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Trofimuk et al. (1977) 5. 7x 10'3 (5-25)x1015

Mclver (1981) 3. lx 10'3 3.1 xio"

Meyer (1981) 1.4X10'3

Dobrynin et al. (1981) 3.4x10" 7.6 xlO"

Kvenvolden (1988) 2.01x10"

Kvenvolden and Claypool (1988) 2. 91X10"

ARCTIC OCEANARCTIC OCEAN

#21 NORTH 
0 ATLANTIC 

OCEAN
NORTH PACIFIC OCEAN

•17#

INDIAN
OCEANINDIAN

OCEAN
27 •'

SOUTH PACIFIC OCEAN

SOUTH ATLANTIC OCEAN

1. 1. 1-8 m i? >/W KU-



c) t') 3 y

@e*K-(b7k*"e*5* V V 3X-yV70%ic7k30%,bi$e©WB61SriJ;£-J!jn;LTJ^yv 

•y 3 y{fcLfct>©T\ SttE©7h >; y ? 9 - )ib<CW.Wl&e>W0Wi.'-'-h<m&tUZ,' 

*') J 3*-yW4Si. 1.1-9 Elicit <k 5 i; y 3mdti#®8to5 7Jtitc

y 3 ^ ;u h icEteaae^ i & 2, ooo«/< u iSb

n, 2, 670S/<yyV(424ti h y)

1.1.1-9 IH t') y 3ll|i^- V y 3^—yU^yl/hOfig

si. 1.i-iomc^y7xa®ei*y 3x-7uaEi©m^L/:. ^ v y 3 ? - 

7i/ii<ittJsns7,7y-^©^-'i'7u-!i-y Ftiiigai®* 3, ioo«^*u7i'ifc#t3n. -en 

a.

/<*x'313©ifctfliltKMSSLTjo 19, 1992S©7t"9 v;vy3 y©^g#gy7liS^%

600 7? F y-e*. 5 „ Xx 7 * y -? yu y a y S-^EaMKi' £ 15 c t ic i 19

L^o 3®. a jfT-y(y:^i-e©a%Sfflk@s»as nrv

5o

-17-



iB v m

7-77 • *-X t- V7

"BP Statistical Review 
of World Energy " 1989.7

V 7 3 *

$1.1.1-100 V / 3 7-/1/. X'tJi-V-yF
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0.02 1
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^ # (kcalZkg) 7050 6300 10500 |
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a. EsjtSNGHSOiJMfcftitt

SS s N GjLltSf 5 ld\ mXfiWftZffitz-tili, tik<DiLM±<D$mii

ikffifi'pti

L*>U zS#SS$|S-eid;. MK'©75Jt&4\

6C6*##44*, YntMt>'ZJP'PmftKBMm%i:iLttki-6t>\ '/l#16£SR©g!ES:

©Efi^lfilx L^v, ESli,

&&©©. Efl-sifE, wvia«©frEs s NG#mmm#,w^ f >©»ri&#K%

E#ii. ±«©B*s 1©©. urn,

S N GMiitoEfi&SISliJtigWS<fflixbiu ySeifilcSvfiJ.^^S^a*, ;:*>£>©

mm©m#KM=m, L-ctimi. 1.2-1 *©±-5tc,

zoo *>%rvit2075 h >

©''•'fT'b'l' LTI,'5itfiiEA^War*3„

1.1.2-1

1 3—A/-tz>^—g $ # # ffr^m fpfwmmi##
ti? H 3 — ;b-t? y *? — (# -g'b&rft 22ha> 3577 t 20077t

SHBa%(« mm 6ha> 2077 t 10077 t
«ii»m 8ha> 2077 t 60—8077 t
vt>#m 14ha> 4377 t 130771 (HE)

ES-m^^ESti mmm 3ha> 1077 t 15—2077 t (HE)
tfcjjfcmijt''' JV ? 9 — i -)~ Ji/ &yt)ww-um % y #m 5ha> 2077 t 8077 t (HE)
mmm SmWCiHE

jinwm
IvJ 2ha
m 2.5ha> 1577 t

32771 mm) 
667? t (H»)

miwm 6ha> 4077 t 14077 t
1%RuAof-i-4vl/4r—\z y $ — 377 t 5771 mm)
M3=]—;l/4z — Eamm 16ha> 10077 t 12077 t (HE)

^:Em 5ha> 2077 t 12077 t
^m#m A:Em 5ha^ 2077 t m 30771 (HE)
7kSiW^^^SSS ##m 4ha> 15—20^ t 6577 t

®$§m 7ha> 3277 t #7 5077 1 (HE)
x7^r — 3—y 9 — m-i-mt- m fsiiim 23ha^ 10077 t m 20077 t (HE)
faCDLUn — ;H? y$ — maim 40ha> 20077 t m 50077 t (HE)

(#) #T@-^m 6ha> 2377 t m 9077 t (HE)
OO'i xr-;H? y$ — oo^zhiw- (# dbAiUm 5577 t 30077t
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si. i. 2-2 s # a

mm#
e ^ m

sxniscvsmti sfyyg@8 bmmti

m M (#rH») sE?e 38,000 t/d 81, 875 nf 181,000 1

# # (#B#) ssm 168,000 t/d 240, 400 nf 710,000 t

(WrBE) m^rt? 144, 000 t/d 147, 580 nf 453, 500 1

/a m (#fB#) 6Eg§rfr 37,800 t/d 87, 560 nf 184, 400 t

A (# (#B^) 88,000 t/d 191, 750 nf 546,300 t

* 4 (#B#) 150,000 t/d 148, 500 nf 554, 800 t

« # (B*fflff) JlllWrP 61,880 t/d 162, 900 nf 580, 000 t

fs Oj (B*Wff) SLUrp 137, 700 t/d 271, 500 nf 1, 086, 000 t

=P * OHf®S!») 89, 700 nf 400, 000 t

* S OHfilS!S£) 86, 400 t/d 254, 200 nf 750, 000 t

fO*lli (B$&JR) ##li|r# 20, 000 t/d 111, 900nf 340, 000 t

m s 96, 000 t/d 172, 800 nf 580, 000 t

fln*m (llPli) djo-srjnm 134, 000 t/d 184,100 nf 580, 000 t

a-i'xsa*, leso)

mefwm sng-
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(HYCOL)

1. 1.2-1 a m,ts • SNGfj7;H*W-/XfA

c. yfi$9, <!:$&* 7: xOtfc

VEBtti, rfcWi%itf?.'<'(zf7'( tiN 199W12

fli: %^%L7:. (SI. 1.2-2 El)

CtUi, mSEfflf" Sfflii • tffiW<|SB5£§tlTU5LNGIcJ:5. %.mtfXO&gsBm 

57:*, 6 AM CM 5 #X/W^7<y^S#L, R*7(

5-1: ^#77X0##%% » 61'-)##?*&. -€• LT2005^lc, S—
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AREA no. (¥E3^3- y <9
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mmmwtjm eeo
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7 3 >t K5-f7- 700
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f 730
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A A— Y :
BJi—h : •\T^ —(#58#) 
C/i— h : >

B8/W770 (ISAffl) 
INS/t-f 75-f > (-K7M6) 
SlE/t-f 77-f> (ttAffl)

1000km

500km’

800km.

700km

2400km

800km, 175km
3800km 800km.

530km'

Hi. 1.2-3 b^a^O#6A^"'l'y5'f >©|fB^J
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i. 2 ARCHyotxomm

1.2.1

ARCHyotxommt&amf• n-f- 

< U -r-r -*fflH&TSE©$tc9ts/ ix* u-- •> a y • 7 r ? /? y h

&mmL/=#ATCk tofpK©s ng (i3A) 5t-*\ E-st4F«

©Mii*'t>ie-ri. %©moi:%'5.

1994^©l£e*£OT©iit) £-#--5„ ti4b\ !i^##&©25%t-#-6o

### (WTjm

ARCH • #%$ MAX 108, 847

ARCH • BTX MAX 127,218

5®ISNG 107,028

t7tSNG 31,100

L NG 43, 000

(2) m##©M&

&<> ttz^ LT#i\

•€-©Elix y-y 3 y . 7 7 7 Z-iWrtfT&o,,

1. 2.1-1 Eit#•@@#©&@#«

¥ 12/kWh 

¥ 2. OZt

¥ 28/kg

¥ 120/kg

¥ 9/kWh-> y



(3) xxfiU —i/3V - I -r 9 9 —

TIE©* K> bf
0.7% : Eg?

T# 1. 3% : S$«*

2. 0% : £8 J--T -f U T -f - • glJERSu 7^-71

• d-7-th • To/<> • > •

MiJS^-7»S

2. 9% : %##

STS•K# 

@5gSE$

T##S#

-tesa*

S«© 0.78%

se© 0.63% 

BIS:#© 3.00% 

*##© 20.00% 

1® 135© 5.00% 

8. 00%

(5) «T«©H-#

1) HI®ItiH# : EilOTifllSiT B#SlffilO%, SSItiOiT-B. *to©S6#©55%

R= (P-L) • i (l + i)°/((l + i)"-l) +L i

R : &*FET®EI*iP#

p: mmmi##

L : m##E (= 0. IX P)

i:M'l ( = 0.06 : @2STit#25%&67:*) 

n : ItiP^ISt (=15)

iot. R =0. 09866 XP£<#5„ ;ni:, BlESE^ &±1MWiZ

£JqJW3o

2) @$SE$ : 0.55XPX0. 0078 = 0. 00429 • P
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3) ##### : 0.55XPX0.0063=0.003465 * P

4 ) : 0. 03 • P

at.

#*• = 0. 1364 • P 

C©ffl2(C,

6 ) Ilfli : $B#©20. 0%

7 ) -H8SS8 : IgUtt© 5. 0%

s)

:-£ltSLT.

(6) S^nfexogSitlfiftSS

1) ARCH MAX. ARCH • BTX MAX, aBC/lcSKSIUSS N G©6(r-X

mm iSi 1-12# £¥6£ 3 ^K, SCI 4 #K©NE D 0 HX<

tiTV6„

2) 4-7fSNGIg

■i) SNGT'vVFfflSt

mS 9.9ffiNms©13A^'X^Silg-r6fcJ6iC(i, lOOTJNrrf/d

(1, 300k 1/d) |g3fflSNGX7> M< 3 *-i®£*£6„

□ ) SNGEiSIllEH

9-X-9- (it® : 0.67) 1 kl^fcO,

i3A#xsse 955 Nnf

0. 219t/kl

%### (/7-9-^S) 0.112kl/kl

25 kWh/kl

ISffl* 0.75 t /kl

1, 500R/kl

/\) 9y?m\ (1405})

990x 10s Nnf/955 = 1.037X 106 kl 

1. 037 x 10® klx 14/365 = 4.07]kI

4.0 mi/0. 9 = 4.4kl. 5. 07Jkl7 0-/4-xXA-x X y7£|&g,

— 34 —



SR

20

SNG^7>h (3m)

1ffitig

^l—-t 4 'Jf ^ — IxS

/j\ It

□ it

*) #M 70&

171

40

20

20

271

40

311

/\) #m ^82, 000m3

i^SN /<-%!&#* • ±%R • L P

3) LNG%##^#%

>0 LNG^>^#m (350^W)

74. 3^ t x 35/365 = 7.177 t

7. 177 t /0. 465 Z0.9 -17. OTJkU lot, 187Jkl £I£E=

d) tvfb^s

300 TtNni/d-^Eii, %l\ 12. 57tm3SP5, 100 t/h

SR 

250 

20 

40 

30 

50

/J\ It 390

-J&WSIIffll 40

£ It 430

-) ## 45%

2mmmc

/\) m##

LNG^>^
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*) #tff& $J87,000 nf

'<~XIS:4S1 • • L

Ufc©6 Ltz0

(7) ItgigSE

H±©$fr^$lcSNG (13A) KiSISffi^ltWL. T§H©£SS;W#t>ftfc„

si. 2. i-2 * sNcmamm cr/n nf)

ass
AR

%#max

CH

B T Xmax

f-y-y-

SNG

1995S 27. 11 24. 96 33. 06 27.11 23. 68

2000S 28. 82 26. 14 35. 77 29. 82 25. 93

2005S 30. 74 27. 58 38. 19 32.74 28. 40

201 OS 32. 78 29. 02 41. 12 36.01 31.13

2015S 34. 98 30. 54 44. 29 39.61 33. 95

2020S 37. 36 32. 17 47. 76 43. 54 37. 37

2025S 40. 36 33. 92 51.58 47. 93 41.00

n-#^s©-fii lt, 2oi5s©@6©:+mm&, out&©-&

Lra<„
tfc, ±©E%gSf 6 6, Si.2-1 EI©Ao< %6.

Ell*6@El©liJ^';£-, 1995S, 2010S, 2015S, 2025S©6Aftl©#At##^

TIc-SElc* 6»6 6, rsNGiyifi@«©j±l?Ej ©#C%6.
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201 Dip : ¥-x

il B # iffi %-rmn
(B7JFI)

i. ¥ 5, 453/ t 1.93X10" t 10, 524
2. SL--T J 'if'f-

DIEffl* ¥ 2. 75/ t 10. 55x10" t 29
W) 3. ## • y ^ 824

4. o/<> ¥ 23.34/kg 192.92x 10" kg 4, 503

15, 880

i.^m ¥11, 060x 10VA 310A 3, 429
g 0.1364x133. 9x10" 18, 262

3. m# • 341
4. usws* Aft8®20. 0% 686
5. -iswa# l&BrllE© 5. 0% 2, 031

@5681+ 24, 749

¥40, 629W7?R

il s # #
cmjm

1. 13A#X ¥ 32. 78/N nf 990.0 x 10" N nf 32, 449
2. ¥ 54.92/kg 80.36x10" kg 4,413
3. +-7-9-1I ¥ 13.73/kg 49.34X 10" kg 677
4. m# ¥ 38. 4 /kg 4.17x10" kg 160
5. 7>^-7 ¥164.7 /kg 13.72x10" kg 2, 260
6. ¥ 9. 0 /kWh 74.4 x 10® kWh 670

40, 629

13A#'xBtSiM ¥ 32. 78/N nf
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2010^ : X-ffcB T Xmax ¥-X

m s # # iFI8)E#
(S7JR)

LifiSR ¥ 5, 453/ t 2. 27 x 10s t 12, 379
S£ 2. J- — -TJ 'Jf^f “

DISffl* ¥ 2.75/ t 10.55x10® t 29
Wi 3. • ¥ ; #;l/X 824

4. ig.fMX o^°> ¥ 23.34/kg 194. 21 x 108kg 4, 533

Eii#lt 17, 765

1. ¥11,060xl03/A 310A 3, 429
m 0.1364x156. 5x10' 21,344

3. m# - 341
£ 4. ItFESW A#*©20.0% 686

5. -tews* 5.0% 2, 293

28, 093

¥45,85857?R

SI nn m m imEsa
(S77R)

1.13A#X ¥ 29. 02/N nf 990.0 xlO'Nnf 28, 730
JR ¥ 54.92/kg 232.14x 106kg 12, 749

3. i-y^m ¥ 13.73/kg 11. 98X 106kg 164
4. K# ¥ 38. 4 /kg 6. 28 X 106kg 241
5 .yy^-7 ¥164. 7 /kg 21. 70x 106kg 3, 574

& 6. ## ¥ 9. 0 /kWh 44.42xi06kWh 400

^aW^It 45, 858

i3A^xiaism(i ¥ 29.02/ N nf



i s is i u
2010¥ : 5K»iSNG'r-X

^ g s # mmmm mnmm
(W7JR)

1. t'fa-y > ¥ 13.73/kg 54.36x10® t 746
2. fifiSS ¥ 5,453/ t 1.52x10® t 8, 289
3. al —/f V -r >r —

i)x*ffl7k ¥ 2.75/ t 9.00x10® t 25
W) 2)mts ¥ 16.47/kWh 124.51 x 10®kWh 2, 051

4. • *r it) ;vX 824
* 4. it&Sffl/n'O ¥ 23. 34/kg 246.68x 10'kg 5,758

Eitiftlt 17, 693

l.^E# ¥11, 060xi03/A 310A 3, 429
m 2. 0. 1364x131. 6x10" 17, 956

3. m# • 341
& 4. x«ta# A#*©20. 0% 686

5. -®was *gH«© 5.0% 2,111

@$#it 24, 523

¥42, 216S7JR

ig g # #
(WTjm

1. 13A7?X ¥ 41. 12/Nnf 992. 99x 10®N rrf 40, 828
iK 2. i-7-y-E ¥ 13.73/kg 19. 01X10®kg 261

4. ## ¥ 38.43/kg 4. 50xl0®kg 173
5. 7 >"6-7 ¥164.7 /kg 5. 79X 10®kg 954

2a

42,216

i3AAxsy®s« ¥ 41.12/Nnf
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2010# : ^7-9-SNG-y-X

m § # #
(W^R)

1. ifclO. 67 ¥16, 930/kl 1, 037 x 103k 1 17, 556
®4m(isj±) ¥16, 930/kl 116 x103k1 1, 964

2. — T" < 'if'f-
1)#^] ¥ 16.47/kWh 25. 93x 10s kWh 427

Wi ¥ 2.75/ t 0. 77X 106 t 2
3)-e©flh ¥ 2,060/kl 1, 037x 103kl 2,136

• 3. ¥ 23.34/kg 227x I0®kg 5, 298

27, 383

1.9S&K ¥11, 060X 103/A 70A 774
m 0.1364x38.25x10= 5,218

3. m# • 274
4. xissa* A#«©20. 0% 155
s. 5. 0% 1,783

@$ait 8,271

*mEit£r!t ¥35, 654S7JR

h
e

W
s #

(W7JP3)

1.13A2/X ¥ 36.01/Nnf 990. 0xl0«Nm3/y 35, 654

&

#RSiK&£it 35, 654

i3A#x#am#g ¥ 36.01/Nnf



I £ I I M

2010$ : LNG-y-X

^ g # # $H5]E»
(WTJR)

1. Efi-LNG ¥25, 948/ t 742. 50x 10= t 19, 267
§£ 2. ZL —f ^ U -r >r —

mss* ¥ 2. 75/ t 0.25x10= t 1
W) 2)Mtl ¥ 16. 47/kWh 32. 67x 10= kWh 538

3. ## • *r iti vl/X —

* 4. ¥ 23. 34/kg 56. 39X10'kg 1,316

Eitiftlf 21, 122

i.»»» ¥ll,060xiO=/A 45A 498
m 0.1364x52.89x10= 7,214

3. H*4 • 341
4. IliWS# A##©20. 0% 100
5. -«*a# I6JH1© 5.0% 1, 541

BSIflt 9, 694

$fy?E»£lt ¥30,816W7JR

II g # iffi fmmma $r=i^±
(W7JH)

1. 13A#'X ¥ 31. 13/N n? 990. 0X 10= Nnf 30,816

&

30,816

¥ 31. 13/N m3
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SNGSiitlHiOJtK:

ffi *flW«g (57JH) ma®# (mjR) SNGMia

m -fuHzXg, mmf HIRIN' SNGW# SNG^it HE®

* §iJSdd4XA. * ¥/Nm3

i frmjfxiumm max 13, 458 19, 627 33,085 6,250 26,835 27.11

9 m ± BTX MAX 15.150 22,388 37,538 12,828 24,710 24. 96

9 14, 450 19,414 33, 864 1,032 32,832 33.06

5 t7^SNG 20, 346 6, 497 26, 843 0 26,843 27.11

LNG 15, 693 7, 755 23,448 0 23,448 23.68

2 max 15, 880 24, 749 40,629 8,180 32,449 32.78

0 |5] ± BTX MAX 17, 765 28, 093 45, 858 17,128 28,730 29.02

1 E£tM*SNG 17, 693 24, 523 42, 216 1,388 40,828 . 41.12

0 t7tSNG 27, 383 8, 271 35, 654 0 35,654 36.01

% LNG 21,122 9, 694 30, 816 0 30, 816 31.27

2 MAX 1,681 26, 781 43, 591 8,965 34, 626 34.98

0 [5] ± BTX MAX 18, 762 30, 344 49,106 18, 873 30,233 30.54

1 G^amsNG 18, 965 26,551 45, 516 1,533 43, 983 44.29

5 f7^SNG 30, 236 8, 975 39, 211 0 39,211 39.61

# LNG 23, 322 10.289 33,611 0 33, 61 i 33.95

2 max 19, 255 31,478 50, 733 10, 780 39, 953 40.36

0 |5j ± BTX MAX 20, 993 35, 507 56, 500 22,917 33, 583 33.92

2 5WSNG 21, 859 31, 225 53, 084 1,868 51,216 51.58

5 1-7D- SNG 36,860 10, 591 47,451 0 47, 451 47.93

LNG 28,429 12,162 40, 591 0 40, 591 41.00
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(8) as##?

1 ) LNGiftCiX* U—i/3 > • 7 7 ? :

LNGOxx* U-->3> • 2000iF$t:©ig 2.0%/SZ—fct U 2001

WB®xx* U-->3 y • 7 r 1.5 %, 2.0 %, 2.5 %, 3.0 X-bElbStt

fcis£©, i3A#x^mm#ic&ia'fa, *©119ic^5,

ixA l/-->3 y • 7 7 ? ?-©E<bil3Al!jgiH§

2001^J;«9©iX^ Iy-

V 3 > • 77^-
2005 2010 2015 2020 2025

1.5%/^ 28. 17 30. 39 32. 60 35. 34 38. 14

2.0%/^ 28. 40 31.27 33. 95 37. 37 41.00

2.5%/^ 29. 09 32. 39 35. 93 40. 25 44.91

3. 0%/ig 29. 55 33.47 37. 78 43.06 48.94

4>©E^4-ll*f 5 2:, %M©#lc%5.
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am
i

2) u-y 3 y • ••

d-7»©j;xA u-y3 y•7 2000#$ T 2.0%—L, 2001 #J31P$©

y-y 3 y • 777?-$, 1.5 %, 2.0 %, 2.5 3.0 %6 LA#A®, 13A

%©*©#!: A:3.

ixAu-yay • 7 7 ^ ^-omtt l3A6tii«§©l?-fl:

2001*£ <£00^7^7 1/-

v3 7 • 7 7 *7 9 —
2005 2010 2015 2020 2025

1.5%/# 32. 29 35. 02 37. 97 41.18 44. 69

2.0%/# 32. 74 36.01 39.61 43. 54 47. 93

2. 5%/# 33. 22 37. 05 41.34 46.15 51. 55

3.0%/# 33. 68 38. 14 43.21 49. 00 55. 64

^©iMt^-Hb^f5i, 9;K©8lc&.50

3) MAX. *r-x, 2010#©1§£©, &#5BSi]©!BK:SfT :

1, Bl. 2.1-3 *©&n< %6. fjif ji©Bf©##E^ 

#-ffc»lcy CfflSMiLtK.





381.2.1-3 * SKzKm#mx. y-x (201050

SSE^flr® H y~f "j h&f# 
e*y-x

EiSSNG
E<I(¥/Nrrf) E<t^(%)

108, 847
97,962 (-10%) 30. 83 — 5. 95

(W^R) 87,078 (-20%) 28. 89 — 11. 87

###
90

81 (-10%) 35. 46 + 8. 18

(%) 72 (-20%) 38. 82 +18. 43

BTXH%$
6

5.4 (-10%) 33.11 + h 01

(%) 6.6 ( + 10%) 32. 46 - 0.98

iHsERE
310

279 (-10%) 32. 34 - 1.34

(A) 341 ( + 10%) 33.21 + 1. 31

#####
700

630 (-10%) 32. 34 - 1.34

OTjnzx • m 770 ( + 10%) 33.21 + 1. 31

5A%#m
4, 877

4,389 (-10%) 31. 66 - 3. 42

(RZt) 5,365 ( + 10%) 33. 90 + 3.42

V — h
108

97.2 (-10%) 31. 66 - 3.42

(RZUS $) 118.8 ( + 10%) 33. 90 + 3.42

BTX«§
40

36 (-10%) 33. 22 + 1.34

(RZkg) 44 (+10%) 32. 33 - 1.37

B Tx#m%±#$
2.0

1.5 (-25%) 32. 88 + 0. 31

(.%/m 2.5 ( + 25%) 32. 65 - 0.40

8.0
7.2 (-10%) 32. 18 — 1. 83

(%/m 8.8 ( + 10%) 33. 39 + 1.86

25.0
22.5 (-10%) 32. 98 + 0. 61

(%) 27.5 ( + 10%) 32. 58 - 0.61





4) ARCHyo-l?x-e^Sd:n5SNGM4l§:«S^:OM® :

#%# MAX&O'BTX MAX©eneh©i§1%©E4iatiU fl* ©EfilSSItOEx 10 

%©?ea%-AQxT, A#©E@*6 LTI,'3.

y : 13AI9SM YZNirf 

x :

ig< &^KT©13AKm#m&*fa6 LT,

AR c h • $mm max. AR CH • B TX. MAX.

1995 Y = -1. 60 X +27.11 Y = -1. 88X + 24. 96

2000 Y = -1.72X+28. 82 Y = -1. 98X + 26. 14

2005 Y = -1.82X+30. 74 Y = -2. 14X + 27. 58

2010 Y = -1. 96 X +32. 78 Y = -2. 26 X + 29. 02

2015 Y = -2. 08X 4-34. 98 Y = -2. 42 X + 30. 54

2020 Y = -2. 22X 4-37. 36 Y = -2. 58 X + 32. 17

2025 Y = -2. 36X 4-40. 36 Y = -2. 76 X + 33. 92

Z<D£,miJfflLT, S!S$tl513A¥e*k itlVtlomS.r\ ¥1.00ZNnf$< t"5

am ARCH- #0$ MAX. ARCH " BTX. MAX.

(## : WTJfi) (## : mjfi)

1995 6, 891 6,855

2000 6,411 6, 509

2005 6, 059 6,022

2010 5, 625 5, 325

2015 5, 301 5,325

2020 4, 967 4, 995

2025 4, 672 4, 669

(9) @Wt86'6©#S

1994^%&#%E%*#$6 L, 1993¥6©Hti«f§16.7 $ Z 

bbl &*!:#$ 2.0%©«fS±#'t5ii,'-)->d-U^*EfflL^o
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Si6«f§o±#icovrfcv5V5<£'y-x»<S,$$ti.5o :; 

Tlix I E A (International Energy Agency )019944P0@%M,i#L 6 OitR^rfT-oT4 

*•) „ I E AfflU^- h-Ctt, 1994^17 $Zbbl ±t). 2000ST23 $ Zbbl „ 2005^28 

$/bbl l:±#L. 2005S*Mi 20 lO^S * T?$©* * it^-f 3 £ ¥8'l L T V 3 „ 

S 1.2-2 0IC. ^-iHlOE'SttX ^ t-t (@# 2.0%) £ I E A©jliIL£it

Rf 6.

/ / Z

I E A / Z Z .
$/bbl

SI. 2-2 m J@f6fflfS±#•>i- V ZOJte

±iS©E]*D> I E AOM.aL©*-5ielltt«^±#±tllf. 5KSNG1&###* 

£--XI± m##%*<28$Zbbl icAi52005^lefcgzStt^tljT< 5o



i. 2. 2 mmaa#

S. 2. 2. 1 actbiz

> himts, mm&m$imaxims

@^#© Mt75y ha

Oga-'y ha60'lc-e©4’!c#*n5*fBE«;S-±if'E>t. %©#l:%-oTU6.

^L— V h

imm (1)

5KE61S J'AJ- • • f§Ef$ • 7/K UK (3)

5KWS • &1GH 'Effcy >r — y— ® (1) > (5)

f + • Mb (IK (2) . (5)

(1) > (2) . (4) . (5)

(IK (3)

CCIC. (1) : (2) : 7RKrfSlSlt£ (3) : @# mm mu
S ( 4 ) : EStoltii ( 5 ) :

ttz. i:Mf 6mma&mi]cL

*US£J6&

*##77xx y hAM (SWIiSIW 
*0, Cfl6©M#$-+^-a&A^6&©-C*6ig#A<66.

1 . 2. 2. 2 y^y h)b'6Pitidn5#:a 

5K*#7x-fb75 y h»'^SttiSti55Jtg-|4©*5 fcOic-D 

AitcIEi$7 5„

7x, @(*m

(1) tfx
75 y h»M^9to$n5WI6tt©*5*'x(d;, %©a0"e*6c

a) 7x##A@K&lf&. 8£g«EE»'5>©CO,

b) a%EgE*^@E#fkA# (ciitt, ESBiKSE^ET. 

Wii LTBC^sisti-B)

c) COVvf#X©0m:<k&CO: . NO x

d) ft® S ft/c S N Gtmm L KiSS© C 0,
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Ctli>®F*k C 02 iCol'TtdU LT, ^©IiJiS*SfS"ClnES

nrossfeabij, SiJicffii?±tfTI^f5,

C02 B^©±|E#XicovrH.

*(K Sto±©F=iaiiti:v„

(2) %*

X-5 y h»'5>Stitid:n5, i:©SS^T-IEK©tiu I#g^kT*6.

#*6 LTIi>

a) E@<7k7SX'x-fl;;/n-fcrxP7k

b) HYCOLXo-t?x£IM<

c ) -"k Y 5 • X D —

d) i^TkiSXo-

e) B FWH4S7kXn-

d) HYC0LX5/^iyf7k

«'«-©S7k$aaissic=ko, hycolx

v ¥ ' v'x.y-f-TkiC'H'Tlix 5o

(3)0*

E^td:, EEti*^©*#dnyck©T'*0, #4 cn

bic^-rsEEfcsnsviitti^^v'o

E^Tksxx^x^>!-©)#£, E**mxx<b^imo^maf-r-kL %©#%# 

ye^snTvs3’,,

f- -p — A B

Bituminous Lignite

Proximate analysis, % w/w db

V. M. 4.9 5.3

F. C. 80.7 91.3

ASH 14.4 3.4

Ultimate analysis, % w/w db

C 94.7 96.2
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H 2.4 2.2

O 0.4 1.0

N 1.4 0.6

S 1. 1 0

C0f f-kL HYC0L^7>

'at>tl?>C0T\ HYCOLW^tkax? T E X A C O^nxy y-frVVXS

<©. MontebelloE%Sl®15 t / d ©^'Y d y h • 7? > hTff

C©##©>lf#6 L/:5Klix $6|SK( 111 inois No. 6) 4BS|5%(Kaiparowits) T\ f

vfitmt, c®5m^#mL-c#X'fi:&R^/:#A®, mm u/16-1/2', $t
0.5 - 2 %®*--+:>SW) <k§SSm®X7 ro^tfrliS-^SLTl'io "■21 *

(c, x7?'o&ffi, mm (1/16- 1/2" _ % 0.5-2%®*-^>#w) tmiox

x /®^#T#&7PX5/®igt±llS^^E P AOE P (Extraction Procedure)

Toxity Test (pH 5 ®S$E7kS®. 24#B!) tc® o X'n-? /:iSSl©«£/T(-f. #:#7K*t# 

m (N I PDWS) © lOOmiiiJtRLT, Sl±i©@$iiffi^r*5i:*iJ$LTV'5„ % 

oT. HYC0L»'6Pttidtl5X5/lc-7l.rrfc1 igtb®gSlig|i*'Tf=1S/il'<i;|i|

§r£tt-5„

HYCOLi'6iU5X7/Oili, SNG®!®* 300S^Nnf/d©/7 >

27^tfs$i/i5„ cne>tiu as^sssiv^tofl-ti-e©toicfijm-*-53„

xxil'biftll A#©iF + 6©?.
£$llij£^-p-ii%jftitirC/£('S(ct£7TV5„ t>U *$$i® ic ^ L4'l> 0

t Ltzm&tt, SNG 3005NmVdS®t5i$e^6tti-B^-y-©

eidu m®907? 11:/£5„ f ik*ffi» 214rrf/g, |B7l¥S 12. 05A61'7

mi:ca c ticj; i?, itEBEti soorf/g®

icitti/ SEflftE, 100-300 nf/g^it/ctT

vs. mamaf 5#i:zio, 2oomVgfig©fi^<sbnrfc 19. mssaiit^ 

TSfetii'ilSEitioTVS, 31

JiLhlEiE 7km#xfi:/7 > Hi. SHa^tteffiTx #l:Rm6%6grA<%

vW<JWS= JilTt/ m%3G6TI¥SEt5J:-5fc, CO= SttiicHLTkWWaSSf'lffl 

S'C* 5 til* 5 ©T li/S t,'*'t 5, o
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COAL COAL SLAGS

111 inois Western I11inois No. 6 Western Bituminous
Analyses, % No. 6 Coal Bituminous Coal Coarse Fine Coarse Fine

Ash 13.21 9. 64 96.61 75. 70 99.53 82. 60
Carbon 65. 86 68. 58 4. 03 22. 76 0. 54 12. 58
Hydrogen 4. 79 4.91 0. 05 0. 84 0. 06 0. 37
Nitrogen 1.31 1.41 0. 07 0.31 <0.01 0.09
Sulfur 4. 07 0.51 0. 59 1.83 0.10 0. 36
Chlorine 0. 06 0. 02
Oxigen(by diff. ) 10. 70 14. 93

Major Elements, %
Aluminum 1. 19 0. 58 11.9 8. 89 6.4 5.4
Calcium 0. 66 1. 29 4. 60 3. 57 14.1 10.4
Iron 1. 52 0. 34 11.6 10. 20 4.13 3. 95
Magnesium 0. 08 0. 16 0. 65 0. 50 1. 57 1.39
Potassium 0. 22 0. 03 1.27 1.05 0. 37 0. 34
Silicon 2.61 1. 55 21.0 14.15 23.4 19.2
Sodium 0. 09 0. 08 0. 60 0. 63 2. 02 2. 42
Titanium 0.05 0. 05 0. 62 0.52 0.80 0. 73

Minor Elements,mg/kg
Antimony 0. 97 0.2 0.8 0.9 0.2 1.6
Arsenic 6.4 0. 10 15 20 3 11
Barium 140 262 378 302 770 705
Beryllium 0.6 0.2 7. 5 6. 6 0.6 0.7
Cadmium 1.9 0.3 5.0 6.7 0.2 0.2
Chromium 10.2 17.2 1790 842 244 115
Cobalt 7.3 3.3 124 86 22 14
Copper 16 6.0 81 90 72 109
Lead 43 14 30 47 33 190
Lithium 6.7 3.0 62 44 74 64
Mnganese 89 51 613 525 500 469
Mercury 0. 19 0. 05 0.14 0. 09 0. 52 2.6
Morybdenum 8.7 1.6 64 98 10 22
Nickel 46 15 229 267 55 41
Selenium 1.1 1.2 14 17 0.2 5.7
Silver 0. 22 0. 35 0. 1 0.2 0. 1 0.9
Strontium 64 107 458 364 835 637
Thai 1ium 0. 22 0.7 0.3 0.3 0.7 0.7
Tin 2.2 0.2 4 2 0.5 0.3
Vanadium 23 20 340 280 70 70
Zinc 118 22 67 425 26 110
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E PACE PiStilSti

Texaco Coal Gasification Prosess Coal-Fired Boiler EPA
Soluble 111 inois No. 6 Slage Western Bituminous Slags 111 inois No. 6 Ashes RCRA

Metals, mg/1 Fine Coarse Fine Coarse Fly Bottoms Standards

Arsenic <0.005 <0. 005 <0.005 <0. 005 0.07 0.10 5.0

Barium <0.1 <0.1 0.25 <0.1 0.67 0.10 100

Cadmium <0.03 <0.03 0. 04 <0. 03 0. 30 0.03 1.0

Chromium <0.02 <0. 02 <0. 02 <0. 02 0. 03 0. 70 5.0

Copper <0.05 <0.05 <0.05 <0. 05 1.2 <0. 05 100

Iron 0.38 <0. 30 <0. 30 <0. 30 9.5 2.0 30

Lead <0.3 <0.3 0.4 <0.3 <0.3 <0.3 5.0

Manganese 0.25 <0.05 1.09 <0. 05 N. A. N. A. 5.0

Mercury 0.002 <0. 002 <0.002 <0. 002 <0. 002 <0.002 0.2

Selenium 0.8 0.06 <0.002 <0.002 0.05 0.07 1.0

Silver <0.03 <0. 03 0.1 <0. 03 <0. 03 0. 03 5.0

Zinc 1.7 0. 26 0. 50 0. 30 5.7 0. 06 500

X #

1) M.Teper, et.al., The economics of gas from coal, IAE Coal reseach report E2/ 

80 (Jan.1983)

2) B. R. Gilbert, et.al., Economics potential of coal as source of chemical

synthesis gas, Cont. of lot. Coal Conv., CS1R (1982.8)

Sj P. 27&CFP.31, 4 ip 3
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1. 2. 2. 3 <b5OT®j$8S6'e>BE$"e®C0,

(i) YbsmmicafcmmA' T® s - 7 ;i/»;am%*® m t ®

#17#, #7 4f (1991^7 fl) “Sffl»'5>e$*-e® h-7/l//£fiS 

%m^3^f:fl:5E#®ltK" KJ;;h.tf, 3il:E ic x - 7 ©^E^-g-e* -E> £ S 7 Eti 

£(T®E»<* <kto5.nrv5„

1.2. 2-1 E h-^7HSfiSa*®ti»

(#6 : kg-C/106kcal)

5 K

(##)

5 ^

CKft)

5 K

(B5R)

S ft JUKJfx LNG

£ # 3.08 5. 15 1.48 0. 27 - -

7 U7'EM - - - 0. 27 2.81 0. 77

- - - 0. 03 3.60 3. 60

K $BU^ (H_L) 0.85 0. 85 0. 85 - - -

(#_h) 1.85 1.85 1. 85 0. 79 - 1.39

# g# - - - 1. 83 - 7. 47

(/j^:t) ( 5.87) ( 7.85) ( 4.18) ( 3.19) ( 6.41) (13. 23)

X # % 99. 82 99. 82 99. 82 80. 45 57. 55 57. 55

a If 105. 60 107. 67 104. 00 83. 64 63. 96 70. 78

y

>

y 7 y

(co, #mi

6. 78 10. 97 0. 00 1. 50 15. 50 5. 88

# It 112. 38 118. 64 104. 00 85. 14 79. 46 76. 66

mMWlMmitZt. CO, StMti, 5K:5#: ^m#X= 100:80:58£#X.



z>nzi)\ ±«<k*Z 5K (##) om&Rtf&fe CWXM) ©#A©, SMV * >©&
at, c©sij^a%©«Iw^$*i6.

5K (TH) : 5/6 : ^8*'X = 100 : 76 : 71 

5* (®^) : 5/6 : ^«.*'X= 100 : 82 : 76

c©fB£*41©, 'ft5W©^p^4*», mmm,

6 LTffifflsn/dmi, #^s;« <m i t i rxt>mnmx
Mi>®ff«SE3IES$|g6Sj VE2^3fl, (St) IcK

*EStaTl'6. Bfl%

5ZS?

5/6

xmifx

5K

5/6

xmffT.

47.7 fit h > 

219#/<-l/vl/ 

l.StKNnf 

6, 200kcal/kg 

9, 900kcalZl 

9, SOOkcalZNnf

E±1987^;

: 1 t = 1, 400N nf, 1 Nnf = 38SCF

5/6 1 bbl = 159 1

(2) #Ft)±©*'XlcS#Sn5C0z #Wl©$tb±BSx*/i/4i-a y CDCO, * 

©Cm6©M#

CH, iCOi ©2ffi5t*£®et§-(tLT,

6coz oga$^xtit6 #FA^m6^m#x*©cH4 eti, i -x-c*$n

5o C©^.##x*<«#LP8B11 xio6 kcal (HHVif) ^tz<0<D

CO, *(cSWtl6C»^A64"66, *^77*^416.

A = (Xx 12. 01 x 106 Z ( 1 -X) x 16. 04 x 13, 2641 kg-CZ10ekcal (A)

ttz. mtzm. 2. 2-1 *<fctZ LNG©: LA.?.- li, 7 L/T'ES^IeiaiaEa'icEtb®^©©

co2 *©c«6 lt, %©mm*#ifGtia.

7 l/7«ft : 0. 77kg-CZl06kcal 

#1# ($±) : 1. 39kg-CZl06kcal 

: 7. 47kg-CZl06kcal

It) 9. 63kg-CZl06kcal (B)
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ttz. CH. &BMZHtztgi-£iC>COi tfocili,

BM ■ 56.45kg-C /10'kcal (C)

A, EE (A) St®XOl5, 0»'£>

6tie, A^tc Oa ^oceoE-it^* jrtore-eo

liCtolc, ^«*'xKto#!FLTdjT< eco2 1 letter, liiEKoyca60EE«i*»<"

£-'©fi ic g-ffc-f e T* e o

5fe-r, Eti© "#i.2.2-1 s” ©4-ic, L N G e^m#x*©K##A\ 3. eo

kg-CZ106kcal ©E© "g#" ic-KE&lit: LT, 7.47kg-C/10‘kcal

tiTl'So COB^cDCOa KiV< i>l?*e^*StSLTe-eo C©#A, COa £

CH, COa ©##%lt6. oo%r&ew#e.

COa 4>©Ci:3.60kg/10! kcal£#-i#li, COa »»\

0. 30kg-mol/106 kcal = 6. 72N ma/106 kcal 

10" kcalOgkliCi&E&CH, »«, 4. 699kg-mol r*e©r,

4.699 x 22.4 =105.26NmVl06 kcal 

{tot, C©iSA©COa ©S#%li,

6.72/ (105.26 + 6.72) xlO2 =6.00%

sue, A.#*"X*©^m#X£ LT©Cmti<, 3. 60kg-C/108 kcalOSAli, CH, ,

COa $£ Lr^-xek, #F^5.itie7yx4iC0a ©S«%t;t, 6.oo%T*>e„

C©#A©%K#©t:&©E#^*;l/f-A<A^T, "K#" IC7.47kg-C/106 kcal-KE

*££t,'-5 #-?*£<,

Mmm’mi©coa £90%, ES®$STEiKB*-rek:L/c8^©, jrkssbt

©ESStoti:, 211 *'b240kWh/t. COa gEOSeffllCifc 5, A,

©IgA-©#, 211k«lh/t. COa CO#A©a%K#&BT©!Z#%x.$A/f-

£jj<id6TA.5£,

211 X860 =181.46X10® kcal/ t. COa. 181.46kcal /kgCOa 

= 7,983. 28kcal/kg-mol. COa 

%#42.4%©L

7,983. 28/0.424 =18,828kcal/kg-mol. COa 

StoT, CH, *E*«18,828/212. 79X 103 = 0. 08848kg-mo 1CH, 

fine, 1 kg-mol©C Oa 0. 08848kg-mo 1 ©CH,
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Cnttifc> I. 062kg-CZkg-mol. C02 6) .

EH© (A) LX, 108 kcal^fcOOCCh SD (kg-mol-C02Zl06 kcal) ti,

D = IXxiO6 / ( 1 -X) x 16. 04 x 13,2641 =4. 700 x XZ ( 1 - X)

etor, coz ©(#&#& coi (w%

kg-CZIO6 kcal) li&STSSft-B.

E= (4. 700 XX/ ( 1 -X) I x 1. 062= 4.991 xXZ (1 - X) 

C©E©tt£!tSU COi EH©B©ffl*ISI-r

66, &*©*<) £ ft 6„

y j'yiclHiffdnscOt S#3fti)©, H&ptEtc-KSftlto

X CH, El (kg-CZ108kcal) B (kg-CZl06kcat)

0 LOO 0.00 9.311

0. 06 0. 94 0.319 9. 63

0.10 0. 90 0. 555 9. 866

0, 20 0.80 1.248 10. 559

0. 30 0. 70 2.139 11.450

0. 40 0. 60 3. 327 12. 638

0. 50 0. 50 4. 991 14. 302

0. 60 0. 40 7. 487 16. 798

0. 70 0. 30 11.646 20. 957

0. 80 0. 20 19. 964 29. 275

0.90 0.10 44.919 54. 23

ft.6. iitcOi *©cm©mi:&*^:f 6 6,

1.2. 2-2 8©ii«)lcft6.

SI. 2. 2-2 6 6, Si. 2.2-1 |2|©#l:ft6.
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mi. 2.2-2 m ■)&J&:L*A'4i-10‘ kcal^fc0©C 02 4>©C» : T = A + B + C

X A (m= 1) B C T C 0 2 *P<D
C #4= #

(kg-C/106kcal)

0 0. 00 9.31 56.45 65. 76 0. 664

0. 06 3. 60 9. 63 56. 45 69. 68 0. 704

0. 10 6. 28 9. 87 56. 45 72. 60 0. 733

0. 20 14. 14 10. 56 56.45 81.15 0. 820

0. 30 24. 23 11.45 56.45 92.13 0. 931

0. 40 37. 70 12. 64 56.45 106. 79 1. 079

0. 50 56. 54 14. 30 56. 45 127. 29 1. 286

0. 60 84. 82 16. 80 56. 45 158. 07 1. 597

0. 70 131.94 20. 96 56. 45 209. 35 2. 115

0. 80 226. 18 29. 28 56. 45 311.91 3.151

0. 90 508. 90 54. 23 56. 45 619. 58 6. 258

N

5£St : T =99kg-C/10s kcaliK 1.000

(OG) T =98.1 (TG) T=96.0

■i 0 7 Na 6 T = 102. 2 T=99.3

?6 : T =76. 2kg-C/106 kcal 0. 77

9 9 J — >1* \ T = 84. lkg-C/108 kcal 0.85

LNG (#p»'6,T-5*"x4iC02 -tWlicJ:01*^5)
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(3) ARCH^o-bxicfcttSs (C)

CCT\ ARCH/o*xic=ki)±E£ii5hE!g'lh©CSWe:;£-:txT*.5„ 

ARCH/n-feX;6'GtiJT< t, ik<OS<yT&ic

-O SNG4: LTMiesnsss^x

o) A R C H / o t x ^ 7k#Mia@@ I: A It ^/ o t X O C 01 h © C

co'j?Mx choc

—) t-x-tMhoc

to «>&» =h©c

5p/aK 3 ^go, 5K7km#xfkm#M#m: :©hO, VT- V T A- • '<? yxgo

it, •etih'tio^Eto'h© c es-m^s t»;©:!i 9 ick 5

t) SNGi LTKiSdh,5iyS,h'X

MSrt'X* |H|£chCekg-mol/h

CH. : 5,020. 61kg-moi/h 5, 020. 6Ikg-molZh

CO : 0.63kg-mol/h 0. 63kg-mol/h

Ci He : 6.97kg-mol/h 13.94kg-mol/h

It) 5, 028. 21kg-mol/h 5, 035. 18kg-mol/h

##Xh©COi ©90%^%Rm*f 6&6,

*5v8SOtiCO= h©C« : 6, 047kg-CZh

####CO„ h©C# : 54,423kg-C/h

a) !&8lM?kfi'i><Dl&iiiC02 hOC

#X;

CO : 4. 13kg-mol/h

COi : 6,062.4 kg-mol/h 

H2, N 2V AtijfliSlBS

|a]£h C Ikg-molZ h 

4. 13kg-mol/h 

6, 062.4 kg-mol/h

It) 6, 066. 5 kg-mol/h 

/\) C O V v f#X

ch4 : 97. GSkg-mol/h

CO : 484. 45kg-mol/zh

h2 : 162. 12kg-mol/h

6, 066. 5 kg-mol/h

IntehCitkg-mol/h 

97.63kg-mol/h 

484.45kg-mol/h

(s|&hC*kg/h 

60, 298kg/h 

8kg/ h 

167kg/h 

60, 470kg/ h

|W]£hCMkg/h 

50kg/ h 

73, 355kg/h

72, 859kg/h

l=l£hClkg/h 

1, 173kg-C/h 

5, 818kg-C/h
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N% +A : 28. 30kg-mol/h

It) 772. 50kg-iol/h 582. OBkgZh 5, 991kg-C/h

-)

C Skg-molZ h |B|&*C#kg/h

Ce H6 : 129. 89kg-molZh 779. 3 kg-molZ h 9, 352kg-C/h

t;)

(qlSiEh C fikg-molZ h H£4>C#kg/h

C7 H8 : 0. 02kg-molZh 0.14kg-molZh 1. 7kg-C/h

C i o H s : 24. 39kg-mol/h 243. 9 kg-molZh 2, 927kg-C/h

C 14 H i o : 17. 41kg-molZh 243. 7 kg-molZh 2, 924kg-C/h

It) 41. 82kg-molZh 487.7 kgZh 5, 853kg-C/h

E±©'f) *'£>*) *"C©MI"T-13, $0c#l*©C©##13, %©&!<

4/iK# kg-C/ h

Y) 60, 422kg-C/h 38.0%

D) 71,749kg-C/h 45.8%

'') 6,985kg-C/h 4.4%

-) 9, 352kg-C/h 5.9%

it) 5, 853kg-C/ h 3.7%

It 155,361kg-C/h 97.8%

m#5m*©cm ckg-c/h) la , DAF COAL 210, 225. 9kg/hT*t), DAF COALf

75.59%-C*5WmBn 158,910kg-C/h-eab5W@?5<, C©ffi£*fflLT

±E6ffli]©B=P£lt*: L 210, 225. 9 x0. 7559= 158, 909. 75kg-CZ h „

97.77% ( = 155,361/158, 910)T$>5„

C©,&IC-^VT. Bi|©mAA^#x.T4&6, ARCH/a-trXlcfctf.5, m%#WAX

-y-x©JS£©»-*'y/<-7>xi2,

C©*-.-K> •/<5yx©@©*©^$©DX5>li, 2.2%T&D, ($»■#• tltfKS 

#teW.8%) EH©ffli-ifcf5=

^#5#*©*-^y#©38.0%^a^fl-5 SNG*lc%6. 

ttz. amsissicjb-vTCOi. tuz>ji-*ym\$s m^##x#g*^©coi, # 

x45.8%T*&WWa, BP*>, H&5*4'©C©45.8%!3, *4*98.8
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%0co2 tLT-mmftmf&ahzmmz,

1 . 2. 2. 4 C 0,

mK&^cnwLTti,

r#& 3 ^Ki@$see NEDO-P-9 1 09 : 

x-nwm.-f^ y Yh'tyZOi ®$LvxtMmt 

¥«4¥3^ sit*: w) **j\'¥-®&x¥wnmi

rsp/S 4 NEDO-P- 9 2 0 9 :

> bfriCOt BiK^x^AtcM-r-Bige (n)

5 ^ 3 n sit *: cm x.*
Ctl6,®$g*Sii. 2000-2010^8(cgfi8d:n5**^<y5 > h£*fSl4 LT, «# 

4 LtL NG, 5$, > -;Kc^>l'T4£ft£4iTl'-5o ££:. 5§15$

ttiAr 600MW4 LT4trfsnrv5<,

(1 ) L N GSlffi^n

luK, TNEDO-P-9 1 0 9 j ®4>®, L NGE^SKtilt^xj-T-f -$SE4 

LT, b*lTV5„

9 i <-xy-x

(HHV:kcaI/Ntrf)

mmmmm (hhv:xio6 kcai/h) 

(kW)

(%)

^IfilrAto* (kW) 

i^USSifcb;^ (kW)

10,810 

1, 088. 0 

600, 000

47.4

12, 000

588, 000

46.5

C02 @iKEE«» (xl06kcal/h) 

CO2 IhURffiftWll) (kW)

CO = 01R-34 (kW)

C02 ®K* (t/h)

CO2 WWltim (kWh/t/COi)

##X*^C02 @« 

10,810 

1, 088. 0 

563, 563 

44.5 

12, 000 

536, 228 

42.4 

178.0 

15, 335 

51,772 

213.5 

242
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(2)
MmvkiGpm&ftnom&omz, eetnedo-p- 

9 i o 9 j frmm-tzt' tkom^tez.

(HHV:kcal/N irf) 

(HHV: x 106 kcal/h) 

A (kW)

(%)

mnmmnt) (kw)

izUSstti?) (kW)

xtnizitfim (%)

COa aiRgTgmm (xlOskcal/h)

COa [HDRfTrtK* (kW)

coa @ik-3/i- Ckw)

COa @JRa (t/h)

COa BtRStoV (kWh/t/COa)
iAXftgi

6, 200 

1, 172.7 

600, 000 

44.0 

42, 000 

558, 000 

40.9

m g

Mm%MM (HHV:kcal/Nm3)

m (HHV: xlo6 kcal/h) 

(kW)

^-xy-x 

7, 100 

1, 053. 6 

600, 000

^Hp/rAito (kW)

(kW)

(%)
C02 (xl06kcal/h)

CO2 WdrftMtl (kW)

CO2 0iKx3;b (kW)

CO2 IbJjRM (t/h)

527, 000 

43

tfWXjfr^CO2 @JK 

6, 200 

1, 172.7 

527, 960

38.7 

42, 000

474, 534

34.8

330.5 

10, 346 

83, 466

396.5 

211

iM^co2 m

7, 100 

1, 053. 6 

541,000

454, 000 

37 

207 

13, 500 

73, 000 

355.4
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co* muxsitim ckwh/t/co*) 205

(3)

CASE - 1) LNGa^lSI, CASE-2) CASE-3) US

©S^a:©Jt®$ES!c)f-5 i$l. 2.2-3 a©#lcti5o

Si. 2. 2-3 *

Miicoi H]«

CASE ^x- X ^ — X : 0 % 90%SJtt

C02 ©K## CO, ©ttffiffi

CASE-1

iSEStti* : 588, 000 kW

ACO, e : 237. 0 Ton

: 237. 0 Ton

mmamm. ■. o. o Ton

46. 50 SESttiA : 563, 563 kW

AC On e : 237.0 Ton

: 23.7 Ton

mg-fimm ■. 213.9 Ton

42.4

CASE-2

HEiStii* : 588, 000 kW

ACO; # : 440. 5 Ton

: 440. 5 Ton

mmftMM : 0.0 Ton

40.9 gWaStti* : 474, 534 kW

ACCh S : 440.5 Ton

: 44. 0 Ton

MlftiMM : 396.5 Ton

34.8

CASE-3

_________

HISttiA : 527, 000 kW

ACOz m : 394.9 Ton

: 394. 9 Ton

senate : 0. O Ton

43.0 i£Effidi^7 : 454, 000 kW

AC On 1 : 394.9 Ton

xmtztua : 44. 0 Ton

mmftMm. ■. 355.4 Ton

37.0



itfzm-z(4) AR C Hyo t x*\6©#mti x& N

ARCH7'DtXt, SNG, 3 B7JN rrf/d ZW&tZ /x > hrt' C H,

zzis.ftttitfzott'immmi, e a, ve3seises

4E#X : 112,625NmVh (FSEl 9, 547kcal/N nf) 1,075.23x10= kcal/h

: 243,881.6kg/h (H*S* 6, 650kcal/kg) 1,621.81x10= kcal/h

C©±Etf"X©f#r)i»tiu Ctl£ rLNGESHISSJ -C#«$E66, W 600MW 

fflS©^*eicA£50 ®JI2, NEDO-P-9 1 0 9 $©S P-134 4: 0, pgliStti* 

600MW 1,088 x 10' kcal/h itJoTl'5,

CC-etiARCH/D-bxtc^ioSEdny-C'EiS^XIcj:!), 600

6©t:A, l.onssen^Lr

(1,088. 0/1,075.2 = 1. 01188k 600#©#m^ltt)E6 6©6f 6.

CO^-xlcS-dS. EIEVE 3 ^$ffiSS©?x 'J Tyt^'x > xoEi^, Hmffith* 

600MW lc*IO&Et:l#Al:SEf 6 6, %©$0< %6.

¥E 3 iFESS# SEE® ifctt

BMStSAl 243, 881. 6 kg/ h 246, 778. 9 kg/ h

tE#X# 1,075.23X 10= kcal/h 1,088.00x 10= kcal/h

C©1#&0CO: ARCH/otX^S,©&©6, H*/x> h*'f>©fc©

6C^-ltT*:liif 66, %©#lc%6.

1) ARCH/o-hX^bOfc©

ssico, a see©co2 a
a) RjgKSScfciO : 6,062. 40 kg-mol/h 6,134.4 kg-mol/h= 269,913. 6kg/h

b) CO'J-/#X: 582.08 kg-mol/h 588. 99kg-mo!/h= 25,915. 7kg/h

It 295, 829. 3kg/h

2) ^1^7 >

y§®co2 a see©co2 a
&E#XckO : 5,035. 18 kg-mol/h 5, 094. 98kg-mol/h = 224,179. lkg/h

L N GEA##©#A© C O 2 HEati, 237. 2 t /h (ElBXItED) T*0, £E
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M'co! <KZo e-dt, %**-&/:#&©.

W^WCOi tcftvriix LNG©j#&6%6|5]l;6m-C@l\ 

ARCHyot%©j@A©coz mtmu. Aieca^-e*,^ Am%ai#6@^w 

fc£J;£©fiJ&£ftJtlTA££, *©#C%&. {BU S§mfflCEffl$ti3C0 0 .yf-tf 

Xidy ####x^-f 0^$%dlf 3 6©£ Lt:#A.

C 0 2 : 25,916kg-C02Zh

C 0 2 mifftMM : 269, 914kg-C02Zh

It 295,830kg-C02Zh

TBKS^EOtSSSTii. A R CHfD-txffltT, C 0 0 -j xfcfgW&ftt Lt, 

31, 590 kWhZh©^«^ltt>*TU5^\ C0####X*©CO2 ©90%&#4m*lt
LA x £*$S3!/W'" <h"©tiEE-ffc-r 5 ri'&itt" 6,

%Wmtat) 600MW©#m#S&#IM-&6

COO yf#xm= 588,933kg-molZh =25, 915. 7kg-C02Zh 

MiiCOt * = 23,324kg-C02Zh

*M»fcBC02 * = 2, 591.6kg-C02Z h

C02 6#l:j:5mAm©l#mitZNEDO-P - 9 1 0 9 j

©*©, #e^###©mw;#x^6©co2 mcy-xi lt, 2iikwhzt.co2 t

y C0%f£. COO yf#X^G0CO2 M'S&EAtiy

4, 921k»hZh ( = 23. 324t. x211) t t£Z>a

—C0#A©COO vf#X-e©#«#U, 31, 965kWhZh ( = 31, 590x1,0119) < 

22, 455kWhZ h ( = 22,191x1.0119) „ i^T, *#1*0]#!*, 

9,510kWhZhit£5„ CCA'GCO; B*®t:*©ilOTtl«. 4,921kWhZh£ML3l< 

£, C©#A©##l**mU. 4, 589kWhZh <t<£5„

C©C02 B£tc<k5, ARCHZntx©m##@T©EA-M;L 0.2579%T, 

3^E###*0. ARCHtotXCia? 77. 50%rt<\ 77. 24

I (4,921 X859. 98) Zl, 641. 07x 10® ) xio2 =0. 2579% 

ARCHZotX©m%$13:. ¥/$ 3 iEEIBSS J: <Z 

1,621.18x10® kcalZh 100. 00%

SjiSA'X, 1,075. 23X 10” kcalZh 66. 30% 

o-if y, 101.44X10= kcalZh 6.25%
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d"71^E> 62. 30X 10' kcal/h 3. 84%

m n. 1.17x10" kcal/h 0. 07%

Tv^e-Ts 8. 74x10" kcal/h 0.54%

8. 08X106 kcal/h 0.50%

77.50%

CO'J’yf^ClilWxoCOi <£\ Z<D££1&ttitZ£,

© 66.11.26%A<eo#©@ima6%6. int. COSiittfx

TN6, LT©JC$vi/f-%$(i, %©#lc%^.

1) ^-X-y—X

(NG#A^#^5©^&#@%$ : 46.50 %)

;em#msi%}©ma$: so. 83 %

N Gl^Ulliy^©®# : 11. 20 %

2) ffitfxfri, COi &90%ls]iRf 6#A

(NG#A-#m#m©m#@%#: 42.40%)

E-dT. IS1SBai5)©*Sa* : 28.11 %

N GmA%«#ma^©#%# : 11.20 %

CCl:, C 0 0 y f #X©#%##X4:©C Oz 90%#R#*L/:#A©. iftiLT

%©ad 6%6.

-Y) ^-xy—x

#«smais#©m*$ : 30.83 %

NG#A^m#a0^©m%$: 10.94 %

D) ##XA'g,CO: &90%@iRf

#«&mai^©#%# : 28.11 %

ng ■■ 10.94 %

iiLt©6n<> 5^*m#xYbycitxTma$mx y-x©#A, sMtSttssNcs 

ffifflLT LTtdu ##%$©#!: A R C H7ntXMT©

MW<SnST'S5©T, D at,# $. c©l#A-, 5%7k®A'x-fbx' 

5 > h^5,ESTiSX/'x-4-5S^^4atf, ^SefrlilWS't5£-$14*v<,
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(5) CO:

CO; tcB8LTiia6.5i^cD<*(ca$n5o ffl U CC 

T-li. E1BCASE-2) CASE-3)

©i§£©58£©<$ffl»icoVT, fcoStirtn V-1WIELT@tie£ti;ELTB<<, 

CASE- 2 : 6, 200kcal/kg£ 6, 650kcal/kgtC<8E 

CASE-3 : 7,100kcal/kg£ 6,650kcal/kgKf#E

5^*##xE©#e, ESofi, $#KilSi s
NGiLrEa^nsEs^xo^icisco; «. m^mmg^^aj^co; e, c 
ov 'y^^'x©Ett6F^xth©co; icoi m-mm^mco; e-tetn

CO; «£*©TE<<,

m##m# Aco; mmftMcoz a ±m%mco; m.

c A S E- 1 13A 10.88X10= Nnf/h 237. 7 t/h 213. 9 t/h 23. 8 t / h

c A S E- 2 ZiM 176. 4 t Zh 440. 5 t/h 396. 5 t/h 44. 0 t / h

c A S E- 3 Em 158. 4 t Zh 394. 9 t / h 355. 4 t/h 39. 5 t/h

c A S E- 4 A : 246. 8 t Zh 520. OtZh 471.7 t /h 48. 3 t / h

c A S E- 4 B : 246. 8 t Zh 520.0 t/h 495.0 t/h 25.0 t/h

(a L C A S E - 4 A ©#Ar.
#x£-E-©i:3;j!iSaijL£i|£\ CASE-4 Bii, C O V -y X©«yMfXtf ©90%

©CO; LfcJS^rab^o

f 5#^©m#5^ t a/= i) © c o; m£.mf£t’<DsttRZ'not, %©#
lc/£3„ W

5Kt

CAS E-2 :

CAS E-3 : 

CAS E-4 A : 

CASE-4 B :

tz<0 ©CO; fg£*

A^tco; a
2.497 ( 1. 000)

2.493 ( 0. 998)

2. 107 ( 0. 844)

2. 107 ( 0.844)

#m#i*co; a
2.247 ( 1. 000) 

2.244 ( 0. 999) 

1.911 ( 0.851) 

2.006 ( 0. 893)

fir : t)

*Sa8cttiCO; a 
0.2497 ( 1.000) 

0. 2493 ( 0. 998) 

0. 1957 ( 0.784) 

0.1013 ( 0.406)

C©«©&$»'5., ARCH:/cH?x©iS£ij\ £?g£CO; *&0\ S@4)S6CO;
, case-4Aoif^-e
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C0„ ttz, CAS E-4 Bfflift^tcii, 40%@Elc4-ei6'>t"5V

Cffl*!4, *E*^OCO: <o, CASE-4

BOlf&ti. LNG©#A6|a|C@E©CO: y h^\ A

RCHT'otxoii;, F©@A, Kz8E©C0: tfxi l Tffi t> til L/c i> ©

LT(4,

£(#&o0 ijffi, ss^sico: ©©a^ffitco^rii, m*#m, eoriij

^a##^©m-c©^@A^#M-a:4i-ce*), co,

1 . 2. 2. 5 WE -N E Tiwaxf f-f

*^tfX{t&SrliM^£ftttl£20W@»'bLNG£E5Tt5Sa<t:LTSiflMI:d:h3 

T&5o. BKWtcli, 9 »cfa&LT'<'{77'f rCT^Tfflli

3,4 7 4'gEk.®££tt-5c, 5tt, 3^EX©«&a<SiiI£fe©ft!f. > f y 

'W FU- F%BMlcfijm$ 4l5T* 5 9.

£ GicB$ft»<jttAT\ )\y¥—hmm S n, LT4&

mWft>MHf, 5Mk ^«EXHE©^S8SHSE<*2: UTl

WE-NET©7km^^m-e#6 60 3rn*T ©5K£S|554SS{t; U £EL7;C0$

ZTkmtRfcZitT* ©5E£7k®iEx{fcU taf ef

E4t-y ^y<bt-5*i6^iti£L4c0 ©E^TkiMxFh&oltltti: ARC 

- F ($B%3#E5K7km*'x<b@mA*@e) ©tlHRS^fcilc, $1.2.2-4 *l:$ 

•TEKfc J: Off-©#fff-f (.'TI5©S*(c <fc lOft-itz,

$1.2. 2-4 3t ltSicfflOf5EfcJ;0'f *-©#tfrtt

c H N 0 S Cl Ash

(%) (%) (%) (%) (%) (%) (%) (kcal/kg-mf)

5 m 65. 16 5. 74 0. 92 14. 11 0. 25 0. 02 13.8 6642.1

64. 72 1.12 0. 80 3. 07 0. 22 0. 00 30. 05 -
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1) acck co,. ch,

tfZtt'PltJJ-- ht%i.6o

2) hycoltzffintttmm<o (7k®eE©^s^-7yx-eszf 5)

3) lS#XO«, ES&S&SSEiMxtiNz . A r^'5 vx^btllt LTfiHEf

«o

4) $&#S1E©C0 V -y^tfxti^iy ^-rSUcAh, 100 6 6

5) 9L + -©7yx{brt.y^y*'±ELTV66-f 6„

gaS^-xicl-5 6, *1.2.2-2 0 © J; ? JKSE^'ltS £ ti -5» cn^fciicEK^

sm os* i moi s/d)) 6 lt. ^ f ? ytgucz#%*mm, mmme
IS3IEU ®5SS^Effc- > j' Wk&6©J±i&£fi;i,'Sll. 2. 2-5 m^Ltz,
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$1.2.2-5 * L/;£SoEKGi&yn-bxttiE

® EBLWftWHt-* 9

13 zx r 
O2: — 
0. 460mol

®5>SHfc SK —> Tki^Wb
H2:
0. 557mol

f —

CO: 0. 884mol 
H2: 0. 430mol 
C02:0. I06mol 02:-------------:

0. 235mol

H2 : :
2. 646mol

j/_

y ^ Wb —> ch4 :
0. 990mol

CO: 0.453 
H2: 0. 103 
C02:0. 031 
CH4:0. 44

h2:------- ;
L 253mol

V

y ^><b

-> ch4
0. 390mol 
BTX+oil: 
0. 0l03mol

-> CH4:
0. 456mol

2. 65 moi l. 81 mol

0. 460mol 0. 235mol

y * 0. 990mol 0. 867mol

m Imol^M 2. 67 mol 2. 09 mol

foeam, w e - n e t &c t

ftMik L£f&t zoom*/ <9, f

bly ^ xb^-^^&^y * > 1 moi 2 mm&K < >

ams##, e^osuml
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1.3 & tih

Sg 1 Snfcvrti, 4

-xic, *s©jl*yu^'-SfSOElbRO-'SEM^ciSPttE^StoSti\ $£lcEU>

¥)&6^6/5©Sg£i*;i/*'-ii*£SSSa5£© rgjflj;*yi/^-ES^EiiLj ©Hit

L-P5# = §16^.B8^®£ 516 • %^#XM%*#M#© L N G£fe <'Si3ii©»t©#

tfflcj;5£, LNGEEtiS-SWCti, #Xffl£*.C,v|:4E£ t>E3Ki#!»'«-

cinsicflnx, #S --&#©#A56 LT©#An, 4i£*tlt£#i>>':?;B$nTU

Zo -£, K©SiiLi LTli, M%»fi6#xm©@.#m#f*KM nn. :W

n##©mii:, -Y > x ? ©$##$©im#@*©m<bniwm© v - r ^ y n©mmb, *

y i- v - v x ?©tin, &Amm©@#^#, &*#<*£ LT©s*«©iHtA«S:3:£nT 

VS„ $ 1 STIi, C©«k^ttttzRT"e, L N GLTetiC20*iF£Ei6L, 93#K 

T'ti73.6%lcSLTl'5IHTp7yx*Wld:. #5^, 516, LNG, 5®t, -e©#^/<7 y

xz<m##mL-ci'a#A#^6it#LT, m##-#{b©mA^6©#Bm#xm#©s 

DliS6^u61g#L/:. # g,nm###lk6 LT, *Uvyl/-y3 y, tYft>F, a 

h y ^ y, y ? y«Y Fl^- Ff CoGtitlfc^, R##n 6?a%T<%E 

m^ix-Km^omwiz&^tirzc^^misn, V7^*m&G&#mmaa

©^V5%^5>© S N G©*®tt£&IH L A0 

$: 6,|CH.#:6qiC5%fllfflS NGISOSHfilCoVT, #&A%©%*Mn^ft=&#af 

Siifcic, 5*^m&9«A - ###6©#AA#t LT©*|s|y o y % f h©5J|gtt 

IcoVT^ItL/z, S$ilEft©SrLvSS©*T, $»<H©jfeS©RSE»<lti4lcjeib6> 

ns*, *|B|ya-yx^ FA>£>liSiEIcnnDEELTSA5KI58it©ilf*'f y x x £« 

srotcsfflu ELven • sNG«f^i*/un'-*nnib/SpDD- swcffiivs^SM 

nsw#g#*<Emes. $ y#m6*&An5K#i

fflSNGI«©^JtgttlcoVTt)^ltL, L < S-y^WK^xl*^*

LTWiimL, %m*'x©$^#*&l:%f sc un.

in, 5SfIjffl s NGy□ -I?X j: LTVE 5 iTOI9$E%T®S:t LTSSiLfc

a r c h y□ -1?x©EStt • sitii^tticoi'te l 1,'81,6*' £> ©t&rt£ < nx.n„ g-s 

tticovrii, i994^#AT©Bm# " -e©E®x-xn y-y 3 y •
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y 7? f-zmizis #*©sNcL. LNGa%6#mic%5#m&# 

56L7c» *-©ig*, ARCHyn-fex4't>® S N GfiffifSiiB TX©ffi& • < ft

#1"5fc©©, 2015^@lcLNG@#6^Af 6C6A<W'(K Sbi:4tfflLNGif 

©f#A&a#Lu^.%#xm©M%m%©m{b%#mf 6a, LNG«fs©»tt±#©5j 

ARC Hy n-bx©Eiltt©® 9 SLoneWp< &5 :: £ t,^Sl£ ns„ # 

^a^ttlcoVT, ARC H 70 -trXiiBm • SWfcSWK# •

± • iami &~fa -t yv& % c t% cniTom&TBM ifi'K

itzfiK ttmama&itwMtztizcoi nkthKmtz^a-kyomm^vz&m 
Ltz, ARCHyotXli.#a$©*wyDtX-C&6/:Am©5^#imSNGyotX 
IcitKLT, CO, ifcitieti'J'Vj:i' C i li Bfl 5,^-eab^0ARCHyotxi#x 

HA'bOCO; ARCHX’a-feXi't.CCO, ifcttilld;, CO,

#Wllt)50%©X?-xB»'b>LNG8!JS©CO2 teMirmiS'eifcS C ££H,tti L/c,, £ 

^icES^bOSS^I^Slc^VTtetB C O2 £@1$ L^:#A©%#@T&(t^ L 
ARCH^otXIiCO, @iK$Fg1M©e,&»'5>fF«1-.5 ix X"otx^mT#tf 

5co2 tiziiEsnTtef)^ ssicsst'S, ARCHyo-tx^i'
Eic5KB©50%@g©$S^@$ L> L N G#A%«#4©%m C 0 2

«icflSx.5S«T*5ifci.'x.5„

$ 6>ic, WE-NETT'o-X*? h i©M*fcol>T#ltL^?!i<, fi-efcARCH^ 
n-bx©4,'C,'"e*-B7k$7yx-fkgl6T:ljC O2 ©%^l±#< x ft-i'bMSiitSI 
KCO, £S$CttiLTt,'5„ f*oTWE-NET©$ffi4'7K*^fiJfflT-in«, l-*—h'b 

©y :? >Si]aT-5S*©K$id;tti$^S:lcy j' X-ftSto-Ex -r<£b*.> WE-NE TB#ft 
icteij-S *'$ x ^toR £ ti, LT®5
'Ej^^rSti^F&tHcjSIn L * 6^) XT'Simile ■’£’ $ L K xi^^xvl/^—icg^l^- §

3gt:MS (ARCH) J t&mVMtz,
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2$ AR

2. 1 ARCH^a-trXfflittt 

2. 1. 1

£&©# Xft-f’&ft^'fi/ A' £ tlT Va © left LT7k® A/x-fb$l4itK6<]*j£lc

7kS^'X{b?ili42~7Okg/cniG©*S5DE-(fclCfc'l'T50t;£-|S 850-1,200 °CTSli$l2; 

3U S|5rMxffl©y X ft^g&f. %*##6%91#aBTX&#&-f a

££-?£> 9, SlEfiSiE*©ll,4A'<iltl¥©EKe«iiiJtK-r-5i. £K©XfXft 

(1, 500°C, 30kg/cnf G) £®ft(400°C, 150 kg/cnfG) ©^Rre.fc-5 ifiB'3'tf k>tiao

Eft-timiasu*. m#A<±a#-e*a a t xfbicmm

LTl'SA^ A?'xft© ft A ^'xicGSf ■5*>treiiAi: < . ItoEtli LTf-

+ -A<tR%f a. am*. EK©ElE LVSIS^ffl**WffltoKlcKSS t>©T. 

?-HI/ F#x{b6*mf 6t©-e*5. LA'fc. IttfiWe&a f- + -ti7k$$Sa©ft* 

KEffl£ii. 6 L T I4:5KAmA<Wm## l=Kft £ 4i a a 6 K A; a. 7k®#xftiiT' 

litmf a%##%liBTXA<±6K5J-e*9, E-fb^xZ/V K/Vx^bT-liESa-^^t'^ 

< ©■fb^tl©'®Atli LTlSbhaiuKkS < gtia,, atoftAK, 7k®#xft&li#x 

ft. ®ftRat>'i'zk K»'xfti-s*ia,^*itofc©©. is$i

aai. sbic. A<y^>^BTx©ft3ic*m#imiciauBT#64i. mm@A<

®<li Aia a i^A'f>f?*tt©A£'.'Wa^EKK^ffi-ei.a t>na„ 

5K7k®#xft&l±ftm©ft A ic5$lcieB7k$^ES£-ti:r. g#y ^ 

a<bA<-esa5$7yxft5$b"e*a„ 5^£*"xftL-cy y^saa-f a^iiictiTk®# 

xft&©15A'(c. #2.1-1 Elic^ihft Aia, 1,500°CJiLh©S

ET&JSA/xSSiiSU aoAETV'x^S i>iajgj#5b/nH?xicft 9 y X >££E1"aSIS

#$ft-y y >£n&m<&a„

7km#xft&6@H^#ft- y X a 6. #xftBEA<@< . «®JK»©

i'7km^xft&©^A#m*l±^% 1 >o LtzOr. 7k® »' xfti£©;m8£BSW 

a<®< tea.
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CO, h2-

(CHo- b) n

SNG

SNG, BTX#

i2.1-1 5><DSyiE',i/— h

c© 2 -3©#%{iaic#af

Msg £ H*Lb £ © ^ IcitM -f 5 3 ©X- x c ©ib fc S^' t,' TUffl isjfc£ & 7 □
t%©#*##&WM-3£^2.1-1 8©<k-5ict£3„ ^©IS$, 8&#E<b-y ? >6E

. Hslib^'hSl'X? -y *>^vvvV4='fp£fflv.5i§S;6<*t> =k < , 

%#x%#ao. 75£:f#Sfi/:. -y&x *^*"xffc/£©^^'xa*li*^:0.81icii-r4i 

fists nx ®#@Mb-y x $

#SHb- y * y^®$©^yfx$6^(iai6ttics< x *9m%%#&3A%i'©ic*LTx

7k^y?'X{tft(C 1,'o

2.1-1 * 9 y£E&£7kiS#X{b£©EmibR

SNGSSi* 5SH5}E<b*5 E$it ch, &mm sm##x%$

HYCOL 0. 400 0. 340 0. 632

> * ywv^'JF 0. 221 0. 386 0. 693

X5 y¥yyjlJl¥tp 0. 273 0. 427 0. 750

TK^^'xib^ HYCOL (fHX-fbffl) 0.215 0. 435 0.810
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2.1.2 EfekSStfXffcSJfcitt

5K7k&*"X{fcEtEttB2.1-2 j;ot£~@:|Sg®E(6 £31* ‘ShTU-So

%— ikKJ6l*5^l£ST6 <0 x EI®ESS (I) T^S*i6„ SKfbSli/fcKWtcttSK© 

Si^)Wr*5„ -&Eftli3?ffl3L E*x $@^ictim<£<x l3f#S$®-%-lc«k 

$$Sti5EtK-e*5<i:-®6<)lc#x.6firV5„ C®#&x 

tfStjmettiiflnf 5„ %u-cz%Eioi±*:g&m#i®7Kmfb^*E(G-c&<3x 0®E$S 

(n> -e^sti-5„ cniiES-f'ctm.s

®6S6Eli5r* 9 x SfflMx EAx SE. 6. EKfbli-®

KSSIiJfWfiJT*Dx itRmi.'ElET*5®lc*fLx *£-fbfix 400°CSE®EST 

t,®®x ER6<]ieuEli5"e*5„ C®C6 jcOx #%{b&(g#f 5*AC#.a

I: 800°cm±l: $ $ * 3, t ts. Z> o

(I)

S2.1-2 5K7km#X{bE(G«±EI

mAEfGlc^u-c#^6ix -%m^#E(E(c j; ^ T& b f: 5 

|sl±*<#Ax #A&#01gL%A<g,x #A^#m®%mj; 3

*SETx SSIcfcl'T

£ltU<t£6„ C®f:*x 5K%@1:* < i#6 C £^BM£ L*#Ald±x

inHicE*#E|5]±®lS£fflSI-r5ttz. E*^E^LTEK

-81 —



STFTttE*©±#££ fclcmgiKW<±#U «K#©JRigj&<ffiT^5. 7k$8fflSnT 

rttimttE^©±#6 6 6lc*###tt@T Lx em#0R#ttl#%f 5. Ctili^Stt 

#x#mmT-cttE*©±#££ tic. g*#E»<ttii4|tc^Knhzzt*><ifiif6>*ix g 

*#E£'9 L©ESEiSWiS£ ii 3 C £ L T l' 5 ri<\ 7k$EATTti*S7 y»vv

£EJEL$^t£-tf\ 7 yA/i/e^r^ESfS £ £ fete, ykStb^lWEtEicj; i) g*#E 

3 £ £{cJ:3 :fc,©k:i#^.bti’5„ 7k$*'x-ffcEli>lc*)VTii7kS

tty j' y^B TX^EiS/flj-Tti < x IHSEIESPESI^. ■?«, $2. 1-2 0© 

deposition©Ei6®to$i|tt*tLTt,e$^,£8*$£S-?TV3o 

5%©7k^7l?"x-fl:EtE;icjovri4EEx$E#Uj;7' ?>. BTXE0;'IttJ?Kti©;t--i'7i/ 

(f-vl/#©J:9 %%##;) £#t- (SSKtlK) T$3. CO-3%. *#E(5^^# 

+ y-d'vi/tttFatefiKti, BTxtt#$%c#mm5mT*a. c©

/:AX EJ6$kt£x iWS. fi$@$Sll£El-<fnttx 4$t/tt# + -£y >lctt30 

L^Ltijikb. TkiStfxEX’o-feX-ett. f fvt/iR#tt%6'<< 'k$ <"#-3 

£xE»<*5„ L/5'U #&l:4;7-CttBTXtR$^##*L/:0. (*S
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;t/f-K0^63#LTU<. ztDtzmmztizyc ($*) ^®J;OStt^©B$. 

fi®»<ltSi|TS5„

(u) %#8m

SH&S13-JS2. 3.3-8 aicgf. Y > y I 9 •> 3 > •>-WY A G U—LT 

feSu—6*u —th'^iizSSE^^ffli>r$ tt/eE, u
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*7ti/yx-e*)fcsn^ 'fy-y'i'y^y-yxy'i'Y^ccDAy

—^~ —[3, —^*—^{C®r5 cFl=l'fE"4~&o

(m) :tmii#m#i

ME 2.0mm©7'y-lz'>S/<-^-^fflVx HffllcEg lOOmmtofllJ; 9$$£S4fc Lfc

z'' — i~ — ME  ........... 2 mm

............. 7k* (3. 7m/s)

@mm ............. $*54%, #*46% (0. 03m/s)

OH, 60; , SK!tSllS5l£S2. 3. 3-9 Hkc^^<,

±&

/
.-Ox,

Tft
aw

(3?5t:)

i<=0

SB2. 3. 3-7 m L I F©x*;V4='-)g^j@fi
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(4) ■#*#*##*#

•> i a. U — 'y a >©$?(§£• ftfco $•> 5 jl u—•> 3 vicj: O JD 

£> tfic * -y &, %#/<-/

—©X y —yt/T -y /IC^B^'d'

(a) g+^e-f;t/

z%7c#*#y>f or, S2.s.3-4 sic^-ra

Eos, a»»«#©S, x*yV4='-«S©S, ib##m#©S,

3.3-5 Elc^f$EieS£ffll Vc, #j*tLfcffc3MSttxy*yl'S-

st;<k©9aaT'*>5„

Hi ,02, N2 , H2O, H, 0, OH, H02 , H202 

,1ft • ^ES£E!tSic«, Stefan-Maxwel *KlE£#

SLydS&i:ti: stiff©©*gS*^trfc», ##, •fb^RfK, $1 • 5mm£iS3:§ * 

SSi^cidltSoSSttlc&S^ti.M'E^'zfc 5„ ^ItS-eiiXd-Axyu y-r-t >/& 

£EfflL, It»©E®b*Hlofc0 X^Ax/V yx< &l=&d:D, %©

Lfco

L (At) =L a (At/2) Lb (At) La (At/2)

CAT, LidS (1) - (5) !:&#&####?, L a IdRS^EJSoStfSIffd1, 

L b

(b) lts«

l i F:+amTK#i:#mL/=/<-/-T©#+m@a%&m2.3.3-ioai:#f.

$:+*:#$id, ^j%m©am,
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<? *>®< ftotl'iCiA'W'S, 4#, SEtmiSSSS- 

SRI, •> 1 a. U-^E y©-Y >7-y h%()Cf6$C j;«), !tS«$

$2. 3. 3-4 * «# • KtE-> l 3 y$®5ES

(### 2 %5c)

(1) j®E©5£

dp

df

+ ^-(pi/r)+—(pv) = 0 
rdrvr 7 dzvr 7

(3) vi/4^—

(dv dv dv\ d
p| — + u----+ V —— I =-------
\dt dr dz) dz

8v 2/18, x 8^
-----------—”(«n + -
8z 3\rar^ 7 az,

I_L

rdr
(du dv'

U7*l *----+ ——
Vdz dr)

(dTCpP[-+u!L„!nmi±.(%r*n+±.u
dr dz) rdr\ dr) dz^

J_P_
dz

dT\

-Pg

dz

dz dz

(5) vtmimis.

p-pRTI
i

TDi

rrn
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m2. 3. 3-5

Fuel Oxidation Mechanism. Reaction Rates in cm3mol sec Real units, k= A T° exp Ea /R T)

Forward rate Reverse rate

Reaction log ,4 n Ea log A n Ea

1. H + 02 -^0 + OH
2. H2 +O^H + OH
3. H2 0 + O^OH + 0H
4. H2 O + H-^Hz +0H
5. H 2 0 2 + 0 H—>H 2 0 + H 0
6. H2 0 + M—>H + OH + M
7. H + 02 + M-02 + M
8. H02 +0^0H + 02
9. H02 +H^OH+OH
10. H 0z + H-*H 2 + 0 2
11. H 0z + 0 H-*H2 0 + 0 2
12. H2 02 + 02 —0 2 +H0
13. H2 02 +M-^OH + OH + M
14. H 2 0 2 + H—>H 0 2 + H 2
15. 0 + H+M-*0H+M
16. 02 +M^0 + 0 + M
17. Hz +M->H + H + M

14. 27 0 16. 79
10. 26 1 8. 90
13. 53 0 18. 35
13. 98 0 20. 30
13. 00 0 1.80
16. 34 0 105. 00
15. 22 0 -1.00
13. 70 0 1.00
14.40 0 1.90
13. 40 0 0. 70
13. 70 0 1.00
13. 60 0 42. 64
17. 08 0 45. 50
12. 23 0 3.75
16. 00 0 0. 00
15.71 0 115. 00
14. 34 0 96. 00

13. 17 0 0.68
9. 92 1 6. 95

12. 50 0 1. 10
13. 34 0 5. 15
13.45 0 32. 79
23. 15 -2 0. 00
15. 36 0 45. 90
13.81 0 56.61
13. 08 0 40. 10
13. 74 0 57. 80
14. 80 0 73. 86
13. 00 0 1.00
14. 96 0 -5. 07
11.86 0 18. 70
19. 90 -1 103. 72
15. 67 -0. 28 0. 00
15. 48 0 0. 00



2. 4 -< y :jx. ? ?

ARCHyotX-eii. ESt7kr8A X{bEE(C fc 5EESEx 

USk SOEiEB^^^-toElG^rtTE-fkdtir, TkiSTyx^-esSc •BrotoS.EtiEtE 

($l6#SS4j3 J: tf7k?S{l:it#!WEJ6) (UEl'EJC^-

■t’T'fc, S'fi7kS£fflU5M5?£iu$S£U 

45*. %4@%^©7kS4bE5»WS:S^$l»f5 C £ ic=k 9 B TXiR^ti^d:*5C 

tjb<r^6i^A.itLXisiO. ®iR*Fl±©ye A© x X Z -f ©$SE»> 61>^ -e©^J|gtt6<
Ti>£„

7kSRTiiiSS7kS;£(#-Elyc»7k$©— ®£&3StcJ;^®£®K£-tf-4#5£©'<-^- 

(7kS 'KS^-4-) ^^^^^-©M^ltBlcoVTKE^S.
7k$• >yx^j'-icovTtt. cn$TicROckwell^

oJiJ Hcfci,'T24 t/d©StS"eS*ttE»<EEStlTfci9s d" >9x ^
seictevT5K*ES$*-r!cais#£ • smiwis^sftx < ©7km#
x4kEtET-4-zmnLtzWm^ibZo L»'U 4 7yx^-0i^ 77l/f{k#C 

SS^'B snr*i9, £ /cElESt^OTSS StiTfci) ARCHZci-feXOg mfllJAVE 
E*- KT©iie^BET650 fc-fx U ARCHZn-bX®

-©M5g£i§ATfir< o ffl%t6J > y X ? ?-©mWAR CHZn 
t x©#f##&%Ef 67: A©4)©T*I)/W D V hZ7X hEE^fflELTi-'So <" y 
y x ? x - £ 6 k * 7:9 jamc^4M58 x n - & £ owiji g »<;%x. £ n 6,, * ft
etieffi^iIBicfc-urSS^^SSLx f ©BE*&£ £ A##Mi:/W o v Y~fv y 

h ilff© d" y -x x X 9 — £!0?6-f -5 0

>Uv?\rrAm$k
4yZx>?-^%
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• 'hSH y y x ? ?-mm (*s • §**'<-*—fgtti!)

• 3 — yv K'txyi'T'X F

oyii'j-©tttEsiE (Sis^rt»!t»!;tt®ffia)

•tv fXF

•Y y y x ? * -KBttEE (EE • ykSESttSBIE)

• ^vo-y h y7 y fahi-y y-j*'??-mm 

®S:tp£'Yy-y LYc#:Xti©<65^

ARC •5'C y y x ? ?-li^fcyKS •

Eti-jtT-byy V-6 Lt/fitO'i’ y y X ^ ^-T«£ < „ SJESlcffl^^^BSlcEE

i 7k$ ^ «3I icltilg^ S ti-ElS S * 5 ^ A © t>©T* 9. 0N-TEfSMrt©?S®altS!i*> 

<fcIfEESESJffllfcitE L ■) 5&©-Ctitfti(;ro5>tiV0 ZOtzM y y x ^^-©IM# 

»BufiiSt?^e>n^:«fc3tc, iT»£.te©*57k* • &£/'*-t-©»'i*?L, -€■ 

©&** • KXSttS'f y y x ? * - lc$M±ifTU <„ ^ly'y^xi'J1 -©ttffitt 

IS©fca63 — yi/ F^xyi/^ffifflLTEJCSrtaStKttffifflffig^^-y Fefyt/|:J:5EE • 

7kS©SSttE©Elgi6<^$ i 5 „ ±12© «k 5 icSMFgJl B £*111 L, 

itib't-i p y FE5 y h®!©'!' y-y’x^^-JlStS *>©"C*>5„

2. 4. 1 *58 • E*y<-±-ESS-f yy Xd7#-gg%

fg!i*p£'f' y-y L/:#%*©*5< yy X ? *-£Bm%*5Y:A#mic:2mA±Y:* 

* • »*yY-*- tmb&Mi'f y y x * * ~£S8:It • Sift U Sifx h^Eu-6©tt 

tl£BE*5c /<-±-©B#|j:M#l:S±9 C A$?lc#@^±Tt,'5 o y f 9 xyK

bg/0 G#©M%m#t<-xK*# • sea-Y yyx? ^ -^isit • is

#*5. •Yyyx??-iaafEE/xyi/i*©yyyyi/'i'yyx?f-msftafk -e 

© 1- yy x Y' ^- ©#±IS# ' «%##?£##L, ± y htr;i/fx FflH yyx?

^#M^a5c *H6<]!cti@SS5r'f y -y Lf=E*y Xyi/£}*ifctoT-yi/^ yyx? 

f-£#W*5c -Y yyx^ j'-©|$|+KS^r,rti3-yVF:e7:yV'TX hjo<tc».-y F 

e^yi/^x F©$SE€-+^%S1"5c Jim± *% «y y x ? f -

(Omm^-r-yZf^Tjki- c



7k* • B£; (•> yX;i/) Sftit• Uf^

i

i

* y h-txA'T’X hffl'l' y-X x £

l

x;i/f-f

l) tSfP'i' y-J*??- (•> yXvi/>

t-#1'. X—##x x k. JBMWtFf y i x u—■> a yH©$n5c-$’8£iC7k* • !£*/''— 

j--mmitz'< f-tfWttfztiZ' tsit-tsKicEi^y xvi/fc^a-*® 

•KS^-X-©flB. KB. IdifiE. lattiffi®^©^ xy - ?ttiifiK

int.!CoOT(4KffO*DE«-Sffl-r5 C iicj; < MfS^a»f>n5 fc©i#x

btlSo %4o. -|,>yiyy-|j3-;l/Ktf*fXF> *-y hex/VxX HF^rgT#

Sti-Y —-$6dn5 fc©T*5<,

M%©Sg l @B-?8ifN-'5'i' >y x ? X-©EB§I2I£S§2. 4-1 7k*. #*/<

-x-oBtticouriie^tt. #x##©m:s$fiY:& ©%mm-#--5c a c% & ©xr.

L*'L. cnsros^Tk^Tyx

<bMjS©SF%M^E$=k*9. /<-X-©KBIi7k*/<-X-4*6X yyx^^-©»#'B 

C5K/ X;W< 1*65. V't>&$>5 4-on-1 :?XX©KB;£:£-f'#x.5» -£©3££L 

T. 4 -on- 1 j'XX’O'f y X x £ ^-^%#)^6#X©aA##C@4lTU-5 iWfctl

afEX y y x 1x-©m*(±#%aTi:$f.

• $*®E : 7k*/<-X- 4 $. 5^y X7V 1 * (4 -on- 1 9 -Y X)

• #S : -Y y y x y f ^ y 3 $ 7i% g o l

SUS 3 1 6

• zk*y X;i/: *E 4*

&E 'f yy x ^ OSIEffilc 4 rt@r

60°C

" #*y X/lz : 4 $
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BSt/ XA-:

Y y-yxy y-Atfciiy XA/£tiDtt£"e7k$7 Y y££$ 

1 *

Y — 04^'C'

• TkStfxgiEiS (yx;i/ttin) : ioo~200m/s 

•7k$#xs$ (yxii/ttim : 900~i,300°c

2.4-1 0 Y y -y x y x -B»sii

2) 4-.-y hefyi/f x hfflY y-Xxyy-
/J'MY y -y x y yY y -y x y X -IC5$y XVI/£E*U HElcS 

L * V ltf*fx \'Z'n-otz!6(D'< >;J x? f-zmi "Sift-fio 

* y h yt/f-x h -Y y y x y y —©it#&tt!¥<I, 5I£ • 7k*©S£
tHE^EE-iksfc©T*5. y y-Xxy y-©*ss-y y-yxy y-#*#%#

ItfSSfcitYf-X T#6Y:iy/W o y hX5 y hSfi

icjsi'yc^^^gjgLTi-'-So htf/y^x h©m#ioi<Ti±mafa.

3) Tyyy*xfyyxyy —

ffiSPfflYy-yxyy-^Yy-yLffii^©5j^-7k*ttl&x-'y litoyyyx? 

y 5o
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3-vu Kfx o y \-~fv y yyxXX-fcffcff-*-

S 4) ©Xr2b x -Y y y x X X —j0^©—■{?!] iLX4 — on-l-3-ji'y h x 3 ~ 4 £>4l

S„ y-y x x x — ns^ic&vTtiia — a? hfeio'y y/;n- y y x x x

-tcJ;S*-y Ftf^fx hiBStcX-d^ v/bE'i’ y y x X X -©#*m#+&%$Ml=R- 

?»

2. 4. 2 3-;u kttA/^x h

-r yyx x^-ic^fe5.n5tttBi4, #9iic5^5-s,a#s • s^-f sc ifcoko'EJS

^AT«5sitS!j. EtSSKSiJ®) £565lf - 3 S i: 7? * 5. aaafcSjKoVTfiEjefsrt©* 

jSjs-kO'^^y^^'xyit*, gSuSx #A&BKAVIcM#f 3. -tetrKiSgIrtOaStSizS 

£ttffi©®Sg£f ZtztblzoJ?l-(tt?#3#Bl:Z3 3-7l/Kff;bTX h*>3„

lagssa 5 £ * tc-«s w k r x ■; sttsfcsssfi-eoaito

Oa-^'SrS • tETiTbtlSo

##?cntTos^/Vx^M^esgE • sim-e 

fcSS • fiTE3-;i/ Ke^yHiiWfi • SE7!?'x{b^P©iaitlcAVIc$fflS4iTV5„ 3Zc.

•So 8>£©W%"etiEkgZciif©aET!c*5i.'T3-vu Fzx HWtSftT&tA 

(cfcX'TfcMETT'OISS^SISW'SCi^'ili L V„ SBffltli LTliffiE ‘ SB® 4> 

CtiOZDy hXy y hi|s|i;SK©Ai$i1-So t/v S¥W^MESI$©^a 

u#L <, L-cv <.

3-jIF^tjUTX h©E$^Ja<Tic4 itoSo 

l) Stt

a. -i- y y x x x-©ttfEfftt

TkSVXvMftt (»y$, E*#£> #) , 'j y/^-yXiCokSX'x^BE,

5K (ISEfiE) • #X#A##

b. KiSgsrtMfjtoiffcg

Elc^ix K57Ff3-A 7i>m74 yo&g&Atf'AgS 

c. Etb$l*l$»it«ittffl©«E • ffi@

5*5 CfSEtiE) - #xBA#« (-F y y x X X-ffii£$) ,

5K (ISEliE) • #x@mK# ( K5 7 h^x-Xffla) .
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7 > f # x# A@B&Z Cf#A#0#@

2)

a. EiSWAil •

AS : 10—20 -f > 7 (25~51cm)

5$ : 4 ~ 5 m

b. H7, • ft«k?«k amm 

7yx«djs5ti$ : 100~200m/s 

tfxm&Mg. : 45-60° 

«W4^#tii»StiS : —10m/ s

: 90° (HfiTft)

c. 9x-y z-WXOM. • 1

>}¥Afig : F5 7 hf (±Al:#x#A) >

F5 7 h^^-yAtl (TPllc#7iA)

#x#Am : (EiEv 5^. u--> 3 >!•?;« DIt#)

d. K57 • Pi

Fx 7 F — 7"8;$ : — 3 m 

F5 7 h 7^ —7"dS : —157" >7 (—38cm)

3) SB (a-^Fe-ryl/^X hSB«i§7D-^$2.4-2 0tcSrfo )

a. JSfJi

b. §§§«8

c. S$«EA

d. Sfpaitt*

10B-20B 0 X4, 000-5, O00mmH(70kg/ciifGT 5 t/d-SOtMl^) 

7 7 U ;v®i§iy

SS-^E (Rilgti btf 8 kg/cnfGfiE<DEE 4,316)

«WiE (FCC, 7 + -)

4) m

• 2-3%^ c -> > y ;w > -7 * 7 7 - 7 x f )

• •>>7'A"f >-7i77-7X H$TEv;l/7-f y-7x77-7X FIC$1t„ 

5) #ffl

• 3«n (seefcjic/ae*)
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2.4.3 Thy h

y-y x 7 ^-©ttfg(coi,'r«lf,-r^i*iSi LT, SB • BXtt

fc<k CfitST-eeSS LZcS^ttlEx 5^SS@iS©EET'*5„ cn6.^Eigf 5/:$b 

icii*^lc5KiSS7K#i^®^ • E)6$ti-TEEt" 5■&%&$>5„

** y htfvi/f x h-eiiHUlc&^TkXSRjedtfS/ifc^eoBt^Stfx^-K 

#6%a. -e©/;*7k*^x > y hae©«*t

$»'5>3i^©St.'l$^EE^#'$:fcffiET*.5o -e c t*E*S d - U -#?*%%#*& 

f 5Ci^W$tl/;0 -6©IS$, Ekg/cni©eEt$ET4 t/d##©R##T#. /<

-Yn-y h y 5 y h t - 7 SgMSih 5 C £ t)<T § 5 t>© £ 5f;i 5 „ $ES

#6 LTkt@E-e&&d</W o y hX°7 y hil^gStc/iSK -f yi>x * *--(?©** 

#x*!tB!ta&i%E%m6i°]-icf 6#Aicii%y-^7 y vi:3E*©%wmm-e#/i^ 

^'&%#%uc£l:%6. **-y hef/i/f-x StSS
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mm®bmmr-a?-96,

*-y KfArX l-CffigS-JiTFC* i»5„

1) Stt

a. -iy^ s.9 9-©B#M4fiM$

-<y 9 x-9 9 -##©B##.

b. 5#< • **S^KS©«E esses)

em - 5K#am%, 9- + -©@s#es©$s
c. ##6 LT@ET©mGt#%©fE#

iS xtb^Eto J; a%tnR#^*©E@

2) ><y9-9

a. TkS/E^it

TkS/SKit : 0. 2~0. 4kg/kg-daf coal

b. KtESE 

SJ6SE : 800~900°C

c. :7i>^tfxfiE**

9x->?-lfx&m ■■ %£

: E^T@g©aE& 8co°c$^i4 85o°cic|ij®i-eS57yxe

3) SB (*-y Me-t^V^x hSBE»§7o-^S2.4-3 )

a. SfS 10B~20B 0x4, 000~5, OOOmmH(70kgZcnfG"e 5 t/d~50t/dfg3)

b. mEgsttK

c. Ets

e.

4) wa

umzthmfiKnMt&tztiTkm-?? >

Sltil [7k* h U —7 — (2, 000irf) ]

C r -M oil tzi'zb'f y'93 9 9 —y^^-JV 

SkgZcnfGEE

SS lgitbP 900°C\ 2®§ 800°C 

WflftPicfc <4 c^Tk*

•3~4

5) #ffl

• 5.5 er csee^cka'see)
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12. 4-3 zh v Kfil'fX ('SI7D-

- 125-



2. 5 M»|6]±<D/-ci6CDX?T'f

2. 5. 1 5£#aAg®i'i a U—VsVtTWUSfa 

ARCHXn-fexoS^f «S®Stt±TlcjS?iJtcgiS$nfc 2o®SJEIg«fcf7JS5. 

CC-eii, ±S©EJEi§£ 1 SSEfESI, TSO-enS 2 ^BElEts^A'C iicf 5,, 

ARCHtli, t-flSBoEiESs^SS (-900 °C) . Sr$@8tfm (~ 1 m TiifH, 

t> i>zztyu£4E s ti- s „ 2s

B E(E3§ A Cl I: # x *# A L. 2SBEfE^& 1 SBEfEilJ: <9 fc(6('g*r-fiffi

u btxoftmzmiltz#it-<Jifi&v%zt£ifB7XKmmi£i

ktZ t)®T*5„

-BW$, ARC HXotx©EfE#§©##S&*#-c# 6 ^; jl u--> 3 ye-rvi^a 

* L fcriA I 'TOT® ,6£&W L /Co

(D*y i ^ u--> g Sffl©°JMfe

© 1 SB©E(E5s©S%@#fW 2®iRSg|lcfctt5B T XR$lc^A6## 

©2®aRlES®S^tt»^BTXWlc4A5®#

(1) v2zi l/-->3 >©«$

lSBi 2®B®ElS$;£rKgi|Lr#A5„ -B^Eatti Itz^rMc*. ->T 1 Si® 

ElEUSyiaU-hU 2SB©EtElg©AnS<!f: (£E»IE) 3. 2SB

OElEitF'ma, ^"'fyK BTX £7k$©EiE©*/!h'iEC 5 i#x itiZ<DX\ fitffiEiE 

<k LtSE1"5« ISii 2®B®ElEi§©-> 5 a l/-3 >i;i^T, *5gS©%Se 

L%d<6. BTXiffflSKHtoitiZfrZfelttZ„

•AjI/->3 yicELTSffl LfcME#A£#;ic7S1%

• EtEff* : 70atm

• i SBEtE^ttinro/yx, ft-, E#fig : l, mx (9oo°o

• 2®gEfESti3PT-©7yx% f + -, E53-SE : -1.023K C~750°C)

• if XiSSBty : l SB — l sec „ 2 SB ElOsec i j. I/ — y 3

- %#E#X EE : 2SBE(EgdjP#x^#KLf:#x4mo&

(7k* mo%, CH. E25%. CO E5 %) 

fi$ : 308K (35°C)
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Effle: E(G^mm©m3c#^m#xm©%30%

(2) mi

a. tf*0il 

#m ti-BWSfBS L fc©T\

#2. 5-1

0K*e7=yi/-C$g$ L /cEJEeSS 

5o<ti5fc©EtEE#<i: L 

T9®}}, ^-tUCTkX^^tHi-T 

HEli:toS9#i^

HIEJEES&3-. ®S81i*$S$T 

-e©2%MR(G&#6L. -en5>

(D-f^Tfr 1 ikK&TSiHS^

Lfc„

(DRapid carbon©4®dJ#kS 

f pro* [kg/kg-daf coal] li 

SST [K] 17K^E P h2 

[atm] ©MEx?$Stl5d: U Ltza

f p,t* = 5.00 (Phz)0- 331 e“5' 2 4 5/BT 

©Rapid carbonli*$ffSTTa : (1 -a) ©igSitTCH, ABTXiCTkMitftM 

Sti5t,©i ItZo 900°Ct:ij;9:©J;-51cffiM$n^o

i2.5-l T'-fbRiGf-f yi/"C#A 

LZc®^j:EJEE$S

(1)

9. 26
a = 1 — ------------------

P h 2 + 8. 33

©Rapid carbonliSKA'D 6©6 L^ xKS£El6 L

T%©ama:lc#-)-CCH, L/:.

Rapid carbon (CHo. 82) + 1. 59H2 -» CH, ; A H 7-4 (2)

Rapid carbon (CHo. 82) +0.09H2 -> (1/6) Cs H, ; AH7-5 (3)

AH,-4 , AH,-s H^n-e'tl©ElE">©Eli5Sve*-5»

@BTX (C = HS T-ftS) . OiKCaH.oTftS) ©TkmbElGlc^f64^H©E(G 

iiSSi LT%© 3 -?3r#x./:o
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C 1 0 H 8 + h2 -» (5/3) Ce He ; AHi (4)

C 8 H 8 + 9 H 2 —> 6 C H 4 ; A H 2 (5)

EC

u

+ 16H2 -* IOCH4 ; AH3 (6)

AH, „ AH, „ AH, iiRlSMk (5k (6)©&JS*re£>£<>

77 L/:. KlBiUi, (2)~(6)©SSi v 7 t-SiC©

wm£.%%2. 5-1 *tc*-f<
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S2.5-1 S y\zm^tz^W5U^

= kco(f?0 -(fco)p>/us (^
d^-C02.?R = kCo2(fco2 - (fC02)p>/us

-£ = kH2o<fH20 - (fH2o)p>/us (3)

= kcH4(fCH4 - (fCH4)p)/Us W

d^BTX_)j) s |cBTX{fgTX - (fBTx)p>/us (5)

® djz-0i"R = koiltfoil - (fOil)p>/us (G)

4^rC R = kprc^Prc * (fprc)pi/us (^)

- <Prc(fR+rc)p/us (8)

dT^ = mH2(*9kbtx^ - BKon^j - 16(1-6)<0iiH§7Y>/uf

-MH2n. 59o+0.09( 1-a) >KPrJi~/uS (9)

04 = ^ ch4.P + {i.25(l-B)K0nf0i1 + L231,cBTXfBTX>/uf

+ 1.184mcprcfprc/Us (10)

dfBTX = _(_BTxj-£ + (1.016B<0ilf0n - <BTXfBTX>/uf

+ 1.01(l-o)<prcfprc/us (11)

Gscpsdz~ = hcaps^Tg"Ts^ f+

- GgQ(oAHy_4+( l-*)4Hy_g}Kpy.qj^g/Us (13)

GsoS^'Cp.j^dz2 = hcaps(Ts"V
+ Gs0^(1'B^("'aHl^",’B(~AH3^K0nf0i VM0i1

+ KBTXf BIX("AH2)/MBTx)/uf

+ GsO?{
d(fi)

dz
HRcp,j(Ts"Tg^ (14)

(fC02/mC02)(fH2/mH2)/(fCO/MCO)(fH20/mH20) = Kshift(Tg^ (15^

(fj)p :

kg-coalk f ,• :

[kg/kg-coalk fj* : 5

3#^:#[kg/kg-coal]^ 
(fpre + )p : fj5L:F‘l*!
6Rapid carbon©#%# 
[kg/kg-coal]^ kj : 
rt©SiEOa*^5£iS[ 
[1/sk ft j :

Ts :«ffiB&[Kk T. : 
^7 XjimlSl! [ K ] N Gso : 'H 
My&iSStkg/sk dP :
EBt&fm[mh Us :if
XilS[m/s] ^ he :

K)3 , aP :
[m2/m3k S : &fE3SBrffi
«[m2]. cP, littmm
[J/(kg • K)3 . M, :&? 
ii [kg/mo Ik AHi (i= 1 
~ 3 ) : JkJ&(4)~(6)<DJ* 
SB[J/mol] . AH7-4V 
AH7-5 : Z*J5(2)X (3)©ix 
fi>^[J/mol] ^ Ksh i f t : 
'>7
[-] > z :
mm mi

S :

g: mmom. j % &&
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4.

M2. 5-2

!S2. 5-2 IS StSicffll,VcSBi4g^°7 7-7

k j : k o e E/RT

k o [ s _1] E [kJ/mol] tti#*©(6

CO 2. 6x 1012 249 Suubergb u

COz 5. lx 1013 269 m±

Hz 0 7. 9 x 1013 215 (5l±

CH4 7. 5 x 1013 249 Solomon b21

BTX 7.6X10" 156 Suubergbl) © TarCDiE

Oil 7.6x10" 156

Rapid carbon 7.6X10" 156 m±

2

/t,„ =7.5 xio13 e“2 4 9, 000/RT s"1

/c„H = 1. 22X 104(PHZ)'• 48 e ”154, <"10/RT s ->

(1-5) = 5.96xl04(P„2)°-34 e-154'°"0/RT s'1

kbtx =9.75X10® e~233- °00/RT s"1

t) U >©5M¥a*©{I£SRffl

#) Ph2#c#ttliHu 11 i nger 5>©f8S41

CH 4

fitting*1 

fitting**1 

Rockwell©-?— 931

□ . &G%#©&REimaf i*

n'r-p>^icol'TiiHSiHIi©fitting lc± <9 4rti4r'iim2. 5-3 *©i -5 ic$J6fc0
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m. 5-3 m tofflS#S?ic.£5&Ji£#©4E5m»f I* [kg/kg-daf coal]

5K CO C02 H20 CH4 BTX Oil Rapid C.

0. 083 0. 062 0. 100 0. 060 0.012 0. 164 i£(l)

yfii 0. 061 0.131 0. 130 0. 031 0. 030 0. 120 i£(l)

911 ®gRiESttinlM©#iS

70kgZcn?lcjb'l'T fcjaffl-e# 5 i©EE©T 

lc, ARCH- 1 8>ic

fc'UrS)6Sttinfi$=

$LLfto ItJflcIgLT, *$/ 

5K#^jt=0.1 kg-mol/kgx 5KtoSSilE= 

421kg-daf coal/ (rrf • h) tLtz0 ?§@B#Fb] 

ti, 6 C 61C *

(3) $2ISBJ5i5S©EH- 

$2eg©EJff.gs"eiiBTXc!: Oi!©*»<'* 

SirREt"5t^z-tz« ItfflcKLTi^oES!

“h’Th

I------------V

£IS:itfco

®SlE$li^lS (T, ) , SE (P, ) T#

o

©A"'XB5Eid;K)6^An"CPBtics^dnrtej 

-t£S® (T, ) IC&'So

$2. 5-2 2 © 

lt#tt<i©$* CP 

FR, C STR-Cti

7 = 0£B <)

<Dg.&W.ffio§}W;&tktit S /: * ic,

SLdiL&h. (PFR) , (CSTR) ©#Ai.

isnr-ia© u tzm&mmtnm l

V » Y ^ 9 as#; 6#AT#Wf 6©T. #;© =k ? ic-M L50 f
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SET, £ TElEH lc#tE S ft 5 „ ElKSrtT- Oik B TXiik-kfgiElSlTB TX,

ch, 5-4E-T5, RB%sihai,zis\,'T£f&witwmmm9.mit i : r

KtfSiJSft, £EW$©A»<$<5 ttisn^o ^ + - 14S2eg©EiGS-e(iElf>LV'© 

X?, APT#E$ftftf y-iat0$*Elc:^j:O#*^ft6p tS5A, PFR, CS 

TRTii 0 -!#•'(' ^yi/aStUitiVSTr = 0 £gUT#mf ft# AO. 

a. !tS©5Sf

Eioi§l*l©&l, S#ttffi©E^^$2.5-2 El©J;-5ic^©5o

F : WSMMM [mol/s] y : #atft©#Sm## [-]

G :mama [kg/s] (ft- R#«<,i:yi = n

H : x y j7 yVb" — [ J /mol] h : ^-'s f J]/ fc?— [ J /kg]

T : S6>(tB$ [K]

EI6^@D, EJESrtoSffiS (SiiStft)

(tB (Mti) :
in: mi eiEB$4E<IMtt C : ftimffimtfxMtl

P : 1 : ElEgsAP

2 : EiS^titin

E3J: CO, C02 , H20, CH, , BTX, Oil , H2 ift- 0&1£%z.Z» 

ttfc, BTX, Oil (iCeHe t C SH ,ot?ft^5o 

E(±©E$, *#©Tk, S*T„= 900°C-em 1 ®BESgs»'bi#iti£ftft£Etl;i: 

%%mm##%m6B^L-c-^©BETp rEESti-x, T#6fc#^<©BTxe#

flttfttcii, m^ftftAPfiEiTp icftLTttiP 

EE, V, , 5. Etol,

(D:tmt:^LTE%©#m:

• in©eeic*tj-5i:r©#tt(l: F,. ,„, Gtl.,, G,.k , T,„ 

•^iPfflffiSitfxSKTc ( = 35°C)

• ElEiSSE tZtilz-SitiZ HESS 

(DE-fLSti-Sd:

ElSBSET p : in»ittl©'®fi, EE 

(Di8fE©§mtkfr

^iPfflWta^xijE^ttiaffxA'icos , H, o, btx, on zmz-mmLtz



tfxSSBSfyi r 2 bElSfsSSV, . ^EMSliElF ,., , ftillffifilSto'X-KM

F 1. c ©N#

b. ^It©fcJ6©*8ISgE 

f. m%©#@m. i>X;Ub"-CEE

#2. 5-2 S©TO-effltn/t*iCol>TtlM»> ^X^/i/b-©iRE^#x6. *f\ 

#%Mass BalanceElif^ST'^-x. (ptlS,,
Gt. ii + Gt.c =Gt. p (8)

yi.c =yi.p / (y co. P+y ch«. p +y»!.p) (i — C 0 N C H, H2) (7)

CT\
G t. in= E

✓~
s \ S ) -l~Gchar-l~Gaah

G t. c — E (F i, c /Mi )

G t. p — E (F j, p /M j ) ~f~Gchar"i~Gaah

tzti U j IcovreftiiCO, C02 „ H2 0, CH, , BTX, Oil , H2 ©ftI*, 

i ico(,'T©ft]!AC 0, CH, , H, ©ftt&AW. JilSL E9©tiV®<9|Sl#©E^'i£ 

IC%9. M, . M, [kg/mol]

IgfS^ y x ;v b - ESESli&SreS-x 6 fti-5 „
E[Fl.,,Hl(T,1)] + Gth.,h = h.,(Ti„) + G.,hh,,b(Tl„)+Z[Fi>cH1(Tc)] 

= Z tF ,. pH, (Tp )] + G,i,rh,>.i(Tf) + G..bh.,i(Tp) (9)

d. EJ6SsAPia}P©M&5£

i EtKlSSMliS t EEliES
©W, ❖^©Ejemsi LT. $ 1 mg©E^6|o|#l:%© 3

C 1 0 H 8 + H 2 - (5/3)C 6 He ; A H1 > £ 1 > r 1
(10)

C6 He + 9 Hz -> 6 CH4 ; A H 2 > £ 2 ^ r 2
(11)

C 1 0 H 8 + 16H 2 - 10CH4 ; AH3 > £ 3 > r 3
(12)

GCT, AH, [J/molk f , [mol/s] (i, -en-b'flEJCIc#? x ? ;Ub-E-fL 

EtGSifE^Stifo r , liSUSSlc^ff 5Ei6i$gT, $ 1 Sg©El6^i:|sIL: <

rc0

11 (13)

— k 2 [C e He ] (14)
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- rei -

• ho vxxa vo 2h ' 20 3‘?^*#afpsg3is

°4-q:WZW35%

a>(3I)~(0I)3JS'z'{tsf:9 ( dX)cHV~ ( dX)'HV

§;Wo^f*@aiia$$@S’4-S^?).?s# [&izr] '"" -3 Mi“®/r] rio 'a::

(03) Pl-'X)''^5''^

l('l)'HV-) El+ |(dX)2HV-] 2 5.+ KdX)'HV-] '5 +
(dX - “' X) (I-1 •"3'i"3 + '-i = '"o - -s»£)+ (' -"o'" -i j)2) = 3 '' j

5-,d 'i$aTO (6)¥

2 '“"d? 2'i",d^ *3 ' 2 j v'j
•y-fcf) “ i 'sxa j '■) 'ii'j ' G 1 '2ia d = <'*•■•■ j i ■' i 0 j = i 'i i«_j 1 a'xxaj

= 2 j v d "° 2 •"• dfiaaxs o vhx a °:/nz

smq)d= 'i / = j = cjz =5 "aTSE^svaiS' va?a. '>iz C5t = » y::

(61) (»+ I) / ( ''""j- 9 '"°d) 0= 6

(81) ( ' '“M- 9 22-ad) + '3 (£ Z 9 ) = 2

UI) (»+ I) Z ( 2 '"°d - 2 j) = '

6 5 ' 25

U.-9T) Q — I *0 2 H J __ Z '0 3 H

(9-91) Q — 1 70J J _ z 'ZOO

(S-9I) 0 = 1 '03 J _ I '°3

(t'-9I) = 591- 25 6 - ' 3- = ' '2H J —2 '2H

(6-91) 9 a 01+ 2 j 9 = ' '"'d - 2 •fH0

(3-91) e3- '3 ( £ Z 9 ) = ' '“M- 2'“°

(I-91) E j _ I £ _ — t 1 1 « j _ I 'll*

° 3 if 9Y#a/g%mMI(9#N%0O #?OY§§3)^ 'i>XP*:)¥^l*3JSoT

°±ctW%Mmo>

9H93 "9H9'3lf.&lf*fl [ 9H93] ' [ 9H9' 3] 'i2: °94-?a>^ 5-S-^E?
(SI) [ »H9'3] E 51 = e -*



y CH 4. C —

y co. c —

H2. C

F CH 4. i n + 6 ? 2 + 10f 3

F CH 4, i n + F CO. in + F H 2. i -f 1 - 3 f 2 ■- 6 f 3

F CO. i

F CH4. i n + F CO. in + F H 2. i
-£1 - 3 f 2 "- 6 f 3

F H 2. in -f 1 — 9 f 2 - 16 If 3

F CH 4. i n + F CO. in + F H 2. i „ -f 1 - 3 If 2 •- 6 f 3

(21)

(22)

(23)

±iE©«l6»'6 oiliBTXIc-oi-'TO^KItSSS^SS^ f,, f 2. fiS-F.n.j 

iFBTx. 2 <6®E^®F,. 2 «ItJtr-§-5„ RSS«©ltSlcii,

SlKic# o MSMcDmitZ^lM L TSES^S^kl" 5 6.

i LbHLsSttiElEgi (P FR)

dFoii /d r = - (k 1 + k3)F„11 (24)

d Fbtx / d r = (5/3) k 1 F.u — k2 Fbtx (25)

CC-CN vdr = dVifl!lIU;ffl-E1 R(6gg##®%&ICli#*T

d V / d r = v (26)

Foil.2 /F.u.1 = exp |- (k 1 + k 3) r 1 )

F BTX. 2 /C 1 (-Foil, 2 / F Oil. 2 \/C 2 1 F BTX. 1 /Foil, 2 \/C 2 * 1 * 3

(27)

(28)
Foil. 1 /C 2 — 1 k F Ot I. 1 X F oil. 1 7 Foil. 1 XF oi 1. 1

V i = v i [ r i - y „ 11. i ( (I) /3 + 4 (n) +7 (m) ] (29)

ZCX\ r, (iSJEStUP (2) CtilKr©!. v, iiSlE^AP (1) 

mm (= (RT/P, ) F,. i)T*5„ t/c, S(23K (24)lcSWtl5^<5 >

1 z 1
(I)

1 + a
x i

k i + k a

K i / 1

[ 1 - exp (- (k i + k 3) r i ) ] J 

-----  [1- exp (- (k 1 + k 3) t 1 ) ]

(30)

(H) =— (I)-------------
3 /c 2 — 1 xk 1 + k 3

1 F btx. 0 1
------- {1 — exp(— k 2 r r)}H-------------- [ r r----------(1 — exp( — k 2 r f)}]J (31)

k 2 F oil. 0 k 2
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(in) = a (I) (32)

T\

5 k i k 2
K i = ;------------------------ N /C 2 = ----------------

3 (k i + k a) k i + k 3

ii (C STR) (Dmvm^

oil t B T

Foil. 2 —Foil. 1 = — ( k 1 + k 3 ) F 0 i 1. 2 T f 

F BTX. 2 — F BTX. 1 = { (5/3) k 1 Foil. 2 ~ k 2 

iF.il. 2 <h F BTX. 2 ek 9 ^>^1-^0

Foil. 1
F o i 1. 2 = ------------------------------

1+ (k i + k 3) r f

^ Fbtx. i + (5/3) k i Foil. 2 t {

F BTX. 2 — -----------------------------------------------------------------------------------------------------------

1 + k 2 t f

F BTX T f

(33)

(34)

(35)

(36)

V r — v 2 r f — v i r r [1+ {— ( 1 / 3 ) ^ i —4^2 — 7^3} ] (37)

iii V 1M ?
PFRlcoUT#mL/:^:(24)-(31)^e(D^^#mT#60T. Fj. 1

(fFi.z inma, cmao#i!K
mmm (Fi. 1 . Fj.% . Fj.i.^ Fi.c )

Foil. i = (7/ (14-7) } Foil. 2 4-Foii. i n (38-1)

F BTX. 1 = (7/ (1+7) ) F BTX. 2 4- F BTX. i n (38-2)

F CH4. 1 = { 7/ (1+7) ) F CH4. 2 4" F CH4. i n 4- F CH4. C (38-3)

F H 2. 1 = (7/ (1 + 7) 1 F H2. 2 4- F H2. in 4" Fh2. C (38-4)

F CO. 1 = (7/ (14*7) } F CO. 2 4" F CO. in 4- F CO. C (38-5)

F C 0 2. 1 — (7/(1+7)} F CO 2. 2 4- F CO 2. i n (38-6)

F H 20. 1 —
(7/ (14-7) ) F H 2 0. 2 4- F H20. i n (38-7)

ttz. MtttiOM^oMMiFi.p tifctiMft (2)

MFi. 2

Fj. p = (1/ (1 + 7) } Fj. 2 (39)
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*. 2 ®

^s^a-rso

T 2 — V r Z (v i. + Vc ) (40)

cnii,

CSTR, P F R©iS£ld: v i =Vi,+ vt ti9> r 2 = r , ©KHizIA IMt'ffJlM 

nStS^r'S(Hf 5JS^!i r 2 = (1 + r) r, ©MM«2:'t5. 

ss^s$itic£-s^M^s;^T»tiisn/c0

Z lt»©3NE

® r , PFRiUD-'i'X yvEE$©$^ttS(27), (28U<9x CSTR

©iSSli(35X (36)«k9x F.,,.2 iFm.i W.,,., iF,n., P

FRiCS T RTiJs F.,,. 2 £Fbtx.2 li-en-eftF.,,. p £F»Tx. p IC# L < x 

Foil, i t Fbtx. i ti^^T/^^l-Foii. i«i Fbtx. io GSi^lt'tSE^Q) I^bFL Vd 9 i)Z 

^WRlGHT-lix $i.lcS(38-l). (38-2)©M^^fflV5i. F„,,. 2 t FBTx. 2 t< 

Foil, i o F btx. i o "CSESilTf S -5c iniz^ zC(39) 0 F oil. 2 i F btx. 2 (i F o i i. p

6 F»Tx. p ldlB<$-dU-£,ti3„ C©$S$x O-f tl<Dm& i> F.u. 2 i Fbtx. 2 

«TEdn5„ (B : T , ©fttoDK, fciZtfOil ©EtE*= 1 -F.u. , / 

Foil. lolFS-^Z-TkotV)

(D ®-e?f f.tutM«^;(17)~(19)lc-ftAt-«i fi . f2 . f =

(D fix f 2 x f 2 ;$ri()(20)"^(23))cf^A’4~4Tl£Fchi. c x Fh2. cx Fco. c^'fSb4T

6.

® f , x f2 x f2 i±-eff t.n*(f«-S(16-3)~(16-5)(C«ALx S(38-3)~(38-

5)£ jiSScF E"C$¥ 4 £ \ F cm, p x F H2. Px F CO. p^fS iptl&o Fco2.p x F mo. p

ttS(16-6)x (16-7)x (38-6)x (38-7)<k D)S£>:h.5<, C©iB$x 

ftOtyl’KMfrstMT S5.

(D S(24)x (37) J; <9 Vi &x i£(40)=k<) r2 &:+#-#-6.

tifcx ±-e#^4r/c@04:Tx t2 x y i, p ttjaaeicttff LtiVK tt©St*Fx Gx

V, l±%a#lcEMf 666o

(4) ->s*u-->3

$2.5-4 EICx $MtfXlcfcVT30kg/cn?©*$ETT:H$S$ti7-':n4,-r ySi©*^#
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SitSISLfctxyHc.tSH- 

5-3 Hie* 

fo IfSicBULTtt, f i * 

5-3

-e©#0/<7/-

fcli^ottfSi'fc. HM 

ffl i ItWSS iii:S$«T'aS 

ic—‘St L "C & 0 ^ L Alx 

JE->i aU-->3 xexvWi 

WS6T-S5 j:ax5„ C©0

600 700 800 900 1000

Temperature I'd

;2. 5-3 0 US'Hii -> i 3. v-'sm 

(D^f Q#A : fgfflffl, : ItStt)

* ©(tO-M^x btl*itf<6©5a^©affl l>5JIE<!:#x bti5„

S2.5-4 m 30RtfX7kgstfx-ft;xX hlta (D-ft^)

SiSfi* [°C] 700 800 900 950
S1EE* [kg/cnf-G] 30 30 30 30
%@Btrs [s] 10.3 10.6 10.9 10.2
tKS • [molZg ] 0.15 0.14 0.13 0. 14

[®«%] ±a :: (T&) : daf coal^#

CH< 6.1 12.2 25.6 28.9
( 5.5) (ii. i) (23.2) (26.2)

Ce He 5.6 5.9 0.3 0.2
( 4.8) ( 5.0) ( 0.3) ( 0.2)

Ca H8 + 1.8
( 1.5)

tr tr tr

Benzene 2.7 10.8 13.0 10.6
( 2.0) ( 8.0) ( 9.6) ( 7.8)

Toluene 1.4 0.3 tr tr
( 1.0) ( 0.2)

non-BTXliqp. 15.5 6.0 3.9 1.5
(Oil) (11.3) ( 4.4) ( 2.8) (1.1)
CO 6.4 8.6 12.2 13.0

(10.2) (13.7) (19.4) (20. 7)
COz 3.7 2.8 1.5 1.2

( 9.2) ( 7.0) ( 3.7) ( 3.0)
Total 43.2 46.6 56. 5 55.4
He 04%#S#U/:Total 45.5 49.4 59.9 59.0
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(5) 1&6VIC 2ISB©SSS§©S£ttSb6<B TXilWicSx.

® ####:

[@S L/cffl]

•±J±P. = 70atm , • l®i4^#)£ST,.= 900°C, • ^iilfMxSETc =35°C

• iag©RG#©fB@#mir, =0.2 , 0.5 , 1.0 , 1.81s

cntc^i'F i.,. (l®:g©ElG§5ttin©ffi) 6. l &B©EtGg§©-> ?

a |y-->3 yJ:0N EK 1 kg(daf$ip) 30©SJ$4)-©4Ea, R##A<^2.5-5 # 

© j: -) (ciSi-tiy:,,

• *Sifcr = 0 CPFR) , 2, 10, °° (CSTR)

•EExSISETp =750 , 800 , 850 °C

:2. 5-5 1 RgEfEgsttiClilW f i (kg/kg-daf coaDOItWW

T 1 [ S ] C O CO2 H 2O c h4 BTX Oil H2 Char Ash

0.2 0. 081 0. 007 0. 120 0. 273 0. 055 0. 145 0. 196 0. 323 0.130
0.5 0. 107 0. 009 0. 122 0. 277 0. 068 0. 122 0. 193 0. 302 0.130
1.0 0. 114 0.010 0. 121 0. 284 0. 082 0. 099 0.190 0. 300 0.130
1.81 0. 116 0.010 0. 121 0. 299 0. 094 0. 073 0. 184 0. 303 0.130

D" RJifoMy <y y - 9 —

k 1 + k 3 — 1.22X10 4( P H 2 r 4 8 e"154- 0 oo/RT ;i"1

k 3 == 5. 96 x IOVPh! )° . 84 e “ 1 5 4. 0 0 0/RT s"1

ki =9.75x10" e"2 63- °”"/ET s"‘

tzti U TliE*fSE [K] , RtitfxSE ( = 8. 314J/(mol • K ))X'$>6 

i ItJfS*

EK#,$o*E= 1 kg-daf coal/s (1 fixEEfESsACI)

ER 1 = 1. 130 X 3,600X24Z1,000 =97.6 ton/day , t

«100ton/day ©MSe^ffl^LTUS.
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= 10 s lc@;tLT 1 T 1 »<B T XiR#l:&a'f LT

❖ e©8m^#2.5-9 Hic^-To CSTR, ESti: 7 = 2, 10©l§£li r 2 ©lfflmc

otir f btx. p tii|$nL*:»'\ P F R<Di§&lzitl£lzM'PLtz0 L, V'-fil©@AK

ft-fer, ©%##&$ T, = 0.2~1.81s i^t^-UrTfe f btx. p lift

0. 005kg/kg-coal ggL^E^LtiVo t'LSo KlE-gl©S£ttffi©i#iW*§ 

< . PFRiCSTR-Clif btx.p ti**-C0.02kg/kg-coal ig< feSttSo PFRiL 

i:#Ali, r i =0. 2 ~1.81 s ©SEIET f btx. p >0.13kg/kg-coal £ & So

(6) $£»

® *sjz?$%lcoi,'T^tti L^-> ;jp->3 yy£ic=k-pTD'i' -^yKic^LTfcjSflS/f

:©cii'b. f, * ©ffi©4-^5j$@W©lllcESf

i a u--/3 >&ii^ < ©5micamw#-e& s c ji/-:.

® •> i U- ■> 3 >ic J; 19 ISSfWWB T X«!p f btx. p ic&lZf L i:#

SfiJiTF©* -5 l:#%^iiSo

• 1 t , ©fK*li/h§ < , r , =0.2 ~1.81s©ffifflt?li

F btx. p >0. 12kg/kg-coal *''iS/$"ClF So
• 2g;iKtSgg©SETp HfiViStcottTf btx. p ©»<»*II^<i: 5 2

t i li^S < <£5*^ Hattie ii;kiii£ < x f btx. p >0.12kg/kg-coal £• 

litres So r 2 = 10 s S <!:. Tp = 850°C@glc^f-(#

T&5-)o

• f btx. p ©ttlc#fc*#tig5#^Riff-©lj;2®gElEll©yI£rtm-e£So fflLtti
Lift*! (PFR) (CSTR) -Clio f btx. p ©ffii;ft*0.02kg/

kg-coal fc©M£''£LlSo 2&gRlCgg£Til SfittP FRIcj6V#;!B-etlfN-SI 

5 3 o

ciib©IS$li*< 2xU-->3 >lCokS?iKi|-c*S. ■> i 3. u- ^ 3 xcii

SlH^SfflLTi-'So ElGffASOkg/cnlBlTT-fiEL/cjlg^^y- 

j'»<70kg/caiT&fflVl#SS£;S'Sj!l£ LTVS„ $ bic^ Vfc/viHSiceStli: Oil 

$nictgic„ i#s©#md'5.f-sisnsamt-fimts4®slti> 

So ti:o 2®iS(E8s-Cli^ + -©g)E^«lLTV'So ARCHyn-bx©ttI5i 

E&< WfSicfeiclio S 6 6 6l:o ±iE©R3@.4*ag®
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1) Suuberg, E. M., Peters, W. A., Howard, J. B., I&EC Process Des. Dev., 17, 37 

(1978).

2) Solomon, P. R., Hamblen, D. G., Carangelo, R. M., Serio, M. A., Deshpande, G. V., 

Energy & Fuels, 2, 405 (1988).

3) Falk, A. Y., Schuman, M. D. and Kahn, D. R., USA DOE Report AI-DOE-13536 (1986).

4) Nelson, P. F and Huttinger, K. J., Fuel, 65, 354(1986).
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2. 6 L/—y-->- hi$K<kSEJ£fsAMl©8|f/r

2. 6. 1 « $

ARCHEiGgs©##?-*3 K57 k fzi 6c 6 i±xy-

y|/7 -y Etc&VTfli&TeET&So £ < (c, F?7

-< ^A-^ns fcOitnif, (B*©S»TAi7 + -ti^£(C;ftl££*i.S£ lti,'5i-5

T&S# 7-t>-©fco^»ICj;i9, /^"SSB-TS*

|S]^*li!C5i(SSnrv5cJtEtt^*5= L/O'U *&©=k7ttTfaSESfi • 

x -y YOVK&b-Z&i F?y k WttiWEElGgs A ic o i' T (i, EB©aS.^"

£< tiVtifti'DK %#©»#%#*#:+*:a - F6ig#Mlct±amT#%l'6#A.6A 

sa lssem©fettcxy-^y^yL/ca-^K^-x

A-7X He ok i)@mEfflBftn©5mm*f#S £ £

^gti^Sic^lf LfcBAStisitnoaJMtoxrSSU—!f-->- k'&£$ 6IC# 

Sd*T, S©m#7-X&%#&#S-^, S#»it©MlJicX^'VT, 5K#S# 

2,000 t/dOARCHSlE^HE^xy-zvy^xLycn-vV FeTA^iSth SfEL, 

'f -siseiossn© °jwb, mff^M^Lyco

Rrmbmtf©m#mE©^*m6, 3-*Ftr*fx h©teswiissico

So

2. 6. 2 |V—y-i/- k$lcfcy5i6aSt'7r*B^<!:e©#Zlcoi\T®^ti-

(1) S M

ARCHESg|3-;iz FexA-©W$Blc5fejrS, SaEM'hS

vr, •e©m@g0@mmmm^w#YbL, y-'-->-kb©js*^stg-rc£

£ Lfco

(2) $###£#&
#2.6-1 aicm##g%#fo SET©$®(ciiEEffili«^^yi/A^-Effl L/c, tf 

y|/Ali7-flf-SI5©rtE^02OO mm, l.6rn©7? V A/#flEl!©SfifS$!"e£> S» # 

Eicii, FCCfiE (Spi^eg61.3/zm, 1,780kg/nf) &, EWB^XlciiS

S©$S^®fflLZc„ *yc, AnET©#Klcii#a%mmef L/Co ffyi/B
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Ity'f •tf-8B©FW'‘050mm, 0.4m©7^ Vyl/HfllS©'$Sf*ET:65„ fiEKti,

FCC#f (¥i%&E46.4/rm, 1, 780kg/nf) £, BitlMfctfXICIi'stS©^

Mfflifc. mef ? -%#© i /25, r& 1 /100 ©^-$th

Ef*l©»5tn5-SiaTS5J;?SltSftri,'5<, *fcMMKj:5©?Y-f-@#~©

1. riser
2. cyclone
S.downcomer *°
4. solid flow rate meter filter
5. butterfly valve j

11. pressure taps
12. pressure transducers 
13.optical fiber probe

1.pressure vessel 
Zriser
3.downcomer
4. cyclorte 14.laser
5. butterfly valbe iS.photo multiplier
6. compressor 16.DC amplifier
T.rotor meter 17.AZD converter
S.exhaust valve 18.computer
S.pressure gauge 19.solid circulation meter
lO.view port 20.pen recorder

12. 6-1 o-^Ke^yi/ESE^l

ES>•> XT A©Ei:0£Sg2. 6-2 SlC^-To 7fciglCliAr-ionly—y- mMiHJ] : 4W. 

: multiline , *Stti*z6S : 514. 5nm , f'Tf : 201k S PECTRA-PHYS 

ICSttS) eE4mm©y/5xn.y F k >X£fflVT->- »*>

ti, (*S$ilE : 500 , 1000, 20003 7/#, •> t 7 9-X bf-K :

1 /500 - 1 /24, 000#>, nac t±SD t-rA/ATH:, TYxSilli 0.6-1. 3 m

/s 1 m/s ) it, 5H tf - T$ lc S J¥ K ® li 1M; £ * 4'»' ■?

800mmfist L/-Co eTVPBrii, /YxSiStiO. 30 

-0.70m/s, EAli:0. IMPa, SOO. 35MPa , EIMS b 350mmT
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#>%)o

Ar-ion laserglass rod lens

mirror

high speed .jf 
video camera

to recorder system rjsel200m|n#

riser
50mm*

rod. lens high speed 
video camera

to recorder 
system

B

(3)

U—>f—y—h 0 b>4T-/cilDi!i©—$I\&W2. 6-3 0 (a), (b)ld: t y71/A (c

ttOfSi.tvciiB' (c), <d)tie^vi/bti# 6,n/ca«-e* 5„ m^6©A#f©

%E©#A (a, b, c) , 9BSTTr, ¥4E

L T l' 4 ©V li t£ < , &#©&?# iova^tgftLTl^ #f A## 

sh^„ t^7d'if-rt©7K2P»fffi©B®(b)-effi^sn5fi;Fii©fii4, 7-(vf-m3% 

7tiS©»Sttl©S^S^-^i^LTVSo Tsukada 5> (Canadian Journal of Chemical 

Engineering, 1995, t&MS't3) ti, C©$if #$© 3 %7C#iS©%/#M%M.&l#7Co

(4)

u—if—•>- Hit4, a

iLTWJltiS. L*'U B®©Bfl5S^$16<jicF=g@icti5ii^icti 1. U-V-:s 
- bftoiZtfOK'kSftomm, ©8»$©EE^ET*5. £5>tc, JtOziSKfiElf 

^Rjs-fkLyc^icii. 2. eEHicjcsu-¥-•>-t-vtoas-iiTta*. 3. u- 

- h@«i: bi'^Avi 5©Eaic@S-r5fiEg|lcJ;5#E86$, 4. !/-»'-v- h 

B»>b©SMlc«t5flil©8cEP©effM»!l$ — JilT, 2, 3, 4&m%(sheltering), 

%# (occulting), —'(K&M (secondary reflection) ©86$ iff-S' — ^r#EL7cB#

4%, iitEOMgllc^S^ttiL, B^IWt/r3- K©m§
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2. 6. 3 ARCH5/£lfl*I;i5m©8PJJ

(i) $fgz$©tBtosj^7k$fl'x<bSE/x©iiffla

#x$iSiSX. fiE • *'x$Eiti;:rH>T©-&E^toJii

T©=k-iK4-xi)tiTV5o

U 0 = m1/2 U 0 0 (1)

V o = m1/2 V o ° (2)

U t = m1/2 U t ° (3)

0 p Zf = (/Op /Of ) " (4)

L, m:X^-yl/Jt, u. : #X$iSi$S. u , : v„ :

p, :#Xfi, fl, :f±E$g, °

S(2) ^bimgSfliBKGs lc -x VT©^SSfr^'EiT©J: 7 lc ?S 6> il -5 „ .

Gs =ml/2( pv /pr ° ) Gs (5)

®ffl-t5fiE©GStcx©Tld:, S(3) C i lc J:

T*A6C6A<-p&6.

*S^X'(tRJESrt-C,!iEKli«^, Bmicm^lWLTf+ -lc%6/:6. 3-^F 

efA/TW: f t -%f ©##&##f $ C t lc% 5. itzb'^y bfi.-y’filt&l&tZ 

&&tfy-t:-ffitz£tL?>t%z.i>ti6'> J;^T^x$J$iaSuo STkiBtfx-fbSB© Kx7 

hf ^-ym©@A#x$#m$icuD k, 6mess$Gs * f?7 

REf 5f + -4fi£»!BR Gd.r (Ci£5i L T*#.** x-fbEfiKiilffl"t5 „ 2

(2) #mm©a&m©#sa

ARC#mic*0#*L, SfESrtT-^xx^T© 

mno7D-1/7-A©ii]$^-fi^E*i$*u, tejLtfasBitSiJix ■?-© 7 n - u 7 

-A©M8i|i:#f # /=mm#MbM%am u., %am#MbM%a* u,, tm © TE

O tZo

a. f t

Kxx h^i-7'ifffi«^<3©^+-4®iiSG«h.,(i, Kx7 hf zL-ymemm#

*!p©E^^flStSG „.,, (c f- + X c„.,5 C t ic J; DgtitSTg -5„



b. Fx7 h^-:m©E£;tfX$igiSE

*SZE^Jt (kg/kg-daf) Fx7 F^a-T’rt©®^

y?'x©$SiS$uD ZUW-tZo u. li Fx7 hf ^-7#@#m#m#c#A#x©K

MDRGg Ztfz.®mp, rillTOT® =k7icStf5,

uD =Gg /flg (7)

Gg li*S«3Ej:9#:© J:7icSti-3,

G g = (Gh2 + GcobI X X X H. go 1 + G r ec )

z (#A*'x4:©Hmf©Km^$) (8)
tztzt, x h. ? o i ld:7km©#%$T&6. itz, G'.c (i Fx7 Ff3-7i7-a7X

g;©^e@mf a#x© Fxx F 7 ^ 6.
Fx7 Ff ji-c»2 (kgZnfs) 12, aT©^3:+

srss,

Gh!=g..,i x (mae+BssKm#) ©ee^spx (7k*zsKit) o) 
S/;7K*©#^xh. ,.1 ti$;©=k 7 ic LT*8b i>ti50 

Xh. ..1 = 1 -f-+ —*©*%%##

= 1 - (f t-c#©7k*©mm) z cm*©**©**) (10)
c. -Y y-7x^ j--/Xvl/©*'X$Si$K

4*©^ 7-Z^3 > y X;v© # xStgjiE u , „ i i Fx7 F f-a - 7¥fiiffi#S* 

©7K*tom$GH2, fc<kCF'Fx7 F^i-Z#{4»ffiSS*©®*i^flitmGo ri'GJil

T©<k 7 t; LTffdi$ti5o

U i n = ( 1 Z 4) X (Gh2Z 0 H2 + G 0 Z P 0 )

x u (D, Z 2 Y / it (d„ Z 2 )2 (11)

fcti'U pH2tt7km©SSflo iiESS$T'65„ Go liSEXtiTS-fflUT#:© J: 7

Go = Gh2ZMh2 x Kt5P(Fb x Mo (12)

fcfc'l, MH2i4*$©5)':Fl:^ Mo W##©B?#"C*3»
Ji(±icj;t5 Fx 7 F f a - ZM©0lta#A#* 7 y?'X©fetH L ai<7-j. x Xg|5±

L/,c»^T7-a5xS8©y)'xs5t

iSuA

ua = (Ac ZAa ) uD (13)
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fcfc'u Ad , a, li-enen v^y tz=l- , T-3.7xasEE#"e*5,

(3) jUE-rSARCHJSJt'ftroiSfMMf

#2.6-1 J; E/ltS$S$£-f£ LT*t, Ztz. + + -ttf E^$^#2.

6-4 BlC/ixt, + + -tij£('?mfttiZft-Oe K5X h + ^-ZOflElis EASgs©l$ 

2. 5—4.0 miL/Co Ztz, F57 h + ^ -7®rB«i 7-* 5 XS6EB# 

ifcAD ZA, =1.0 X'foZtltz0 C©i§T-;i5xa?©«'X^lSa#u* «uD ICll 

Ll'o 5$@aew= „,, U2, 000t-dry/d (Wc 3 ^ElBSSp. 108) i IZCo Ztz^ Effl 

f L, JISj5J:CX£i$-r-S + + -®MEfe*J;a> + -£Ee

ti, W-J& 4 4EEfB6*p. 78teJ:l>'p. 91ic^S*iTV'5 fc©£ffiffl Lfc„ *#Z5KE (kg 

Zkg-daf) li, BSE L/cBS©WtttmifcBE 4 ^$$8SSp. 91 z)'b3Iffl L*lt 

S©$.^©—3-e8>5S^7yx*©-en€n©fiK^©$Mld:, %5^E###p. 481:j; 

tlii, Hz = 66. 4mo 1 %x CHi = 19. 9mol%\ C 0 = 3. 8mo 1 %■, Hz 0=9.9mol%"C& 

-So

Ztz^ #6#x#:©7K*BE©K#^$li

= ((0. 664 x 2 + 0. 199 x 4 + 0. 099 x 2 ) x 1.008)

Z(0. 664X2. 01 + 0.199 xl6. 02 +0.038 X28 + 0. 099 x 18. 01) ±<9,

0.318(kgZkg) -C*5o

®5i»itG,,= = o tf&mitz, uD

©liiif# <o z e.(c*§ < <£-5 bfts.
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*2.6-1* UtROiifNfe#

(¥j$ 4 5g$BS»p. 783183)

XMfiVr (dry) Tctltftir (d. a. f)

E5> C H N S O C 1

13.8 46. 32 39. 88 70. 09 4.6 1.7 0. 6 9.08 0.03

f-t-ffltttt (¥/K 4 ipg#S»p.913lffl)

c H N S O C 1 Ash

64. 72 1. 12 0. 8 0.22 3.07 0 30.05

*• + -£««(¥)$ 4 #g«6Sp.913183)

fern

CC)

&t)

(km/cnf, g)

7kS/S^it

( DAF, wtJt) ( s ) (DRY. kg/h) (DRY, kg/h)

880 70 0.2 10 2104. 1 956.8

P (MPa) 3. 5 7.0

D t (m) 2. 5 3. 0 3. 5 4. 0 2. 5 3.0 3.5 4.0

Da (m) 3.5 4.2 5. 0 5.7 3. 5 4.2 5.0 5.7

d n (mm) 80 80

W c oai (t-dry/d) 2000 (¥/& 3 108) 2000

G coa i (kg-dry/rrf s) 4.72 3. 28 2. 41 1.84 4.72 3.28 2.41 1.84

X chir(‘) 0.455 0. 455

W char(kg-dry/s) 10. 6 10.6

G cha r (kg-dry/rrf s) 2. 15 1.49 1. 09 0.84 2. 15 1.49 1.09 0.84

H z/coal(kg/kg-daf) 0. 2 0.2

0 / H 2 (mol/mol) 0. 15 0. 15

G h2 (kg/rrf s) 0.81 0. 56 0. 42 0.32 0.81 0.56 0.42 0.32

G o (kg/rrf s) 0.97 0.67 0. 50 0.38 0.97 0.67 0.50 0.38

Gg (kg/irfs) 3. 17 2. 20 1. 62 1.24 3. 17 2.20 1.62 1.24

X H. «o 1 ( - ) 0.889 0.889

u d (m/s) 1. 19 0.82 0. 61 0.46 0.59 0.41 0.30 0.23

u i„(m/s) 235 117

P g (kg/rrf) 2.677 5 ^m###P.48) 5.355

U g (kg/ms) 3.72xl05(W 5 ^JSWSSp.48) 3. 72x 105

P char (kg /rn) 910(¥fi£ 5 $ItSSWS«p. 134) 910

p h2 (kg/rrf) 0. 98 1.97

p o (kg/m3) 7.82 15.6

c D. g (kJ/kgK) 4.8 (900°C) 4.8 (900°C)

C D. c ha r (kJ/kgK) 2.6 (900°C) 2.6 (900°C)
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7,OMPa©i§£lcoVTt;t, K57 K200y mOli^Hu , 

L^LSOjumtofi^icoVTIi^ h'57 hf-o-yortS/^ 2.5m©<i:S^ 

uc a±ic%9#6. B±©IS$»'b, T-^7Xg|!«i$Sn56L^©*li^ ,®Tf£ 

F5 7 F 7o — 7©F*32fc<tCF*-c —fi1?©®®i^*8 ^ ^ £^ff£1Pt$ftS., lu

xE l*<t 7 IC7+ ItlAVfiE^S^ito c i(200y mfiTF©f- + -fiWJfCwtfX

7f-T%80%, *E#X^t-T-|t)35%S$tlTV5) , § bl:7 + -$if ©%gl±* 

$ 9*8 < &VOT\ #{$*!: j: 9

S£, ARCHSMfflX'r-yl/T-yT'Ctil't, 7- o 7X@B^0#f 0K(i#M"7 

^ 8 WIT'* 6C£ b A4: % 7 tz0

W>1. 6-2 ll S^5E©7 ^ —$57© u t \ Ue \ Utr

P(MPa) 3.5 7.0

debar (/im) 50 100 150 200 50 100 150 200

Ar (-) 2.2 17.2 58.0 137.4 4.3 34.3 115.6 274.0

u t (m/s) 0. 0332 0. 1327 0. 2985 0. 4832 0. 0280 0.1122 0. 2525 0. 4321

u c (m/s) 0. 8542 1. 1397 1.3491 1.5207 0. 6934 0. 9257 1. 0958 1.2351

u t r (m/ s ) 1. 0085 1.6158 2. 1287 2. 5887 0.8192 1.3124 1. 7291 2. 1027

(5) mf±#mt:j= e
• 7-J2.5x$^.©f±^©®s©WE^n-e"ti®Ji^icovT. 7-a?x@;t#e#^

a#x, *auii#x-7 + -©m@m%#*76e 

a. 7-zi?xsg%m@-#-a#x^eka'#x-f + -©Ese©tfc

7-0.5caisf-5*x©Eseii«T 

©STfSbiliEio

Qp, ( pOi u a Cp, t (18)

fcfc'U Q„ , (±#e#^A9l:7-o7X@l^m@f 3#x©%#m. Cp. i litfx©

Jt*lT*5o

7-a7xa^tfxif tS6WS39 icaia-r5*x2: 71- -© 

mse©toi4OT©s;T^ btis.
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p. char (19)Qp. g + c h a r P g U A Cp.g "IjOebnVtbsr (1 £ A ) C

text, Qp.

£ a lir-a5XSO$W, c ,. te,,(i5Li--©kfcil-e*>5o

iSUSK (19)©J±££ai&&&'&$>tli,
Q p. g + char/ Qp. g

— ((0 g U A Cp.g 1" lOrioi V cbor ( 1 £ A ) C p. char) /^ Q g U A Cp.g

— 1 ™1~ lOcharVchar (1 £ A ) Cp, char /^ jO g U A Cp.g (20)

b. T-^.5xSK©^'x$jSiSSuA ©##
7-^7X$©«'X$i|i$EuA If ifcORichardson-Zaki 5$y£-iSffl LT*» 5>fa<, 

Ua — £a • Vch.r= U I £a" (21)

n ©ttlf l^"?l<'T©Garside-Al-Dibouni©%K%@l'5c

n = (5.1 + 0. 28Re, "• 9)/(l. 0 + 0.10Re, "■ 9) (22)

itzv ch.,. £ a ©ttlf ElcfT-5S86^6.f#6.n5.SISiHt^fflV5c Jft©f &ICJ; 0 

##m©lt&#*:f a C 6A<-e# 6p HSISSHcoVTIf ExE©HKIS$©ES<!: 2: t>

a.

c. f7-ef©^#a#f 

7 + —©5*0%$ f tilkSfl/;R* ao

f = 1 -Wr / (Wci,,+Wr ) (23)

tzt£Ls Wr li K57 h^^-yic O-O-d1 ^yvdna7t-li^©*es5t$, Wch.rliK

57 hf x-yrt-e^-faft-fiToiMST-i.5. w« iiiaiT©^;*'b*»aa
ii'*Tla. 0

Wr = flchar Vchar ( 1 ~ £ A )2Aa (24)

(6) /J\$=]-;U KTfAztoEit

7 5-0 -d/SHEd-W K^A/HHEE (#2.6-7 0) If 6nffS^©*8 S©®l®±c 

Ht$rs$$nrva K5 7 hf x-7rtE(2.5~4 m) 5- 1 Z83~ 1 Z133 Izx'r-tl 

( F57 : 30mm) f a C £ £ffje LTi8:lt LZc„ ElGgiKS

li 300*5 3:0' 600mm©raa©fe©^fF$lL*c„ f x#*&0*5j:0#X&aiL0

©fill*. 3©pgrE-fbsti- ^na =k •? ic l 7f -r>yx^->3>7^-x-gwc

If 4 $©f X#*&#©#AAKXi<46° c 60° lctiar#S©7 5 /X
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induction
motor

particle45' 60"
LD 3.5

I.D 6 140

L01.3

112.6-7 0 ARCHo-A- KtfA-fiEl

(7) □-JI/HtriKOllStft®*®

(1) T!6t;/:*$»M6aicoVT©ffi®IiJ£ARCHa6^tct!£$SU

I. xy-;HtmO l/2*icJ±F]-ra0 3-A F^xA-eteHWifti: lt$M. #
WiEiLTFCCiffiffltS. 6-3 SlcEih,

#371C, a(4) A'b5lE©S<W*-eS5E* 3. 5*5 J; CM. OMPar©»£Sto:ffi£tSEi" 

aSStSS©EA*ltSt-a„ CfcrtfU 77TF##&*#6 L, -eggiltZb

©£-ra„ )
Sfi©$SaBEti, BE, E^OKIStiLTHTOJi^fc^^nac.

p, = (M.„ /RT) P (kg/m3) (25)

fcfc'U Rtm#E» (= 0. 082m3atm ZkmolK) T&6.

^2.6-1 , 2.6-3 Etca-h-e'ttESftTvaUBj: 3-A/ Fe-F AOitiESE&.kcM
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H2.6-3 3-/1/

P(MPa) 0.24 (USAS A3. 5) 0.49 ($tlAEA7.0)
p f (kgZ m3) 2. 890 5.900
p (kgZms) 1.81 x 10~5 1. 81X10"5
P P (kgZ m3) 1000 1000

m (-) 1/83 1/100 1/117 1/133 1/83 1/100 1/117 1/133
G (kgZ ms) 0. 26 0. 16 0. 11 0. 08 0. 26 0. 16 0. 11 0. 08
u D (m/ s ) 0. 13 0. 08 0. 06 0. 04 0. 06 0. 04 0. 03 0. 02
u i n (m/ s ) 19.6 17.8 16.5 15.5 9. 82 8. 95 8. 27 7. 76
u a (m/s) 0. 13 0. 08 0. 06 0. 04 0. 06 0. 04 0. 03 0.01

m (-) 1/83 1/83
d char ( // m ) 50 100 150 200 50 100 150 200

dp (//m) 11 22 33 42 11 22 32 37
u t (m/s) 0. 0036 0.0146 0. 0328 0. 0530 0. 0036 0. 0145 0. 0315 0. 0420
u c (m/ s ) 0. 2345 0.3129 0. 3704 0. 4094 0. 1893 0. 2526 0. 2967 0.3150
u t r (mZ s ) 0. 2705 0. 4333 0. 5709 0. 6725 0. 2184 0. 3498 0. 4552 0. 5020

m (-) 1/100 1/100
dp (pm) 11 21 32 40 11 21 31 36

u t (m/s) 0. 0033 0. 0133 0. 0299 0. 0483 0. 0033 0.0132 0. 0287 0. 0383
u c (m/s) 0. 2300 0. 3069 0. 3633 0. 4015 0. 1857 0. 2477 0. 2910 0. 3090
u t r (m/ s ) 0. 2620 0. 4198 0. 5531 0. 6515 0.2115 0. 3389 0. 4410 0. 4864

m (-) 1/117 1/117
dp (pm) 11 20 30 38 10 20 30 34

u t (mZ s ) 0. 0031 0. 0123 0. 0276 0. 0447 0. 0031 0.0122 0. 0265 0. 0354
u c (mZ s ) 0. 2263 0. 3019 0. 3574 0. 3950 0. 1827 0. 2437 0. 2863 0. 3040
u t r (mZ s ) 0. 2551 0. 4088 0. 5386 0. 6344 0. 2060 0. 3300 0. 4294 0. 4736

m (-) 1/133 1 /133
dp (pm) 10 20 29 37 10 20 29 33

u t (mZ s ) 0. 0029 0.0115 0. 0259 0. 0419 0. 0029 0.0115 0. 0249 0. 0332
u c (mZ s ) 0. 2233 0. 2979 0. 3526 0. 3898 0. 1802 0. 2405 0. 2825 0. 3000
u t r (mZ s ) 0. 2496 0. 4000 0. 5269 0. 6207 0. 2015 0. 3229 0. 4202 0. 4633



(8)

UlSSBi-ttfiixB (*2.6-7 El) ©7? VyV®E$J©SSES : 300 mm,

'fyVi.ti'syj AfiE : 60° ) Still,'fc„ ifcflUSiiftiWla-A'

LTm#Kto/\>T-y%KO, $ 6/:©lc,

a&3§7 7>y&J:;mf###i=7-X#&%0#y-/:. -T >iV ? -> a yj xViirt 

E 1.3mm©X7>l/X#S%#W:. JlW4^KfiE60. Owm, fiES® 1,000kg/nf© 

FCCfiES, tSEzE&£ Lrafi^E^ffluyco E*li 0.49MPa (XEl^©SEEA 

7. OMPa) IC&minWiZ'n-itZo fuE&S&VXVtfX^ilriiSu.i, £ l.Om/s (9.6x 

lO-'nf/s) , ?3-y1-ttX iSKu, & 0. 5m/s (l. 4xi0~5m‘/s) T—^lcLfCo -i 

y •? x ? •> a > J XllifKg. igii* ui.4 5~l5m/s (2.7xlfl-6~8. 0 x I0's mV s ) 

rElbSti-, 9Of5E#tiS*:G «0. 26kg/nf s (l. 84 x I0"4kg/s ) ICISSL

tz, *2.6-4 Eic^Bir^^n^frfcva-'-eniciisfsiiEoSfF^^E-r,

StteafiE#y6ES£tilV, f4E«£»ti, #b$§@©TM$^Ex

■5C

: 1, 000 3?/#, v

:? — x h°— H : 1 /l, 000 o /c0

*2.6-4 e t%a©#fkAM=

j 3 — Vl/ H 4=r-fVl/

m(-) 1/83 U ai r (m/s) 1.0 Uair (m/s) 9.11

D t (m) 0.03 Qai r (mVs) 9.62E-6 Dt (m) 2.5 Qair (m3/s) 0.64

P (MPa) 0.49 dn (mm) 1.3 P (MPa) 7.0 dn (mm) 107.9 |

p P (kg/m3) 1000 u m(m/s) 10 P char(kg/m) 910 uin (m/s) 91.1

dP (/zm) 60 Q in (m3/s) 5.31E-5 debar (/Zffl) 514 Qin (m3/s) 3.33
P f (kg/m3) 5.90 u q (m/s) 0.5 P e (kg/m3) 5. 36 u q (m/s) 4.56

# (kg/ms) 1.81E-5 Qq (mVs) 1.41E-5 U g (kg/ms) 3.72E-5 Qq W/s) 0.89

ut (m/s) 0.11 T (K) 293 u t (m/s) 0.95 T (K) 1173

R e t (~) 2.1 Re. (-) 11935 Gcoa i (kg/rrfs) 4. 74

G (kg/rrfg) 0.26 G char (kg/flf s) 2.16 Wcoal (t/tl) 2008.2

Ud (m/s) 0.089 Ud (m/s) 0.81 Hz/coal (-) 0.25

: Qd (m3/s) 6.27E-5 Qd (rrf/s) 3.97
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/=<k')lcu,.0Wmc#i,\ 7-jl5 

xsisosiipf £ a imtPtz, tzti l

£ a ©If 5.0

# 6A# < %(/ 7-a9xSg©m#

m-mtmwiir'.'zt>®t

sesnso mT-c*m©#wm=i:

ftfcjfil'u i. = 10m/ s ©i S© £ a Uln (m/s)

2.6-150 u ,„©E<fclc*f1-5 £a ©E(t

(12) 1 $©m$m©m(bt»%%*©H*:
#2.6-130lc)j( Ltz u i > = 10m/ s © £ # ©Jb#3K&X / — vkltm = 83T X (r — 

A7-v/LT<#5.n-5HtST'©5L + -e:^±#iiEvCh.,, H2.6-150rf#5>nfc £ a , 
^2. 6-4 mic^xL/zu, „ fcia'Re, 5-5;(22)lcftAL*:dl$n5n^S;(21)fcf(;Af- 

5<kllE©7-ji5xg5#"X$JSilgu, lfJi(T©(ii«5o

U A = U t £ A ° + £ A V eh,,

= 0. 95X(0. 99966)2- 8+ 0. 99966x6.4 =7. 35m/s

sue (5) -e*ltz^-m&muTBse©a„ imoicsm-i mi^Ltz

E%©#lA@x v,a.,x £a , *> At>*Ez6L T: u, £ftAf"3£

SSltoJtlfHTOAo lc?£Z0

Q p. ttchi r/ Qp. < =l~hjOcharVchar (1 £ A ) Cp.char / 0 t U A C p, a

= 1 +910X6.4X ( 1 -0.99966) x2.6/(5. 4x7. 35x4.8)

= 1.03

(Xlzftffixb&fZMWtZo 5t(23X (24)&mt,'&6W» * A tf" f iiWT© A 5 ic 5 „

W R — jOcbarV char (1 £ A ) A A

= 910 X6.4 x ( 1 -0.99966) X3. 14x (2. 5/ 2 )2= 9. 7kg/ s 

f = 1 -Wr / (W=».,+Wr ) = 1 -9.7 / (10.6 + 9. 7) = 0.52
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1) V—tf-v- Fti-S-MSSU

2) A R C H®t>&c:SfiB5E©fi«|iJ£Sffl U

Lfc„

3) 2) ©^dUM'S^If 3—yu ftf yl/^-fT^ L N U—if—v — F /ii'&iiEffl L ™C F/ 7 F
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C p. char 
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debar

tin

Da
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G
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G g
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G o

G r e c

G S 

Gs *
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K7 7hfa-yiii» (nf)

7/i/4-y f x# (-)

f" f (Dit# (kJ/kgK)

(kJ/kgK)

7 f O## (// m)

d' J: ^ a >y Xvi/OM# (m)

iXiSili^(DF*3£i (m)

hf a-Xp*gg (m)
n-ji Fe^vv-eoSeE#^ <0 ©tomiSafJli (kg/nf s) #

F5 7 hy^.-y#e*m#m#©y -r(kg-ary/nf s)

F5 7 h y ^-ySe«rB#SS©(kg-dry/irf s)

K57 by a - (kg/nf s >

F5 7 bfa-yStiEB«$S©*$^IS»S$ (kg/nf s)

F57bfa-y#eE®#m#©(kg/nfS)

F5 7 Fy^-y<tT-a.7X®©FB^{is-r*

#x© F5 7 F y ji - y#e#f®#m#©mmmm (kg/nf S)

(kg/nf S)

*#6%6#g0#?#mm3i (kg/nf s)
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-r yyx y y 3 yy xvi/tfx^SiM
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m# 6^:6 EET^ffl 16 fiB^S^iSE

f* +■ —(D±#]A^

m# t %

(-)

(-)

(MPa)
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(nf/s)
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(kJ/K s)

(kJ/K s) 

(nf/s) 
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(-)

(K)
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Z jSti^nljcF
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n

//, E£#'x©toE

/Ochar

0 f 

/0 f 0 

0 p 

/Op °

P 8 
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/Oo

mmttez -t a
m-mm.
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EA#xo®m

(kg-dryZ s ) 

(kg/ s )

(-)

(-)

(m)

(-)

(kg/ms) 

(kg/m s ) 

(kg/ m1 2 3 4) 

(kg/m3) 

(kg/m3) 

(kg/m3) 

(kg/ rrf) 

(kg/ m3) 

(kg/m3) 

(kg/ m3)

1) Horio, Mo et aL : J. Chem. Eng. Japan, 22, 484 (1989)

2) Horio, M. : J. Powder Technol. Japan 23, 80 (1986)

3) Tsukada, M. et al. : Int. J. Multiphase Flow, 19, 27 (1993)

4) Tsukada, M. et al. : Circulating Fluidized Bed Technolgy IV A. A. Avidan(ed. ), 

AlChE(1994)
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zommtami@©tiBtiE£siiElt, aib^#
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]TZ2. 7. 1 SHI

(1) siioem

a7bfi^ti«g-e*t), ma 1: j; a Kf m AA<+a i:± # 1' /= A,
L/:9, #x##®* 3->TKf®#A^#L < BSStitiVK0,

tzi)<-?T, jl-^li'aflOBEiieoTSB^BVri^-lcWcnSo

■ae®c* v rEE6: ® ii,

©feisi, m#em@©#mi:^ifaE#-e*a. *yotx-ei±, ^g;^®#m*ii# 

*1T8 a£ffi;b*ia®T\ %@#g®M#l:3/:-3T##%®l±, rtJf«S32^*ECfc^ 

a <5*i«*S:® ItWri© «a;-e* a „
$fae®BB3Sima#*®iiB&t:-3VTtenTfc<„

B©a7bM%B#©Bi*^L.,, #©^^$&£.,£ L, 65^'xEilU. -z?a-fb£ti- 

/:6#©ma&L,, eb ttio SB^anTiia

7b#©^aM^©KfB (#@C*) ©$FaWe. film—£iia (£. = £«r) 
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*'xi)iti$6^-T*n(ili^5rESK#S:lc#t$A L t£ t,>pg!? mmfkK#
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(2) #m#®#Mxs6mae

S^iSEtolcW^StodtLSFliB^ilJ^Kfc'UT, l±^i^'x®thPS®liifete 

B®S$Tb ±IFL<ti5®T\ IfsTSyKSttik® =k ? Kt£5„

cp Wp (T„ -T, ) - c , W, (Tb -T, ) = UA (T» -T, ) (1)

cc-e\ c,« c, t#xoitm, Wp. w, t#x®

Tp, t, mi?6^x®#*&am, t, ahw

CCTx EFtt: r = C p Wp / c , W, , S t =UA/c, W, i-ftxtf. SfifT. li 
^•e4x.t>n-5o @

Tb = (rTP +Ti + S t T. ) / (r+l+St) (2)

coji-jl-s FSzB^!flg5®#ttt* r i S u U, AfciCf'W. lcj:^TS$

sns/cto, emmmu®Asm#*a®m&^m#T*6.

(3) M&sma

u ® mm® /: & c u. wit, K?®#@&ff , iEtce?
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il) LTii, ^SlOmm, fi$ 200mni©S®

©^7— h U -y i? b — 3 *RJr ( h— ^ —b lTOmm^ 105mnK 30mm) tea'll it
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•5„ —15- #2.7-5 E©#^ (rZR

= 0.4)tc(i,

fritz,,

f c c i' /=#A©Em##t
titXfc&tOMVk&WiZ. 7-6 BlcE 

■To

©ffi|S] ii a - ? xfi^©1#£ i |5|^t-e

E 600

:%©#A4E%f64#L < /h$V„

(4)

i2.7-5 0 fcmi$Mtifz.mmomi%

(3-?XfiiZ r/R = 0.4)

JilTTii, Mickely 6©e?#E#efvi/"^muTEm##©#»%n-^^#m&E

f. itl5„

h = ( 2 /'Tn') (1 - f „ ) 1/2 oi 1/2 /T7Z5TTT (6)

k. : li^PW$6SE»E. o, : !6^eE$, c „ : n „ : MrSS®,

f o : m^A<E#mic## L -c u 6 B#^:nA

tztzL- ±Sii:SvSEti'it-9-©StoftO-tMX (*##©j#At:(ilOmm) <k<9 bltfi 

S®©jajaKj;-DTt-

E£ EE 4 LTV50T, Sti&E^' t-?-mt imgS, fUzOd'

ceEtHiE^tky-rTx M&frtgfflltZPiSIfflftlzft&tZnTV&frS

%r£tiZt3)X.Z'<gT'$>Zo

-ec-e, t,$waEisffia*

4L-0&KU E#mm#*^6LT(6) i) lc<fci;£Sffl1-5C 4 iCThS.

h= (2/'Tit') n (l — f o ) 1/2 n b 1/2 vTc 

n b \ i a —

P e C p (T)

% ia^T©bk9l:$A64l6. f, (iSS#*, £b 4«IU'4#Z

5C4»<T#5©r\

f • = £ b = (u, - u„i) Zub (8)

::t\ u. itixm.a. ut : as±#a$

Ub Hik3,-CJ5x.ZtlZo

u b = u. —Uni + 0.711 V g Db (9)
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ttz. tn„ lin^igTffi^iiia-rsstf&osiS:, n f&t

j&<DIM{%IZ& %>o

n b =fb (jt/4) [(D b +D.,)!-D, 2]/A,

= f b U/4) Db,2( 1 + 2 Dh /Dm) /A, (10)

::t\ A, Db iiD b, liSua©®£ AE£8 U D»,ii

«ra©ntiSE> Db 4<ks;©mic*5„

Dbi= (1 + f. ) 1/3 Db (11)

C C-C\ f» : Ofoo. 2)

ifc, dos+ofb ii—feSre4A.£>n-5„

f b = Qb ZVb =
At (Uo u m t)

U/6) Db 3 

(lO)iUc(llh (12)SC*ffll,'5i,

(12)

nb = (3/2) (1 + f. ) 2/3
111 “Ubi

D
1 +

2 D

(1 + f. ),/3D
(13)

£k±.<Djzvtz. f.t n, imfaE©M»i:%o^ 66.

ISlCol'tlit BtTOMori and Wen©S21 2:SBlcEST'S

(Dbm—Db ) / (Dbn Db©) — exp ( — 0.3 z/Dt ) (14)

Db.iiS^Hfii*t Db.tt£j5£5if&S£8U ^n-e'ni2(T©a;"e4-/6>ns„ 

Dbm = 2. 59g2 [ (u. Uif) A, ] ' (15)

D bo = 1. 38 g 2 [ (u, — Umt) At /n»t] 4 (16)
# ;:t\ D, ilSEt z : B6»'b<9i§SL n.,:MSMt g :

iktz. ^&iaT©ok-)l:$A6o 2? Ii®2. 7-7 0©=k ■? ic, fltiaicj;7 hShSfc 
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77 = 1 sa/ ( 7T Dh ) = 0 a / ( 2 7T) (17)

D b f
la = -------

2

Dh 08 / D~h 0 a 'I
------- ) cos-------- H l - (--------- )2 sin2 — (18)
Dbf 2 A/ Db, 2 J 1

la (i^Mgg^<l~l+d 1 ^T^X.bn^o

1 r (Dh + Dbf) Z2
la = ------ l • 2^ldl (19)

Sh JDh/2
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Sb = U/4) [ (Db + Dbi)2 — Db 2] (20)

Db, 1 + 3 (Db /Db,) +3 (Db /Db,)2
£ a = (21)

3 1 + 2 (Db /Db,)

iSJga (18)at(21)a:i&#gL-Ca 9, (170>3, C£iz<koT ?/

(18)aA%a:f aoii

Db,/2 < £, + Db /2
BfiSa

24
D b,/Dh '■

V"57- 3
(22)

<0gkft£iM£-fZi:§-e&Zo

i$iCDb,/Db >24/ (/57- 3) ©£ § (i n = 1 £ & Zo 
ttz. ##l:(7) iit-OtaiEiS^ k. BB#-Smith ©A2' 

mmti £J2rF©=k 9

k e 1 — £

----------- = £ + --------------------------------------------------------
k , <6+ (2/3) (k, /k. )

:;t\ k, /k, = 5 x 103 ffli#, (9 =0. 05"e*5©T

k, /k, = £ + (1 - e) (1/0) = £+20 (1 — £) (23)
k, : Kf©me#m, k, : 9?'X©EES$a £ 0

a±©#a £ ZT© 3-^ xfi? © tittliR 

k. = 140W/bK CEBa 20°Clcjol)-51t) a k, =0.0263W/mK ($Ma 20°CIC&#6 
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/ S a £ = 0. 5a f o — 0. 2a D t — 0. 2ltl a A 1 = 0. 0314 IT? a n<irz=81'£*fflZ~Ca
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2.7-8 0

1) Mickley, H. S. and D. F. Fairbanks: AIChE J.,_l, 374 (1955)

2) Mori,S. and C. Y. Wen: AIChE J., 21, 109 (1975)

3) Kunii.D. and J.M. Smith: AIChE J., 6, 97 (1960)
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3. i l&nuo5R#xftgHS©M»in^

^x^mniztsmts
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<D0*>V<MW&b<DXib&iti&ttM'C., SI^IKkRKffxfb© 3 o©gj?r£SI*
ARCHAo-trX©m#g^#Alcf 61:14, f©BMif
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ycfe, e©#m#X'fbK*0g##©mta]&m#l:l/O'zL-f 5C6ICL/:. 4-EUj;ffi@K 

E !:«;»<£ 5 yc ad, g;#SML -O* 9Eii5S©7yx<t!c±BS^g#. *m#x<bl:-o 
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3.1.1 sm*x<b ($PA#ib) &#)M#©#%
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©Koppers-Totzeky£»<.rftiT©f1iE&(jy.T £>©"££>-? ycz)-\ 1970^ft*'?>80^fblc*'(tT, 
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x{b©m%#fb#xfb&©±;##ft&axy:. $3.1-1 ERCFSIS.1-2 E(:t©ftEW% 

6©©mg&M:6aKm#©REM%#f<, i98osm:t4v < -3*\0#x{b#0imm^m 

»''M<6ShycK *§K^ld:Yk#m#©tig^BMT*, y= (S3.1-3 E) „ l98Wi:i$iE 

L/cSouthern California EdisonSCool Water#S#§fl:K-l46Texaco'Elc%ci'< I

gcc ?jv) mm??> h©EisstEtt»<Msn.

&Bf§Ly:M^©ma*<-#l:A*-,y:. HTW (High Temperature Winkler) A<1985S 

^y-yVS!ffi*B6<]ic, L OMPaTEIt • ®E$tlTVyc©£, 1989#!: I GCC& 

B6<]ic2.5MPattSlcdtSLya©li€©ff^|T*5, L»'U 8EiWS!I14©,5T\ £'®

somh©EWri:|iSu e

##^%#AL j:3 6^x-CC'y:6C6t4, 4"? >yDemkolec©M4-&##, I GCC

TWaX, CtiJ:i3STaWfS<. R#fM%m##©i%UAF B
c cs-Emwm#) $>5vi4pfbc (%Emm*#*)



3. 1-1 i&tfxf t'kp® ? 4 -ft if

Gasifier Bed
type

Ash Feed Oxidant Steam Pressure,
MPa

Temperature, °C
type fuel size, mm reaction exit

BC/L moving slagging dry B, SB 5-50 o2 + 2.5 >2000 450
HTW fluidised dry dry Lig <6 02/air 1 1.0 <1000 850-950
U-Gas fluidised agglomerating dry B, SB <6 02/air I 0. 4-3. 2 950-1090 NA
KRW fluidised agglomerating dry B. SB <5 02/a ir + 2.1 870-1040 <1010
Texaco entrained slagging slurry B <0.5 02 - 4.1 1260-1540 <800
DOW entrained slagging slurry SB, Lig NA 02 - 2.2 1320-1430 <1038
Shell entrained slagging dry B, Lig <0. 1 02 3.0 2000 900
PRENFLO entrained slagging dry B, SB, Lig <0. 1 02 + 3.0 1500-2000 1350-1600*
GSP entrained slagging dry SB, Lig <0.2 02 1 3.0 1600-2000 NA

* temperature of exit gas before quenching by cold gas
B bituminous coa 1
SB subbituminous icoal
Lig lignite
NA date not available

*3.1-2 * $# xitP©iieEE31

Steam Carbon Product gas Cold gas
02consumption consumption conversion, HHV, efficiency,

Gasifier kg/kg-coal, maf kg/kg-coall, maf % MJ/m3 % Remarks

BG/L 0. 52 0. 36 99.9 13.2 88 bituminous coal, liquor production
HTW 0. 54 0. 36 96 11.5 85 brown coal
U-Gas n/a n/a 95.3 5.0 69.6 bituminous coal
KRW 0. 68 0. 44 95 12. 1 80.8 bituminous coal
Texaco 0.9 0 97.2 10. 1 74.3 bituminous coal
DOW 0. 86 0 98.9 9.8 77 subbituminous coal
GSP 0.8 0.3 98 10.8 85 subbituminous coal
Shell 0. 89 0.3 99 11.2 81.0 bituminous coal
PRENFLO 1.03 0. 06 99.3 11.8 79.6 subbituminous coal



13.1-3 a yUt*P©iS*I»K • HEiStstW

Gasifier Project 
or company

Location Coal
throughput,
tonnes/day

Product
(final)

Start

2nd generation gasification plants in commercial operation

Texaco Tennessee Eastman Tennessee, USA 820 methanol 1983
Texaco Cool Water California, USA 910 IGCC 1984
Texaco Ube Industry Ube, Japan 1500 ammonia 1984
Texaco Ruhrkohle/Ruhrchemi Oberhausen, ERG 1720 Oxo chemicals 1986
HTW Kemira Oy Oulu, Finland 600 ammonia 1988

2nd generation gasification plants in demonstration operation

Ruhr 100 Ruhrgas FRG 100-200 fuel & synthesis 1979
BG/Lurgi British Gas Westfield, UK 500 fuel & synthesis 1984
Kiln Gas A11is-Chalmers Illinois, USA 540 fuel gas 1983
U-Gas IGT Chicago, USA 27 fuel & synthesis 1974
KRW Kellog-Rust-Westinghouse Pennsylvania, USA 14-27 fuel gas 1975
HTW Rheinbraun Berrenrath, FRG 720 methanol 1985
VEW VEW Dortmund, FRG 240 fuel & synthesis 1985
PRENFLO Koppers-Totzek Furstenhausen, FRG 48 fuel & synthesis 1986
Shell Shell Texas, USA 230-360 fuel & synthesis 1987
Dow Dow Louisiana, USA 2200 IGCC 1987
Saarberg-Otto Saarberg-Otto Furstenhausen, FRG 260 fuel & synthesis 1979
MIP Humboldt/Sumitomo Lulea, Sweden 240 fuel & synthesis 1986

(MEFOS)
NEDO NEDO Chiba, Japan 20-50 hydrogen 1991
NEDO NEDO Iwaki, Japan 200 IGCC 1991
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