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Summary

The following works were executed to achieve the development target of each item in 2000 fiscal 

year.

1. Outline of research

(1) Development solar coal gasification reactor

A coal gasification reactor, which can be operated with solar energy, was designed, and its 

test-plant in laboratory scale was manufactured. It is composed of solar simulator, CPC (Compound 

Parabolic Concentrator), molten salt receiver/storage, and coal gasifier. The molten salt 

receiver/storage was designed to determine heat transfer characteristic between molten salt and 

receiver. A simulation study was carried out on the heat flax in molten salt for mathematically 

evaluating the heat convection tendency in the molten salt receiver/storage.

In the development of the coal gasification reactor, the dry coal gasification experimental 

equipment and the wet coal gasification experimental equipment (Only the supplying coal part :) 

were designed, manufactured, and installed. Moreover, the efficiency for the wet- and the 

dry-type coal gasification was calculated with the gasification simulator, for the case of the 

Taiheiyou-coal.

The simulation results proved that the preheating process of the coal water mixture to 300°C 

with injection into the wet type gasifier gives the same cool gas efficiency is the same for using the 

1000°C steam with injection into the dry-type gasifier.

In addition, through visiting overseas and document retrievals, investigation research was 

performed on the element technology of the coal gasification, gas refinement system and solar 

furnace.

(2) Development of the solar natural gas reformer

Information related to manufacturing process of the catalyst, composition, reaction mechanism, 

and the reformer, etc. was accumulated for the methane reforming catalyst, and the methane 

oxidation catalyst was categorized based on the technological information for the efficient catalyst 

development.

An experimental device for the catalyst reaction examination was manufactured and installed. 

Several kinds of methane reforming catalysts were prepared, and their physical properties were 

examined. The main technological problem to produce the catalyst was evaluated.

(3) Development of gas composition adjustment technology

Technological information was accumulated for film separation method, absorption method, and
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film/absorption hybrid method in view of the application possibility as a carbon dioxide separation 

process. The information on the materials suitable for the carbon dioxide separation was searched, 

and the change in the chemical structure by the treatment with carbon dioxide was investigated for 

the polyimide system.

(4) Examination of whole system optimization

The oversea and domestic information on the related technologies were researched, and the 

information on development of the element technology and the whole system optimization was 

arranged and evaluated. And a whole system was designed and the economy reserve examination 

was executed. It was shown that no carbon dioxide is emitted in the methanol production step, and 

that its production cost is below 30yen/kg methanol.

A solar cell, an electrolysis system, a methanol synthesis catalyst, and a synthetic process, etc. 

were especially investigated as a composition unit.

(5) Support research

Purchase and the installation of a part of experiment equipment concerning a basic research on 

the coal gasification were executed. The investigation concerning the solar simulator and the 

molten salt receiver/storage using solar heat energy was executed.

The investigation concerning the solar simulator and the molten salt receiver/storage using solar 

heat energy was executed

2. Conclusion

Concerning the solar-driven coal gasification reactor, the coal slurry gasification method and the 

dry coal gasification method with coal steam atomization system were evaluated by calculating the 

cool gas efficiency using the gasification simulator. In this examination, the enthalpy of the steam 

of 1000°C in the dry-type coal gasification is about 1100 kcal/kg and the enthalpy of the steam of 

500°C is about 830 kcal/kg. This difference of enthalpy is 270 kcal/kg.

The time which can be used in a day for the system using the steam of 1000°C is 8 hours, 

therefore the usable enthalpy is 8800 kcal/kg/day. If we used the steam of 500°C it is possible to 

use solar thermal energy of 19920 kcal/kg/day that can be archived by molten salt storage system 

for 24 hours. The usable enthalpy of the steam of 500°C is larger twice or more than that of the 

steam of 1000°C.

The feasibility study was carried out in the case of molten salt heat storage system at 500-600°C, 

based on the above calculation result, and it was proven that C02 zero-emission can be achieved at 

the methanol production factory. And that 30 yen/kg-methanol will be realized considering the 

forecast price of solar cell in the future. General non-caking coal was used in the calculation with
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a coal gasification simulator for the wet- and dry-type coal gasification. At a 500°C, the cool gas 

efficiency of the preheating coal slurry injection system of wet-type coal gasification method is 

87%. This efficiency is equivalent to the case of 1500°C steam injection system of dry-type coal 

gasification method. But the gasifier can not be operated using the 1500°C steam injection system, 

because, under the pressure of 25 kg/cm3 and at a temperature of 1500°C, the heat-resistant 

materials durable does not exist, at present.

Thus, the noteworthy and very feasible process achieving the cool gas efficiency and oxygen 

consumption amount, which are equivalent to the case of the 1500°C steam, is proven to be 

realized by preheating the coal slurry (the 500°C steam generation using solar thermal energy).

In 2001 fiscal year, the above simulation results will be experimentally examined and confirmed 

by operating the test-plant of the coal gasification installed at the Hokkaido center of the National 

of Advanced Industrial Science and Technology.

From 2001 fiscal year, the 5kW solar simulator, which has been install at the Research Center for 

Carbon Recycling and Utilization of the Tokyo Institute of Technology, will be operated, and the 

pump transportation experiment between the molten salt solar furnace and molten salt storage will 

be started. And the relationships among various parameters such as cavity shape of molten salt 

solar furnace, beam flux distribution on the cavity, heat transfer efficiency between cavity and the 

molten salt, etc. will be examined.

An advanced experimental research for development of the natural gas reforming system, where 

a partial combustion and the steam reforming reaction are combined, is scheduled to be carried out 

at Toyo Engineering Corporation technology laboratory, in the 2001 fiscal year, along with the 

simulation calculation for this new type of the reforming system. This system is very feasible and 

an advanced result is highly expected.

(11)
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Ziy h n—/l/^^(j:^:#:(7)y yy#(7)yy-(c@^^-CV^6o h n—/ixgp^cT)^# $

(is 1000mmx if?j £ & 360mm ’Vlfa&o

jr-ir / ^ > h n-yixf 6##[Ell^l±y ^y y6: (C% «9 #(f bfi/T# ^ , 28 #

(Dz%%:^h^@a^^i:^6o

77>e—f##x.6;h,-CV'5o y%>^—f(D@^#m#(j:DC24V, 0.06A"e$)5o 

3 y h n —(D^y y >y >y#mi[W%^^ LT-#f ox/ y y «k,

y^6(Dx/yy^y^ym^ m^^ty

^y^ycDEm^^^-yy lx^T!> h LT^)I9, ^#^(C/(Dy ^y^##LTV^6X)^

^##(cy);fn<5#is<k ^ot^50
^yy^y^ycDA^T^-^T-f^^-zLT/ix^j^^ L^L, —o(7)X

/yy-ey-<y(D7>y§r^#^myz^^T#6o 3^^3-7i%#^a(cij:, #

%Ey6y-Yyf'-(D '# "<k" ^ "(DX/yy^2##x.l:^6o

2. 1. 3 yt'MJkXlMytyfc^T&pR

hn-/ix^(D±#(c@^^-C^6o ^m^ 300W^##m 

m^yy^yyx.^ty>yxy-e, y(D##cij:28#-e^6o y^,6(Dy^yii, |g

2.1-3 i^yj; ?{Z2 -D(T)i5]^n(7)Rje]^7fp]^@flE^iL> ^^{3; 16 ^~y K l*JMI^ 

lCl±12zi^^^^@a$^L-CV^6o

<LT$)6o y^L%(7)y>yil7k^^ia^^fLy^6o X>y^#:y-X(7)^#jj:i9

j^xr (7)3.-Hc^oTjoi), y^lc j; 19 t:"—Ay^:/^ 

fb6o «ky6o

LT^6o

iijr'kyyy>y^g##;±$-y6##^#Li:v^6c ^X7>^-yichyy

y>y#g#f;±y6m#t-c&6o

2. 1. 4 y-Yyf-&^^

M^±(c#^y yy(7)^ajo(-M^#;(Dy7 y fM—

^^lR)#(c-e#6 3:9^L^:o y-Yyf—ijixy^yx#^ —
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f &||2#-c&6o »9,CPC

J&ffiVMEfc&fr ft W«C:fl5 £> i/jf y ? nTtb"Cfc5o

#Mi-67T>"e—f (AV200V, 0.24A) &9##X_

/^%Lft^Z9^LT^6c

^r-k / >7 y y^mmf6 z 9 ft^A##^#x.

2. 1. 5

### 60X60mm (DT/l/^ zz^7 A^A#(DA#T,

^^@"C2X2mT$)i9^^^r6](j:#/^ 130cm <!: L-C^6o$^,

19, 4 ^ (c j: «9 ^ ^ 6 Z ^ 6.

2 . 2 CPC (79##t -

CPC 13 Compound Parabolic Concentrator 69B§#’Cfc V > <5 fc.&CD^fit'Vfc)

60 CPC(l/^iy>/^i^'r^7-W^, Bl 2.2-1 (7)j:9::,
T^T<ic%^-C#^^#<^6#^(k^'D'C^5o CPC(D#^e(D#m(c^v^ 
#6f-o

2. 2. 1 mt#
^##llAO^l&^70mm«kL, M^^^^8#eLTlE8Am6L^ ^##1^ 

#(C#LT±^^^, T^(D3^^^ifl:^6o %cT, CPC ij:24%(D#-C#^$fL 

TV^6Z^(cft6c 6\ 8°<k,

40mm"e$)i9, ##ltlj:2. 25^2: ft 60

bf^6^LT^6.

-7/i/f-3-b^$^-c^i9, ^###90%l%±«k#o-C^6o 

#m<kLT&5o

2. 2. 2

/^^yy^fiT/ ^ 5; — y .A nv^'tr'f^tlN <Z> 130mm, it5£ 164mm "Cfc§0 s'^'y
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#^r J%pP(co^# _h(f 6#im 6 ^oti/^0

2. 2. 3

^ CPC CPC gr

aC-C±^^(f6(D^^C/^^(cB(tTV^6o 7^/l/f#f|^4>80mnx 8mm T,

(D#0^(D^k^#l{%L"C^6o

2 . 2 . 4 /E /fip Tp:

cpc cpc gTicjo^ 6maj^
cc-f, CPCim:T^(±cpC(D#Tm^f--^^^(c%i9#(t^i9/u#m^±

-^AfTLTfTo/Co ^jo, zz^r^(cZ6#j^#(j:A*#{]i@^^6 7>y(7)$a^^ 

iir-e$)6o

(1) mum

y—20x10x0.5 (D19/u

(D -^TA^T#^jo^5#J^^

1 I^&a2 |^(7)7^y-^TA^T#(Cjo(t6 CPC 2.2-2 jo

j;C)(|El2.2-3(:^yo ZZT, —^TA^T#(D7^y^#(j:X#(7)##Jlc$)i9, JE(D^[p]

cSti&o

g|2.2-2^jo^y, 1^7yyA^T#Kj61t6#^M^240^"Ck^^ 3:7^ ^ 

(C 7)>$)6o C 15 ^(DA^TCPC ±gR(cA6^ A(C CPC

LT7>y(cm^e(7)M^y#^#L<^^^^(D^#xL^ji,6o zifuc
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<k Cib^(DC 2:(j:X=0 (c##

Bl 2.2-3 9(C, 1

'N±X#(D:BD#K&5o ^(Dmis^, A#A^^10^«k 

cpc'e^#^'ncm^L^^^$)6^A-e$)5 9c

T t),±^ LT CPC 2 fi,6 /c # K: X (DM^ia(c#$^^^(D ^ mt>^6o

0 zz^rAA"#(Cjo(j-6#^^:

B) 2.2-4 j^Z^BI 2.2-5 # 1 |^#U((C 2 |^(7)7>y-^TA^TB$(Cjo(t6 CPC gT(7)M

X ^6 ^ 99 W4c#

1 I^MTB#:405%%

2|^A^T#^(l407r-C^o^o

#J^fL6o
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g^-e$)6o Mrc ##mm^(Df-zz-ym^m^6zKt)L<(i7K#

60

2. 3. 1

*M$kBWi<D£fcM&M2.3-\ i-, Pipe & Instruments &M 2.3-2 [C, £fc^MISrH 2.3-5 

^0#%##:^^ : ^-Y t'T >r —

mm#,

(1)

2.3-3 (C, ^^^^2.3-6^^:^ ^#:^^^i#L#^310mm, #R 

$ 320mm (DPm#%\ (^^#^>^6)
^A^T^6o ^#A^#:(j:SUS316^T>lx^m-Cf#^^i/,

< LT^6o ^#:Jg^(cil4kW(Dk—h 

T^y#(D###(D^#(cmv^^L6o ##^(cilZ(Dk —f

250mm (D|#B#-C##^;h,, ###: 

550%:(D(C jo V ^ T t^## $ jl, 6 ##(400W T$) 6o

2.3-3 ###^^3^1^

60 y^^^Smm, 1.4mm (DSUS316^Tyix^##-C$)6o

@ ^r -Y k'T ^

CPC ^r
r##:j

«&:^^TV^6 (El2.3-3)o

^k-f (g|2.3-4) (Cj:-3-C^#^^6o k-^(±#j@^4^#j, jE@«kfMT5^#i

^-Yk^^-^ansussie

&»6o

k—i/—%^^y(D-7^^nk—g| 2.3-4 (DZ9(-,

2.3-1 k-f(Dm^

i±5e#J^(D^:t'e3.2kw^^^'c^6o
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^ ^ L t: 19 2W/cm #

2. 3 — 1 =3r -y If 7- — t: — f

MBS-h® 1B2S0 MB 3 IS g WJBftTSIS i£B

Mw/v 580/60 600/65 620/60 640/62 760/64

wW 1.92 1.75 1.79 1.78 1.94

Wt&XhrfcM mm 4) 1.4X6870 4> 1.4X7800 <& 1.5X7370 4> 1.5X7630 4> 1.6X7800

(2)

® y^y

W0#%fL#:^Li:7k#M zK(D^m^>y(c

Z«k)0M#-e$)6o 10kg/cm\ ^##24.7~200ml/e(C#|g-C

(D

##f± 20kW,

iokg/cm\ ^m#%#25kg^r, m^^rnarnim^^^o 

#

60 179%:, 9kg/cm\ ## 17.2kg/hr (DzK#M^ 250°C$"ei@#y 60

m#^(7)^mmg(j:#± 600r, WW#0.11m\ y^-y'3/8" (^#(f)9.53mm, ^1

ly 1,24mm) X 3300mm, 1.5kW "Ccfo 60

® y

SUS316 #(Dy^—y^Atb, iWr&y#M&^LT[E]'P (D###<k(7) 

^"C#^C#y^T 9 o y^L^y'fi 3/8” (^K# 9.53mm, I^Jjp 1.24mm) X3,630mm, 4zs# 

ffifffio.iim2"CfcSo 7kWMlt:&M ‘̂)F(VAntitinv*nu/t£f/IJ)£

ya, im^ssor^y^o

vyv^o
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2. 3. 2 ###

(HeatTransferSalt)

£fflV/c0 HTS nmm^. t m$.\* KN03+NaN02+NaN03

(53wt%+7wt%+40wt%) "C$)6o HTS 2.3-2 (cMl,

2. 3-2 HTS <D%,Ittffi

tikM. £Etfc*ft

1.79g/cm3 i42r 1.56J/gK 200~550°C

###<!:

HTS (DZ 9 9

HTS 454^^#—^(Dj^#WWS#

x.6^,

W^5 )L\

f$^IEfj\ ^fctHUS p. 168
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2. 4 l Zk->5 i/—>3 y
2. 4. 1 -> 5 3. U — -> g Xf&jFfCD i to

*->5 i/-->3 ylWtifttSHiSFroE^e^^-x’tcff 5
2.3 m-emtm ufc z 5 u -c*# % m t

fcro^sgirM^u.rromgB^Jlv'-rTfign^FEKSSttgFlcjb-ij-sSBtSroflt
) %?&5. rroSgUiFlcisv-m, Jr+t'f-f 

—X B T'MS S i% fc $#i£ ;)* Sflt U SUS/^xcpIcfcd^^.—yrtSrEiLdTkS^*® 
m-t6, sc
i ItSMtproEliirWSx:'*, 9 , t (S 6> L£-*>i± 5 c i (;: J; 9 iWitS^ro*®
IxiNsSSt^ftS,

2. 4. 2 fm&ft
(i) mff^txvw

SBStpm8ero®at6/^xSB5>^jf-^tfx-r-3g*ig|Sx JSlimSIs, EfBfflx^- 
A##Tf7=/HbL, (ic;®i9Wttbtifct-?) <i^4-x_fenfcfnrJ;o

x^-A#^oA#x ag-m%rnKme##L^. 
ftPrtiM»fffltt2 ^S"ex>t-r^0 -tra^i'tt^as-ifBwAW^x/wig^lII

2.4-1 . AJX Mil'ItiRffly 7 b rcFX4j (3$l$l AEA Hyprotech
ttS) SrfflV'/t,

x a t itMm.mww>wvi<nm 2.4-2 *<00 meerros, $ *$m u/t„ mss#
xsJ-»4T7=>c>f-»bx x^-A#H4Rl^lc#af S. HBKlt 3 H^/jirox-^roi)-, fW5» 

SSS/<x±S|SC)SES*B1166*B (MWrJfct>Hn)
M@i5 (02.4-1 fKo$#@ne) » (Wfc.tuwHXB* 0-t-w •

») ttmfc'MmzzM'ti-ffitLfc.
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(2) iSWsfe#
$ 2.4-1 e$ 2.4-2 ^rf

t"x-r-3SS*. x*-AE*. XA-AA9 afi$*5J;ExE-AZift*ro4<3^v^y

-?ir*57>\ A-x$6R$-r5fcitixE-AE*irxE-AAy n?a$(t—SEi: U
fc„ $fc, XA-Aig*iidf-V t"A^-|gijsa:l;E«LT*ftS-arfcWA\ mW&)?£^7 
* — ? ii=sf -y t' A ^ -fgSiro* 11£ 5 0

2. 4-1 ####
rig fit ## ##

SStSSWW 0.00044 v4p324 1 »7

0.001 Pas

1720 kg/m3

0.605 W/m-K

#%### 1560 J/kg-K

437 W
376 kcal/h. 600t:, 20=C(D

2156 J/kg.K 9kgf^cm2jo It 6 200T~500%:(7):f ## j: «9 )

9.53 mm

1.24 mm

A#F% 7.05 mm

39.04 mm2

2. 4-2

I1B fit ## ##

— W LT4-XL6

0.984 Mpa 9kgf7cm2,

200 °C

—A^fc# - kg/s
-Y ^ —### 3,200W (D ^ # 13.62kg/h

-Y (f-r f WJ L T ^f k ^ 4t 6.

Kiroiss^frci^v'T, xA-Attio?as, ss6Sro?a$5>Hf, Sitxrostiiim

SyJik-'/ayCiO^SS, HCv-'Al-yayCtiV'ta,

mUMmS*&\ KTroJ: 9EHiro$|i9SLl+S&-ff'3r*»5„
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®^/ ^ y—i/ g ^####

I

I

(§)### < zk5 $ -ed)®®^# 19 m L

(3)
i/ ^ zi 1/—i/ 3 y (1, ^ 2.4-3 (C^i- 5 ^r—^ ( + ## 1 ^) (COV ^Tfr^ ^ Casel

^ Case2(±2.3#(C^^^^#^@"e^^^m-e#6^f4-e$)i9,

*^^zLy-^/3^(D^^mmi-6(D(C#^-e$)6c Case3-Case5

i

2. 4-3 i/^cz.1/—i/sXD^—;%#2^

Case
£

m#
(w)

^r -Y t'V 4 — 4-f tr-f-
&mm

Case
1

1,600 ¥@

Case
2

*-r t'T a -oMSrXSiiSeroSte-ff fc L
It, mMtiSSro2(Slc&a,

3,200 ¥@

Case
3

mmmkftinitmmtmcx-,
L tz.'r-x.

1,600 $4@

Case
4

^r-Y ^ 1^ C<k
L, ^0

16,000 ¥ffi

Case
5

^-Y L'%^ L-cm&a&mm?)
5f#d:L, ^0

8,000 #4B

case4
16,000 TW;t #4B



2. 4. 4

•^iu^iuD^-xicov'T-y;KT«i^fcfcifias

#6)jxfc„ ft 43, vyp|, *2.4-4 lc-y 5 ^ y—->g H 2.4-3~@

2.4-8 ic^iL^fiiro'y-x-c-rofase*!!, SW&iE^

(1) easel (@$, 0 2.4-3)

z^x^roiwstssstt 30or~50o°c k$S6W&$£-*t$> 9, i

4 ^fllISdiut0 4rf t’T -f -r**4 tfd«l(ixf—AffroT 2 STekiWMKStVTV'

t, yf—fc4j*g|5/)>fc_hii 5oo°CBfi«-efc*^

-Y t:"T -f -19]BireOr±#Se^4 CTv'5»y ±#k LT<7)#SStS:®jiK'r-5lett$o 

Tl'ftl'.

(2) case2 (8S* 2 0 2.4-4)
easel 4itRLTT-r t'?V-±g|5T'<7>3efWS#V'54\ 8®:6/^4y ±gi-et7)$®S£ 

1*^±#ln %^-A#-C(D##^milL-CV'6. £<* 4 L T fi$l£Je &)M L T 43 9 , 

T-t t'y ^ 6.iufciS®st±?aSi5)t]i * 9 4b#oT±#-t-5eitiniBdtL-ftc,
40 yz<,K;5 ^t-a^t-i^p §ixxltv sates 

M?ag«5 623°Ci*v^\ xf—4%#:&t@4;n$-l46 4 4lc4 9±**leag&Tlf5 4 

kli°Jti£k%xbti&„

(3) case3 (41 »E. 02.4-5)

T+ tTV-EBieffiofc*ttjUi)FM£4X'5 iitxf-AffflB'fc 2l£@ le@iR$ 

4x5«!*^if*nL/cA\ 4##T-y & i;4A/4'mi4%v\

(4) case4 (**1*101®, 0 2.4-6)

WGlc^rf t-'T ^ -**;£ 10 eic-td 4 ,Sttu7>4 Lie < V'^f -r Lf -f -EBTSBtS 

MFJfMiti&X^ H00°ce»TTL$9. 0Lff»TL4i/£'lt©**l*^®@-t-5lett»SiJ
11®, ##le0L*<4:T=3f-tt"x-i--fiBSr#4ftleL7tT

-y&0 2.4-7 ie$f. SBiegBi4B»s£LTJmBffti«?fi$lt oseTSTffiSSiLdriL 

*#4 LTSWaSTfcd,

(5) ease5 (**1* 5 1®£1*E, 0 2.4-8)

4r4'f'Ty-6B*44»ie-t-5L ):T@aSroiiiciL^%4L, EBWg$_h#hti61ft£ 
4lTV'5„ Sa&ht4--r Ly -f -ffllBleifioT±#L9L=.-T?iJTTR-t5^:#:T(D«S 
S^®dtt"5i#|6]lefc5„ 4 it, AE**ton?a)£z)i 500T:*#le*-5 J: 5legzp 
4 9 #fclejST4 5 leRS L/elS$, SaterogsMajfti^ k'tV —(9JBT 700TWT
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^#XL 6^b6o
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2. 4-4

case
«

AW mr
w

tttT'f- +tt'f«f-
&@S#

WXHZ
w

»inx
w

E5¥W
$

%
XT—A 
3fcS

kg/h
asjRfcfcy
(DXf-AS
kg/h/kW

xt-Air
EE&Jt

XT—A
Anas°c

XT—A
ttinSJt

°c
i££J$

°C
issttsa
aaamm/s

easel 1600 ¥®
EEi^tifco

1279 316 80 6.81 4.26 ##
(3®¥)

200 514 534 18

case2
■Cs
^7—X

3200 #)— ¥® ^tTY-±gi-C(D%fSi*<
£l'#./<Xt£±Sfl0);S 
SfeiiSJt^iDo

2882 317 90 13.62 4.26 ##
(3JB¥)

200 553 623 22

caseS
<tpc-c\ #kT<-m
<r—x

1600 T»rt<* #®
T-At2l£giaRi|X£

XtX&t£ L'n

1285 309 80 6.81 4.26 mm
(3®#)

200 515 538 19

case4 tttT-f-jiSBtti*
##T-X«b®C<b
u
lOfgirLfc^—X

16000 ¥® Wj>f-EffiT'SR6^M
@rBiESJ£tfiioo°c£
i^o5ifflW©i

15586 403 97 68.1 4.26 sm
(17.5®#
ffis)

200 582 1117 67

caseS +tt T
mmcDsi^tu $b 
lex?"—
Lfz^r—X

8000 TWX #® #kT<-E®e#Afcf

S@CD;£JtliEto$n 
i). S®ii£<D$i6SJ£l* 
^tT^-HiJ®-C669°C«i:

7716 292 96 45 5.63 2.5f§
(8.75®#
«S)

200 486 669 59

## case4"C4"\’t T'f—1S@
B^fclte#AlcL
tz'r-T.

16000 TWA #® +tkT<-E®^#A[cf

li9560C|Clg^f^c
15653 357 98 68.1 4.26 5f&

(17.5®#
200 584 956 83



2. 5 m

y bicank, ±m©#Em»#
Sftffl-t6£.SA$fc5 j=Stoii5>„ ^roEictt^yycoEffl^^nlie-efcd^, Kia©®

-»,£ 5 &«»;»>ibsas
rol*^(cttfflBTtg*^y7"^fce*^^tcoV'TW*SrfTofc0 4fc, 8iMfi©fi8tM. 

B&*°y:/©K#f6tj®ii©j6ttit>#'ti:'Cfirofc„ £ fcty Hft/Ky:/^ —*©$iifiXSft 

ibtfKEffltonjiEttKov'rax&fTofc, tr^iuo-aro^-e

fflV'S HTS (Heat Transfer Salt) > nf-l-tTir t'6, KNO,+NaNo2+NaNO, © il fi-ife > L fc,

2. 5. 1
SSlS«$S7Kyyi4, yT©tt«lcTW$SrfTofc„

%##(* : HTS EI+S$ : 550eC~600t

: 360m3/h £(#^y K : 100m (fg*‘y^)

Tt’yym^.: is-L'S («S$/tl4ES)

2. 5. 2 KE6(iia«,'S.©tttti

OT® #it, i$6jo =t tT^ yT 4- y x * i:’-©EtS/)> 6. F=W,^©tttti O fc„
$-f(4W?a©fc»ti-y-/u-©Efl!nJ5^ll5iHlc/=i;5^, hts 

?aT?©ttSjii|$li “*” ilDCr. y-zHSE©#^-?# &V'fc», y * = »;v

-y-;v©*m(4Htv\ SEoT, SES«$zKy7"i; LTIt, gg/Kyytfr. 14/y-y- 

;v*yyji^Sfflt-dr i»$a$LV\

(1) tiifiB
*?&©/;:©, w^T723,

HTS ItEStt^iBiV'r kr-^'y’fU^kry b ft

^ y®|yf6ft^©#m&mf 6^B^k5.

® SSfy^yy
ES-y-yyzKyyrfciLii, «i#tT©^#irov'r«ffl4jyyj; o»ift*5*g 

iift©#\ ##y; =. y--y g yjo j:t>*3lE*^lcj: o#|8-f'd£-$^fcd„ 
tt-y-^ncot'© t? y ^ ©'«b ^1= a-f-5 i i < * 0,

/<—^^'xto-y—/T4fS*i~tUifiV'r <k tft<5„
tt-^^-yy ©efucxt u, wsiH5 * t'©fta(co©r 5o

® ®a*-yy
j^a^yy©*-^, Wy-/iybT£^ftmH<k ft5>„ ^*-*/vy-/ia©«fflicov'

TI4. B&*ft^ ^ t 450°C@g±f©EmM#e-rk6. LftLft^fc HTS

©8Stt©K£ S,U SEarortasS^SiL/til'S-^^x.S i: y y-y—/Tz)fyy" (ft
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•ry K*°y7\ ?y$y h^yy) ntgkmtmit lv.

(2) fi-fi-B
HTS It, 550°CtiATl:iefflt-5 r k VibtUf, <0

?T%5„ zo>tj:)K e,yii:ft, c V -tt'M'L ii@<c> & - >TE
t/iHTSrottffli@.Slt, tt*±600<C^±®-efoda:#x:e)tL5„ 

S^WfEyWyh 51 y<zre$6, 4 y^ytc^V'TItlSA^gluiyckSt*., Eft 
y ^fcJ:U:**ro$|E.^iK-$lc*5„^|llco|EH"eit*V'^1600,:C5rex5#'S-, 

i2CrM-m*il$-e£-f\ SfiStStJ/SMeX , mwm<n±i^^~7.^-f-4 b%<D$mt:UKi 
A6lc|t*#/<3#^*m-e#%<%y, rj%(c{tfcd#@es#C?klt 

fi-3lf6'j;: #,* L < 44.

(3) tttSB
,afiill5a#rofc»B8i;^ y < iubtitt jsy,

y ^ *5 3tf’13:l+-eco*$to@iy yy/£i:'SlfIlc1tN-t-5£>e^W5„
hts It, SStiiSitBW'Xftfcfcy, 200°CSJ$rotta*6y S blcsfc

(4) ii(5j3tt>*3yfty^ffi
<, ifcilKfiffe##±#(D#iS*+^m5

fiWlt, 8t,6,y_k^ HTS £)jm-t%&SAi3bZ>Z tfrb hts f y ^ ic it Mascots
Btinx., ^ yy'lcEftitt?7tv'7Ky7"(D$S', tjyyjsttKfitiiafl1 icy.^—Aiy^-t

y h*f<OXm#m*:MWc&a. 20«O«llt^'f 5>»,
#y^# 0 L Sr If v ^y^nmWsi'n o - k a*# $t £jx3„

#yy&p«it*jiSL, Ry?icS<WT/tv't?y:/<7>S£-ft, Kl&ififtw Kyy^EHK 
Wlg^yx-rAditlj-, rtg|5T*©0»Sr#l*U£M, 21 <t j3£XI4:<Dikb
iSas^r^Et-^iatlroiiSzis^e-eifoe, 

^yRlc|t#it??kv'tfyyic?##&^gi-6@'a-lt, 5
fc-5o

(5) #-y—yHtoV'T

ii?trojat't;y7"©tt-y—jut LTSffl StiTV'-S fcco t LT, 3 *—*/y-y—/Vjis-it: 
*6tiT*)5y)y Kyttfxy—yv, / y-y—yv (*-r y K*°y:A ?y'$y Ktfyy) * 
t'oll t>tf jytiTV'5.
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© y t} =-t)

/|%(7)^^^^Ax^T^)6o y# —#/l/^ 
45orm^r$)6o L^Ly-/^(Dm^^25orm^^^L

'C'fstlffl cS^xXV X0

y^yxe^w^
#fb6Z^^##|cyyyAy—/X<!: LXdUd6/<^7 7y^

diyy^y-;^(Dmgmd>±

© Kyy^/^y-/^

5^^$)6o g#%K>yx^. z(Dfxy^mmwmx^6.
#y y-/W##(W#dS 400X@^X$) 19 . ^60

© -^yy ^ hd^yy

x{ax.6"7y^^ h K7yy^mmLx^5d<>yx$)6o 
ws#v'#mx&5o

-7y$^hdi>y(c^^6^m^^^m^^LX(i, m^cD^^v-d^yyhd^ ^ 
#f^^(7)—o(D$ijpg^^6z^x$)6o $/y y—yyyic^^#'B^&ip^^y^h

#m±, #%X(D##(D^ d^^hyy
y y y h^g^(c^6o 
© ^-yyKdfyy

^-Y>Kd^yy(d:. diyy^<kX-y^-#:#m^^^X^i9, 
diyygp^x—ygR(D^^Tyyyx^^L^(D^#^fTV\ x—ygp^^#-y6 t,(D 
t^60 yymx^yy(D^#efT9
^mmy6^d^6o ^y'^y^yyimK y-yyyco^^gd^(9^^yy

h###y(D##dS^g(cdf6o
^(cmam^yyy

2. 5. 3 d<^y@m#my-#(Dmmmm&
(1) gm^yy
g#d^yy^-9V^X(l, JgiT(D^yy—(c-Dt'X#&&fr^/bo
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• mxmim
■

• it Hftxa
• Hfp/'-'f Kbt 7?

• S@«{f9r

• B VrK^PJr

Hill, SfiiCSWeto J; IF B irK^grlt®^*^)itroiSfiTKyyLTv'5 t ro 

Ah y ■7AAyx*£yrox-yro^,Xz)>itL<, H$ax*ro> ;#.*»?y 
yoT-^!4A#-es/'x ^@ro«*/Nj»rotttixii/<e<, last, 350X6®ttt^x

HTS l±, T7 I) /l*rxA/lA££-ro!$g7:'SS#Sffl t LTfitaft-TI/'-Sii^WjlU

rrofiS/tiyytcrovm, E*Sff@rT*ro#)A*E^#V'i: 5 

b, ff#»1;0ft;ov'-c»ia**il-*'S;-r6„

?s$/-t°yy(t, #*:###%#, x$p/w KcAy^jaz

Q Sf#®Hf9f
ST#«f^0fii®St®*“yAlCoV'-C^Xj;i9 1990¥«BTExTt 100

trifiro hts ®&^yyro#iA**irSoTv^„ hts ©ftAyyroKfl-tfML-a,'

-60
y ryy —apv iiitroyyyisssroknv y^y\ yyy

im$ xtfctti 7 7 y AS® 7 -f A l: u 77yy»WtriS<

SIB*knvp yyyro3aro^yy^ieejto-cv'd. B+r-roy^ni, A^yrot 

rolXffiSti-5. McMnmit&Jgk LT!i570XX600XiV'5 troftft

Aofc„

fr#®^Fif(i®itJg^yAy:oV'r#<SSgtroAyT’iiWro 

»tfoo, g#5 • y yyy-yxicov^Tt j:<i$AiLT*5y, hyy'/i^roiytstfisi

ttSBr-tifiiaicxttE-t^fcib, m@!7 y t 7 yxroa* LyWflroii* l* t"Mn 

As »crneroE$AroB£^toi1t$roin]X*i:"tit*L-cv^„

Sxt$tcoV'T(,77yro|$g^WiS8iiro*?f3g,Ay7y yy'##ro#i##e*u 

*f***t£UTV'd. 9Wxro%ai5xrox-yts®u

550°c$xrod<yyi± i3Cr ^rowwtttffl u 55oX*6xd*°yytco 

ro-aiA-yyASrX-xAA'f h^lcLTj3y,*Et,>/j:< ftrotroxfcxfcofc,,

$E5r«x5»SiairororiX P
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60m^/hr ^T(D^yy-e^#^^T/^^^

<k;0S"C#;tc;(no/bo

-7^^/ h^>y(Dmg(D|^^ HTS
v^Tt#^^L^o ^>y^ LT^/^o^^zKyy-e^e^,

^r(D9^ 520%:(D^^yt#ALi:v^6o

6, ^yK3mm^(D/J'q##>y^%(9,
(420°C-470T) T$)6^(7)[Hl#^#^:o

^ L,

(2) jr-y^K^yy
=fT>K#:/y(c^-U;L ^g

y 6o
8#^-% k^m^LTHXyV-X(D#f#^fT^T^6o f#

2 #(D 450t:(C^^)6 ^ ^ (C j; 19 400t:(7)##:^/\> K V >y
f 5Z^eoT^^L^^(D-e^)6o

' 400rT^)6o

' 200m3/hr ^^60

#jL, #m (200%Z~300t) (DHTS^#my6Z^'r#m^oT^"e$)

$)6o #M(7)HTS (1, ^^yqiaj^^&mL^t,(D^^#LT#my6^^(D^&^#x.
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(3)
F^yyico^XHlH^O^^ Kn-Tty^(Cov^T#g^^T^^

h^>y-e^#& 26ot:$'e#m^"T#-e$)6o tzy.^ u-c

^^(D#^^%LTV^6o 450%:'e^6o ^43, z

v-A^amim-cba,
^7^n^±-ml^tlt 50Hzffl-e 2Pole (3000rpm) X: 7m3/min=420m3/hr hU^X

V^6o NPSH(D^%^^V)^,

2. 5. 4 isy-^y y ■—SMS (4 y?—4 y F-^'—y>)
-fyy—^y ^-C(D#^^<yy—#g^rfrc)^:.

(1 ) Lawrence Pump 43 4 74 Byron Jackson

T / y Journal of Solar Energy Engineering 1994 ^ 8 41 4HZf2i|t<Z)

Lawrence Pump 43 4lf Byron-Jackson (# Flowserve) (D HP (ZT 4 i? y L fcQ 31 Z1 lz ,fe> -5 /F°

yyiiy-y2'e(7)4iyy^(cm^/ct(7)X3$)6o uznu, M%*izHTse#4?##m 

(DzMyyiz^v^xi(7)gE^i4:^<. y-y2'rmv^^yy(±#m^^mt»4L6c ^43,

Lawrence Pump (D#r#i#m4L(4 371°C, [W)#(Z Flowserve }4, 343°CT:'4>o fc0

(2) -^y^y F4^yy

^y^y F^yy(c^v^-ci)#ge^^/co

T^9 47, EzL —^Fy(CMAGNATEX^V^^yy^—

^4iyy-C287%:,'kyf — y^yy^— F(Df ^y-C 398t:^H^0/^4' Kn^y^ 4 Ini#

(3) -^(D#

High Temp, Molten salt #X3##7)$o^:, GUSHER Pumps 4 ly 9 .4 ■—% Xf”Molten Metal 

Vertical Centrifugal” h VN 9 ^— '41$ 4> o fc0

2. 5. 5
HTS(D%E_k, 7KyyB:#f-Ky)V^-ct 600%:^T

6oo°cm±(D^#^^ijmy6#^, yy
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^ ^ -e HTs y- t:^ (Dg#y y yy > y^#^ «:# ^ #^fy 5. 

(##, yyy^,

iJ t fT'cHi'^ffl^TVWi/E^ 9 - t &##y 60
#lc^ (7)#^##^: vyyyy

m@y6z^^^6^#x.^^6o ##jr-Y^K#>y2/uj\ gm^-vy^yy-e, ^

@miJ#&fT9 Z 9 ^^(D#m^#XL6^6o
g^^r-Y>f/y(±gi 2.5-1 ic^y^r^—^g|(7)^joi9-e, #*#H^Br(DKNv f yy^> 

yyyi^#jy—yyy (^^y) ^ax#L^f^yy^6o #y—

—d# LV ^ ^ , KNV ^ / y# j; 9 (C###y6o z

m#^<&;^jKLK(D3>hn-/i/^T9o 
fi^#h,&i#c#]B-c&5o c(7)#]B^#my6z«k-e, %±@#(Dyyy;c

y, #@i^-eyyyAo#^^c. y>y^±^6^^(Dj#@^i##y6^^^$)6o

ye:. ^^yy-^%#(D^g^^icmTL, #i^(DzL-y^^L3g^m{%Aa^^(Dm 

V >y^^T9 Z^^^#T^)6o
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3*

3.1

3.1.1 Sft
*EBi4. Lfc$K^'x{b:*|ii'JproE%lc*jV'Tx #5. 5S^'^Wi;

fc It 6 Mix-?®#* S Wi-TSo i@?BT'^K*3 J; tfxf-L, 

yg.#ai*6 bTStS-tirbto. 4/$;tf*ro5W*5J:m*ro@i6*fTv\ 
5K#'7ft5J55M*51tx-?£®#-f--5SB5;fc?><, ?K&KAT#*&b. K&lcAq 
ft bfcxE— J*k t 15*7 fb*6 %;%%###&. 5gct*»^7 U—&A(#b#ft* 
6SA%#KBA'b*5 b b b *5. R8BI4. JR#f«£g|S£fi9J5E«b, *'x
^jb-et^tiyi^rosis^xiaagi;*** bTffiffl b*M*#5#i5i-5.

3. l. 2 KltSfE 
5Kroto6*li. 0~2kg/h, *14 0~lkg/h,

2.0kg/h, *, l.Okg/h, BX, 1.3kg/h blbftEbll#, CO A 2.6kg/h. CO,//- 0.6kg/h, H, /,'
0.15kg/h. 51**5 b b7b0 5l5iHF5:jot45iHI5. E£B4^H444TilE
rob&y-efc-Ss

SfcEft 1.0 ~ 2.0Mpa iIxbIE J) 2.5MPa
illtofiS 300 ~ 1000°C EIHB8 1300°C

3. 1.3 SBIM
7u — ->— hSrS;jCtcoV'-Cia 3.1-1 5. S$tlcoV'"Cll 3.1-2 5tS*„ 

m&*5#^-5i4. T-2. P - K-tf/H4# y @ bfc$$®#*65e*.
S**'x-eS'BS, ft a.OMPa 5#Eb, SF-1, 77 0 i —77—*—■SrIfiV'SMfttb'MiS 
*5. T-l, *#ti67y7ro**P-l. g»*#ft*y*|c-C*-l 2.1MPa 5#Eb. E-l. SS* 
i^SgsKTAllBbft SOOTKOflj^E-Abfd, *Eb/c*MM3457E—A5$ b 
lc^*jo40:***Aq*, R-l, 5l5#AOg;5##*b*. ft iooo°Cbb,
3|tt5„ R-l, 5151=14. V-7, etESSSEKEeSto. S*lc4y$B#, 5l5#b#b 
i'Efttc«#sn5„ R-i. 5i5#±* y ici4*^-5tp&EmLmmeRg. mmieers 

$gz^5i5L4E$;L*, * **x b -®<m**'xi48tti sn. e-3, m 
81$ 5 Triple, V-2, #**#, V-3. K9 7 7 E 9 y *?*»&##. ISbSib V-4. 
R*/W@Tgt**X&l#* b, V-5, V-6. *fiSt*7:7 7/V7-5A5<1 S
b5, pc V-7 tcTBESb aS$ei+4:'*'7*esjSi-5„ T77-/<-*-**:545 
IWTEESbJ; yJEaibT—i8*K**l5£Xb, **UcgtE$E5„ R-l. 5151=55155 4 
y aD58b5E-v-jb-4EE5>l4. V-l, KHItt* y 5-5SS* bE5„ %#m%B#5&,5 
oT(4, T-2, ^K##&*y/<-5^B>&5E#b, tfc. %##TB#5I4, V-l. EEJUSZ
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T-4, cwM#^^ ^

#<—— (CWM) K^TBr^(DgAlc^6Z9, P-2,

y[CT#^2.1MPa^#gL, E-2, CWM^O#^lCl:^#L^ 300%:(7)^/^^—A2 

#m^f6o 2Wc, R-l, K^#lc#A^jT6o

1$#,

3. 1.4 EEtirS

19 -e^)6o 3.1-1 ^6 3.1-4 (D#m 9 ^ h ic^-tem,

$6ic, m3.1-3 iccwM^om^,

B1 3.1-4 lc^#, g| 3.1-5

3. 1. 5

#@^^0 mmcMM-n±, ^#^###
3.1-6, mmeamim

j3j;u(gi3.1-7,

3.1-8 (^##^#1) j3j;U<g| 3.1-9 (^##P^#j)
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#c3. 1 - 1 # # 9 ^ t (1)

#### pt %
x # x m

(mm)
“Hl-

(m3)
ww%
ox##)

T # M E X 
(MPa)

m. m 
re)

##

#X@x# # #

HPGSL
m # • l&tR

lx ft Sxgt

T-l ^^X 0 208 X 750H

(^@x##)

0.025 * i 9 /P 9/P 0 0 40 40 # te

T-2 0 440 X 650H 0.026 i SUS304

TP-S

SUSF304 2.5 2 40 40 W o

T-3 0 114.3 X556H 0.005 I PA

* 3

i SUS304 SUS304 ATM ATM 40 40 fBt

T-4 ^^X 0 385 X630H 0.025 X/tc+zkX'J-

CWM * 4

i SUS304 SUS304 ATM ATM 40 40 # X

R-l

(A/B/C)

0 84 X 1200L 0.0129

* 2

i 0.1 0 1300 1000 4E X

V-l ECEpRX ^^x 0 208.3 X 298H 0.0129

* 2

i SUS304 SUS304 0.1 0 450 300 # 4ffi X

V-2 0 133 X 800H

(p%xmm)

0.011

* 1

i SUS316

TP-S

SUS316 2.5 2.0 75 50 M X o

V-3 ^^X 0 105 X240H

(m#xmm)

0.002

* 1

i SUS316

TP-S

SUS316 2.5 2.0 -70

~+40

-50

~+40

# w o

V-4 ^^7/l/jS eM;i#x 0 93.6 X 850H

dx#x#a)

0.00585

* l

i SUS316

TP-S

SUS316 2.5 2.0 75 50 tf o

V-5 ^^x 0 93.6 X 85OH

(F%xm#)

0.00585

* l

i SUS316

TP-S

SUS316 2.5 2.0 75 50 4E w o

* 1 : XfiEX’X =H2,C0,C02,H20,N2

* 2 : ##^^=H2,02,Hz0,N2

* 3 : I PA =/fV7'Pt:°^3^7K##

* 4 : CWM =^m + 7,M7!i“



#'
(2/2)

3 . 1-2 # ^ X P (2)

#### 1

•R1

A g ^ &
(mm) (m3) (Rg##)

te
#C

# w E Jj
(MPa)

S K 
CO

R#B
**

#^ax# m #

HPGSL
m m ■ is«

fxff ixff Mm
V-6 e 54.9 X 345L

(ftixM)
0.00084

* l
1 SUS316

TP-S
SUS316 2.5 2.0 75 50 te te

* 3
o

V-7 <t 900 X 2750L
(FWxJM)

1.454 n2 1 SUS304 SUSF304 2.5 2.0 75 50 te fT o

V-8 K#^A7 X/1/ 0 42.7 X 440L -
(*2)

1 SUS304 SUS304 2.5 2.0 AMB AMB m X

* 1 : =h2,co,co2,h2o,n2

* 2 : ##^X=H2,02,H20,N2

* 3:



3.1-3 # ^ h (3)

g/i) _________________ _______________ __________________________, __________________ ___________________ ________________ ^

#####
^ ^ &

(m')
MW%

(1^9##)
£

UM
E ti 
(MPa)

s
(%:) <D^m # # 

HPGSL
3^/L

1x1+ ixf+ mm
E-l 0 9.53X12000L 0 100X725L 0.00052 *(IN)-^

*#M(OUT)

i SUS316TPS 2.5 2.0 600 500 M
* 3

O

E-2 0 8.0X14000L 0 216.3X800H 0.00039 CWM *1 i SUS316TPSBA 2.5 2.0 400 350 #
* 3

O
0.0254 SUS316TPW ATM ATM 400 350

E-3 0 9.53X12000L 0 165.2X625L 0.00052 *2 i SUS316TPS 2.5 2.0 450 400 #
* 3

o
0.0114 ?n#zK SUS316TPW ATM ATM 100 75

*1 CWM ;^+zK^7!)—(IN) 
; ?j^+7K#M(0UT)

* 2 ; H2,C0,C02,Hz0,N2

* 3

* 4 SBS ; NeoSK SALT



^3. 1-4 # #§ i; ^ h (4)

y —77 —% yxy (L/h) (MPaG) (###)
mm
(t:) 5 # %

^6—y- —W~W—

L m (kw) HPGSL

P-1 %mmm 0.12-1.2 0.0/2.5 zK AMB 1 ^ 7'4-, 7 7yy't-, 

/Wl/7'y-h;SUS316 

/<xyzK—/V;Alloy C-276

eG3 4P 200 0.4

P-2 cwM#^^>y y ^iyy 0.34-2.73 0.0/2.5 IPA

^ZG^CWM
*1

AMB 1 y—iy^y;SCS14
n-7-;SUS316+HCr

*f-9~, CSM

d2G4 4P 200 0.75

SF-1 7 7 fj =L — 7 -f — *f — x y y 3.— 0.2—4.2 2.5 ^ + Ng AMB 1 SUS304 d2G4 4P 200 0.75 O * 2

yfy/x-7-{v|-

* 1 : I PA =w tffa-b-fc&WL

* 2 : KH
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/, 0 - £ L ~ 0 0
L 0 0 -■ I n-o-ds #s

<y><X5

*290 ©

N 4 1 R c 3/8 s * a □

N 3 1 R c 3/8 * * A □

N 2 1 * 8 5*x 5 ■; -USD

N 1 1 #8 5*3 9 •) -AD

eg its ?- ^ m
0 3. 1-3 CWMm§sErz:0

2 3
 0 

-

*2
36
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V 1 0 - 1 1 f-O-dS

o

8-M 12

1200
1193

a it ft «
£ it « ftgtiaSSii
a % ♦ttneetmtiii-If
a # &

5 f* 0 .0129 m3
a it ff 0 . 1/2. 5 MPa
a it s $ i 3 0 0 / 1 0 0 t
iff Tt 0 . 2 MPa
%3K#ff % 0 . 1 MPa
X a « i NO
n » * $ 1 0 0 %

& 7] a NO
e n ft 0 mm
K n * » 1 *

(2) 5=1:2

8-MI 2

0 m until s=l : 2
0 f JV* ')'Jl

5=1:1

M105XP2

16
1 0

*8iiClDIL6» yk-
R 0.2ttll®c i

y-.

%—

5=1:1

(8 3. 1-4 <5>
**j*l|«f fir | 86 4 SA 8 Dffl

j % ju •) x r a i e *

7 /V K • 9 v v ♦ - 1 6 S U S 3 0 4 M 1 2 x l 8 5

6 t'/v# '! v y 2 SUS 3 0 4 H8x#120x*128

5 tfyp/ivtvt 23$. t 7 3 y 1 7 T A

4 y?y KflxSfl 2 SUS 3 0 4

3 r 7 y« 2 SUS 3 0 4 t 3x* 1 32x#1 03

2 97y»; 2 SUS 3 0 4 t 4 0 x* 1 8 0

1 RJ6S 1 £31 if 57 #88x#80*Ll 1 93

5, $ * <» «8t *t S a t

MA* (M)B *9fii4 R S.

RS£ Z-00-87 1/3

B € K£S ( R - 1 ) A/B/C 9 * * f 1 k 7.

® e SP-O-411-014
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2-2 yyyxu—

91 f ItSfiS
kg/h kg-mol/h kg/h kg-mol/h

IS

X
lb

#

FM(DARV-X, 25°C) % 91.100 91.100
C= 83.64 76.196 6.344 76.196 6.344
H= 5.16 4.701 2.332 4.701 2.332
N= 1.32 1.203 0.043 1.203 0.043
S= 1.10 1.002 0.031 1.002 0.031
0= 8.77 7.999 0.250 7.999 0.250

0C # 8.90 8.900 8.900
□ ft 100.000 9.000 100.000 9.000

«mm st3£(25“c) 92.976 2.906 92.976 2.906
a*(25°C) 0.004 0.000 0.004 0.000
y;ud'>(25°c) 1.168 0.060 1.168 0.060

»SfflS*(25°C) 12.634 0.451 12.634 0.451
##mm&(3oo°o 6.000 0.333 6.000 0.333

0> m
in 112.782 3.750 112.782 3.750

£

±;
X
m
f#

CPX 0.769 0.064 0.769 0.064
H2 4.948 2.454 4.772 2.367
CO 170.775 6.097 173.212 6.184
CO, 8.067 0.183 4.216 0.096
ch4 0.000 0.000 0.000 0.000
cos 0.060 0.001 0.048 0.001
H,S 1.022 0.030 1.039 0.031
n2 13.840 0.494 13.847 0.494
Ar 2.360 0.059 2.360 0.059

nh3 0.000 0.000 0.003 0.000
H,0 3.261 0.181 4.835 0.268

a ft 205.101 9.564 205.101 9.564
*xlbv->;s^ ro #92300 2070

flXIb'Jpfc—hPX KiEMo% mmo)2.5%
;^xi]2p [%) 79.93% 79.94%

Note:
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3. 2-3 Tjrf-3 (#5%)

m & H-SE
kg/h kg-mol/h kg/h kg-mol/h

iS

X

it

m

#

5M(DAFV-X. 25°C) % 89.700 89.700
C= 77.91 69.885 5.818 69.885 5.818
H= 5.23 4.691 2.327 4.691 2.327
N= 0.09 0.081 0.003 0.081 0.003
S= 1.54 1.381 0.043 1.381 0.043
0= 15.23 13.661 0.427 4.930 0.154

Be A 10.30 10.300 10.300
□ Jt 100.000 8.619 91.269 8.346

HiilTO 100.000 3.125 100.000 3.125
S*(25°C) 0.009 0.000 0.009 0.000

y;ud'X25°c) 2.513 0.063 2.513 0.063
»*J18*(25°C) 0.000 0.000 0.000 0.000
»Sffl7k(25°C) 66.667 3.702 66.667 3.702

A ft 169.189 6.890 169.189 6.890
±

m

a

X

m

h2 6.146 3.049 6.269 3.110
CO 102.290 3.652 100.597 3.591
CO; 92.729 2.107 95.396 2.168
ch4 0.000 0.000 0.000 0.000
cos 0.060 0.001 0.066 0.001
H;S 1.431 0.042 1.431 0.042
n2 0.084 0.003 0.084 0.003
Ar 2.520 0.063 2.520 0.063

NH* 0.000 0.000 0.000 0.000
h2o 52.929 2.938 51.835 2.877

a It 258.189 11.855 258.199 11.855
flxtev-i/Sff (uc) $91200 11 55

^"x^b'jpt—Kpx wmm mm(D2.5%
^x%# [%) 70.60% 70.86%

Note: HJpo^tjSAlixi/^l/t:— Sf Jf^ysfeA&fco
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4 iJ-n

fTStSflXIttPAQ
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

S^(DAFV-X) %~ 89.700 7.407
C= 77.91 69.885 5.818
H= 5.23 4.691 2.327
N= 0.09 0.081 0.003
S= 1.54 1.381 0.043
0= 15.23 13.661 0.427

E # 10.30 10.300 0.653 10.300 3.489
7k A 0.000
e St 100.000 8.619 8.060 3.489

HHfflSi 100.000 3.125 21.924
»sm* 66.667 3.701 1.667 66.667 3.701 42.667

£ It 166.667 6.826 23.590 66.667 3.701 42.667
AC K °C K

s s. 25.000 298.000 1320.000 1593.000
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

cnx 0.709 0.059 0.313
H? 4.901 2.431 21.029
CO 119.591 4.270 45.339
CO; 65.557 1.490 20.608
ch4 0.000 0.000 0.000
cos 0.066 0.001 0.017
H;S 1.431 0.042 0.652
N2 0.090 0.003 0.036

nh* 0.000 0.000 0.000
H;0 64.049 3.555 52.722

£ It 256.394 11.851 140.714
°C K °C K

25.000 298.000 1320.000 1593.000
t—hPX JMM2.5% 16.050

70.85%
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3. 2. 2

m 3.2-2 (^^#mi) 3.2-3 #,
X—^ ^ ##< (DjC#T—

^(D-e$)6o Z(D|g 3.2-2 3.2-3 #^3:9#, ^
3—5 #,zK#^<Z)#o

1300^^«>^6o

1 ~2MPa (DKT-C, # Z ^ T 2700°C 7 ^ 2 6 f $#^F
w#"e$)6o Z(Dm^ 2700%;#, 0zk#0#MZ: ##|p] c i%^/k-e$)6 z ^

^#x.6o m^i,

looor-e#, ^^zK#m(D^m^#^52#, ^4^#^ 

#[C0]'[H2]/[C]'[H20]##^52'C^##98%^'e$)6o 1300%;%"#, ^^zK#M(D 
^%g^#^16.5#, ^^#^#[CO]"[H2]/[C]'[H2O]# 820 "C, %A/^A#(7)j^#^zK

l500°C#jo#6j^#(DzK#M%#^m^#^2.4

isoor

+ ^LT,

400-450%:(D^-e#:fk^#i-6^#, Xz^^mmx
^ L^o Xa X##

%####

#%e (%) 

ig^^s (%)

(%) 

zke (%)

%E* (HHV: kcal/kg)

7c#e## (#^ - #zK"<-^)

(%) 

zK# (%)

## (%) 

m# (%)
(%)

46.3

39.9

13.8

>1.0

6660

73.23

6.38

1.24

0.28

16.87
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->s/i4±4>?/v-y:/ • ^ y/ft-ftiJ-.lcftftcftft ft?-it
*S;-efc-5z)\ BiCcoxy y — ftti'Tftti:itgrt'6;fcftle, tfxibft/'cftftttlpSSX, 5
K6ti6/BSS.RiF5i#& 4oofticmmi-6 ebb L, #%#%&# e 400~i500ft$ft$ib

S-ti-r^xfbSiSiSttet+SL, ft/c, ■5tttl6ft"iUc<>v-m. tSSeftitfiroxE y-

7 7 y-ttisfissr soot, 5oo°c, 750ft t

ttSrtfULfc.

%#:, Sitfift:itC>;tf7'(bW4£El 3.2-4, Bl 3.2-5 IC^L/ft

gMtftKEftft/Wcjb-vft, 2MPa rojmETt-jb’VT, iooo°CK±®iPi5!(cBx.2)iS35 

*8sfflfi"¥toS< , *#%& 1000ft«ftle;»t5ette*3Sftft#tgftfc6„ ft^/vt3 

7 A- y -f=i y /4- 7.1C it# StldlEstKSlJt# #'7,ibtP^l7)lit#jAi9.Sa,fB.I$(7)Sf6lt, 

-tirV'-tirft 800ftftft5„ El 3.2-4 IC^F SjxftV'61 5 1C, feitft^-fbtedol'tS 1500ftmft 

»t # lift- ft — 7 t ft ft ft 3 £ left# £ tt 5 7 7 0 —WlnSCOiaitE*1*Stfxibicjo

V'ft, #KziS66%ro^X7 y-* SOOVlCEELTt^-XtlSlC^S?*#!, [Hb^ 

iftott'S (#3.2-7, #3.2-10, El 3.2-5 SFSL

#Ntt#6ttro-®:K*#"x-(bfflj8t L-tftffl U sooftSSroftilKftfctitf'JSiitiSS: oooft

SStipBL, SB#!cl'fj$-t7) c t (CJ;
87%<D#m*#R#7ib^"imt%%. -etucgie&x., # x^sict-d
TTkSitiDBfiSs- sooricias l, mmm#&*i#(p-MT) t ut#^, soofticMw

mtew-tmM<o^x\ 400°CSffiroAn«ucitiy, 77V -EE5tS$tE*»t# #

7ibt< & <5, 84%s t * siss^#fctuft,

%A#*a#7(blC#m$E6 1000'C7)ft:t(7)tf")xy/y/vf--|±, ft Il00kcal/kg, 

SOOtroSxiroSo^y^/Hf—li,# 830kcal/kg, l (7)Slt 270kcal/kg ft ft 6 ft, 1000ft 

ft ft ft 7j 8 ft, 1 0 I'kljfljftt ftsftiyjjft 8B#RR 8800kcal/kg-day ft ft 0 , CftU'tt'-T 500ft 

fttiftftt, 1 B 24 OftFrf] tljffl ft fie ft ft ft ft ft, I9920kcal/kg-day ft 2

7{bffl)#ft LTttfflL, S00ft@gftf#ftt%#7%ll* 87%ftK#*##%#7{WSnTm

ft & 6 ftftlS$*#fc„ S t77<bft"5tft lsooftSftifflElcffiS LftV'5,
25 «j± 15oofticgift5#m^ft#Kicdov ^ y-f-mic toft## tcmmam
i5ooft*ft.ft^#7##t m###mammft# 6 am L^#

2}if)C->5a ft—-ft3 ftigH£¥fiR 13 ¥#ftH^lcdoftftiilg-f6„
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cwivi#*&^xik^a(60%^

SS$CWM^te**Xlk^^:(66% coal)

El 3. 2-4

i5oor+)

m :

CWM^^**X-(k^it(60% coal) *

iE&j£CWM&*B#Xtk^ie(66% coal) A

%aw&#x4k:&a ■

El 3 . 2-5

1500T + )
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3. 2-5 (#MM^400°C)

M*"xit#pxa
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

5SKDAF) % 86.200 16.076
C= 75.23 64.848 5.399
H= 6.38 5.500 2.728
N= 1.24 1.069 0.038
S= 0.28 0.241 0.008
0= 16.87 14.542 0.454

K A 13.80 13.800 1.975 13.800 5.672 0.000 0.000
0 ft 100.000 8.627 18.051

mam mm (4oo°o 67.000 2.094 16.237
SS 0.000 0.000 0.000
7)1 =S> 0.000 0.000 0.000

X5U—ffl7k(25°C) 0.000 0.000 0.000
e ft 67.000 16.237 0.000 0.000

mm 0.000 0.000 0.000
##m iS*(400°C) 0.000 0.000 0.000

S*(400°C) 28.000 1.000 7.521
mmm mm 44.000 2.442 22.350 0.000 0.000 0.000 0.000 0.000 0.000

lessmmmsjt °C K °c K °c K
400 673

°c K °c K °c K
400 673 1660 1933 1200 1473

kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h
cnx 0.649 0.054 0.347 0.000 0.000 0.000

h2 0.000 0.000 0.000 6.223 3.087 29.761 6.223 3.087 25.785
CO 0.000 0.000 0.000 130.277 4.651 57.176 130.277 4.651 46.971
COp 0.000 0.000 0.000 24.179 0.549 7.245 24.179 0.549 7.623
ch4 0.000 0.000 0.000 2.310 0.144 5.655 2.310 0.144 4.176
cos 0.000 0.000 0.000 0.012 0.000 0.004 0.012 0.000 0.003
H?S 0.000 0.000 0.000 0.249 0.007 0.133 0.249 0.007 0.107
02 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N? 0.000 0.000 0.000 29.072 1.038 13.895 29.072 1.038 10.936
Ar 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

NHa 0.000 0.000 0.000 0.003 0.000 0.005 0.003 0.000 0.004
H20 0.000 0.000 0.000 32.222 1.789 32.209 32.222 1.789 24.766

£ ft 0.000 0.000 0.000 225.196 11.320 146.429 224.548 11.266 120.371

;g $ °c K °c K °C K
400 673 1660 1933 1200 1473

83.50% 83.50%



y r/w/<7>xa (sa?s.$iooo°c)

HFxHpXd IBJxHpHin
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

am(DAF) % 86.200 16.076
C= 75.23 64.848 5.399
H= 6.38 5.500 2.728
N= 1.24 1.069 0.038
S= 0.28 0.241 0.008
0= 16.87 14.542 0.454

E ft 13.80 13.800 1.975 13.800 5.657 0.000 0.000
a It 100.000 8.627 18.051

mm (4oo°c) 65.000 2.031 15.752
HH 0.000 0.000 0.000
7)\,-f> 0.000 0.000 0.000

X5U—ffl7k(25°C) 0.000 0.000 0.000
n" It 65.000 15.752 0.000 0.000

#Sffl K*(400°C) 0.000 0.000 0.000
ES(400°C) 28.000 1.000 7.167

44.000 2.442 30.213 0.000 0.000 0.000 0.000 0.000 0.000
°c K °c K °c K

1000 1273

Esetisse °c K °c K °c K
400 673 1655 1928 1200 1473

kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h
cnx 0.649 0.054 0.347 0.000 0.000 0.000

h2 0.000 0.000 0.000 7.258 3.600 34.652 7.258 3.600 30.074
CO 0.000 0.000 0.000 133.512 4.767 58.468 133.512 4.767 48.137
CO, 0.000 0.000 0.000 24.641 0.560 7.392 24.641 0.560 7.769
ch4 0.000 0.000 0.000 0.294 0.018 0.716 0.294 0.018 0.531
cos 0.000 0.000 0.000 0.012 0.000 0.004 0.012 0.000 0.003
h2s 0.000 0.000 0.000 0.249 0.007 0.133 0.249 0.007 0.107
02 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
n2 0.000 0.000 0.000 29.072 1.038 13.858 29.072 1.038 10.936
Ar 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

nh3 0.000 0.000 0.000 0.003 0.000 0.005 0.003 0.000 0.004
H,0 0.000 0.000 0.000 27.518 1.528 27.429 27.518 1.528 21.151

a It 0.000 0.000 0.000 223.208 11.572 143.004 222.559 11.518 118.711

;£ m °c K °c K °c K
400 673 1655 1928 1200 1473

t—hPX 16.650 £J£$F;tr£|]7 24.293
)5Fxli¥7%l 85.92% 85.92%



3. 2-7 - T/w^yx$ (SMBS 1 soot:)

SBE*"x<t)pxn
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

5MCDAF) % 86.200 16.076
C= 75.23 64.848 5.399
H= 6.38 5.500 2.728
N= 1.24 1.069 0.038
S= 0.28 0.241 0.008
0= 16.87 14.542 0.454

E A 13.80 13.800 1.975 13.800 5.686 0.000 0.000
e It 100.000 8.627 18.051

SImm (4o°o 63.000 1.969 15.267
ss 0.000 0.000 0.000
y;u=r> 0.000 0.000 0.000

X7U-ffl7k(25°C) 0.000 0.000 0.000
□" ft 63.000 15.267 0.000 0.000

*#m s*(4o°« 0.000 0.000 0.000
S*(40°C) 28.000 1.000 7.167

##m sst 44.000 2.442 40.151 0.000 0.000 0.000 0.000 0.000 0.000
°c K °c K °C K

1500 1773

5Bt«#6;SS °c K °c K °C K
400 673 1665 1938 1200 1473

kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h
cnx 0.649 0.054 0.348 0.000 0.000 0.000

h2 0.000 0.000 0.000 7.255 3.599 34.755 7.255 3.599 30.062
CO 0.000 0.000 0.000 137.042 4.893 60.276 137.042 4.893 49.410
COg 0.000 0.000 0.000 19.096 0.434 5.715 19.096 0.434 6.020
ch4 0.000 0.000 0.000 0.294 0.018 0.721 0.294 0.018 0.531
cos 0.000 0.000 0.000 0.012 0.000 0.004 0.012 0.000 0.003
H?S 0.000 0.000 0.000 0.249 0.007 0.133 0.249 0.007 0.107
02 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
n2 0.000 0.000 0.000 29.072 1.038 13.932 29.072 1.038 10.936
Ar 0.000 0.000 0.000 1.624 0.041 0.202 1.624 0.041 0.202

nh3 0.000 0.000 0.000 0.003 0.000 0.005 0.003 0.000 0.004
h2o 0.000 0.000 0.000 27.518 1.528 27.585 27.518 1.528 21.151

A It 0.000 0.000 0.000 222.813 11.611 143.676 222.165 11.557 118.425

s $ °c K °C K °C K
400 673 1665 1938 1200 1473

87.19% 87.19%



h-?f y r;W7yxi (xy y-^a&U
(x? y-»^Ri«jt66%)

Sli®*"x<b)pAn am#xib*pi%(#xW-: iElflxZPtitin
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

5MDAF) % 86.200 7.477
C= 75.23 64.848 5.399
H= 6.38 5.500 2.728
N= 1.24 1.069 0.038
S= 0.28 0.241 0.008
0= 16.87 14.542 0.454

J% # 13.80 13.800 0.918 13.800 5.525 0.000 0.000
£ ft 100.000 8.627 8.395

mu mwc) 82.000 2.563 18.077
US 0.000 0.000 0.000
y;u^> 0.000 0.000 0.000

X^U—ffl7k(25°C) 51.000 2.831 1.275 mmmm 30.600
A ft 133.000 19.352 30.600 0.000

ess #* 0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

X7U-##SSS °c K °c K °c K
40 313 1610 1883 1200 1473

kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h
COX 0.000 0.000 0.000 0.649 0.054 0.338 0.000 0.000 0.000

h2 0.000 0.000 0.000 5.830 2.892 27.419 5.830 2.892 24.156
CO 0.000 0.000 0.000 125.594 4.484 53.933 125.594 4.484 45.282
CO, 0.000 0.000 0.000 37.893 0.861 11.478 37.893 0.861 11.947
ch4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cos 0.000 0.000 0.000 0.012 0.000 0.004 0.012 0.000 0.003
h2s 0.000 0.000 0.000 0.249 0.007 0.130 0.249 0.007 0.107
02 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
n2 0.000 0.000 0.000 1.073 0.038 0.499 1.073 0.038 0.404
Ar 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

NHa 0.000 0.000 0.000 0.003 0.000 0.005 0.003 0.000 0.004
H,0 0.000 0.000 0.000 47.917 2.660 46.556 47.917 2.660 36.829

A ft 0.000 0.000 0.000 219.218 10.997 140.364 218.570 10.943 118.732
s $ °c K °c K °c K

40 313 1610 1883 1200 1473
75.2% 75.2%



3 . 2-9 h--?ir |J T/w<7>%

(%7 V-<D^^g66%)

(^7 V-T#&^300%:)

ai^*'xfc^AP
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

SA(DAF) % 86.200 13.687
C= 75.23 64.848 5.399
H= 6.38 5.500 2.728
N= 1.24 1.069 0.038
S= 0.28 0.241 0.008
0= 16.87 14.542 0.454

lR ft 13.80 13.800 1.681 13.800 5.129 0.000 0.000
,•£!+ 100.000 8.627 15.369
mmm mm (4o°o 65.000 2.031 14.329

mm 0.006 0.000 0.001
T)\s-r> 0.000 0.000 0.000

T.7U-m*(25°C) 0.000 0.000 0.000
e it 65.006 14.331 0.000 0.000

Slili 0.000 0.000 0.000
0.000 0.000 0.000

51.000 2.831 24.887 0.000 0.000 0.000 0.000 0.000 0.000
x^U-WSSIt °c K °c K °c K

300 573 1475 1748 1200 1473
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

cnx 0.649 0.054 0.314 0.000 0.000 0.000
h2 0.000 0.000 0.000 7.479 3.710 33.667 7.479 3.710 30.991
CO 0.000 0.000 0.000 130.255 4.650 52.759 130.255 4.650 46.963

—
l o o 0.000 0.000 0.000 29.694 0.675 9.201 29.694 0.675 9.362

ch4 0.000 0.000 0.000 0.321 0.020 0.700 0.321 0.020 0.580
cos 0.000 0.000 0.000 0.012 0.000 0.003 0.012 0.000 0.003
H,S 0.000 0.000 0.000 0.249 0.007 0.122 0.249 0.007 0.107
02 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
n2 0.000 0.000 0.000 1.073 0.038 0.465 1.073 0.038 0.404
Ar 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

nh3 0.000 0.000 0.000 0.003 0.000 0.005 0.003 0.000 0.004
h2o 0.000 0.000 0.000 32.453 1.801 29.193 32.453 1.801 24.943

e- it 0.000 0.000 0.000 202.186 10.957 126.429 201.538 10.903 113.356
;S It °c K °C K °C K

40 313 1475 1748 1200 1473
^FxB¥T%l 85.9% 85.9%



y-^-Esssoor)3. 2-10 SsCTSffii IJ TyL-^yyx*

(xy y -toessseeyo)

g|i®*"x-itJpxa aiKtfx-itiFtiin
kg/h kg'mol/h M cal/h kg/h kg'mol/h M cal/h kg/h kg'mol/h M cal/h

EM(DAF) % 86.200 18.465
C= 75.23 64.848 5.399
H= 6.38 5.500 2.728
N= 1.24 1.069 0.038
S= 0.28 0.241 0.008
0= 16.87 14.542 0.454

E 13.80 13.800 2.268 13.800 5.085 0.000 0.000
□" 1+ 100.000 8.627 20.733

mm (4o°o 63.000 1.969 13.888
mm 0.000 0.000 0.000

0.000 0.000 0.000
X7U-ffi*(25°C) 0.000 0.000 0.000

□* It 63.000 13.888 0.000 0.000
* mm mm 0.000 0.000 0.000

MM 0.000 0.000 0.000
mm 51.000 2.831 27.068 0.000 0.000 0.000 0.000 0.000 0.000

X7'J—K*6;£$ °c K °c K °c K
500 773 1460 1733 1200 1473

kg/h kg'mol/h M cal/h kg/h kg'mol/h M cal/h kg/h kg'mol/h M cal/h
cnx 0.649 0.054 0.311 0.000 0.000 0.000

H? 0.000 0.000 0.000 7.729 3.834 34.627 7.729 3.834 32.027
CO 0.000 0.000 0.000 130.255 4.650 52.420 130.255 4.650 46.963
C02 0.000 0.000 0.000 29.694 0.675 9.218 29.694 0.675 9.362
ch4 0.000 0.000 0.000 0.321 0.020 0.693 0.321 0.020 0.580
cos 0.000 0.000 0.000 0.012 0.000 0.003 0.012 0.000 0.003
HpS 0.000 0.000 0.000 0.249 0.007 0.121 0.249 0.007 0.107
02 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
n2 0.000 0.000 0.000 1.073 0.038 0.461 1.073 0.038 0.404
Ar 0.000 0.000 0.000 1.648 0.041 0.205 1.648 0.041 0.205

NH* 0.000 0.000 0.000 0.003 0.000 0.005 0.003 0.000 0.004
H?0 0.000 0.000 0.000 30.219 1.677 26.952 30.219 1.677 23.226

it 0.000 0.000 0.000 201.850 10.998 125.016 201.202 10.944 112.880

5 £ °c K °c K °C K
500 773 1460 1733 1200 1473

87.2% 87.2%



3. 2-11
(^7

i 'i / y / s'"

lEl^xEFXn
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

Sm(DAF) % 86.200 7.477
C= 75.23 64.848 5.399
H= 6.38 5.500 2.728
N= 1.24 1.069 0.038
S= 0.28 0.241 0.008
0= 16.87 14.542 0.454

JR # 13.80 13.800 0.918 13.800 5.422 0.000 0.000
A 1+ 100.000 8.627 8.395

K* (40°C) 87.000 2.719 19.179
ss 0.000 0.000 0.000
y;u=r> 0.000 0.000 0.000

X5U—m7K(25°C) 66.700 3.702 1.668 40.020
A 1+ 153.700 20.846 40.020 0.000

m#m m# 0.000 0.000 0.000
ss 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

X7'J—#$6SS °c K °c K °c K
40 313 1575 1848 1200 1473

kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h
cnx 0.649 0.054 0.332 0.000 0.000 0.000

h2 0.000 0.000 0.000 5.898 2.926 27.423 5.898 2.926 24.440
CO 0.000 0.000 0.000 115.927 4.139 49.031 115.927 4.139 41.797
CO; 0.000 0.000 0.000 53.080 1.206 16.188 53.080 1.206 16.735
ch4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cos 0.000 0.000 0.000 0.012 0.000 0.004 0.012 0.000 0.003
h2s 0.000 0.000 0.000 0.249 0.007 0.128 0.249 0.007 0.107
02 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N; 0.000 0.000 0.000 1.073 0.038 0.490 1.073 0.038 0.404
Ar 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

NHq 0.000 0.000 0.000 0.003 0.000 0.005 0.003 0.000 0.004
H?0 0.000 0.000 0.000 63.017 3.498 60.020 63.017 3.498 48.435

n* It 0.000 0.000 0.000 239.909 11.869 153.622 239.260 11.815 131.925

x $ °c K °c K °C K
40 313 1575 1848 1200 1473

72.0% 72.0%



(y y ')-ro^KS$60%)

(X7 y ~^»fi®300°C)

iilFxiEPxn SBMtrxltfPI*lWAib'/-:
kg/h kgvnol/h M cal/h kg/h kgvnol/h M cal/h kg/h kgvnol/h M cal/h

EM(DAF) % 86.200 13.687
C= 75.23 64.848 5.399
H= 6.38 5.500 2.728
N= 1.24 1.069 0.038
S= 0.28 0.241 0.008
0= 16.87 14.542 0.454

$F
I

C
O bo o 13.800 1.681 13.800 5.349 0.000 0.000

a* if 100.000 8.627 15.369
mmm mm wo 67.500 2.109 14.880

US 0.000 0.000 0.000
T;ud^> 0.000 0.000 0.000

7.5U-ffl7k(25°C) 0.000 0.000 0.000 0.000
£ If 67.500 14.880 0.000 0.000

«Sffl 0.000 0.000 0.000
#s 0.000 0.000 0.000

66.700 3.702 32.548 0.000 0.000 0.000 0.000 0.000 0.000

X7'J-##SSS °c K °c K °c K
300 573 1550 1823 1200 1473

kg/h kg-mol/h M cal/h kg/h kgvnol/h M cal/h kg/h kgvnol/h M cal/h
cnx 0.649 0.054 0.328 0.000 0.000 0.000

H2 0.000 0.000 0.000 7.537 3.739 34.757 7.537 3.739 31.231
CO 0.000 0.000 0.000 125.202 4.470 52.383 125.202 4.470 45.141
CO, 0.000 0.000 0.000 37.690 0.856 11.546 37.690 0.856 11.883
ch4 0.000 0.000 0.000 0.298 0.019 0.683 0.298 0.019 0.539
cos 0.000 0.000 0.000 0.012 0.000 0.003 0.012 0.000 0.003
H,S 0.000 0.000 0.000 0.249 0.007 0.126 0.249 0.007 0.107
02 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N2 0.000 0.000 0.000 1.073 0.038 0.484 1.073 0.038 0.404
Ar 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

nh3 0.000 0.000 0.000 0.003 0.000 0.005 0.003 0.000 0.004
h2o 0.000 0.000 0.000 47.697 2.648 44.786 47.697 2.648 36.660

£■ If 0.000 0.000 0.000 220.410 11.831 145.101 219.761 11.777 125.972

s s °c K °C K °c K
300 573 1550 1823 1200 1473

%nJTx$iWT%J 84.3% 84.3%



3. 2-13

(^7 U-^^%60%)

(^7 !;-?-mm.^5oor)

iil^xibFXn
kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h

5MDAF) % 86.200 18.465
C= 75.23 64.848 5.399
H= 6.38 5.500 2.728
N= 1.24 1.069 0.038
S= 0.28 0.241 0.008
0= 16.87 14.542 0.454

JR # 13.80 13.800 2.268 13.800 5.437 0.000 0.000
a 1+ 100.000 8.627 20.733

is* (4o°c) 66.000 2.063 14.550
sil 0.000 0.000 0.000
7J^S> 0.000 0.000 0.000

X7U-mTk(25°c) 0.000 0.000 0.000 0.000
A 1+ 66.000 14.550 0.000 0.000

mmm mm 0.000 0.000 0.000
mm 0.000 0.000 0.000
M™. 66.700 3.702 35.401 0.000 0.000 0.000 0.000 0.000 0.000

7*=?' j-ttwssa °c K °c K °c K
500 773 1580 1853 1200 1473

kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h kg/h kg-mol/h M cal/h
cnx 0.649 0.054 0.333 0.000 0.000 0.000

h2 0.000 0.000 0.000 7.638 3.789 35.572 7.638 3.789 31.651
CO 0.000 0.000 0.000 126.507 4.516 53.622 126.507 4.516 45.612oo

0.000 0.000 0.000 35.674 0.811 10.870 35.674 0.811 11.247
ch4 0.000 0.000 0.000 0.286 0.018 0.666 0.286 0.018 0.516
cos 0.000 0.000 0.000 0.012 0.000 0.004 0.012 0.000 0.003
h2s 0.000 0.000 0.000 0.249 0.007 0.128 0.249 0.007 0.107
02 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
n2 0.000 0.000 0.000 1.073 0.038 0.492 1.073 0.038 0.404
Ar 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

NHa 0.000 0.000 0.000 0.003 0.000 0.005 0.003 0.000 0.004oX

0.000 0.000 0.000 46.820 2.599 44.720 46.820 2.599 35.986
a tt- 0.000 0.000 0.000 218.911 11.833 146.411 218.262 11.779 125.529

s $ °c K °C K °C K
500 773 1580 1853 1200 1473

^FxE¥T%l 85.3% 85.3%



4. l. 1

^T, (COP3) (C#V'T,

#^S(D#^|1 1990#C!:b^l:2010^^6%(D^JM^K6^,Tl/^6o A#

(D#A#Kj; ^#(7)#^#^##^ 6 ^#^T#

L-cmg^m#-ek6o

, %^a»9 K:##LT#mT6#6±M4:^±a(7) COz^^Wj 

-f6 2 ^ «9 , 6 CO] 7k^"C^6.

# (C^^T, m#^-^-e2010^(C|j: 12.3%

6 1)(7)^Mi63fL!:w6o

18 V@ 39.2%, f^%^33.7%^%%^#%^^^6 

b#(7), 65.2%(±(f^%W((':#%'f5^'%(z:!:k^<6(k,

L, T^T^-kT^Tm^^^^-Ct)^ll%(7)@^#^$)i9,

(LNG) 1969

MLT%nL,1997^-e(j:7^|g^^#^@(7)m##(7)^]97%^fa^f-6$il4,800

"CV^6o

LNG (7)#^(j:, ^yK^i/T, ^-%h7VT#(7)T

^To ±^F##j#^^(7)$#A^^(7)±^ (83%)

^3 o

#^m^(7) LNG mmm (##^@: #m, -&K #mm#m (m^): ^ ^ K, 

^MS) (c#if6#^#;bDt,i^^fbTV'6[K #^^*3^6#^g(7)LNG#^^^Li:

97-



(^f» 11, #^mi#-eco2#ai#^m##(c!tLi:^7kv^

19. #^@(C«k'9m^^#^#'C$)67^7'^-t7z:7m^(CjoV^l:t,

W'L7kdS6, LNG (c

(6Tcf) ^fb6(D^^@(D#

v^6o

LNG y 7 > h (Dm^^ ^ # A 6tb6o

5o
#(C, C02(l!t#^#<^#-'f6Z6^^6tLl:^6o ^4.1-1 ^ Z9(-, 7^

7 - ^-t7zLT%j^^jo^T^, 90%J^± (#;%mwt) COz^$tb7^ ^ ,

2O%^0XL6A#^(D^^mt) 24%m^#&LTV^6o 

#^a^#A^^,T^6^^^^mLNG (D^#-e$)(9, mczm^mi^-ecoz^

coz^A

4. 1-1 C02#^8'JA^m^^%
'—/V K

C02-a*» (%) It# COz^"#"# (%) It#
0 4 8.3 0 6 8.6
0—10 23 49.7 0-10 37 52.9
10—20 8 16.7 0<N1O 10 14.3

20—30 5 10.4 20—30 4 5.7

0xr?0m 2 4.2 0
 

Tt10m 2 2.9

40—
6 12.5

40—
11 15.7

^•it 48 100 70 100
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LNG^^g/wy7©>^$um

<4#, co2(D±M^^(D%m^

%m(cjol^T t. CO2(7)#aj^#v't,oTg^Rgmic$^1,6 oT#% 

z(Dj;L-c^mu, ^

1) (%) %%11^

2)

4. 1. 2

^rd^E ^r#6 ^ ^ , %%#{k^^1/

(Steam Methane

Reforming) „ (DpRftWtifc (Partial Oxidation) „ @114^1 (Combined Reforming) „ @C02 

SkM (Dry Reforming) (Tri-reforming) ('I-oV ^"C#K#(7)#

©&CF®l%%^J^^(-C02'e^6^(D'e$)6o

(1 ) (Steam Reforming SR)

(?<fy) (Z)

zK#M%#-e$)6o (1) ^-em$^L6±#^#m^#9K^-e$)6c

CH4 + H2O 3H2+CO -206.2kJ (1)

^AL, ##&;%* L^^Wic##

© Ni ^m-ek6omL,

L-c#m© 5.

(DH2/COlt^3-'5^±#<, /ix^hK (it^2)

y i/a y^#V\ ^

2500 b >/ B 700 ^:$)6o
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( 2 ) SC:9'S6'(ti£ (Partial Oxidation POX)

toSHiSStotat (2) itxitSjx

5SfS-efc5„ L;»>LSRIIctt (3) £ (4) roStEz)iE5SLTV'5£tOj:#x:tbiL5„
CH4+1/202 -» 2H2+CO +36.1kJ (2)
CH4+3/202 -» 2H20+C0 +519.6kJ (3)
co+H2o -* H2+CO2 +40.7kJ (4)

rroRj£ii««*T'fffcix, *(febfc*uc«t

<9 # 9 (Dxmxx*6fcKr*SSMti££tt8<t-5 ^ ->yy/p*St£:$-eifcy , 

#$_h, »iET-eefcKz)sBTffi*b fc, 

ib)W@4tLTi'5.

Lt)>l, (tiniest isootiroRfilii/.eSx i: tfco, ')rv9-tffiro = x h

V y M'fo-5„ ^fc^ibtldS-filbtf'xro H2ZCOtt^ 1.6~1.8g 

srfco, s-tirstcht, x^-^roiie, ->7 pgjsagwiae^t'^^t

* 9 . ffiC0*j£ICj:fc-<5 !)y)t /£5„

(3) Ha'dfeHffi (Combined Reforming CR)

*ES8tK?£ (sr) (pox) *< ^S-fc*/'c*?£-efo5„ *?£tte*Sro

UTEB SjxTV'5. XoroKJS^e^JHm^b-tirS* 

itXs, Eatolxnvixh.^&Xfc&vttTxfcS, Lt)'LilS'ltltKtto/hSro.KtSSX SR 

&5tefiU ^bt^'XIcES^riDX-T#®, POX I8x?iW#i#i|s^*)56t"5„ ^LTfiBro 

ttia^'xSr SR KfE$<Z);Mtc:-f$J8f 5„ ^ j; ^

&6 BEtBfcWiS (Auto Thermal Reforming ATR) fcffl%5blX'V'5„

—OC0S(£$-$r< ^--a ^-ttSilSro^itli, ■o'btX/'xEro H2/CO btoo—JBcOs > b □

E£ **Sflef£@S(S^<0k <k K 6 e,S*5fcKS)$$5rl$It 5„ *?£(D£iJ^I4, *S 

S&KKlStti□ rotevd±£)*, fiSroBBaefcKbJ; ►Jti^S-tirbivdbb-efcd, cE 

HE##3^ b<D@*lc*4-i-6. / -/P^riteoaiSIEHiav'^x^Siex5# 5

ffigftLTH, SJC^^oi^srt-cx #Rax 7k

6 eE8fce?£tt, 1 '?<D&KKlfc%s<D<pX\ t &S X 61

5 n i (C j; o, gB^(tHfE-C?g(fe-r2)*i*®f(RJSxsfc57k*«afeaS(£:HfflV'-5 few 

Xs, m^/pdr—?S#roiBr*<7)B5:S^rtafc,^fcyD-fex.xfc-5„

jrWSER^fcy . (5) SreBiSU
-yxefcHsts (e) (?) ^$gz6.

CH4 + 3/202 ^ 2H20+C0 +519.6kJ (5)

CH4+H2O ■ CO+3H2 —206kJ (6)
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mrn^ L-c^ co2(D%Am^±#^z ^-e^6. 2oooria< (%^m

( 4 ) C02 djcW (Dry Reforming)

^ f C02 %*-e(4:7k(7)ft^i9

lc C02&m'6^&-C&6o

T#^(7)mv^.o W#T&5

co2gr{k#m#icmumi-6

Steam Reforming: CH4 + H20 —> CO + 3H2 — 206kJ

Dry Reforming: CH4 + CQ2 -> 2CO+2H2 -247kJ

^ ^#XL i^^,6o

CH4 -> C + 2H2 -74.9kJ

2CO -> C + C02 +172.2kJ

C + C02 -* 2CO -172.2U 

C + H20 -> CO + H2 — 131.4kJ 

C + 02 ^ CQ2 + 393.7kJ

( 5 ) HIlS^fiTAlB-ib-tirfijcSt ( b ]J * Tri-reforming) 4)

-co2(D^#-mm&i-azz:%<\

Pennsylvania State University (D C.Song LT V ^ 6 Jj'^'V'tr> <Q > 31/6: i£ /c'WBi^EStPil

T^)6o M^^(DN2, Nox. SOx#(DB#^^M-e^)6^\ #

/—Fischer-Tropsch LT#ig(D H2/

COe/Ukk (=2) T&6o

1)

PEC-1998-L05

2) NEDo%n#m«#i&#

CH4+CO2 -> 2CO + 2H2 -247kJ (7)

-101-



NEDO-IT-9904

3) a:+m # p4i-5o

#31

4) Chunshan Song “Tri-reforming A new process for reducing CO2 emissions”

Chemical Innovation/ Jan 2001 p21-25

4. 1. 3

(1), coz## (2), gpemfb (3)
^^-C$)6o Z^L^iCi/7 (4), Boudouard^ (5) f (6)

^(D#, (7) (8) (9) #d>

M4-i-6o

Steam Reforming: CH4 + H2O # CO + 3H2 — 206kJ (1)
Dry Reforming: CH4 + CO2 O 2CO + 2H2 — 247kJ (2)

Partial Oxidation CH4+IZ2O2 # 2H2 + CO H-36.1 kJ (3)

Shift Reaction C0+H20 O H2+CO2 +40.7kJ (4)

Boudouard Reaction 2CO # C + C02 +172.2kJ (5)

Dehydrogenation CH4 # C + 2H2 — 74.9kJ (6)

Gasification C + CO2 # 2CO — 172.2kJ (7)

C + H20 # CO+H2 —131.4kJ (8)

C+02 O C02 +393.7W (9)

4z#m-e#^^-e#6o RiTEfk#%co2^r

0#ljm#%A-C,NASA Lewis Research Center CET-89 ^7

^ f CO2, H2O, O2 ^ A (DAhK^X#^^mh)c,

4 X—XiC^V'TffcTbo 

B)4.l-lxy-X

(2) CO2## Bl4.1-2Xy-X
(3) g|4.1-3Xy-X

(4) m±3X-xicm#^oz^^m
n 4.1-4 x y — x

(1) ##(D^&(7)C02, 7K#M(DmAD

tc 4; y CO (cMLf-60

(2) C02(7)^.T(D%#(4:7K#M^#Zyj^#(D#m^#<^6o C02(DWP1^A#:^L

4: 9 lc^6o
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(3) Tkmu^mc C02<7)Bto£-f--5 *5, *SS<oe4r#-<t"*i-li

(4) 5t^%v\ sswmfaszis 

hi"-5 =
(5) ^**»LfcSJ£*ro¥Wflfi£l4, 5StrSinLfc o2 ^ y i: ElS LaytLfciiS 

ISlro co2, h2o &#Au tfcft> Ini b <fc 9%$mnK&%6.
/£j3, $ 4.1-2 lc^m)3$;roK6trov'X'ai)i6iMStS¥Et-j3i'j'5K*ffttitoiB$*<4:

3r—1E"e$ t fefcc.

LT, L C02 SrUMXfflffl VT
i ?/-^mt5^rA4S*t5 2 1:t-fc5„ C02 #xe#-#i"6^#xe% 
HL-S-figif^SrKSt'ST’D-fe^. fcr (D^fr'/XT-^to/=e^>"eS51-(bi"5^Sz)$fc;5„ i" 
ftbQ, *®E^OT L7t5»$ifxib»'xrofifi)tia6 c, co2 ^'xe##i"6^mifxe 

2*An#M*ffrofci:-eStB5r!iS»5a4t^ir*$**Jl-efc-5„ 
D.Qin Qtt MgOfi/*&*«E±Xs©i ^yoSH^Elb (pox) t co2 TkSSS-g-Stltro 

^t&tfxtoStEJSrotbR**#LTi/'d no

POX tt-®®EtET'S6-h:#xibiLTV'5,„ ^ y^s co2
i: H20 icgSAlcgMbL, M'TgiAtoi f >tp CO2 bTkSSUc J; 0 t *
5. fc5#Sic iSi/ 'SSaS®*#®<hTpoxro$tiz)Sl*v'»-£•!;: n,

-SPgEJS-t&ib^BigglS^BHbKJSfees* :: <k t> fc5„ 14.1-5 In 2 owKjS/p 
— h &/T<i"o

pox b?l-S'8icKro#fiE6 (tpr) z/ny-r/wcj; 9(&ELfcyf%rojsit$tcJ:5<h, #

ic J: < ®fct8«E)5ropi)5r^ L, E)£i »-XAiiBrv'5 r i: ^BS^LTV'd.
®^&WEH:EfKiS^*V';4\ mti co2 S.t>* h2o z)Si ?y®tt(bro?S'M5r^S C 

cfcir^dfcroiritxLOns, ifcco2t H2o A5##i"51 co2t n2o f it## 4: 
OEiS^passtLSr tMILt. ?S-6-e6c*-ettSj$»s_h#|.t-5^oiv, co2afeK^* 
#a&WI=PbL#< ^ t)fc*>ofc„ rtiib-t^Tro|$$ii,E^-&K"ei4C0256:K, 
*S«@:K/)slBlB»Kerorv'5r jr^/SLTV'5,

*#%?*& ti"5E(5mE&6ai^KA& 
^ir®^&*?R-e<OftfeKBmt, X ^ V©^®lftlcJ:5»ai5W*3Sfli-ff 9§ii®W 

5-&Wli, S-S-&em-ero«EE%lr#iSi-tL(iJ:V'i:V'5^»S*-i?-x.rv'50

co2 rnfc4-x:fciLfc*#lciS
Lfc»®©MISSr^ =t <*»52im5 J: 5, &
ica»5,r ttrf5„

1) D.Qin et.al.., Journal of Catalyst 159,140-149 (1996)
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-x- C02

■*- H20

^ 0.3

500 600 700 800 900 1000 1100 1200

HI4. 1-1-4

(f±t) : 2MPa, CH4 : H20 = 2 : 1)

fP 0.2

1000 1100 1200

HI4. 1-1-5
(J±^J : 2MPa, CH4 : H20=1 : 2)

HI 4. 1-1-6

(J±t> : 2MPa, CH4 : H20=1 : 5)
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900 1000 1100 1200
;MJt(°c)

BI4. 1-2-1

(E* : 0.1 MPa, CH4 : C02=1 : 1)

—♦— CH4 
Hi-CO 
-X-C02 
# H2 

HK-H20 
-A-C(GR)

900 1000 1100 1200
;SJt(°c)

BI4. 1-2-2 CO]

(E^ : 2MPa, CH4 : C02=1 : 1)

—♦— CH4 
HF- CO 
-X-C02 I
# H2 | 

-X-H20 |
-*-C(GR)|

900 1000 1100 1200

g|4. 1-2-3

(E^J : lOMPa, CH4 : C02 = 1 : 1)
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CH4 
■••«•••■ CO 

X • C02 
■■■«••■■ H2 
—X - H20 
-A- C(GR)

1000 1100 1200

El 4. 1-2-4
(J±Jl : 2MPa, CH4 : C02 = 2 : 1)

800 900 1000 1100 1200

El 4. 1-2-5
(J±t) : 2MPa, CH4 : C02=1 : 2)

-+-CH4
* CO 

-X-C02
# H2 

-X-H20 
-A— C(GR)

;£J£(°c)

El 4. 1-2-6
U±Jj : 2MPa, CH4 : C02=1 : 5)
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CH4 !

X-C02

0.1 x~~

900 1000 1100 1200

gi4. 1-3-1

(J±t) : 0.1 MPa, CH4 : H20 : C02 = 3 : 2 : 1)

-+-CH4
# CO 

-X-C02
# H2 

-*-H20 
Hk- C(GR)

ty 0.2

900 1000 1100 1200
mmrc)

m4. 1-3-2

(J±tl : 2MPa, CH4 : H20 : C02 = 3 : 2 : 1)

gi4. 1-3-3

(J£jj : lOMPa, CH4 : H20 : C02 = 3 : 2 : 1)
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0±ti : 2MPa, CH4 : H20 : C02=1 : 1 : 1)

CH4 |
# CO
X C02

X H20

1000 1100 1200

Bi4. 1-3-5

(J±jj : 2MPaN CH4 : H20 : C02=1 : 2 : 1)

I —CH4 
i * CO 
I X C02 
I * H2 
i X H20 
i -A- C(GR)

700 800 900 1000 1100 1200500 600

HI 4. 1-3-6

U±£) : 2MPa, CH4 : H20 : C02=1 : 3 : 1)
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CH4 i

X- C02

C(GR) i

4

(J±jj : 2MPaN CH4 : H20 : C02=1 : 1 : 1)

—♦— CH4
! m co

x C02
j •••#••• H2 
I -X- H20 

I ~6r~ C(GR)

—X-

1100 1200

El 4. 1-3-7

Q±tl : 2MPaN CH4 : H20 : C02=1 : 1 : 2)

>. 002 :

0.4 x

500 600 700 800 900 1000 1100 1200

8

(J±tl : 2MPa, CH4 : H20 : C02=1 : 1 : 3)
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! —CH4 I 
I * CO I 
-x- C02 
# H2 

-*~H20 | 
-A- C(GR)

500 600 700 800 900 1000 1100 1200

g|4. 1-3-9

(i±jj : 2MPa, CH4 : H20 : C02=1 : 2 : 3)

i m CO

--3K i ^ H2

900 1000 1100 1200

i-3-io

(E^ : 2MPa, CH4 : H20 : C02 = 1 : 3 : 2)
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CH4
# CO 

-x- C02
# H2 

-*HH20
A C(GR)

?£Jt(°C)

Ei4. 1-4-1

{]±h : 2MPa, CH4 : H20 : 02=2 : 4 : 1)

-+-CH4
m co

-X-C02 
# H2 

-7^— H20 
-A-C(GR)

0.4 X

900 1000 1100 1200

Bl 4. 1-4-2 +

U±?3 : 2MPa, CH4 : C02 : 02=2 : 4 : 1)

CH4 I
* CO

j x C02 |

0.3 x
C(GR) |

x—....

500 600 900 1000 1100 1200

(f±t) : 2MPa, CH4 : H20 : C02 : 02 =2 : 2 : 2 : l)
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2 tezmftEM
U.$L\t Ezra

CH4 HgO CO2 o2 latm lOatm 20atm lOOatm
1 1 1 700 790 800 900
1 2 1 600 570 570 550
1 1 2 690 700 800 900
1 3 1 <500 <500 <500 <500
1 1 3 700 790 800 900
1 2 3 600 700 700 800
1 3 2 <500 <500 <500 <500
3 2 1 850 940 950 950
1 1 800 <500 <500 <500
1 2 <500 <500 <500 <500
1 5 <500 <500 <500 <500
2 1 00 00 00 00
1 1 950 1100 1150 1250
1 2 750 890 900 1000
1 5 700 800 800 900
2 1 00 00 00 00
6 4 2 3 700 700 700 700
2 2 2 1 600 700 700 700
2 4 1 <500 <500 <500 <500
2 4 1 700 800 800 900

(STT^TEZ^icZWMEWto

3CH4 + 2H]Q + CO2

m 4. 1-5 pox
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4. i. 4 zkrnM##

(1)

1900 ¥1X®M^ BASF (D#%#dWE&fro^d\ *m-vmj)(cLfc(DStandard 

Oil of New Jersey L/L,

%(± 1930-50 ICI «9 x 4: »9

LTV'6o

^cLT#^o

ofl/^o^ <D# ^ Davy-McKeex 3fc Foster-Wheeled Haldor-Topsoex ^ Humphrey

& Glasgow^ 3K The M W Kellogg Cox # Kinetics Technology International (KTI) x # Lurgix

(#), (m, muhde^^^^m=^^^^^

-c*ji9x

^ wrm ^ ^ ^ -c ^ 6 o ^ ^

#yj#GW#x

3 —A->y\ 5 Nielsen') (D#^#E%^$g^^$)6(7)

f##K:%6o

(2) 7K#M%#y[3d:y

zK#^d&#(D{t^##yi3ty 7cf--&|g 4.1-6 (C^L/Co

(ex 235°CX 30kg/cm2) t t

ds^f&6o 885r#^-e&ipx i^yM

^&+ma^z:^^7Fx

TV^6o ^###(c##<(Dyn±;%-CPSA;^W#J^:h,T#%x COzliPSA^y#

yHlCOz^r 100ppm#^x H2/CO=3m^(D$W<k^6o
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STEAM REFORMING! AND HEAT RECOVERY SECTION

r=>—
K-103

Y-101
E-103

/ AAB

iv-tos

C-101

E-ies

V-104V-102

665*C. 295 pets

K-101

R-101
Steam

Reformer Compressor

ProductC-202

tire

Q-301
Prism® Hydrogen 
Skimming System

»HYDROGEN SKIMMING SECTION •••#.

Flash ColumnAbsorber

............................. CARBON MONDE SEPARATION SECTION ►».............................................................

El 4. 1-6



(3)

(D

/K#M%#yi±Ni##^^%-C$)6^, In Pd, Pt, Rh, Ru^^^AA#^#"# 

"C^)6C ^^^0^^,-CV^6o ## '

#jaT(lPt and/or Pd (Eastman), RuplusCe (B^%)

tU^5d^^<, {£l ^ S/C (Steam-to-Carbon) njft t ft <50 Rh

<fo<5 <L l 'fifl'bo

(0 Haldor-Topsoe

a#^###a-ej^^#(D%^^#$lJi-6^^^6oSterlingChemical (7)^ ^ —;lx

b"C 1987^(CiM#-CWG$fl,/L (EP 1013,603,2000.06.28)

SPARGyn-k^,

Spoked wheel, 4 7 7^9 (ICI, United

Catalysts, Haldor Topsoe)

(5) yy 9 7W-—^ >y(D^^l#yi:^5o Z(7)#X.^r^BritishGasPlc ^ 1960^

CRG (Catalytic Rich Gas) ^Ni##j%

6o Z(DSNG#m%lj:##(D 100y7>m±-C#m^^,T^6o ##^(7)^^ 

-c&6 (lCI)o

^ j; ^ L, Tkm^mmpA o ^ s/c
lt^#<jA]^6o COsgijA, NOx#mt,#%^^L6o

- (55ormm sR^Tf#(ciav^^$T(D#^##%m^fT9^, %m

The MW Kellogg Co (7)##^ -Cliy^i; 73--^ 

^o #ic coz##^#9^
f 6 z <k ^ ^

© ICI />> 1986^-fML tc Gas Heated Reformer (GHR) (LCM: Leading

oncept methanol) ^7yTr^T (LCA: Leading concept ammonia) 7°y 1/ Y cSfrlX

The MW Kellogg

L^V ^ KRES (Kellogg Reformer Exchanger System) £rfH^£ L, 7 y^E-zz 

(KAApyo-k^) GHR«kim#, yfy-A-y^

y b^(7)^mt)0T#T^6o
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9>^#: (5/8X3/8inch) T, 15%Ni/CaO-Al203####-C&6o (<

250nm) Tr0.20cm^/g, nWL (>250nm) -C0.12cm^/g^a^#rtfm^#Z(9^-7^n 

^#A^#tt#^#3.5mH^%#^#/<^ny b##-cm^LTb^6/)\ #?

L^^i4# 1.0-4.0MPa, 560-830°C, S/C = 2.5~3.5 ##@"C$)6o ,

Haldor Topsoe AS # SR MgA^ ^

IWMflto, R67GR Z ^

#h£Ttl Lfc0 A1(C4H90)3 (A1 tri-sec-butoxide) lkg 1-Propanol 20kg Ctc-iWiiH&MM.

L, $/c Mg(N03)2'6H200.520kg$rlkgH20/10kg 1-Propanol

A1 6o 30min #, 10kg

(DzK-C^^ 110%:%#, 550°C4h^f6o ###MgAl2Q4 0.275kg &#5o 

8.076A, ^#ff^X41A, lt#a#192m^/g^^L^ C###4C#W#\ jSZU^Ni 

25wt%fg^^^##FL^:M#$r##L#%^l:l:^L^:o 1.6%Y+25%Ni

4. 1-3 Haldor Topsoe #%& SR MM
m m Promotor SR ;§t£ «SiiM4
R67GR 100 100 100
Catalyst 1 no 142 231 192
Catalyst 2 1.6% Y 162 254 242
Catalyst 3 3.1% Ce 151 296

SR: CH4/ H20/ H2 = 4.0/ 16.0/ 1.6 NL/h 
Cata : 0.025g

The University of Queensland \Z. 4: L"C#±#^# Cubic

#m L^: Ni UTV^. ###%##:<!: UT#;#4; 9
SC2O3, Y2O3, Nd203, Sm203, Gd203, Yb203, Pr^O^, Tb203, a -Ta20g 

Zri.xYx02-x/2, Cei.xGdx02-x/2, k,aCri_xMgx03-x/2

1) JR Rostrup-Nielsen, Catal Today, 21 (1994) p257; ibid, 63 (2000) pi 59.

2) R V Schneider III, Hydrocarbon Processing, 71 (3) p51 (1992).

3) mo#, ##, 42(2000) pi., 2000-079,340 (2000.03.21).

4) K Shoji, Y Hirota, T Numaguchi, Science and Technology in Catalysis, Kodanssha 1998,

p449.

5) W02000-16900 (2000.03.20) to The University of Queensland.

117-



4. 1. 5

(1) UCaNc

fbtz. Texaco i:fe, Shell l!6, Lurgi <h' ifi'&^R.s t£ (^iEV 'vfmi7fcffl 5 iLTf ^

^xlC^CCO 1 9 fc -60

® (SR) (^^-)

® Hz/CO hk^(D^^^m^(Dmi#lj:i±iA^.(7)CH4/02/H20W:^C02##

® m#, m%(Dm#^^v\

(B SR (7) 3.5Mpa ICh^LT 8.8MPa ^3^1? t) ^ f

4.1-4 icmmu^

^ T6c TexacoTGP ^r#m

> h-C&6#EQueensland(DBPBulwer Island POX 7 > H3j;0(##y

11, 1965 ^^^##LT^6Z(7)##BlT(Dia{tfl:-e#ALy2 37500Nm^/h, 99.5% 

&M, 19MPa<k/J^(D7K#^B:#"e$)l9, ##(Dm##11300ton/d-e^6o 

#^{441 1370%:, 5.6MPa-C$)6o #%Bf"Cllzk#^7K#{k##^zK#fl:^#, POX

(RFco ##, ##,

^ll^MRL-CV^6o $^P0X%#-eC02^MDEA#lR^#'r[EllRL, Wk, fKmLT^

6o
^(POX) 11^1/^f — A f - E%/-e 7MPa $ T#m, 371°C 

3;-C%l#L, 99.5% O2, ^l±zK#^^^LPOX^^lC#Af6o K^ll Texaco &

<k mm L-c 13 ^, g^#-e 7 ^ ^ ^ u ^ 6.

mMPa minim

L,###<iK 49°c$T^,##7K^^#,^v^T^ y7K###4%j#-eco2^^#f6o 

#&(D^^^llH2/CO=2, COz^T lOOppnKT)#^^##!-60

4.1-7 1C^ L/c0
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1-4 i

^n-tzxig %m%a rm±m «F*
Gas Heated Reformer (GHR) Comb R ICI 2 Reactor, 2nd POX ReformeriS/m 

1stSR#^D#
ICI LCM MethanolTrEffl

SMART Reformer SR KTI
CAR Reformer Comb R UHDE 1 Reactor Combined ATR

Reformer
SR tube (Ni cata)

Improved TGP POX Texaco HyTEX H2 3fOtX(D —SB
Texaco Gasification process set. mnAUii$'«r>mm,

HERMES process Haldor Topsoe
SPARG process SR, MR Haldor Topsoe NitoW, St»K1fC*K*#fajttp*]

(02/H20/C02;E£SfcSt)
Shell Gasification process (SGP) POX Shell
Fluidized bed Synthesis gas Comb R Exxon SMEF
process

(AGC-21)
KRES process Comb R Kellogg

(2)

Methane/O: It, HzO/Methane 6

Non-catalytic POX i&, O &#?& L, M##"C7K#M*U:U( CO2

6 Autothermal (ATR) POX&^t^##^%M#^##$r 

#mL/c Catalytic Membrane POX ^^tma^^(7)#E^EI^EI

4.1-8, El 4.1-9 (C^L/L 

Non-catalytic POX

= 1.7—LST^^, ATR&t|5]#A#MWD-CtZ(Dlt#&3;%^{kL%V\, 

W0"C(l^xM^±#^/|^ < ^6(D"C, 3 —^^^c^%0i-6o

(ATR)

-c^5 9o

(CMR: Catalytic Membrane Reforming) T V<50
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I. PARTIAL OXIDATION AND HEAT RECOVERY SECTION. 

295*C
1,000

, AIR SEPARATION SECTION
HP Steam

To Steam System

E-103HP Steam
344*C 
1.496 psla 965 psia

Natural
315*C •WaterGas Fuel

1.500 peltG201
G-201

Air Separation 
System

C-101 V-102

®'—►To Waste 
Treatment

500 psia 371 "C 
1.000 psia E-102

K-101
R-101

10S*C
■To Waste 
TreatmentNatural Gas Fuel

____  F-102
Heal Economizer Steam 

Reactor Recovery Supertteal

K-101 F-101
Natural Gas Natural Gas 

Feed Compressor Preheater

R-101 C-101 V-101 E-103 V-102
Water Surge Product Condensate

Scrubber Drum Cooler Drum

Stripped CCb
Syngas

E-303,Product

V-301

C-301

111*C
E-304

C-303 E-304
Stripper GO,

Stripper

C-301 E-301 0302 E-303
MDEA Flash Condenser
Cooler Column

V-301
E-302 Kr|ockout 

Interchanger Crum
CARBON DIOXIDE SEPARATION

Absorber

SECTION •HUMHMItHttHIHUIUUMMHmilllHIHiHIUtllHHmnnUHUHNMUHINtMHHMmnHt

@4. 1-7 3c&#xrog|5#®HbSt9tx@



Feedstock

Nz

NG-feed

SteamSteam

Syngas.Syngas

Non-catalytic POX Autothermal POX Catalytic Membrane POX

4. 1-8 m

Reactor Distance

m4. 1-9 o 7 ^-/i/



(3)
(H2/CO—2) Mi&VTkBM&K (SR), (POX) (Dtt

e4rftozt«^#'S'divrV'5„ 4SSSI1 70X106mscf/y (24.5 75 Nm3/h) "C FT E)®-^ 

y h£S,£LTl'30 100m'"C* 6. /]#

SR ft^Wfil?<fo5iV'fc4xTV'5»s, -coSSroE-KI^S i:3e:£:

6. Sfc SRffiX?(4H2/CO=3 L

4. 1-5 ^S^'xeicHErogSttttg?

m##m 7Kmm%m sis*tgg<b&si
mm* x 106 USD

BL 161.2 147.1
Offsite 78.7 79.8
Total Fixed Capital 226.9

$ /Mscf
Natural Gas Feed 2.39 USD/MMBtu 84.71 94.45
Natural Gas Fuel 2.39 48.45 2.69
Catalysts/ Chemicals 2.00 1.70
By-product H2 65.14 0 /Mscf -21.95 NA
Utilities 8.56 3.07

Mi 121.77 101.91
Labor Costs 5.08 4.78
Maintenance 3.45 3.15
Operating Supplies 0.14 0.14
Sfic8 "a at 130.44 109.28
urn# 4.06 3.82

im 6.85 6.48
G&A, sales, research 10.00 10.00
mmm 34.27 32.41
m&mm 185.62 162.69
25% ROI 85.68 81.04
a it 271.30 243.73

^##Zl:70Million SCF/Y (23.575Nm7h)

I Oj i ') 4ot(j,SR /£//• POX li 1:l) i, fifil i: * 6 BjjEtiitfiv

|s)«icy y / -/p-g-jSSr 0 W t uyc^fiScyf^KieT-y y h
#tti C02*, tJWay hWft.'S/i^ttKLfclgS:** 4.1-6 (;^Lfc„ SR, POX StWfe 

::1L# L TJ6j6»:j Combined Reformer U >'Zi .1-yyiiEiX?W4iy V • 6 I > '114; 4, ').
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4. 1 — 6 / ^ / —/v-q/iM □"JlSc^^'KiSiSrottR
Conventional

SR
POX

Non Catalytic
Autothermal

Reforming
Combined
Reforming

New
Processes^

Jiete
GJ/t-MeOH 32.0 31.6a) 30.6a) 30.0a) 29-30a)
Nm3/t-MeOH — 530 460 280 270-300

co2 103 mtpy 380 375 355 290 250-270
too 95a) 85-95a) 80-95a) 70-80a)

(4)

&6. 9551 Mf&RtyttK Srflh-' <5 (M i tf 

iiry^r, ^ r^ y-/p^'mm#©A-hK;y^e#m©6k#iKem©-»:&K%@^&, 

6. 5*%W%%L-C

!/'?>« Ir©©I©,ZZ)#%/j■ ©- \ , ,')r Univ Oxford (1> Vernon© Ashcroft2'. If Univ. Minnesota 

<r> Hickman H 3| ©fi [ 1i'~ A ©$©#©©(10 /’:... Davy-McKee© 1FP (Institut

Francais du P'etrole) © HaldorTopsoe6>, cl 6> lAH#©"© 7) ©5tef7 l_"CV'5„

5*y y y h^A>5 ir#x. fciLd„
© *ttE6li5>E©efcSros)SfajtSr isoo'Ct)^ 700©$?©$ <

© igfiJSHE (CO2/H2O) ii-’Vti \ . CO/H; —©i#R$©i@© \

® mmmitzrnmx-zz,

© ttrorttic^WJ-eSd,

ZtuDftMtzSLT^VAmfz AKtSSstSiS©**1C ft 5, fit® = x MS-ftAnSixS.

@a©ftA@i|fk#©i#An©6 W#m©&6ft i"©©/£^fc3o

©i#|Cj:6 i , /)s*rfe*£^W©5„ Univ. Oxford T*ii La-Ru 55©

Ni Ru Rh Pd Ir Pt © * © Sr«tft L ft, Univ. Minnesota ©@F9ET'ii Pt $ ft 11 Pt-Rh WSSrftlH 

Lft„ 1 > i' National Chemical Labo ft(1 Ni f©)lt(©f4i)IJ Lft/ftftj ftfts' ft. Davy-McKee 

ttNi + S**roteig*#$Lftftft„

$Mu$$?g-t4©-try©- (pec) ttVtic 8 ¥$;»© 11 ©JtlreSiSBLft 
%##&©#%©-# t LT.vtitii # A u,

*;*%*%&*% LTysK#i&*w# 

ro©*6tlftE%st©amft, tt«M*»[V0) ©4©feftV'ft0

4.1.3 etKESKtettsfliqmreie^fcJ; ■? t©pox

, m©#%ft$m©ft< »$$ft

a z t «s!:i5j< ©E%ei^=t y @$i$si£$,

-ft / y ft?SKtE3!© ScltoHtftSSrffioft—SxIsgKtSroteiKtyWyEiiiSfTtbiift v'5„ ##
ftoroaS^ffioftW^ftlifflitti: LT Rh M®©#3ftfc£ ft t © Btti LTV'5„ -
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pox-m, ^#^:EKj:6Wk#(Dmim(DfTm, #

1) S. Freni, G. Calogero, S. Cavallo, JPower Sources, 87(2000) p28.

2) R Menon, T Vakil, M Hawkins, G Saunders, Oil & Gas Journal, 2001.03.19, p70.

3) PDF Vernon, Catal Lett, 6 (1990) p 181.

4) A T Ashcroft, Nature, 344 (1990) p319.

5) DA Hickman, J Catal, 138 (1992) p267.

6) Canadian 2004,219 (1990.05.31).

7) EP 367654 (1990.05.04).

8) J R Rostrup-Nielsen, J Catal, 144 (1993) p38; Catal Today, 18 (1994) p305; Catal Today, 21 

(1994) p257.

9) #(##4^04-367501 (1992.12.18)

4. 1. 6
(1)

p|3^#{k (POX) (SR) (Combined Reforming)

u-cmmyi%9 yy-—

6 ^ ^ Wj:f 60

ATR^

^(0 POX ^ O SR

SR, POX 4.1-10 (DlgaMWELTL

(2) H20/C02^#mL^^#yczt^

CO2 9 y yi%LT^y/y.(D Hz/CO :e/Wt&MM-6o A^±T(D 

9 ^ Aic coz , 7K# 9 y CO2
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ZiLlC^j- L Topsoe HzO/C, # CO2/C L, ### H2/CO ^-/Ix

fspARGj yo-k^^##LTv^6^,

-<60

( 3 ) Boreskov Institute (D##

IS Boreskov Institute of Catalysis (D Ismagilov # l) t 0

j%m^Ni-Cr^A#?LK

#^##11##; (20mm od, 18mm id) -CfHB^LaCoO]^ 

b, l^a(CNi/a-Al203 ^^(D7K#^E^##^#3:(f, CH^O^l/Z^^ 

#;% (200°C) ^#A, 700-900%:, GHSV 6500h'-C##^#^L^c 

150mm-C&60 SR^^ij"e^^y$a##(1900°C-e90-100%^mfi)cL^:o 

T(±CH46.1%, H29.7%(D#';%, GHSV 19200h'-e#^M 865t:^#^ CH46.O%#0T 

(1007%: L^o - (7)#Wo T A (D^#-e SR (D ^ f 63.5%

(CH4 38.5%, GHSV7100h') &##%;# 6,

moim-e^6o

1) Z R Ismagilov, O Yu Podyacheva, V V Pushkarev, N A Koryabkina, V N Antsiferov,

Y V Danchenko, O P Solonenko, H Veringa, Stud SurfSci Catal, 130 (2000) p2759.
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a. Steam Reformer

fuel * air

flue gas

CO+H-

CH<+H20
CO+H2

b. Partial Oxidation Reformer

c. Autothermal Reformer

d. Catalytic Partial Oxidation

e. Oxygen-permeable
Catalytic Membrane Reformer

f. Combined Reforming Type I. 
(Mass and Heat integration)

g. Combined Reforming Type II.
(Energy efficiency improved)

14 . 1-10 Schematics of Typical Natural Gas Reforming Reactors



4. 1. 7 C0266cE (Kyi ■ !J7*-5yy)

(i) liDfed

^^yro5fc*E/eic,WE7kSa6-ftffl-f-5*SaefcHS)Si4*t)-)lxto-efc-5»$, SfE 

Eli*1 9 < *5. rrofcfofcroftbt) I-CO2*

fflV'5, V'jpt4>5 Kyi y 74-57^! 1990 ¥«*“b@A/l7yf%Sndi 9 Cij:ofc„ 

iroSJS^fflVicgfeMli 1928^1; Fischer# " *S%SLTjti9 , Uro^r-ftica —df-

y y/j'F=1,®y,7)7, 6% t",ffft*e t ro-eii*v \ EKEyi±i)S7/y 417) h2/co

ySSK i: oTHS-S-roEv1 1.0 KJSEt>*l«®cKlctbK

5 t 16. t #%16E5 co2

S#K>«A*ST*TV'5o

Steam Reforming: CH4 + H2O —» CO + 3H] — 206kJ

Dry Reforming: CH4 + CO2 —> 2CO + 2H2 — 247kJ

CH4 -> C + 2H2 — 74.9kJ

2CO C + C02 +172.2kJ

C + C02 -> 2CO — 172.2kJ 

C + H20 -* CO + H2 —131.4kJ 

C + 02 -> C02 +393.7kJ

i"Ct SPARG ynir^, Calcoryn-k^^V^Z^bydi:^^##^ Lyv^cDTrL

(2) SPARG yot^.

Haldor-Topsoe (7)fM Lit SPARG yn 4:^lCol^T$8ty6o Sterling Chemicals Inc 

dV^y-A-y^k (Texas City) (7)%#^@t%^T#ALt(D14:1987#-C&oto

mt^sR,

^#-Ck6^^Ni/Al203^(DL<D^#mLt^#yL^6o SR, DR%#^Kjoif6yf 

^$R^c (O/C, H/C) ^j^##fm##^Bl4.1-llt^Lto K^M(j:800Ty^6o
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Carbon limit

gi4. i-ii

HzO/C^ 1.7—2.1 ZnW.9$f#T\ COz/Clk^r 0.31-0.47 0.54

# 4.1-7 ^#^0

2.70 1.80$-e#TL7^o
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4. 1-7
Conditions Pre-SPARG SPARG

Inlet
h2o/c molar ratio 1.85 0.90
CO/C molar ratio 0.38 0.54
H/C molar ratio 0.00 0.10
H/C atomic ratio 5.46 3.70
O/H atomic ratio 1.87 1.30
Temperature °C 490 490
Pressure kg/ cm2 12.3 7.4

Outlet Composition, Dry Base
h2 dry, mol% 65.0 59.5

CO 24.1 33.1
C02 8.1 4.6
ch4 2.7 2.7
n2 0.1 0.1

H/CO 2.7 1.8
Pressure kg/ cm2 9.8 5.3

CH4 94.75%, Ethane 2.55%, Propane 0.70, N2 0.35%, C02 1.0%

DR Pt/ZrO]

Pt/AlzOs, Ni/Al203##^/^XDC02^E, (POX) #(C

Pt/Zr02(l%f^k^^<m^T^6o Z(Df%m^m^T#m^'T$)6DR^,

ATR h(D#^^#^q-e#6o

6Z^-e#MT#6o

: CH4/CO2/O2/He=(25-50)/(25—0)/(0—25)/(100—125)

: 175cm3/miru ftklMzik 50mg 

'^.S : 550~800°C

$-cmi±L^o m#^^#Ao^eT

[g^(CDR#E#W&2:h,6o 800T

4.1-12 L^o
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96 
94 
92 
90 

fl 88

fc 84 
c5 82 
V 80 

78 
76 
74 
72 
70

Zctiftvw MMMyyyyvvv
rnm

«a»M VtHfiK rttox

pna am5%SpRWWmnfl
sad

H®a
syd

'

CO 2 Reforming 
-0-3vol.%02 

6vol. % 02 
—0— 9vol.% 02 
-nlr-llvoi%02 
"A-Partial oxidation

0 3 6 9 12 15 18 21 24 27 30 33

Time on Stream / Hrs

g4. 1-12

Teuner^ II CO2

( 3 ) Calcor "7° P ir

1990 ^Ic Kurz#^ ICj;i9^^fL^Calcoryn'k7.|CcV^l3i@^'f6o

iico2+cH4%micj;^

7^LPG-e^6o mam##,

f6o CO (70%) (D#|CH2 (ca30%), CO2, CH4^-a#T6o

co2m^LT^m^^c#mi-6o co
2000Nm^/h CO 7 b ^ 0.40US$/Nm^ 1?$)^

( 4 ) Reformer-Combustor Z <5 C02 2fcM

# Ruhr University Bochum (D Mleczko # 7) 8) Catalytic Reformer-Combustor \ L/t

C02%# (DR) #

Combustor Ni/

a-AlzO] (70-160//m), Ni/La/AlzOs^i^mL^o Combustor "CliCH/Air^ 1/10(7)^^

65o-85or-c##Li:w6o

5cmidX122cmH (D»^-C, (H^r) #3cm-C&^/Co

DR^IiCHVCOz^l (30kPaN2#^), 800°CT^#L^o Combustor##^ 40min#|C 

^0 19 #X.T#^i-6o DR CH4 Conv=45—35%, CO2 Conv=60-45%(7) Ix^/UT,
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7

(5)
^ DOE (D Shamsi # ^ # W, Mo Ni (R-67)

#LTV^6o CH4/C02=1.15, GHSV=5040cm3/g-Catah T R-67

itT$)o^^\750r WC,Mo2C##(l850%:

"C CH4 Conv = 80%, C02 Conv=95%, H2/CO=1.14 (WC), 1.0—0.7 (Mo2C) £r^Lfc0

15h

1) F Fischer, H Tropsch, Brennst Chem, 3 (1928) p39.

2) C Song, Chemical Innovation, 2001 (1), p21 (2001).

3) AM O’Connor, J R H Ross, Catal Today, 46 (1998) p203.

4) N R Udengaard, J H Bak Hansen, D Hanson, Oil & Gas Journal, 90 (10) p62 (1992).

5) S Tenner, Hydrocarbon Processing, 1985 (5) pi06.

6) G Kurz, S Tenner, Erdoel Kohle Erdgas Petrochem, 43 (1990) pl71.

7) L Mleczko, S Malcus, T Wurzel, Ind Eng Chem Res, 36 (1997) p4459.

8) L Mleczko, T Wurzel, Chem Eng J, 66 (1997) pi93.

9) A Shamsi, Prepr Pap ACS, 119th, Div Fuel Chem, 45 (2000) p690.

4. 1. 8
Pennsylvania State University (D C. Song # ^ C02 V L V

Tri-Reforming &L T W 6 o Z (D y n 4: ^Zn6# % - #

HzO+COz^M^-Ck^ , Bl 4.1-13 Z 9#

SR, DR, POX^E^^A^ke^R^^^t^T, 

^^Fischer-Tropsch^(7)^#(kL-CM(DH2/COe;FM: (=2) §ri#^ci-6o
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Chemicals Electricity

Natural gas input Process waste heat 
exchange

02-C02-H20 reforming 
of CH4

Syngas 
(CO + H2 + 

unreacted gas)

Flue gas from combustion units

Electric power plants 
Coal-fired 

Natural gas-fired 
IGCC

El 4 . 1 — 13 Tri — Reforming 7° n -fc 7

H2Q, 02(DWndS#^-C&6::2:&^L/c

Tri-Reforming CQ2, 02,

- 9 DOE Vision 21

EnergyPlex(Dgl#^t)^#cL, DOE(D^:#$r^:lj-CV^6o 

Choudhary #F 3)> Ross SF 4) UTl^o

Song#(DfToyb^#ld:$^:?'#%^^(7)-e$)i9, Haldor-TopsoeR67##^#^,

^JEE> 850°CX 300min (Djxft^'h^o E<l 4.1-14 L/c0

: C02/H20/02/CH4=l/1/0.1/1

SOx, NOx(D^#
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A—A—Ar—A—A—A—A—/V-A—A

CH4 conversion -Ar- H2 yield
C02 conversion -O- CO yield

Time, min

0 4. 1-14 Tri-Reforming (Dfcfcfftm

1) C Song, Chemical Innovation, 2001 (1) p21 (2001).

2) T Inui, K. Saigo, Y Fujii, K Fujioka, Catal Today, 26 (1995) p295.

3) V R Choudhary, A N Rajput, Ind Eng Chem Res, 35 (1996) p3934.

4) MBS Hegarty, A M O’Connor, J R H Ross, Catal Today, 42 (1998) p225.

4. 1. 9

co2^m.

COz^W^ll (1)

CO2+CH4 2CO+2H2 — 247kJ (1)

(2) (3)

CH4 + H20 CO + 3H2 -206 kJ (2)

C02 + H2 ^ CO + H20 — 4lkJ (3)

CO2 ^A0x.i|%#(DiP]

L^:DHz/co CO2^0

x.^^-Ci^6c

Rh, Ru>Ni>Ir>Pd, Pt, Re>Co, Fe
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W&l&V'-CNi LT, S AI: 10~25%fif#Littro

^sfflV'6iti/TV'5o Fe ItfFSI^iMLSii, Co ItjiS'toKfSttfiS'Clt^FSS'Cfcd, #A 

MltSifliSfffilltolCltfgx./tVV 6 6)IC®*tffttjtoJhto/c:»l^ MgCX Ca(X K20*b* 

Wof6. efcKWEroiStt^'ftroUHht, HiEro®#, Ni ro-yy^ V yA, fiiSX^roiS

1$ 9 m L*v'ISB*$/c, UtiEroBiSL, IfjiSro J: 5 *T/v

* y AmemoL, 6 t*ic, stt*Ni*B^fc5ea»«s-ti-

5) X <t *sftfcjxTV'5„

*Sxi,5fcRttE'CS:ff;^ '-/'s-T y y^'itAffi, mfflttft Ni ^roiWSttro isopteE21 

AM3S Lt„ rrotoEroMeicxt y yAht 2000 ^FSrotoE^SX^S*

L/A gEfFANi ^ttEltii: LTT/F* V fiKA'fcAtf Ni/Al203 fc5> Alt Ni/MgO Xfc9 , 

#lcfm#wyyf y yfaias (500~soo°c) TX-Sty, sEMliS/oSi 'icffi/ct<nt 

*5, micsL ipso wit^ y (tyo)

Mfis-e.Ni t & < wEwaff.s^ie*^*,

rroteElt@<*tiftitittt,#®lc/>*v'* j:^*EdnTV'5„ Liilt, 

ESBxro*i;ftafcftKJS<twttAaSXfc5/ciAitAiSc Ni ^1fALx:v5?Sttroiei' 

L <7)toE#iS"CltSSilfi-IBfrBS*M& < , HjSStlrltitt/PrliV'i: i%x.L;h."CV';5„

Rh ^ Ru to J; 9 &JtAJII^<o#< <ytoEM#^!ftfc>ii-T v-5„ #&, AM S^/cSftffl 

fbxineromfjott3) »>e>igAr5„ *wffFxyt*A«Afi»»y>&<, *mi:mLR

Rh/MgO ^roS®WEto®jfi*?S*#$LTV'd„ % 

ftM let £,->:#)$ L/C MgO^Ly HLS86Rh*S«le8t(tL, pH ISSfi, teKL«E 

e#6. rcoWro Rh fifllltA* j: LT MgO ICxtL 3.75%, SB# 1.2m2/g, E36S

3.3 , -tX a til It O.OImmol/g XAA 2,0MPa. 820C. SV4000/h OS

x-pt * y<o*S9.efce*ay>$ l/c t x 6 200 b#m il b /t o x we w t iwj LAm 

fs x ^r#Xl '-5„

C02 ScHotiEtelSi LTItfSEA*A/Alttt|S] It Zkrot 9 ie% 9 , lAMW'StiA 

SLTV'So

Ru, Rh>Ir>Ni, Pt, Pd

LAL, mtt/x Aiglet y ?$t£ltffi< ft 9, co2 A&*ie*A6B#it#ARA#

At 9 t Ni ro$A®*^/J'S < , tro/ctoAAJSco Ni lc#A5##ltlt&t 9 A# < A

v'x t ie* y, mm ie it m* A # A#*E t y Ni *«Eas«ffl

Ni m*Elct6 C02&*aIEA, *S«5r/raxTt)S*to»fdjlt*Sa.5fc*t 9 #< , 

?stt®T^**vx :»tft Topsoe itm#t/x[Mc%m«a#&j)i]xxA!iiEa*eAf* 

ttlcltKSaAijIcAWJLXAtE#A&##m5K#&MALTv-5„ co2efcMAiEt 

LXIttA#IC Ni/MgO *tW9EStlTV'5o
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C02 8fcKI^ J: <0, <fc

tic*#a%Kz d

7< ^ y <D5fc*toKro|l?8#:zaSr S.5 fc to, iW$ B *&M!ltn;lcSj%/c 13 #<o[sl«jjffi®

4.1-8 ic-k-t^o

ibSffM|gttE)S?Sttroffiit-e(i^<1 UTV'2,r t

^{bJx.2>„ LT Ru, Rh iro

t'dfeo-t, i: 9fcij-$itii*sM%-S7c5BdferoNi ito#i#rFttag stb5„ zoemi 
#**?*# Lfc NiMg HS(*^i<fi-C'7k*Sx IfctliKX, ii^ro Ni/Mg0-Al203 toE^!

IStt-eitEtESSroS*ic<k -5 ISSro 

/cii*KS)S«t7t.*</£-siC)#t, rroms#:##Ni0.03Mg0.97OnmmitTwmicb 
tc<0etter-fr-f.

4. 1-8 (2000 !P) t' XKI MlXi&HWEWf y A t-

X
mmx 73-#A# ##:

2000
-000469 #7C

Ni-Mg-Ca-La
-0

a *t*kjs $ -art t mm 
•Pftiti/S&V'

-001303 Ru/ZrOg
Ru-Zr/Me0

Zp z> v'

-007301 Ru, Zn, Pt AI2O3 /\zz^7
-007302 Ru, Cu, Zn, Pt A1203 A "CfztiMX [p] X
-044203 XftfflXX Rh, Ru/

MgO
?XI4XIIXTj^S#rtijXZ£ v

-061307 Rux Mg/
AI2O3

-084410 ttiXWiS Ru/ZrOg ATR/BttE, KStfritiE

-103604 Titmibx Rh,Ru/
MgO

-107601 PtPdRu/
Li-Zr-0

-126595 x$sx Ni0/Al203
l5Ett|nl±

-178005 PEC,
(Bifi

NiRhMgLa/Al
2O3

COg^^WLCO^#^

-185907 Topsoe Ni/AlgO,

-246102 h 3 ^ PtPdRhRu
/CeOg

ClX:Xv, N03X yhy^-a-SEj:
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1) NED0 4^n#m»#2f#

NEDO-IT-9904

2) mg # 23,(8), 670(2000)

3) 2000-044203 (%% 12^2^ 15 0) 
#fSH 2000-103604 (^ 12^4^ 11 0)
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4. 2. i mmttm

nzmmtemmMv—3-cfcSo * ^ ^<n^mMScn&ur.m{t^.m^j; 5efeSKisit 

v'-fnfc®fssf£-efc'5> -«iat*#*^#t£4xTB6§is*;6mmtot-MS#:*.

6.

dferit-f-dlS-tityyxICtt, y ^ ^/-/^ticKilLfc**

—^bS*lt"X:-A)5r ttitAA i; LT 900°C, 20*ffitcfc'lt5-oro¥
#WcA&6# 4.2-1 ro#M6-#x:5= rrodfcfigA'x£ AEfbSS'a WroAgtAA;)- 6,-g-
H&A6.

cZAfl-#e4-AAI*#TAS&A6t(D&(KgL. -#S6to*SS®:K*fflvAc:t§'g- 

ICOVT0 4.2-1 MA lfc„ iSAAAIl 7< 9'y : A®Htoz* : *S«. = 3 : 1 : 2 "CfeS,

zroig-S\ >9AAAw?aS(±3500oCS®ro#i?a^-r^^S^fc6r il-*?).
AA

4.2-2 [C^L^o 7k-ed^< 

: m#=9 : 1 : 3.8 <k LT^)6o ^

?5o°c-e^v^ ^(c^6o

(7) j; 9 &mv'-c%Ei-6z ' Aa

ofiS AAA#btiz, aigtt A£,5„ Lfc^oT*i$tfM%AI±Sg*Sreffl Lztefc 
V'T^N^rff 5 =
^*lc i5Sf/nt^ t Lt, ^ ? yco-ffl&mMi-Z r i: "eefc*B£# 5B#-& 

KAo-trA (@4.2-3) ^y&gi^mmic 4:9-a-mAA^Asct
t5»»*ft/ptx (0 4.2-4) ®2o^it 
ift-«/Dt7tll, A^<k@t*^wy ^yro^iSi^BELTJ; 0 .WfBA A MS 

roefcHgi-e-SAStAAtcISfbAA &lc$fcE*lcJ; 9EEB*f*T, ftSA-efcWAS,, r 
roj; 5l-*SStefeK*^cS*ftt)S-f- it-, ##lcj:6*#& AgSKlcj: 6## AtC6 

BSSih^WlThStro-efc-B,

SIS^BSAD-tr^tA ^SSlSA% 5 fc » 8 ESA$)t^168A* 5„ ffiU ®*Sr-$ 
lcmmi=#AAS i agn%l=*#lck6Z t ?)5#A fSOTK^ti-AEttotS

&%mA6#mt#AA$3<!g.g^&5A%&\ I



g4. 2-1

fix $&$,(%)
CO 28
h2 57

ch4 6
co2 3
h2o 6

CH4 + H20 -> CO + 3H2 AH>0 
CH4 + C02 -► 2CO + 2H2 AH>0

3500 °C
fix
ch4 50
C02 17
H20 33

900 °C

■=>
fix
CO 30
H2 59

ch4 68

2
h2o 4

El 4. 2-1

ch4
CH4

+ 0.5O2 
+ C02

CO + 2H2 
2CO + 2H

AH<0
AH>0

mxfix
750 °C

fix
ch4
co2
02

65
7

28

EI4. 2-2
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ch4% co2 _
XT—A: H20

7K WfR

*mp

02

3m
- &EMB

em^fx
co%h2

Bi4. 2-3

BI4. 2-4
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9 tbBSE-gfcWT'D-trxro^tcEHgSrB#, ttifiMISAiifc/i, 

r r * yBttte*Rr>*eScKlteEro 2 UrogSW^g-efca, AiLmrofflUflAtiT
|C7pf-.

• ekWftfeME

• iMtt : 700°C~1000°Cro,<?a-C'$$ LAtti^A®?!^ r <h„

• sett : *=$*,£.T>-@HbK*lc X6ScSc0MJf^MlSVkVfc6 r. <b „
• »M4 : KMfrtti A J: 6ett^Mb^S/J'S v r <h „

• EEtt : 1000tiy±<7)S#S.-X?$)6 lfcttl$£%#A5 y i:„
• sett : 7!) y/SIjitti'it'li.

ScRttEroMis-m, sitoic^-y^/w/r/wsesci-iigto^ftflSiEicov'rttlgff

«Afr5 (E 4.2-5), &ly ^/£0ig#ttS^py'y#y bSSSHt
mte£\ SSfitiSy ttrofiiifiicov'r I9#&tttt|gW#*tt 9 „ $6lc, AmMAtt# 

V WJE^ttTV AiV'tt^icov'T ttt#B##AM^-6f *

#affswsttBs^trofcs, es* 4.2.2 *-e#©-f50

immm<pmm, tt#g#m (Ni/M2o3' etc.)

_____________ 1_____________

ia»f»»»fe<pttt^»tf

__________ i_________
SrSttEroltW

04. 2-5

BmWSrolNto-efi. m#tt^#?inc#ttTV'6^Af h##Elc#a^^

"C, ®fftlSliTSfcvy^y.^tr/i'^-KitI©ag1 ttiEF«§rff 5 (E
4.2-6), dBi^^y^'yHttroe-tttit^AoV'rfcSttL. US®. ttWF*A;s»Tv< 

ASt-fcs, *¥ii-7y#'y-^4fAr/w5A-is$a

4.2.3 Jg-efSttAd,

HWWm®

I

•ry^'y-^.4rD"T/w 5 A— hteErottffilTfl 

1

04. 2-6 BE#«roH%
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4. 2. 2
4.i Ilr-te*L fell y,*SXefcK64,-L-i: LT$*TiuSTtoS 

ixTSrfc. fit, *7oFTii, lczKibR# e# A/Tx\6. L
r®HbK*, *Si5,roBiB'#i&8WJ:<

%^£-a-efo5o *fcgfeR®Sr^i»L/iV'»^ efcKSi$-eit*s*?asKTz)s*car 
t^e>*A^^(4i*5iat^5r r.oz. 9oe°cy±co
#»a-egje t xa$Tfc5„

*S'*,66:Kl^ov'Tlt, lUfiittKl 41$ j; /V£"= y ^>v/y>v % -LXTfc <5„ ffl.L, — 
y^/w%ttWE$6S-e<7)S*ffttlirJ;5?gttieT«!j-^ji7kV'fc», B#ro*S;«.£® 
m LrS*tfft±j5rWH"5$-S'i)s#vx
U< *v\ $A:R##fmi4-#:lc#.AM4 y #A#<DAXi^^< . = s'T/LTIi*< ^f 

LTfefflX^A^toE^b^WI-e#;. j:V'X-iL"CV'5„ 
a#lcoi'TttT;u5t^-lS#n?J35^, iWSBErofcroLfiSBflro fccocyWib 

4i5. (ifclii)-r;Kt) ingWiSWifiT-
fcy, ig*B*CDtro!ia-TX5XtWi4b-5ttifi*t--CV'5>„ V'-fixtttEtefri: LT

5tl-60

Hi:®fi5r%lx, AKEsreTltAsIjMfcKfflro^y 7/W7/Li(a 
-TXSAcDtrolrftffl) ^XWElcfc*, $ 7t@i;i= y >tiV/T)V X TRlX/VA-1> A 
/7XSt«*I (y-rxStM) *H8 LTt4!gitl6*SiW^ *#lt#T'l4*ma 
&K&Vr.E^KSi:J:56fc*Sr;eii;e'j4fTV\ Sf*X LTOy-T/Kti o-TXJt, 
'Srttliiil X LT<0 — y ->vl'i:/V7 = ’>X(coV'wCJ;t®|^fij'L/t0

(1) ttEISK
— yX"X/y-7X5tRtfXr-')A/y-T/V5 4"toEHS#$l^ =t y®8® L/c„ A: 

eroS&eitifitteXt LT 15wt%X Lfc„ **Si: L T = y <yt>VL A - AS 
L/:-„ Sfc/X 5 -Li:Tifi,lifiL)i£t1-:T;V ;t(y-AI2O3: Si02 3.6%, Fe203 0.09%-

##) mTtc#K#HRexT.

-y friv (tfctiyLx^A) ro&*$lc*^qx:Tit#L, TkiSSX LAc„ 7/V4 

7&H0T, ##L/47)SB 80°Cl:*nBLT**$%Lrc„ S@@ffSr llOTT 24h ItiS L 
/cfl, S«TT500tL 2h«Lfc,, (StEl|frlL**l7X5,S7C*fTo7c0) 

&f5K#T@m L^X#m#E (Ni/a -A1203) RIM88 LfclltK (Ni/y-AI203, Ru/y 
-Al203) <n XRD — h SrH 4.2-7~H 4.2-9 !L*-f"„
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IU4. 2-7 XRD^-T-h

HI 4. 2-8 XRD^-h (Ni/7-Al203)

g)4. 2-9 XRD^-r- b (Ru/7-A1203)
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@###18wt%T$)5o a-T

"f &%#<!: LTV^5^\ y -T/k ^ 7% a -T^ ^ ^ t> ^ t)

f--Y— h-e^y-T/T/^i-^b"—Mc#h,t:V'5o %##(7)y-T/1x^y(7)XRD

Zp#%,:h,/bo

#m#@ : BELSORP28

: 250%:, 4h

: A#

: 77K

#^^###^m$rBl4.2-10-Bl4.2-mc^^^i-. L/c%

u, y-%/y^y

v CiWlGUGL^y-T/i^ydV

^ Wc Dollimore & Heal (7)^1^4.2-13—4.2-15

y-T/l/^y(Dm#j%m2#-e(j:WL#5nm ICE"

— 2—20nm@(Dy

4.2-2 (c3<k#7Co y-T/l^y(C#@#a 100m^/ga±^ 

y(7) 2.5m^/g (U:b-:±# VA#(7)### LT6o

4. 2-2

Mm
(ml/g)

tfcEB#
(mz/g) (cmVg)

aaB.se—?
(nm)

liffl Ni/<y-AI203 0.6 2.5 — —
Y ~Al203 35.4 153.9 397.0 5.0
Ni/r-AI203 27.3 118.6 285.0 6.2
Ru/ y-AI203 30.3 131.8 283.0 6.2

*##?##, tt£ffimi*BET-$izj:ijMtii0 fflnmis mnm°-<?it
2Dollimore & HeaHSl^cfcUIttitio
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CL
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°wm

0.0

^3 *D #n ♦

0.2 0.4

□ ♦ a ♦n n ♦ a ♦ a ♦
a»

p/pO
0.6 0.8 1.0

m 4. 2-10 cemmm

0.0 0.2 0.4 n 0.6 0.8 1.0 !
P/P° I

|g4. 2-11 ##^m#(Ni/7-Al2Q3)

250

200 

Lo 150
CL
h
w 100
K

0
0.0

♦ **
□ m#

aa

♦o«°

0.5
P/P°

1.0

i4. 2-12 (Ru/ y -A1203)
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Rp/nm

EH. 2-13

700

600

a 500
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<
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1

f
A

% X
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10
Rp/nm

100

EH. 2-14 (Ni/y -AI2O3)

450

$ 300 
o

150 Al

♦♦V

\

X

10
Rp/nm

100

g] 4 . 2-15 (R1V7 -AI2O3)
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(2)

yf>^zK#M, yf>,bz#fkj0W(7)

2 ^L^o

&wcz6m^&##L/co

M^ftM

W) 7 [>>

Bl 4.2-16#^y p —->— h

mxuy

Elisa 

*E1ISH 

*S«1 (Sffl)

• KJE8I5 
ttffl?a*«SH 

amstimm 

KIEV

yf — Yi)yy p

R

ch4> co2, 02\ 1
0—'lL/min.

0.01-~9.99ml/min.

200-'6000cc/min.

500- 1000°C
0~0.35MPa

4> 15/I0mm

TCD 2^ (3^#T^#)
20
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O svMV2-! MFC 1

c=jC H 4AP

MV2-3
MFC3

O 2 A □

H 2 A □
MV2-5

MV2-7

K U V ffi □

PG2(X)
PRESSURE

g)4. 2-16
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(D

^T-egoor, 4#mT-D^o

a) XSffl Ni/a-Al203

b ) Ni/ 7 -AI2O3

c) RU/7-AI2O3

: 500mg

: 375—850/^m

'ti'MMSmL : H2 0.5NL/min.

N2 0.5NL/min. 

: 500T

: lh

MS##

m&nm

CH4 0.5NL/min.

H20 0.8g/min. (S/C = 2)

#J±

900°C

4h

(a) - (c)

1C j: L/cX^c^/^(D##^E) 4.2-17—Bl 4.2-20 KL/jrf,,
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100

80

£
IS 60
98
K
§40

20

0
0 12 3 4

#fWKh)

04. 2-17 ((a) Z^mNi/a-AlzO])

100

80

1g 60 
98 
K 

’-R
1g 40
a\

20

a b si l B

• H2 
» CO 
o CH4 
a C02

B#fBJ(h)__

04. 2-18 ((b) Ni/y-AlzOs)

o &

• H2
* CO 
o CH4 
a C02

0 1

04. 2-19

2 3 4
B#|B|(h)

((c) Ru/y-Al203)
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(a) (bx (c)

^ 4.2-20 (C, ^^##^#^^#4.2-3

L/dEit 4 Htisl^^B^^cD^fE-efcdo illty-7^

^ a-T/i- ^ -f ^m#:^ i-6Z «9 ?mzw\ $^

LTd, zzy/r/ixj; «9

zK#—(i) -e 

dZ(DM:(j:3^^6^\ (2) IcZ

CH4 + H2O -> CO + 3H2 (1)

CO + H2O ^ CO2 + H2 (2)

S/C=2, 4.2-21 K:^L/d

900t:-e(DzK#M^^V^fMa^cd, CH4 0%, CO 20%, H276%, 

CO2 4%T$)60Wk#(Di^V Vl/T^ ^ AM#Tt y ^ 12.4%Bo

3 X.5o

-150



100

80

60

c40

20

■ Xgffl 

o Ni/ Y -AI203 
O Ru/ y -AI203

B#IB!(h)

4.2-20 ^ ^

4. 2-3

ME CH4 conv. h2/co
fflfito)

ch4 CO h2

oo

xgffl 48.2 7.0 17.8 8.8 61.6 11.9
Ni/ 7 Al203 55.4 5.8 14.0 10.9 63.5 11.6
Ru/ y-AI203 58.7 5.3 12.4 12.1 64.2 11.3

C(GR)

CH4+H20 = >CO + 3H2 (E* 1atm) CH4: H20= 1 :2

m 4. 2-21
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te CH4/C02=: 1 (D^f^T-e 900°C, 4B#^ffofc0 J^TES^^SrxEo

a) XSffl Ni/a-Al203

b) N1/7-AI2O3 (#E^T##)

c) Ru/7-ai2o3 ('bE&TI9E)

1 : 500mg

: 375-850/^m (^6l4CT#%)

jj'MMv'BL : H2 0.5NL/min.

N2 0.5NL/min.

: soot:
: lh

M###

//XfMtfi : CH4 O.SNL/min.

CO2 O.SNL/min.

: ®±

MWM : 900r
R##rm : 4h

(a) iSfflMES.U5 (c) /vx=i>^ttE-eiiS£Lfcx-^^#e.4x^:^, (b) 

— '7 30 E«t 0 ^E@±^(7)E^J^±#

(a) &U( (c)

V^T^^^cz-7 by7 7(Cj; 19 4.2.22, g| 4.2-23
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• H2 
w CO 
a CH4 
a C02

m 4. 2-2 2 ((a) XUffl Ni/a-Al203)

60

50

£40

K 30
§,
#20

10

0 *

* «t *

O 3 a R n a o o _ _n_

A A A A A

2
B#FiH(h)

A A A A A A

• H2
* CO 
G CH4 
a C02

EI4. 2-23 X^^^m^((c)Ru/y-Al203)
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(a) (c)

o fco

^ ^ 4.2-24
^4#^-e3-5%^Wk#{&T^m^KTV^6o 2/b (b)

^#m=-T&6C^M'6. #(c (b)

fto

(TG-DTA) 4.2-25 (TG) &

tNg 4.2-26 (DTA) ^#L^i (b) (Dj%#-ed450—700%:(C^4j"C50%#^(D

m#^ 6^,-cjo 19. a, a/c (a) (c)

(a) 500-650rf%[cm#^&G(##%(Dk''—

6(7)^#L, (c) ^±(D^ZI9,
6^, (a)

V^#XL^jl,6o

4.2-4 (c) (D/l/Tzz9.AW%-C#

^/czK#-----1^T(D

(3) ZZT#

(4) ^j;(9,

5o

CH4 + CO2 -> 2CO+2H2 (3)

CO2+H2 -> C0 + H20 (4)

4. 2-4

mm CH4 conv. C02 conv. h2/co

£E;tfxMJ$(%)
ch4 CO h2 C02

iSffl 27.0 38.4 0.6 30.5 27.1 16.7 25.7
Ni/ y -Al203 — — — — — — —
Ru/ 7 -Al203 66.4 77.9 0.8 10.9 46.0 36.0 7.1

^#l#:J^^###20min.-4h(D^K]#
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2 6 
D

TA

100



(3)

Vr^bSSefcKK-ov'T^y^/v^iUfflttEtroMttti^R^Tt, 4-ttt, 6T4

4>, mmmzn?

mmk Lri±±Ey3i-tofifett!*4’[aiS(*, ^p^-f bti*^irov'Tt>a 

K&VSttm^ftvx J; <0 ?Stt&WtiXttroAV'#E*8#i-5„

$ /c4#a »##-%# 11'9 2 ais<o 7 o-&#@icimmemAT ztcti\ 4-#K@;e

-60
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4.2.3 ®Hb#E

(1) IlLfclC

* y x t A lc jy ij- 5 @Hb«E (###E) (D'&mtt/7 >ikWSJt-^W£R&mi:- 
asroy ?y<n$c$i(BMlz£&%mx*m&i-?>'b<DX*h&c i2oorgST*>

ro$e*S#^iiTtg, ^yroEttlcSfSttSryS-tJ:

E<oBi3§£gM!eL-0'?>„ *¥$roe%-ett, X f ye^AKHkA-6Ta$i*l= co2 t 

h2o K-rz>fflkt&M<D&%&rmMi frftofc.

—2 ocogX/nibWfiStSih.'d. L© 2 -otoStRz)5 

WEBBlcL ye»reB-efc-5o 8ffro$Si|tt, ^roAlcSif S-tirS/S-KtoAgiE/cti: 

#ib#i (KJ$?Sttj$bF) roiiBfflrotS*. ->y? u y/l;±5»ttSB#®«'>BJh, & 

LFttESttroilyLro 3 o/ofo5„

m*<owm8iiT/Ki- (ai2o3) z>^$e*/c»,e<

fflLbtlTV'S. L/ALMSfe. 7;F5 A8#:|l lOOO'CK-fctc&d j:E/$ft»si*ff L, S 

Lie 1100CNLIo> 7 -*« ffifcAb:4. l:i teSylvLkMLL :4;. iot*Bii;a'>+5fc

A, 6f*l::#iRSnfc@to£#BXro6S£@^ gtt«TLttSp„ -*. BTEB6

II 1200 Cy. I »j^/ti%i:A 116 A 7. X - t y mmE0>FM * 'C BaO-AI20,. Sr»AI203l 

Ca0-Al203 8*3145 1 : 6 WT/V 5 A~ h) z)i#E#-|c:ls£#§

Ll:<V'#7LM-fe7 a y?x&mbti5Z ir&atHL/t '■ 2). Livibbi.

/</ u<faxa/w MUSSrLSL

T/U-5*— h<y^7%, Ba^AT/PS A — b (BaO • 6AI203)

L/c. A iblc.%#ib imitBa/ASSK/fclc iott^< ft#A?> L L&ML /Me L/C. 

1"-LL tj, y /l- 3 A y •; /!;|: 7 O Xfflt Ba06Al203 li./SfCLL'il.-l ' ,1: *3 #/C Ba06Al203 

J; !9$BS^2~3{SafcESLv5 jrSSLTV^ 2>.

ZklcmiciSA-tdiStM^-t'ifod/iL tt*l2Pt. Pd *ttL»Li-5*^*«!E/isS'<

ffliyibiire/c. l/)»l/£/isl, rh-LW:#*®#<itilrBro^bSiafllcjb-V'TffXtt 

#{b#et L6/c*icb/i»*Lv\ BfiffltoEi LretEttlc-EiLfc^SEibW 

E<7)M%^a$iL-CV'5ro/iSS#LLfod. ^.^rD-T/v;^- h-roSttfiS^-ro^Afti: L 

T. 8#&7li8#:/&'ltm^(D*B-Lia%RA/i#fT L, ,tfiA<D$$t4lc|@!|l7)S;foo/c„ 

LCT*, BTH blig&BleZ 13. 7/>A$- b« Al Ab" b

@S1"5A?i*1tl4L/C 3). g#B#t LT. Al, Cr. Mn. Fe. Co. Ni ^ttL/Cg*. 

Mn k Fe L/ot, Mn tt^SMSWttlCt»l. ffi/&^LSfilcS5

$A-to^®«A'i<V'?gtt^WLfci:IR6-LTV^.

Sfr L LTIt^^AT/U- 5 A- h C0cf,A'ftt)$B#<DitiV' L StF-5 Ba ^ 

7;L$$- Me. Sfc^osie/gttfrg^i LT«B»?4 

TV5> Mn test g L/C. #EM#&leii. SgffcSiFSi: v' 5teEroij-Pt'liES'ko-ticii 

^MfeTiS/fiL. BaMn^driFTyVc A- b (BaMnAlnO|,.J Wro-S-eg^ltA.
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(2)

BaO - 6 Ai203 T/> 3 ^r i> 6 Z «9 #m-f

#^T^6^#^L-c^6^o ^mAm-e^Bao-6Ai2o3

ti^$[%.i$MQ BaO • AI2O3 fr&XffM-tZo ^ CO BaO- A1203 fig -i~fc$)

A1203 t (DgE)£tiiiv tt£Z)Q BaO • A1203 d^AK BaO • 6 A1203

Z^bic^LT, T/ix^jri/K^-e^lOOOr^ 

TT^/lx7T^-C$)5d\ 1200r-e#C^BaO-6Al2O3^#6^,6^A,

«9 (C< V^BaO-6Al203(D#mA^#^^l/6^6:(C^6o 

##T^#m<jL-C^6 6#^LT^6 \

Ld^L^d^6, (//ixy/^(7)—#) il,

d^6o #

^-i/K^#: (BaO"6Al2O3A^(D#AK^Ba(O-C3H7)2&0(Al(O-C3H7)3) (DA0zk^#m@

4.2-27 (C^A^o

^6^Z(DAi%—h^@:A^(7)#^$SISd^V^^, #<(DA 

^ ^ t(c^ ^fLT#

^ ^fb6o 1967^^Pechini

(D##f(7)[M-eBaTi03^#@#:##(DA^^L'C#%[C##^^^ (Pechini &)o Z(D 

Pechini%(7Xk#^^l^-C(j:^^A/^^^d4C^^L-C^V^\

3-/MC#7Ka^ Pechini

ui/Jf') n—/v#6Dz^° }J t K n ^ '>T^ 3 Jj x^ f/HbSJ^ b J: 6 ^1

###:^A^LTV^6o 2(DPechni^icm#^@V^l:jai9,

(c|j:|g|4.2-27 ic^L^:Z 9 V 3—/^K^AA-Ad^#^—
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0 4. 2-27 igm-S-ttrott;
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1) f ^ A/^(DAM^r y y ^^###&WcT60

2) 2c(D0H^^#O3:yyyy9 3—yI%(ZA#-Yyy^)Pj-LT#V^#:#fOt^^$)6A:

66, :]:>###:#:& f'lx:/;/!; 3—/ixy-e$^(c^^{k^t/6o

3) ^^y^(Z i #yyK: 3 ^yyyyV 3—/HZ 1

2 #(Dzk#&^r ^^ygl^^y yyy v 3—;ix6o^:y
lc#fT L T ^ 9 ^ ^ T/^## m# 6 Zb 6 c

^^T/Hk^:-Z 6#8##A&# PbsMgNbzO/), LaMnO]^'^ , BaTiO]^'^ , SrTiOg^,

^^-^y my^z, T/k=i K^-e^z, ^my6^m^AMy(D@m^##-eZ)6/c66,

^ "T#^: L/^y n —y y v ^ ^ ^-ey^T ttZb^Z^ 6 \),

(3) Ba^=^yT/I^y--b##(7)A5%

(D ##A"fZ

#§#:mA^(Cj:6Ba^^yT/^^$-b (BaO^AlzOs) 4.2-28

(cyLAlo Zy, 3:^Lx>^y(3—yl/ 99.5%J^±) ^T/>^

yybyy-Ha^&80~90r(c:2^L, 1.5Rm%#LA:o 

Tyix^-^^ikA#<!:LT(i, T/ix^^^A/yyoyjryK (y^y^y^^^A 
it) $)6VXim^T/l/^zzr)^9^^ 99.9%j^±)

#V^T, #7kf3:y0 (y#7^ry%f#;zC#i±) ^rAZb, 30 ^AL^#,

#/<9 9A (ZoA:#m*^%,99%J^t) ^AZb, ^^&^^140%:(C^6$y'

immy6K2ory^#a2-&/t MorTi2Hmj^y^#L,

-y^o ^M^3oor(c^6^-ei#^y^[c2ot:yc#M^'y^ 300T

T^yBrn^LA:#, ^45or-eaAmA:c

%&z-rw&L;t, (KM-280, TK/<yy^^M#%^i±) [c#L,

8oor-e2#^#^L, ^^^noor-e^L^o i5oorcz6i#im#^(z,

Zip 300kg/cm^"C-WngL-C^y^ b^L^:#, (KB-1600, T K/<yy

^HT, 1500r-e5Bm^LA:o

X SEtffSE (40kV, 40mA, CuKa, iffl}) RINT2100) £fflHTiT&ofc0 y-<T

(D#J^(Z, ^#^^-Yy&^Z«P, ^^r-Yyig^4° /min-C, 15^2 9^90°

wj^u^ ^^#nz, isoormm

(D##^ y ^ b (D$ z Amm##^/^y-^%±-eig^ umn^
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BaCO:

ifwr' h-/v hoch2ch2oh

ch2cooh

C(OH)COOU

ch2cooh

ih (c zotz-f 300%:**

; -450°c-e^o#

; soor-ezh ^
L

i noo°c-e» i

300kgf/cm2 — AP J± L N
*i-------------------------- ,

| 1500°CT#^ |

Idg, AKOCsH?)]

2[E]g, A1(N03)]'9H20

**^ y hyV— HM:
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(m

AHk^#^LT,

T/^^-T^A^yynzK^iXK^##L^c El 4.2-29^ 800%:, 2h#^c#, 1100%:, 5h 

Wc#, 6C: 1100°C, 6h (ftllh) 1100°C, 6h (If 17h)

800%:,

1100%:, 5h BaO • 6 Al2O3t0^f&, BaO • A1203 ^ A1203 \^(DU

/ix^zzyA9 7K^o#^##L^ El

4.2-30 (DX#yn7y/f/i/&jE,:5<k, 800%:, 2h#^c$-eilT^/l%yTy-e$)c^^, 

1100%:, 5h'mBaO-Al2Q3|C##^fL6l:''—&WC1100%:, 6h(D#^c 

^Anx.6 «k Ba0'Al203lC^XL,Ba0'6Al203^##^^l,61:''—1100%:

#tl7#^(D#^c#-eij:Ba0'6Al203(7)l:''-y^^#{l:L,

/cd\ W&BaO'Al2O3/0S*#LT#%, 2fg?m^#^^^^o El4.2-31(DA1203-Ba0

Ba0-6Al203imm&&t^%V\ Z(D^#g||cmO#, 

1500%:'e+^^L^#^, ##(Dmm^BaOWE^#l^f^ 

T V' 5 # Wf A12Q3 fg ^)S ^ BaO 1^ Wc#J |C f ^LT V ^ 6 ^ ^ If BaO - A1203 fg ^S BaO - 6 A1203

1500°C5#^#(7)#^cT(lBaO'Al2O3^##

"f61:°-y(j:m^L, Ba0-6Al203#fgK:a/c ( = -e^L^l:-yif^:#^/i/y-(D

V'x.j:9o

— &<k9, El 4.2-32 (Df 9 B^^ICl^^^^^BaO-eAl^fg^,
T^/lx7T^X)^m^L^#e, AG,\ AG3'#(D^WkP$#^m%.^lt^lf, BaO-6 

Ai2o3fg(c^^^v\ 800%:, 2h (D^-eiiT^-^yTy-ek^^,

1100%:(7)^-CI1, ^{kl$#AG/^#%.6[C+e^^:$/^^-^#"C BaO - Al203fg 

IC^6o ^^,IC^(j:AG3^#x.TBaO'6Al203fg(C^'3-CV^6o 1100%:CO#^#^ 

BaO-6Al203fg^^<^6 (El4.2-30)o 1500°C, ShcD^-eiff 

^-C(DBaO'Al203fg^^%^p$#AG3'^#XLl:BaO'6Al203fg|C^o^^#XL^^6o

1200%:##^(D#^:-e,

BaO'6Al203^#^^T^6^o ^#%T, T/lx3jr^K&ICfi9##^##L^:^Z

6, 1100°C(D#^-e^f (D BaO - A1203 WSM,6^6 BaO - 6 Al203fg<k
T/^3jr^KmT##L^#^, AG/^AGilclt#
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LT/J^ <

(4)

(D ^#^^6

BaMn^^rf-T/l/^^— h^#(D^^&^EI 4.2-33 IC^L^c $ 

f\ (^#m*^%,99.5%^l±) $t85mMcm#T^^-^^9

7K%# 99.9%J£A_h) £: 25.5giS^U /ft y MU££r 80~90°C

1.5#^#L^ ^r73.1g

30^m^L^:#, @^#"7y#>47K^0# (%^K^%^:#%,99.9%) ^rl.SlgAn 

^LT^o (fP^#^*^%,99.0%a±) ^1.23gA0^L, ^

140r 6 $T 1B#^ ^^ |C20rT140°CC 12L,

m^m^^3oor^^6$Ti#^^^ic2or 

^ —[C#L, ^1450%:^^^^ 

%6$-C;W%L/Co ^(D#, (KM-280, K#L,

800°CT2 1 100°CT 5 B#^^HOOt:

-e 6 2

#6;h,/b##&j±&&#k:j;i9 300kg/cm^-C—

(KM-1600, % (Cj;i9 1500r-C5B#^#^cL^:#,

45-75/imlC#mL/z (lM&8#)o

(WfMMFy 1500°C, 5 ^W\(Di%$L&'ut£'Dtc (2 #C^Snf£)o ##(D^Wc 

X SSfrEE (40kV, 40mA, CuKa, ($ !J S RINT2100)

^^-y>ig^4° /minT, 15^20^

90°

l 22(D^ %

hm^M^8or-e^5^\ T@-cm69%:-7ir^e

2&v'#6K

^y/i%m^(D^awc%gds-e-c#/bo

El 4.2-34 lC#m^'r^L^#(DX#yny7'y^e^i-o %#(DBaO-6 AI2O3 

(7)yn7yy/^ [JCPDS No.26-0135 6:lRl#(Dyi3 7Ty/lx^#L^:^\ El
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BaO • 6 A1203 (BaAl,2019) <D t0— ^ ^ (DXh

60 L/'pLft/^tb, MC Ba McJib-CV'6 BaMgAl10O17 [JCPDS

No.26-0163 ##%/] (DX#yn7T^/lx(D#^^j;6^,

BaMnAluOi9.a (BaMn — ^T?V % b) X\X Mn & A1 iM

1100°C, 5h (7)^j5ic'e(t t°—^SSgi{^iSA/’'C:&6i\ Lfrb BaO •

(Bl 4.2-30), BaMn^^M^T/lx^^—

-e^llOOt, 5h(D^^c-e, 71^9,

k°—^^j;K)^c#fkL-Cl^6c ^6(c:Ba^^f-T;i%^^—h 

BaMn^^f-T/l/^^— h(D^T(±, BaMn^^r 

Z(7)Z«k(lMn(D#A^\ Bl 4.2-32
^^TAG/>AG2lci-6^^^o(D^^L^L^V\ 1500r-e#^cL^<-Ok

iioor^T"e^^ "T^-ek6 c ^ &we LTv^6.

(5)

«9 Ba Mn ^#AL^ BaMn

BaMn^jMfT;l/^^- HOOt:
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IW HOCH2CH2OH 9 xK## ai(no3)3 • 9h2o

H'M ch2cooh

! 80-90°C** 1.5h

1
CrOH)COOH

w1------------------- ---------- 1
i 80-90°C** 0.5h 1

ch2cooh '...............
I"----------- ivm^ii3uuu;2 ‘ti i2vj

: 80-90°C** 0.5h |

BaCOs

i lh rE e 2o°c-fofctf i4o°c**^ i

_____l_______

; ih ^ 2ot:To&»(f 300%:**^ 

! —450^^0#

! 800°C-C2K 1100t5h

i 1100oCE6h |
__________________ 1__________________

300kgf/cm2 -$6AnE U lx ^ k
______________ L_________________

1 1500rT5h (1
";;:;;:;::r::; . _ —,

! 45-75 n m ti## 1

_________
300kgf/cm2 —$6*nE L, lx y h

1 isootz-esh ^ (2

g|4. 2-3 3
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1) M. Machida, K. Eguchi, H. Arai, “ Effect of additives on the surface area of oxide supports for 

catalytic combustion” Chem. Lett., 151-154, (1986)
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16) rrmiEA,HSS6,ffn?6-,jj6#5j,ia “i®i$Axiiiiilgt5-tr7 

5 y i> #?Lfrroff®” 12 [2], 175-181 (1990)
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4. 3 ArousegfS

LT^'y^x^^yroeitK^'JefflV'decKEfSS(«T\

§@j t»f^) LTftV'B**»o„ L»>U r©Sffili^Srofcfc

/X—-y-—(fluegas) <E

s. #*?*#

*®iR->xxAiSiagstiTi/'5o

B^t\ Zltl P) (DRflHSrHlfti-6&HSs j: LT*— M) ^;l- (Autothermal) ') ~7 4-----?—

tfsftg StiTV'5, ®SX?fc5^11E(1:9]i: ur*v'5*S«BfcHS)£ (*# 

/iiiiSO, LTB6* ($«0 *fflV'"56B5E®Ht:K)S (*#**fSSl£)

let 9**lx$*t"-Z>r <h/)>x:£.5„ EE*, *- ME—?AM 7* —5 V7'b It, *£®t 

*(7)tt-i$5rl9#LreHb**K(M«L*m3fcSS)5<bg|15>E(tEl£SrlBl-E)$$FkiX:-jb- 

:U yyf 6#^-*%*. *|M<7> J; 5*77/-/yaffle

^-fiJc^'^KiSx?it,%m>Mo /tK)S5^*#%%#*?*- h D—^/veitTkv 

*S«&KS)5i:g|S^EffcSf£*|H]^S)SgSl*|-cert"/'c»t'x riit)*- ME—^/vy 7

4-—5 avtn/^x^'s0 oEcKtEt-r 3©liefcsmttip»w>sseTtfs

tab,

*fH-lil"Ct>, ME—^—5rit5/iiUTV'^c *—ME

1—xVV !J y —7 — (D#% • Lurgi, Topside S/c^IkiS l/^/E

tS=«iiW,£fte-efc 5fctofilEti:t;hMW,£M iV'5©fc, l$t£ 100 

7*E$®S (*— ME—x/vy y t — i. y7") k.tc<Dt)\ feSWttt 10dry%e$(EV 

7ySgroEfy*tei (Ty^e-Ti^fiStffl 2 EkdtKStf) LExro»\ iifvfLfc+EESBS 

tiEev'tllE^iStLTV'dEcfc-efcx., rv^=r-g-figB#<E)-g')tEfx®)tifi-C'Ef)v'P>ti6 

2 ik&itSs (asyywt;) l±*v\e56*,t)E;7uJ5SS;h-/'c:i$E’eA>-5„ *— EEE—-v/wy 7* 

—7—t (»ilv 'i±Bfcit$A 0 0(E)#Mb*##&lcky, ^^'StKStETW.cv'SHl:*** 

##*5*— EEE—?/py y /p—y—Titg&M#rp?3—t y 7E)i@c

lc*S < , 1 Zkefc*$ WBiO ttfcK£;fx7 7yitS^lfi IOdry%y-MMyffiTLTV'

■5 #7.*®*+5 2 fegScK^i lig*-h»SSi,a^*# < *Ee52)o
I 4.3-1 CUE— ME—VA!) 7*—y—(04/ — a$rai~ A\ ##/<—7—

m chamber -eKfb***a5E®<b5-ti:Ec®, 6. A—y—X?l±«

*iM7yrorS3-*6< LTir%E$*±ifT, ^ ^y|^±ro«?g«a*Tif5ri^^ 

Mx)'fo5„ KfStM 7 y|Wl±7)i#%i-5 E * y7y yA^BZ 0 mf-y y, TtEEEffl 

soot soot (poly-aromatic hydrocarbons) /j‘ 4:7 o ElX,, (EHEzf'(#yill'M'

E--&mv'Tt#f (D soot Ztli gasfb (*

SMBfcKSlS) -f-Sro^Nittffl-C-fcSo E®4 *S«&KWSlEtt.ei?a (KviMIMt)

<7)T, soot (itlffiff) &tJ'7'{ki~:Z>ffetTAS]gM£tl-5„ 

ztDj;¥7i3fFSicit*ff^yiE-ryyy (*) soot:*
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ttx.-5it?S.rojgS*#Srf#o,WS-|t*SS8£:$WE (I SOP itttt) (OiiffitMgSSiSrff 5 „ 

$17 (1) 6 V 74 Simulation

i^J;5¥Sr±roS*tifttiS;{4:roE*^i3r*5 k t fcicftco (2) *ttESmro$E8fc
aSr*5i*5o (2) 1SOP AitErol6?aTroB3-^y^ttSri0S-t5„

SElc-troftHltS^L (3) #kgTmESlErISOP#KroSlH$l|gS8@t£fr5„

rtiib«l£Slciotll, H4--7/H) 7*—I4ES^—tMttettSrfi

@ Stettin iris* * 5 $ o fc < Sr U <h 4" 5

Bltgttfcfc-So

E-hiP—7/hy 7*—?—£r^J6fc tol 'TAffclW
t 9 Z 7 I4M**%M% 1 f g m*«EL

r*;< SttS*rofcdr ^*S7 7 /-/pfflo r^^'xgfcevXT^j i4%#
^y-7=r y >7' (*) icj;ors%icSi4S4iH 4.3-2 <0 7x7A/j;i"7)5$$3> stir 
V'5. 0 4.3-2
97777 y&Ktp□ -ett*v x

l47E^6<*<o#to-ti' □ & #> S' Ltf' 9 7 7 7 7 7&K')P*fflv '*t 4.3-3 coX 5*77
rAM*t5;it457

1) Nitrogen, No.l66,March-April 1987.

2) 'Smit ^hD7 97x 22(8), 675(1999).

3) H.Nakamura, K.Hirotani, T.Numaguchi, World Methanol Conference 2000, November 8-10, 

2000, Copenhagen, Denmark.
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S5« ©&W

5. 1
5.1.1 tiCAle

r. t £ g Wt LtaLfct)(7)-efc5„ *¥Sit co2
y ;* t) C02 t> tEffliTteol'T. it LXiSEy1—y^—y jo J;O'i y y ’ * y
hi-A^-iiOT LT»S*U #SE<D«Si$t»7t„

5. 1.2 gH*5W$

(1) tt#A*«$#yEB

1998 *ICjotj6##(0i%#'yiga:ll*l 2.3 % m3 ifc ►), iroiEHW* tSin L 

rv'So layg • ]&&;ffi&.k4txtmWftc±mm^<, zAy-)

^XiiSlrro 6Sm-hii»t>TV'5„ toijS*- $***$ 5.1-1 tr^*„

iBtfyBroiMroim, xi^^yyvhwiste

lit5~»Ttli V' i #«®fiStft ifcft, *16i% 20 ¥, i^titisoEiSiteLfti' 
tjaSiBtoidS^iS^V'TtAifcd, Rlcy yy7^#S,5ti5„ ^yy h*e$4- 

*felci±#< V7 7#i'®eil«

§ti-ci/'5*^se$*pjiei*5„ 5 BiciS^'y ififflisy—f-^v'5®7)\ #A 
ibti5ro^s%J*Stt5o 

fttc, #yfflroM3Sasfffcix5o

iS»'y|iy y y (ch4) iitic^ti5K<b**SS-*-e, **#t L-ciKEK* 
(co2), *H«, BEE** (h2s) W^Hii/tv'-E^ ch46$* 98%£l±.<nX&X<vb 

roij:*5>ilSiLTiroi$/N*y,7y yteSSiSS^, %KfbR*^BEE**%to 

#%*y^^#f##Wite#ifi5 t/<y *yy yroffi*rog,ia t zfc 5> /t A, etii^W • 
is*-r5i$aifc5„ *H<o^y yyy y oewitts^s 5.1-2 te$t As. *m#y 
«Ef!i, *%^yLi je 0, m*#lc#jiE*B^ya,R|p] 
iftff, »ter@?EK*l»iS#f^*Af>tiTV'5,„
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5. l-l • Ei@* (1998 IF) 11

/fe/Eifc (~HScf) % ffiS* (-Htcf)
S 19,916 24.5 167,223 8.4

6,649 8 63,874 9.6
1,756 2 63,456 36.1

956 1.2 142,500 149.1
f" 9 ^7 7 kTT 1,254 1.6 204,000 162.7

1,196 1.5 812,300 679.2
LI 7 2,066 2.6 130,300 63.1

2,609 3.7 63,107 24.2
£ E 3,388 4 27,016 8

^ >" K^i/7 2,399 2.9 72,268 30.1
^ E 767 0.9 48,300 63
10 V® 24,732 29.3 N.A. N.A.
^r(D# 14,955 18.1 1,479,992 N.A.

#
82,643

(2.340^m3) 100
5,144,736

(145.699^m3) 62.3

5. 1-2 -?=?-< 2)
11 0

Gross heating value 950-1050 Btu/scf (3.7 —4.1 X 107J/Nm3)
Hydrocarbon Dew Point 10-15 ° F@800psig (261 —264K@5.5Mpa)
Water Content 4 or 7 lbs/MMscf (0.017g/Nm 3)
H2S content 0.25 or 1 grains/lOOscf (0.006or0.024g/Nm 3)
Total sulfur 9 — 20 grains/lOOscf (0.22 — 0.48g/Nm3)
Mercaptan Content 1 — 5 grains/1 OOscf (0.024 — 0.12g/Nm 3)
C02 content 1 —3 mol%
Total N2 and C02 4 mol%
02 content 0.1 —0.2 mol%
Minimum Delivery Temp. 40 ° F (278K)
Maximum Delivery temp. 120 ° F (322K)
Delivery Pressure 600 — 1000 psig (4.1 — 6.9Mpa)
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(2)

z^6^m^e^^/wyi; y K&^^^$)6o co2^

#|CC02^l#^i-6^^L-C(j:##& (PSA&) PSA^T^COz

-Cf±<k:ffo/Co

11930 4mzn ^ -e# t ^ ^-c # ^ em^-r

(MEA),

(DEA), yf-/l/^^y-/L/T^y (MDEA) #(DT/1/^/—

(K2CO3) -e^)5o ^5.1-3 *#%

T ^ grgl 5.1-1 K^ii,

y—/^T^> (MEA) l±CO2^0T^^^'f6o

MEA

Z(DK^&#mL-CC02&#l|XL, ^#LTMEA^#:^Ll:V^6o 

R-NH2 + C02 + H20 = R-NH3HCO3

2R-NH2 + C02 = RNHCOONH3R R : CH2CH2OH

MEA%(1,

#^T^>r^)6iy3:f y—(DEA) ^ MEA <kf^#(%wri^&Kj;i9, C02 

^#^60 ^m^llMEAai:l:#LT^@V\

2R2NH + C02 = (R2NH2)+(R2NCOO)“

2R2NH + C02 + H20 = (R2NH2)22+C032"

(R2NH2)2C03 + C02 + H20 = 2[(R2NH2)+HC03“]
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5. 1-3 3>

% to m A # &

^7^7/ —;L/T ^ 7(MEA)

Amine Guard series

Advanced Amine Guard(AAG®)
UCC OKS)

Gas/spec® series Dow Chemical ([II)

y-ylxT^ >(DEA) SNPA-DEA
Societe Nationale Elf Aquitane 
(777^)

b V 7 7 -/FT ^ 7(TEA) -
BASF ( K7 7)

UCC (3KS)

y 7 y —zl/7 ^ 7 (MDEA)

- BASF ( K7 7)

Ucarsol® series UCC (#g)

Gas/Spec®-CS-IM Dow Chemical (3^[H)

Saga® Scot® Shell Dm, ^7 77)

7=7 y7o/<7—/F7 ^ ^ (DIPA) Adlp® Shell OfcPlK 7 77)

^ 7 V =: —/l%7 ^ 7 (DGA) Econamine® Fluor (3^[1|)

3%###% ^ 7 (SHA) Flexsorb® series Exxon (3fc[U)

^#7/ V fAfKzCO])

Benfield processes UCC (3^S)

Catacarb® process Eickmeyer&Associates (3^H)

Glammarco-Vetrocoke® process Vetrocoke -Azobati (7 7 1J T)
Carsol® process Carbochim —)

Alkazid® process BASF (K77)
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H2S-rich acid
gas to sulphur 
recovery unitcondenser

sweet gas reflux drum

lean solution

rich solution

regenerator 
high temperature 
low pressure(Q^ coolerabsorber

low temperature 
high pressure

reboiler

sour gas
heat exchanger

EI5. 1-1 ^

5. 1-4 MDEA 5)

E tl
(Mpa)

#Efr (MNm3 h2s C02 h2s co2
/day) (vol%) (vol%) ppm (vol%)

Chemery(France) 6.0 8.0 0.0020 2.0 2 1.8

Ouzen(EEC) 5.3 8.0 0.0050 2.0 13 1.8

Hazira(India) 5.4 7.7 0.14 8.7 4 6.2

Tchibouela(Congo) 0.4 0.4 4.35 6.2 100 4.0

Umm Said(Qatar) 10.5 7.0 0.93 2.4 4 1.0

Thammama(Abu Dhabi) 9.0 6.8 7.10 6.1 20 4.5
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(MDEA) (1, C02(k^(7)j;^(C^

'f' 60

2r3n+co2+h2o=(r3nh) 22+co32-

(R3NH)2C03+C02 + H20 = 2[(R3NH)+(HC03)“]

MEA, DEA ^lt^Ll:e###^^6o L^

3/Z MDEA (1 CQ2 <h j: 9 t H2S ^

H2S L ^ 60

2R3N + H2S = (R3NH)+(R3NHS)-

(LNG)

j;V\ (IGCC) -eii, H2S(im^6

7c:U#^L, C02H^Vyy$-dryc^^%@:#$^Zl\ MDEA

MDEA 1977 #(D Chemery

^r#J$ (7y>^) T^)6o 1986 H2S15%, CO210%^-at?##%,

77^^(7)LACQ-et,#m^fL^o MDEA"<—

L ^ d>T# yL ^ ^ 5.1-4 MDEA i&(DZ#l%AWl#i&3; ^ A 1:^0 

MDEA^I^]#^, C02;c^i-6H2S(D#^%WJ^Ll:mv^tL6t(D(C,

(DIPA) ^^60 DIPA

j; 19 co2 n2s 6i)(7)-e$)6o m^#%T ^ xcz6

co2(D#iRij:, DiPAiiRm^±#<,

CQ2(D#l|X]g^^]@V\ -^\ DIPA ^ H2S #C5Zr#2fL L

V\

2R2NH + H2S=(R2NH2)+(R2NH2S)- 

Z(DZ 9(CLT, DIPA%WJ-e^H2S

fk##Nx&(7)#WJ(b Linz T/i^^y —9 T>Azk^#^#m

T, T ^ ^ CO2 L, A0#i-6 ^ CG2 LT%

Z $ Z'So

k2co3+co2+h2o=2KHC03
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LTd, y f/—/%=#

V 3-/i/-iyyf-/ix3:-T/ix^^^#^^^Li:^6o CO], H2S CH4,

5^&T^)6o
5.1-5

^(DEy]& 20-30 MENDEL, MELT#l|%m^%

"f6o ^(DZ9###dS;##)6fL6o

ME(-J; 19 %;%fL62:It#^ LT/j^^v\

60

^ #[p]^$) , C3 JL%±(D#Hk7K###^ (9

LTL^5o $7^, C02^y:#K#^^6#
^lc-^(7)±^(7) CO2 ^^i"6(D(cig CO2

$f±^(DC02(C#^

^i;zcf-ix>/^!;3'-/k->;yf-/L'cc-T/ixzm^# (^^#275) e#m#WJ 

^TV^6 ^ (D"C^ 5.1-6 l^i-o
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5. 1-5

% iR n

Methanol Rectisol® process Linde&Lurgi ( PX "7)

Selexol(Dimethyl ethers of

polyethylene glycols)
Selexol® process Norton (tRUD

Propylene carbonate Flour solvent process Flour (3^HI)
N-methyl-2-pyrrolidone(NMP) Purisol® process Lurgl ( PX y)
Methyl-isopropyl ether of ethyl 

glycol oligomers(Sepasolv®)
Sepasolv® process BASF ( PX y)

5. 1-6 LT

/|0.h£ (mol%)

CO2 53.57 2.47

n2 0.59 1.25

ch4 44.25 96.09

C2H6 0.95 0.19

Xu 0.36 0.00

C4 0.15

C5 0.07

c6 0.06

(10^Nm^/d) 6.4—7.2

fiS (°C) 7-16

J±f,] (MPa) 6.4
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Morphysorb "7°c?irX7) 6 (7)Morphysorb

7°Dirx?t^e/v^ y ^ LT#^T67°n-k

Z V 7 (NFM) 23T

^^-e#(7)e/ix^y7###:-e$)6. N-Ttf-zw^/ix^y^ (NAM)

(D 7k «k Shell (D Fandango

Plant 5.1-7 1^77 Morphysorb 7* n i? 7 ft@|

(D@$a=i7

©

' 7 77^-77 3 7

- 7 ^ 7^(DZ 9 L^l\

" ##(D##^M:^/J^V^(D-e#±y7 7 —A^(D$im(D$)6#Elf^t,^@L#

V\

- #{#^##7^60

- m##, 37 b^#M-e#6o

^^f7X)^(7) C02^#Tlj:, 'k;i%3-77tT-b (CA) ^joj;tF/Ky7

/^7 (ps) ML ^y-r^ K (pi) memv^^#-<-7(Dy77b^##L'cv^5c

#icco2^^f^K^

"f 6 ^6 ^ ^

i^g(Dco2^m^tmm-e#6.

^Tv^c±em(D^-e(j:^y^^ L-cmB&fi/cv\6.

6%(Dco2^2%j^rncm^#i-6^f4=^m^L-c^^^77b-e^ ^y^^ K#-en

2^##^co2^i.7%mTKm^z^^-e#, earn, ')

-183-



#5. 1-7 Morphysorb 7)

£l$c (vol%)
C02 71.0 17.8

H2S 0.5 0.2

ch4 28.0 80.5

n2 0.5 1.5

(m3/h) 2.34X10* 0.81 X 106

J±tl (MPa) 7.0 6.8

a^ co 18 2

/!/=¥'—?$

13.7 MW

##7k 635 m3/h

20.2 kg/h

CH4 7900 m3/h

y 7V M4 14.5 million US$/year

h 0.26 UScent/m3 of CH4 in clean gas

B. C02^14%^/Wyy^>i±# (<2%)

(vol%)

n o 14.1 2.0

h2s 0.005 0.0004

ch4 85.0 96.9

n2 0.9 1.1

(m3/h) 8X 104 7X 104

f±t) (MPa) 7.2 7.1

aa co 27 23
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2.6 MW

3.3 kg/h

CH4 nx 446 m3/h

rr —Uf^7 HH* 1.9 million US$/year

#{6 0.33 UScent/m3 of CH4 in clean gas

lEhfe (% vol)
C02 10.0 7.8

H2S 15.0 3.2

ch4 74.7 88.6

n2 0.3 0.4

(m3/h) 1.9 xio3 1.58 X 105

!±t] (MPa) 8.2 8.1

M (T) 30 7

0.8 MW

9.8 kg/h

CH4 0^ 1601 m3/h

^-—7-^ Mt 1.1 million US$/year

h 0.09 UScent/m3 of CH4 in clean gas
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(D#AdS&6o

h^SNG^#mL-0/^5o SNG #'t7'tM=LPG#2'&#ELT#^:^

^TV'So

- ^ j; «9 %-#-& 7 > c

i±, -mfk^m, afk/K#, m#,

^ fo:l^l^± ^ ^ ^r#^n: 7 y K7 ^ & (7) CO2

© /^^ry v ^ K&

CO2 6(D(cigL/cfk##iR&^^.

;%(Oim%&BmL/cmrc&6o

###4%&^fk##iRi6(7)/\^yu 5.1-8 (Dj:9^t(7)^^)6o
^ Kyn'k^(D7o — ^g| 5.1-2

r:mv7&T&6<bv'9mmT&^ m

e#&$) 6 Ml### W&-C CO2 ^r±$ ^4^#M L^#-Cfk#%i{%mi:##'f

V ^ K^lj: 2 6^dS&rk 2 fg(D#@m#^ 2

a^-c/wyi; ^ v ^

5mM, t> <k>6o

(13A #&#';% <kf-6) SNG (ft#
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5. 1-8

s n

MDEA or DIPA and sulfolane Sulfinol® process Shell om,

Methanol and amines Amisol® process Lurgi ( K ■-T y)

"SWEETENED" 
NATURAL GAS

ACID GASES
CRUDE

NATURAL GAS
OUTLET

SEPARATOR CONDENSER
CRUDE

NATURAL GAS 22222

>SOLVENTINLET
SEPARATOR REFLUX

ACCUMULATOR
CONTAMINANTS X_V

CARBON
FILTER

MECHANICAL
FILTERMEMBRANE

MODULES

COOLER

REBOILERRICH
SOLVENT HEAT

EXCHANGERPERMEATE 
ENRICHED IN 
CO2 and H2S

RETENTATE 
ENRICHED IN CH4

LEAN SOLVENT

Bis. 1-2
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(3) #####:];% bit#

%nx#, mm#,

Bl 5.1-3 (1, GRI ') #

5MMscfd (5.4, 13.4xlO^Nm^/d), COzM^4, 9, 27%(D#^K^l\T,

##4X#(kfB*%(c!:k#L#^LTW6o 8) 5.1-4 lc^i~0 1

ZnL 2 CH4##ll{k#%lR#l ^ , h — f/!/###% Wk

##$(# ^ V ## ^ ^ ^

^ 5.1-9 ii, {k####, mm#, #- ^ K#tM^!:, ^
^ ZZT11, HzS A «k, HzS^ 1%

B (cov^T, fk##4%#, mm#, H# - 9 v K#(D:$m##^

9 ^ K#1 % &#=]^ L^)^L H2S ^ l%-allb6

^LTl/^o Z^^#»%^^i9l^##L^#^l^(l, m#16ZJ:t:%6o

(4) cozm^emm

Sffl Sildo C02SS^f^ffl ^iid^H#^ (7)—^ 5.1-10 <501 o Mft

6o

coz#^^# ppm rngi-eiSM-f^m^icn, ik##n%#^m^^6^, 

CQ2#^^^<^6^, /Wy9yK#dSl%m#l#<k%6o 

co2#^^m%#^i"eM^^^ii^v^#^, m^^(/)co2#^^it^{&< io%a 

T(D#^iai, #iR#^#m^^6c #m^(Dco2^#i^mem#^mmLTt0#^^

(20-30%#m T^6#^lcll, j#^##^/Wyj;^K

m^^(7)C02#^^^#^ (50-70%#^) T^)6#^1C11, #^^LT#61b6(Dll
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&
W

$) 1SO
Q

1.20

0.204

0.00
Unit:

Rate (MMcfd):
Membrane

2

4, 9, 27%
: ###;%# 2, SMMscfd (5.4, 13.4X10"Nm^/d)

750psia (5.2MPa)
7 ^ y -/E7 ^ >
@5. 1-3 WjiM&mmw =-x Mt859)

2.5

& 2 r

K 1.5
n
K
P
□ i
"h
S
£
# 0.5

m ate#
DCH4ta^;

11S^CAE IIS^MEMI IISPgGDXE DEA/Glycol 2ISPSMEM1 2&EGDX®

: CH4 87%,CO2 7%,N2 5.74%,HzO0.26%
35MMscfd (9.4xloW/d)

825 psia (5.7MPa)
/ -/^7 ^ >

### : CA#
memi

cox)#
1-4 ^
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5. 1-9 meam, /w y % y ^

meam V y K&

(A) (B) (B) (A,B)

0.944 0.983 >0.999 >0.999

(103 ft2) 112.1 162.2 - 46.6

(102 m2) 104.1 150.7 — 43.3

(MM$) 2.836 3.688 6.226 4.196

CH4#^m (MM $/year) 1.137 1.431 0.144 0.983

### (MM $/year) 0.786 1.022 1.671 1.139

(MM $/year) 1.033 1.318 2.853 1.516

Mf ($/MSCF of feed) 0.244 0.311 0.373 0.296
WivU* A CH4 73mol%, C02 25mol%, N2 lmol%, C2H6 l mol% 
mSX'X B CH4 73mol%, C02 24.5mol%, N2 lmol%, C2H6 lmol%, H2S 0.5mol% 

35MMscfd (991,100m3(STP)/day)
SOOpsia (5,5l6kPa)

-fey,(D'MitsiHi : 20psia (l38kPa)
^ ^ / —/IxT ^ ^ 30%7K^^

h# a(C02/CH4)=2l

:

:

memmm =

5. 1-10

(5-io%mm (2o~3o%mm (50~70%@&)

# ppm
(LNGm)

—

(t—/ky^/y^)
meam

y V y K&

—
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5.1.3 Si*

/\* 7' U y K'$co#5>®S#f*!|#ili:61tR Lfc„ *5.1-11 trSi*$:4-f"„

A^4f^lc#Stid C02 ppmeitS-C®«S-ar2.*^lcti,Sin-
do W'Wb##iK&l4, #WJ**6K#< (03:$/pdp—L, SfciSSEtiit

v\

& i ItR L T 32 Sw 4- ri» 144 * v X 4i4\Sf l4#a##m^#e#&4A#* C02 

Sr^«Lfcft. A !1 y K?St>#SSiLTV'5„

JiltsD^-fy'y t*#®[4, S^S^iSFl i^SroSSr-fcdfc*, ** • m#itt&-
6. E5>*Bli:B6^a<. ®to£ittRLTBA3e#zM'Vj:V'/-c*. 4* 

BAmtSe^SS^®fetid, 6%, fc*(4f4, /<4o y hA

yy HSTMtU «3r|c*«*aA, SI^»'Sto«f5ittifWtt*l£<K.fti$-ti:rv'< 

£.$/)5fcd„

BK>*i£l4, MS; i tm LT^fvi^'-meroAAjiV i Wfcti, ^ti*SWlt

dM#%*^$m*#Atl-C*d. L»»LS®y7> hlctol'TIl, 

lb1-dnr*6ttt)S*d/i*lc, -^ti*aaAA'S-^-X-<y fe TIIlMIEffiSrgSe LT* 

5, feti*#lt1-di> UltiAyy Hct3V'T*SlcEiRi'SS 9 t>l6=x hfifodti^t:'5

S/s, {b'^^iRffirofil.'Sro 1 oi±cH4roEAtis#$l^/>tev'r ir*fcd„ ftgkfe, JB

#4** CH4)5K5>4-Sti-S6tiKK=c i LTEliKf 6 V/yTS d„ —4\

IBStok: CH4 cotlA^fcd, f**Lfc CH4 SrM-Wi LrW36OTTS d»\ fed 

v'14*4* t>*£ 9 feStir CH4i***»'>$-frd i i tf41*#titf, it 
^®iRi'£4 v tsawicftiii* n#d„

*KA-c04>#Stf*SI)l6]^S i *d i, ASttxA'fe C02 SritEf d4n-lrxlc(4, tb 
##i|%i£^#t#<m*fetiS*d. SrfcKttttStidAyy Hc*;v'Tt)4^:®iR)'S^ 

#m$tid#eti'#v\ *6(44 i t-tco28g^fi**ipBpKrot?'^tgtiSMIS$ti-a'd 

6*,E##SI44**U,5t4®*fcdfc**.«lKiSiltRLT!|#lrES&Wittf46<, 

# < fodtMXifefefe* V «x.d fe6v'»-a-ti5#v' i 1'5 *ti'#t#-e*do

4#. A^6"x*SMz)$l@Atl U 4D CC^S^rofti/'tf^WBWSStid 4 51c*d

i, A U y K?i^M*4®6ddit*di#4fe6d, 4 ►) 54*1416^

k < #A#icmti6i#*im*4\ Bs^sii Lfc ch4 dgii6->

^AARH-Srff 5 iilcS b*|c6#||ctp0, *S4#61ta'CtSIItt
4*iLtl'< di?#&KI4-f A^t*iMt)tld.

4-fiasrd#vv-m, zws*>§i###m%#wem*d

4$4?fcd„
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5. 1-11 ####(%##
/wy% ^ K&

ppm
KJ: 9# ppm m^^-C

m m {t^SSJltSAtt^fc

jzfrfr'O "CIV'S*, #
^ K #

2 rnmnsm^ismt^e 
tftuitih-f. ###as
|Wj V X

zc ytx — lk##Nx-e(±,
#1A K ^ 71/ ^

C02#&^A14^

S ^ ^ 71/ =¥ — ^ "X? ft
vx

6^:^##^ COz#^

mm #3\
^it^Li:#^^7i/^

CO;
do%a±m^) #e.

^^7V ^r — 'M 
-e#6o

'Mtm e*^*<
#V'„
(SMtiWv

ix
##%(!

i^V'<k##X.#VX

^+{b#%iR, #@%n%
5dx #<(^^vx

K#AW@
aom

• R^f4fn|
±o

(CO2M40%^±<7)^

Cz
vx)

{&3^ h iy^.7^ A(D^
llo
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1 . ##

1 scf (wet base): Standard Cubic Feet
60°F, 1 «E. 1A^

1 scf (dry base): Standard Cubic Feet

60°F, lM!±,
1 Nm3 (dry base): Normal Cubic Meter

0°C, lMi±, %##;#iCjc(t6^^1m3

1 Sm3 (wet base): Standard Cubic Meter

60°F, lMglCjo(j-67K#Mmo^#(D^^lm3 
&: 81% F: Z % 6 1, i## scf, Sm31 j: wet base,

Nm3dry base V ^60

Scf (wet base) 1 1.02 38.0 35.3
Scf (dry base) 0.982 1 37.3 34.7
Nm3 (dry base) 0.0263 0.0268 1 0.929
Sm3 (wet base) 0.0283 0.0288 1.08 1

1985 (1986)

2. mwMti (mm)
scfd (wet base) 1 38.0 912 54.7 73500
NmVd (dry base) 0.0263 1 24.0 1.44 1940

Nm3/h (dry base) 1.10X
103 0.0417 1 0.0600 80.6

L/min 0.0183 0.694 16.7 1 1344

mol/s 1.36 X
10"5

5.17X
10"4 0.0124 7.44 X

10"4
1

* lmol = 22.4L (0°C, 1 >U±) E LT#
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3. tag
: y(°F) = x(°C)X9/5 + 32

°c -17.8 0 15.6 20 100

°F 0 32 60 68 212

4. I±f]
kPa 1 100 98.1 6.90 101 0.133

bar 1 x 10'2 1 0.981 0.0690 1.01 1.33 X
10"3

kgf/cm2 1.02 X
10"2 1.02 1 0.0703 1.03 1.36X

10"3
psi 0.145 14.5 14.2 1 14.7 0.0193

atm 9.87 X
10"3 0.987 0.968 0.0681 1 1.32 X

103
mmHg 7.50 750 736 51.7 760 1
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5. 2
5. 2. 1 IlCfcE

i: < , JSife, Mi£, l@-#iR/W 7' y y RiR&lcERL
-ca-K - BWcg-f «x_fi, iiSW^i'fezSft
K**;3«®il5;E3B«7?l»?§£Efc:7E2Eb*/i'K#yi'5 Kc(=S*K(i, ###*«

ltjo9, e>LE^rs-yx^Aicmm
Lfcli-Siy
6 E MIC, 7< yfty^7!)-*j@£iiN ®iR$ro$fflsm^^-S*®iRi£lcj:t®ilt,

KJiwifti'fe, e#WT6ica y, m
e#R#tc#g Lt. KEEfi#, *SW^j£<£nibiL-tv
6. m^-EWfHi, 1970 wic-y ■yi»w^#iu®fflji7?y y a-yii^^s^TJii*,
#< <7)g;^EW#z)^|iK£E, ^rWfvffjiStt^S'S'Sti'CV'So

SWz/vd-x, zfr"y tKy y 5 k»$*>5. f-Cfc«iHtlc«*V'5iiKy-< 5 Kit,

ibnrv'd 2>„

tttew£^fc5„ ymts^isE*, z<D®mbttmmi-z 
tx\ b®m

3S® £*E 5 lb * 5 itoWWiSeuM 5 *5 *f£-x:'fc 5 „ zroytoit, rtr
EiSirE<iiffl5nrjb-y> f#e,nfc#ss5>*«s(t, ** -
^HI'fb£^7y"CV'1^)0

Ltti?fc5„
KiSrdHts^^fAtu 3if&tfx<D&)±&ftm<om®tiiz.wa-t6. aroE*it, 
«7i? 50*EiHifi-C-fc5,„ 5£^tfyE»y$ltR*2iSti5~70%HS^fe-5;?E EEE6S 

!0%i7)E^#^e#y5t, g^'xro^E^ 50 ME<y#iB\ ESMtR*^ 
Eli 5 SE£ *5„ z*{kK##g^aiii7iig#*lc%#fk#*#EEt*# < * y, #|
Eli, r®HbKS8$;)s 70%T'fc5EyE»iB'x?!i, EBfbKSEEliH-Sl: 35 SEE 
Zk6.

eEW*4E##L, E»f§*, %EEW#^®m{bE6. rronTffi<b$S»ii, R^EBIro 
#SH4f®roffiT\ #E4i*#»roeTSr5l8:$eri-0 ttoT, 

eKE6yxTA|c*eEI#emmE6#A, >Tfflte&JI?:£attT£l*«&2r»{6TL*V'>
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iiTEteSSicS;h,5tinx.r, knm&b
w*it, sfriiLfcwhK^yt1$ k*#xl 

St, ycAma^E%mfm#ic#LT$&-r*)6z 
rroEic, act*#

xL^e-s-, mi«

mzmft-ei; 5 7* toftEA^gT-fcdo *¥8lt, i»i»¥W«Mt¥W**'f6*S:tt*

* 5M^«*4-efc5d<y-f 5 KSrP-ifco

5.2.2 A/p KtKV^ 5 K

El 5.2-1 tC, 7"ct A<l;A/V- I- ,-J-' y 7 i K : PI-PMBP64(4Me)Br * , 4 7 A/7(E/Jto LE V 

45 K: PI - im 4 M e) to f LK # jM1 / to*. 7 o 2,{KA.to 1-4; V 4 5 Kto^S^flgftttS*!* 

tt 16*75 L, 4 7 A/HKAa- KTXy^f 5 Klte-S-6to|6i_hL: t 9 WtiAS^BfcBStiTto

5. A'n AftA/L K# y -4 5 KtCjtittsyD-MMsIt 80%T?fc5. 7 to T~7'n Aftifs * 14,

1 -oto.7 A/PXS y 1 oto**^7"a AE#5ix4> irESL, :£7¥;PXto 1 oto**/* 

SMAtl/ClL1** 100%> L/C. IP*. 7nl,(k| 80%I t, BICfE L/C X to 80%/L7nA, 

20%/5*X"Csfc5 7 i JrMtS.

*7PK^y-x-i«7xy®7?*#iStof±/L-t7*,i:#L,

—:/%to##/i7gg#aitcfi:##i&*#-f6#y}fto##?&6. 7/p*LL#%. 7* y
K*l#to A/v KtK y -X—7)S*n 6iLTV'5 31 „ 7;vtoy#ISIrtt5 A/l K'tK y 77— * L
-m, #y-r 5 Ktoffitc, zh°yt 5 k, tty A-¥$- K, t?y^x*/t-, ttyn-^yv 

#ie^toe,nrv'54>.

7/84-7>#l*5:tt5/iA K*°y -x—it. 7/Pct-LVto 4»g<Xlc 2 oto7^=/P* 

A7KtB-L/c#m.gP*4to77^7-LL#/,;itotoKXmf !70eL/Ci#@ito##*#ri-6. 

;2f, 2 007itotS (7/Lt-L7%to4#KXlL@^L7h 2 totoA

^=/vX) toUHraJfjli, &{$P$#7#L< Ati/Tto5. ffioT. A A- K-frttltWB 

*#@*#¥5. LtoHiJE7Siev'*/p K-pH8tt, K4>7-±EtoBjglli*Wi L, 

W»toBfittto|n]±lL|f4-f-6. $/c, A/v K##*#¥5m^f It, #E##*|c#E

6. Mx_lt, BIctSL/cAa- Kttyt 5 Kit, N-K^/LLn y Ky^toWttiSElLxtL,

&»*®*t4*/5-n

*fflto/txi,#:iSiiiiSS*t#5Stoiial'fb?ij: L Tffifc#i£* lift i$ L/C. A A- K'tK V -x— 

a*a#icf-6Kit, 15-20 mm%to n-k y-tfn y *->#**¥ y, 

7to¥ y ?- K-y* 2 S887L/ x>to$ttn /p *aKtolcfl Ltti L. Rttn frbfcmt 

*5**®Mii;:ff Lffl-t-o 7tof#B##toi@*lt, i8@«IL«7)7iv%^IL@ia L¥S 

*81**5. y 7 A-fbA A- Ktt y t 5 gs*8#lt,

C02SSiS®$¥ 13.2X 10"4cm3/cm2-sec-cmHg (1.76X mW-sec-Pa) 7-fc l), CO,/N2 7>

-197-



<r>oo

S S® ffl 
s to y-

Ox
00

toVi
o°

Vio

Fl

4” I g >
4 4 |S r 4

11 V 4 @ Vi
8il 4 1 rs m % to

cv 4 Sb m ~r to

sS # \3 n
m m 4
t M m -e Xy-.
B r /X a V 4

4 rs # 4 4
=%: 4 %

1 1 fs % # m
h) 8| ! 1 s a a
4 cv 81 cc x 11
% cv x 8|
# m m ~r cv
5 a m 4
rs m & 4 m
# 4 m X t

a. m V 4 #
4 # # 4 x
e> 4 rs 4 ix
i 1 r rs m 4
g| 4 # m 4

> 4 a
%E ft r cc n #
m <r 05 m 44 XV-. #
# Or # V 3(§ a
4 > 4 Wt
r m m a 11 h>

a 4 s 8| 4
nn a x n> cv %
3= hr V, 4 m &
a 4

m
fV
r

y. m (4
4 4 4 a
V n )# V m
4 1 rv X #
V 54 rs

01 y rs

CO
2 m 01 cc xo N4 w
00 4 I—L n Xi X cc (4 l

3t 4^ 4 % 4 n to X jjj # # 4" ~rSc n % | % a X 4 4 X 4 4 4 \3 4
4 4 a a 4 % <s. X 00 X (Vc 4 4X= V 0 4 4 <4- m 4 F e> 4 FS X-X CV 5 s V y\ a M #n 4 a u sap %L
jjj 4 V 4 V 4 X )# 11 =FF f# S rs 4 4
~n. V X X V 4 8| z cc a 4 X

X 4 4 4 S rs X 2 <r 4 <3 0 w
W 4 x= Sn x= 4} m po CM e> J7 X.

V y a

1 x= X 4 X a 4 m M 0 4 F X Mi a
rx X Jh x= Jh i% 4 a X M Cs 4 =% i^\
V JU X X X >H a xo 4
X X lh (4 e); X # m X

X 2 M rr M 4 4 rs <*' Jh <rc
X =FF Or 4 S >j X X y X

w s z (4 v: 4 41 a u
( 00

V3 S # X a a i 1 4 e

n 2
4
2COT3
2

a
GO

X 
V 

■ \3
cjn ^

w

o\4^

aCO

c ~
=5
£ 4

5
x
4

4 r
0 X

4
X

x

4 4- x x

M.

15
M CV

n
V

cv
a

n a X 1D| |4 m 4
ED (X 4 m X (4 x:
s S lid m 4 rr 41 h> X
4 4 4 4 a !h

4 X n # 4 X
4 4 & rs o< ~Bcz fs s # 4 ffln| 5BX & a 4 it& 4
Jh C5 rs 4- s fs M
X 4 hr PB it} y
% 4 X nts X

% x= 4 ED 41 4a X 4 n 5 5^ r
i 1 Jh n 4 Or 4 o< 4
8| X X r 31 0 l
X a F 4 4 3t
%E X V s a 4
m 4 S X j‘i nn} #
t S ss 4 X ss /\



(3) NMR

Af^Kfc, — yv'y*r9 / 9 f'—yi^&L/Co SW aE Kfc 19. T "C% <5 c
(NMR) <D%m$k\* :

B@ : 0*f£^- EX-400 (7.4T, l3C BllJMS: 100.4MHz)

: CP/MAS i£, CP/MAS toss (x K/<> MN^&)

5mm (!,

: 13C90° s</l'X =5 fi sec, ct=5 msec, #^0#^ = lOsec^

6oooHz, ##[mmiooo[m

(4)
El5.2-3~5.2-9K:, ynAfb^/^K^9y ^ K, K, 2Wrfm

Zn CP/MAS 7&-C&9, CP/MAS toss &(D^-C$)6o CP/MAS toss

k°cz>/;/'/<> K (SSB) #

y^/]%&(Dj^#:20ppm#%a, ^/^K##(D4#j^#:65ppm, 7^^ 

/VS (9?##) : 130ppm #ifi, t)/V/K^/l/jScDj^S : 170ppm #9rT$)<5o 7'nA

20ppm f #####;<

30ppm(Dk°—(1@##:) (Dj^#«&:#x:6^b6o 

CP/MAS 130ppm(7)^##j^^(C^|3i-6t:°—

^^Lf'ib70ppm ^ 180ppmlcm$$^,6o CCLT, 70ppm(Df-^ 

)(7/^K#%(D4mj^#lC^|3i-6 65ppm(Dh:°—

^64m^#(D#:m^WJLmL<L-C^6o ^^LT, I30ppm(D

t°-fdsyn-K{k^6%A&#i-6o CP/MAS toss^lcZ^f-^K^k"

(El 5.2-3

El 5.2-6) T, noppm^k"—65ppm(/)b''—^ (#

y n 9 / ^ h"T$)6EI 5.2-3 ^ El 5.2-4 &

yy Ir1S(^> 4 / KtK 9 X ^ Y'(D^Mm'ik

P (El 5.2-5 ^ 5.2-6), TfTM# 9 -T ^ K(DM##(D^-y^ h (El 5.2-7 ^ 5.2-8)

icjyv'T ^(Dy ^ ^;i/y7 h

j: 9 6 g %-e, CP/MAS toss fe(D%lj

^—yy^'y&Wiz-XMfa1^^ Lfc0 El 5.2-9~5.2-l4 (c, ^ttiX:tuD7f° 9 -r—
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Y— h ( — lOOppm—300ppm) > Y1"- h (—lOOppm—lOOppm ^ S.l>' lOOppm

—300ppm) b/l%-C&6o

@5.2-9—5.2-10 9 ^ ^

&^kb#¥6^, ^ (30ppm)

LTt., ^/3/^y—

/ ^ X6: [m#J^T"r$)6o "C, CP/MAS toss

O^Lo

[g 5.2-11—5.2-12 (D4yf'/Hky7/^K^9^^K(D#J^^ @5.2-13—5.2-14

(5oj%g/^a/imfm) -e, ynA^/^x^

9/^ H\ 4 yf-/Hk#/>K;K9^ K\ ¥m¥9-r^ K(DfpTfL-ei),

^CP-MAStoss&(D#mPg#^T"e$)^yCo Z(DC<k^^, ^¥^ll¥9^^X#(D#m

¥ 6o

3I¥ ¥i#

1) GTI. http://www.gri.org/.

2) Paul, D. R. and Y. P. Yampol’skii; Polymeric Gas Separation Membranes, CRC Press, Boca 

Raton, 1994.

3) Korshak, V. V., S. V. Vinogradova and Y S. Vygodskii, J. Macromol. Sci. - Rev. Macromol. 

Chem., Cll (1)45(1974)

4) Z###k 43 (2)79(1995)

NEDCK Well ¥12,9
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PBP64 (4Me)Br-ref

PBP64 (4Me)Br-ref

El 5. 2-3 K^NMRf'-y—

PBP64(4Me)-Br-H2

PBP64 (4He) -Bl—H2

g] 5 . 2 — 4 -7"p -Mb;#/!/ K^° y 'i ^ K<£> NMR h
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BI5. 2-6
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g|5. 2-7

El 5. 2-8 Tfm#U^K#NMRf'-Y—
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PBP64 (4Me) Br-ref

PBP64 (4Me) -Br-W2 PBP64(4Me)Br-W2

PBP64(4Me)Br-ref

MX^aVVv^aAvVWvyVv^Vv1^vv^

BI5. 2-9
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PBP64 (4Me)Br-ref

PBP64 (4Me)-Br-Wa
PBP64(4Me)Br-W2

PBP64(4Me)Br-ref

PBP64 (4Me)Br-ref

PBP64(4Me)Br-W2

PBPB4 (4Me)-Br-Wa

PBP64(4Me)Br-ref

05. 2-10 Ktf y -f 5 Kro-®MbK*»Si§fiSeroit!R (i£*@)
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BT (4Me) ref

BT (4Me) W2

BT(4Me) -ref

BT (4Me) -W2

g|5. 2-11 4 ^ V ^ ^
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UBE-R-ref

UBE-R-W2

UBE-R-W2

UBE-R-ref

5. 2-13 rfTflgtf? y 4 X <Dtm
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UBE-A-ref

UBE-A-W2

UBE-R-W2

UBE-R-ref

UBE-A-ref

UBE-R-W2

UBE-A-W2

UBE-R-ref

B)5. 2-14 (^im)
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$6* £»yxAA©#|g,Rt>*eiSM!l4

6. 1 ^fr»fi>7D-0| IS

6.1.1 iHrSStt

A-i-At'A Ay xAAA©ilfj#5l;fri: Lnt. gffi«**fg0i:¥ffg«a. A 

5PPm #AAA Ay, mzmmu-y-y^ mma u ?#;#*©&# 

y-esitAiifeti-5#9f j: la„

«;6IM©l5BI4AB^Avv-A'-g:Aiae<k:5l9Ax-m • A^»'x5fcKKuicivib&® 

fij: laa A/ —/vKSt-e©—® © An-fex-efc y, a A / — /t'Mieltiig8 eooo h y 
k Lit, r©A A/— icMjfiiiiA A A — /XE£ too Akw 
@ A5»

6. 1. 2 An-feyrolR.-ftKIf

yp-trx^ffcyo— (E 6.1-1) s.t>'3.= y M*j5£ (B 6.1-2) £9b£L, - #
1&A (* 6.1-1 RUvS 6.1-2) ycz-k%A*7D —

A6§jl£%®'yxAAz)>F)©Sxv,:Srfflv\ ?K©1llxtA'fiinx8"CzKS • S6$A#-50 ABA 

A*ttSFBl©AnJ|gAA5©A\ SUfl 8h (ytifilA©** • KSKiSP: IhWIc, EB 16h 
©ffi#Afc*SfiU AXA l^Sfj$LTA< r i: i: Lit, 

5KAx{bliir'fWA8)Klt*<bS'a-5n/i:5gzX7 y - (CWM) £ LT, is 1 ®@AK 
Ax-fhEJS# (SBtiSAAP#:#) Ai$ibA5„ SitifiAAB6*p^aF=i]AA®AA*A • t" 
-A^1) y AAA CPC Ail LSSSAAMtSAfBifij: LT#SSA. CWM £BSI#4r 
ffv\ CWM y=©*AS%d*5/-csy©A>$MAA-xAfi, IS 2 SSARAx-ftEJS#
icmy, 5 e, ass®* & tos u t a x s lejs ae a* 5 „ *a©AKAxmAx (-§•/$
Ax) l4Si?Mi8.i: LT*S@i6Sii58*SrfT5„ *Us]i|K§tifcAx(4N xAxk'yA#, 
Wb**S©®M4 Ax A is* LTA5>, A A

-A, ASA’xitto©®, *sK«t-*IA, S 1 ®g**«,&fOp (#SESAAB’tP)
tSStSAAPS^Att, ®^!cABA*»A- c- A A* A y ASA CPC A « L 

SSSAASBifiAEttfc LTSSS*. *S«6fcKAfTAA5„ *EJ$Ax£ittfMr 
Ax{kAxi4$2®gSJetpASfcA. ISBClot. gBA»AfiAA*Af,** 
«5fcKEtKAfiA*5„ i*5ifi©3felf AxttKfi^i; LAHSlimLJS«£E A MAx 
!tJto*f$, A A / -/v^nKSfitcS B A 5 „

A A/-/PiBA®liAe,©zN0-*Axi4, R5*Ax©Ka/B**Si: ITffiKlly 
SH$fcA5z)\ ffitt PSA R«AT**AHH6Z L, EiE**<k LTA A /-/ygASaffijEH 
5 A.-S 0

PSA mo Ax, m@#moAx$aj:% AK^ttAx%L«iaSmnAx|4, JS«R«A 
Am# - *«#, MEA WR-SI:t4i(tK»i LT@lRL, SSSA LAA#Ax©%#
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6. 1. 3 7"n-feXC>1tS;

co &#<^ y yy(Disuse®
SET-auSt" 5 H25r#<^tf^'xlc1 *mt*S<7)fl;*H2SrJnx.r^^/-;v-g-{i£fflil

*BB*WSb*Jffl"t5r <k ic J; y, K8Weco2L& W 
y y pjfg t f£5 - i (ca.

E 6.1-3 in, y y y —wKit eooot/ B ro 3 B—xirov't^iy y y — y ro

—B*fkR E# ttiik k ^ 3s—JE WitWco Mffi & m'i'c

E41 Injolt-5 Case l~Case 4 <Q± <£tBiS,'5.il2k<7)ii 9 "Cfc-5,

Casel : EKtfX-ftVEBtf^efcE/S 0211. Effijtf I] ffi roitif** »' ill l', ttW H2 it /

y y — u'ijkisi'yy*^i'|i|ffl. * PI St ift >c ffi SlffllSj,..
Case 2 : EKtfx-fH/yeBtfx&Kffl 02II. EBBfWroXSlc J;

V'5„

Case 3 : EBtfxefcKffi 02 It, «*tfljfflc0«*tnt 5Sft»i**5rlSl '5„ ±1*#

Case4 : m6<0|S$4i$lcSffl SilTV'd. yt-@5#Wll#@iD%BtlS.%E*rt. 

ESS, W )lncase I It, ISftSS^ESISSf^-eaix. 2>* k, «###&

5 fc». L
ttv\ itERiua^ry y y-zv-g-figoiiiiftir erfflv' 

urom, *i»*7)>ibw«**«(iyy

*, **y yy-#H«T-eroy yy-;Wffx, KH^oytsrii'K (r@Hb9< 

mt Lxmu^tktti-rz^kteo. y y y-/Hn##-e#a.

##@ y -e^S/ix^r—1, Eps^^vv^'-Srinx.dr fc"C\ *Vo 
■trx-eii io5.4%(o%#a#?E# • EBE^sib, y yy— 

rtunttv-t,

*-e#9 Case2ro»6tnti;, y y y -/HS-Bitro®IC7k*^i^FS L-BHURSz)'** i: 65.

fc», ##WiczK{kR#t LT#m-f6z^ ty(6. -erofcit), yp'y-y-fflx^
S'—%###lt 7l.9%ifiV'<(i: ^-5„

%mm«#% <omti m z 6t
Case 3 <7)|g-6-tn jol'T t>, y y y —/W-g-fiStoln**^® £&5/n£>, **ro##n7)s*v^S

y %m>&mk * y, -Eftss^&m-ys ;ii 74.4% t <ev \

Case 4 a, %, y y y-/woi@saiiSlnSffl snri'SEBESroTkSSMI#* *:

L&f-x&mL&Kmmt t-t^awr* L-cms*&aim u-cv >6fc»,
-mtSSttBSUlC&ttiSil. 74.5%g!t t*otl'5.

h±, mm t*s*ii«infE y m-t-n £ 5, *<0& y n t ^
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6 . 1-1 (1 / 4) [MeOH: 6000 h >V B = 200 ^ h >###]
STREAM NO. 1 2 3 4 5 6 7 8 9 10

SERVICE
tKS mm

Xxlbfpm

imm
X7U-mmm 

*6* 24h5K?t»8h)
tm

mm Ash
UXitfp

fix
BMaMXi
maiix

STATE GAS
t-mol/d mol.%

GAS SOLID
t/d wt.%

LIQID LIQUD GAS SOLID GAS GAS
COMPONENT M.W t-mol/d mol.% t/d wt.% t/d wt.% M cal/d (%) t-mol/d mol% ton/d wt.% t-mol/d mol% t-mol/d mol%

H2 2.016 182.3 100.0 —— - ------ - --i-'- ----- ------- —------- ;-------- -------- —..-
! 0.0 67.3 33.2 67.3 33.2

CO 28.011 86.9 42.9 86.9 42.9
C02 44.010 12.6 6.2 12.6 6.2

CH4 16.043 1.4 0.7 1.4 0.7
COS 60.071 0.0 0.0 0.0 0.0

H2S 34.076 0.1 0.1 0.1 0.1

02 31.999 91.1 100.0 38 100.0 0.0 0.0 0.0 0.0

N2 28.013 i 0.7 0.4 0.7 0.4
Ar 39.948 0.0 0.0 0.0 0.0

NH3 17.031 0.0 0.0 0.0 0.0

H20 18.016 952.6 100.0 952.6 33.8 33.6 16.6 33.6 16.6
CH30H 32.043 i
LEND 32.043

C-C 12.011 1211.3 64.8 1211.3 42.9 29.8 i 10.4
C-H 2.016 102.7 5.5 102.7 3.6
C-N 28.013 20.0 1.1 20.0 0.7
C-S 32.060 4.5 0.2 4.5 0.2
C-0 31.999 271.6 14.5 271.6 9.6

ASH 257.8 13.8 257.8 9.1 257.8 89.6
TOTAL 182.3 100.0 91.1 100.0 1867.9 100.0 952.6 100.0 2820.5 i 100.0 38 100.0 287.6 | 100.0 202.7 100.0 202.7 100.0

FLOW RATE (t-mol/d) 182.3 91.1 37.9 202.7 202.7
(t/d) 367.5 2916.7 1867.9 952.6 2820.5 1213.9 287.6 3776.6 3776.6

( 1000 xNm 3/d) 4083.4 2041.7 849.7 4539.5 4539.5
AVE. MOL. WEIGHT 2.016 31.999 31.999 18.635 18.635
SOLOR-ENERG' (Gcal/d) 862.45
HEATING-VALUE (Gcal/d) 37370.2 13038.1
TEMPERATURE (°C) 25 25 25 550 25 1300 200

PRESSURE (MPa) 2.40 2.40 2.40 2.40 2.40 2.40
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6. 1-1 (2/4) tfoWaSM [MeOH: 6000 h y/0 = 200 7j h >#%#]

STREAM NO. 11 12 13 14 15 16 17 18 19 20

SERVICE *** mm" mam#
***

mm* mam# am*'mam#
E14 tfX

mmaw SH2 24h^(%#8h) asms
STATE GAS LIQUID GAS GAS LIQUID GAS GAS GAS GAS

COMPONENT M.W t-mol/d mol% t-mol/d wt.% t-mol/d mol% t-mol/d I mol% t-mol/d wt.% t-mol/d i mol% t-mol/d mol% t-mol/d mol% M cal/d (%) t-mol/d mol%
H2 2.016 67.3 39.7 0.0 0.0 67.3 39.9 0.0 4.6 O O o 1.7 79.3
CO 28.011 86.9 ! 51.2 0.0 0.0 86.8 51.5 0.0 17.3 0.0 1.4 0.2 7.3
C02 44.010 12.6 i 7.4 0.0 0.1 12.5 7.4 0.1 26.8 0.1 2.1 0.2 8.8

CH4 16.043 1.4 | 0.8 0.0 0.0 1.4 0.8 0.0 0.0 0.0 0.0 85.7 100.0 0.1 3.0
COS 60.071 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0

H2S 34.076 0.1 0.1 0.0 0.0 0.0 0.0 0.1 49.9 4ppm 0.0 0.0 | 0.0

02 31.999 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 14.0 0.0 0.0

N2 28.013 0.7 0.4 0.0 0.0 0.7 0.4 0.0 0.0 2.1 60.7 0.0 1.6

Ar 39.948 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NH3 17.031 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

H20 18.016 0.7 0.4 33.6 99.9 0.0 0.0 0.0 0.0 0.7 21.5 0.0 0.0 214.3 100.0

CH30H 32.043
LEND 32.043

C-C 12.011 I —

C-H 2.016
C-N 28.013 |
C-S 32.060

—
0.1 100.0

C-0 31.999
ASH

TOTAL 169.7 100.0 33.7 100.0 168.7 100.0 0.3 100.0 0.1 100.0 3.4 100.0 85.7 100.0 2.2 100.0 214.3 100.0

FLOW RATE (t-mol/d) 169.7 33.7 168.7 0.3 0.1 3.4 85.7 2.2 214.3
(Vd) 3181.6 607.1 3160.1 9.4 4.5 90.3 1375.1 18.7 3860.3

( 1000 x Nm3/d) 3800.3 3779.2 6.1 75.8 1919.9 49.4 4799.8
AVE. MOL. WEIGHT 18.753 18.029 18.731 34.602 32.060 26.672 16.043 8.449 18.016
SOLOR-ENERG' (Gcal/d) 845.77
HEATING-VALUE (Gcal/d) 13.130 4.197 18247.0
TEMPERATURE (°C) 40 40 20 20 132 132 25 25 550 500
PRESSURE (MPa) 1.91 1.91 1.71 0.88 0.35 0.35 2.63 2.63 2.50
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#6. 1-1 (3/4) [MeOH:6000 h>/B=200^hy###]

STREAM NO. 21 22 23 24 25 26 27 28 29

SERVICE % 1ISMtfX 
atmpitintfx mm *2B3i*&ax

aMHFtuntfx djptfx
fl&TklStil $7kIS«

ttintfx
> $ / —/L-B/5; 

Mirtx 9 V-/L PSAtiMgtfX
STATE GAS GAS GAS GAS LIQUID GAS GAS LIQUID ___ LIQ

t-mol/d
UID GAS

COMPONENT M.W t-mol/d mol% t-mol/d mol% t-mol/d mol% t-mol/d mol% t-mol/d wt.% t-mol/d mol% t-mol/d mol% t-mol/d mol% mol% t-mol/d mol%
H2 | 2.016 23.2 7.4 184.4 39.0 184.4 39.0 0.0 0.0 184.4 68.0 182.3 100.0 455.4 70.8 0.8 0.3 29.4 81.1
CO 28.011 0.1 0.0 53.2 11.2 53.2 11.2 O o 53.2 19.6 140.0 21.8 0.3 0.1 2.1 5.8
C02 44.010 5.6 1.8 32.7 6.9 32.7 6.9 0.0 0.0 32.7 12.1 45.2 7.0 5.3 2.2 2.7 7.5
CH4 i 16.043 80.4 25.7 0.3 0.1 0.3 0.1 0.0 0.0 0.3 0.1 1.6 0.3 0.4 0.2 1.2 3.2
cos r 60.071 0.0 0.0 0.0 0.0 0.0 0.0 o| o! O

' H

IP

0.0 0.0 0.0 0.0 0.0 0.0

H2S : 34.076 0.0 0.0 0.0 0.0 0.0 0.0

i oo[O

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

02 31.999 0.0 0.0 53.2 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

N2 28.013 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o : o.o 0.7 0.1 0.1 0.0 0.6 1.8

Ar | 39.948 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NH3 j 17.031 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

H20 18.016 203.5 65.1 202.7 42.8 202.7 42.8 202.2 100.0 0.5 0.2 0.5 0.1 51.7 21.1 0.0 0.0

CH30H 32.043 0.0 0.0 186.5 76.0 0.2 0.5
LEND ' 32.043 0.0 0.0 0.3 0.1 0.0 0.0

C-C 12.011

C-H 2.016
C-N 28.013
C-S 32.060 !
C-0 31.999

ASH i i
TOTAL 312.9 100.0 53.2 100.0 473.2 100.0 473.2 100.0 202.2 100.0 271.1 i 100.0 182.3 100.0 643.6 100.0 245.2 100.0 36.3 100.0

FLOW RATE (t-mol/d) 312.9 53.2 473.2 473.2 202.2 271.1 182.3 643.6 245.2 36.3
(t/d) 5254.0 1702.8 6956.8 6956.8 3641.9 3314.9 367.5 6885.7 7165.8 281.3

( 1000 x Nm3/d) 7008.0 1192.0 10600.5 10600.5 6072.2 4083.4 14415.6 812.2
AVE. MOL. WEIGHT 16.794 31.999 14.700 14.700 18.016 12.228 2.016 10.700 29.221 7.757
SOLOR-ENERG' (Gcal/d)
HEATING-VALUE (Gcal/d) 16247.0 16247.0 16247.0 12456.7 40926.3 32643.1 2438.0
TEMPERATURE . (°C) 427 150 1000 106 40 40 40 40 40 40
PRESSURE (MPa) 2.10 2.08 1.95 1.90 1.90 1.85 1.73 7.70 7.70 7.60
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6 . 1-1 (4/4) [MeOH: 6000 hW0 = 200 75 V >###]

STREAM NO. 30 31 32 33 34 35 36 37 38

SERVICE P S A tti □ P S A^J&TkS ISS£/$7k ^p°p w-h
amiss 7 Mb A- **

STATE GAS GAS GAS LIQUID LIQUID GAS GAS GAS GAS GAS
COMPONENT M.W t-mol/d mol% t-mol/d mol% t-mol/d mol% t-mol/d wt.% t-mol/d mol% t-mol/d mol% t-mol/d mol% t-mol/d mol% t-mol/d mol% t-mol/d mol%

H2 2.016 7.9 53.7 21.5 100.0 0.8 9.8 8.7 33.7
CO 28.011 2.1 14.2 0.0 0.0 0.3 4.1 2.5 9.5
C02 44.010 2.7 18.3 0.0 0.0 5.3 68.6 8.1 31.1 12.9 100.0

CH4 16.043 1.2 8.0 0.0 0.0 0.4 l 5.0 1.6 6.0

COS 60.071 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

H2S 34.076 0.0 0.0 0.0 0.0 0.0 0.0
!

0.0 0.0

02 31.999 0.0 0.0 0.0 0.0 0.0 I 0.0 ! 0.5 1.8
N2 28.013 0.6 4.3 0.0 0.0 0.1 0.9 2.8 10.7 2.8 16.3
Ar 39.948 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NH3 17.031 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

H20 18.016 0.0 0.1 0.0 0.0 0.0 0.0 49.2 100.0 2.5 1.3 0.7 2.9 37.0 100.0 70.7 100.0 14.2 83.7
CH30H 32.043 0.2 1.3 0.0 0.0 0.6 8.0 0.0 0.0 185.9 98.7 0.8 3.1
LEND 32.043 0.0 0.1 0.0 0.0 0.3 3.6 0.3 1.1

C-C 12.011

C-H 2.016
C-N 28.013
C-S 32.060
C-0 31.999

ASH
TOTAL 14.8 100.0 21.5 100.0 7.7 100.0 49.2 100.0 188.4 100.0 25.9 100.0 37.0 100.0 70.7 100.0 12.9 100.0 17.0 100.0

FLOW RATE (t-mol/d) 14.8 21.5 7.7 49.2 188.4 25.9 37.0 70.7 12.9 17.0
(t/d) 238.0 43.3 279.2 885.7 6000.9 607.4 667.2 1273.2 567.0 333.0

( 1000 x Nm3/d) 331.4 480.8 172.2 579.5 829.6 1583.1 288.6 379.7
AVE. MOL. WEIGHT 16.087 2.016 36.303 18.016 31.856 23.481 18.016 18.016 44.010 19.646
SOLOR-ENERG' (Gcal/d)
HEATING-VALUE (Gcal/d) 971.3 1466.8 310.0 32332.5 1285.2
TEMPERATURE (°C) 40 40 45 74 40 40 40 40 40 40
PRESSURE (MPa) 0.10 1.60 0.0 2.70 0.1 0.10 0.10 0.10 0.10 0.10



6. 1-2
#$&

#m & ## m
mu Oil* *i|£ HHV am* «g i^* me HHV am*

t/h wt% kj/kg G.T/h t/h wt% k.T/kg G.T/h
77.8 22. 5 27, 875 2169. 5 248.2 72.0 22, 723 5638. 9
57. 3 16. 5 55, 542 3182. 2 * 57.2 16.6

tK 39.7 11. 5 6EH 0.2 0. 1
*s 15. 3 4. 4 141,868 2172.4 SS 27.0 7.8

121.5 35. 1 ASH 12.0 3.5
rn%m 34. 7 10. 0

e#t 346. 3 100.0 7524. 1 344. 5 100.0 5638. 9
G.T/h kW G.T/h
150. 4 WRU 7878 28.4
194.7 ara 18492 66.6

^(f){^- 83.7
eel- 428.9

^ cj/h 287.1
j:*5___________________________________________________1. 05

%a s/C02@Hx%mi:#i-

^4 (mM^am*+m#^m^^am*)
%(5 ^ / -;i/am*/m#^^ - ^^/^am*
)%6

6 . 1-3 »9 ^ ^#0#

Casel Case2 Case3 Case4
mm o - - -

###### - o o -

NG %
o
o

o
o o

NG af-AD/MWfX - - - o
^Feed# t/h 77.8 21.6 0 0

GJ/h 2, 169 602 - -
NG Feed# t/h 57. 3 130. 3 136.4 136. 3
NG^m# GJ/h 3, 183 7, 237 7, 576 7, 572
^^/NG Feed# 1. 36 0. 17 0. 0 0. 0
MeOH Unit Feed, R Value 2. 22 1. 66 1. 77 2. 66
MeOt### t-MeOH/h
C02#m# t-C02/h

250
0.0

250
39. 7

250
24.8

250
65.2

t-C02/t-MeOH 0. 00 0. 16 0. 10 0.26
1. 054 0. 719 0. 744 0. 745

(HHV) =27,875 kj/kg, ^#^^^##=55,542 kj/kg, /W#ma=22,723 kj/kg
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6. 2

6.2.1 h 6.2-1—6.2-8)

#^^##^^6.2-9 (7) FS ^ 1 y y y —31.2 M/Kg-
y y y —/v t ft o fc0

6. 2. 2

y y y—y y—
%(D^^#6.2-io&iy|gi6.2-2 ###±io%^#^#i-6y yy

2.7 m/Kg-y y
#6.2-9(DFS^2(j:, 10^M/kW^i^ 8.7

^M/kW^T^^^#^$r^LT^6o C(7)% yyy-^#^3^Hj:29.4M/Kg-yy 
y —/i/«k %^K#(Dy y y —

30 m/Kg-y y / (D:: <k Zni^
#x#(7)#fo]^, #^##(7)#t[o]^#-e, ^ynt^(7)yyy— 

ic it# L T+^meyj $) 6 ^ ^ 6
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6. 2-1

ms ##
mm

1, 500 ¥/ton
7, 500 ¥/ton

• XtK 14 ¥/ton
h'J^pp

• BfEU 35, 000 ¥/ton

mn
##

rm
ipx:

m

55% 
1.4% 

0. 77% 
3% 
20% 

0%

##
P = 100 y'\—X
L = 10 X(7)10%
i = 4% 
n = 14
R = 8. 92% (P-L) xix (l+i) V((l+n)"-l)l(Lxi)

(4)Aft# • ^FolWiWJM

7, 500, 000 ¥/A - ^
¥F=ieaBer«i 8,000 ffifW
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6. 2-2 mmrnm
Unit No, Description W[m] x D[m] tSfS [m2]

100 3,200 x 3,200 10, 240, 000
200 400 x 1015 406, 000
300 420 800 336, 000
400 1,900 x 650 1, 235, 000 Dia.630 x3Unit
500
600
700
800
900
1000 BSmUXES

65 90 5,850

1100 20 40 800
1200 10 20 200
1300
1400

10 X 20 200

1500
1600
1800

y ^ / ^~A/n^axili
y y y-
PSAES

300 x 130 39, 000

1700 y y y ^/u^f/Esxis 420 x 140 58, 800
1900 co2[E]i(xg9:# 30 X 18 540

2000-2500 "T 4 V ~r 4 gj 150 x 100 15, 000
3100 y7j^MT#ax# 210 x 100 21,000

[a^] g| 6.2-1
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2000-

1500-1600

g 6 . 2-1 y MM

-225



226

6. 2-3 [MeOH:20 Jo b y/^=250T/h]

Jn-trx M 3Si*« GJ/h SJ£ °C
COLD HOT m# IN OUT

GtiUSxi k CWM^Sft
CWM

150.408 550
25 350

#B4X1
HS

antfx 261.895 1300 180

^SfctfxaH d--T5 57.689 550
25 370

29.282 550
454 500

amss^-K^a
^easrtfx

25.623 550
426.5 500

BgS^ffc
E£**x

7.497 550
40 150

ammx^-Am^
X^-—A

58.748 550
220 500

&01&2A
HS

aictfx 481.807 1000
110

331
500

B011X2B astfx 455.003 331 106

*$J—Jls
HW—HS

£j$**x 1131.290
233 233

a@js**xu7h^7-
»@tgim&

asttfx 1008.036
125 125

ma^x^-Av^-r^- LS 149.573
125 125

C02@llX j&SktSx-?1—AV/fW7— LS 148.292
140 140

Tsrf—L,
yXfA

BFW%^
BFW

LS 32.898
40 110

XHVv/<—
MS

MS 456.073
83.71 230 230

□ St 2207.8 2330.0
f <^/Nt 413.0

1794.9



6. 2-4
¥ ^ ^7/l/X m ft* Siffi [mm¥/y] ##

y y y —/> 0. 03 t/h 30 Y/kg 6.6 MkUp = 0. 05wt%£ L tz.
MEA 0. 01 t/h 210 Y/kg 21.8 MkUp = 0. 01wt%£ L tz

BFWfflSfp 10. 3 kg/h 700 Y/kg 57.7 &SbK*£> lOppm
PWffl$qPp 88.9 kg/h 1600 Y/kg 233. 4 #l@7K#(D205ppm
CW¥ ^pp 628.5 kg/h 740 Y/kg 37.2 M7K*(D lOppm

f$E Life[year] Vol.[m3] ## ¥PeW [mm¥/y] ##
LO-CAT#E - - 12,000 Y/t-S 18
ZnOtoE 2 53 0.8 mm¥/m3 21
CoMoxteE 5 27 0.8 mm¥/m3 4

4 27 2.5 mm¥/m3 17

t-hf-vivVt-iyt" teE 4 27 2.5 mm¥/m3 17
7?/-)i"ah5W£ 3 253 2.2 mm¥/m3 181

6. 2-5
MM* M F [mm¥] S#

TkE-fk* 0 9 A 15,500 t 120 Y/kg 1,860 50%K0Haq tfftKOHSS 25wt%t L tz
31, 000 t 121 ¥/t _______ 3. 8_______ SMBVol. = 46,500 m31 Ltz_______

r./K 241,576 t 14 ¥/t 3.4 H2,02 y rt'MTKl:

Orrs) 25, 000 t 53 ¥/kg 1325.0 -------- ------------- --- -- -- ----------

y y y 14 t 30 ¥/kg 0. 4 71m3/h, Me0H7y/HoldUp=15mint Lit

C02tl]lRXS
MEA 19. 5 t 210 ¥/kg ______ 4. 1 2127kmol/h, HoldUp=15mint Ltz

CW 62847 t 14 ¥/1 0. 9
BFW 10310 t 121 ¥/t 1.2 m#*?)io#a& t it

teE Vol. M 3X F [mm¥]
ZnOtoE 53 m3 1 mm¥/m3 43
CoMoxME 27 m3 1 mm¥/m3 21

27 m3 3 mm¥/m3 67
27 m3 3 mm¥/m3 67
253 m3 2 mm¥/m3 544
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a
2. 139

a (omuftmmm
200
300

Sub Total
Am•mm#

808
707 

1. B7B

400 ±^###xm 02

ooo ^
1200

9
10

Sub Total 19

BOO Xj^MMXS 1
700 1 100
800 J
900 41
1000 5SM0I1XXS 2

Sub Total 142

1100
1300
1400

T.fV:
Enmx/@i*i@

i
3
7

Sub Total 11
/-tvismstm

1 BOO y ^/-x-a-^xs i
081000 * 9/-xneie j

1700 7
1800 PSA ES 1

Sub Total 7B

iofmm
1900 C02[5]lRXfS 14
2000 i
2100 L 30
2200 [

2300

Sub Total 44

4. 007

228-



6. 2-7 w •

iIB m# • ##
am#

• ®S5S(Dry)
•
• XSffl*

«& • ama
• y ^ y/k

622 fton/m
458 =pton/m

10,107 =Fton/¥

2,000 =fton/¥
2 Won/m

e. 2-8

1B WE ##
mm

-
-

mm
- %;k

SfJ Wzah 
• fiESt

l, 500 ¥/ton
7,500 ¥/ton

l4 ¥/ton

35, 000 ¥/ton
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6. 2-9
Fsmm FS##2 ##

to* 100* kW 100* kW

HHV= 5, 429 kcal/kg 
##0# 3650

%*$#%#[%] 52% 52%
MM^r%i 75% 75%
m#y ^y-^rt/hi 228 228
^#y y y —^[t/y] 2,001,431 2,001,431

y f y #m#*[t/d] 6, 004 6, 004 1 024B###
#S#B# 333 0###[%] 91% 91%

t/di 1,867 1,867
A#y/ym##[t/d] 1,375 1,375
MWMSR] 75 75

1,375 1,375 1 02411###
11 11

1 %yiJM^^*[t/h]
[t/d]

78 78 1 024B#fM##
1,867 1,867

Amym^m#*[t/di 1,867 1,867
am# 1.0 1.0
m*yto^##[#R] 142 142
S^^Ayv^'-rMW] 360 360

3. 0 3. 0
62 62

BS)£i§:#W[{SR] 185 185
abuses:# rftm 2. 139 1,861 FS1 :¥10*/kW, FS2:¥8. 7*/kW

(^y^y) [#mi 1,575 1,575
19 19
44 44

/ ? /-;mmmm%um] 4, 190 3,912
m## *W#[R/t] 1500 1500

*m£ffl[-(SA/¥] 9 9
*#*y##[R/t] 7, 500 7,500

34 34
1. 4 1. 4
6 6

51 51
i(%6 (B^yyy—/W m#m#[R/t] 35, 000 35, 000

y 7878kW
RK#^#%[#R/f-] 0.6 0. 6
6W#[R/kW] 9 9
««*[kW] 7,878 7,878

[# A/^-] 6 6
Jfc&^fKtSR] 6 6

**#

AfmtftR]

##[#R] 2, 305 2, 152

##(7)1.4%
##(7)0. 77%
5SE#<7)3%

AfiJ 4.0% 4.0%
«$P¥$c[¥] 14 14

374 349
32. 27 30. 12

vmmmm 17. 75 16. 57
mm* mm 125. 71 117. 37
*A#^#+[#R] 549. 51 513. 04
750*R/A - 4^ 26. 10 26. 10

5. 22 5. 22 A## (7)20%
580. 83 544. 36 *m##(f)2. 7%
625.7 589.2

y y y-yvSBiny F[A/kg] 31.3 29.4
y y y—/vSiiiS^y F[R/ioookcail 5. 77 5.43
y yy f [m#####$] 76.91 72.43
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y 
f 

^ 
F [

Y
/k

g]

Factor

as# [fen]
$«J#[fSP3]
@e#[fsm
¥MS»[*P3]
> ^/-/VKSnx HR/kg]

0.9# mm 1.1#
3.732 4. 147 4. 561

45 45 45
521 575 629
566 620 674
28.2 30. 9 33. 6

3,000 3,500 4,000 4,500 5,000

me. 2-2 ###ty^



&WfrVfeXWiWMkfcWlfci/x'rJ*(Dffl%W}ft\\z.'3\,'X' #E#(7)^oM,^jC#(c jc^T#

gummu^o

7.1.1

B^^#M 200l^l^ 1

A L/bT h^gT 2030 ^(D%#&?# CT j6 «9, j; 6 ^

C^TNEDO)

^TV^6Z«>^^^$)6o

(1)

±m@m(D#m(c^, m 7.1-1

19, ##^@^^^-31:#^# Si - ^-Y^ h Si, m - VMk^#f#K Si^##±|#@ 

ti6o

#,#JS < #& L TV ^ 6 ±^%(D 1$ ,k A, <k!3 i/ U 3 y/</^^7 «k V ^ 6

^(D-e,#sif'K&)

LT#]^^^LT1^6o

#J%Kg#-r$)(9 , 2010 5000MW (D±^##^#Ai-6 9

(2) d&m#C#|o]

u-cjo 19, emsmcA^

-CV'5o $^L, #^#±Mm-et$T#T"E-;l/77^±|###,^##i^CdTe±|##m

6fb6 j; 9 (C7^ <0 oofcdo

±^m#(D^#[olK-9V^T^6 2:,BI7.1-2-BI 7.1-3 jo7.1-1 jo^ 1995

1999^(D^##(j:80.0MW-e 1998 l' 7y^##FLTV^T^ V

3/b, j9^S^±M%#iBA#"e$)6^:'k7, iX-Y
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—y# 1998W^ 1999^^^^!:^^^## lf^

«k, 1999 #(Cid:#^# Si 51.6MW 65%

i^Ta-SiM (T^r/vy 7 x is ]) n y) 9.6MW, Si # 9.5MW, a-Si/

Si#8.1MW, CdTe# 1.2MW (DM^'d TV

a-simt 1993#^#

Si 5IK3 CdTe MhMttfV ^Ifo] <h T VdQ

m^U(C^6 6 1998^%'em^m^48889kW-eA#:(D91%^^^T^i9, R 

495lkW, 177kW <h^oTV^60

1995 »9

(3)

±l#@#(D3Xh6L-C(l^^zL—###

3%Hc#6^C

9(:^5o

###^^0X^6^^ y M?(D 1999 #%(D±|#@m#%ld:# 7.1-2 

420 M/W—850 M/W

7.1-3 1983

#^(D 1,879 M/WZn^#ML-C 1998 ^Icid: 682 NED0#R±M&

Til 1995 #^%-C 580 M/W

m 7.1-4) 1999^#%^

AT81 M/KWh, ^##^30KWi/^f-^'r 94 M/KWh 6^K#

—c%zi.—f-y 

y#t®tC if 6 3 y h^ffifjt^- v^— 64^^, 9 ¥~

12^(Dg##^#7.l-5(Dj:9(C^^l:j8l9, i^{##%CdTe

CIS±|###, h^rV^ffL^ 140M/W^l

T, ^^d.-yi%^##$id: 10-15%m±^m^LT^6o 

NEDo. (%)

K"7^y^ (El 7.1-4) {gziyh'kyk ($S#,^X ±

@#### (#^) CO^e^cL—hid: 2000 140 M/W, 2005 ## 100 M/W,

2010^75 M/W, 2015##50M/W, 2025^^30 M/W^g#^^^-C^6o

^^^—/lx^###id:2010^ig-C 10-20%#^, 2030#i#-C30%^B#^^tl

-CV'6o

h PV (Photovoltaic) #%Tfd\ 2010##^C/ci.—yl/=iy h 75 M/W (^e 

^d. 40%J^±), 2020 50 M/W (45%), 2030 #1# 30 M/W j^T (45—50%)
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#sgSi: StvCV'5,
5 BiC, PV 2005 f *mEW%ICA 9 , 2015 f % 50 M/W. 2030 ##

25 R/W«T^B1Si dnrv'do
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—1
(GaAsJnP)

5## (CIS^)
CuInSe2,Cu (inGa) Se2,CuIn(SSe)2

6###Tio2

' T^-/l/7 7% Si^

ttipjf: SEi:IBSBcoSS t 3)

mi. 1-1

a-Si 9.6

^ CdTe 1.2

Bi 7. 1-2
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±i*
54,017

48,88950.000
47,048

40.000

30,000

20,000

=3 3:790
332 (-naiittffl) 

”°177 W&ft 
19981987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

mm

m 7. 1-3

7. i-i

m ## 19924# 19934# 1994 4# 19954# 19964# 19974# 19984#

R

m

tit IS S. Si S 265 261 180 180 157 187 -

Si ^ 100 150 120 184 65 122 -

a-Sigl 6,055 5,431 4,880 4,692 4,609 4,244 -

CdTe# 891 837 833 872 981 905 -

7,311 6,679 6,013 5,928 5,812 5,458 4,951

7j

m

sim 1,980 1,765 3,607 6,361 7,576 13,618 -

si g; 5,500 5,799 5,848 6,587 9,851 22,384 -

a-SiM 501 172 24 167 1,302 820 -

CdTeM 35 29 28 29 29 30 -

GaAs M 8 0 0 0 0 -

mt+ 8,016 7,773 9,507 13,144 18,758 36,852 48,889

ffi
%
m

si m 126 103 80 271 51 70 -

Si m 31 64 28 66 5 22 -

a-SiW. 623 50 52 96 77 116 -

CdTe§|j 0 0 0 0 0 0 -

/J# 780 217 160 433 133 208 177
16,107 14,669 15,680 19,505 24,703 42,518 54,017
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7. 1-2
m# (w^tc'o) ##

if 420—500 R fPD'7 h
(2)/hqrL—if 500-700 R /J>n y K i/y&ist?
O/J^ «9 700—850 R i #: doow )V) ^

<r»
®#SUffjC 850 R- i-f-ttaiasgs, d y h ittasi; 

X 5
3.6—5.5 K/l/

mm !)

7. 1-3

KW
w##

R/W
NEDO

R/W
1983 90.68 4,826 1,879 1,750
1984 90.97 6,926 1,315 1,480
1985 105.65 9,520 1,110 1,200
1986 100.94 11,140 906 1,030
1987 103.52 10,725 965 900
1988 97.33 10,101 963 800
1989 116.40 12,252 950 720
1990 138.42 14,570 950 650
1991 163.39 16,883 967 635
1992 155.60 16,107 966 600
1993 139.36 14,669 950 600
1994 148.96 15,680 950 600
1995 167.90 19,505 860 580
1996 190.36 24,703 771 -

1997 316.29 42,518 744 -

1998 368.44 54,017 682 -

1999 572.90 - - -

7. 1-4

(#{6 : R/KWh)

1994 ¥ 1995 ¥ 1996 ¥ 1999 ¥
(4KW) 125 — 140

m7oo 70—90 81
<&### (30KW) 234—255 131-194 120 94

mm

4KW A : ^@3 % h 95 ^R/KW, 10%, 15 #, 12%,

^^#(7)^# OR, #Jf#4%

100KW A : ^@3 % h 110 ^R/KW, 10%, ]gi#s## 15 12%,

^(DftW^OR, ^IJf#4%
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7. 1-5 x#+t@(Dg##

(#3^

^i/a-zl/ny h 140 R/W J£1T
10%1^±
90X90cmJgl± 40X80cmaJ: (7 1%^-XX/W

Wfewt CdTe *1##*^ i^-yKDRit&MIS
l/ny h 140 R/W blT

13%Jgl±
—ylxif^T X 60 X 90cm a h

®cis
' : 16%1^± (lOX10cma±)

• ^i/zL—sls^x b : 140 R/WWT
' : 13%a± (30X30cma±)

• ht^ZL —(ZMR)
• ^-v^—/l/nx h : 140 R/WJ^T
' : 15%J^± (30X30cml^±)

-mmmm&wimm (77 7
(10X10cml^±)

' T^/^7 7 7. Si/#$&# Si #I#/W X 9 v K
. : 14%J^l± (5X5cml^±)

- Si ##/X- h Si
- : 14%^l± (5X5cmJ^±)

• #$n# Si ##
• ^Xzl—/^^### : 14%J^,Ji (5 X 5cm J2X_h)

• -7^ 1? uMJt
- : 14%1%J: (5X5cmj^±)
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##12000# 12010# 12020# 2030#

l|£bb 
^SnggSi

a-Si

CdTe
CIS

mm

HI-V% GaAs^

pycoamm#

| ##10—20%
K|l40R/\^: (100B/W) (7^B/W) (50R/W)

fg *AhP &{£§"....................

##^(4= : 100MW/#-7^

'A,
!\

30%

(30B/W)

\ ##40%^± 
\ (75B/W)

^ ##45%
\ (50B/W).50F

Tm

#%45—50%

(30fe/W^T)

(50B/W) (25B/WT)
mm \ ;

4 A 4 4
88^R/kW@g 37^m/kwmm 30^n/kWSS 20^R/kWSS 12FR/kWS$
70R/kWhBt 30R/kWhg® 25R/kWhfM 10~15R/kWhES 5-lOR/kWhSS

mm# («#!##,
5.0GW

m£-m£-mm±

23—35GW 52.5—82GW

mf: t

gi7. i-4



7.1.2

* 6

8**£®iS-f"5*;)s$«7?fc.5 - i

l#l, *i£, —a—y-y-y-rx ^l+E^coTkWfilfflHBl^ V —y^^/vdf'—->xtx

(WE-NET : World Energy-NET work) 7 D v:c 7 I- 6>- 7>- 8> > LT, #71-7)$#7;*

#v± 9 s t & 9, eiw**®iss#f^aE sn.

SEM58^ffi$|c:ffbtLTV'd„

(l) *w-yx#A(D®g

- SEarx* y TkeiWttfigSExfc 9. @

M38 fc ffteET i' 3 #30*

• fifiST/k* y XtylWti,-

• wa • unary* y *®4z’1

:***

*m{b*

-SSXflHbSf

TSSti*: LT7)7;V* y*eiw?*it, H1St|t*©W*T^^x 

t***## y (koh) &25%e®B6qu 7ii$Ei$e«t$iflC5 7 7

-5 7 $/# ffi¥#lt8ES#co*S*7i^r/v* y

7#y**®ifi-f-5$S-i7t)7to)!ica$fiJfll5nTV'5„

i#£ • i*»77^ MlElc-ftbyitE • BhfcttSr&SLfc^y
y »x#-#$7Dy|##e;#i'57#m • astor/w yzko®#esT#Bic

Bl*iW»EeAI**eiWi£ii, X^ySms^lSEja-meiWiri LTfflvx 
lc®$$S-S-L, 5t7)?$)5. Ut^or, 7y7ty7isggf, @1#

775. ^roSSSEtt, iai$’B$L. »7p|a* 

LTTliE5tu£<fiJffi5iLrv'5„

aft?g5gi7W?EM?s^iito6iLTV'5@#:eiw*aMe*&®

rlftlS (700~900°C) $*#*$«## 
5„ 7k##l7X'3%®M7:$-/!-$'—7)—§B*r#k3:E/7^r—$i#l/\ e#C0a X h SrTlf 5 

7i^i»iLtt'5„ =m %mA)»uy

SS7#x:ibti5¥Ka®AfSS*)itS7#5E%^igtJ,^c>t#ffldnrv'5«, $$'% 
ffi#©ai®i7ii*<, *^ft#f«w9gwi@mi7fc5,0 

7Efc<»:*:MroSll)#iiiSa-f 5, t# 7.1-6 (DX 5 lcftoti'5, we-net <n*
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ca, nmuy Lfcwj-mr^*yTkeiwss^yy

hrr^jvi^-xbSti: 64~75%@S t#$6tLTjo 9 , *7.1-6 J: 9 9 ffiv 'lit fto

TV'S.

(2) *#ffilej;67k*®ifi=>y h

NEDO Xrtix I/f<Sfl|ffliai?r. ^ 'J “>J.^/^-y7.rAgi (WE-NET)J 7 n 7 z 6 

HC J; o tf« 9 12 ^$(0 4 ¥W (eibfc o T@ffiS5>?-*AIK**)W#ii<y **

®i®i: 300~32000Nm3/h<7)*fflSSle4;5#EE&RI+**!S-td ttb te, T/V* y 7k

Z(0#e#&'f'5le7k#:#^^TAwEg&#mf 6 6, aT®±9 te%6.

17.1-5 icy/ix* y/kSSi^yiyc—*, 0 7.1-6 legKtSi^EeAi'RTkElW&roy d —

7k**K$-t-6xe<Dtt»tti$ 6 h x
0 7.1-6 ro@f*iei^y-*#*7k**&ie J: 6 lOOOONm’/h ffi#HJ7 7 y h©E.-6:EI+ytt 

TkSSS^y h Sr* 7.1-7 (7) J; 5 leltS LTjti V , *St*S 2.5A/cm\ 120©, t

/Ixfffl 120 *P56 L/eB#(Z)7k*®ifi3y Hi 28.4 PJ/Nm3 iiotl'5, |sl*75^fci)7)' 

6ttsV, 7k*®jfi=x He£is6a*fl?ffl*ij»ti73%teif L-risy, #%#Ale i-^y 

7k*«&^*iS < 'XmtZ e t £7 LXv '60 

0#e#xii, M:*M6 Lxmmaa, t/ix##, 7-f 6 Lxm%e

SX'SM Lfcfe*S-@ 7.1-7—0 7.1-9 roi 5 le^LXV'6.

/£*=, T/ix* y/keMSiei67k*®ie=^ hrol*OTi|li|iro6Syii/©S;ixXV'ftv'

W?*i y«iirv'5t)<7)to, r/ix*y7k»Hi!'i(ift»4»yfc6 6H5fU/S^fc6y>y'Sa 

ttroS/S»'6liT/v* y7kef>if-?iit)*iLTV'6 6 LXH5„

##ie, r7k*fi)fflHlS* y-yi/k/Edf-nxxxftff (we-net)j in-yi? Ft* 

li 4 fmteio*5B###fm#m7k«#&yE&mi-?)*M&6 LTZkroH.'S7)$S«5iL 

TH60

® -tr/vSE, *«c8i$, iil5?B8, iHGE*ero»^*<*lei5V'TiieSFtfrtroSiR

6»sa$ ux

© ©yy HSMSleiibf, «*MfceWSE^/k*®® = x He*# < ®S4r&iE' 

ix ifdiot, *«Hf©-i?/ix*E*iB]±S-&6e i^yyv

© -fe/ixoffite, jtmsSiei 6-f, 7k*®i6WB*ftiS{bt-5SS8:Sas 2A/cm2~ 

2.5A/cm2 <7)Mle#E®6o

® ESiSI+rottSlBlEieit-fe/uoKiefite, l***©-©Xfc6„

© 7?y P/©lx4r-a#ii#%#yx)#*^at * # v x
© SSESlt^0- 6 t-E!i*®ms.Sro»v '©z)$y7 y h ro^/ixdr'-aspttieivx
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ir;i/SE 1.8V (Wfflffl 9^ 82%) £jf$c LX^RMk&tiXte Y) > 1?/KD

LT##(c^6
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7. 1-6
@<*i*#E*WK8

3S0 T/%#zkE# T/i'X'jTkMM tKSS
80 120 120

SSEA[ata] 1 — 5
SM®[A/cm2] 0.175 1.0 1.0
SfifSE[V] 1.75 1.8 1.72
H2^'x^S[%] 99.8-99.9 — 99.999

[%] 82 81 84
4?/uffiH[m2] 2 — 0.16
y7ybW*[Nm3/h] 750 50 0.65

m m
Norsk Hydro 
(//>[>:&—)

CEN-Mol *KlX6#r6f%9r
(B*)

1999^1,8%

(#) (ATOMICA)

i^ 7 . 1 — 7

(@m#^ 2.5A/cm\ 120T, t/U## 120 ^M)

## ¥#
(ssn) (Fl/Nm3) %

1,739.51 21.7 76.6
E#¥@A (kWh/¥) 332,624,000 5 ¥/kW 1,663.12 20.79
Utilities (W¥M/¥) 76.39 0.95
@E#/J¥+ 396.32 4.954 17.5
(1)#@###

1,991,273 10 ¥ 199.13 2.489
'##, E¥s &# 186,500 35 ¥ 5.33 0.067
(2)BS8EtK 0.7 % 15.24 0.191

:%##?) 0.6 % 13.06 0.163
(4)### gx##(7) 2 % 43.55 0.544
(5)A#=# 120,000,000 120.00 1.500

135.01 1.688 5.9
isii#w 5.2 % 113.24 1.416

(2)-Kta# 1 % 135.01 0.272
28.4 100.0

tarn: y-y^^/v^-^XTAK#f (we-net) 12 ¥$w^s (nedo) 8)
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Oz : 75.71 kg/h
Oxvgen

H,0:1.63 kg/h
Pure

H,0:3.27 kg/h
Pure Water T ank

Pressure Regulating 
Tank

Transformer

Hydrogen

Rectifier

7.2m'/li

Electro I vs is Cell Pressure Regulating Mist Eliminator Circulation Gas Holding Tank
Tank Tank Pump

ttiPJi : (WE-NET) W 12 (NEDO) 8)

my. i-s



t\D4^cn

<D

@7. 1-6

KD

<5)

***#§

ttiPJf : zKSflJME^ !i(WE-NET) 12 (NEDO)
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7. 1-8
#n- 1 2 3 4 5 6 7 8 9 10 11

#zk

SA
Kg/h Wt% Kg/h Wt% Kg/h Wt% Kg/h Wl% Kg/h Wt% Kg/h Wt% Kg/h Wt% Kg/h W(% K^h Wt% Kg/h Wt% Kg/h Wt%

BtO(L) 18,015 8208.4 563528 82083.8 82083.8 80425 48255.6 23,4826 2249.6 43,6465

8208.4 563528 82083.8 82083.8 80425 48255.6 23,4826 0.6 0.6 2249.6 43,6465

h2 2,016 8995 162

a 31,999 7,1426 75.6 7,1426 75.6 7,1426 992

cc>2 44,010

n2 28,013

At 39,948
h2o(g) 18,015 23042 244 23042 24.4 552 0.8 4,6085 83.7

Kg/h 0.( 0.( 0.C 0.( 0.6 0.6 9,4465 100.6 9,4465 100.6 7,1975 100.6 0.6 55084 100.6

mt 8208.4 563528 82,083.8 820835 80425 48255.6 329285 9,4465 7,1975 2249.6 49,1545

:m M3/h 82 588 855 85.8 21125 1,0842 23 4225.6
Nm3/h 7,865.1 5,068/ 15,7302
Kg/m3 9982 9588 9553 9565 9923

ss °C 20.( 99.1 1035 1022 120.6 120.6 40.6 40.6 120.6

i±jj MPa 0.44 0.4 0.4 0.44

Kcal/kg°C

Kcal/h 164,5202 53902426 8502,4732 8395,710.6 4504,1883 1,681,8405 339874 89,883.7 8595,4385

MPa 0.196 0.196 0.0098 0.196

Kcal/h

&) m 7. 1- 6 <D7n-

ttiPJf : zKSOTISI^ ]J (WE-NET) ^ 12 (NEDO) 8)
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12 13 14 15 101 102 103 104 105 106

/n&H*

se HJitoK

Kg/h Wt% Kg/h Wt% Kg/h Wt% Kg/h Wt% Kg/h Wt% Kg/h Wt% Kg/h Wt% Kg/h Wt% Kg/h Wt% Kg/h Wt%

HzOCL) 18,015 4,4981 48144.4 260,774.6 260,774.6 519,1742 519,1742 17,8702 17,8702

Emit 0.C 0.1 4,498.1 48144.4 260,774.6 260,774.6 519,1742 519,1742 17,8702 17,8702

h2 2,016 8995 163 8995 89.1

Oz 31,999

CO2 44,010

Nz 28,013

Ar 39,948
h2o(g) 18,015 4,6085 83.1 110.6 105

Kg/h 53084 100.1 1,0105 100.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Wf" 53084 1,0105 4,4981 481444 260,774.6 260,774.6 519,1742 519,1742 17,8702 17,8702

^E# M3/h 4225.1 2,1686 45 50.1 2621 2626 521.7 522$ 181 181

Nm3/h 15,7302 10,1375

es Kg/m3 9923 9ti4 995.1 993.1 995.1 993.1 995.1 993.1

m* °C 120.1 40.1 40.1 1125 320 380 320 381 321 381

E^3 MPa 0.4 04
Kcal/kg°C

#!## Kcal/h 3349,4835 679655 179,767.4 5,425,7225 83443625 99028327 16,613,725.4 19,715,479.0 571,852/ 6786162

#ME MPa 0.196 0.0098 3,101,7503

Kcal/h 1357969.8 106,763.7

&) m 7. l-6<D7v—<DVoWltiL%.

nm : y-yx^-^rASif (WE-NET) 4:5% 12 (NEDO) 8)
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7k
St
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R
/m

3)

*a$S(A/cm2)

07. 1-7 ${m$-S$EE$EfblcJ;5*SWB

■b/nnfflioo^n

•bJH*Hl20SR

0 7. 1-8

1.0 1.5 2.0 2.5 3.0 3.5 4.0
e$W8(A/<V)

0 7. 1-9

&PJ1 : y — (WE-NET) 12 (NEDO) 8)
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(pvtec) %% ii

2) ¥/«ii¥*=-=.-f'Vv'-r^vfHBi58*«©*«®ft

»iSe*smK#TK= = -ify-y W>!+M6ii*8is

Srrc^/vdf'- •

3) fWI$*6B®?&colE8l i: JEffl

w9E*i^-e» ¥« n ¥ 3 ^ 20 0

4) PVTEC — a —X 2000 Vol.33 7 fl "

*l»3tl8«S«W?EiI^ (PVTEC)

5) *E31^/V4r-¥E ##*#*%# 1999 ¥ 1

(it) PA (atomica)

TkWtMHISt' g-yi^Sf-i/XfAg* (WE—NET)

6) ¥f£; 10 ¥$#-§■• ¥fi£ 11 ¥ 3 M (NEDO)

7) ¥fi£ 11 ¥*$8®* ¥fi£l2¥3t) (NEDO)

8) ¥fiSc 12 ¥$#¥• ¥l$ 13 ¥ 3 t) (NEDO)
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7. 2

7.2.1

5S*E<bWJ-efcdE*, TkSSto a;'lci6fi7:«toS -ti: 5 r i: k: t 
y, 7k*, Ti^y, -SHtR*, 7kSI«tofc'-e«fi85ti7cnTStt^'^£4y$
S-e-dtrot-fc-B,

z&mk ltmscji mm) t/TMtsa^fc-So 
it, rSio 5 ^pyga®a»i:»i, k

fS^-fR'fcA, tftiwmit*at%0, Kir, tO'x-MffN/)*
Si?B. (HOO-lSOOt:) t^a/rA, 5R'Pt:'aitl5£k»*gaS-tt5^ i^BrtgTJfc-So 

-aiti5#**4*^i§itR4’tcWCSAAibtir 
fcffiLTV'5„ ffio-t, a?fSS|ltl'xftSSIir«a*-C»«i«ttl;fc®tL/c«Ktfx-|tlS 
B"efc-5„ L»«L, ?K&A&-eSe6*5^Alc^*'xt#iat%6. $7r, %.!&%' 
xtHrtt, 5®»SjxtESr%igL8:iLTI^®#L7c*Kl£roS*, ^St^lr-a itiSR#, 
JSftttro-BIHkTkS, Ty^-r^WStL-tV'S, i500‘C«±ro,Ssrotkffi-e*5 <k, 5

7ki'4i©*gilcft*1-5/c;AiroW#Kit»*^£> 
St/j:ot<5„;©J;pt5^t«a*) *#0 Wlrffiffl-T 5 /rAlrit,

*8Wfcjfcc.fc#x*HH»$<5-e*5. MP4, 

■tirdt?'xS®^ie)t-eer6->x^t,fM^$*5tiTV'5„ I#a*®M^@Wi:-r67c 
AIC*ma#^*V^7 ^ 7 ^ 7 ^ 7lxf1 A\ iSjfifliffiT-C'ffiffl-f
3/tA, -fc7 i yty»t*roSiL^fc9, ftHSfolMSirisaitAffiiitt

^rofcA<D'>x7t,(oecS7)s#/'cnTV'5„

S* tti"f <ox?, 4fiS,t/7.idHj#-f-5#Sl:lt»itll)SSfE$j; *) '>*< xsS,-6z)s, 
tc|a]#f 5#mit##^*LV' 3y m «T©fit®/Ss#V\ 7fflt7''5 7nye«fa® 

6t A ir it, ##A*f @#:icsit6m##a;/k^<, ##ir 
f < *5 <b V' ? R^IC'd/j^^ *fc, KBWI t

APnlH^^fc^o & 6ir, /<7"7 ^ '#^-, 7 7 7V^rogaS*
(9 ASJp-< Tfe<3 , L&f?9g.#^A0, 7 4"7^^A##^@< M
H5rtex-cv'5„ ^rnis.mm&inirxibix(L-m'bay$t-5#7;)>6,

:ii IslueicSie^fT 9 #7*!i®7"n-tr* y
kA-y7xAfjB«)4sa*tlTV'5i Z6X'h6v 
*&, Wffi, ilS#H«A5R#^-ftSfE**^4fi)c-r-5tf7A«®)£tcioV'-C, 5K 

5, mmk, t^R, 9A, TkEfk/^y Rg?/^y <>A, mfky^yy^,
TkSSfty y^a, -t?7< y y y*, -fey y h<Dfb£-#i;<>:‘‘DSltKt'-5;5*-5VNt;&A 
S-S-tirov'TtiTl^KStffl j: LTt/xSit^ 1000°C&#A&5%#'^lr## -ero
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'4k 9l\mm-t &# * {tRjss®raj ^e> a # m ut * y y & *# u it **h 

5*. 81M ^pyi>6SWt5#^^wiDX7y*i<Stc##K*tKffi*lslBtlcff 5

<&$M#PI¥ 8-41467)

Sf,l;> J;dE^<y#PE^(Dia**ffli$iJt"5ft Alt. 5S^^<bFl*l5r±T
2 Slc^lt, b/beroSHtiPJ.

icj; 0. T&it'tZfilx’Pnmfii'mM-r&colz+fttilB.g.kteZV^ZiL. ±a-ei±R» 
*Sitd-tir*V'fiSici-5r fclr jL^E^ro'JpS^roia^SrWJ-t-Bo tjtlcjzy. Ero 

/\y KV y^'i:^'^<t:ro6i8b*6PE)5:E5r jr^Bl|gi<£5<bV'5yn-trX't)IM%5jir 

V5„ (*&*#* 97/44412) $fc.

LTSIt ibixTV'5) t £
/SSPJflroft'xe/yyft<t5rt^t-#. %asEfty(by^yyem^%lt/j\%E6 

ti7)l"C#'5£t/''5E#fty l) y Ms fo 5> „

-|Slc5E^'^{b7‘n-trxtci±, yy^*, «®8*y $ivT V'5„ Ztibcotf 
x5>e. #®$etri±, MtoSEsiroKiSSB, E^fty<bftyE<D®Mfty<» 5)1118*.

tnBEmftftxyMt • mmmmt u-m. *#*. sieete. %%&
/(5 <fo/5o

(i)

iSSl/Wiilt. ft'ySrEB, %£PLT*fbAt. «^Ol5rflLt^it5*ST-{) 

•9, ft'y5>81ftffrK>ET-*:t,B*c>*V'fe<0't'fc;5=
ES/tES. r y^e=rro J; 5 KBESSy SmEroy/x it, WitoEttft'it-eSS 

CSfttlS. A\ **. m*. E* ft £'ttBEfiS7)'i@toT16v'fc»$<b Lir < vc 

iiBroft'xroSibl^ll, EttLftyfx^ESyBMd-ti-, ffiWSiti: LT, 5 fctcrtiSrS 
PSt2tHJ;oTtt}3ix52i^V'„ bTI4, S^tit^ro^EfcX^

fti»»|5]ilx, yi ^ySrKft'y^^ro—MEWroBflxftfc'^fcd^, AMt 

$6tlftt)(Dfj;EyiB$,5>ro5>Sl7?*>5„
E#£##*e#E6t<Dft'k6. EfUiE* (78.09vol.%) £ 

K* (20.95vol.%) + f It. T/Vdy. Z»-fbE#.

EEy, ^y ->a, y yy by. ftt/y. yy'yftE#£ 

ntbWdft -®<7)iS^«ft'f±, *m*&E*E#*E6ft£^m* 
ftw LftU *i£t?li, «(t-^#Srtty®1-y i Iciot, »Jt 99.99%»E*£MS 
99.95%ro@?X6E-5t: £/)stti*-5„
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(2) ##*
(##S1) Z##S-tir, «#Sti>*V'T*»o 

fcXx SrgiJoSSI Z# VfcSI-:, ®#Stv"CV'dlfx5rS$S, E*SS4:fiJffl LT, UK 

# § -& -5 r t f: ± 9 -5 -efc 5„

ffit##Sxi: LT, L t~- ij X>li Thermal Swing Adsorption 0@.8;X r7 Y X X#

#) roSje^^toT TSA irUSfirSESo X^CDSmvitrfxRV1^:?)? y? (D&fim 
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7. 2-3 5fttf;MfcXt>*S*f»M(c|?rf5#ffF;»

No. toEA w«##

1 ## 97/04412 msiieupm #E5F 09-541993

2 #88 2001-152170 #E5F 11-339023
3 #88 2001-149731 #E2P 11-341161
4 #88 2001-123184 ait» #E¥ 11-308592
5 #88 2001-107062 5ft it * ftSy iz i 5 mmse #E¥ 11-288291
6 #88 2001-059092 /<y=z y ^ B3^# #E¥ 11-234880
7 #88 2001-059091 /<y=: / ^ B 3A^ #E5P 11-234879
8 #88 2001-055586 /<y=r / f B3^## #EIP 11-231796
9 #88 2001-049268 5ft^'xft:|$«icj3ii-5l6ft*i'iS.UiSe mmumm #E¥ 11-223817

10 #88 2001-046878
^7 • / — y* A ^ -v -jy h
m

#E 2000-166638

11 #88 2001-040374 /<y=[ y ^ B3j[# #E¥ 11-213090
12 #88 2001-031982 #E¥ 11-204693
13 #88 2001-026787 #E¥ 11-198761
14 #88 2001-019527 ES*RW #E¥ 11-190480
15 #88 2001-011476 /<yzi y ^ B #E5P 11-182663
16 #88 2000-355693 #E¥ 11-167215
17 #88 2000-345174 5ftSyWg«S7 y h&iFeroiBGti/i£ mBumftm #E¥ 11-162010
18 #88 2000-328074 /<yzi y ^ B #E5F 11-113731
19 #88 2000-31 7244 B###W #E¥ 11-129803
20 #88 2000-303804 #E¥ 11-116513
21 #88 2000-303080 5ftSx-fHie #f B #E¥ 11-113731
22 #88 2000-303078 SSSx-fcT'yy hro^-mzse /<y=z y f Biz:# #E¥ 11-113255
23 #88 2000-297610 MBffiKfFgir #E¥ 11-104865
24 #88 2000-296342 5ft#;MbSB<7)X7 y## o -/ix Sr 0 *Ei8M #E¥ 11-104516
25 #88 2000-291411 MSS #E¥ 11-101429
26 #88 2000-290668 HillfjW #E5F 11-103500
27 #88 2000-282809 //<yr / Kf-^r H MSS #E¥ 11-093878

28 #88 2000-248908 MB&#ffBf #E¥ 11-046716
29 #88 2000-246046 S*«#M #E¥ 11-055201
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No, itifEA tmES^

30 ft Ml 2000-227205 hsuik ft E? 11-028150

31 2000-225183 ftE? 11-030925

32 ftM 2000-212518 ftE? 11-011263

33 ftgg 2000-192382 ;n#m%w ftE? 10-368672

34 ftHM 2000-192381 jn#m%w ftE? 10-368669

35 ftBfl 2000-178567 m a ±m^m ftE? 10-357223

36 ftUrl 2000-121007 ^ f ^ ^ T A m HSMIHW ftE? 10-290223

37 ftM 2000-120445 XR#x{b#e*«yxirA (#*% ftE? 10-294355

38 ftBfl 2000-119666 5j Asexuw ftE? 10-295108

39 ftBfl 2000-111032 ftE? 06-159518

40 ftBfl 2000-093735 ftE? 10-265898

41 ftBfl 2000-093728 ^^eK^iSStF^roSE ftE? 10-267914

42 ftBfl 2000-073706 (fmcs: ftE? 10-243274

43 ftBfl 2000-053980 smmxm ftE? 10-239466

44 2000-048844 HilHW ftE? 10-212650

45 ftBfl 2000-033222 i; jr ^ K ftE? 10-206282

46 ftBfl 2000-027659 toBxtKfmf ftE? 10-200075

47 ftBfl¥ 11-349951 £|HW ftE? 10-172120

48 ftBfl¥ 11-314902 **A'x»«roiiiS&v^ro®®AS ftE? 10-161284

49 ftBfl¥ 11-300172 ftE? 10-131296

50 ftBfl¥ 11-279569 5S»x^|$stcjoi£5^'x{b#pc>)pf*t*ia # B ftE? 10-080771

51 ftBfl? 11-279568 StB*®EW ftE? 10-079996

52 ftBfl? 11-279567 #T B #### ftE? 10-079995

53 ftBfl? 11-267450 #^xtt®*?£S.t>*E59'^#SSE (##AA ftE? 10-078082

54 ftBfl? 11-257094 *asM*w ftE? 10-064983

55 ftBfl? 11-241076 tffi 0 irKfBJr ftE? 10-044856

56 ftBfl? 11-210412 $S»'x{l;%*iyx^A<7)a#8e TOSS ftE? 10-032377

57 ftBfl? 11-190206 ^ewx-fbW'tgy? y h W*$ ftE? 09-357337

58 ftBfl? 11-189849 *SC*A(ffl ftE? 09-358041

59 ftBfl? 11-173112
5S#^ft=^'i’ y FW^rtt^7yS^^^rSf^EFJi ftE? 09-340339

60 ftBfl? 11-165033 /<y=i y f B iZ:# ftE? 09-335291
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No. btiSA mm##
61 ftB0¥ 11-165033 /<y 3 y y B AZ:(^ ftE¥ 09-324388
62 11-148313 hro$msE tffl)K2 ftE¥ 09-329722
63 11-140465 ftE¥ 09-313080
64 ftlM3? 11-140464 /<y=; y y B Af# ftE¥ 09-302592
65 11-137942 Bummik## ftE¥ 09-308999
66 ftBB3? 11-128659 /<y3 7 ^ B AZ:#| ftE¥ 09-299932
67 ftB0¥ 11-104472 *s mmmamM&vn ftE¥ 09-306321
68 ft|PI¥ 11-104451 ftE? 09-287864

69 ftMW 11-082063 WC2 ftE¥ 09-239738

70 ft 11-080760 »*x«®BB X$SXW ftE¥ 09-249720
71 ft^? 11-062622 (#E2: ftE¥ 09-226606
72 ftM¥ 11-061156 ftE¥ 09-229077
73 ftBflsp 11-057402 #;**l®*?£&tM;tfl?®BB =$SXW ftE¥ 09-231710

74 ftlJ0¥ 11-057397 £S1X« ftE5? 09-164429
75 ftB0¥ 11-035957 mmm ftE¥ 09-211361
76 11-022485 (WBi-KffXJf ftE¥ 09-173498
77 ftfwl¥ 11-019468 HE1XW ftE¥ 09-196530

78 ft 11-013420 XKtfx-ftitiB-SSeBB ftE¥ 09-172261
79 ft^? 10-331606 XJHA#Sx*tm ftE¥ 09-140123
80 ftP^¥ 10-330767 /<y=i y y BAT# ftE¥ 09-140205
81 ftP^l¥ 10-330767 ftE5? 09-142066
82 ftPJ¥ 10-330767 ;tf*#r®;fy&8.mEB ftE¥ 09-133883
83 10-316978 /<y=( y y Biz:(## ftE? 09-130928
84 ftPw1¥ 10-311502 /<y=i ^y Biz# ftE¥ 09-122339
85 ftM5? 10-306285 /<y 3 y y B iz:^ ftE¥ 09-116733
86 ft HU3? 10-306284 /<y=i vy y B Af# ftE¥ 09-116750
87 ftBflV 10-299507 mb ±mttm ftE¥ 09-105721
88 ftBBV 10-299420 WB&KffBf ftE¥ 09-105804
89 ftBBV 10-298563 /Vzz y f B AZ:W ftE¥ 09-112592
90 ftBB3? 10-298562 5S*,^'fkBB&Oi;eroS$iWroge*& maiLmim ftE¥ 09-105803
91 ftBB¥ 10-298561 #^Yb#^-#«BB& oyyjfe y y B^(MI ftE¥ 09-112574

92 ftBB¥ 10-290912 /<;/%, y y B AZ:(t# ftE¥ 09-101388
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No. ttiHA am#x

93 10-287885 t#E¥ 09-098930

94 ftBPW 10-279959 SrB*®$IM ♦#!!¥ 09-097938

95 10-279956 ftMW- 09-091032

96 10-274056 t$E¥ 09-079553

97 10-273680 Sr 0 #E? 09-078434

98 10-272333 invjj y (# #E¥ 10-018925

99 10-266871 ftMW- 09-073768

100 ttmw- 10-265785 Sr 0 *M»(W 4#E¥ 09-074258

101 4#BB¥ 10-265784 Sr 0 #E? 09-072493

102 10-259910 m 0 *#E¥ 09-066154

103 10-259387 «0u®^9f #E? 09-066155

104 ft MW- 10-259386 W 0 *§W0r #E? 09-066152

105 iftHrW 10-245202 W0*®«0r #E¥ 09-063830

106 4#B0¥ 10-237464 /<y=] ^ y 0 ^E¥ 09-043813

107 10-237463 /<y=] 0 #E? 09-038863

108 10-212487 *#E¥ 09-016279

109 ftMW- 10-205353
y >V'st.=th.<nWX\1fi'1kTk

trsm Ji|iWSX($) 4#E¥ 09-022002

110 4#B0¥ 10-204452 /<y=i y y 0 tz# #E? 09-012322

111 ftMW- 10-204451 /<y=i 0M:^ #E? 09-012321

112 #IJfl¥ 10-204449 /<y=i 0^W #E^F 09-013774

113 ftM¥ 10-194704 (#B*®ifl@r #E¥ 08-357782

114 10-121063 XKA'xftiSB H$ei3tto #E? 08-276031

115 10-114503 A'xf#®*?£&o^:h,Mv'5®e A|is)li< SAW #E? 08-267569

116 4#SS1F 10-114501 *|s]l$< SAW #E^ 08-267570

117 ftMW- 10-110937 Hiliil 4#E¥ 08-266037

118 ftMW- 10-085588 0^:##W #E¥ 08-246235

119 10-085542 »*x#KSg #E? 08-244994

120 1#B0¥ 10-082330 y MIMB W*2 t#E¥ 08-255295

121 10-076127 H &##%## #E? 08-235536

122 10-017873 W 0 a®ffgf #E^F 08-173287
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No. ttiJEA a«#«-

123 #fp]¥ 10-015334 #E¥ 08-173437

124 ft MW- 09-328690 #E¥ 08-148893

125 #1^ 09-323017 0 #:### #E¥ 08-146033

126 #M¥ 09-316462 #E¥ 08-133470

127 #BB¥ 09-316462 #E5F 08-131943

128 #M¥ 09-308872
# 7 ^ ibi" 5

ABB R Li #E¥ 09-016194

129 #M¥ 09-279163 co2Bj55K^xffc#iS-%e->XTA #E¥ 08-089700

130 #M¥ 09-271625 smmzmw #E¥ 08-079867

131 #PI¥ 09-268904 WBiJWir #E^ 08-081324

132 #M¥ 09-235571 XRA'X-ftiproXy y ypflSJWIStoiS #E¥ 08-042839

133 #F*W 09-228807 ^ ^ ^ ^ ^ A #E¥ 08-038356

134 ftmW- 09-227879 =fiX*W #E¥ 08-031890

135 #M¥ 09-221688 #E¥ 08-026560

136 #B0¥ 09-221686 HililW #E¥ 08-026563

137 #BI¥ 09-194970 *|r1S6*M #E¥ 08-024795

138 #IJ0¥ 09-194855 (ffl g&### #E? 08-004055

139 #BB¥ 09-194854 /<y=l 0]A(^ #E¥ 08-010594

140 #HU5P 09-176652 #E¥ 07-336706

141 09-157665 Sm*®M #E¥ 07-323334

142 09-157662 H#*X*W #E¥ 07-321575

143 #E¥ 09-132786 #E5F 07-289733

144 #0B¥ 09-111256 #E¥ 07-270361

145 #HrW 09-104878 HfSHW #E¥ 07-263105

146 #SB¥ 09-103688 0 #E¥ 07-262753

147 #HrW 09-100476 HEemiffl #E¥ 07-255031

148 ft MW- 09-072544 mBinmim #E¥ 07-22623?

149 ftmW- 09-029057
x'tm^yy h

W*2 #E¥ 07-18244"

.

150 #BfW 09-000853 A'xttKSB h$ii*w #E¥ 07-157689

151 #^fW 09-000852 Hseisw #E? 07-157683

152 #SB¥ 08-503253 i®'f4ffi$g$^"x-fb8g #E¥ 06-515976
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No. tamA ####

153 08-326554 maimim #E¥ 07-131621

154 08-295890 Ham#* #E¥ 07-099356

155 08-283750
{kP&if

#E¥ 07-081593

156 08-269466 #E¥ 07-071332

157 IJfl¥ 08-246813 fm0*«ffi?r #E¥ 07-050795

158 tSIrW 08-222493 ($) 0 itMiffif #E¥ 07-024231
159 4#P*W 08-209156 K&UfMW.pffl V y? f"<~T HiHIB #E¥ 07-015777
160 08-199176 m-ifciMfiixm-ikiP ESSI1W #E¥ 07-007191
161 08-188781 #E¥ 07-001870

162 08-173742 tfxflrSEg&ttoifc #E¥ 06-325277

163 4$ 00 ¥ 08-165534 #E¥ 06-309075
164 4$00¥ 08-165479 _=:##%#(# #E¥ 06-308744
165 08-159441 HfSIli #E¥ 06-303465
166 4#!p]¥ 08-158890 W#jK2: #E¥ 06-304114
167 ttmW- 08-144784 #E¥ 06-283033
168 ttmW- 08-104883 WairKftHff #E¥ 06-241132
169 4$00¥ 08-104882 iJy ik)F a 7/' X it MA P0i®Hf3r #E¥ 06-241003
170 4#00¥ 08-092573 fffi 0 &Kf#T #E¥ 06-226223
171 #§0¥ 08-081687 #E¥ 07-261680
172 08-073869 #E¥ 06-212609
173 tlUrW 08-068301 (IMS #E¥ 06-205504

174 #00¥ 08-060337 '£{mmit£Wz-fc=A?yRibA?y-g-ikk #E¥ 06-212126

175 4#BB¥ 08-054106 #E¥ 06-190414
176 1#00¥ 08-041467 M0*®fW?r #E¥ 06-175119
177 4#00¥ 08-028299 fifctfy-lkftnyyy b #E¥ 06-159738
178 #00¥ 08-013100 ^^y.bmmyy>bmm^lwnm^A #E¥ 06-144600
179 #00¥ 08-013099 ftSMUW #E¥ 06-144498
180 4#00¥ 08-004555 &j%ify-immyyy h #E¥ 06-137589
181 #00¥ 07-332022 ^ ^ ^ y A /<y=: y^ 0 iz:(^ #E¥ 06-120934
182 #00 ¥ 07-310080 5R^7(t(p7 7 yttggmgm #E¥ 06-106543

-262-



No. 3C##-5- msA mm#^-

183 4500¥ 07-305607 45E¥ 06-096062
184 4500¥ 07-294170 4511 ¥ 06-092365
185 4500¥ 07-203272 ;ti#mx#w 45E¥ 06-114315
186 4500¥ 07-293271 JHMXSE 45E¥ 06-091076
187 4500 ¥ 07-292371 j !##%#(# 45E¥ 06-090950
188 4500¥ 07-292370 JHiWSxS($ 45E¥ 06-110362
189 4500¥ 07-292369 ^ ^ Yk^@ (7) X—/!%## Ulilllll 45E¥ 06-092001
190 4500 ¥ 07-292368 HliriW 45E¥ 06-088427
191 4500¥ 07-289850 45E¥ 06-092227
192 4500 ¥ 07-286186 JiliWSXSto 45E¥ 06-080734
193 45 00 ¥ 07-286186 ^^Yk^myy>h 45E¥ 06-081276
194 4500 ¥ 07-278575 45E¥ 06-070737

195 4500¥ 07-278574 jii#mx#w 45E¥ 06-099198

196 4500¥ 07-275573 XR # x EXm # x ft*3 wttffl Mb mBitmm 45E¥ 06-071789

197 4500¥ 07-263777 y—
/r-rxy

t7|' 7-/V 7
t7 7-t'/l/y %A

45E¥ 03-077164

198 4500¥ 07-247807 H*ais* 45E¥ 06-040891
199 4500¥ 07-247484 HMljtW 45E¥ 06-149294
200 15140¥ 07-223802 45E¥ 06-036357
201 4500¥ 07-217854 HflXli 45E¥ 06-009334

202 4500¥ 07-208704 aseisw 45E¥ 06-001999
203 4500¥ 07-207284 XKA’xftiSB 45E¥ 06-002834
204 4#00¥ 07-197046 XJHB#*XiM 45E¥ 05-349670
205 4#00¥ 07-197045 XRA'y-ftT’y v hroM®t|XSB 45E¥ 05-349669

206 4500¥ 07-197044 #f B 45E¥ 06-011311

207 4500¥ 07-197043 Hcjb-|j-dE$*EroB®
5>ro#StoB 45E¥ 05-349667

208 4500¥ 07-173473 /<y=3 B^W 45E¥ 05-321756
209 4500¥ 07-157777 EEHI8W 45E¥ 05-309028
210 4500 ¥ 07-126814 45E¥ 05-294624
211 4500:¥ 07-126664 EEsxsem 45E¥ 05-271953
212 45 00'¥ 07-109471 45E¥ 05-256737
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No. ttllA m
213 #§02F 07-097579 mBumm #E¥ 05-241362
214 #B0¥ 07-090284 /<X 3 y y g ve($ #E¥ 05-234584
215 #B0¥ 07-090283 AnEaSE5>S«E')Pi: #E¥ 05-237882

216 #§rW 07-062359 /<x=i ^y g^0# #E¥ 05-211458
217 #§§¥ 07-055331 #E¥ 05-197221
218 #§0¥ 07-055274 (ffly#7 K^'t. #E¥ 05-204209
219 #§0¥ 07-054666 XiK#';Mb%e8B #E¥ 05-196560
220 #§fi¥ 07-053969 w s ±m\m #E¥ 05-198253
221 #§0¥ 07-048584 /<Xzi ^y g^# #E¥ 05-192309
222 #§0¥ 07-090284 #E¥ 05-190066
223 #§0¥ 07-034075 /<y=i ^y g^W #E¥ 05-179079
224 #§0¥ 07-011261 /<Xzi ^y g #E¥ 05-151902
225 #§§¥ 06-346067 W B VrK^FJf #E¥ 05-140237
226 #§0¥ 06-345409 g^:/<x(^--y #E¥ 05-152587
227 #§fW 06-343813 #x#i®8e 7^fy» #E¥ 05-156363
228 #M¥ 06-340882 2 @WfctoK;9';Mb:tp #E¥ 05-131816
229 #§0¥ 06-330058 HSIIIdS #E¥ 05-124022
230 #!*)¥ 06-306373 Hiixli #E¥ 05-094263
231 #!*]¥ 06-300436 ^3:ixy #E¥ 05-082126
232 #§0¥ 06-293888 hro«jt@iR*&s:oqse /<y=i ^y g^(^ #E¥ 05-083257
233 #§0? 06-288262 u x fbis-a-is* -> x r 2. roaeas mti'p’k w®jf #E¥ 05-096598
234 #BB¥ 07-126814 #E¥ 05-294624
235 #F*W 07-126664 Hsersw #E¥ 05-271953
236 ttmW- 07-109471 $K^'7{b5S*8B&tF*cogte*?i /<y=i ^y g #E¥ 05-256737
237 #B0¥ 07-097579 5K:#'x-fb8B WBirKEFff #E¥ 05-241362
238 #BB¥ 07-090284 5®#7-fbSB y<X3 ^y g^W #E¥ 05-234584
239 #§0¥ 07-090283 #E¥ 05-237882
240 #§fW 07-062359 yK^xfbFroiSStE^ttoihSB /<X3 y y g^(^ #E¥ 05-211458
241 #F*W 07-055331 WWFESSefr #E¥ 05-197221
242 #§S¥ 07-126814 #E¥ 05-294624
243 #§fW 07-126664 #E¥ 05-271953

244 #§0^ 07-109471
19 (D y<X3 ^y g^(^ #E¥ 05-256737
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No. %### mmx mm##

245 07-097579 IfflBi-W® #E^F 05-241362
246 ftmW- 07-090284 /<y=] 8 AZ:(W t#E¥ 05-234584
247 07-090283 jwmxmm $#E¥ 05-237882
248 ftmW- 07-062359 /<yzi #E? 05-211458
249 ftmW- 07-055331 XKtfx-ftofcS.Wgg #E^ 05-197221
250 06-136371 Hi4in« #E? 04-284325

251 06-065774
t 'ycKfc**scKssMm

H$«#W #E? 04-223899

252 06-063340 #-/VX-x7' /Vyif 7 b V7 b #E? 04-203789

253 06-042731 h$ii*w t$E¥ 04-198673
254 06-031104 (#%g $$E¥ 04-193599
255 06-026636 H*®X*W ^E¥ 04-179784
256 06-025680 #E^F 04-182446
257 05-339583 »*?®lXXRtfx-lttp #EV 04-147450
258 ifllrW 05-331467 Hiixlli #E4F 04-141403
259 05-320667 #E^F 04-154376

260 05-306893
/ cy^y^f ^t;b

#E^F 04-288105

261 05-296434 ^^'xfkffl^Ws&tHrroSiixx Xfllli #E? 04-104630

262 05-295366 e**#m WSI¥ 04-094691

263 ftmW- 05-287283 #E^F 04-090961
264 05-277325 rn m #E? 04-074123
265 05-248260 WBirK^PJf #E? 04-047107
266 05-247477 "iStftXR^x-fWP #E? 04-082731
267 05-245329 -yA»'x®88gs.v^rog|5*?i J|||IWSTSI($ #E¥ 04-044911

268 tfUrW 05-239474 #E^F 03-322604
269 #HfW 05-223383 e*=F*e%9f ftmW- 04-025389
270 05-212229 y/y»iiSSW^#K*ft XJHA*6i*W #E¥ 04-021138

271 05-124808 x®®a^?£ #f B iflE¥ 03-313155

272 05-104481 - wmmrn#E^F 03-289081
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No. jc### mmx mm##

273 ftM3? 05-099564 (ffly ^ry K#* ftMW- 03-260109
274 05-086897 W 0 AL#{1# ^®l¥ 03-241675
275 ttmW- 05-071362 ZJMtfxlkyy >hk -eroee*?* )#E¥ 03-231500
276 05-059964 zmtfy-imnmm 11&##!#(# ##? 03-220588

277 tSUrW 05-059379 5;(7& wass:*fw 4#M¥ 03-220523

278 ftmW- 05-043882 4#M¥ 03-200523
279 $#il¥ 05-032977 /<y=r 0 3^(W 03-192775

280 ft MW- 05-018265 wmtrnvm ##? 03-173592
281 05-017107 ^xffiitoifeRVSB #K¥ 03-168454

282 05-004016
#*»*!*£

03-182945

283 05-000224 WjKS 4#H¥ 03-157585
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7. 3

7. 3. 1 yf/—/W^ynt^

yf/-;i/^%yn-t;%t;L #@%m(D4 3:

%%%m-----------f~xlH~--------------nfiEiis-------------(—m@x@—|

ifMTJl/Z-Jls

0 7. 3-1 / ^ / —/V-S-fiSyn-trx

zhit&wma&Tf*?;-A'£f£tm<nfimmkts: 

d/cto, efcKlSrolfiSSlcjyv'T, MiSteEK J: 9 o.ippm L^lttUf*

6>ftv\, *Sls,/SS"eMti: LTto 3 {SroTklStirB^-Siu

BfcKSJ$$^to6Sii5„ RjSS@tl±=-s"y-'Hfl«p^^fceScKtt*is**Sn-CJ3 9. c 

ro&R&J5$*^ib;bnfvtSiic±i5^#*ro&®®&4Si§fTU -

SHbK*, **&tF$Tro*K)5ro^ ^y&Str6-fi8»'^^#e.iL5„

LT, )E7j l.8~2.5Mpa, iKffi 850—SgOCfitT 

&Vfc5o $KSlKS^tti/-ya-fiK^xA>E,|i*3btolcEliniXz)Vj;$^ £ ibi^SPSiufc 

#. Ettie^Sbivd, E**S®i|Xi: LTfi, i«J±1M©*£, dtE 7l6*(7)*E. JUS 

PKS^ajssgRmsgts y #4 7cr>mM^<Dm%v-t:-ibz, *fc, efcwtp^ibroisK 

iooo°crc>«?a-efc-5fc*N r ^BroBBUxfciSf^S^^SftcoB^'x 

©AEx MfiSMroSnE, Z 150

—lOOVxx? y? £*) *MEI^@r£tiSiL5„ 

E.mxm^mbti±£!$.tfxit&f$.jfxi±mm^£ 9, ^/-^fKrassAics-e

267-



-t'ytcj: yESiSn^co^-teto'C'fcd. SWBalSb LTI4, gfejriSyiSELEift 

ESMWEMSEdo

Ej&lfSi;i£&EE£j$E'xi4EEfE«SiExb-g-»itU E#S$lci$ibn5„ II 7.3-1 

l:$LEI*my^yE@El5@@(7)#E, ^BiWla-fiicE'x*© 40~60%£EfEic£>®*fiE 

in?£*iLfd£, EtSSgFNroU l ?#y co;#'x(4y xyy/?'x b ut,

S2ttEeHTtD#Ee<7)fis^aE*?asicsm'f-5fc»icN e

aWEHEiei® LTSfcE'x biS-tcSESEdo ClEt/i y »IIt»»jSRltt 4 9 

±#LytEl£Ex<7)fiS*1STS-tir, Zfcro®ffiaroS$z)$S]ElciBiJWSn-5„ 

E)S$ttinExro«WEl4, *Bi8ttti

Ed@ExE-A/)*E#l:4 ymmUR^EE#, ft£p£E, fia y / -yb EEfSE'x

lEB-HSEd, EEfEExf ic##$Eda y y, y^

/McfiiEdEE, LtailUSti, ai)?o»i Ltftl

£4id„ «y»Exi4*SExb LTiiStt-eEti^E, E#E@A)ibaibEE^Ex 

b b t>lcElE^^1^6Edo

emu see a a y a-/wtssia-ysbe, $s,y y a-/wxi»s!$Ed„ s@ie
14, iilt, $J@Sbflr@t$b ;E 6 E d o to@i$l4l$ffSEE-ill55E, ffi/y/-/iy>d 

««/v, EaE/v^-EX, 7t b>mco{&»M$.ftAXf'<7 7 7 yS£@EXdo 

*@#1414I4%E#L< 14 O.IMpa SStojinETTgliSn, *&lbffi«iT/Vri-/v^ro

®aay/-xE#sEdo Es/ira y »i$s$a a a Esa-t

5t)»b*oTl'5„

:hSW7 y a-/y-s-)its»fro&6:i4efflis», E-xt^
y/ y y hroiMbiya 3 ^<Dm&A-'bm^>btix^tca *mm#b l-cxsex^es

6<jy*t)«iLTjtiy ,5S*Wb ITifflLmffl^y hro*|S»0^^T*fc5„ 

gi#@(DiBi±ij:y7y y«#R@(7)i@jmE#v\ dEEfi6a/)>/yibX\ xy— 

/M y y broigjftV'E^syyy ('©ESE^ilit’ibEEEo SIKroya y h-ei4, m# 

Ex row, -fyyh^-'i hoizliiiSftyJ: yS:»6iL5„

7. 3. 2 a y a-/yg-fiKttl
—®-E@<*b**EEM;y}b-f"d'nfi!<;yx;<i1‘bcDa y a —xEtiiCiE EEJStiikSxar; 

SEd4 5lE 54E««ESf6E-fcy, «%EElSE'fc5„

CO+2H2 E CM,OH f 90.4Kj/mol

-HER*b**b K>EfEl4#< roe'lEtK*#5 E##&toti>5„ EffStSEtt, 

#< <nmRfocojjtfay/-y-S-titEtE4 y ififrl-^Ev'2tM, X*ffl(C14xEb@1 

EtS<oaE*»E, / y/-yEfi£SlS8rSKtolrii*d, V'EE3tt*-t«iR®jy>i@iy 

WlESrfl!V'5bbEE$b/4or< do
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y y y j; 19 fTWb-C60 < , 1923

#IC BASF Zn0/Cr203M&##< 623K, 250-350atm (7)^#%#%?^ y

/—^(7)#Cu/Zn0/Al203(D##^#^$^, Z«9{g: 

m, 1952^K%K-7yK'CZ(Dj%#^mv^yn'k

^ (543K, 150-250atm) -f(7)# 1966^(CICI%^^#^^±W(C

g^](7)j:i9{g:V^ynt% (523K,70-100atm) %E"CkL C(DICI%

#re&6d\

V^6o

1970^t#^X,^fT^T^6o

^ W&T^^T9 C ^^PT#T$) 19,LT^6o

Z(D Z 9 LT Cu/ZnO ^###^@###^##^##^^6^^#^#

U A#T/^

3 ^ K ^ ^ ^ Ni yy/k/K zz/i%$) e v^j: cu v 'T#—;%-{%&&?? 9

F^y yy-/^^^ LT

)llt^li’G'''50

Z(D j: 9(cy y y—1968^(79 ICI

v y< % <D y y y 7 > F y y y z

6zK##^y7^

u-c, y y y-/^^#^

mv^T^#Yk^#^y yy-/wc^#Lj: 9

f k^## ±#(D zz#{b^# ^ y y y 6 ^ ^

mA-cmv##^^im%-e#6^(t(7)^%g(7)^#e^^^^6o %^-c, 

z 19 < 60

m, wo, T^^^yA(/)mfi:#;^j:i9#^^^ m

y y y -/^^y y y ^zK#M^#(7)y y ^ H-#v ^T#m $ ^-c v ^ 6 =c#

^#(C-9^T^6 ^ ^#0, T/^ ^ - y A(7)#{k#(7)$B.^ia 6: LTm^ 30—70 m#%, 

^$0^20—7om#%, 7/i/^^yA^i5m#%^T(7)#ia(7)#^%^^%^j«kL-c^ 

^T^6o y ^>"f'^X(7)#fkT/L/^z2yA^#+ nm f"^X(7)^

#{k4K
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ffioT, mV##&#&#%A A lzIAAE#:

^W*®BtcJoV'r*A-r5^*^fcofc0

mm***-^f&mmix mis, m5TA#miz#z64i.6mia&##E^Amz

foofc. 1970 fitlzA9, A Olgia^mV'iStt^SibAi-SieSigttWE^M^Sii, m 
SrS3?*^«EtoKfffcAi,TV'5„ SSroWElA lso^f U

to# f z fc a ffi -e t 5 t> © t * O T V' 5 „
y * * —/^ihSSSIAAS /,e38liiEJ$’Cfc-5 Z. t f6>, StzSv#tt&fcoiSiSIteES:

W8MzBIB£f 5AAtzf4Kt6tett*ros,$emi;)seAAro£/,£9, z.h®MKtz;SU
fcgi£gro|**^tTfcixr#-rv'5>„

5#AZf$ «*) -e ii, miae**Eic* LTiim am&##gis^eim* uz*; 9,

1969 ftZlHi Lfc 600tZ 0 <7) AffiZy y l-iZfiftftUA *StEg§l4ffiiLfcteEHfaS<7)i6; 

—tt,$eLfceiJWtSrgLfcfc(7)i7),t#$7)si*$i-t-;en«.hro*s{i:(ri4K#»’ifco/c„ 

1970 ¥fW'ib«ffl s4t/-d6?B?stttt«g» tr (4,
^yfgi!gjS$, S6ICI44 9M?**(OS?aSSlS$^M%SiLT8:-tV'5„ IM?^v

a$s#s$, mms<ns.mmm^ms tf&mm t mmnf-z z t
iz4 9ff 7o , i*3fc9 3000tZ0 e$ $ -ero ASHtf
9fRb~C jb ^)o tftW'l^ltZ 1/7 t c5 At, %MWl ft1 <0 V7 y7 y h VO ft3 Z14^ A> ^ t c? 4l 

-CV75g)£$Zfc5 =

7. 3. 3 ** *-^m^m-t%mi\nU 
#d#(zjg 11%** / —/vS-fiKlzm-f-^iSItlzov'TI4,87.3-1 lzf-f143 9 4?fc 9 , 

rM-HttidedfiTiyd,

® 0 ) : 1993 f lfll 0 ~200 If 5 ^ 31 0
© T — t"<—X : #lf*®0*S6 (IPDL) y

T A/V

® # $ it : f* , rftfelj 07 'J-9-KIZA5

#%

® wiwsftis : zm#e, %Bfl<o£#, ttisx,
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7. 3-1 y y y

No. ttiEA

1 ## 2001-079398
y y y i#s»isa: #E¥ 11-262876

2 ## 2001-070793 =f)V^-=r /v-g-fiKtoES. #E¥ 11-254295

3 ## 2001-009265 y y y —^ y y y — #E¥ 11-182000

4 ## 2000-512261 y y y — u y-+F T—tf— #E¥ 09-506199
5 2000-135436 #E¥ 10-310867

6 2000-015102 y y y — Hllrli #E¥ 10-184817
7 #fW 11-253804 y y y #E¥ 10-326861

8 11-019516 y y y — m&ffiScS #E¥ 09-187237
9 #fW 10-277392 y y y — MWSAW #E4^ 09-093300

10 10-272369 #E4^ 09-077933

11 10-272361 y y y — r#R#K# #E¥ 09-080936
12 10-272362 * f J y y— #E¥ 09-077687
13 10-272363 y f / -/v^-)Sffl8Eli)toEro®iS*iS ##m#?a#fb-tyy-#E¥ 09-076974

14 10-263404 #E¥ 09-076975
15 10-272364 i#Sff Kft #E¥ 09-056909

16 10-272365 y y y — HB**W #E¥ 09-017051
17 10-272366 y y y —yin j5£Xfi£&i/y y y w-/vyBi (*) yy-7 #E¥ 08-346842

18 10-272367 y y y — #E? 08-257485

19 10-272368 ## y y y — #E¥ 08-257484

20 10-272369
yyy-y^dumK &u(yyy
—

ffiaX^e-g-WfEglf #E¥ 08-173062

21 10-272370
y y y -y^m z CD

v ^ y y y —y-&;#& #E¥ 08-123349

22 10-272371 y y y — #E¥ 08-078519

23 10-272372 y y y — H# #%#(#) #E¥ 08-063999

24 #fW 10-272373
y y y -y^#mA#&u#Akm&m':5 y y y -

#E¥ 08-001284

25 10-272374 y y #E¥ 07-349943

26 10-272375 y y y — #E¥ 07-304232

27 #fW 10-272376 y y y — zmrni## #E¥ 07-304230
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No. y:### msiA mm##

28 10-272377 y y y — y#ixn(if) #E¥ 07-304231

29 10-272378 y ^y #E¥ 07-113128

30 10-272379 y 9 J HSfifffKft #E¥ 07-103275

31 #fW 10-272380
y y y y y

#E¥ 07-029394

32 10-272381 y y y — #E¥ 06-159518

33 10-272382 y y y — USSE# #E¥ 06-159518

34 10-272383 y y y MSSAW #E¥ 06-159518

35 10-272384 y y y LNo ^ #E¥ 06-159518

36 10-272385 y hfflto^nn y ? MW. Kellogg #E¥ 06-159518

37 10-272386 y y #E^ 05-188220

38 10-272387 y y y #E^F 04-248613

39 10-272388 y y y>— (Wft't'iSffi #E? 05-185234

40 10-272389 yy y MB«AW #E^P 05-151838

41 10-272390 y yy-^mmamm #E^F 05-111859

42 10-272391 y y y — #E? 04-331315

43 10-272392
y y y y y
m

#E? 04-051424

44 10-272393 ^ f- 6 y y y — #E¥ 03-351814
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7. 4 

7. 4. i

(1) THESEUS Project (/< y # 9 y f b y 7#

THESEUS bia^r9 i/y(7)y yy^-(r(7)^±#±#(7)3 —o y/< » /<y^9

=¥9 v-rd^S THESEUS S.A.^ 1999 #icEEfH£ ^ lit U ±W9rW#> mM\ 0A

###(C # 2 phase 113-0 y/<#M#^#%i-

T\ 2000#(7)%Alcyy—bLTl^6o

(2) 10-MW Solar Thermal Power Plant for Southern Spain (PS 10) (y xJ'—i^k%^T)

PSlO(Plata Solar 10)(7)y^^y b y—^a yi/ny^y bia^U'9 y)(7)jg

< (*E tfVTfi'b 15km #60 Casa Quemada ttilE) XrtT;b;bld#AE:X:\ ly(D^M<D

ABENGOA (C j; 1PP XTjg$5^ai/6#^o

Z(7)y"o i^^y H3: 1999# 1 ^ »9 1999#6^

y b ft, wire-mesh volumetric air receiver PHOEBUS 'b^f A60 V—y—^y y —/S

-^a>T^6o ^9^-^fyb^mia 98l(90m2^#@#^)-C, 90m„

INABENSA,CIEMAT,AICIA,F1CHTNER, STEINMULLER (D&ft&isfo R&D y°nv^^ b 

ia,EC(7)ENERGIE Program(D.G.XVH)^^, 5,000,000 K/E(7)##A::&S&T^aL-CV'6o 

1999 # 10 ^ ABENGOA <b CIEMAT 90m2 (7)^ 9 :f

xy y b ^ PS10 =iy bo—/EiXXyA& 1999# 12^(C^%^#TLTl^6.

(3) o:^ybl50MW±^#%@(OA$L^^

b(Dyo^%:^ b^##:{k^iai:m 

o:^ybgU^(D#f%#mo:^/E^-Mia 2001 #lC#^|##%/#xy — 

E"yoy/<yyK#/^/E#%mBr(Dm^(cipEa, 9^7b: bXX(7)^#^*L#^' 

A$L60#^#lcA^Tv^6o M#;Hai50MW-cyyyb60Eff#\ ##, #%,

Z(7)#tima SolarPACES (7) START-MISSION (Cj3 

V^ 1995#(cmmmg'##^^ff^, ^60#, o:^ybgC#^^A#^60^-e#®

g| 7.4-1 tC START-MISSION l^Z6o:^y b(D##%^##.

(4) Solar TRES (y 9 —###)

Solar Two ^o^^y b^#TLt X^y#^-ei^#"<-XT(7)y9-

#)t#(7)±|##%#(10MWe)&##2#5yn3;:nf bb:LTxy—bLTl/^5o 

24#^y-y-B(52.7MWt(7)##)Tm$ai-6^(y-7-#y 9-; "solar only"), b 

— y /E^x 9 y-y y y bffiff 150566m2, ^ 9 #X y y b 7842 n* (19.2m2 ) 0 Solar
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Two y CZ f F (D Bechtel ^ Sandia, ^ (D GHERSA «k CIEMAT % ^#1% 2000

^ y-cn, ^ hLT##ki-6^

(MIUS; Modular Integrated Utility System) <fo V , >/f^pfl"C(D# V —

#^####11 lOMwe ^ 7 ^ V ^ < t) (7) ^ 61b6o ±WB(D PS10 3/n ^

^%Steinmuller%^30MW^9^T#l@L-CV^t)(7)^\ lOMWe#^^^ 

6 J: 9 ^ ^ t) $) 6 o

7. 4. 2

2MW(7)^9

^ h7-r—;1%KT 500KW (Dlx^—/<—-e^%^^L-Cl^6o 1300°C(D^m^Ml-l 

6#^f-U'y(CC)^m-e, 1996

#(D FS TIl^ 30 ^R/kW F=I^ Hl##(7)t,(D(HELLAS

^V^fyh^-^yiNABENSAlM^-C#, US^R/m^^cC^^, 

^lc##f62:m#3^Hm20^m/kWo 1^:, #M^(D^###&30%T#1#j-5J: 

13 XR/kW kftZo

> f - <k w) u-^ y ^
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y. 4. 3

( 1 ) EuroTrough

gfc'J'H (31 jol 'X Euro Yyy (EuroTrough) y n i?^ 9 E T(3y> y y y 9 E y ~7 collector

Exiy, ^yy-Y^#^

micj; 2oo-4oor^joit6m% -

(D PSA (CjyV^T 2000 W^T^h^^/-CV^5o ^^(j:i50m (#@IC^L3%

##) T\ ^g^V7^-^^T(DKramerJunction-e(±15^3a<. /<

y^'y y^7 Ey7collectorT(7)i8#M&fT^TV'6d\ EuroTroughyny^^ E(D%M 

#601)60^ KramerJunction T^##L#A

(2) USATrough

USA E77(t^&47ro«gA)a/<7^V y^ EyT collector U.S V —y—##(7)

"C#i@ Lcfc 9 <E LTV^60 USATrough fi First round R&D solicitation t J^XT^O 5 

Reflective Energies ;

Bechtel National t Pilkington Solar International (31F±—■^-fn\(D h777"72 E 1-H 20%60|rf:Wifc 

^ trough 1SCCS y7 > E (D#f; Duke Solar K:#f# E y 7 ^ ^EL—

f; MWE (C# Ey 7 Ly—/<—<> ^ y—SEGS yy > ET 

V0^%7 ^7 zzX\Agf#^r ; Industrial Solar Technologies ^ TL7L^;|###ljX O

V ^y. 7 — U'7 «E LT#^&A^r L/c SEECOT 7 /l%(7)M^o

7. 4. 4 ^y;fyfyE(f7—##<D|^#[p]
( 1) #3A#^ y t^ ’̂7 E (Autonomous Heliostat) M.Romero, CIEM AT)

#Ml#^y^-y^y Eli, ##T%AT OEMAT ^ Almeria 

Plataforma Solar de Almeria T:fc5 VT 1999 # 4 ^ X)^L##4^T$)6o y E 60#]#

km?.4-2E:^i-j;9(T ##%^T-##i#lc^yy-^m^E@L^^(DT^i9,

(i 70m^T$)6o

V'6 (g|7.4-3)o Z(7)y^yAe^y6g#^Zo$)6. —
y#^(c W^6 3:% E C 6: , 1) 9 —H 4^ 9

y mMiL^Tyyy-yay^ L-c#f^y6^^

9(ci-6Z«kT&5o

^y ^-yf y Eli 400m 7 En-/l/^###^y^iCioTi@mLTi3(9, j#

#E#(i400-800MHz, ^-L-E 9600 T^6o 7yt-y#y-^60^(C^LTli^ 

fk^ff^TV^6o ^y^yfyElciim^i#, ^T^Ky^y^,

ziuciip, ^y^-yfyE^m^icm^L, #/<yyy-e
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Z(7)3^tyh(7)##%(C-DV^T, ZS$5IS^##^ 1999#(Cfrt>^L^o B#Zn6B2&3; 

T#m##;%km#2oow/hm^m\, /<yT9-, ±#mm^7#A,

;% 6^)(D^flJ^L^oZ (D# A /< ^ T 9

n —y'—, 77%#, &^^^7K7^y#)
70m^(7)^9#7f y Hc#LTUS$10/m^^^X)^^6o

( 2 ) 9 #7 f y h M.Romero, CIEMAT)

#LWj#, #3% h^9#7fy HI HELLAS 7n^^7 LT, 1999#,

GHERSA t CIEMAT t <D'&ffiX* Plataforma Solar de Almeria td&l t>tltz0

$150/m^(Aa#^9#77y hj;!9 40%/J^^)<kLl:^^^#^G^L^o

g|7.4-4(C#L^Z9(C, ^9#7fyH±3o(D/J#lCj:^#^c^#y-Cjoi9, #(D# 

^(O/L^^XVXtWc, ;L/77%A(c^6o

##(j:1999#Aj:i9^^^^L, 2000#3^1C#TL^:o 1—50MW(D^9#7^y h@(D 

DELSOL /J^-e#77^<7 Ht(L88)(D HELLAS ^9#7fy HI 70—

150m^ (D±gy (D t) (O 7%/J^ ^ ^ 6 Z ^ /c„

Z(D#^(i#(C/J^(7)/<7-7

7 —7^77 77—/<—7 77 y 77^^^^#y5#"<-C(D7'7 7 He#
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540

552.45

3912.5

239.95

2 Colon Solar ^ V if ^ % v b (70m2)
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g|7. 4-4 HELLAS ^ 9

7. 4. 5 Ixi/—/<—

( 1) Atmospheric Volumetric Receivers (% !7—M) B. Hoffschmidt, DLR)

INABENSA, CIEMAT, DLR It PSA (D CESA-1 * V — IZ-WlW £ tifc. TSA Volumetric 

Receiver 1999 ^4^—5^(7)4m^^t)^:i9^%LTV^6o

1993~4 PHOEBUS f^y

(D Air 10MW PS10 yn^z:^ h lx—y 3

(D HiTRec Receiver \t 1996 4^- DLR K £ <0 lxl+, PSA \Z.~i6\^X%Mz.

'I4t££3§# L tc^\ 6 PpIUA^V ' < L fcQ INABENSA / ABENGOA,

CIEMAT, DLR HiTRec Volumetric Receiver & 1999 ¥ 9 M LTV'

fCo

#%(D HiTRec Receiver (D^f'tfJ y te 1999 ^ 10 ^ (7) V — ^ '> 3 '7 yf 30Mwe f 9—#

(2) (3) ^yyix^m#]E-c$)6c
CIEMAT \ INABENSA Lt HiTRecII y n h ^ ^ y§r3z^_btf;

4^#, 3MWthlC^y—/l/T^yL^yny^:^



0.9 -

0.8 -

0.7 -

0.6 -

0.5 -
« Efficiency 
* Temperature

CO
E 0.4 -

0.3 -

0.2 -

O

3000

(Power to Receiver) / (Air Mass Flow Rate) (kJ/kg)

i7. 4-5 HiRech U p —jSS t

(2) Pressurized Volumetric Receivers 17^-510 R. Buck, DLR)

REFOS flfCM Volumetric Receiver DLR t CIEMAT (DW,Jj(Dbt 1998 #

10^—1999^9^^t'^ol:PSA-e'T% Receiver

240 #^±(D]g^^m\ am^im^SOOtX 15bar,

# 350kW 25 L^o 35

%ijya:^^^-#4ookW(7)i§#^r

t£S "C (7)3§|5"MM $ iv> 70% t I+SJ 5 il/^o StLI'S^M t Receiver TfV >

80%^#X_6 £#tAE:£frl£o

7. 4. 6 d^^StiiR]

(1) Metal Membrane Concentrator( h y 7®) (fWIEiS^S.^% E. Zarza, CIEMAT) 

CIEMAT (DEltS^SM(E#to) ^ ^

iE 9 <5 LN front-surface mirror 7)#%<k L"C#V — h metal

collector CIEMAT (Cj;6

front-surface mirror 7 ^ 7)ft# <k ^ *9 0 & PI8l:$:V ^ ^ yir V9 F <F LT'S:

g ^^TV^5o
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1999 # CIEMAT £ib5 f%#A£f,KSW (#>1 x.li'A#

H m*^parabolic##:^m'C6^m(kL^o

6t,(D^^|^#9(D^b^2#^(Dyn L^^ycoIIector^fM^^b, #E##89.9%(Dy 

n h ? 4 t collector (7>|4f£ft$M£ TEI+'B_h(Df$M£ Wt b ^ c

( 2 ) PAREX Experiment ( h y 7W K. J. Riffelmann, DLR)

1999 ^ parabolic trough SAiM^S^/c: HCE A 7 X A ^ A <E fit if II: X. 5iBilL/^'TlfV 

>, #@(D^-^(D^^i±parabolicmirroricaLT^7^#T

9, t, y ^ ^ bT#h%^fb

T^6o Z(D^#ilPSA(7)LS-3#^^T##^^ (l) (^

(DHCE), (2) receiver, (3) #Lb'#g

lR#^^L^:cermet^^^-e^^^^:^-e$)oyCo #{E(d#l{X#&#6L, %#

6z<Eii@#T*)6o

( 3 ) DELSOL 3_—If—/ t% (f C7—# M.Romero, CIEMAT)

WDELSOL 3y E°ZL —f 3— K(D7 7—X h 9 9 —SolarPACES 1? 1999^5 ^ ic% 

fbT b' 6, WDELSOL (11 ^ h 7 /> y C/—/<- T A ^^b ^Tb ^ ^b7h%

ft^ bo 3 — KiC't*<5 ^L1 ^ fd &91 LTfc 9 , Sandia national Lab.Xr|^^§ 5fb/cS < £n 6ib 

^ WDELSOL3 3— K(^#Lb#^^Dt^:^(DT$)6o ^Er^bid: CIEMAT AICIA led; 9 

sh^-ClMm^fb, Windows95±-C#^i-6o Z (7)3—Kid:, 3A%$iJ|lM(7)#"#iCj;9^9^

$^b, #@{L^(:%#^^^byc^^:id:%^

2-D^3-Dy77^^/^y^t>T-i/3>ld:#^(7)^#, ^r-ytAx, ^9>f- 

^ (D y z ^ ^-e# 60

fn]#'r^)9,

(D#(D±#(D$iJPM^M,#t)6^^ic, "797^(D^9y^i?, ^9^-^f^hid:#@$^:i±

#^t#6 (El7.4-6)o -@g(D^E^mE##^SolarPACESm-CfT^^o #Lb##^

#9^$^b, 2ooo^(D^m^%L^#mmijpm^oti:b^ 2gig(D/<-^3

"C$)6o
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COORDINATES MELD: No#O
AUTOMATIC METHOD
OEISOI3 Radid-Az#nu(hal Grid Estimate

mr
J

Ee«W sESWh^ear} liig'igj' New tiwg&K Re**< j

Coordinates Field
€be?gy to Fioduce 
MAX 184.53 OVvWjiS# lbWk% Hel. |&77 
ilis"482... SWvVest Ptmibte Hel. lig#

m

J
Active H«l E*mgy(GWh^eai| hl656 Sack \

j
1tor4

i
Armuat Optical Eff«cier«<5>(iil4?%T

"Oo_ r N@ C Active 
<7 AS

o o.

1

legend
O Hefcostat
O G#

VeAcaS f§

jJM1c.105.0ft PowefW < {F1?... COORDINATES FIEL.. )CC

N 7 . 4-6 DELSOLver 1.0

( 4 ) TRNSYS Software Library for Solar Thermal Electric Components 

('fWSiiS^!^# P: Schwartzboezl)

SunLab(^@) JVTAN(niXT) j; % DLR( bX7)iCj: —7 —

#^@(D#^&(STEC)[C)#i-6 TRNSYS ^ ^ L—^3 y-7/^7 V — 

j; %77 y yy— b ^ SolarPACES (7) y >/<—[L@ayh $ (SolarPACES Technical Report

I1I-4/98) yyby^7^7yL^^^ftc#^^t)(D^L,
y<k(D##^jt^^fTtt^L-cv^6oSEGsvi/<7/fti;^y byy yy^b^y^: 

y-y 3 >y\ b\5e(7)yy

y^y bmyf#j(%A#wm^bL y-<i:(DB$rit^Li:$\) 10%-c^^/Lo Micy-y
-yyy byy ^#yyy

T/Lyxf y^ 9—^^TV^6o SolarPACES community ## TRNSYS zL-4f—(7)^-c 

rzL-y-y/L-yj DLR (Dy-e#:#^#TLv^yy b9^7(D^(D^ 
^riTC^TV^do Sr LI1* central receiver air system module 7' !i y K V 7

-//w^yyyyb&m'Ty^yy^u-y 1.1 ^yybL%#y-6^L-c

-281-



CIEMAT STEC/TRNSYS y (C If L T V 5 0

( 5 ) STEPS -Expert System for Site Assessment of Solar Power Stations 

STEPS i 2.5km) ikm ^

y 7 t ###&##-#-

6 % y A (Gis) &^a tf. ^kT y 9 y (De#-en,
<b 9 ^ <k

(6) SolWin/RENIP Plan

RENip ^

b Z^yn^^y HI

1999 ^(±C^j:9 EC1C^#^^L, DLRPSA, CIEMAT, ^h79T(Dy7h^3:

TffeS SIMTECH Ltz0 SolarPACES community (D^PS 0

zi—y-ic#LT 2000^^Nf(C^#^^LT^6.
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7. 5

7. 5. i ®M.mm±WifcoyMmmg.

(i) *6§a%*7"7y

$l&t"5*BE^4vv^-&fflV'T$;6ie;8er5±7$Ei$fff4B$&i£flf-t=;fc?), 

rti$x:'eiasiv7cj't7-a**->XTAicj;dW5Emffl*ii«i%ey7y nc, tte 

^*$<7)4= • Sissits#E->x^A»si.ibn5„

® 1MWC *p*E%*:/7 y h lejsitdSitSSESE (*J11UMdimefcit 5 it- y -y 

fyy©?y h)
1981 iFieSJilWeSSTie iMWe©*S^7y iSliitfto5

fTfciL/c„ y a> 2 y « (B#***) yet, laciiSEfflle LiCI-KCI (58.5-4l.5mol%)

(sts 352°c) ^er^y h<o

ttS*$ 7.5-l" le, '>7fAa 7.5-l2) (e>:jtL7c„ yiU4*BE5S®y7y h i: LT 

1-, SE$E8fi£«fflLTV5tli|i: ITttgStlS,,

#6**‘y7"leJ: i)*E$(e$ibn7c*l4, jjgm£nTji*Ucie5>#\ 

iiRL77 7 i fc(e<MtKM,-a-7fc!8S£BTt6t-f5fcJ?\ $

E&m&#Ea@tm*^-Ky(DMicgi45. 2 ^ *E y 7 y At 

attfaA u—bfftjioSti, 3MWeh coSEit"e# 5o *E$7)>BroSS,?S. 

&a;my#^-|4A(7)#M&yf--A74r^Ay-f-^#3y S«SS^iWV

E#E^**mme#y-c#m(omEe#E^ie#EL*^67-k'yemmf 6. 
BSft, A)51M4* V 7*E7*/.i v <b # letA, ok=f—AT^- ^ A u—Z—frbM-uM 

ytL*EESE$^V'TaE?ltUeL-t?-t:"y*,IE!li)-t5„ *fc, 

*E»e#LT7-t"yroAiW^,l'5 <Ea^*5S-6-(t, SESSfc 5 v'(ASMSE
A74raAy-7-^###Efa. ^-t-ywf^flfD

frllTk^fflV'ibiv, ^ — £'yAn(OM%S-t)14 15ata, fBJft4 343t-CA>&„ 

iSMSE$ei4, its 48.6mm. ftS 10m <7)KS#V57 7Steffi* L/£*7-tr/v@ 

7*9, #4A>l2|$B5iifc„ S7.5-23’ (eTT-AT^Ay-T-itSitiSl'ESfito 

LtC' (SSSSE-y^TASmtffiM'Vtimfrffitci-'bWh'lfckmfrhr 

V'5z)s, ?M7'A)6. SSSAM/yytwliSEtl

iFRefflv =k 4 i: v 5 ff-L'6<jrkRty-TA> -r> fc z)\ SE^<7>1fiSBtfiifct'

t'Kt'iittW’f -SlSCftfcfc 0, @;S:<7>A#|j:Ai5 AS^itdo 

© *!IA£SEEf*t L7c$ESEE#E (EURELIOS, CESA-l T 7 7 h)
Bik #lea-D y/trog!EE<D*llE%«y‘7y M7|ix @Stifi£ffiv/'cKE$Ey 

77A&$ijm-f5t(7)A^a6Ai,5. EC 714 1981 tpiey 7 y rro-y-yy—Ale iMWero 
SS^yyt, EURELIOS ^SSL/t, f±#&# 7.5-3''

2 717 7 y h 714, KN03-NaN02-NaN03 (53-40-7wt%: KB 142'C) 0) HTS (Heat Transfer
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Salt) 360kW«h (D##(D^###^%T EURELIOS 1983 ^

-^(D#, 1983 ^icmm

L^: IMWe^my^y b CESA-1 "C, ^lC±#jb$lLT

mm$lLT^6o ^7.5-4^ ll^@y7>b(Df±#'T&do 

CESA-1 (Cjolld####y%y^^BI 7.5-2^ K^L^o ## 875kWe"C% 3 #^(D

KNOs-NaNOz-NaNOg (53-39-8wt%:#,^ 142t:)

^^ 340%:, >^^ 220r-C$)6c ##^^^^(Dm(D##(l260 b>T, #±#

###11 12773kW(h (2685kWeh), ^^(Df ^ 200m^(D##^#'3l:V^do ##

^^TAA^11150m\ |^^14m-C^6o

###5^(7) 520%% 110bar(DzK#MlCl^-C##mTt'lL6o Z(7)7KmM(D^9> 

—7D —^LT, #mf>^X)^(7) 220°C(7)^#^^3"O(7)#^#^4:^^iL6o T

^ j61 Ib%——\i — ^d0 d(D^#ib

y^TA-en, #^^>^(7)±gp(cemL^^^yicj;o-c##m^m^iL6o ##

do

%#!1, ^^±!C##^lL7t2"D(D^^y-C^j3lbdo —3»(DzK>y(lA^f

dlL(:lol:^^7-'C11200°C, 16bar(DzK#

d(D2-)(Diig#^-C^7-^6(D7KmM(l330t:^mydo 330°C^%#
(g|7.5-3^

$r#M)o Bl 7.5-4^ f^—b&^LTbo ###^24#^^4l-C—#

m^-ndm^-e, (#-#^#m# ii72%^#^^n,-cv^do ^

^ll^Mf ±lC3yT>f—^

(3oormm (D^mm

(3) (THEMIS, Solar Two, Solar Tres

b)

1983 #l^k°lx$—ilj[#lC#^L^:2MWe(Dy7yb (THEMIS) "C11HTS 

####«> 6lLTV^do b(Dfl#^

#E 7.5-5^ IC^L^o THEMIS "Cll HTS ^####:^yd^r-Y

IbT^d (@17.5-5^ (D±B1). ±#^llA--yt:'T4'l^^#^^lL, HTSll^-yCyV 

y^^ibT##'fdo d(Di 9 y^gr^jr"C##i-d^

^ry(Dt> (Dll Salt-in-tube #^#t)lbdo BlCld##^^:#

##^#X.6jTdd ^^##-C$)doHTS^mv^40MWeh(D##(D##i/%f-A|l, 

300m^(D^^^ 2^!(:1 %##;%:h,-CTD/L, y^^ bll 1980^ft#f 1%?##^^^:

-284-



#, BarstowlC#^$lb^: Solar Two

'ft'* c? ir/cio

Solar Two II, ^7/^7^/lxzzT, Barstow|C#B:^jTTV^,

H solar one &,

A^^L^^cDT, ^9-#(7)%%y7yh^Ll:#±##(D#%T$)6o SolarOne
300kWm'^

mTlC$ijm^iLTV^^, Solar Two Tll##^^##:^ LT 800kWm^$T±lf6Z<!:

El 7.5-6^, El 7.5-7^ |C Solar Two (Dy^^A^gl^L^ (^^:L, 

El 7.5-7 (1 1986^lC^^^jr^#^B:#|-^|^(7)y^TA|g|T$)i9, ##^|%(7)t,(DTIl

^^Tl^6o) 7.5-6^ IC^L^o Solar Two Til

mmicis, (565°o (D#m^gm^iLTV'6o HTsii45oT&_kTmi#

m#^(7)^^^^6NaN03-KN03 (60-40wt%) 

###«kLT#:b:h,/Co Z(Dj^ll#^^ 220t:T, 600T^T{b#%l-^^T$)6o ## 

1500

Solar Two

(El 7.5-5^ (OTEDo C^f^yTIl^V^^yh^E 

^r-y 19

LTV^6o M%^(D###(D^ail24#(7)/<^ylx^6T#Tj3i9, !^(7)/<^/Ml32 

^:(D 316H LT^6o#(D^m@ll#6(Dmmm#^#6lLT jo "9 ,

95%(D±^^#iRi-6oEl 7.5-8%dWR —i-;l%####(7)#]ET^)6o

>^x,^2m(DzKyyicj;^ 2^mT#m^icm6ib6o —Diimw#

B 1^^^ 5 B 6 L^: ^ C6Tn%H3E
#LTAlLX)^6j;9K^^T^6o 430kWm^ (k°—^

&G#T 800kWm-2) T42MW((D3:$/lx^—$r#lRi-6l9lC##t$lLTV^6o 

eicii 57o°c^^ 29o°c^ 1 eamicm^#Ti-6#Lv^m##^^c6^,

IIZmc-HMixL6^$r#c ^^IbT^60 ##3^(DA#/<^-11-^ 9 ^ 

y b#^A, B(7)2y/^yiceifT, A (7)^, B(D^,

A4-B (7/W<9-) ^^XLT$iJ#f5o

Z%WL7c:o ^#^(D9—^^#^6yc:^/<^A-y^(D#ll#/J^micLT, /</l%y#|l 

U^K6^11^#L"0/^6o #0^11 565T(7)|#mf yf
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7. 5-1

Heliostat field reflective surface area 12,912 m2
Receiver heat-transfer fluid Steam
Receiver heat-transfer fluid temperature 249%:
Storage medium
Storage capacity (full power hours)

LiCl-KCl (58.5-41.5 mol%) / hot water
3 hours

Electric output 1 MWe

7. 5-2

XT—ATa. A X'— T'— SWJ£#fS3s
IIS ft# ft#

232 m3
40 ata 

iEt£ 18 ata
KCl-LiCl 
(41.5-58.5 mol%)

IBtK It 176.7 t 48.6 mm 0 X 10 m
*36* 6,190 kg/h 559^:
#36*#* 18.6 t EBB® 853.5 m2
###### 1.25 X 107 kcal 1.3 m 0 X 13 m

1.75 X 107 kcal

7. 5-3 EURELIOS T° y X h (Dft#

Heliostat field reflective surface area 6216 m2
Receiver heat-transfer fluid Steam
Receiver heat-transfer fluid temperature 512%:

Storage medium
Storage capacity (full power hours)

HTS (KN03-NaN02-NaN03 53-40-7wt%) / hot 
water
0.5 hours

Electric output 1 MWe

^7. 5-4 CESA-iy7>h(Dft#

Heliostat field reflective surface area 11,880 m2
Receiver heat-transfer fluid Steam
Receiver heat-transfer fluid temperature 525%:

Storage medium
Storage capacity (full power hours)

HTS (KN03-NaN02-NaN03 53-39-8wt%) / hot 
water
3.5 hours

Electric output 1 MWe

7. 5-5 THEMIS 7°7 X h (Dff#

Heliostat field reflective surface area 10,794 m2
Receiver heat-transfer fluid HTS (KN03-NaN02-NaN03 53-40-7wt%)
Receiver heat-transfer fluid temperature 450%:
Storage medium
Storage capacity (full power hours)

HTS (KN03-NaN02-NaN03 53-40-7wt%)
5 hours

Electric output 2—2.5 MWe
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P=
39

84
 K

wt
15 P343 T

07. 5-1

600*6000 Kg/h 
25 CV

0 7. 5-2 CESA-1 EBSE'>Xt-A<DM0
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•STEAM

AA-E02

AA-E03

AA-E04

h Kcd/Kg

AB-E06
AB-E07

AB-E05 STEAM

Meal/Kg
500 600

0 7. 5-3 (CESA-1)

Energy to the storage system 14176 kWh (100%)

Energy to the hot storage tank 
12772.5 kWh (90.2%) Charging subsystem losses 

1264.5 kWh (9.8%)

Energy to the discharging 
subsystem 11967 (84,4%) Hot and cold tank losses 806 kWh (5.7%)

Discharging subsystem losses 952.5 (6.7%)
Energy to turbine 
11014.5 kWh (77.7%)

Equivalent thermal energy required to drive system 809 kWh (5.7%)

Net energy to turbine 10205.5 kWh (72%)

|g 7 . 5-4 CESA-1 h
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Cavity
Conduction through Tube Wall

External
Conduction through Tube Wall

@7. 5-5

EPGS

E7. 5-6 Solar Two 7^
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Receiver

Hot salt

Drain header •Superheater

Water
inlet

Water-cooled foundation

Hot salt pump 
and sump

Booster
pump

•Boiler.

Granular
salt

Cold salt
Gas-fired 
salt melterMain

circulating
pump -Pre­

heaterDrain header

Steam
generator
subsystem

Receiver
subsystem

Thermal storage subsystem

Steam
drum

Salt
reprocessor

7. 5-7 Solar Two

Uses Existing 
Support Structere

Top Supported Separata

Simple Tube 
Support System

Wimtm Number ol 
System Valves (19)

Thermal Sleeve Nozzles

Single Outlet Vessel
End Cape 
• Accommodate pressure 

cycles

Panel Hung from Top Oio

Modular Multiple 
Panel Assemblies

Separate Outward 
Facing Headers

Receiver Insulation 
Hung On Supports

pad Receiver

Wet Vessel

Clip Guide Support Assembly/

Panel Strongback 
• Bolts to Existing Structure

Thermal Sleeve Tube-to- 
Header Nozzles

Single Panel Header

Tube-lo-Nozzle Weld (TYP).

7. 5-8 Solar Two

32 Tubes

^1 Solar Flux
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U7 . 5-6 Solar Two
Component Characteristics
Tower 58 m to top of the receiver
Heliostats 1818 original Solar One Martin Marietta Heliostats

39.1 m2 each
Baseline reflectivity is 90%

108 new Lugo Heliostats
95 m2 each
Baseline reflectivity is 93%

Surround Field
Total reflective surface - 81,400 m2
48 MWt incident on receiver

Molten Salt Receiver Designed and constructed by Roketdyne 
(now part of The Boeing company)
Power rating - 42.2 MW,
Design salt flow rate - 100 kg/s
Average solar flux - 430 kW/m2
Peak solar flux of 800 kW/m2
Salt temperature in - 290°C
Salt temperature out - 565°C
Number of panels - 24
Number of tubes per panel -32
Height - 6.2 m
Diameter - 5.1 m
Tube O.D. - 2.06 cm
Tube material - 316H stainless steel

Thermal Storage System Designed and constructed by Pitt Des Moines
Number of tanks - 2
Volume - 875,000 L each

Stainless steel hot tank
11.6 m diameter by 8.4 m tall

Carbon steel cold tank
11.6 m diameter by 7.8 m tall

Thermal storage capacity - 107 M W,h
Three hours at rated turbine output

Hot-tank temperature - 565°C
Cold-tank temperature - 290°C

Salt Transport System Designed and constructed by Bechtel Group, Inc.
Receiver pumps - Two, nine-stage turbine pumps

Rated at 50% of design flow each
52 kg/s each
244 m dynamic head
187 kW variable speed drivers

Steam generator pumps - Two, single-stage cantilever pumps
Rated at 100% of design flow each
88 kg/s each
64 m dynamic head
155 kW variable speed drivers

Stainless steel piping for hot salt pipes
Carbon steel piping for cold salt pipes
Heat trace - Dual element, mineral-insulated cable on all salt lines
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Salt Inventory Provided by Chilean Nitrate Corporation
Inventory - 1.4 million kilograms
Composition - 60 wt% NaNOg and 40 wt% KNO3
Melting point - 220°C

Steam Generator System Designed and constructed by ABB Lummus
Nominal power rating - 35.5 MW,
Superheater design - salt-in-shell
Boiler design - salt-in-tube kettle
Preheater design - salt-in-shell
Steam conditions - 100 bar, 540°C
Salt flow rate - 83 kg/s

Electric Power Generation 
System

12.0 MWe gross
10.4 MWe net
Non-reheat Rankine cycle turbine, 100 bar, 510°C
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o Measured (29.2 - 39.1 MW) 
v Measured (14.6 -19.4 MW)

Windspeed at 10 m, km/hr

07. 5-9 (SolarTwo)
: 1) 48.6 MW, 2) 40 MW, 3) 30 MW, 4) 20 MW, 5) 15 

MW, 6) 10 MW

Design: 565 C Salt Temp 
554 C Salt Temp 
543 C Salt Temp / 
521 C Salt Temp A,

Salt Flow Rate, kg/s

(Solar Two)
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Receiver Collection

2 - 30 •

Turbine Output

00:00 00:0006:00 18:0012:00
Time, hh:mm

E7. 5 - 1 1 1998 ^ 9 £ 30 B <£> Solar Two iiESM
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Absorber

Inlet
manifold

Insulation
Panel

Collection
manifold

Blackened 
salt filmTower

w 7. 5-12 (DAR) om^ig
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7 . 5-7 Solar Two
Major Equipment Calculated Thermal Loss / kW Measured Thermal Loss / kW
Hot Tank 98 102
Cold Tank 45 44
Steam Generator Sump 14 29
Receiver Sump 13 9.5

7. 5-8 SolarTwo(D#^%7"A(D#±^#
System Solar Two

Goal
Solar Two Achieved 
(July 4, 1998)

Commercial Plant 
Predictions

A. Mirror Reflectivity 90% 94%
B. Field Efficiency 69% 74%
C. Field Availability 98% 94% 99%
D. Mirror Cleanliness 95% 95%
E. Receiver 87% 87%
F. Storage 99% >99%
G. Overall Collection 
(Product of Above)

50% 43% 57%

H. Electric Power 
Generation System

34% 34% 43%

I. Parasitics 88% 87% 93%
J. Overall Peak Efficiency 
(GXHXI)

15% 13% 23%

7 . 5-9 Solar Tres (Solar Two ^ (DfL^)
Solar Two Solar Tres

Steam Turbine Net Power (MWe) 10 10
Field Size (n/) 82,000 150,566
Receiver Size (MWt) 40 96
Receiver Configuration Cylindrical Billboard
Storage (hrs) 3 12
Mature annual efficiency 8% 14%
Mature year O&M cost (S/kWh) 0.14 0.011
Energy Cost ($/kWh) 0.13
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LCV-1

HCV-1

m? . 5-13 IFR S^§s05/Xt-A@

INSULATORS
■HOT SALT FROM 
SOLAR RECEIVER

CATHODIC PROTECTION 
SYSTEM (BOTH TANKS)

COLD SALT TO 
SOLAR RECEIVER

WATER 
COOLED 
CONCRETE 
FOUNDATION'

CW •
INSULATING 
CASTABLE W'ATER COOLED FOUNDATION 

COLD TANK

HOT TANK (2 REQUIRED)

^7. 5-14
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7. 5-15 >^7<D$UkWcn

Tower reflector

salt storage

Cold salt storage 
tank--------—^ Water

Steam
Conventional EPOS

Steam generator

7. 5-16
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Natural Convection

Forced Circulation
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central

sliding door

storage

Salt feed

hot salt out 
565 'e

7. 5-18

h=7m

>— h=6m

— h=5m

side wall 

Receiver Segments
bottom

137. 5-19
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7. 5-10
Cover gas C02 at atmospheric pressure
Shell design temperature 915°C (1679? )
Operating temperature 900t (1652? )
Storage medium (two tanks) Ternary eutectic carbonate (Na-Li-K)
Total mass 7.77 x 106 kg (17.1 xlO6 lb)
Working mass (transported) 7.41 xlO6 kg (16.3 xlO6 lb)
Working volume at 900°C 3942 m3 (136,000 ft3)
Maximum salt height 10.5 m (34.4 ft)
Maximum tank radius 14.0 m (46.0 ft)
Cone angle 105°
Tank volume (each) 2265 m3 (80,000 ft3)
Number of tanks 2
Material wall thicknesses
Ceramic fiber blanket (nonloaded) 5.8 cm (2 in.)
Castable insulation 20.3 cm (8 in.)
Reinforced concrete 25.4 cm (10 in.)
Code guidelines API 650 and ASME B&PV, Selection VIII

Tank Design without Cathodic Protection
Liner material Income! 600
Liner life 10 years
Liner thickness 1.59 cm (0.625 in.)
Corrosion allowance 1.2 cm (0.50 in.)

Tank Design with Cathodic Protection
Liner material Incoloy 800
Liner life 10 years
Liner thickness

Top 1.27 cm (0.5 in.)
Bottom 0.79 cm (0.31 in.)

Corrosion allowance
Vapor 0.85 cm (0.34 in.)
Liquid 0.45 cm (0.18 in.)

Cathodic voltage 1.3 V
Current maximum / average 12,000 A/6,000 A
Anode material Copper core; Incoloy 800 casing, gold cladding
Number of anodes 4
Anode diameter 10 cm (4 in.)
Anode length 9.2 cm (30 ft)
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7. 5-11 Incoloy 800, Nickel 20 K Inconel 600
Test Type Alloy Length of 

Test(h)
Linear Corrosion 
Rates (mm/year)

Non-linear 
Extrapolatio 

n Factor

Nonlinear 
Corrosion Rate 

(mm/year)
Liquid
Phase

Vapor
Phase

Liquid
Phase

Vapor
Phase

Without
cathodic
protection

Incoloy 800 500 2.10 1.00 2.10
100 3.67 8.32 0.25 2.20 0.83

Nickel 201 500 6.66 6.31 1.00 6.66 6.31
Inconel 600 100 5.26 4.38 0.25 1.32 1.10

With
cathodic
protection

Incoloy 800 
(13 V)

100 1.84 3.50 0.25 0.46 0.88

Nickel 201 
(1.0 V)

400 0.044 5.48 1.00 0.044 5.48

7. 5-12

Height of upper focal point 94 m
Height of tower reflector 80 m
Inferior focus height 12 m
Number of ground CPCs:
-Central CPC 1
-Peripheral CPCs 10
Central CPC:
-Area 168 m2
-Entrance diameter 8.48 m
-Exit diameter 4.00 m
-Acceptance angle 26°
Peripheral CPCs:
-Area 116 m2
-Entrance diameter 5.80 m
- Exit diameter 2.55 m
-Acceptance angle 26°
Reflectivity 95%
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7. 5-13
Gross radiation reflected from the heliostats (90% reflectivity) 59.6 MW
Gross radiation striking the tower reflector 57.7 MW
Power absorbed in the tower reflector (95% reflectivity) 2.9 MW
Power entering the CPC cluster 53.4 MW
Power exiting the CPC and entering the receiver 50.9 MW
From this:
-into central receiver 27.2 MW
-into peripheral receiver (average) 2.37 MW*10

7. 5-14
Central receiver Peripheral receiver

Top radius 2.00 m 1.28 m
Bottom radius 3.00 m 1.80 m
Height of cavity 7.00 m 2.50 m
Power entering the receiver 27.19 MW 2.37 MW
Net absorbed power 26.49 MW 2.12 MW
Total lost power 0.70 MW 0.25 MW
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Obtained in the hot tank

Delivered to the steam generator

4 5:30 16 18:30 20

Time of day

07. 5-2 2 iEfi;?>j7-#:ySSigg£/BV^i:#ro-Bro/'57*-V>X

window

To steam

idinmTransparent

From cold

Conjugate natural convection
and radiation

@7. 5-23
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»S-f5fcrot?fcofc0

Lewis Research CenterGarrett^h'C’L9n—X K7F^f FXiFX ^ ft IV f&

■>7ri> (40kWe) roES:E5+^ff"t V' 5=, la 7.5-2821> lit—F/^'xXX-ffe^o SB 

«i L-entity LiF e#xTlx5. SB$I1EI 7.5-292l> ICzFt'J:5'kES 1.2m, #5 

1.4m @SOF5ffiS& LTfc y , -MRffiaeBt^Hl^t-LiF^ijlStl,,

Ifx^ay, nweiSKttfiB{S#rorc6<7)Xry^sij-ibjxrv^ (H 7.5-302l))„ f«f® 

L,»;®*aS<t1-5fc*,SBW»S:/)'S< K9o®lTi)5. 

r<7)eBfl:c>tt±lc*5ij-5m-m LiF (OiSit • @@i;#5F»1*ll^< */)^/c<kV'5„

:B$ttlm7)l/'XBSt>ia 7.5-312I) <D± 5 |C 800°CfS'iE/ic
7.5-32^)

LiF LiF-CaFz

(80.5-19.5mol%:#^ 765°C) MgF] (#A

1,263T) t#X.6^LTV^6o

6(D^T^)6(D-e, 40kWe JL%T-C]g!(Wfm 30

iE-Cij: Solar Two

-c# ^9 ###uvA-cm

6^l^9 L5mLT^6o
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SE*-k'>$St(M
-p,'T)

Power absorbed (MW)

(ui) mub» U| ioaoi



1.47m

1.23m

1.68m

07. 5-2 6
(NASA Lewis Research Center)

3.05cm

>3>
(37^tf/t)

91.4 cm

0.76mm Efal

0 7. 5 — 27 LiF (NASA Lewis Research Center)
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T= 815
P = kPa P = 613
M = kg/s

208kJ/sT = 574T = 163
P = 301T = 32

M= 0.860
T = 554M = 0.01

M = 0.851

1 = 198
P = 297

B# 59 MIN
75.8 kJ/s

95 MIN

= 0.95

|g7. 5-2 8
(NASA Lewis Research Center)

(87. 5-29 (Gairett%)
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PUStt 7 -f > fTMiatoTtSS

SECTION A-A

07. 5-3 0 7D-X HT't/'l'(Garrett tt)

g 0.0I3
<9 Vi

K ^ 0.0I2 
o.OI I
1200 

^ 1150 

^ 1100 

1050

H-bFkUd-1b=b i —M {-
—i— ■ 1 I 1

:mm± ! i J
UJ -

ntt

Lf 4»: ! !

|X i |
7J A CGLJ/sn/^.^71nrffl MHq .1—

Li!}
j i M~: !

Mill i h n~

%*&&&##, min

I37. 5-3 1
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PCM

7l. j_l i I,:l.    —,
4- WORKING FLUID /-4-i i it r i r r/i

E®

|g 7 5-3 2 9U—7s (NASA)
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7. s. 2

(1) lacaNc^)

##:(/)###^ LXn

® iooor#^$T##m±-c&& z ^

(B

® &6wa###&#r3::<k

/3sm$LiyH4=-C&5o ®[c$iJ^^$)6o M&WWdk 0)^6"
^(DA, ^7.5-15^

LiCOg-NazCOs-KzCOs LT#m^fL6o

Fiibem&m#,

v F###<h

j:V\ Fe, Ni, Cr, Mn, Cu

#<kW&U;:<v^^'T&5o j:<

^-e#6o
zc>/ F n k°—[c j;c-C#A^#TL, #^^#c,-CV^6^#A -

LT
® (k LT^T/lx^ % , T/l%)b U ±^A#(D Li\ Na\ K% Be^, Mg^, Ca^, Ba^

O F-,Cr,Br,0H-,N03-,N02',C03^

Z^L6(D##(D#Afl 250-1400t:(D^a-C^5^\ 

i"6<k 150—600t:^^6o #A(ia^l200%:J^±'r$)^'C,

< t£ 6 <£ 0 ?£ Z. t ^1# *0 fcl\

Cp^34.8±3.2 J K-1 atom

Km= 11.9X10”3 Tmm • pm • (MC^Wcm-'r1

(7^:#A(K), p:%K
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fflJH-cfc*. iSBtifibWgl&JUtmiro*#til;:o VTI4, (d itEA % tE«*

bA>it$iiftms,^X'% LA'U eftiiSHT-M-et 

&v\ L^t»Troa*T-w?Ea«*'C^+^-efc5o 

© A»6.

£fc, fiSS6jfo-tV'dElgli$to/v-7'S!r*5V'Ttt, liftfi'>l:J;ot@ft«i 

«fT©5„ ©*©%, smtcfc-v'r-6i5co5E*^atR@iij5n^ ©E^teiaaitdgifE

r@«a»lc/j;i9|lfttl©5o

© /v-7"tcjoit5K*SfT&S:E©5H©ttTieroJ: 5 i-#< JPmi^S-etiftV'o
i. ?u$, 2. ?ass, 3. iB.g®z>$\ 4. (S) tt, s.

$, 6. 7. St®, 8. Reynolds #, 9. ##&*, 10. *B%#, 11.

mmmm, 12. sea**©, 

ifc, ®1 *rolb<Drt>, 

ro©aj(iW7?!J?j:v\ toTrE£troJI:ft©-imJi.S toitSfcfcroSWIdft*?, 

i LTfc, 9 2i:«st*5.

(2) EKfiBESEfBBiitififc W$t»

K«ts«tro$iS'tt?as±# • T&kj8,mm<Dm&fm-r&<D-?< wmtn&ftt lth 

11, Ev'?BS®E-e$$-x:-ifc5r fci)Sfcit%4%5„ *BB$*©7y b

mMt&coi&u?y?co&xt lx 5ootiii±&$#© 5<ditgiufti-e

Itfrl'iSfoE-S,, ttffi.? y4TI±SiWl|lfc»)i*yi*:[Si<"fcAl:. 24 #M^t=#Aa±<7)m 

b*V'^fc-C'fc2>„ a 7.5-16 500‘CKTT?, moot

{4$ -e*$-e# -5 S-g-S#lgro©ro-efc-6 (NaF-NaBF4 It BF3C04>E^i6iV'^$Pfl

-ttutTnWt <, setwffl ) „

© mmm•Bmm*

%#(&BE#EW#& L T£ ET v' 5 fc <o re 1$ £ A, ifItWSX coiM-a* 

-efc9, 3 $L'j}%n KNOj-NaNOj-NaNOj £ 2 fiM/MAJ KN03-NaN03;7'/j‘1tiiff-)XhZc 

H 7.5-332> |d##a&7p©. 3F8^CO*StS (44-49-7mol%) It FITS (Heat Transfer Salt) 

fcdv'14 HTS, b Hf5i>L. 2 draw salt $ fc It HTS2 b Bflt

ii5„

HTS ttiits 142t £ (6< , E(Rf$£ LT£< *BB©7y h"C©

EURELIOS, CESA-1, THEMIS 7?y I- T?fflV'b>tlXV'Z>„ WEffiltS < S^fciLXj8 

0, ©ft 25 |r t < $ jrfcBnrv'd, * 7.5-15 Idit,i?idj3it5#itt(8»sl.fetid„ E
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7.5-172‘\ &®RyWt£l81 7.5-3429: >0 7.5-3 5 30' Lfc, ft 450°CT!t

450~540‘C-mt»'O< 9E^)W^e^5„ T/V

* Li KfMK fc‘J:t>*$$i:*5SS^±'efc5„

5NaNO] * 3NaNOi + Na^O + N2

£fc. r>Bj&LXm8t&kt£Z>i>K

ir itfli'tut rroEtS^jfnftar 450°CKTt5©®«!®fift^xi>.*#

450~600°CroEfB$E"CIt, .£ l-J ' 2 tift/ftftji LT V'ft, draw

salt ltE3Sz)S 220t:7:\

5„ S®@T(7)*:*coS#S*Baft7y hftfcS Solar Two TMgktlfcSWofcd, 

TA-* y V'fcft-5^, C4W4T##

##[CZ ^^ <k j; 60 Bl 7.5-36^ (Cll NaNO] Fe pO^'

¥§rL,

p(f (=-log

6Z02.) ao2_f3/J'$ < "9 , ^

Fe(j:, T^/M^FegO^^#:

HTS(± 454°c$-C(7)#m^6^#m (##)

^7.5-18^ z%#>4±Kj;6 HTS

Loyd

500-600T-e 0.064-0.053g 

SolarTwo^^^^^j:9^,

draw salt Solar Two(D#^^#t##^^6

1994 #(DSandia@]^#%Br#o'#

m<D ^ ^ 6 j ^ u ^ -e $) 5 9) c ##% ic 1 ±(26or)

y/i% h y'-^ic/FA^s&a

304L,

347, 321 (D j:

*9 , Z ^ 9o

(1)

600-900%:'C(7)m####<k LTH LiC03-Na2C03-K2C03(D 3 

43.5-31.5-25.0 mol%) #A, kL##(D##^ (#7.5-15, #7.5-16)

Li(%m;WT#A# 397rm^c#TL, iooor#ia$

t£fP11 ^ 6o stlizl! Lfc ct 9 1986 Rockwell International |±

(Rockedyne) #\ 900°CT(D ^iSSBSS^B'> X T .A Z
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7. 5-15 ###&
iSffi# (500%:) 1 (500%:)

NaN03
-kno3
-NaN02
(HTS)

NaBF4
-NaF

Li2C03
-Na2CO

3

-K2CO3

LiF-NaF LiF-BeF 
-KF 2

(Flinak) (Flibe)
Na Li Hg

[300%:]

Dowtherm
A

[339%:]

h2o
[300%:]

<k # 41-36-2
3

46.5-11.
5-42

75wt%

mol%
7-44-49 92-8 66.34 Ci2HjoO + 

Ci2Hiq

it ,6 
“C

142 384 399 454 459 98 179 - 38.9 12 0

S«E 270 3.8 400 6.19 8.59
Pa (627%:) X 10' 3 (323%:) xio3 X10*

$ E 
it # 1.56 1.51 1.73 1.85 2.39 1.30 4.23 0.135 2.83 5.762
kJ/kg-K

kg/m3
M ffi

1,787 1,870 2,017 2,165 2,004 833 482 12,880 750 712

- - 234 - 200 157 346 - - 14.37
mN/m

#
W/m-K

0.59 0.35 0.55 4.51 1.00 66 53 13.8 0.17
(300%:) 0.545

# m
m2/s

2.26
X10"*

0.8
XIO"*

11.8
X 10" *

4.2
X10'*

7.44
X 10'*

0.29
X10'*

0.74
X10'*

0.074
X10'*

0.44
X10'*

0.1205
X10'*

p/i/#
11 6.5 75 3.7 36 0.0047 0.028 0.0093 5.49 0.907
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7.5-16 it,5
(mol%) fC)

NaN03-N3.N02~K.N03 6.9-48.9-44.2 142
NaOH-KOH 56-44 187
NaN03-KN03 50-50 220
KN03-Ba(N03)2 47.6-12.4 287
NaOH-NaN03 92-8 290(?)
NaN03~NaCl 93.5-6.5 297
NaF-BeF2 58-42 345
LiCl-KCl 57.5-42.5 354
LiF-BeF2 47-53 364
NaF-NaBF4 8-92 384
NaCl-KCl-MgCb 20-20-60 396
LiC03-Na2C03~K2C03 43.5-31.5-25.0 397
N aCl-MgC I2-B aC I2 24-40-36 418
KCl-MgCl2-CaCl2 25.5-55-19.5 420
KCl-MgCl2 67-33 435
KF-BeF2 48-52 445
NaCl-MgCl2 52-48 450
LiF-NaF-KF 46.5-42.0-11.5 454
LiF-BeF2 66-34 459
L12CO3-K2CO3 35-65 482
LiF-KF 49.5-50.5 492
Li2C03~Na2C03 52-48 497
NaCl-CaCl2 48-52 500
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#E7. 5-17 HTS
me#*

T X
(K) (W/(m-K))

426.7 0.479
427.4 0.491
469.4 0.504
509.0 0.502
552.8 0.494
583.8 0.492

7. 5-18 NaNOs-NaNOz-KNOg j; 6

[mil/month, 1 mil = 10 3 inch = 25.4 |im]

325T 420%: 456%: 538%: LA -O 3
m

 ^
11 %

600%:

6k# 0.3 1—2 10-50
15Cr# 0.0
Alcrosil #5 0.2 0.5 1—2

r 304 0.7

4 309 002 0.01 0.0 i.i 0.6
316 0.0

l 347 0.4 i.i 0.7

Inconel 0.0 1.5 1.5
0.06 0.08 0.1

B 30.

0.25

-323-



NaNO:

KNOz

284"

225"

436"

[mol %]

E7. 5-33 KN03 + NaN02 + NaN03?M£EE

x 103 

2.00

1.90

"e

" 1.80 

E
1.70

1.60

400 500 600 700 800
m (k)

E 7 . 5-34 HTS

////

___/______

p = 2. 28:2X103-0. Ti

P (kg/m3)
1ST [T=4 

, T (K)

22-710 K]
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(m
Pa

-s
)

M & (K)
900 800 700 600 500 400

1— 1 "I zzr1 1 I 1

ML

#i
A . S

k
►

A
A
*

•
____

1 Mixture I
1 1

, A

A

f
A • 
• k Mixture n

•
A
•

▲
•*

A ••

1.0 1.5 2.0 2.5
103/T

• .-Mixture I [KNO3 +NaNQ 2+NaNO3 (44*49*7 mo 11 
A:Mixture XX [KNO3 +NaNO2+NaNO 3 (44*41.6*14.4 mo i *) 1

g}7. 5-35 KN03 + NaN02 + NaNG3

{SSta 1

— 3 -

|g7. 5-3 6 ^NaN03^(DFe(D#^:ap0"-(D%^|g 
[600 K, =1, o^.= 10^]
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(DMcoW

W##E*lcMf 5 tcMUTIl Ketelaar35’

Ei <0 , ifc, [.iCOrNa2COj (I) 2 EE EE66J£ (52-48mol% : iltE 497'C) t Fe Cxi L 

Xli Lewis36’ Ei D, 600E©*-g-©ii:J*eti:—p02"¥«rll4Ex. ibixr jb- <0 ,

#6. ^ft«_t©8!ft#;#E:jb'V'-Cli, E##6^0TKAlimEL % WE C02 ©E 

E4 2/3 tU±«±Ei!i</i5i:, *oT$E^ffM5EESft»'iietr0 LE4

oTiW?a-eii Ni EAi V Cr ir#-§-£ETV5„

^yu>'U^m<nm'k'MS.li, 9i©«E, ®£#:EEi 9 jMSES*2.44 ;kS*oiiE

li, 650°C-e O.lmm/iFeST'fcd 3,)„ Grantham 6 38> {:4 /, > 500°C$"ei±E-XEE

4 h^^7"y i/xfl (18-8 S) EIift:tt4fcO, 600ETliE o A&#ENi

S-e 391, 700'C'Cli, SfeEWE oAE^EEiEtiiftttti/iV'i LEE-S 36)0 Janz b
40) Ici-5i, SUS347 li, UFcO,/j>'4;EE7jfcA, 6001."T iW,ftSE1±EX4, 0 , ltlx 

WS/6E-fc5<t LEV'S,

TteEjZtWfcjjj *9 , Rockwell International |± (Rockedyne) //■ 900’CE:L';f 5 Incoloy 800, 

Nickel 201, Inconel 600 ©@6$$& 3 f Eif oTM (S 7.5-11),

eatotoftSrfflvEjtilEli' Inconel 600 EftS £ LTV>5. ES'JSE/tSftitSi 0 , g 

S4E4E 10E©ftEtt£KFE-lt5E©©A:*l*l® 0 ©ffE (1.59cm) ^IISdETV'

5 44 44i0 900"CEEf$ffil:tg U ■ > .@4'E5, )i, Rockedyne OgR4t,t5i 

850°CE TEiiJSAagliSE < i&TX6tmm£EEV'5©e, L©i 5 * Ni 

tffi-EE 800°CS$EfoiLli*J; v'BhftttE# ibESEt LE*©,

(3) EiWfiSBSEfflroiSBiSk®mm

####©$H^li, ###i*^*V'L6 L, -$S$E©B©to LAE4iiJBg/j;r i:E
fcd, ®B$mT-li$E8$£mEirtigi6Ene©fi$frB££lf5 L/)>*v'4, ###%

*6ffi'$(tias©-e?s$7?#<©me#%EE5c1ees5. :»2tiia#Ege 

Mci3V'-CjB*W*^fCfc5„ LEL, #E#E#li®E##W©i ? 

E«tW-t LTil^E55<t4i?#/j;©i:t"54:^4fo5o E®«*)?S*ffiE7Vx4Eli 
*EE#E LEt#m###emv'5E©, *m$©§*gmsm#ilto|-S$t *Or

V'5, i^E####^©##, 0 $i||!g&gli5©E#m#m&A 0 < E

52t liE#*V', fc 5 —inh'feh LT, Eve-W yil E lESLbEEEitE, M 

BEti5iJ©E<* (#M, £(£49 LE, eE£?SK$B$ES< -Ex-rWifcs,
-®a®E$E$©#®li->xyv • Ea-y'ai:*y-tr/va (H 7.5-372>) 4&5„ 5©

i 9%#m©#m#E©^,iKiiGE#m-ek5. $En#^eEffiicffttiE5@*©me« 

^SiSWiE CEtttgSrtii*5fc©teEffia^iiJ^Ei:3X |4E#E5o C©EA
SE$s$#ie©*iia4e$-efc5= i/m/t- • e =. -ya l * y-tr/va© ^ e e, ©$-g-

•C'tasii, #WtEliK?B©BEfr£$m#±SBEib, »*iB#Eli®fi©«*ft:£g9fii
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mtm<ot£m%it^ ± 5fuB*tc i<>Tgjs«it 5r t 6.

* 7.5-i942) *-m, nxe>^e>,

B*dti ■siEis.s (f*fc<b»/S), 6 z t

/5alfl—'^'Cfc'b 9c

® y y\YM

6IK# t % L T ^ 5. B<m Li, KroS^-^-eeTS-tir-SZi:

mmmbi&T-fz,o
Icot'Tli, SSIcSAtoir.BfciiTVSiix 6 tWb#i j: f)

ttiSU^IiSbtu^Vo ®ftSfSlc-etLl$<k‘®fl*^r|j:?lJ;v\ E*|4

■ktmmnmuat

M + n/mM’Xm —* MXn +n/mM’

t)
AG°= AG°KMXn)-n/m AG°KM’Xm)<0 

T$)6o ^IE,
gl 7.5-38^ Nk Fe, Mo^####E

LTWflJ'Cfc<50 ZLfrlbP>'u‘'££ (Hastelloy-N > Inconel #) LTiS LTVX60

#K Hastelloy-N

6o Fe Ni-Mo Cr &;%0x.7b

^r(D^T Hastelloy-N

-&57W Cr L^:^(7)-e$)6o Z^L(±Cr
&5o g| 7.5-39^ !±Li2BeF4 4:^jalj6HasteIloy-N(D^A^e^#^, 

po^#m (727%:) T$)6o 

a . Hastelloy-N 9 ^ Cr Zn#

^Tm^E(7)$)5 J: 9 Cr 6T^)5 9o

c. m^:^I^Ai-6k:i±HF^E^ao2.eT(f6^^$)5o

j:CZ E 60

LiF-NaF-KF*##: (#7.5-15)
0 Cr(D#m^-#0^m-e$)'3^^o700r$-C^^< E^Hastelloy-N^m-C#, 

600raTT^lf^Ty PT#E LT^6o

LiF KM LT Nb E (D##%KMT6#%^ 

W»< -a,'6o Harrison Nb-lZr, 28Ta-10.5W-0.9Zr-Nb, 10Ta-10W-NbK^
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7. 5-19

# K E $c
(mol%)

EMM
(K) (K)

96# - mm#
Ah

(kJ/kg)
A v/vs 
(%)

EM#

LiOH 735 875 at#
NaOH 566 159

591 159 15.7 at#
KOH 633 148 13.7 mu
LiOH-NaOH 30-70 458 446 58

488 489 290 mu
NaOH-KOH 50-50 444 442 213 mu
NaN03 439 32

555 216 16.5 mu
LiN03 526 363 21.4 mu
NaN03 549 50.6

580 182 10.7 mu
NaOHNaN02 538 501 313 mu
NaOH-NaN02 73-27 510 500 294

20-80 505 505 252 w
2NaOHNaNG3 543 491 295
NaOHNaN03 544 486 265 ##
NaOH-NaN03 81.5-18.5 530 527 292

59-41 539 494 278
28-72 520 486 237 ##

NaCl 1073 483 26.06 mu
KC1 1043 355 22.27 at#
MgCl2 987 453 30.46 m#
NaCl-MgCl2 60.1-39.9 723 293 19.5 at#
2KCl-MgCl2 708 184 at#
KCl-MgCl2 753 254 at#
KCl-MgCl2 42.0-58.0 743 392 17.0 at#
NaCl-KCl-MgCl2 33.0-21.6-45.4 658 234 at#
LiF 1121 1037 29.4 at#
NaF 1268 801 24.0 at#
KF 1131 507 17.2 at#
LiF-NaF-KF 46.5-11.5-42.0 727 400 at#
CaF2 1684 393 8.0 at#
MgF2 1536 883 14.0 at#
LiF-NaF 61-39 922 19.6 at#
Li-CaF2 79-21 765 757 21.7 at#
Li2C03 996 566 6.9 at#
Na2C03 1131 280 16.2 at#
K2CQ3 1171 200 16.4 at#
Li2C03-Na2C03 53.3-46.7 769 372 13.5' at#
Li2C03-K2C03 62.0-38.0 761 370'" 8.5" at#
Li2C03-N a2C03-K2C03 43.5-31.5-25.0 670 274 3.6 at#
LiH 962 2842 25 at#

* 52.7 mol% Li2C03 ** 63 mol% Li2C03 *" 50 mol% Li2C03
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I^AP

(a) # 7e-b;uM

im 7. 5-37
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500'C 1500"C1000°C

m —80

-110

500 "C 1000"C

T[ K]

18 7. 5-3 8
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---- Fe-

0 7 . 5 - 3 9 1000KTffliSULi2BeF4cfJC43(t5 Hastelloy-N Ni> Mo. Cr.
Fe ©BA,
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(LiF(D30%^&^##-#|gBe(7)#:#^k(cZ(9, ^y-k/L(D^ 

S:. LiF tf

L j; 6^ ^ ^ 9 6 ^)

0 #c#jK #<k#

400-900^, mfk#

350-800t:(C#A^#Oo

#ik#j;i9t,#^L'Cv^6o ####^ 

#f t LT^y^Sco IGT (Institute of Gas Technology) 'Xrff'fr fritz. ^

U2CO3-K2CO3,

Li2C03-Na2C03-K2C03 (D—^(7)T/L^ ^ LizCOa^COg

sus3i6 #

L-ct^v^v\). ^^F

(z^ic^v^-ni#my6o)o

LiCl-KCl (58.5-41.5mol%:#A 352%:)

y^^ F-emm^^yi^o c^y^^ Fmm^mity uci-Ka

ylxgj t>^LTV'6?)T##(C z^ 6 o NaCl-KCl-MgClz

Sir B tft\^T$^ti*$&h>\Z.fff}tltz.0 NRL (Navel Research Laboratory) "CLt. ]M& 4 A

#. Grumman%'etl5]#(CNaCl-KCl-MgCl2^-9^ir^%

SrB^yv^^.

±mm%#y7>F^^jovn: 

600°C^±(D^#%fc#:^^^S:^'3l:^6Z<k^^:lj"C, NaCl-Na

tBSr#-3^ 800%:(D###^##$tLT^6 (:L;W::-)V'T##mi-6o)o 

#{k#(DA#S:(D*#%(COV^-C(l, (D##^rfT9 <kEI
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1^:, LiCl

19 , ^7"^ Ix^IlT/^ !9 ^ LT^6o ^c(7) NaCI-Na

800%:(7)#m^mm[C^ SUS316

® 7K#{k#

NaOH ^2\DzK#{k#^ 150-300r#^(7)ja[t5#####(D##-e$)6o LiOH (1 

BftM L^fV ## NaOH (#A 318°C) £ fcfc NaOH-KOH (56-44mol%: #A 187°C)

^^L, H20, %

NHlNaOHlCl^ 600%:m±%r[l^L<#^^lL6^,

/UM#T&6o Mo, Cu, Ti,

-C&60 L^i^L, Inconel600, gONi-lOMo^A^^^M^l^#^^^)^ ^L,

NaOH^##m^-ym$r#mLT^6#^(C(j:, mmgPiCNi

6''l

#Fe, 600r^±-C#Ll^±^(t5o Ni^

LTFe, Cr^mfk^m^fL, #Wf6-C&57o 430%:, 13 )^Fe

(141mg/dm^ day 18-8 78.4 mg/dm^ day

660%:, 1000 mg/dm^ day

250%:#iaiC#A^#r^, NaOH-CNaNO] 

& 6 M3 NaNOz)# 2 # (-& g ^ lb 6«NaOH-NaNOg (81.5-18.5mol%)

^ W19 , 3; - #|g «9 ]g LT L

#^m, im^m, i4#(7)m#(c^v^-c,

350%:, 10000

6 C ^ ^ ^)4C 7^ -o ^ o Z fUl NaOH (D V NaNOg $) 6 V 41 NaNO;

6Z^Kl^Tjq]x.6^^-e^6c LT#K

U W SB42, ## SF45A, STB35) W&#(D@

m, ###(D#^e^x.-c2&m^L, ^iL^ib^m-ioooom[cjyi^mm#'%m^ 

m, <m#, ms, M#(7)v^(7)mgf^#m^m^iA<m6iLf, mm

F (Fe304) ^#^1LT1:I9,
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A & %*%. NaOH |C% 8%
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£ft."CV'-5„

(4) 3>**:y t'

@#Se-fc7 5 MbL, ##* t *###g16 C & 1= Z

0&##ta#BK)iP]±eEi5M^^66.1980y #<d igt vitmM&jicigWi-i-

571 58,„ igBtffli LT

KEJSiSiS-tiSrav, MgO tKfrB-S-LT, = -% K%%x L/c:8e, teSIT, @166$ 

92% 17) 3 >* v y I-- U y I' %'#%L '6, NaCOj-BaCOj/MgO ICoV'Tli, 6030 B|IS, 206 

■$-■1 ?sU<DH$S>(D%V<DMiM'Pl4 1.6%%% 9 , *#*%%% t L TFt Stott 5 %fc%# 

S#t$(0$B8H%ltS6?7keiM4®;)s*i$5nfc58,„
y, _kEg<Bfirots*, Na2so4/sio2 t>W3i:#;iibii'Cvto 59>0 /\ 

S SSto/zStferoSmStolWSiiTVtoo

ma?LttE®*BB%Sroe%ll8tt:fcv to fcSBSBfffito U^yfryy FW#«

isst$rofiE{i2t2# 9 3o%\c&&$mmt^<oms, mm*# -

SlSLy 5>f5B#tt®»(%»*fe-efo-5„ tt*S *a#B#o*#l# jm 1C % 6

BlS*, * 6Wlc@@|B#(D*##tott j: 6Sto 2>eBttffiro®T-?fc50

LiF (#,6 845°C) % LiF-CaF, (|Wll'V. 7631:) * 4 0) 7 y f k # % $ TL R % 9; f to/l % % 4 U:

S*W4K-Sa6** = ym%y F»B#BE®l»«*tTfcix/t60)o

Sl'fczto CVD 12 J: y *B£R® tt-f 5 V418®*! *%*#LfcSh h

-ftStLfco

iMIfiMSBWto 1toi:® ilSto/to'SEA* (r%» yAM) txyy-m 

r. t hmuMc 6|)„ sf**sttsas<»f*#$m*s$i2S.iz''mi%**efn-f-511 

fctt, eB®j*ro©W4r*fc-rri^T'§5„ eBWStofe*, itoibroxx y-ro«to 

fceBmt*»siL*62>„

S¥ro*iiBI6**7y HS5glc*jV'T 600Ttoto»Ef|jfE;$i£,Sfc*oT5)tot'2to 

■tigllT 63), Sa^-EEAS (NaCI-Na) L/c#rLV#B##^D#M

ttiffitototovto641, iSBSB$roi§Sl4, MB#lceBB(2Wmi-2)ia«roBe**iSV'

r to HIS to 5 7c ASH 7.5-4164’ roSHroJ: 5 *

toATIC NaCl > Na toilltoHlttlff <_ NaCI »)S,%(± 800°Cto, A# Na #to 100°C) 

It 700~900tto 0.l5~l.25bar CDS8E*fc5„ BAfBtofeS# Lfc Na#M7)'#3E#toa 

-tottiSLWlL-CMtoEto, Em Lfc Na USAS® toSTto-5„ Bl 7.5-41 roEHli 

%*(DB&#toa-to&#a&®Satoto*lto)6. sa$ 8kg i:?g-S-# (NaCl 4.6kg+ 

Na 0.3kg) /%eroiW$*<7)tbe^ffbtLfc„
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7. 6. 1 B %

7. 6. 2

(CO jott^zK#)

^T^6o C02 (%##&#]

t 5 y O -k^ -e(l,

(D ^& -0X {tfcffc§E 5 (C + H2O->CO + H2-130.1kJ, C + 2H20^C02 + 2H2

-76.1W, C + CO2-»2CO-170.7kJ) (7)^#^±^^/Ix^r--C#9o

(4) yf/—/I- (CH3OH) ((-

CH2.) nX (DME;CH30CH3) §
1%^##^^ H2^ CO(7)#^M: (H2/CO)

mV'T, (2C + 02^2C0 + 222.6kJ) (C + 02^C02 +
393.3W) i-t^###^#6o

LT^6o

Tit, ±E(D®&I&^T#(O#0[

itS4^(CS# L/t^ ^, ±Pi^yw^r— Ofe-fO (D^###[p]±(7)oT#+^&##i-6o

m (zK#m, co,^^)

60

±#^(7)-^^#^^: LT,

(D toTlgfiilJjL;^#(bti<5
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