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Table 1 Typical Quality of Victorian Brown Coal

Deposits Yallourn Morwell Loy Yang NY(v)a;'ltl}(z‘g:t
Moisture % 66.6 60.9 62.7 52.9
Ash %db* 1.8 3.2 1.4 6
Volatile Matter %db 51.7 49.8 51.4 48.9
Carbon %db 65.9 67.1 68.4 65.8
Hydrogen %db 4.6 4.8 4.9 4.7
Oxygen(by diff) %db 27.0 24.0 24.4 23.8
Sulfur %db 0.24 0.36 0.38 0.64
Nitrogen %db 0.50 0.52 0.50 0.58
MJ/kg (net) 6.5 8.5 8.0 10.2
Specific Energy
MJ/kg (Gross) 25.8 27.3 26.6 26.7
*db = dry basis (by HRL Technology Pty Ltd)
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Table 2 Chemical Composition of Coals and Petroleums

Anthracite Bituminous Coal Lignite Crude O1il Gasoline
(Pennsylvania) (Illinois #6) (North Dakota)
C 93.7% 76.7% 72.6% 83-87% 86%
H 2.4% 5.2% 4.9% 11-14% 14%
0] 2.4% 12.8% 20.2%
N 0.9% 1.4% 1.1% 0.2%
S 0.6% 3.9% 1.2% 1%
H/C 0.31 0.81 0.81 1.76 1.94
(Shah19)
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Fig. 1 Simplified Flow Sheet of Brown Coal Liquefaction (BCL) Process
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oils = fractions 1 and 2,

asphaltenes = fractions 3,4, and 5,

preasphaltenes = asphaltols = fractions 6,7, 8, and 9.
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Fig. 9 Proposed Conceptual Mechanism for Bituminous Coal Liquefaction
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Fig. 1-1 Simplified Flow Diagram of Continuous Coal Liquefaction Facility

1:Make-up Tank, 2:Feed Tank, 3:Compressor, 4:Hz Accumulator, 5: Hz Flow Meter, 6:Pressure Regulator,
7:Control Valve, 8:Slurry Pump, 9:Preheater, 10:15t Reactor(R-01), 10:2nd Reactor(R-02), 10:34 Reactor(R-03),
11:Reactor Liquid Sampler, 12:Gas Sampler, 13:Sampler for Condensate, 14:Gas Liquid Separator(V-04),
15:Slurry Pump, 16:Gas Recycle Pump, 17:Naphtha Tank, 18:Product Liquid Receiver, 19:Gas Meter, 20:N2

Accumulator

Yo7 T ENTERKRIE, ASTM—D 116 0&ICHENLLZBEAEETCLBY
4y (Coal Liquid Bottom, #/m4 2 0 CLLL), BAIESY (HBR180~420CER).
FT7HES (BBE1 8 0CLUT). BIUKD 4 R T THRATIZH L T2,
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Table 1-1 Reaction Conditions Used by Continuous Coal

Liquefaction Facility

i Minimum Maximum
Reaction temperature 430°C 470°C
Reaction pressure 15MPa 19MPa
50vol% boiling point temperature of solvent 291°C 366°C
H/C ratio of solvent 1.03 1.30
Gas flow rate(GFR)" to reactors 1.4Nm3/h 20.2Nm%h
S/C (solvent to daf*” coal ratio) 2 3
Number of experiments 94 conditions

*) Gas flow rate (GFR) : Feed Hz + Recycle Gas **) daf : dry ash free

Table 1-2 Typical Properties of Coals

Elemental Analysis (wt% daf)*D Proximate Analysis (wt%)2
C H N S | O(diff)t® Ash VM®® | Moisture
Morwell coal 69.4 4.8 0.6 0.3 24.9 2.8 42.5 11.6
Yallourn coal 68.0 4.6 0.5 0.2 26.7 1.9 43.5 11.5

(*1) based on dry and ash free basis

(*2) ash, VM : dry basis, Moisture : as received (pre-dried under nitrogen flow)

(*3) calculated by difference : O(diff) =100-(C+H+ N+ 8)
(*4) volatile matter

Table 1-3 Typical Properties of Solvents (b.p. 180-420°C)

Elemental Analysis (wt%) Thso*?
H/C fa .
C H N S o(diff)ev ['C]
Run 4
87.1 84 | 09 | 0.2 3.4 1.15 0.62 303
(50t/d Pilot Plant)
Run 7
87.3 91 | 0.6 | 0.1 2.9 1.24 0.53 314
(50t/d Pilot Plant)
(*1) 0Wiff =100-(C+H+N+8S)
(*2) temperature at 50vol% boiling point
@ RIGEWNIZRBIT 2 BRE 7 OKAERITE (RSB OERMEHIGIE
AERIZAWZEREBOKIGHIZ. DO LHa—V FEFARRPS, SIEZLER
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Fig. 1-2 Typical Vapor-Liquid Distribution in Coal Liquefaction Reactors

Reaction conditions : 430°C, 15MPa, GFR:4.2Nm3h, H/C(Solvent):1.04, Tbso : 304°C
Naphtha : C5-180C, Solvent : 180-420°C, CLB : 420C+
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Fig. 1-3 Relation between Gas Flow Rate and
Vaporization Rate of Solvent (b.p. 180-420°C)
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T ;. FUGEE [TC] P : KBES [MPa)

- 28 -



Thso © BEIES D5 Ovol B HIRE [C]

H/C D BRI OH/C [—]
GFR D RISBRRAMEET A H A OEERE [Nm3/h]

ZDREFRRD ORO T GBI BRI OKMBBITEOHEM L. KITHNK
EERBOSHEERE ST (1), (2) X SROBEFE S OFBBITR L OLE % Fig.
1-4 1R T, MEERFR—BERLTRY (FHEBIREO0. 9 1). KIGENHOBEAIE S
DERBDEEENCE 2 DRIGEEORET, ZNOLORT2E> TREHETER LR
birotz,

1.0 L] T

— 1 1 1 1

| ! 1 1 1
o ! : : 'S

! 1 ' !
S 08|------ S = -
2 g 1 t O'@ (o]
[} ! ! (o}
il i Y o
65 06f------ . S booooo
[P S 1 @ '
=T ' d: '
© -
c8 L Qi @ !
=5 Y] - /S SR B
K ) 1 ' !
R 3 : o :
g &
) 1 1 |

ax 02y fommee H i Fomm=
>3 | : | :

© | i i i

(@] 0.0 L 1 1 i

0.0 0.2 0.4 0.6 0.8 1.0

Vaporization Rate of Solvent
Calculated by Experiments [-]
Fig. 1-4 Relation of Calculated Vaporization Rate for Solvent Fraction (180-420°C)
between by Experiments and by Empirical Equation
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Fig. 1-5 Relation of Calculated Vaporization Rate for Solvent Fraction (180-420°C)
between by Experiments and by SRK Equation
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Fig. 1-6 Relation of Calculated Vaporization Rate for Solvent Fraction (180-420°C)
between by Empirical Equation and by SRK Equation
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Fig. 1-7 Principle of Neutron Attenuating Tracer Technique

FVT7H=T A 252 ZERMFHRIFELE L, SRR EREBROCENATICRET 5, PL—
P LTRALRS RY =0 ABBFHFE2RINL T—ERE I, 1018~102 B TE
ERBICEIBICH B ERET S, T vRIIREHRELBETIROBERN/E
<, HISBAREICRBINTZREBTREFETHY W, BohBELET—FnbH
AR—NV T v 7 REH Lz 1219,

@ /NEERRBRIER (Bench Scale Unit) 1281725 AK—/V K7 v 7RIERE
PERBEARIBRILY 7 v b TRE2RABEOREERIGEHESEA SN 23, /NEER
HEEE TRHRIEERSF X TELREARELZBIZ LIINETH 2D, ERFEIZLD
BRHEESF ORISR EANTVWS,
HAR—=)V KT v FIZONTIE, EEBEZESTRIETIO8EE LA, JIE S EE
THdid, a—nNV FEFVZE YT REREEZE> TRIE LT,

- 32 -



(2) HRLER

R ay b FTUMCRIF BT AF—N KT v 7 OBIERERE Fig. 18 10FT., Zhb
3wy BT b ORHIEER R & OE RERRIC I B EIER R Y, F AU,
PREELLTRLEZLOTHS, XM uy NS5 N TCIRAEDORIGEABEINIZREL T
¥, R-201/R-203 RAFIEGEHOE 1 RICEPLEIRIEBETONAF—V KT v 7
T#HE%. R201/R-204 135 1 RIGHPOE ARKISHRETONAR—AV T v 7 EHEE
&%, ¥£72. Run 9-1 Coal Ope.lx. AREGHFEOERIGEEDOH K-V KT v 7 &25T,

A R-201'/R-203 T D R-27)1/R-204 + Run-9-1 Coal 6pe.
0.9
0.8 R-204
& 07 /
0
& 0.6 bserved 9;&-4‘%——%
% o \
g 05 -
k] L
._.,°: 0.4 /E% R-203
0 P
¢ 0.3 R-202
A\
0.2 Calculated
0.1
0
0 100 200 300 400 500 600
Ug [m/h]

Fig. 1-8 Comparison of Observed and Calculated Gas Holdup
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Fig. 1-9 Comparison of Observed and Calculated Gas Holdup
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Fig. 1-10 Comparison between Estimated and Measured Density at 100°C
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VKD 4 BRAITBEL Tz, BRIE S &7 3oz {bii®E % (Oil £72i Distillate)
LIRS,

HARPIIFT A v v T T72ANTH L, ERT AP OERIIT—EELIKSE.
ZBILIRR, AF Y, 2F Y, TaXy TEUTHY, TRHERHLTI X (Gas) &
FE5, '

(2) RIGHFOEEIZET 5 EMERFMES &

Fig. 2-1i1CC L B L DR INE KRHEE, CO+CO XK, KR, RILKFRY
AUE, HACHINE) OBFRERT, ZNDHDNERIIC L BIE L RF2EEEENRD D,
& ITHRAGHIRER & OIS, iz, ERBEORPL L, AR ODHTR DAL
BEDEEL S 2 E2ERTD L. CLBREOHFBERBRENIRVWEEZLN, RISHE
FEFTDDICHELTWB EEZOND, ARTHNI, BICHELTET DB, &L
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WL CHINIT B OB~ TH B2, EROL > REEN D, BILKSREINT 5K
EEF ORBLFET SBICE. CLBIEOMBLHIFERE: LTRATS 2 LItLE,
(3HAFC)

Vo wa o

A W2

C0+C02

120

Cl-Cd

DISTILLATE

10 36 A 50 T =
CLB YIELD (%_l_? C)
Fig. 2-1 Relation between CLB Yield and Other Yields (PDU Data)
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(3) ARDBZDER (R PAVFAINRL) KRBT BT —FHITHE

EREBEORREREZME > THRICHREZFET 2F &1 \m%ﬁﬁﬁﬁo @%%
TN EATHOMERSH D, 2 TRHW/NEEGRREBORISHIL, ZIXTER2ES
D3IBORGHPEFNICRESNTND 120, mé@Aﬁﬁ%Twmﬁﬁféé ZZ T,
BRBACEONIZ R T 2 RIGRFOZEZFTMT HICE L, MEREOMOEELHHT S
ez, TLBEAEF TN ERGEEETT NV EE > THIT LT,

Fig. 2-2 B RIBILRGEZBEML LIzET NV TH D, BRIIKIGENE L, RIGHHE TR
BIZHELTCLB, Oil, Gas&AKT 57D, Fig. 2-2128WT, ki, ko ks. >
ke ks LIRETE S, ATRO L S ICBALMNEIZCL BINR L AEL2MEAEZE LTS5
., CLBWERIIKTHRICHFOEEELTNDZ Lizdk o T, RIEHINFITH T D KIE
RFOEEBLRARDILENTED, CLBOAR (BY) EEIXCL BASMHEL THlR{LH
PAERTIEBRPEEREICHD LEZONDI I LMD, k ORIGEEEE T2 KE
HFOEELH DL LIz,

ki ks ks

Rk ———» CLB ——¥» Oil —» Gas
(fast) (slow) (slow)
Tkz T ks
(fast) (fast)
Fig. 2-2 Simplified Reaction Model for Brown Coal Liquefaction
( Once Through Case )

CLBOBAVEENCLBEERIXLT—KERETDE., CLBOBAVEEIZIQORXT
TRTE S,

_diciB} _

CLB (1)
” [CLB]

ZERAEINETNVOYMENXEE-T, 1EOARZESTERLIZES. 2HE2HE-
TERLEBE, BLUSHTERLEZBEIIOVWT, ENEN T2 ORICEEER %
RODZEBTED,

O 1#EZOHRE

[CLB], 1

S S ®)
[CLB], | + k,r
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ZzZ7T, [CLBlh ¢ KIGBAQODCLBEE [%dafl
[CLB]: @ RIEHBE1I#BEOICBITI5CLBEE [%dafl

ks ' CLBOKKEETEH [1/min]
T VOB KGO ERERE [min)

Lie#io>T, RISEEER kiZ@XTHETE S,

k4=l[_[_CL_B]_0_1]
r | [CLB],

2HEERORE

[CLB], 1
[CLB], (1 + k,7)°
ZZT, [CLBl; @ RIGHFE2FHENIIBITZCL BEE [%dafl

L7e#soT, RISHEEEYK ki3GRTHETE 5,
1/2

P - 1 [CLB], o

g [CLB],

S HEREOHE

[CLB ], 1

[CLB], (1 + k,r)?

ZZT, [CLBls @ KRIEHEFESHEEOIZRBITACLBEE [%dafl

Lo T, RISEEER k4I(NMATHEHTE S,

L] [[CLB]0 J“ 1
,= L] [CEBlo |
T [CLB 1,
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FOSEEER L L TORAD Arrhenius REFET S &, OR & o THERFLZEET
DT ENTED,

E

k, = A, ex -4 9
4 4 PE RTJ
ZIT, A4 : CLBEVEEOCHERT

Es : CLBEAEEOEMHIL=RNVX—

T D RUSIRE (K]
A, = Z )

exp ( _E, j

RT

BICRBEICHT D RIERFORELTAD T, Hx ORERFIT L DWALEE~D
FEPHHETIFERLELT, HERT (49 2000 X5 ZRIGHFORBEE LTREL
Tz, TOREERDBZLICE > T, FRENORTFZE 5B L7 TRILRRICR T8 K
ISRFOEELZRRDZENFRELR D,

A4, = f(x;) = ay x x x x,2 -+ x x,* (10)
IIT X © CLBOBSEEIIEEEEIIRICET
ai : CLBOBAOEEIIEELEZDRCEFITR LA
ao © o EROEERT

/NEERRRERIC X DERERZME > THERT (A OBEAEZRD, EKOHE
BF (a0 LBRICHERBIIREZEZIEFICRIBEK (2) 2RDBH, Z I TROLHEER
F (A)) EFEMIE=RAX— (B) L CLBNROHEMEEZROTERMBLHE TS Z
itk RISRFOEEORERSCL BINROHRRBELRI LI,

(4) RP2YYA 7 NVERITBIT DT —F BT HE

T, BREIL (BCL) 7ntEATEFI LI A 7ML ->TEEH (CLBEY)
PRICRE L THRILmZ B2 FESERA SRS, FOBOBEMILLEZREETF VX Fig
23 TRIZENTES, ZIT, BTMRIV YA 7vENDEN2%EKRL, CLBERIULMH
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A (420CLLL) #EROEERHTH S,

k2 ks
L(fast) l(féist)
& cLB |—= 0il o Gas
(fast) (slow) (slow)
ke T
P etow

Fig. 2-3 Simplified Reaction Model for Brown Coal Liquefaction

( Bottom Recycle Case )

BRNRYVFA I N LTHGEE, BRPOGAEKLIZCLBOKIGEE (k) LV HA 71X
N B TMORIEEE (ko) BT 2MEERABRNLDE L, BTMOKES B TMEE
KR LTIRERETS L., 118, 28, SWEZRDLEZDB TMOKIGHEE (ke 1B
POERLEZCLBORIGEE (k) 2FE-T, TEAOLIIIKRDBZIZENTES,

O 1EE&ROHE

BRPBAERLIZCLBOHENZIZQRXNTHY ., VA 70 E R r0OYWEINEIZ
WTHRIRICTRTHETX 3,

[BIM 1,

[ BIM ],

(BTMo
[BTM,

’,_—6
—— ~

1 + kgt

FISBEAQDB TMEE [%daf]
RISSE 1 #H 02115 B TMEE [%daf]
B TMOKIGEEES [1/min]
%1 RSB0 ERRE [min)

(11)

—5. ALV FAL I NVEOCLBIRE (V) i3, RbAVFAI7ARLOEEDC
LBRELY YA 7VE P AOKITREOME LTTRTERIND,

h<
I

C L BIXE [%daf]
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Lo T, UL 7R b ADOKISEEER ksix(13):NTEEHTE 3,

1 [BTM ],

r [ Y+ [BIM1,-[CLB],/(1 + k,7) ! ]

6= (13)

@ 2/EEHEDEE
OEE L FIEICHET AL, UV A AR N LAORIEEEER kX)X TEH T
x5,

BTM
kg = 1 [ [ Io (14)

1/2
= | -1
Y+ [BTM1,~[CLB],/(1 + k, 7)

® 3FEEEGZDBEE
SHEGLREICHETR L. VYA 7 AR N 2ORIEHEEER k215X TEE T
x5,

15)

! [BIM], C
Y+ [BTM1,-[CLB],/(1 + k, 7)°

BERFELT, BRMOAERLEZCL BOKEEFBEIC, Arrhenius X2 RET S &
(1R, ZNTHLOBWICRRIZBI DV VA 7R N 2OBRERFE2EHRTEIENT
3% (AN,

E
k = A X — —6 (16)
6 6 €XPp [ RT ]
T, As : CLBEAVEEOCHERT
Es ! CLBEBABEEOCEMH LRI —
T D RIGRE [K]
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ks
exp [ - L2 |

RISRF OB X DRCHEEIIHTIEELZERLTODIZ, HERF (49 &K
JERFOREEE LTARERET S & TNENDORERFOREL SYBEL 2 THRER
TFEROLICDOERAER/RDZ LB TED,

4, = 17)

b b,
As = f(yi) = b, x ylbl X Yy 2 v XY, (18)
ZZT, : BTMBAEEICEESY L2 5K T
bi : BTMEBOEEICEE LY B 2 3 RIGKRFITR D35

bo T IEsROBEERT

FROZPDERDOZE LFEREIC, NEEGAREBICI 2EZRERZ2HERA L CHEERT
(As) OBAEEIZ KD, EROHEERT (bo) VYA 70K NLADORICHEICEEYE X
BHERFIZEAERE (b)) 2RkDD, ZZTROEZHEERTF (As) LIFEMHIL=RLF— (Ep)
RO YUY A I NVENLADOERICRICETIHEELRD D, ZOBLREAROHLDKIGE
DCLBRBOWEMEZARTEIZLITL>T, RhAYFA 7L EOCLBIXROHE
BEkD, ERELUBRTIZLICLY, RERFOEEDEESCL BINEDOHEREE
ERE LT, '

(5) B LEREEFOREER

BILERBICEERZEX DA FL LT, KINBERSKGES]., HEREHE., fEE. A Ha
VYA I NREVSTZEIERTFOMIC, FEOMER E UTRIRMER, BAIMER, Va2
VAR b APERTR E ORI OWTRET LTz,

Et L7 ®@FDOfEE % Table 2-1 12737, BRMER, BFIER, V91 70K b AR
DVWTIE, EBO7 T bOBERIIBIT EGREHE L THLIERATES Z L2ERICL
Tefedd, HEBRERECTEEMIZON TEIEANLERARTA—FE2BELE, LS
> T, BRI, LEMT, NMROT, ZET. BRISNEOFETHINTES LD
ENRGRA—=FLLTNS,
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Table 2-1 Reaction Parameters Examined in Study

T DM BALIEET iy ST
BUSRE C 400-500 430-450 432-451
RIEES MPa 7-18 11-19 15-21
KESE MPa 11-15 12-16
BIERT RILVHA 2R wt%dafc 0-100 0-96 15-110
AR (RAEH) wt%dafc 0.5-3.2 0.8-5.2
T B T min 0-180 21-240 33-60
RG34 1 1-3 4
o e |
BIRIER
Tk B3R5 wt% 46-53 41-58
K> wt% 6-13 8-16
- H/C 0.7-1.4 0.8-1.3
0/C(*100) 0.4-6.4 0.3-5.5 1.5-2.7
Ha 0.2-0.8 0.2-0.8
1H-NMR®# | Hal 0.2-0.3 0.2-0.3
Ho 0.0-0.6 0.0-0.5
IR fa 0.3-0.9 0.5-0.9
. I 0.3-1.0 0.1-0.4
Ln 1.1-3.1 1.1-2.8
Haw/Ca 0.1-0.9 0.8-1.0
Tas 192-283
- AEHRO | Ty 253-319 285-323
Trs 295-360
ok H/C 0.8-1.1 0.7-1.2 0.8-0.9
o/C 0.2-8.0 0.3-7.0
Ha 0.3-0.5 0.1-0.6
'H-NMR Hal 0.3-0.3 0.2-0.4
Ho 0.2-0.4 0.2-0.6
fa 0.5-0.8 0.5-0.8
F bR I o 0.3-0.9 0.2-0.5
Ln 1.2-2.8 1.7-2.5
HawCa 0.3-0.7 0.6-0.8
TESHT ERS wt% 56-95
HS wt% 11-96
— HI-BS wt% 40-78 3-59
BI-PS wt% 6-40 0-44
PI wt% 0-5 0-21

(*1) Autoclave condition, (*2) Bench Scale Unit condition, (*3) Pilot Plant condition
(*4) Measured by *H- NMR, Ha : aromatic H, Hal : alpha H, Ho : other H

(*5) Calculated by conventional procedure? using elemental analysis & !H- NMR data

(*6) T2s * 25 vol.% pour temp., Tso : 50vol.% pour temp., T7s : 75vol.% pour temp.

- 49 -




(6) BRMOEKTHCLB (WHE) NEH

BROBERICSNIBILRSEF VL Fig. 2-2 TRENBZ S, BRMHOERKRTSCLB
DEIEEERDDTDITIT, ki & krtks DHRERDDVENRD D, BRIZKIGHERE
. RIGBIZA- BRI TARLPIRIELTCLBRERTB1D, ki~ks> >k ks
ETBRIENTEDLEZ LD,

ZZ T, Fig. 24 X 5z, /NEERARRERE (PDU) ORRERZELTZERM S (@
X1 EOALDOEE, QI 2EESOER, @IX3EEFDEERLTT). CLBOYMEMES
RELTENENDT —E M0 k4B RD, ZNOHD kyB—FTACL BOAELERT
BHZ EIZE o TR,

100
Initial Cone. of CIIB
R
= i
X
= 60 ™~
=
P ¢ ]
E ®
) 20 ]1'4 = ki = ks
0 L

0 20 40 60 80

Residence Time [min]

Fig. 2-4 Image of Procedure for Estimating Initial Concentration of CLB

DXL TKRDECLBOYHMER., BEOCEELREZT, BEZEXER
519X ERFT,

[cLB], = - 0.556 x [Temp] + 305.8 (19)

Z I T, [CLBly : CLBO#HEME [%dafc]
[Temp] : KKEE [C]

430°CTiX[CLBlo = 66.7%dafc

450°CTIX[CLBlo = 55.6%dafc

- 50 -



(7) EHlb=R2NX— (F) OBEH

CLBOARBKIEDE M RIANX — (B) BIRISBEEZEXTZERER?G,
2.3kcal/mol %7z, Z DEITEE DLERGEBET S L/NSVWMETHY, CL BOHIH
BB L LEDEERENEELEZ TOWBAEEMIZD DA, ZOXEL BRI HEE
THZELRELWYD, ZOEERAL TR ZEDS Z LiTL,

(8) W= L X¥— (Es) DEH

VYA I NER N BOGRRIEDEEILTINF— (B b, LEEFRRICKIGEEEZE
X T RRFERPORD, 26.9kcal/mol 2HF 7z, T DIEIX—AXAI 7R MUK TR BEDOTEIEL
TRNF—LREELL, ZYRETHL LEZLND,

2. 2 ARMEROZE

FRMWERIZOWTIX, TROMERICE S HICE (OkFELRFDORTFH) . O/CHE (B
FLREORETH), BIUTESWERICLZERES, ADIZONT, BILHERIZHTS
EEBERFILL?,

Fig. 25 124 — 7 L—TEBRTHELNTZ, ARDO HIC LIRILMNEDH LS VWIZCL B
R L OBMRIZOVWTORREZRT,

AC : 450C, 19MPa I
CAT. 3wt9% on mafc, REACTION TIME 1hr

60 50 &
B ——— - '46
s 140 ¢
13 o]
S 40 ' 30 §
P4 =
z -20 g
9 =
u 20 ! 10

> =
| So
(8] =7 8 =
0w
- [=]

c0.7 0.8 0.9 1 1.110
COAL H/C

Fig. 2-5 Relation between Liquefaction Performance and H/C of Coal (AC)
Fig. 2-6 8 LU Fig. 2-TICPDUXEBRT, H/C &£ O/C ®C L BINEIZXT 5EELFT~

RS RT, HC OEEBIZOWWTIIA— 7 L—T LREOBENEON, £/, P
DUTIZOICIZOoOWTHHEREERRA LN,
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PDU : 430C, 15sMPa
B/R Owt% on mafc, Cat. 3wt% on mafc

80
o
©
E
§ 60— — =
R a9 aac o

\

E. ] = c:c: OC:DD Qﬁ“"
D a
-
w 40
>
o -
-t -
O

20

0.8 0.82 0.84 0.86 0.88 0.9
COAL H/C [-]

Fig. 2-6 Relation between CLB Yield and H/C of Coal (PDU data)

PDU : 430C, 15MPa
B/R Owt% on mafc, Cat. 3wt% on mafc

80 —
o
@
£
5 60 4z = =
2 I e )
°§ i @ :,-*C'\::T.:““'-\C‘
[t} oo -
Q =
.|
w 40
>
m
- 4
O

20

25 26 27 28 29 30 31 32 33 34 35
COAL 0/C(*100) [-]

Fig. 2-7 Relation between CLB Yield and O/C of Coal (PDU data)

2. 3 BRMEROZE

BEMERIZOVWTIX, TROWHERICES< H/IC &, O/C &, T H-NMRIZES B
¥, REHHREY, BAORTE2RIT LS, BRRERIIERTERP-T Y,
FARBICIZBIT DBEFEO®REIE LT, AREBILRIGER~ED LEIZRAT ) —1L
TRROOER L LTOREIOMIZ, ARBICRGENTITHROBYHET 77 A MT
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AL—RIKBREZITETRE (KEFF—5503KROY ¥ 5 —0KRE) BEZDL
N5 5, EREEORKINEEN TIXBAIE S D S BREAE~BITL 99, BAIOFTTHLEER
B gEOREZE->TNEHLDEHEEIND,

L7zho T, REBHZRWILEAIB 02 OSITETIX, RISERERICH T 228 210ET
HONPELL, BEITIIIBICISEET THBREIZE £ E > TS B0 OMERBSRILERRIC
REEEEZ2DHbOLEEIND,

BCL7uaE2RIZRIFARMNLYFA ZATIR, VHA 7 VENBR P AEEBRKIEL
THRELL, BERKHBICERENDS L EHiZ, BIERISEENTIZY FA 7R b AR
BEERAIE LTEBE, BROBDET T 7 AL b~KREZITETERESS, BROBSHE
KEoTERLEBEERILKZERZERIET, HE L v a—F RIS EHHT 58
EREETHIEEZONS,

Fig. 2-8 8L ' Fig. 2-912, V¥ A ZARMAD H/IC & CL BINROMBEIZETAHER
AT, EEROWTHOBEZRSIEMNNITIAE TRV, 4 — b7 L—7ER &/NER
HBREBOERIZBWT, UH A ZARNALD HIC DML L iz, CLBINERAED L
TWERABR N,

AC:(Reaction of Bottom),440C,19MPa
SOLV/BTM=3/1,Cat.1wt% on slurry as Fe

100
95
90
85
80 ——
75 -
70
65
60
55

50
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

RECYCLE BOTTOM H/C [-]

CLB YIELD [wt% on bottom]

Fig. 2-8 Relation between CLB Yield and H/C of Recycle Bottom
(AC data)
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PDU:450C, 15MPa, Cat.3wt% on mafc as Fe

§/C=2.5, CLB/R:HDAO/R=50:180wt% on mafc

40
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32
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26
24
22

CLB YIELD [wt% on mafc]

20
0.8 082 084 08 088 09 0.92 0.94 0.96

- CLB

DISTILLATE - ot

P e

RECYCLE BOTTOM H/C [-]

50
48
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44
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40
38
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34
32
30

DISTILLATE YIELD [wt% on mafc]

Fig. 2-9 Relation between CLB Yield and H/C of Recycle Bottom

(PDU data)

2. 4 BIERTFOER

AFIZBNT, BERT LRI 7 > b 2 BRET BRI RBIR B IEFTRE R USRS
T, TNOOFPOBILKISIC B R E REBEEXD 2 L ARES NI KINEE.
FOb (W) WR, AR, X bAYFA I NE KRHPEREDCL BREIZHT 8
BER~iz,

(1) RUNEEDEE

Fig. 2-10 (24— h 7 L—T7EKRIZBWT, RINEEDC L BINRIIXTEEEE2H
CLBRIEE AT IHEAB RO, A—
N7 L7 ORCBEICRIT 5135 (TAU) 2 042025 60 40X TELEETH, Ak
DEMER LIz, Fig. 2-11 [Zi3/NMLEGRREE 2 > TRIMBEED C L BIREIIXT 5
EBERANIRERETT, A— M VT EROGE LFABRIIKGBRED LR L & HiZ,

RRETRY, RISRED LA & L HIT,

CLBIXRIPATLEHABR LN,
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AC : 19MPa, Cat. 4wt% on mafc as Fe I
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Fig. 2-10 Relation between CLB Yield and Temperature (AC data)

100 wt% on mafc

PDU : 15MPa, Cat. 3wt% on mafc as ﬂ

CLB/R : HDAO/R = 50
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Fig. 2-11 Relation between CLB Yield and Temperature (PDU data)
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(2) RUCEERIDE

Fig. 2-12 & Fig. 2-13 iZRISHEH]I D C L BINRIZX T DB 2R ¥, RUCRFE OEMN L &
HIZCL BINEFJPLTHMEABROND 07, ZZ T, F—h7 L—T7ERIZBITDRIE
B 0 DT —F 34— M V—T7 OFBBRBICBIT IRIGHERERL TS (RIGRE
2RI DORERRER 0 7).

AC:450C, 19MPa, CAT.3wt% on mafc as Fe
COAL/BTM/SOLV.=100/100/150 wt% on mafc

60 — 70 E

<

‘e 50 —————60 E
S o /

E Lo\ b §

c 40 / L 50 32

5 \ / DISTILLATE 2§
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w . CLB w

> 10 20 £

) ~ !

D o ~ 10 &
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REACTION TIME [min]

Fig. 2-12 Relation between CLB Yield and Reaction Time (AC data)

PDU : 450C, 15MPa, Cat 3wt% on mafc
CLB/R : HDAO/R = 50 : 100wWt% on mafc

70 60 o
T g
o 60 ——— 50
3 DISTILLATE | =~ — £
c 50 — - 40 @
§ 40 — 30 o
— [ —— ] -
o cLB ——_ i
S 20 10 &
3 S
o 10 o F

2
- (=]
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Fig. 2-13 Relation between CLB Yield and Residence Time (PDU data)
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(3) it EDOFE
Fig. 2-14 & Fig. 2-15 I E DO C L BINRIZXT 5 EE L2~ T M EDENE L HIT
CL BURIXIBAT 25, AEENRK Twt% on dafc TEFNTAHEANR LGNS,

AC : 450C, 15MPa
Solv/BTM/Coal = 150/100/100 wt% on mafc

50 - 70 &
— @
© 40 60 E
E [~ [ oos 5
e 30 50
5 —1 5
® 20 40 =
z o—r| 9
9 10 = — 30 g
o S —T DISTILLATE w
> 0 pus tHO-HiS=A 20
o & 3
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@
- 0 O
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Fig. 2-14 Relation between CLB Yield and Amount of Catalyst (AC)

B/R 42wt% on mafc

PDU : 450C, 150MPa I
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m I~ DisTilLaTE "
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Fig. 2-15 Relation between CLB Yield and Amount of Catalyst (PDU data)
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(4) RNLVHA I NEOFEE

Fig. 2-16 23— 7 L—T %> TR ML VYA 7K (BR) OCL BIRIZXTS
HEERRIFERETT, RV A 7 AEBOEMIZEL H72>TCL BINRIZEEITH
YEBERBALND, KLY YA 7 VEOCLBIEZIDXTERELTRY, VA
IV N APRBERGEETIZESEINDZ LI > TRELT, CLBIXERZETEHE
SPREFOILICRD 9, HPOHEERIT, T—FZEHREEL, R/NEREICL > TK
DIEEROEEEL YR (R VHF A7V LRNEEOCLBIEDE) %277,

Fig. 2-17 2/ EGRREBZE > TR AV A 74 (BR) OCL BIEITHT
LEBERANIERETRT, A= L—TEROFELFEBIZE b L) VA T NVEOHE
Mz EH72->TCLBREBIBATHIERABLREOND,

Fig. 2-18 IR NRBRE XA vy N 7Tk (PP) THoLBEEZRFLTWS, /NLE
BGRREBIIBITAERSL/MM vy NP5 MIBITAERRTIX., BRERRLY A 71
R b AOHRBH—TIIRL, T—FIXZPDELXRIRLNEB, KRraVHA70
KOEIMIZE 72> TCL BINENSEDTHH@IEFHA LD LN TES,

AC : 440C, 19MPa I
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Fig. 2-16 Relation between CLB Yield and B/R Ratio (AC data)
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Fig. 2-17 Relation between CLB Yield and B/R Ratio (PDU data)
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Fig. 2-19 Relation between CLB Yield and Pressure (AC data)
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Table 3-1 Typical Quality of Victorian Brown Coal

Deposit Yallourn Morwell Loy Yang NY:;E;: lg;

Moisture % 66.6 60.9 62.7 52.9
Ash %db* 1.8 3.2 1.4 4.6
Volatile Matter %db 51.7 49.8 51.4 48.9
Carbon %db 65.9 67.1 68.4 65.8
Hydrogen %db 4.6 4.8 4.9 4.7
Oxygen(by diff) %db 27.0 24.0 24.4 23.8
Sulfur %db 0.24 0.36 0.38 0.64
Nitrogen %db 0.50 0.52 0.50 0.58
Md/kg (net) 6.5 8.5 8.0 10.2

Specific Energy
MJ/kg (Gross) 25.8 27.3 26.6 26.7

*db = dry basis

(by HRL Technology Pty Ltd)

FRBICRISZ, B - @ECKISRBT CELLBROBSMT 57 A M, K&
ERNMESETRELRSE, BEIFORMKREZR/LILLEZDH, b OKIG L Rk

- 67 -




12, ERROL S RERESCUEHODMEIZEL > TZRILRESK, 2 ¥ Ui EEsFRIL
KEFEHTRAREGERT D, BRIZFEFRELUB L TBIZEFENLS VD, BEREK
LLTBE LB LT, ZBLRFRDAKDAERE DL ZL R D, e, BRITKIGESE
e, RIGTIRICEERSBICHEZ 5, Lo TBRIEILRKISTIX, BAR»OESE
MICBEMPERT I RG L ARBBRLICHFELTEEREZEH L TRELIND LD
THEEORICEREZERTOLNERDD LELLND,

Fig. 3-2 IZWBRIRILEUL DETRILICEE T 2 RHEM 2R T, BACFARRE TIX, 8RO
RGBT E 72> T, CLB (A5 420CU LOEEARY) NRITIEEITH
DLTHL, ZHRHE LT, BALHNESZHICHENT S & &bz, ZBLRFERLK,
RACKBVTAELERT D, £O%., BRAICCLBARE L TRILHICEET S Z &2k
D BACHRESEN LTV, 20X 5 2RISR T 2 28RBS IBF IR
BRI TIIRONT, BROEITHR LITBILEE L E 2D 9,

100
3 80
g ¥ £
3 Distillate S
z 60 B
= s ~ 40 =
[¢3] ‘o, [«b]
B 40 s S
E .,.- \._\ %
= . ﬁ.\ 20 =
i A
f 0
0
0 20 40 60 80 100 120

Residence Time [min]

Fig.3-2 Typical CLB and Oil Yield as a Function of Residence Time for
Victorian Brown Coal
Condition : Equipment : Bench Scale Unit, 450°C, 15MPa, Cat. : 3wt% on dafc

3. 3 BREB(LRIEET NV OBE

Fig.3-11IZR LIz &SI, MILRGEBIIBITIAEROBEBREYZE T L. AREL
RIGETFNVOBEICIEL., PRABLRIGHROEOEDITEIONZYTHB EELZLND,

- 68 -



FERET T Vb TIR, PREBIIASNM oy VNP7V NOBEERENPOLV—ANT )
Blaf)n (NEE) 26758y 7 ABMBYFMREDLN DA, MBE S OERIT/NE L
BEOBEII/INESWeY, 77770 -RORIEHRLERRTILNTES, —FH, KHE#H
FREERFROREERELI., BELBEREZZR2BEEEEVRIIZERE L TR?
T5D, BRORIGHELZESICRETSHEIL. TRBRAEIIETAVNERATES, L
TeRoT, FMERET IV MTH, S vy b75 0 M/NERRREER L O T
—RE—VERBELTREZITO ZLENTES,

O FEBIZBIT 3 CNROWEF

INELERRREES M vy b7 T U NTiE, PEAREOICRBT 2HERXLITETS
TEBNRETHLHZ L. BIUOTRBIFERBOENWS 7 /7 e —BIRIGHRLER2ED
b, AR LT ERESTFEEDY I L—Y g VERBRERM - TTFEEH
OONRSFHEZHEE LTz 0, ERITIIBEFIBFTRER 100cc A — 7 L—T %\, FIED
B (7 9 F7ziT 18 4) THRINEE (430CEiT 450C) ETREICHEL., KINEE
BlE%., EBICBER L CTAERYINEERDIZ,

Fig. 3-312 CO+CO2 XK, KINK, #&ft# (Distillate) V=L, &K b LA(CLBUXRIZXIT S
AEBMERICEBEECEELRT, £, R FARBORNRE LT, X¥ U AESBS)
g LR B URESBDIE L HETRT, MBIRNEEE TOREERRZRL (KE
RTIIERDOXSIZ T /id 18 ). RIGEEIZ 430°C & 450°CD 2 KEIT DWW TER
2i{T-7z.

FIBN D RIGRE (430°C £ 7213 450°C) L TORIBDOBE T, BRODERISHEZ Y,
EBRTRES» L —BLRFPLBIKE, KBERT D, £, METRDHIPHEK
ORIGEDIRITLE Y A F LV EDRILART ADERD RbNniz, —BLERE L ZBILRE
DEEFINEITH 12%dafc IZZE L, Fig. 2-1 1R LI X 510, — BB RIBICRSEMET
THERTZ—BLRF+ ZBIERBNRIIZEIZOBRETHIZ 0D, KEBIBZOF
BBRETAERLTNDZ LB3bnd, £, AKREIZONVTH, TOFEBEBTEZINAE
llz, —H. TRNODORSDEREEB LT, A ZURREDRILKENT A DEREZD
2L, KB BHREDORIGEORTERT D Z Lidvbhol,

T, ZORAT, BIEHNRIAEOEEZRL TV, ZHITARKREBREA2ES
LTAZ ) —%2AM L L EDBFBE O, AREDOHEMERIZE VY FHRFIZEY
RENTWRZERTRTEEZONDS, TRbb, ZhODOEANL, KRAROAKMILF
RIS T2 Y, BRI ERRDOFTFNES (Z—F 7D X D REVES TIERW) BEL
Y LTWBLHEIN, AREERETHELLRIZ, BRE2 L LTEH L2217
LOLEXZOND, BREIBRIIBITHAONERL, FERFHEOEME &bz, £OMHEIHME
BNELLRBBEMBROND A, ZHITERPICHVIAENTBRIE B, FROGERL

- 69 -



ELITER SN D EEZ NS,

CLBHE4% (BAN420C LOBEBE ) ITid, ZOBRBTREEOAROEENTE
D, —BLRFEPLZELRFE, KOERE EFEROBEHIE 5 ORISR ~DE Y AL 53 FE5
Eh T, CL BUKL 85~95%dafc DIXE LR LTz,

CO+CO2 YIELD [wt% on mafc]

DISTILLATE YIELD {wt% on mafc]

8S YIELD [wt% on mafc]

HEATING UP TIME vs CO+CO2 YIELzI
{15MPa,CAT.3wt% on mafc as Fe,S/C 2.5)

a
[} T

12.5
4
é_{’d | —=— asoc
2 I
|
AN
11.0
4
2
0 | |
0 5 10 15 20 25 30

HEATING UP TIME [min from 350C]

( HEATING UP TIME vs DISTILLATE YIELD
(15MPa,CAT.3wt% on mafc as Fe,S/C2.5)

-1 Gr
11 ﬁg
-12 4' I —350C
15.0
-13
-14
-1§
-16 / 430C
.17 e
-1
T
-19
P
o} 5 10 15 20 25 30
HEATING UP TIME [min from 350C]
HEATING UP TIME vs BS YIELD
(150Pa,CAT.3wt% on mafc as Fe,S/C2.5)
70
65 57.5
601 -
55 — == —ygec
50 (\ 330C
401 Nso.9
35
30
20
0 5 10 15 20 25 30

HEATING UP TIME [min from 350C)

H20 YIELD {wt% on mafc]

CLB YIELD [wt% on mafc]

Bl YIELD [wt% on mafc]

WEATING UP TIME vs H20 YIELD
(15MPa,CAT 3wt% on malc as Fe,S/C2.5)

16
14
12
8.9
10 430C
L T
. e | = as0C
8 _‘__\_’______(
RZ
4
2
0 +— — + J
0 5 10 15 20 25 30
HEATING UP TIME [min from 350C]
HEATING UP TIME vs CLB YIELD
(15MPa,CAT.3wt% on maic as Fe,S/C 2.5)
130
) ]
120
115
110 96.8
105
100
o S O s et |
85 \—L—\ I et 45|
o To2.0 ]
80 —_— v
0 5 10 15 20 25 30
HEATING UP TIME [min from 350C]
HEATING UP TIME vs Bl YIELD
(15 MPa,CAT.3wit% on mafc as Fe,S/C2.5)
70
65 T
60
[~
had 46.0
50 A2
45 i
40
35 \ =
30 4
e 34.7
a9
20
0 5 10 15 20 25 30

HEATING UP TIME [min from 350C]
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Fig. 3-4 Results of Preheater Simulation Experiments using
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Fig. 3-6 Reaction Scheme proposed by Weller et al.
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d[Br* (arc)]

-(k +k +k k BI * (MAFC
dt (1 2+15+16)[ ¢ )]

w: ky [Br* aarc)] - (ks + kg + k, + k) [BIQMAFC))

@ = k, [BS *(MAFC)|+ k, [BI(MAFC)|+ k,, [BI(RBTM))

+ ky, [BS *(RBTM)) - ( ky + kyy + k,, )[BS]

d[DISTILLATE] _ v

" , [BraFO)]+ k [BS* (MAFC)|+ k, [BI(MAFC)]

+k, [BS]+ k,, [BS * (RBIM)]

d[BS * (MAFC)) _(

" ky +k, +k, + kg )[BS*(MAFC)]

dIBIRBIM)] _ _ (51(RBTM)]

dt 12
d[BS*gt{BTM)] = —(k, +k, )[BS*(RBTM)]
dei20)

dt

d[BI(C1-C4)]
dt

TIT ki D BERICEBORICEEEHR (1=1~18)
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BEZBEHTIZLRTED,

-77 -

= k, [BI(MAFC)) + k,, [BS] + k,; [BI * (MAFC)]+ k,, [BS * (MAFC)]

= ky [BI(MAFC)) + k,, [BS]+ k¢, [BI * (MAFC)]+ k,, [BS * (MAFC)] )

(»



—kl—k _kls_klé 0 0 0 0 0 0 00
k1 —ks—k6—k7-k8 [} 0 0 0 0 0 0
0 k -k -k -k 0 k k k 00

5 10 11 3 12 13
k2 k6 kg 0 k4 0 Ic14 0 0
0 0 0 0 -k -k —k17 —k]8 0 0 00
0 0 0 0 0 -k 0 00
12
0 0 0 0 0 0 —k13—k14 0o 0
k k k 0 k 0 0 00
15 7 11 18
k k k 0 k 0 0 00
L 16 8 10 17 J
[[BI * (MAFC)H]] " ([BI *(MAFC)], - [BI * (MAFC)), )/ =
[BI (MAFC)] (Uﬂ(MHFC)L-—UH(MMFCﬂi)/r
[BS] ([Bs], - [BS], )/«
[DISTILLATE ] ( [DISTILLATE |, - [DISTILLATE |, )/ = @
x |[BS*(M4FC)]| = | ([BS*(MAFC)], - [BS *(MAFC)H], )/ =
[BI(RBTM )] ([BI(RBTM )], - [BI(RBTM)], )/ ¢
[BS * (RBTM )] ([BS *(RBTM )] , - [BS * (RBTM)], )/ =
[H20] ([H20], -[H20], )/~
[C1- 4] ([c1-c4],-[c1-c4], )/~
B RS TREE BRSD BRSO
(RIREEEE) RIS O RISBAO#E

KBT— ¥ 2o TRISEE R BHT I, FRERELHETFEOD LOTHS
B Y RV, AFETE, EPERORTERERERE L TRISHEOBE L3
L. R LHEEOBRESRNCARS &) RRSGEEER LR LS ERE
RET 5.
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Fig. 4-1 Simplified Flow Diagram of Continuous Coal Liquefaction Facility

1:Make-up Tank, 2:Feed Tank, 3:Compressor, 4:Hz Accumulator, 5: Hz Flow Meter, 6:Pressure Regulator,
7:Control Valve, 8:Slurry Pump, 9:Preheater, 10:15t Reactor(R-01), 10:27d Reactor(R-02), 10:3td Reactor(R-03),
11:Reactor Liquid Sampler, 12:Gas Sampler, 13:Sampler for Condensate, 14:Gas Liquid Separator(V-04),
15:Slurry Pump, 16:Gas Recycle Pump, 17:Naphtha Tank, 18:Product Liquid Receiver, 19:Gas Meter, 20:N2

Accumulator
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FRITTER] (BB 0 180~420CHES) BLUME LRSS L TRAIV—L L, BERXFY
—R T TTFRE KIGHER~MGsh3, PRBEFIHCTHEROKRNMZ biv, T
BTHESNHR, SHEFIOZLEAHEERIGSHE~B S, TEDRE - £ - &M
TRIGI®Te%, [IRSBERS THEmED X OkF., —BILRE. —BKRE. 27 vn
b7 FVETORERILKRNTR) LARKICHBEEINDS, LHEBRTAKEEZELXDE
RTIX, VABRKR LV 7TE2HERALTELRIEB AT RAZ I A I VTEHZLICL>TIT-
Tz, ¥z, ZEBIIRGHR I BOLOEES 2HESICLSEELFRRTHY . HERFHE
LHERMAFEEXRERBITo T, MILBMNEEZEDD72DIZ, ERYFOREHAE
SEIFA 7V LT, I —ERICBRICERTHE “FhaVTA 707 BRETIRIZ
X, BONERKEZABIZE > THEL, 420CHLOE S ZERL TR T Y —FRHE~
RELTfT-7z,

AR DI ASTM-D1160 I HEHL L 72 BEEEE % Vv, CL BE % (Coal Liquid
Bottom. #/& 420CLLEDE D). BAIE S (B85 180~420CHDE4) . F7 & (BA
180CEATFDE ). BLUOKDARRSITHBELTz, CLBE#IZ, bty EBrafEo
FHEHISBIEICL D, RUYUAES (BSSH) &XVELRES BI4) KAELRE,

HARGDOIWIEIT v AT A7 a<x v 7T 7 (HIAR AG-1000 TH) ZzAWTA Y
A TRIEL, KFE - —BILRE - ZBBILRE - A5V - F v - Tany - THZ T4
FCTEE L,

BEBHRIZIEA—Z RSV 7O T MY TBRTHILE—T o LRETL—ViRE, BA
It vy 750 NOBREAIZER LT, Table 4-1 [TREBHZRBROMIRERT,
NRERHBREBICRITSBILBR T, FRITFOERIRFT TEHRLILLOEFRER &
L7z, £, BARIOMHIR % Table 4-2 12777,

Table 4-1 Typical Properties of Coals

Elemental Analysis (wt% daf)*D Proximate Analysis (wt%)(2
C H N S O(diff)*® Ash VM Moisture
Morwell coal 69.4 4.8 0.6 0.3 249 2.8 42.5 11.6
Yallourn coal 68.0 46 | 0.5 | 0.2 26.7 1.9 43.5 11.5

(*1) based on dry and ash free basis
(*2) ash, VM : dry basis, Moisture : as recieved (pre-dried under nitrogen flow)
(*3) 0O(diff) =100-(C+H+N+8S)
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Table 4-2 Typical Properties of Solvents (b.p. 180-420°C)

Elemental Analysis (wt%) H/C fa Thso(*2

C H | N | S | O@eD [cl

Run 4 (50t/d Pilot | g71 | g4 | 09 | 02 3.4 115 | 062 | 303
Plant)

Run 7 (50t/d Pilot | o753 | g7 | 06 | 0.1 2.9 124 | 053 | 314
Plant)

(*1) OWif) =100—-(C+H+N+8S)

(*2) temperature at 50vol% boiling point

BACAERBORNRT, ARREBOAD LEHOOHENKOENLRD, KEHEE -
CO+CO2, H20, C1-C4 (A F BT X U ETORIAES R), Distillate (/5 180~
420°CE H O#ALi) . CLB (A 420°CLLEOEEM) o0 T, FRbR B+ 0 &K ER
% (dafc : dry ash free coal basis) 245t & LTEH L,

NEEGRBRERBSU Z AV, RISFHEZEZT 8 4 ROEREIT Tz, RISKMEDE

B % Table 4-3 17577,

Table 4-3 Range of Reaction Conditions on BSU Experiments

Reaction Temperature [*C] 430~450
Reaction Pressure [MPa] 15~20
Actual Residence Time [min] 24~242
Solvent/Coal Ratio [-] 2.1~2.8
Bottom Recycle Ratio [%dafc] 3~96

Catalyst (amount [%dafc as Fel)

Iron Oxide (1.5~6)

Gas Feed Rate [Nm3/kg-slurry]

0.3~1.5

i, B2ETRANRRICEEICEE T 2R FO#H%Z Table 4-4 (12777,

Table 4-4 Range of Reaction Parameters on BSU Experiments

H/C Ratio of Coal [-] 0.80~0.85
O/C Ratio of Coal [] 0.27~0.33
Catalyst Conc. in Liquid Phase [wt%)] 0.4~2.7
H/C Ratio of Recycle Bottom [-] 0.85~1.05
Hydrogen Partial Pressure [MPal 10~15
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QO RISEEEROEHER

BACROCTRIZRIT 5 RIGEER, Fig. 39 IR TRISETMIZESWTHE L, T4
bbb, FERASHED (RISHBAR) TRIT2MEREERANGRD, ZRE2RGEDOA DM
e Uiz, RIZRIGEEZ{RE L TRERSETIT TNV OYE RIS b RIS AHEL
EENT D, BERONROERME L HEMFDOELRD, TORENE/NLRIRCHEES
R EECHEER (LRVE) 2o TKDZ,

ZOHEEE ST, Fig. 3-9 ORIEE TH 5 ki~kis T TOFEMILT R XF—DBEH#E
B % Table 4-5 IZ7"F,

Table 4-5 Activation Energies for Brown Coal Liquefaction Reaction

Reaction Activation Enerey
ki BI*(MAFC) — BI(MAFC) 30.4
ke BI*(MAFC) — Distillate 33.6
ks BS*(MAFC) — BS 31.8
ks BS*(MAFC) — Distillate 34.2
ks BI(MAFC) — BS 22.8
ke BI(MAFC) — Distillate 32.6
k7 BIMMAFC) — H20 22.0
ks BI(MAFC) — C1-C4 50.6
kg BS — Distillate 32.5
kio BS — C1-C4 50.0
ki BS — H20 23.6
kiz BI(RBTM) — BS 26.3
kis BS*(RBTM) — BS 27.5
k14 BS*(RBTM) — Distillate 31.1
kis BI*(MAFC) — H20 22.8
ks BI*(MAFC) — C1-C4 50.0
k17 BS*(MAFC) — C1-C4 50.0
kis BS*(MAFC) — H20 22.8

Kz, ORITRT IO, REEEERIIB I 2HERFOFRIRINEECEELY 52
ZRTFICEABMERLE VAL, EREENDL., ThENORK L BEERT2RDE,
DFER % Table 4-6 IZ7RT,
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Coal 5 1\ ( Coat 0/ ( car & ( Briwrc\% ( pr2\E ( PH2PH20) Ei
ki = od” exp| - — | (1)
0.83 0.30 2.0 1.0 120 10 RT
TIT. ki RISEEER. of HERF. Ei: EHEb=z¥F—,
Coal H/C : FIRD HIC. Coal O/C: BFRD OIC. CAT: it

BTMH/C: V%A ZLVR NAD HIC, PH2: KEDE.
PH2/PH20 : KFEFEEKDFEDHK

QRIBNT, ERFOEEZERK TR LEZEERZ NN A—FIZAWTWAR, ZhbiddE

MEEELFHBIZRBIT AHBELEDREL /N ELTIHLDIZERFOELEN TN DEY
ETHELLIZLDTH D,
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Fig. 4-2 Comparison of Calculated Yield and Experimental Yield
(PDU data)

L= (Distillate), CL BINE L HICKRME L HBEMEIIBF2—FKEZRL, 22T
BFF LIBRBICKSET NV ERICEERBNERZY THDIZ LERLTNWD LELDN
Too RALKRT AREBL L UAKRRIZONTIE, TEES/NS SHBETIRRVWA, Zhbd
bt ERETHELEZLND 9,

- 89 —



CLBIXERDOHRTHSB IINE L B SIRIZTOWT, FHEE & EREOLE S Fig. 4-3
IR T, ZHHDIREIZONTY, BEFREERESEL LN TEL,

70 - ! 60 1
60 —~ 30 ‘ :
Iy 19 |
= s0 } = A0F—
E a0 — g 30— N |
£ :
g 5 8 20
C.' 30 RS/ L ‘
2. ol LB a 10 g 8o
¥ 20 8 & [
T t0f- 3 a0l b P
£ oo A
@ .10 ; @ 30 :
20 | | 1 40 N

-20-10 0 10 20 30 40 50 60 70
BI Yield (calculated) [%]

-40-30-20-10 0 10 20 30 40 50 60
BS Yield (calculated) [%]

Fig. 4-3 Comparison of Calculated Yield and Experimental Yield
(PDU data)

INHDOREROERE L FHEMITOWT, HERELZRIT i, MERKLEREE
REZRDIZHER % Table 4-7 127,

Table 4-7 Accuracy of Estimation of Liquefaction Yields (PDU data)

BI BS Distillate C1-C4 H:0
Correlation Coefficient 0.82 0.94 0.91 0.77 0.74
Standard Error 3.8 3.3 4.4 1.9 2.1

B I{{#E, BSNERIVCHIHNKROMBERKIIEH, ELFEEREVHMETE L
XNVZH D, e, RICKEN ZPR L AKNROMEBEFEITOCENA, FEREL LT
BMRTED VN Lxole, UEORERNL, NEGRRERICRBITS, BRRILK
JEDNRGHHRIAFESTSICERTE L Z b oz,

4. 2 REREERDO A vy b 75 h~OERARER

@ A my b7T U M LBRIEAR

BREIEASA vy NPT U (AROUEE S0 2 /B) ORKBILIEDZ v—% Fig.
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Fig. 4-4 Simplified Flow Diagram of Liquefaction Section in Pilot Plant
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oS vy NPT NTIE, WESHEEETI2DITEERER9 1 S0WEIN DR
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53 5 HF D% % Table 4-9 12777,

Table 4-8 Range of Reaction Conditions on Pilot Plant Experiments

Reaction Temperature [C] 432~451
Reaction Pressure [MPa] 16~21
Actual Residence Time [min] 30~62
Solvent/Coal Ratio [-] 2~3

Bottom Recycle Ratio [%dafc] 23~107
Catalyst (amount [%dafc as Fel) Iron Oxide (1.3~3.3)
Gas Feed Rate [Nm3/kg-slurry] 0.50~0.79
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Table 4-9 Range of Reaction Parameters on Pilot Plant Experiments

H/C Ratio of Coal [-] 0.78~0.95
O/C Ratio of Coal [] 0.23~0.33
Catalyst Conc. in Liquid Phase [wt%)] 0.8~5.2
H/C Ratio of Recycle Bottom [-] 0.84~0.94
Hydrogen Partial Pressure [MPal 12~17

@ WALWNER A OHEME & ERED B

KiZ, ZZTRODEKGEEERIZOWT, RIEBORT—LVT v FICEATESNE
IMELMT DD, N evy VTV NOEBRESMHE LROCEEHRBEFELE-
TR ey VP53V NORESFHERD, "M oy N5 MOBGRFER LUK L, £
DFER % Fig. 4-5 12777,
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Fig. 4-5 Comparison of Calculated Yield and Experimental Yield (PP data)
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Fig. 4-6 Comparison of Calculated Yield and Experimental Yield (PP data)
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INOOREOWERME L EANEIZOWT, HEREZRNT 20T, HEARK L EE
REZROIFERE Table 4-10 IR 7,

1]

Table 4-10 Accuracy of Estimation of Liquefaction Yields (PP data)

BI BS Distillate Ci1-C4 H20
Correlation Coefficient 0.77 0.87 0.85 0.84 0.05
Standard Error 3.7 3.7 5.1 1.0 1.8

B IR, B SR, BILHNERLLORIEAKEST ARKROMHBHEKITE . EEE
BELWETED L INCHD, £, KNKROHBIBREITEND, ZHIZEBMB R
HThHY), BEREL LTI TOMETEDI LNV LR T, UEOKERPL, KL
RIEETFNERIGEEREHFEICEY, M ey bS5V MNREEE TR — ATy P LT
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INLOEREEZLLIC. BBOBERTToCEREBLZEHL. HEXFE2TV. LT
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5. 3 ARBILBERRORE

A v RR T ORKRER% Table 5-1 1277, A ¥ FRU 7 ORREREITK 2708
(HROFEREROK 2.7%) EEZ LN TREY, 20 60%LL LIZBRICHBE I N DKM
RAELED, BERHMTTORERY, BESNLABRIERSIALTWEDLATHS, 1V
FR T 7EML. FAEEOEWETRZEICOVWTIREHICED L, EROBROER
FEREA YY)V  BREOEHZEABRBCEHR L TEEOZRIAXF L LTHIALEWEE
2 T3,

Table 5-1 Coal Reserves in Indonesia

(Unit : million tons)

Anthracite Bituminous | Sub-bituminous | Brown Coal Total
Sumatra 14 158 4,584 16,924 21,681
Kalimantan 1,632 3,077 4,709
Java 15 12 27
Sulawesi 90 90
Irian Jaya 1 3 4
Total 14 1,807 7,751 16,939 26,511
Ratio [%] 0.1 6.8 29.2 63.9 100

(source : ref.4)

BEDE A4 v RRVTEHOBE L LTOME & AREROERE - THEHEEE
BLT, AF7EDPD2KE (NVaR, FzVUTA4R), Y~ F U EBD 3RE
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(THEBR, Wo—IVR, 7IVR) ZERBRICREL. ARV TIAEZAFLTRZY
—= U IRBRE T oz, ZZTHEALEAROMERE Table 5-2 12R7T, ZhbDARIT.
WTNHERICEFERER» SBRICHQEINIFRTH Y., A ¥ FR T TRITHERNE
BLTRONDIKIKS - BRESOREERELTVS, NVaReF = LT 4 RITKS
DEEENEL ., BEITIEE WD, BEEMICIIFEESh TR,

Table 5-2 Proximate and Ultimate Analyses of Indonesian Coals

Proximate Analysis [wt%] Ultimate Analysis [wt%, daf] Atomic ratio

Coal ;

e | @ | @ | C | R[N | S |y | WO o0
Banko 35.7 2.8 55.1 73.2 5.6 1.1 0.4 19.7 0.92 0.20
Cerenti 52.7 6.4 53.8 67.2 4.9 0.9 0.2 26.8 0.88 0.30
Adaro 25.0 1.4 46.7 73.6 5.2 1.0 0.1 20.1 0.84 0.21
Pasir 16.0 1.0 46.6 74.2 5.1 1.4 0.1 19.2 0.83 0.19
Berau 23.5 6.4 46.6 72.0 4.9 1.6 0.6 20.9 0.82 0.22

Note : ar : as received, db : dry basis, daf : dry and ash free basis,
diff. : 100-(C+H+N+8)

INLDAEREEN, MEOA— N7 L—T%E (NEE05 Y v bV) ZRAVWTKRILA
7)== TBBRET oI L T ORIES&M% Table 5-3 17T, ZOEKBIEIAREAROSL
— F7 L—T7T, KROFHESL 10MPa, KINEEZ 450°C., RICFH%Z 60 2IIREL
7o, FIRNREBIZRIT HKREITAK (B - EIKIR) HT2h 38wt% &2 0, HRILKIETH
BINDKREICRHLUTKBERERDZLIICREL TS, SEITIX 1 37 a0V UTICH
FeLTogkgiA (Fex03) %, BENZIZT MoV EERWE,

Table 5-3 Reaction Conditions of Coal Liquefaction Screening Test

Reaction Temperature [C] 450

Initial Pressure [MPal 10
Reaction Pressure [MPa] 21-24
Reaction Time [min] 60
Hydrogen Charged [wt%, daf] 38
Catalyst Iron Oxide (Fe203)
Amount of Catalyst Charged [wt%, as Fe] 7

Sulfur [S/Fe atomic ratio] 1

Solvent Anthracene Oil
Solvent/Coal Ratio (S/C) 1.5
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o DRBRFER % Table 5-4 (Z/R73”

Table 5-4 Results of Coal Liquefaction Screening Test
(Unit : wt% daf)

| Hydrocarbon
AH: COx y Water Oil Asphaltene | Residue
Gases
Banko 8.3 4.3 10.4 18.9 72.2 2.5 0.0
Cerenti 8.4 7.4 9.9 24.6 63.8 2.7 0.0
Adaro 7.3 5.5 11.1 16.3 63.5 10.9 0.0
Pasir 8.1 3.0 10.8 18.7 63.2 12.4 0.0
Berau 5.7 4.4 13.5 18.4 64.1 5.3 0.0

Note : AH:: Hydrogen consumption, COx : Carbon mono-oxide and carbon di-oxide
Hydrocarbon Gases : C1-C4 gases, Oil : Hexane soluble materials
Asphaltene : Hexane insoluble and toluene soluble materials

Residue : Toluene insoluble materials

BACHINE (ZZ TR, ~F Y UABESOWELEER L) TTRTOHERIZOVT 60%
EFEIATEBY., AV RV TRIIEWVRILFEEEZE T2 LB8bh o7 (BNEROBE
XRI—& M TIRAILHINERIL 56%), & <IT. N aROBILHNEITE L, 712.2% %R LTz,
ARICEPMESBREFEOENT = LT 4 RIZONWTIE, CO+COz PRRLAKUNE 23 H
<, WIENEEFEDD EpOIIFELL RN, 2, ZZTRALEKERET TR, 7
Fufg, NR—ViR, 777 ROBICHNEZIF =LV T A REFBE RS, Zh
BORRIZOVTIRT AT 7 LT VINEREWED, ZINLERERB~VFAI70THZ
CIE - THRILHNEEZFIZED OB FAIEEIEIE-> TS, WThORKROHE L. &
# (Residue : Toluene Insoluble) DAFKIIRD LT, BORIGEEZE TS,

PLEDHILEEHIZETARBRER. RONICA v R TEFS AV 2RO L 512K
BEL, BRABEOBRWVERMROFEDERDOFEZER L TWARRN S, SEIOARIK
ICEECFTREMRECRBRE LTV I REEE LT,

5. 4 BRI ot 20ORE
INEGERRERSLT — N V- TEBERHE > TV I ROBMRIBILRREZITV., 8B
SO MNELH MRS T OB LR L, ThOoDFERE D LT, RIGHE
Vialb—varyru ARl uAVIalb—varyFu s AT, Fig. 531
FTBCLZ7a8ERITONT, BERT vt RDBRIERGERFD L & ORILIHIESYF,
BIAMERE Rk DTz,
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Fig. 5-3 Process Flow Diagram of Brown Coal Liquefaction (BCL) Process

ZZTRDZBCL 7 vt 2 0EESRM L IRILINE#EE % . Table 5-5 3 X U Table 5-6 |2
AT, . BGEILEOEIRZ Table 5-7 1257,

Table 5-5 Process Conditions for Banko Coal Liquefaction
Process Unit Process Conditions BCL process

Reaction Temperature 450°C
Reaction Pressure 15 MPa

Primary Reaction Time 65 min.

Hydrogenation Catalyst Limonite 0.6wt% as Fe
SolventV/Coal Ratio 2.0 wt/wt
Bottom Recycle Ratio 80 wt% on dafc
Reaction Temperature 1st 320°C.2nd 360°C

Inline Hydrotreating Reaction Pressure 15 MPa
LHSV 0.5 hr! in total
Settling Temperature 270C

Solvent Settling Pressure 3.5 MPa

De-ashing Solvent for Deashing Naphtha
Ash in Settler Ovew-flow 2000 ppm in DAO
CLB Extraction Ratio 88 wt%

Note : 1) Bottom Fraction Included
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Table 5-6 Process Yield Structure for Banko Coal Liquefaction

(Unit : wt% daf)

Hydrocarbon Light Middle
COxV Water ) . CLBY AHg®
Gases? 0il® 0il¥
Hydr
?’ ° . 6.22 13.20 13.03 25.87 38.78 8.06 -5.16
Liquefaction
Inli
Tne 0.57 0.40 214 | 1087 | -12.06 0 -1.92
Hydrotreatment
Total 6.79 13.60 15.17 36.74 26.72 8.06 -7.08

Note : 1) COx : CO+CO:, 2) C1-C4 Hydrocarbon Gases,

3) Light Qil : C5 Hydrocarbons — 220°C (boiling point)
4) Middle Oil : 220 — 420°C (boiling point)
5) CLB : Coal Liquid Bottom (420°C+ boiling point)

6) AHg: Hydrogen Consumption

Table 5-7 Typical Quality of Product Oils

Process BCL process
Feed Coal Banko Coal
0Oil Type Hydrotreated Oil
Fraction C5-420°C (mainly C5-350°C)
Density glce 0.90
Ultimate Analysis wt%

C 87.5

H 12.1

N 100ppm

S 10ppm

O (diff.) 0.4
H/C Atomic Ratio 1.67
fa (Carbon Aromaticity) 0.32
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st W > | Uity Fiites Waste Water [ Biow Donn
- - > Boiler/Power 12,084t/d to Enim Rivr
000t/ 15,120t/d
115,680t/d (323MWh/h) Lol
235t/d | —7 | (TI6MAWVK) | Ay 303g
2428t/d 5,400t/d

Fig. 5-7 Overall Material Balance of 30,000t/d Commercial Plant
Note : Upper figure : hydrogen by natural gas steam reforming
Lower figure : hydrogen by coal gasification

5. 7 ARILTZ v FEREOEL

ERTHEONE T et AP ERKE D L2, LERBEBRORE - BEERTV. ®ILTZ
VN ORBRREE RO, 30,000t/d HAE (EK - BKREEOKLEEHIFELIL S HKE)
DFEETTV FORBREIZ, KRBT AOKEIKEEERE > TAZE2HETI2HER
40.7 B RV (K7 4,884 (BM) . ARV AMLIETKRERET HHE1L52.4 8 ML (76,288
BH) &5,

Table 5-8 Construction Costs of Coal Liquefaction Plant in Indonesia

Process BCL Process BCL Process
(hydrogen from natural gas) (hydrogen from coal)

Hydrogen Source Natural Gas Steam Reforming Banko Coal Gasification
30,000t/d Plant 4,073 Million $ 5,239 Million $

T, W7 P CHRIESNZREMI, WL T b bF U —THMTE 55
METHETAILENDY, FOBXEELZRLTFOB (Fee on Board) flilg%EHY
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(Scolpe of Transportation and Shipping Terminaﬂ

hal}

‘ Tankers

: Booster Station : I A

: - " ——
‘;ﬁﬁﬂhipping Terminal

Liquefaction Plant Pipeline

Fig.5-8 Procedure of Transporting Product Oil for Delivery

5. 8 ARIILT T v s DB

MESITIZ, REID7 v P/ bORBHEZFMT D OIHZE STV HSEER
2% (Discounted Cash Flow ) 2R L, —E D CEAFIIEE (ROE=IRR on Equity)
Db ET, BEHEBRYVICTANEEZEE LZLEDF Yy aT7n— L HEEEN KT
DA mERIRFEME 2RO, Thobb, TRICFTOXREFHE T 2Kk TE Mm%
RDDZEITRD,

n (B514FI% + MIBEAIR), — RESBASEE, JACER 0

z (1+r)t t=1(1+’")t
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(»

=77 L. t . EEEILORBESF
r : E5[=E

¥, BRSSP THEShIBILBIIBERES2EHLE LTRY., BEOK
HEHBLTH Y Y Lo S AIREOE WVEYDEREED B LN TES, 2
T, B L BCHOBESERELRLT, MIMEEOEZ FmRBERKL L, LROHE
TELNERILBIREMEE Z ORRTRT Z LItk o CRIMEEOZ S HETS Z LI
L7z®, ZZTi, ZOREY L3ICRE LK,
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Table 5-9 Key Assumptions for Financial Analysis

Plant Capacity 30,000 t/d-dafc Return on Equity (ROE) 10.0%/year
Price Settled Year 1998 Company Income Tax Rate 30.0%/year
Plant Site Tanjung Agung Location Factor? (Japan) 100.0

Feed Coal Banko Coal Location Factor? (Australia) 97.5

Coal Price 15.22 US$/t-dc Location Factor? (Indonesia) 84.2
Natural Gas Price 0.0734 US$/Nm? LongTerm Interest Rate 7.0%/year
Plant Construction 4years ShortTerm Interest Rate 5.0%/year
Operation Period 25years General Inflation Rate 3.5%/year
Operation Days 310days/year Feed Coal Price Escalation 4.0%l/year
Crude Oil Equ. Factor 1.30 Liquefied Oil Price Escalation 5.0%/year
Exchange Rate 1US$=¥135 Natural Gas Price Escalation 5.0%/year
Exchange Rate 1US$=Rp.2,200 Construction Cost Escalation 4.2%lyear
Equity Ratio 25% Labor Wage Escalation 4.5%/year

Note : 1) for construction cost estimates

LEROFETEH Liik{bmfig % Fig. 59 12577, BILRGICHERARIL, RAY
AKBERUEBEEZBRA LB A L BRI AMCEERA L ZHEICOWTRFA L TWS,
o, AR AMEImeRE LTTFF Y CkE), Frvrve—&E (BE), N1 a—
% (BZ) O 3IBEITOWTHRE LTz, 2007 2L 7 MEEREBBL T, 2011 5
DIRILT T MEBRETH L RAT AKERKEETKEZ ]S L2BEE13 2011 Fi2k
T DA ORI B X 18.6US$/bbl, NA 2 —VHRT AMEETARLZBE LIRS
1% 17.8US$/bbl L7257z, Table 5-8 IR Lz X 9T, ARV AMEETARZR]E L HEE
X, RAT AKBERUREEDORE LUB L TERESE L RDMN, RKAT A & A Kl
BIZERDDZ b, ARTAMUKRHEEERALILEBRILT 7 b OREERR
723,

T, SEEOARIT AL v ADREK T, N a—iElt 7L rrye—ERIRER
FRECME LTI L, TF Y aETIINRERELS R >TWS, THiTHT AL
FICEREZHBT BRI, " a—NEL 7Ly 7 e —EREREREEZEBLTHWSO
XL, 7F S aERRAT Y —HBEEEALTWA Z LITERL, NraRok ik
SGOZNMERMREFESIFEICIE. AZV—REZEDDIIENELVWIE, BIU, £
NZER L TENERRTT 52 LEXONT,
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IEA : Prospect of Crude Qil Price, World Enerey Outlook (1998 Edition}

Fig. 59 Selling Price of Product Oil

Fig. 5-9 1213 ] E ADRMBMEHROFRFRZHETRT 0, IEADRBL TIE, 2010
EEZRIAHOAREREONEERZRB IR T I Lnd, HRAMICEHERIINT S
A4 MEBBEMT S LEZX TR, ABER L ENZESRTAHTERTELEZL TN,
LizA->T, 2010 EEICHERKIL T T v M 2BEITE L HROTXAVLX —FRHR OB
KEBRTE2 L biz, FEOREED O BRRKILT T v MI+DITERILT D RIEMS
HHLEZOLND,

5. 9 FRIEILT vt ROBE)E

FIRIBIL 7 v 2 R OBNFITARBILEXZORFHRICHEELE X 204267, EE,
EIREASNTWEREBTAPHEICLEELEXIEELRMETHS, BCLTat
A DESNE L REEH APEH B % Table 5-10 IZRY, b7 et R CHEATIAROHES
BIZLoTINSLDEITERZE, ZRNF—FRE LT 65%U LZERTHI LN TE
5RAHTHD,
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Table 5-10 Comparison of Energy Efficiency and
Geen House Gas Emissions

Process BCL Process BCL Process
(Hydrogen from natural gas) (Hydrogen from coal)

Feed Coal Banko Coal Banko Coal

H: Source Natural Gas Banko Coal

Energy Efficiency 68.0% 65.7%

g-CO2/MdJ-Product 57.6 75.3

AIROEERICE (FRPO—E, T AL 8E L, Fishcher-Tropsch RIGIZL > T
EREE DL BHEE) TIEXTRIAX—FEIL 40~50% L SNTRY, FNLEETDH LB
CL7ut 2D L5 REFRICEIENZRNX —IERFELN, ZRXNVF—ERIZHED
REET APEHEOIRNZ G ERTE I LEX LD,

5. 10 £»
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RIGBOBEDE WA — VT v 7REORLBLETH Y, A TIIRGHNICBIT
ZHBEAZEBOIEE L ZICE S EEMRBILREOFMEEZITS Z LIk V. RENR
R —=)VT v PTEEORNIIEDTER, Z0X I RFELES S RICEEMRTIZ. 20
BHEIPDL, ZRNETEEAETORNTELT, BFRIEIAT—NAVT v 7Y 27 2EBT
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T&hEEXLD,

[ZE3CE]
1) Yanai, S., Watanabe, T., Tamura, M., and Shimasaki, K., 17th Annual International
Pittsburgh Coal Conference Proceedings, (2000)
2) Yanai, S., Watanabe, T., Tamura, M., and Shimasaki, K., Proceeding of the 9th
Japan/Australia Joint Technical Meeting on Coal, (1999)
3) RANR—. EFER., BIFER. BAZNRRES ARABKNE 148 Z8% £ 73
[EBFZE=. 18 (1999)

4) International Energy Agency Coal Research, Indonesian Coal Prospects to 2010, 10
(1994)
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