro

6%x.5ix5o ¥EE"Cit, x 6 v 6 SrBtr 6 # SJiS'x ->— 

/MS£-^-efc5„ #x7-/k#6 LT, S?x, ty $ y^xjo4^-561/6^1#^# 
$4/9^#V''6>$'i"CV',5/9x 1HJWli:f4$4, 01@$4$4, -Y 7 6— ^#66 ("br/4 7—6) 44 

$46 D , $a®l®XseS#ftolc5l3i;5iLfc->—;V#I4*V>0 5r6S\ *S-6"CI4, 
-y-/H;:||8#5=-x hSSttfTb^W WSEt-li, @SS#5E#:(om#K (-# 

S150 u mtt±) SrfflV'fc 6 SEE 6, S#6D«Sf4R18iE 6 |s]«©#?L®*«(c: i o 
Tffvx 5:(0±iciiEto*fllS^#iS-45S:itflXEro2fIS^6)5„ SltEES-fi:, ® 
6?KtoSE$btcj:5i*i®e6ttog®^S3#-eS5fcfcic, !^S6titctt-f--<Xto1SjSro 
Rs, ftt)iWtti*es^T5j|g-efo5o l#u 

V- 5 Pn^S^SfcSo

4- 2-3 EiS^X broSttiS'iSK'oy-C

#-EiSi4t-4sij'5ii;?fi*SMmi« • @f*SMti^EB$4tt?ti®E:iS=>x broSttiS 

fi, B$4##6 LTffliScEto—StitiSCJ^eSa—yv£fisE-65 6 g.<D=ix b£r$* 
t ITffli'fc, 5$Ll±, ^-Syt(0|af*:E^%)ESSS66tom-tryH466KMLr, #< 

©3:®;^3S$£iL-C:ioi9, ^iiKSSK !414)SSrStiir5ro^Sl.'efc5(Dtc*tL,
#@*mmm##sMS5e###)B#s*s5##m#(7)mm%x-6sms5m 

S 1fi (a 6 h 6" 9a 5 $iT V 'ft i' fc ft S & 5 0
ElS=x broStH#!®!, Z5mm& (##3tE[47,48]) 6R#

Kfrofco SSbS, #11116 LT,(l) EJ¥®95
£6 ^tUcS^ < f466ro^:So 4 fc, ir/K x 6 7 6 roS#ttcS-d < E)S?4<7);9i£=, (2) 
#EiST$Btcfcx$5iW4t4ro#®4: *9 ro9b£„ (3)flg2000 kwro^S^—/i^fEE-t

5roic^S/ji$4$4#(7)Sttio (4) 93 E 2000 kw ro S 3-—/v £ fEES 5 ft S SE 
##, ,$e$6»ftSi±io (5)*B*roStti„ (6) %1%^6BI6$ft#tti„ (7)i--<-c<D=ix b

5- g-f+U 1 kW^fciOftEiS^x b£*ft5„ SttiSibS^x bit, El4. 2 S#-tt 
4S, ES*, ##*, #$4#, ##*, ###, titmmitir^EL, lllfc.

4-2-4 x 6 7 6fttbE

RMEfctlWSE (SSEE) ftir/K x6 7 6ftttiHlt, #£, ISCSIS, 5 

&}:#*# *#%Frl-jtit5^#l466&##4LS, SS^eF^FJTS&ft-cgbSSii 
fcttlt^fflV'/Cc (*4.l)#KE (SftEE) rottSitfiSEcaStcJ: 19, WE (S 
SEE) ®ti:#^SSz4:SLfc0 WEft, Sir/v 20 44, t/<7-6 !9%^^2tc 
#@ L/cfo 7 2©iTt, tidS^ ttiLfflftt 76 — W6 6 <9 btitfc4>ft£ 
1x6 76 6 Lfco t;x67—6ftiElitStaSS 15 ttiSc x^r#-k/x^S *91 W 

6LTV'5„ RffiEit, 20 W 1 Ht4a-66Ltl'50 — 6 43 3S 9 ft#E*;
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ni4S. tvm omm

—75 R/A ■ B^Pslirl/Ctt

1075R/A

SaS(Dfcto(7)SSs 5] Aft

0 4.2 bto|*JtR

#-286
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4.1 y

HM

(g £«)

jfg 0. 25 A cm2

0. 70 V

0. 30 A cm2

0. 70 V

0. 30 A cm2

0. 86 V

#t/l/

291 cm2 100 cm2 100 cm2

51 W 21 W 26 W

l * ^ 5/ ? ^

(7)^.ir/VS( 20 if 20 lie 20%

^ Stidvb 2000 kW 2000 kW 2000 kff

- 43 - #-287



tib MMtatl 2000 kftlfc,

4-2-5

evdm, -fyx-^mm^ d) ^shhss-tr/yrofctiasrEM.s a, tt
4. 2t*t#?Lf lt*;k->TSSft-^n X7 (CSZ)

ti'5„ Sfrl:to±tc1 $601 (*y- b'X eSIt SM (Ty- K) rollS-CH
S1“5o S^@tOSJ¥tt, EVD?£, (1) -m, 0. 04mm, 7°7

0. 15mm t Lfc0 CWib 7°7 XV#Slf$ttS*6tllCit-lr 7 5
5fc»tr, lc&5fSScoiifl;^*Si^ifcli50l;»

U EVDi£, TkSEffixili-^iL-^fiix M7 yit^A^coj^^-X—y—(c
zc t icz5.7ki§E?£ (2) 74$#$ 5#
-tf/wE^iaSrgH. 3 b tc^-fy try Inyf'JAS: K—/lfc7
>y y^yyfy^^o 7”7X7y 6. $ro{tii<z);#j3£ilSi±zf<
iMi£ (1) ^SCLiaSLfco

4-2-6 mmtitm.
qz#§ut/iy mm t ttm&M 4.3 *5 £ via 4.4 tcis-t, >f

m@ (iidiM) -tr/Ht, Kyy-y"y-K'i£(cJ;oT'(1sKLfc0 Zcom. mmKco
fit Si*, 0.3mm i: ITV'5„ zkiSiSiSK J; Wi&ftMI&tfJ&l&XZ 6

zbxh D , g AdlMroftSi: *9 ’bSjtSI^oir/KO^MtciiLTV'S <t%x
6ii5o mm ($###) romsssro^MicTKiSiWiiSriiffl Lfc0 m*
tstcil—yTr/vy b£ffll\ 7 y^r-y f'U 7"y —i±7(757ai;b b
TXmLTVSo SHIRS-r(OXftiiCTKSESt^J: o rfES U SHIRroBSIJlttfi
fiMirlWHftco.04mmt Lfc„ -trroHI, I iEBlMKit^ RjtBl§lf4SHIff®l!IJ¥$iiJ
v'fcfet’, E#%gBe(oy--y#ic± 55.
It 5 YSZ ThylgS^S l(Tl S cm ' ^ LTy-—A#(0#MS@+#L, ¥$S
(3:###) (SirBSSJ) (D#t7ixm±^2!WK*L
r, (3:### ro^-tr/vtuyjtt 26wx:&50

4-2-7 =zy
37 b##Kmy±m*4(D##t#;g&*4.4t:^i-.

4-3. 7 bK#
4-3-1 &{$#(Z)#1@3 7 b

y-eii, #TL®CSZ SSE (&#:#) £ LTfflV'fcif'g-i^-TLICyyy y-7>#y* 
7n/7*y b@#{k# j:tb$M@£ LT#ffl LfcS'S-<7)2®|g<7)«'6'lc
xtLT^cOny bSrl+SL7t0 StSiiEyjR*gffE9fCi,1iS5:^SKfT-3fc0 g#:#<D

bf-288 - 44 -



(a )

evd, 7k;"S;&;£d)

(b)

+ *V-K

7k;S;'$;£(2)

0 4.3 (a)EVDffi,

(b)7kiS?SSi (2)

, TkfSS’S; (i)
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4.2 =>* H-hSlCjiV'fcmSy-fe/Htilg

EVDE

iW£

zkBEffid) zkfSEiS (2)

$ (cm) 75 75 75 75

0. 25 A cm2

0. 70 V

0. 25 A cm2

0. 70 V

0. 25 A cm2

0. 70 V

0. 25 A cm2

0. 70 V

51 W 51 W 51 W 51 W

#

-t?

gp

#

60

ff

s
(mm)

(8 mol% YSZ)

0. 04 0. 15 0. 04 0. 04

(40 vol% Ni-8YSZ)

0. 1 0. 1 0. 1 0. 1

((Lao. soSi"o. 20) o. 96Mn03)

1.4 0. 2 0. 2 1. 2

(La0 70Ca0. 32Ci 03)

0. 04

(if! 8 mm)

0. 25

(ifl 8 mm)

0. 04

(rfJ 8 mm)

0. 04

(rb 8 mm)

(CSZ)

1. 2 1. 2 1. 2

M — 290 - 46 -



4.3 nx hSfSKfflvfcTSSH-tr/HtlE

K f 9— ~7 lx'— K

(i &mM)

zkiWEiS

^ (cm) 10X10 10X10

0.30 A cm2

0.70 V

0.30 A cm2

0.86 V

Sir/vtiti* 21 W 26 W

-tr

)V

Sis

#

(7)

ff

5

(mm)

MMM

(8 mol% YSZ)

0.3 0.04

(40 vol% Ni-SYSZ)

0.1

###+&#:

Ni felt

1.0

1/—^

(La0 7oCa0 32Cr03)

3.0

1.5

3.0

1.5

((La0 80Sr0 2o) o. geMnOg)

0.1 0.1

- 47 -
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—"^U—K/S 7k;S%&

@4.4 (BirfllEi:3ytEE) <n>Wk
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4.4 ^

iW m ## (M/kg) Slfc&g (g cm 3)

MfftM 8 mol% YSZ 7000 5.90

### 40 vol% Ni-SYSZ 6000 6. 32

(La0 80Sr0 20) o. 96^n^3 6300 6. 27

L^o. 7oCao. 3zCr08 7000 6. 11

Mfotf csz 6000 5. 20

LaCl, 15000 —

/ f CrCl, 5000 —

MMM ZrCl, 5000 —

YC1, 24000 —

140 —

7y^(100%##) 400 —

"7 ^ 4" > f# 200 —

-7% 200 —

- 49 - #-293



£j5£Cf±CIP(Cold Isostatic Pressing) V \ 3SiE CIP file® 5 fotc if U — y
b y^/HF^'CSsic-tS 21 £fc J; l9fbK1_-5o rfeMb LX"S#:l:SrKiat'5/i:»(r1 
#TLKcszffros-s-tcIt3847 A / *, #?LSf7y9yxytfy35ix:ny'x#y 
IbifeWroiSa-ICIi 4295 A /*CO xx h£ ft 5„

4-3-2 EVD istc t 5 Rf@i!J|l#:E{b#iSS*4Siftir/vroE)S^ ^ b 
EVD&}Ct 65(cixit Lt#

TLRCSZi=<frffli/\ Cbt}C^M@£ LTLa0 85Sr0 l5Mn03*&7k£x 9 V -9='9 y t°y^"K
t 9 x —X9 y 9"-f So 9 y9 y 9 nxy h K t *9 xxdf y 9" U
-^Xiry^'Lrv J; t) N 9 y9 —x^9 9 & LTLaCr0 90Mg0 1003W,

5. xXdry9"£l%£:}o tlkxx9-y9"£bTo:fc:t, ZrCl4, YCl36r 
MMt urffltx yszm&mwkmmm£ fm-t 5 „ bs-is£ ltm/yszs
£X9 y —T9 y t°y 9"tc t 9 5 6lcfit>’EVDi£tc j: 9 YSZ#@SrNi/YSZS
RbyfcES-tix o0 xx Hfffrop^tcov'Ttt. #S5cE[i,2]

4-3-3 9°9 x-7##&}c j: 5x b
9° 9 XyfflSic J; 54.6 (y®-f „ Stk

l:t LT#-?L®cszt=^fflv\ rixtcxxyyyk 9'9x b%I3£ftv\ 7±=fu>

SSttCt <0 , @M@£ LTLa„ 8-Sr0 l5Mn03#TLK@Sr^$#"950 ?y 9y9"<73ix 7°9
y>zS#t(c j; y YSZ'SflllSrffE-f y-9©Sbt/55&5fcJ6ic#t?L@;a?rtT5o
-y x dr y 9"IB**5 J: tbSf tcx x 9 y 9" Lfcfl, 9 y^-^^y ^f^yyxvglt 
l:j; trtofi, tfili LT#?LENi/YSZ@Sr^Et-5c xx bl+Stop
iBHCoyTit, ##jCik[47,48]^#S8SiLfcV'0

4-3-4 7kS®'S (i) icj:5Rmmiaf$m{b#m##@*t/piz)#i&='y b
7kSE?£ (D %*#=

t LT#?LSf csz rhl^yy-n-fYyZ'tJ;^ £i$S£ LT
La0 s.Sr„ 15Mn03S7LKSSrfEK-f"5„ 9ttSrxX 9 y 9" U xx9y 9" L"0 
y-TkSESiK J: D x 9 y9 —xtt9 9 £ lT LaCr„ goMg„ 1003ESSEJS S99SH" -5 =, X 
x 9 y 9"SrlB**5 t tbx x 9 y ofcfl. TkiSig&C: t ►) YSZ##)###:###
&##f 5. S14S£ L-CNi/YSZl§r7°yy>iSM?itc j; D^Si-do xx

H+groplBicoV'-tttJkXTtcix-ro
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4.5 (i) cm/,9)

mm mm StH /j'*+ stsa
ran/m (75 R/£)

$><?u-'MSr&m) 1000m3 5000 1 5000 60

###
OvEilSSffl) 25000I 1000 3 3000 40

H^SEEgg 3000I 800 1 800 10
@#51$ II 150001 2000 2 4000 50

7-OU5—^UX 10m2 1120 3 3360 40
### 150001 1100 3 3300 40

;I;S*S 150001 700 10 7000 90
30001 500 8 4000 50

(7k;S;&;iSli#)
87120 1260

7t—?U7h 2000 2 4000 60 50
^'5XHS 500 3 1500 20 30

X-x-SSfiPI 1200 4 4800 70 60
500 10 5000 70 60

X^XVEfE 2500 10 25000 360 310
2000 3 6000 90 3170

^7X*V**> 210 10 2100 30 30
2000 1 2000 30 30
5000 1 5000 70 60

####^## 30000 1 30000 430 380
nft 172520 2490 4560
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4.6 (1) Om/vS)

SB#
me

cn/Kg) (%) (Kg/fl)
(Kg/^)

CSfl/fl)

mm 40vol% Ni-YSZ 6000 63 580 921 553
mmn 8mol% YSZ 7000 85 363 427 299
sms (La0.80Sr0.20) o.seMnOs 6300 85 1100 1294 815

Lao7oCao32Cr03 7000 85 77 91 64
140 85 196713 232121 3250

y-M
(100%#%) 400 85 301272 355501 14220

158.7301587! 200 9000 180

200 9000 180

7K 1200
o'at 20760
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4.7 (2) tcJ:5li:SteJ;WR/fl)

mm m&w s«
1000m3 5000

O'-Mm&Ri) 25000I 1000

3000I 800
5000I 1100

-J-OM1—ZflsX 10m2 1120

5000I 600

;i mm 5000I 600
3000I 500

2000
75Xhti 500

—X ■ 1200
500

2500
Simttl 2000

210
#xv— 2000
*1iffiinE568B 5000

30000
Af.

m#

1

/j\#t

5000

##%
(7?n/^) c^rab)

60

2 2000 30

1
1
2

800
1100
2240

10
10
30

2

6
8

2
3
4 
10 
10 
3
10

1
1
1

1200 20

3600
4000

50
50

57030 820

4000 60
1500 20
4800 70
5000 70
25000 360
6000 90
2100 30
2000 30
5000 70

30000 430
142430 2050

50
30
60
60

310
3170

30
30
60

380
4440
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4. 8 osn/n)

Sift ## jjmkr/
Kg) M (Kg/

B)
+&W)
(Kg/A)

nmo5 
R)

mtm 40vol% Ni-YSZ 6000 63 580 921 553
8mol% YSZ 7000 85 363 427 299

(La0.80Sr0.20) o.aeMnOs 6300
Lao7oCao32Cr03 7000 85 77 91 64

tsOM 140 85 16156 226
?"M

(100%%#)
400 85 23679 947

200 9000 180
7X4r>-y

USS'I
200 9000 180

7K 500
£1+ 2950
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4.9 j: 5?Oo R / £)

mm IfcS /J't+ mmm
(75R/£)

###
(75Pi/R)

$##a-Mmmm) 100001 800 1 800 10

100001 1500 1 1500 20
T>-OVT—TfVTs 10m2 1120 1 1120 10

(;l;liS$fEEffl) 100001 800 1 800 10

;#;*« 100001 600 4 2000 30
^7>haiS# 19640 280
7t—'?')?b 2000 1 2000 30 30
/In—VU$VU SOOkgffl 1200 3 3600 50 50
/fs— tOOkgffl 800 1 800 10 10
SKi^UX 8000 1 8000 120 100

5000 1 5000 70 60
2000 1 2000 30 30
10000 2 20000 290 250

t>WAo%# 3000 1 3000 40 40
3000 1 3000 40 40

xE@«r8e 1000 2 2000 30 30
tUl'ISSS 1500 2 3000 40 40

5000 2 10000 140 130
30000 1 30000 430 380

>s«n°B 710
at+ 112040 1620 1980
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4.10 J;5VtSE-fryvEti'S-S' 05Pi/M)

am me
(fl/Kg) $@v

(Kg/3)

im&wm

(Kg/3)

Sffl
(75PVfl)

Ni — felt 100X1 95 100000X2 105263X2 1053
e®* 8mol% YSZ 7000 86 239 278 195

(Lao.soSro.2o) o.96Mn Oo 6300 79 380 481 303
iu\[/-$ Lao.7oCao.32CrC)3 7000 15000 10500

Lao.70Cao.32Cr O3 7000 790 553
iisai 31

7k 600
?"M 400 302 12

140 700 10
500

“nit 13760

%2~seii(tfc/^)
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4. 11 @^ ^ h

ssea ##* HSUS □ !+
(75 R/£)

S&ft
(R/kW)

pma
(EVD) 5210 6210 69130 36480 2280 4030 123340 617000

pms 4270 7630 8460 31200 1950 5160 58670 293000

pma
(7KiS«;i(1))

4030 6370 25380 18480 1160 1290 56710 283600

mmm
(*iS$;i(2)) 3590 6250 9360 18000 1130 1250 39580 197900

¥«S
(—I^L/—K) 1470 2600 13650 4820 310 710 23560 118000
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(7k»;S>£(3)) 1310 1600 11170 7360 460 580 22480 112400
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