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i kKS K M f & ###%

1.1

^#CSD/:#A^KE'#{4:^K^'#-e*6o $/:, m@,

B8%52#%"e'(±##^#(7)^v^#^:(7)#ai##^%m#(D##^%^7)4:t^ 2: <b ^ CK5(7)1##

T^^lx-y(D##(:j:0, #A^Z

6@,

BS#53#^mi$(i/^m^- k ^ ix-7i: z6##(±mm#(7)%^7KKm^m^^#L"cmA/:^, 

;8#54#mc^w-c(±/wmm^7K^#mm[:#g em;t, mmu, k,

iB#7F ^^T" U/bo

v-^K#(b L-cM#^

#^#^30^, 7K#E150kg/c^, KS^400-420rT^-20B$^(D#^m^^e^/:o

^E#Mtiw@#^10^, 7t#±250kg/cnl #P)

K Z:^ ^ # #J^3& K /J^MK5# C Z 6 &##^E <b kb#Wt L ^ o

at,

Bg#59#^l:^v^TU,

4:5%# & 31 # a% # mf wj ^ L -c t & v ^ ^ ^ ^ m o im L 7b#fr# A5%#m%



^7c, H^R^ZC/YallournR (^-Wb^UT#, #;j%) ^rK#^L,

^j(OTh7v6#%m

$}<T)®J$c £r^I'f L- fzo CL fl C> GO|pJfc^r, #7? Ff$# L- ti##Fbp<i i5 X U* Forestburg pcOllgln* FF,

Yalloumj^F^v^-CdT b

7 V >(7)ftt)i9 j:C^T7 b V

v', ^ mm * 6 v ^w, ^ Fi: ^ t ^ m%r (D Ks## ^ F ^ v ^-c #

V'Tm#fW-f#&E'&fTV\ ^(7)^(:"3V^T##^ADA, ^FFlfVv>,

> F#f & #^#^zg(DF c v ^ T## L, ^ 6 <DKlZ^ 6

l^<7)^@AF-3W-r##L/:o

1.2 # #

1.2.1

1.2. i.i K#^zcb#m

IlGOrneshmTC, Yallourn^tilOO mesh i^T

F##^#, 110r-e^^^#L^^(^-r^)6o MbK)Z'M&#FLT#ML^#7M(±100 mesh FIT F

fL# 1 — 1 # j: Cf# 1 — 2 (:^:L/:o

#i-i (WJ) (o^m#

C H N S O ( diff. ) Ash
( wt%,daf) ( wt%,dry base )

Miike 83. 82 6.17 1. 14 2.33 6.54 8.83
Yallourn 67. 23 4.34 0. 95 0. 24 27.24 0. 60
Taiheiyo 76.43 6.27 1.36 0. 24 15.70 11.95
Forestburq 72. 99 4.78 1.63 0.55 20.05 10.91

Washing oil 90. 28 6.82 0.81 0.23 1.86 0.0

#1-2

Component

—

wt %

Decrement 11. 9
Re, Os 47.7
AF 0, 20.5
SiO, 14.2
TiOs 2.8
CaO 0.6
C 2.6
P 0.1
s not detected

3



±^^##M±t7^ U>joZ^f ^7 V Z/T&c^o ^/:%WA(7)#A230-280r^^^#^J^ LT#m 

L^c e^j3zcfma#^7c#^##^mic^L^o 

1. 2 . 1. 2 ms, j:

zK#mi±85kg/

cnfG, K0i&g44Or^Z^mjZ#^3O^-4B#^6O^#T^^y:o

/:(7)-S, %7V-#A5%#H±#ACZ0%@(b^#:A

#@^iS330r (2torr)

#^Am#(bSRC^LTe^^;t#:L/:o ^^AmyACov^TUOV-101^7 

7^i-l:7V-^7A (0.25mm^, 50m) e#^#XfU-7b7"77l:ZcTa^#Mfc/2o "E" 

<^)#, l:#S#L7U2:j3i3-C&&o

1 . 2 . 1 . 3

2. l. 2#%A^^A^c-e&0,

MB^m440r, 7K#%E85kg/WG^Z^%#^l. S^^^^T-eTbvbV^^m^^J^L 

T 7 V -#Abj^#^G(± 1.2.1

tz0

1.2.2 jSiH^ISfiL tu X & m Si

1 . 2 . 2 . 1
K#R(il2^ vi>^mTre#L, m#^mT"e%#L/:#, #ayA (b. P. 224°C-281°C) ^

^^##^Jbb(±l : 2&L/:c K#

Ash (%) Ultimate Analysis (°A), dal coal base )
C H N S

14.84 76.87 6.37 1.32 0.29

m#L/:7 V -1#WAZ^b;p%->L-C^A6^77V-4]^Ernm#!t(i 

34.6%T^0, yM^bb&at^Lv^ IS.S^T&^o

4



[ f-
10

1 . 2 . 2 . 2

1) H 2 2 ) H2 suction vessel 3) compressor

4) H2 discharge :/essel 5 ) washing oil tank

6) slurry tank 7 ) recycling pump

8) feed pump 9) reactor 10) condenser

11) gas-slurry separator 12) slurry tank

13) gas-oil separator 14 ) oil tank

15) gasmeter

[g i - i v a - ia

WJftr?' 7 V ^ COjXX JE ii gf Sfi! t-firiX A. fz 7 y 'J ~ bWtPPfz0 XlD 7 y ]) — ii, X y ]) —

Am&KL, LT#mL/:o

KE^^m@2.54crn, &$280m(D#:#T, #X

5



1 . 2 . 2 . 3 KE'X 7 V -

V 1-2 ^TFL/Jo

Slurry
*Soxhlet extraction with n —hexane (24h) 

residue

i
Soxhlet extraction with benzene (24h) ------------------

residue extract

Soxhlet extraction with pyridine (48h) -----------------

I residue extract

4
drying--------------------------------► C-------------------------------

Pi

-►vacuum distillation (2torr.N 2 .up to 290 °C ) --------------------------->Cvr

distilled oil residue

atmospheric distillation 

^centrifuge with washing oil 

| residue

4
washing with toluene 

residue

4
j drying ►CVV:,,

^ filtration

liquid

4
vacuum distillation -------------- * SRC

-► drying

drvint

Chi

”^Cbi

residue

[gl-2

tf V v > 2^■^§•55'C) 1]X^ ( daf coal base ) 7C 0

Cpi = ( Font / Fin ) ■ fpi-fcoal * A/ fcoal ( 1 - A) ( 1 )

(Font/Fin) fpi(±,

6



(cdu , (chu

d'C (1)

m##a^:T2torr-e29or (mam.) ±-Mfv\

L X teS L, daf coal ISif/OiR^ ( Cvr ) lr (1) yt F fs] fS M It titi L /d c 'MEE^Hr 'C O @3 (ti '/fi ii dh S

g##EE

(Cwpi)

(hL-C (1) KE'%

7 (m#5#5 A) c, sRc 2:L-c^#L^#L/:o sRc (D

H, N(±, #^CHN3-fMT-3m^mv\ S^Leco^r^L/Zo

iH-NMR%/<ZHhl±, B^mf#FX-100M (99

.6 MHZ) &Mv'KL/:o 

1. 2 . 2 . 4 ##^1^

^ 1 “ 4 E 4r Tpc L tz 0

mi-4 #m#e, z

Run number 25-1 25-4 25-7 24-1 24-4 24-8 24-13 24-16 25-10 25-14

Experimental conditions
Temperature CC) 350 350 350 375 375 375 400 400 425 425
Pressure (MPa) 14.8 14.8 14.8 14.8 14.8 14.8 14.8 14.8 14.8 14.8
Hi feed rate (m3/ h ) 2.09 2.12 2.16 2,12 2.22 2.16 2.15 2.00 2.09 2.07
Slurry rate (kg/h) 1. 15 2.36 3.94 2.61 4.16 8. 42 4. 11 7.96 3.95 7.53
r (min) 47.0 20.2 10.5 ' 15.8 9.0 4.0 10.2 4.8 5.9 1.9

Concentration of insoluble matter
Slurry out/in ( —) 1.03 1.00 0. 99 1.01 1.01 0.97 0. 97 0. 97 0.94 0.98
Cpi (daf base) 0.34 0. 50 0. 59 0. 37 0.47 0.51 0.31 0. 38 0. 17 0. 39
Cbi (daf base) 0.66 0.77 0.83 0. 68 0.75 0. 74 0.58 0.65 0.49 0. 69
Chi (daf base) 0.77 0.84 0.90 0. 78 0. 85 0.84 0. 71 0.81 0.62 0.82

Temperature distribution
Length * (cm) Temperature (°C)

26 324 319 240 322 279 100 332 79 338 127
41 348 325 318 338 307 155 357 136 360 197
62 345 341 333 352 329 262 379 243 383 289
84 346 345 340 364 353 329 392 381 396 322

105 346 349 346 371 369 359 396 395 407 328
129 345 350 347 373 373 371 398 399 411 410

152 347 350 352 375 379 379 400 401 418 396
175 348 350 352 375 376 380 401 401 423 406
197 342 342 344 373 370 376 402 400 424 426
218 339 342 342 371 369 375 402 400 423 428
240 341 342 344 369 369 376 401 400 413 422
255 340 341 343 368 367 375 391 391 398 406

* reactor length from bottom

7
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^1-5

zK#%S:85kg/cnfG, T h 7 V = 3 )

Reaction Time (hr) 0,5 1 1.5 2 4

Conversion (wt%, daf) 86.7 93.5 97.8 97.8 100.0
Products (wt%, daf)

Gas 6.0 8.0 9.4 10.2 13.9
Oil 27.5 34.3 40.5 38.9 51. 5
SRC 48.0 45.6 45.3 42.0 32.4
Others 5.2 5.6 2.8 6.6 2.2

H/C of SRC 1.04 0. 97 0.95 0.92 0.89
fab) of SRC 0.60 0.65 0.66 0. 70 0.73
Hau/Cac) of SRC 0. 79 0. 78 0.77 0.78 0.76

Hz Consumption (wt%, daf) 1.6 2.0 2.2 2.3 3.0

Composition of Oil (wt%)
Light Hydrocarbon 0.11 0. 37 0.38 0.30 0.98
C„ —Hydrocarbons 0.28 0.41 0.47 0.50 0.94
Phenol 0.12 0.16 0.18 0.18 0.21
0 — Cresol 0. 07 0.10 0.10 0.10 0.12
m, p — Cresol 0. 15 0.19 0.22 0.24 0.28

Indane 0.06 0. 09 0. 11 0.13 0.25
n — Butylbenzene 0.99 1.62 2.20 2.54 4.22
trans — Decalin 0.06 0.08 0. 09 0.10 0.16
cis —Decalin 0.09 0.09 0. 08 0. 07 0.07
1 — Methylindane 1.95 3.13 4.23 4.94 8.72

C@ —Phenols 0.24 0.29 0.32 0.32 0.40
Tetralin 81.84 78. 20 75.28 73.13 63.50
Naphthalene 10.69 11.67 12. 73 12.81 14.23
Cs —Phenols 0.19 0.22 0.22 0.25 0. 27
Methyltetralins 0. 36 0.39 0.41 0.48 0.63

Dimethylindanes 0.15 0.13 0.13 0. 14 0. 17
2 — Methylnaphthalene 0.18 0.18 0.20 0.23 0.29
1 — Methydnaphthalene 0.12 0. 09 0.09 0.16 0. 22
Dimethylnaphthalenes 0.34 0. 43 0.44 0.53 0.72
Phenanthrene 0.01 0.01 0.01 0.02 0.02

C fi — C i z — P araffins 0.12 0. 32 0. 39 0.31 0.59
C 2 t C; 4 —Paraffins 0. 58 0. 69 0.61 0. 74 0.95
Unknown 1.30 1. 14 1.11 1.78 2.06

a) IRO,—CT Hydrocarbon, Loss

b ) Fraction of aromatic carbon per average molecule

c ) Atomic hydrogen to carbon ratio of the hypothetical unsubstituted aromatic material

9
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1 - 6 t: &

(mD?M.%440t:, 7K#^&85kg/cnfG)

Recycle Number 1 2 3 4 5 6 7

Solvent/Coal (g/g) 3. 1 3.0 2.9 2.8 2.6 2.5 2.3
Conversion (wt%. daf) 96.2 97.9 96.5 97.2 96.7 97.6 97.3
Products (wt%, daf)

Gas 11. 5 10. 3 11.2 12. 5 12.6 13. 1 14.9
Oil 39.1 34.0 32.4 31.7 30.3 30.8 30.2
SRC 43.1 44.3 47.9 45.1 45.3 48.7 45.6
Others ^ 2.5 9.3 5.0 7.9 8.5 5.0 6.6
H/C of SRC 0.94 0.93 0.93 0. 90 0.88 0.90 0.89
fab) of SRC 0. 68 0. 69 0. 69 0. 71 0. 72 0.71 0. 72
Hau/CaC) of SRC 0. 79 0.78 0. 79 0. 77 0.74 0. 76 0.76

Hz Consumption (wt%, daf) 1 2.3 2.6 2.8 3.2 3. 7 3.6 3.8

Composition of Oil (wt%)
Light Hydrocarbon 0. 33 1.01 1.88 1.79 1.92 2.06 2.36
C s —Hydrocarbon 0.47 1.16 1.95 2.29 2.73 3.16 3.65
Phenol 0.15 0.39 0.60 0. 68 0.80 1. 16 1.39
o — Cresol 0.09 0.22 0. 35 0.45 0.49 0.71 0. 84

77z, p—Cresol 0.20 0.45 0. 72 0. 89 1. 15 1.36 1.61

Indane 0.10 0.27 0.45 0. 58 0.61 0.85 0.95
71 — Butylbenzene 2.10 3.27 3.68 3.66 3.53 3.32 3.05
trans —Decalin 0.09 0.15 0.18 0.21 0. 21 0.22 0. 22
cis —Decalin 0.08 0.07 0.06 0. 06 0.06 0.06 0.06
1 — Methy lindane 4. 07 7. 11 8. 84 9.75 9.86 9.97 9.57

C8 —Phenols 0.31 0.55 0.81 1.06 1.28 1.65 1.93
Tetralin 72.28 57.45 43.65 33. 86 29.93 23.46 20. 70
Naphthalene 12.25 20.61 26.26 28.80 32.00 29.16 26.51
C g —Phenols 0.11 0.20 0.28 0. 39 0.44 0.55 0.65
Methyltetralins 0.39 0.60 0.74 1.01 1.02 1.17 1.37

Dimethy lindanes 0. 11 0.21 0.24 0.38 0.43 0. 48 0. 57
2 — Methylnaphthalene 0.19 0.41 0. 62 0.99 1. 17 1. 55 1.85
1 — Methylnaphthalene 0.09 0.35 0. 62 0.93 1. 12 1.44 1.60
Dimethylnaphthalenes 0.47 0.88 1.24 1.71 1.97 2.23 2.62
Phenanthrene 0. 01 0. 04 0. 04 0.08 0.07 0.14 0. 17

C s —C. 2 —Paraffins 0.33 0.78 1.31 1.71 2.12 2.52 3.01
C 2? —C i * —Paraffins 0.73 1. 31 1.60 2.62 3.44 4.24 4.94
Unknown 5.05 2.51 3.88 6.10 3.65 8.54 10.38

a) H, 0, ~C5 Hydrocarbon, Loss 

b ) Fraction of aromatic carbon per average molecule

c ) Atomic hydrogen to carbon ratio of the hypothetical unsubstituted aromatic material
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1.3.3 Yallourn

^7&m40°C, ^k#K85kg/cnlG, KE#^30^jo j;(?T b 7 V 2 - 5

SRC , 1 -llli^L/jo

Tetralin/Coal (daf base) wt.ratio

Conv .

—-O-

___—C---------
— c------- -TJ--------

—S-------------- cP—

0. 0 0. 2 0. 4 0. 6

Coal (daf base)/Tetralin wt.ratio

# Miike C Forestburg

O Taiheiyo 3 Yallourn

m 1 -11 z 0 wilt > (Dim#

(Kl5^&440°c, 7K#%E85kg/cn!G)
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it##/:#), Cf Forestburg

:dL/:olEll—HCZ6t#:##^f4'T"C(dH#^:#WI:^^#^i^< 92—96wt%, dafCIBL, ^ 

/: Yallourn & 8 — 92 wt % , daf F d: Forestburg d: 19 t, ^

SRC4X^(±##^tit#LT# 

^C^<, —##C#

i^K6o CfhCMLT Yallorn j^:"C(d SRC Z CP Forestburg

o #l-7C(df

ait##^#, #@#K zK#m*^^d:^Am^%mme^L/:o

#1-7 (#mm, &^%44or, 7K#^E

85kg/cnfG, KlZ#^30^, f" b 7 V Y/Sm = 2 )

Coal Miike

Conversion (wt%, daf) 95. 8

Product yield (wt%, daf)

Gas 3.2

Oil 18.7

SRC 72.4

Others * 1.5

H i> consumption (wt%, daf) 1. 5

Gas composition (wt%)

CO, 8.4

CO 2 6. 6

CH , 44. 9

C2 .C; -H.C. 32.9

fa of SRC 0. 67

H/C of SRC 0. 96

Yallourn Taiheiyo Forestburg

92.0 87.2 83.4

18.2 8.3 8.3

26.3 32.4 29.9

38.1 47.2 42.1

9.4 0. 7 3.1

1.6 1.9 2.6

69.6 43.1 46.0

8.0 12.9 11.0

10. 5 19.6 16.7

11. 1 20.2 23.6

0.71 0. 63 0.66

0.92 1.04 0.99

* H, 0. Cs —Hydrocarbon, Loss

EMCZcTM##&^M7RLT&i9,

jn ^ ^ 6 # CM L, Yallourn L "C 60

Yallourn j^#4:^##^H<L-CV^6o 7K#Y^#^(d^
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J: O' Yallourn kX‘ lifi < , L t> * 1- t> fr

x h v J yMmltiXx.X H &K « MB T# 6 ^ 1I: c WTI i K

»»05*i*0±#i 11KHinVTv»3,„ zc 5wm*

i:ifxens0*El:, x)4Dto*|A-, ** J; iMififtli L

lixl-5 J >W5Ki*Jt 2 i/- (i 3 ©Si^T'liftl. 5 wt %, daf ^ (Z it T, 5mi#tiKi±

#1 - (#1-7 ^f^#m

coals Miike Yallourn Taiheiyo Forestburg

Component

Light hydrocarbon 0. 30 0.47 0.45 0.56

C s —Hydrocarbons 0.18 0.44 0.46 0. 43

Phenol 0.07 0.32 0.17 0. 23

0 —Cresol 0.07 0.11 0. 11 0.11

m.p —Cresol 0.11 0.43 0. 23 0.32

Indane 0.06 0.09 0. 08 0. 09

n —Butylbenzene 1.23 0.79 1.01 1.00

trans —Decalin 0.12 0.07 0. 08 0.08

cis —Becalm 0.08 0.06 0. 09 0. 09

1 — Methylindane 2.12 1. 74 1.93 1.89

Xylenols 0.21 0.45 0.33 0. 41

Tetralin 83.35 63.06 77.40 75. 37

Naphthalene 8.85 26.81 13.60 15.49

Propylphenols 0.24 0. 44 0. 27 0. 24

Methyltetralins 0. 35 0.47 0.39 0.43

Dimethylindanes 0.16 0.19 0.14 0.16

2 —Methylnaphthalene 0.17 0.40 0.21 0. 29

1 — Methylnaphthalene 0.27 0.49 0. 17 0. 20

Dimethylnaphthalenes 0.32 0.96 0.39 0.31

Phenanthrene 0.01 0.05

C 14 ~ C 2 7 — Paraffins 0.56 0.40 0.89 0. 59

Unknown 1. 17 1.81 1.55 1. 71
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R, 8.2wt%, Yallourn^-e(±9.4wt%^^^/:o Z7)2^(±Tb7V7, f7^F7^^^S 

f#^WYallourn^(7)#^<7)^/$?S?6mZ0b±#V'C,b&^L-CV';&c 

ForestbiirgM:K"3V^T(±f-eC^L/:^, S^7)^60T b 7 V 

5#M^d:l7Yallourn^Z0^±#<, #^17.1wt. %^Z(714.6wt. %(b##$fLTV^, 

#1-8 1:^ ^ (^^#^(0 9 1: Z #= & 7

^v-;i/#, Eli

4401, 85kg/cnf - G
T e t r a 1 i n / C o o a 1 w t. r a t i o: 2

Miike #

Taiheiyo O
Forestburg ©

Yallourn (#
Propylphenol

Xylenol

Creso

Phenol

Oxygen content in coals (wt. %, daf)

El 1 -13 #7 ^ 7 -;p###:^^TPM^:7i^#'a'a^7)M#

El 1 *— 13 *zb17) Aah%^ Il7 i ^ — IP /(p F> 7 1/ V — JP, C 8 - 7 x / “IP, C 9 ■ 7x / _ iP ^ Y 4b 7 7) To

& 0, mAl5%^(±C 9 - 7^ 7 - ;P&%n#U^&^?)#-C&&o El 1 - 1 3 1: 

3:^(!:7jL7-;P#7)#A^(:#(±YalloiirnjK^4t'4wt. % (daf coal) ^:#4b # < , 

#'#(OWc^<h(p^l:ig:TL-C, H#^T(i^ll.8wt. % (daf coal) dz^/Cc ^^#l-l(:d:fL

Yallourn j^< Forestburg ^<±^#^<5#^^#^# < , ###'##(1: 

)gT)M|q]&7FLTw;Z)o Sturn^^) MlL7m%400°C, 7K#E

172-197kg/cnl, Co-Mo d: 17 Ni-Mo C Z 6 V\ $ ^ 375 -400°C , *

#F172-186kg/cnf, NFMo^^##%Tl:^lt5%^7K#fl:W5^l7-oT, ZL^myA^T)##^"

^Z -9 6fP7(: &#^L-CV^6o
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#^#< , 7 %. 7 — /:o

7^7-;l/(T)A^^ 1 a L/:#^(7)7 7 7"-;k, C 8 - 7^7-;l/^Z[7C 9 - 7 %.7-;k(7)#^ 

2.6, 3. 1 #3: (73 . 5 , Yallourn 1.7, 1.4joj;^1.4^^0,

H#M"e M#7 ZL 7 - Yallourn (± 7 7 7- ;l/^# ^ # < L T

&o ^j3^m#^CMf67ji7-;l/m(DM#(D^(±, Hm^j3j:7'YallournmC0^^l:f]A#L'C

^:(:7 7 7 lx 7 7)^5&#^:owc(±, c"C±

EIl-14l:Z&^7^;i/f77lx7#60$^^

l±Yallourn^(7)#^m^^<,

*13
"O

o

o
£

6

4

3

2

1

440°C, SSky/cni " G 
Tetralin/Coal wt.ratio:2

Make
Taiheiyo O

Forestburg C 

Yallourn 3

60 70 80 90

Carbon content in coals (wt . %, daf)

(g 1 -14 f7l/-#3: C777 f-;l/-f 7 7 7 <b

5^6 li^m#^joZ^R(F)#^#KSe450°C, zK#l±200kg/cnl'G^C^(:MlZ#^ll$^

#%^#C»^77n-7b7'77^#^e#^L"Cw6o

B11-151:^-

#^m^miKE'T#6fiy:#:m^7 7 7 >Am#cowc,

L/:o
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#1-9 K5^&440°c,

7K##585kg/cnfG)

Solvent Tetralin Washing oil

Solvent/coal wt.ratio 3.0 3.0 3.0 2.0 3.0

Reaction time (hr) 0. 5 1 2 0. 5 0. 5

Conversion (wt.%, daf) 89.9 98.8 100.0 94.9 100.0

Products (wt.%, daf)

Gas 16.6 18.7 22.3 17.8 18.4

Oil 27.8 30.7 37.1 (-0.7) (-6.8)

SRC 36.8 39.6 34.1 67.2 69.8

Others * 8.7 9.8 6. 5 9.9 11.8

H2 consumption (wt.%, daf) 1.7 2. 1 2.7 2.7 3.6

Tetralm in the oil product (wt%) 73.7 70.3 66.6 - -

Naphthalene in the oil product (wt% ) 18.7 19. 1 19. 1 - —

* H 2 0. C , Hydrocarbon.Loss

1 eim-rUck A^lOOwt. %cmu,

AoL, #l-9(:^L7CZol:,

(±MtD#M3O^-efTt:0^(:#TLTv^^ O^fbL^

(7)zK#(±,

-Cv^6^#x.6fL6o #1-9 l:#:BL^Zo Cw k 7 V >(Dft;b 0

^KZ6(b, E^4f±(DA

SRCa^^'m'CrgX^cTv^, C(0Zl:(±Tb9VPC# 

(±, Yallourn ^z&b 1: zK# ^ I # W'

K X o "C^tteitX tz b X t , SRC ClfX 0 1Y X ix fz G

(0<k#x.GtL6o BI1
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7.0

6.0 -

5.0

4.0

3.0

2.0

1.0

0.0

Phenols

Dimethylindanes/Methyltetralins

1 2 
Reaction time (hr)

(&EdM.%440'C, zK#%E85kg/cnfG, 
T k 9 V 3 )

7x7“ 7) 7 x 7 — 71/, y7 1/ V — 7V, C8 Jl/isXZ/CO ~ *7 .x y — 71/ OTfeh(c$ ii 2

v <, ^(D#y -f f-7i/fv ^ ix >

#, v'y f-71/^ f-71/T k 7 V >M^G(71:C14-C27-@:#;^7 y ai3r@:#6<]

rmoLTV^o#l-101:Cth^"e(7)#m(b^#440r, 7K#^E85kg/cnf,

Cjoi/^-CT k 7 V > 3 B#i9lgL7:#^(D$§^:e7j<L7:o

#1-10
(#1-7

Recycle number 1 2 S

Solvent/coal wt.ratio 3.0 3.0 3. 0

Reaction time (hr) 1.5 1. 5 1. 5

Conversion (wt.%, daf) 100.0 100.0 100. 0

Products (wt.%, daf)

Gas 19.1 20.8 20. 7

Oil 29.0 24. 1 12. 6

SRC 37.2 37.9 47. 7

Others * 14.7 17. 2 19. 0

H 2 consumption (wt.%, daf) 2.3 2.7 3. 2

Tetralin in the oil product (wt%) 67.2 45.1 29. 4

Naphthalene in the oil product (wt%) 19.4 32.7 41. 9

* H, 0, C; —Hydrocarbon, Loss
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wt. % Ci#L"C

/j/L, SRC 3 0B L^o ##@1^(0^^ ^ t 15g?;t

^cT^m^TTli, Yallourn^:

Phenols

Dimethvlnaphthalenes

'" ^C . ! ~ C:- 
n —Paraffins i .

Melhyltelralins

Dimethylmdanes

Recycle number

(gj _iy 'Yik-y^j;
(k5i&%440°C, *#%E85kg/cnfG,
Tl'7V>/S^:=3)

(DfWJinL L &

i. s. 5 ji m

1 ) Sato, Y., Imuta, K., Yamakawa, T., J, Japan Petrol.Inst., 27, (5) 413 (1984)

2 ) Hayakawa, K., Karachi, K., Chikada. T., 20Th. Ann. Meeting of Coal Science, Japan, Oct.

(1983)

3) Young, L.S., Li, N.C., Hardy, D., Fuel, 62, 718 (1983)

4) Collin, P J., Gilbert, T.D., Philip, R.P., Wilson, M.A., Fuel, 62, 450 (1983)

5 ) Miki, Y., Sugimoto, Y., Yamadaya. S., Ohba, M., TaKami, Y., 12 th Meeting of Petrol. Inst. 

50 (1982)
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6 ) Benson, S.W., "Thermochemical Kinetics", (1976), John Wiley and Sons, New York.

7) Benson, S.W., Cruickshank, F.R., Golden, D.M., Haugen, G.R., O'Neal, H.E., Rodgers. A, S., 

Shaw, R., Walsh, R., Chem.Rev., 69, 279 (1969)

8) Sturm, Jr., G.P., Thomson, J.S., Woodward, P.W.and Vogh, J.W., DOE/BETC/R1-80/1, 42 

(1980)

9) MiKi, Y., and Sugimoto, Y., J.Fuel Society of Japan, 63, (1) 28 (1984)

1 • 4 iSHzAiSfi: hz X &Jd X CT##

1.4.1 j:

E 1 -111: coF ^ ^ ^ ^ L /: c

#1-11

Run number 25-1 25-4 25-7 24-1 24-4 24-8 24-13 24-16 25-10 25-14
Temperature (°C) 350 350 350 375 375 375 400 400 425 425
r (mm) 47.0 20.2 10.5 15.8 9.0 4.0 10.2 4.8 5.9 1.9
Mass balance
Input (g/h)

Hydrogen 187 189 202 190 198 193 192 179 186 185
Washing oil * 36 34 30 31 37 30 38 32 34 34
Slurry 1150 2360 3940 2610 4160 8420 4110 7960 3950 7530
Total 1373 2583 4172 2831 4395 8643 4340 8171 4170 7749

Output (g/h)
Hydrogen 184 186 191 185 189 171 184 173 177 170
Gas product 6 12 18 16 22 35 40 54 48 62
Slurry 1182 2363 3908 2622 4160 8190 4000 7730 3930 7371
Total 1372 2561 4117 2823 4371 8396 4224 7957 4155 7603

Output/Input 1.00 0. 99 0.99 1.00 1.00 0.97 0.97 0.97 1.00 0.98
Component of gaseous 
Component

CO

products

9.3 8. 7 9.0
distribution^ 

9. 8 9. 3
total gas base)

9.8 11.0 8.7 11.3 11.4
CH i 4.8 3.6 3.2 5.3 4.0 3.7 8.3 10.8 11.6 7. 7
C, Hs 2.6 1. 5 1.1 2.7 1.6 1. 3 4,9 5.6 7.6 4.1
CO 2 79.8 84.4 85.2 79.0 83.0 83.7 69.4 77.5 60.7 71.6
C H . 3.4 1.9 1.5 3.2 2.0 1.6 4.9 2.7 6.7 4.0
Ca H 6 - - - - - - 1.5 0.9 2.1 1.2

Gas total/daf coal (% ) 1.9 1. 7 1.5 2.1 1.8 1.4 3.4 2.3 4.2 2.8
CO 2 /daf coal (%) 1.5 1.4 1.3 1.7 1. 5 1. 2 2.3 1.8 2. 5 2.0

CO/dafcoal (%) 0.2 0. 1 0. 1 0.2 0.2 0. 1 0.4 0.2 0.5 0.3
Hvdorcarbon/daf coal (%) 0.2 0. 2 0.1 0.2 0.1 0. 1 0.7 0.3 1.2 0. 5

H 2 consumption/daf (%) 0.9 0.4 1.0 0.7 0.8 0.9 0.7 0.3 0.8 0.7

* in to gas-liquid separator

X- 'cb o

E8 1 -ISKEABUtS* ( daf coal base ) <D .4 J$ »'X *

( Cgas ) * X V~#ftwc*iE£» ( Cco , )
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[211-18

350°C"CU:,

-e^^#%co±^(±z#ik^#-e^6(h#x.

^^1:, (daf coal base) (D7K#m#^^^L/:o

wt %MT(b##A6fL6o

1.4.2 K5% 7 V -

ffe 1 — 12(cb01b'^ y ]J — ^5^$Tlnlfc £t/K L, [2] 1 — 1911 (±bU5^fbb: Cpi ^ ISil^ £■ tjx L /2 c
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[01-19ZO,

350°C T 0 ^ (0 .OC^C^v^ZE^C, (7) 1& ^ A O #R T <7) 1: 0 i/ > 0" C

wkimm ^ Z <h ?)## $ K 6 o

±/z, Cpi&#Mb#^P&<^^#E#x_, CpiKMi'^Cbi, Chi, Cwoi, Cvr(DM#^[gI 1 — 20C 

T^LAo

3 Cvr

CD Chi

O Cbi

# Cwoi

[01—20

Z^'SRC

M^C(iCbi,Chi,Cwoi(iCpiEI0#(O^f[:^^:L, ^

Cvr7Cf^(±Cpi(b#^6^i[:^^L, R°Vv

<b7)S;W'6o

#l-12[:(i, (Coal Balance) ELT^LA

d?, 425'C'r%7V-miA^m^Rnn25-10^P$V^-C(±, S^mRR#(i95wt%^±^^cT^0, C

fit,, [01-21(:(i[o]i|X

(IBP), @m#TA (EP)
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1 — 12 bClDfitT, 7 V —

Run number 25-1 25-4 25-7 24-1 24-4 24-8 24-13 24-16 25-10 25-14
Temperature !°C ) 350 350 350 375 375 375 400 400 425 425
r (min) 47.0 20.0 10.5 15.8 9. 0 4.0 10.2 4.8 5.9 1.9
Concentration of insoluble matter

Slurry out/in ( —) 1.03 1.00 0. 99 1.01 1.01 0. 97 0.97 0. 97 0.94 0.98
Cpi (daf base) 0. 34 0. 50 0. 59 0. 37 0. 47 0. 51 0. 31 0. 38 0.17 0. 39
Cbi (daf base) 0.66 0.77 0.83 0.68 0.75 0. 74 0.58 0.65 0.49 0.69
Chi (daf base) 0. 77 0.84 0. 90 0. 78 0. 85 0. 84 0.71 0.81 0. 62 0. 82
Cwoi (daf base) 0.45 0.60 0.73 0. 51 0.65 0.78 0. 38 0. 58 0.30 0.52
Cvr (daf base) 0.89 0. 92 0. 96 0.90 0. 98 0.97 0.91 0. 98 0.80 0. 95

Distribution of distilled oil
D-oil/slurry out (%) 68.4 66.1 64.8 67.1 65.0 64.2 65.3 63.7 67.4 64.8
I.B.P. CC) 222 221 224 223 217 221 215 218 213 218
-220 °C (%) - - - - 3.8 - 3.1 4. 1 4.0 2.7

-240 r (%) 15.3 14.6 13.1 16.4 17.9 14.8 16.1 16.8 15.4 14.0
-260 r (%) 51.8 50.0 49.5 49.5 53.3 49.6 49.4 50. 7 49.8 48.6
-280 t (%) 95.0 95.6 95.5 96.1 95.6 95.1 93.4 96.5 92.3 91.5
-300 r (%) 95.0 96.6 96.5 96.1 95.6 96.4 96.8 96.5 96. 5 97. 5
E.P.( °C ) 283 284 283 285 282 284 286 284 288 289
residue (%)

Coal balance
5.0 3. 5 3. 5 3.9 4.4 3. 6 3.2 3.5 3. 5 2. 5

Cgas + Cvr 0.91 0. 94 0. 98 0. 92 1.00 0. 98 0. 94 1.00 0.84 0. 98

280r

under

I.B.P.

im i -2i
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^^cTv^6o EP ^<
Af ^fL^^IBP (7)#Tr(i, m'JE L-cmv^#mA^$Amib^^#L"C ^ ^ E

^X- hfiZ>o

1.4.3

Cpi, Cwoi, Cvr(^#^(:Mv^A^: (1) (±, JA^<7)^A,
mi-13^:, ^, ^^^^#aiE^X7v

^1—13 ^W^(7)4%^

Run number 25-1 25-4 25-7 24-1 24-4 24-8 24-13 24-16 25-10 25-1 4
Temperature (°C) 350 350 350 375 375 375 400 400 420 420
r (min) 47.0 20.2 10.5 15.8 9. 0 4.0 10.2 4.8 5.9 1.9
Slurry out/in ( —) 1.03 1.00 0. 99 1.01 1.01 0. 97 0.97 0. 97 0.94 0. 98
Vacuum residue

VR/slurry out ( —) 0. 30 0.32 0. 34 0.31 0.34 0.35 0. 33 0.35 0.30 0. 34
Ash/VR(-) 0. 17 0. 17 0.16 0. 17 0.16 0. 17 0.16 0.17 0.19 0.18
Ash/slurry in ( —) 0.053 0.054 0.054 0.053 0.055 0.058 0.051 0.058 0.054 0. 060

Pyridine insoluble
Pi/slurry out ( —) 0. 15 0. 20 0. 23 0.16 0.19 0.21 0.15 0. 17 0.11 0.17
Ash/PI (-) 0.27 0.27 0. 23 0.29 0.24 0.22 0. 33 0.27 0.46 0. 35
Ash/slurry in ( —) 0. 042 0.054 0.052 0.047 0. 046 0.045 0.048 0.045 0.048 0.058

Washing oil insoluble
WOI/slurry out ( —) 0.18 0.23 0. 27 0. 20 0.24 0. 29 0.17 0.23 0.15 0. 21
Ash/WOI (-) 0. 25 0.20 0.19 0.23 0.20 0.17 0. 28 0. 22 0. 35 0.26
Ash/slurry in ( —) 0.046 0.046 0.051 0.046 0.048 0.048 0.046 0.049 0.049 0.054

(g/g) T&&o

K^"^4X^:(iEfL-Cv^E#x.^fL^o W'L, P:V^>/Fieth^Z(7#

1.4.4 SRC <Z)^#
K1 -14C, Mg#(D%7 SRC <7)#J^SRCmt E SRC#

r^3fL&m^C,#J^&/EEAo
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mi -i4 SRC

Run number 25-1 25-4 25-7 24-1 24-4 24-8 24-13 24-1 6 25-10 25-14
Temperature (°C ) 350 350 350 375 375 375 400 400 425 425
r (min) 47.0 20.2 10.5 15.8 9.0 4.0 10.2 4.8 5.9 1.9

SRCfpt (%) 18.41 14.89 15.08 13.67 16. 56 15.87 20. 62 20.07 19.02 19.66
Ash/SRC fiit (%) 3.03 2.00 2.14 1. 54 1.99 1.68 1.92 2.28 0.62 3. 20
SRCwos (%) 14. 83 11. 52 9.49 13.68 12.29 7. 57 18. 74 15.52 18. 30 15.67

Ultimate analysis of SRCfilt

C (daf base, %) 83.1 83.3 83.3 83.8 83.9 83.6 84.4 83.6 85.5 83.8
H (daf base, %) 7. 3 7.4 7. 5 7.3 7.4 7.3 7.0 7. 1 7.0 6.9
N (daf base, %) 1.6 1.4 1.2 1.5 1. 5 1.5 1.7 1. 5 1.7 1.6
S (daf base, %) 0.3 0.3 0.3 0.3 0.3 0.3 0. 3 0.3 0.2 0.2
0 (difference, %) 7.7 7.8 7. 7 7.1 6.9 7.4 6.7 7.6 5.6 7.4

Molecular weight of SRCfilt
Mn (g/mol) 916 999 880 1019 1078 876 903 881 717 879

Hydrogen distribution of SRCfilt

H A 0.21 0.20 0.21 0.22 0. 21 0.21 0.25 0. 24 0.24 0.26
Hq 0.23 0.22 0.22 0.23 0.22 0.20 0.24 0.24 0. 24 0.26
H0 0.51 0. 54 0.53 0. 51 0.53 0. 54 0.48 0.49 0.48 0.45

Structural parameter of SRCfilt
fa 0.61 0. 60 0.60 0.62 0.60 0.61 0. 64 0.63 0. 65 0.65

Hau/Ca 0. 74 0.72 0. 76 0.72 0.72 0. 69 0.71 0.73 0.67 0. 74
a 0. 50 0. 50 0. 50 0. 48 0.48 0.47 0. 47 0.47 0.45 0.47
n 3.2 3. 5 3.4 3.3 3.4 3.8 3.0- 3.0 3.1 2.8
Cau 12. 5 13.6 11. 5 13.6 13.6 15.8 14.3 13.0 17.6 12.5

M 3.1 3.0 3.2 3.2 3.3 2.4 2.9 3.0 1. 9 3.2
R T 12.0 13. 1 11.2 13.3 13.9 11.3 12. 5 12.1 10.5 12.2
R A 8.2 9.1 7. 5 9.4 9. 7 8.2 8.9 8.3 7.4 8.4
R N 3.8 4.0 3.7 3.9 4.2 3.1 3.6 3.8 3.1 3.8

L^L, 425°CCl#@B$^^#wRim

25 - lOT#, SRC Z cT SRC ^#x. C

"& o

misRcm^#x., ##Anr#^

C^t6SRCO#j^(SRCwos) &#mc, mi-14(:7i<L/:o ^TCSRCwos^, 

##t:#^fL6SRC(SRCmJ #lt(b, Cpi(7)M#^g]l-22C^L^o
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? T 2 9 HO 'MO 1^3

^ ? T 9r 3-c.:i#^#op#T%^(/)3- ^ 9r4-E:)

9^:) J ?###(% M3 iqoqdQ 'n^^SZ-lM

^TFF<A-<^ sz-iia



insoluble

Pridine

Benzene

Hexane

1/T X HP [K-p

g| 1-24

^ Kpi, Kbi

f-(±, KpiT(±#)80KJ/mol, Kbi, Khi(:MLT(i$tHOKJ/molL#t#:^fL^o

1.4.6 ##7&KS&LT(7)##

1 . 4 . 6 . 1 %#f]%

## I:*/: ^ ##j L^#^lo]12A^lm^, Ki5#Ad O±m20cm(^fiA#-C30''C & 4; Cf

MS#mn(7)Tm20cm(7)f\i#T30or-e^^(b{M&L, #/K%#&czi9 4^^^Ay:o Eli
-234; *9 Cpi, Cbi, Chi V'ffi&##!%(:#LT l^L LT#m-C# ^ L#

g|l-24C^L/:Z9(:Kpi. Kbi, Kh(D#(±/J\$<, Krd#^/J\^W(7)T, KlZ'#C4-

i.*#ERS#roS»tt»'*v‘i:#A5 ). kfx h > 7n-HKSeL, m&#*KmK»M Ufc«»S

l» (dVR) X'tnffi’gm® (dr) 14, dVR X Fs X-^Xbtih bnb LZ_-„

Kpi, Kbi. Khi CirfL, d^'- ( Epi, Ebi, Ehi ) , idffSS

Bf (Api, Abi. Ahi) *4-4, KlUSAnE 4S$jfSti£o T#4(11*53-4 n if, KiE^ffi □ -c-<r>

Cpi, Cbi, Chi ^ %> L b ^ o

Lunge - Kutta . Gill#&m\ Kpi, Kbi, Khi

Marguardt y^lC 4; 0 #A/Lo T, _L O # %E ^ ^ L O
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x-ibti lif, **$£< SSt & t V V-1 11 $A 3 Z t aV # 3. itz Rfc
SXnttoCpi, Cbi, Chi Alt (Cpio, Cbio, Chio ) A WWW t L A 4 A 4 *g f * *

*?, 4r$ft5-tiTl+StSt)SL, 6 & < sat & Ex, Ax. Cxo (x = pi. bi, hi)

ra ft*-a fr •££*** o 

i.4.6.2

flWA*§£, f# -b XS614-fb^X;vt-1ESHS. j3,£VKBSXnT-rofi|tffl«l$ro»SS5Eie4- 

#1 -15IZ75L, CX6 t*m LX##LXOXA Cpi. Cbi. Chi t W*fflMiSAt0«* 0 1 - 

25K%FL/:o

#1 -15

Insolubles H I B I P I

Chio, Cbio, Cpio, wt%/daf 87.8 79. 2 55.7
Activation energy, KJ/mol 1.65X10' 1.76X10' 1.62X10'
Frequenty factor. 1/sec 1.10X10= 1.30X10" 2.19x10=
Rate constant at 350 °C , 1/sec 1.71X10"' 2.12-10" 6. 26'10 "
Rate constant at 400 °C , 1/sec 1.82x10" ' 2.66X10"' 6.36X10"'
Rate constant at 450 °C , 1/sec 1.39 10- 2.35x10" 4.68-10 ^

0 hi

# bi

Ml -25
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cpio, Cbio, chio =i.0E%& ,

Cpio ^aW'2 < , Cpi 1 z E (i,

Chi, Cbi J: 0 t@#T^6Z(h^#x.CfL^o #i$(DZ ^ L^&KlL"C(±,

CE^CfiTV^^ #^(7)lw@#^ELT2-50^, %7V-OSVELTLO-7.

5h"^d#H-e#CfL"C^9, l^KE'EL

T##-C#&wC<b(±, LT^^)6LE^r Eigv^M

iZ'T*^Z(be^#L-cv^. L^L, cz

C9< L% 99 6 d'T & 0, j: 2 E

ZCC(lCpi,Cbi,Chi^#gU(:%0^^/:^, EfL6%S(7)M#l:^v^-cjm6/: 

b±;gO#^;mZ'^-C&%o

LxhY^a-r^^LEE, m^##-co^;$^^DVR/FsT4-A 

6fL&EE&{K^L/:dE Ml5#fM(0^%zh-;l/F7'yy^##(Dm#LZ^%7

L^L, ^%^-^K7vy(D%7V-

^-C(±%7V-mm(:Z^##^ikf6Z^t±^v^#ACtL60-C, CKC^#gLT4) Cpi, C 

bi, Chi(D^ig%^-^T#mf^LEl±-e^^^E#x.6ti6o ±/:, L%hL70-^{M^f

^"C^6o

;i/f-'#&af(i, Ld'L, LfbC

e#mLT(Dwt#^(±, imi -25c^L/:t:ac, ^#(Dzai:it#99#^#

&0,

1.4.7 jC m

1) urn##, uiT^iE, #m##, so. 321 (iggi)

2) Brown, J.K., Ladner, W.R.and Sheppard, N., Fuel, 39, 87 (1960)

3) ?#,&#, gmm^, 57, 259 (1978)

4) m#K S7t#wi, a^#, umimm, 63, 78i (1984)

5 ) Levenspiel, 0., Chemical Reaction Engineering. 2nd Ed.p.287, John Wiley and Sons, Inc., 

New York (1972)

6) Shah, Y.T., “Reaction Engineering in Direct Coal Liquefaction”, Addison Wesley Publishin

g Company, p. 266 (1981)
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i. 5

emu, %zae##f

f 2 ^ z .h (: Z ^ T, S^Wk7°o4:% ^ z (73g^#

^ j^#, M# ^fWt66o

1.6 # #;

1.6.1 WJ#^2:Am##m

^lD&&440

Th7V>^m##^J^LTi#^J####e7[m#i9lKL/:o Z(7)j#^&±#2 

2: |e|#, Am#mm <?) & m# L, SRCAm:4u&#& 2f<h (DM

^^mfb$4t^cii, afk^(±MiZ#^2#mm±-e^^ioo

Wt% SRC4*(±f&TL#tj-/:o

Am#m^(07^T k7 V S^:^G(7)AAm^^ <k#x. G

g#;<77^>, 7;i/^;i/A7yix7M^j:^yf-;i/Tl'7V7#(7)#^(±A#

L/:o

Am#^(Of k 7 V 7(i#R8(:(i.%#C%AA6^6 @, 7

L^LAm#^(7)7j:7-;T/m^Z^m$m;<77^7(D#%(±, # 

@^%C±#L, ^-(D#7;i/4r;i/f7y

V >='>, AV V 7A7 V

^'^AmL"CA/:o

m±(7)##z o#%ij<%####^#omu-ck&s^ffc 7 im

h 7 V >*^v4±f 7 y 7

aLT&r), ^/fA&69^WJmm^#AGK^o AW^ZOACAm

A6mt Am#@m^5:15##^ A ^ z ^ $ /: o

1.6.2 j^#^Am##.m

Yaiiourn^

MS?&%440r, A#%m±85kg/cn?G, mL#^30^(7)##T-e#mTk7V>(ke^»!:(7)m#Ae

GAmA&#KAm#(7)Mc&Wf L/:o Z AG(7)^^e AT(:#^L/: B Ag^ZCf^ A Ag(7)A^
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WSt "C In ^ <h ft$X L A % KS (0 $£ A-A (i — fib st A'iR G S < , Yallourn m., 2 @ (7 A & #

smwmM&^/zo #AL#Ab7 

V 7#l:#A^Am#(DAmA^fB#d: LT 4@(0g^(7)mit:KE4:#'9 A b 7 V 7^####^## 

L#^, 5K^Z^AMm(±N5*MM#^AA(0i:#L"C, Yallourn

L, Am#4%A Z:^) 1: 1± Z 0 ##(D A##A#fW ^r^d: A6 Z d:^#2fL#o

S"^:^##GAmA6#^Am#(7)7- 7f 7 Ycoy A;i/###^AmA

li#^ M/%43 tOSSS-fc =£ ^^tS^WSiY) iSjVx YfytfSS < , A#S%<?)##i^(7)#@T(±V'A4Lt: Yallourn

L#LsaAKAr##AmA6m:m^7 7 4 >m^AmAd:im^:

$ ^ 1:##^KA## 7f<f Yallourn R1:-7 T (i$5fbA, 4§-#Am#lRA & Z [/A m # A (7) m#'

Yallourn

^-ei±, L#L2(D#^,

& $ Gl:fW####^#0^L/2#^l:(±Am#A^7 b 7 V

#(OAm#m^(OA#^ ^bg|#m< m^^d:l:m

Am#4%A^i&TA^##^^L/:o Am#A7)m^#mc^v^-C(±KA#^##<^^ 

c-oK-c, ^/2##imm^i#A^i:'3fL-c7jcy-^m(7)#%^<^o, immm$^m^d:^iTc/: 

C (i Am# A1: ^ A ^ oT#% ^ Ao^ L # o

1.6.3

±A#m^#miM^ernv\ AAisokg/WG, Ammmz.imVh, &m35o-425°c, %7V- 

^#i.i5-8.4kg/h(D&f4:TTi#immmfbmm^if^^o zcox^v-^-a^fNi, KA##

2-47^1:%mA6@#^^KE'T*6o Am#

%#(±, 350rT(±MlL#Ml:#A^m##(±A^<, 1. 5-1. 9%(dafcoalbase)60#@-e^6

A, iSjlm'C ii bUc-NFini (-AS <! #A L, 425°C, 6 4l"Y'i44. 5 % (daf coal base) A 111 A db G ^ tz IS; fm A

Am #;%<D^8o% 6 &%±#^bzK##^#x ^*

^lD(:Z6gj^A(7)bfVv7^#^^^A(iA#mjim<, 425°CA(±6^A18% (daf coal base) d:^ 

L^L2(7)#^CG80% (daf coal base) #^#^$^#{^^(±^##1#

v^^d:#AGfi6o v<&&mmi

6 ^(7)d:#A GfL#o

mg#^M(:^A#7^#A##l±, V^fK(7)^TGKg#^^m^l#^(±98-100% (daf coal 

base)d:^0, %%K)5AW:, Sm%#G(O#76O#Ad:K^@@^(7)^^A##(D#A#AK0A 

^^d:#AGfi6o KEd:d:cT#G4L#SRC(±, A##AY±#ma(±^AA&dY A(D#a

#o

1.6.4
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6 ^ E ^ L, & IE# ^ ^6 K (± Z ^#f Lf 6 Z

E ^dZ'#E"(r^)6 c E 7)?7MK7t:o

#ELTMLTv^/:36,

% 9 V L-C#R-C# & C K/:o
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2

2.1

Ejpt&%tr^^-e,

#^mm^^cT#-cw6. #cmm,

v'&o #m3fL&wk#(±#a?)m#, m#

/: 36 c (± ^ # tf #f k# (/) ##mm ^ e a ^ ^ ^ o

3/:, (m^(7)^m#j3j:^SRC) (D%%KE'(±^vK#fkya-RXA

#(k LT(D#4x$^ro]±^zm#ij;<7 a F ^ c, cfL

f-— k f F —7^M^^7K#fkjG@C)#^(±'f > v i' <

% £■kilt L tzo iktz, ^0f*CSO fz $b Uf?Hf§£ fltz HFC ( Hydrocracking with Fine

catalyst =e*M##^t7Kmk^#m sRc #

T k 7 V Co-Mo/T;T/ $ f##3 K^##10L (01#^##^^ wTKSlR

lllSOkg/cnl, Ml5^m450°C, LHSV0.5-1.0-C$#0#^m^m$f^1fc/:o

Hg#54#%-C(i##^C^v^#ai#<k^—lx t v - k#(:##LT'tT;i/3-;i/V V

i> 3 > <h L, T ;t/ < f- ^@#1: "f 3 Co —Mo ^##C Z 0 ##7K# If o T

230-430"C^^^WJFLTSRC<7)7Km4f#^1fcy:$^^:, ^

Bg%55#&(:j3V^-U±mm#^^6####T#CtL6:7Km#m#C"OV^ Co-Mo

&kk#WfL/:o

mmc/zo
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V'jt#t6?^T^c7b7)L t-h^L-7l:Z6#:^|#(7)##^#%L, ##Kl:mm^^TL7b/H

m a c co-Mo/ Akos mum e c -c %^m#m^^#7b7kmmm#

^l:Z6##^ffV', /b?##W^L^;b-t±T##L7bo

BS#58^% c ^ v ^ -c i±, /j^m@^ m v' -c ^ »s 4oor T# 7b # m -# m ^

mm#m^^45or, 4oorr#^7Kmmm#mc^v^-c co-Mo/Ai203mM#^^#L7b%^m 

#^^V'##^Z-e(:#^K7b^^Llt###L7bo

BnfD59^$(-io V^T (i, It / day '<#^lj itt rti ?il/f b *7° 7 V h ^'Lf# L /7bLrdBtfHb?EBH1Sf?ft m'jf £ fitf4 

LL, ^###mt:^#^^^Co-Mo-Al203m^j;^Ni-Mo-Al203^M#^Mv^, KlpS^ 

S350—390°C, /JcSSE / 25 —100 kg / cm2 G, LHSV (Liquid Hourly Space Velocity) 0. 5-3. 0 hr ~ 1 ,

7K#/im##!tl,000/1 (vol/vol)

%#L 7b#^o&m # <7) ^ ^ ib 1: c>

V'T##^##^^fc7bo 4501CT—^c#djL/:±?#^:#dl#^Ni-Mo/Al203^#^M

V'"C^K#fbML, SRCO^#% A^#(7)#'M^^6754:L, M^f4T<7) Co-Mo/ALOsT)

#^=LH:#L/:o

2.2 # #
2.2.1 Z &##

> L7>^^ it/ day > h

(#ai8o~45ot, mT,

T^0, ##, ##^-e^Tfi0.33^Zm.83%#t;^<7)-C^6l)oM#(i, (#)

#d Co-Mo-Al203m^Z^Ni-Mo-Al203^%#MA^#^-E-^^$mv^ ^ L

2.2.2 #^###@ j3 Z

W0E#-#2OW(7)^#16@&m'7bo ^ G ^ L A $ H. 7b M# U

msoot, 7K#5^40kg/cH-ei%(7)%mdl:^#e^tf7|]m$m-CH0#^?#mdbL/b#,

tM4H:gKL, K57M.%350-390°C, 7K#E25-100kg/cH^Z^7K#:K#ltl,000:l (vol/vol) 

(O^fMfcTbo M##(±*#*'%L^rKlZ'#T^zr,±gR^#A^tL, AW(7)^#^^l:^c7b 

(T)L)^yA<7)^>/V>/^^o7bo ^#^Z[b##(7)#K 

l:#d#L7bL ja 0

SRC l:7HL7b#ei:Z^"Cm#L^o

#2-lC^f4:T"C^:?#^ (C:77. 3%, H:6.5%daf) M^a%450tTzK#%mL, 

^mLT*KE#m^^v^mm^^Mv'7bo 8m(±Tm#Ni-Mo/Ai203 &m\ 

Iz^LTbt.O^Mv'Tbo



#2-1 Z (Run30)

Run 30#10-12

Feed slurry
Coal Taiheiyo
Solvent Washing oil
Coal/Solvent 1/2

Experimental Condition
Temperature (°C) 450
Pressure (kg/cnlG) 150
SV (h- ) 2
Slurry Flow Rate (kg/ h ) 2.52
Hydrogen Flow Rate (m3/ li) 2.04

Mass Balance
Input

Feedstock (kg/h) 2.52
Hydrogen ( g / h ) 182
Total 2692

Output
Hydrogen ( S / h ) 159
Gaseous Products ( g / h ) 60.7

CO 6.0
CO, 21.6
CH ; 21.6
C H ,• 9.2
C H. 7.6

SRC (g/h) 278
Recovered Solvent ( g / h 1 1559
Residue ( g / h ) 803
Total ( g / h ) 2660

Output Input ( % ) 98.8

(Heavy oil),

(Lightoil), (Distm.oil), SRC

L L/:c

2.2.3

(K@0.25mm, #250m)

/: 0-7 h ^7 7 eM</\ 80-120r^^#@^Z^2 t/ min

^Tc/:o (LjL-Lv h;^v^-K%#5995#)

^j;^0V-17^7%^Tk:7V-^7A (g@0.25mm, #225m) ^#//:^W^awhy97^^f^

K*/:o

2. 3 $§^j3ZLF##

2.3.1 z

##$o^^#2-2(:^to Ah%#^4X$(il00vol%LL±-e^c/:o
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mz-2

Rn. Cat.
Experimental Conditions

Sp.Gr.
15/412

Vis.
(50t) 

c S t

Carbon
wt%

Hydrogen
wt%

Nitrogen
wt%

Oxygen
wt%

H/C
atomic

ratioTemp.
(t)

LESV
(hr — )

PH 112

(kg/ cnf)

Feed — — — 0. 9962 3.17 88.82 8.78 0. 33 1.83 1. 178
U-4 370 0.5 100 0.9332 2.06 89.13 10.70 0.04 0. 37 1.430
U-l 370 1.0 100 0. 9470 2.16 89.76 10.10 0. 11 0.57 1.341
U-2 370 2.0 100 0.9615 2.29 89.26 9.55 0. 19 0.78 1.275
U-3 Co - Mo - 370 3.0 100 0. 9696 2.44 89.32 9.36 0.22 1.09 1.249
U —5 AI :> 0 3 370 1.0 50 0. 9636 2.24 89.80 9. 52 0. 20 0.62 1.263
U-6 370 1.0 25 0.9764 2.48 89.46 9.27 0.26 1.04 1. 235
U-9 390 1.0 100 0.9378 2. 05 88.86 10.14 0.06 . 0.43 1.360
u-10 390 2.0 100 0. 9519 2.16 89.43 9.94 0.13 0. 59 1.324
U-7 350 1.0 100 0.9609 2.31 89.30 9.64 0.18 0. 81 1.286
U-8 350 2.0 100 0.9744 2.52 89.33 9.28 0.24 1.18 1.238

K-5 370 0.5 100 0.9217 2.02 88.40 11.04 0.01 0.23 1.488
K —2 370 1.0 100 0. 9382 2.13 88.97 10.45 0.04 0. 51 1.400
K-3 370 2.0 100 0. 9533 2.28 88.96 10.01 0. 12 0.81 1.341
K-4 370 3.0 100 0.9610 2.39 89.14 9.74 0.15 1.02 1.302
K-6 Ni - Mo - 370 1.0 50 0. 9570 2.23 89.40 9. 76 0.14 0.63 1.301
K-7 A1 2 O : 370 1.0 25 0.9755 2.40 89. 98 9.29 0.25 1.06 1.230
K-9 390 1.0 100 0. 9272 2.01 88.76 10.78 0.01 0. 23 1.447
K—10 390 2.0 100 0.9415 2.11 88. 74 10.33 0.06 0.47 1.387
K-8 350 1.0 100 0. 9507 2. 32 89. 03 10. 25 0. 11 0. 88 1.372

Ei2 -1 Ei2 - 2

Temp.370 "C
P„ 100 kg / cm

Temp.370
LHSV 1.0I I, 100 kg / cnf

0.33 0.525 50
1 LHSV(hr)React.Temp.

O : Co — Mo — A1 • () @ Ni — Mo —A12 0

E12 -1
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B12

0 < & & C%c "Cg#(7)^

Ternan^(D^^:(i420t:K^^6^(D-e^0,

KtNm* (350"C-'390'C) ^/:Rollmami(7)^^:ti344%:(:jS^6^^T^lO^^:%cO'E-

fLZO M&C,

g) 2 - 4 K 1 / LHSV ^ In (1 / 1-C) (C : o

1.0
1/LHSV (hr)

0. 33 0. 5

g : Ni-Mo-Al 2 0 3 (390 t ), O : Co-Mo-Al 2 0 3 (390 "C ) 
#: %> (370r), o: * (370"C)

^ (350°c), ^^ (35or)

m 2 - 4 In(l/1 -C) (h 1/LESV <7)M#
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L-cma-c#, *9 co - Mo - Aizos

6]g^#k(±, 350, 370, 390rt:&^TfKTfl0.63, 1.90, 1.83 (hr'i) 6:^0, Ink^L 

(IE2-5)

^7:, Ni-Mo-Al203^M#(:^tt^mm#KlZa%^#k[i, 350, 370, 390°C(:&wT^f! 

ffLl.ll, 2.07, 3.86(hr'^T*0, ^'Mk^^;k^-ti25.7Kcal/molT^o/:c Hara^^^ jS 

Z^Odebunmi^)

KB ^ a L T v^ c & ct & (i - ^ * 6 v z ^ & 6

v^(7)^ $fL^: < V^(7)^#-^fLTV^/:A-e2b6 o 1:

#x.^K&o

2.3.2

H/C 2 - 6 o
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jsZLF50%igaj7m^K;5^f4:(DM#(±8&#(D##(:Z 0 ,

2.3.4

& z %m#i$T-e (DKi5^#mmem2 - 3 K^u^o 

#2-3

Catalyst
Reaction Temp. CC )
Reaction Press. (kg/erf) 
LHSV(h-i)
H -• /Feed Ratio (vol/vol)

Co —Mo —A1
370
100

1.0
1,000

O ,

370
100

1.0
1.000

N
350
100

1.0
1.000

— Mo —A1
390
100

1.0
1.000

0 !
370

25
1. 0

1.000

370
50

1.0
1.000

Component [ Feed ) Composition 1 w t %)

Cvclohexane 0.01 0. 24 0.30 0. 11 0.59 0.09 0. 15
Methvlcvclohexane 0.01 0. 11 0. 82 0. 16 0.37
Toluene 0. 0-1 0.28 0. 20 0. 11 0. 29 0. 23
Dimethvlcvclohexane 0. 53 0.64 0.42 0.70 0. 16 0.35
Ethy Icvclohexane 0.62 0. 70 0.52 0. 71 0. 16 0.42
0 -Xvlene 0.01 0.23 0.15 0.10 0. 19 0. 20 0. 18
m-, p-XvIene 0.03 0.43 0.30 0. 16 0.36 0.20 0.26
Ethylbenzene 0. 11 0.08 0.05 0. 10 0.08 0.08
Ethylmethv Icyclohexane 0.43 0.52 0.34 0.19 0.07 0.26
Z-S°— Propylcyclohexane 0. 10 0. 12 0. 11 0. 10 0.05 0.08
w ■ Propylcyclohexane 0.50 0.57 0.47 0. 56 0. 16 0. 39
Phenol 0.07 0.01 0.02
n-Propvlbenzene 0. 15 0. 12 0. 12 0. 14 0.25 0. 17
Ethvltoluene 0.33 0. 20 0. 13 0. 21 0. 20 0.21
o—Cresol 0.01 0.03

m —./>-Cresol 0.61 - 0.01
Unknown1 ' 0. 14 1.72 1.68 1.80 1.70 1.05 1.34
n-Butvlbenzene 0.30 0.34 0.33 0.34 0.41 0. 27

trims— Decalin 0. 01 0.26 0.79 0.45 1.50 0.01 0. 15
1 — Methvlindanes 0. 38 0. 51 0.16 0.47 0.11 0.51 0.17
Methvlindanes 0.33 0.61 0.72 0.67 1.08 . 0.15 0.50

—Decalin 0. 12 0.32 0.19 0.21 0.71 0. 27
Terralin 5.09 12.85 13. 56 12. 43 12.00 6.13 10.26
Naphthalene 11,08 2.40 0.81 1.80 0. 68 8.62 4.01
Dimelhvlindam-s 1.06 1.32 1.22 1.34 1.28 1.20 1. 25
2 — Methvltelralin 0.90 3.35 3.33 3.21 2.71 1. 18 2. 25
1 — Methvltctralin 0.17 0. 96 1.09 1.08 0. 89 0. 57 0.83
6 — Methvltelralin 1.82 5.50 5.96 5.30 5.51 2.57 1.50
5— Methvltctralin 0.71 1.93 2.02 2. in 1.99 0.88 1. 53
2 — Methy [naphthalene 8.15 1.95 0.91 1.28 0. 69 6.83 3. 50
1 — Methylnaphthnlene 2.89 0.88 0. 51 0. 76 0. 61 2. 22 1.21
Bicvclohexvl 1 1.01 2.16 2.78 2. 32 3.02 1.09 1.82
Phenvlcvclohexane ’
Dimethyl naphthalenes.
Dimethvltetraiins j 5.25 5.89 1. 08 1. 21 3.89 1.80 1. 6.1
Me-thylhipht-nyls *
Ethvltetralin 0. 10 0.87 0.98 0. 90 0. 91 0.51 0. 79
Biphenvl 2.78 2.39 2.25 2. 22 1.83 2.31 2.28
Tetrahydroacenaphthene 0.68 1.92 2. 03 2.00 1.59 1.06 1. 71
Acenaphthene 2. 55 1.22 0.87 1.02 0.78 1.80 1.37
Dibenzoluran 3.26 2.17 2.32 2.45 1. 10 2.93 2. 62
Unknow2 1 8.21 7.96 8. 19 7.69 7.19 8. 19 8.02
Fluorene 2.28 1.77 1.45 1.68 0. 71 2. 16 1.83
Dimethylbiphenyls 1.87 1.77 1.79 1.71 1.14 1.88 1.90
9.10 —Dihydrophenanthrene 0.96 1.49 0.82 1.46 0.41 0.89 0.94
Methvlfluorene 0.17 0. 34 0.33 0.38 0.42 0.49 0.40
1.2.3.4.5.6.7.8 — Octahvdro — 0.76 2.25 3.73 2.53 3.28 1.08 2.22

phenanthrene
Tetrahydrophenanthrene 0.55 1.36 1.23 1. 22 1.37 1. 19 1.95
Phenanthrene 5.08 2.01 0.99 1.86 0.63 4.39 2.63
Anthracene 0. 19 0.21 0. 22 0.26 0.07 0. 17
Pyrene 0.83 0.36 0.25 0.30 0.38 0.83 0.63
Unknown3? . 7.30 5.85 5.47 7.35 8.00 7.20 7. 10
n— C i s —C is —Paraffins 5.86 7.99 7. 14 7.97 7.49 9.18
Other paraffins 3.55 2.30 2.51 2.62 3.69 3. 17 2.42
Others 12.07 7.95 11. 20 12.08 13.02 11.50 9.92

Mainly mono aromatic compounds 
Mainly biphenyl derivatives 
Mainly higher aromatic compounds

1)
2)

3)
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joZ^74f7M, kT7:c-;% 74:t777, v^<77'7

77, 7;l/4"77, 7_%f7777j3j;i7f±L%(D7K#fl:###:, $^(:##(7)n-/i77^77)^^

tl *C V * Z) 0

##^'T(±$^(:^^(7)^#^M&^^77/:^), t-k7 7-7"^Mv\ l-7-7;i/f7f77, 7

tf7T>, 7^77777, 7;i/^-ix>^j;^7^f>%ix>607K#{l:KE'^, MCNi- 

o-Al203^##%T"e^*^:o 7 ^ 77^^A#t6 4#(D7-f;l/T ^7 0 7(0^^5,

6, 7, 8, -Tk7l:Kn-l-7f-;i/f7^77(±2-7f-;i/f7777^0V-101#7X^^ 

k: 7 V-^^ACZ&^T.^O'r k7'77^#-e(±^#T#f, OV-17 * 7 A&#M LT^#, ^

#L/ko 7tf7T7^^(±T)'7k:Ko74:f7T7^##(:^L, 7%.f7%77^^(±#@

W'Ll, 2, 3, 4, 4a, 9, 10, 10a-^7^^Kn7%.f7777±3

Z^7<-k k 7'77"e(±#(D^^&(7)[xgiJ^g#

l7*c/:o7^7 7'7 7 7 jo j; [f7^t 77(:-7V^T (D, 7k#^(0 c

(±±g^f67K#fk#<k?!@^±L6^(:^^#^LA:^, ^#^#f(±

E#T&cf:o v^f±L(7)#^(:^

4r747, ^7^7U>###:7)###m^fL/:(7)*-e&c/jo^ 

##mYA(±m#4'(:(±##'a^±LTjs0, ^(0±^#^(±^#&#T7^7-;l/;0.07wt%, 7 77 

— ;l/;0. 72wt%^<lf"C^)c7ko L^LMt5irn%370'C, 7K#JE100kg/cnfjoZ7LHSVlhr-i(D^{4: 

TT" (7) A ^#4" 7) 7^7 — 7 7 7*—Ni —Mo —Al203^##(D#^-g- ±Lf

±L0.02, 0.04wt%j2lT, Co-Mo-Al2O3^^#T(±0.01, 0.01wt%(k@<, *#&(±#M

^^#m#fp##(D[ma^(im#YA-e$t797wt%, KSA^fA-e 

(±91 Wt % #(:AmyA(7)#^(:(±mmm@"e#Mt^^f-;i/^-7;i/^P#*f

f6<k, ^^yA(:-3V^Tt,7^7 -;i/#(±#^yA4:(:(±(^[n]4X$fL"Cv^6

2.3.5 W####lm(:ck;&K^^^YA#&<^fk

Co-Mo-Al203^AW±3Z^Ni-Mo-Al203 ^M#^mv\ KS^^370°C, KE'5t(100kg 

/cnf, LHSVlhr-1, 7K#:K#±b, 1000: 1 (vol/vol) ^#f4:T#6±L/:^^yAmR%^m#YA

#2-3(:j;6^e!l^(±^7ay\^4±7, 7f-;l/77o^A-4±7<7)am(± 

Ni-Mo-Al203^##(7)^^v^ k;i/^7(Y)l|%m(±7%(:Co-Mo-Al203^##co^^±<k^c T 

±30, #K±^K):D#(±Tk

7V7—f7f 77<D^(:ow-c&&T(±30, Co-Mo-Al203^##KE'CZ6^^yA4'^T k 

747/f7f7 7jt^5.4T^6^(:#L-C Ni-Mo-Al203^^#T(±#16. 7(kl#AnL"C^0, 

cis- ±3Z7ftrans- T^7 V 7<%Wb:l#nLTW&o Ni-Mo-Al203^^#(7)^^##(7)7K#ib% 

#^V^##(±, Ni-Mo-Al203^#"e(7)^^74:'77T7, 7^77'777, 7;l/t7 7&Z
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[^7 ^ f 7% lx Z o c (b, b 7 k: KoT-kf 77 7^(7)^#^!#^ L

-Cv^z«k^6t^^6o 7f-;i/f7^77-7'f;i/Tb7U7^#[bl:7%.f7%

^'f;i/f7^ix7-^f;i/Th7U>^^#^ft:^oT(±,

i@2r 0 7 'f-Jl'T b 7 ]) 7 0jT^N t±.07Tj5£Jti: Lfz0 1, 2 , 3 , 4 - f h 7t KD - 2 - ^f ^t7

f77 (2-7f-;l/Tb7V>,2-MT(!:(##B) ^5, 6, 7, 8-7b7kKn-2-7iNl/f7? 

1x7 (6-7f-^Th7V7, 6-MT<h%:d) (±2-7^^^7777 (2-MN<bm&;B)

2,3, 4-7-h7kK7-l-x('f;l/f7^77 (!-7f7l/Tb7V7, l-MT(hm&#a) 

^5, 6, 7, 8--fb7l:Ka-l-7f-;l/f7777 (5-7'f;l/'Tb7V7, 5-MTd:IQ&#g) 

(±l-7f-;l/f77 77 (l-MT^MB) 2#<7)M#M5CZ6#7

0 7^71/7- b 7 V 7(7)^^#&a2 - 3 O^^C^OZ 9 C#t#L7Co

Co —Mo —A1 2 0 2 Ni Mo A1 2 0 s

(OO1

MT

2. 15 2.43 (wt%)

2 - MN
3.68 4. 14

C

0.49 0.62

1.22

$/2l-MN^Z^2-MNOM#(:#mLT, 7'f;l/*0##LTw

07K#fk^K#v^ 6 -MT&ZCb'5 -MT0^2 -MT&ZUM -

MTZ0^)#<A^L"CV^^ l-MN(:-7V^T(±ChienC^) ^#%r(7)^^-c^LmL/:Co-M 

o-Al203^##^M^T, 450j3Z^500°C, zK#%Kl,000psi (70.3kg/cnf) 0^f4rf-b7 7 

5-MT/l-MTA^J:[:(±450m.4'-1.7, 500m.1-1.617^^, N#0^m 

& L/:##l:C)V)T(±±#B(7)#(±ig:im^^±#v^#^LTV^o ^#^E"C#CfL7: Co —Mo—AI2O3

^M#l:"^v^"C(7)#(±370C-e2.5-C^)l9, ChienClO)o#^Z<—^L^fnl&^L-rv'&o N 

i-Mo-AbOs ^%#-C(7) 5-MT / 1 -MT ^it(±2.1 ^ 2 -MN^CA#t6 6 -MT

/2-MT^^jt^|W|#l:#^t6(kl.5 (C0-M0-AI2O3) —^7^^77770^^

(im2-3C^fZ9C, Ni-Mo-Al2O3^^#Z0^)±#<,

V'^7]ibT^^c ShabtaiC^^ (± ffifh L A Ni — Mo — AI2O3 , Ni — W—AI2O3 4o X <7 Co — Mo
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LT(±7tf7T>z)#^L,

60 Kn#^(D7K#f[:^^(OoT##(±#v^(7)6#x.6^^o

2.3.8 SRC ##(D Ni-Mo Z 6*#^%#

^2-4

^2-4

RUN 208-10 208-13 208-16 208-19

Experimental Condition
Temperature (°C) 375 400 420 450
Pressure (kg/cnfG) 150 150 150 150
Feedstock (g/h) 103. 1 101.9 99.6 101. 0
Hydrogen (l/h) 99.5 96.8 102.6 102.3

9-12 18-21 27-30 36-39

Mass Balance
Input(g/h)

Hydrogen 9.0 8.7 9.2 9. 2
Feedstock 103.1 101.9 99.6 101.0
Total 112. 1 110.6 108.8 110.2

Output (g/h)
Hydrogen 5.2 4. 1 4.9 4.7

Gaseous Product 0. 6 1. 1 2.2 4.8
CH, 0.09 0.26 0. 57 1.38
C H, 0.12 0.27 0. 52 1. 16

C i H« 0.16 0. 31 0.61 1.31

C 4 H ! „ 0.13 0.22 0.43 0.86
CO + + + +

Light oil 2.3 2.3 3.7 2.9

Heavy oil 95.7 95.9 92.1 89.9
Total 103.8 103.4 102.9 102.3
Output Input (%) 92.6 93.5 94.6 92.8
IT, Feed (%) 3. 7 4. 5 4.3 4.5

Carbon Balance 1%) 98.3 97.5 98.1 99.1

@4X^(±92.6-94.6%"C^6^, >%(±97.5%(:m^
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#>2-5

208-F 
(206-F)

208-10
(206-11)

208-13
(206-14)

208-16
(206-17)

208-19
(206-20)

Temperature( °C ) - 375 400 420 450

alkylbenzenes & 3 77 13.40 18.00 18.91 21.85
alkylcyclohexanes (0. 77) (6. 36) (11.67) (12.78) (21.79)

t —decalin 0.02 2.44 4.06 3.74 2.23
(-) (0.32) (0. 79) (0.99) (1.51)

c —decalm 0.06 1.10 1.46 1.32 0.83
<-) (0.11) (0. 59) (0. 63) (0. 64)

tetralin 0.82 13.61 10. 94 10. 82 9.97
(0. 59) (15.24) (17.04) (13.75) (13. 05)

naphthalene 14. 07 0.43 0.89 1.37 3.65
(13.55) (2. 68) (1. 17) (1.57) (4. 25)

2 — methyltetralin 0. 14 1.80 1.40 1.39 1.27

H (2.11) (2.17) (1.63) (1.58)

1 — methyltetralin 0. 75 0.89 0.83 0. 79 0. 67
H (1.13) (1.11) (0.84) (-)

6 — methyltetralin 0.61 3.02 3. 14 2.80 2. 66
(0. 58) (3.27) (3.34) (3.09) (2.89)

5 —methyltetralin & 4. 99 2.39 3.14 3. 76 4.53
2 — methylnaphthalene (5.08) (3.01) (2.99) (3.41) (4. 56)

1 — methylnaphthalene 2.44 1. 15 1. 14 1.21 1. 72

(2.67) (1.99) (1.75) (1.74) (1.42)

Bicyclohexyl 0.21 5.20 5.50 5.74 5.20
(-) (2.14) (2.79) (2.45) (0.19)

Biphenyl 2.08 1.60 1.31 1.53 2.24
(2.98) (3.10) (2.71) (2.93) (2.63)

2a,3,4,5,tetrahydro — 0.79 8.98 7.06 6.73 4.77

acenaphthene (0. 79) (12.68) (11.80) (10.40) (6.23)

Acenaphthene 13.70 2. 50 2.55 3.11 4.98
(6.23) (2.44) (2.71) (2.55) (1.88)

Dibenzofuran 15.90 9. 26 4.70 3.21 1.96
(16.37) (11.25) (7.87) (6.52) (2.13)

Fluorene 7.04 2.62 1.18 1.34 2.89
(5.27) (3. 44) (2. 45) (2.47) (2.14)

SRCWk^ (#t2-6) (d:375t(7)37.5%^6450''C(7)83.5%^K5^^^^^±#L, Co-Mo 

/ AI2O3 ##^023.1-79. 7% ^
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El 2 -141-sgi;jrf-t6

••A---

175 r

40 -

Ni-MO
Temperature (°C)

gl2 -14 E E # M#

200-250°C^^#50%^^36, Co-Mo/AI2O3 &

EI2-15K(±, ^C-NMR#j^ (INEPT
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Primary aliphatic

Secondary aliphatic

Tertiary aliphatic

Protonated aromatic

'''A------

Substituted aromatic

Temperature CC) Ni —Mo

^------ Co —Mo

M2 -15

fa ( Substituted + Protonated aromatic ) (±0. 4—0. 50^ &## L, Ni —Mo / AI2O3 (D ^ 7)^ fa O

2 z 3±#s

(#2-5) 7;p^;Pix7a/\^4f->j3j;(7

Th7V>###-e^K), #^T"C(i*#^#7)Wft6Z(b^^LTv^o g

#yWC#<^#2fL&7 4:f 7T>, 7

^0$^^:, Th7Ppa74:i-7f'>, Co—M

0/Al203 #^^it#1-&<b Ni-Mo/APOs-Clif ^7 V >, H'vf

"9,

— 61



#2-6 SRC

#2-6 7C#^##& Z ^ SRC

Sample Taiheivo

coal

washinghing

oil

208

oil

— Feed

SRC

208-10

oil SRC

208-13

oil SRC

208

oil

-16

SRC

208-19

oil SRC

Temperature (°C) - - - 375 400 420 450

C (daf. %) 77.32 90.28 f19.37 87.39 87.70 90.16 87. 96 91.09 88.36 91.58 88.71 91.80

H (daf, %) 6.45 6.82 7.01 6. 37 9.62 8.46 10.42 8.41 10.32 8. 07 9.76 7.89

N (daf, %) 1.36 0.81 0.99 1.82 0.38 0. 70 0.24 0.50 0. 37 0. 35 0.23 0.31

S (daf, %) 0.29 0.23 0.32 0.13 - - - - - - -

Odiff %) 14.58 9. 86 2.31 4. 29 2.30 0. 68 1.30 - 0.95 - 1.30

Ash 15.80

H/C 0.99 0.90 0. 94 0. 88 1.32 1.13 1.42 1. 11 1.40 1.05 1.32 1.03

SRC conversion (96) 37.5 49.5 67.3 83.5

MW 542 477 386 349 290

fa 0.74 0.53 0. 56 0.60 0.65

Hau/ca 0. 74 0.67 0.68 0.66 0.69
a 0.37 0.48 0.44 0.36 0. 28

n 2. 1 3.0 2. 9 2.9 3.0

Rn/Rt
__________________

0. 30 0. 42 0.41 0.37 0. 32

±#aoz9t:, Ni-Mo/Ahos,

"C&O, ##(iSRC4:(:^^^fL-cv^,

SRCd#^#tff^C, SRCC^##(±4#@%-e^6o Co-Mo/AEOsEOkb^TlT, n ( 

Ac;i:Rn/Rt

js 0 SRC ^m^fL"Cv^Z

2.3.9

1 ) Rondo, T., Ukegawa, K.. Matsumura. A., Koguchi, K., Nakamura, E., JJapan Petrol.Inst.,

27, (1), 70 (1984).

2)Hosoi, T., Sunami, Y., Hayakawa, K., Shirafuji, T., Rato, M., Minami, R., Sumitomo Rinzoku,

34, (3), 48 (1982).

3) Ternan, M., Brown, J., Fuel, 61, 1110 (1982).

4) Rollmann, L.D., J.Catalysis, 46, 243 (1977).



5 ) Hara, T., Tewari, R.C., Li, N.C., Fu, Y.C., ACS Preprint, Division of Fuel Chemistry.

24, (3), 215 (1979)

6) Odebunmi, E.O., Ollis, D.F., J.Catalysis, 80, 56 (1983).

7 ) Odebunmi, E.O., Ollis, D.F., J.Catalysis, 80, 65 (1983).

8) Odebunmi, E.O., Ollis, D.F., J.Catalysis, 80 76 (1983).

9 ) Rondo, T., Ukegawa, K., Matsumura, A., Koguchi, K,, Nakamura, E,, J.Japan Petrol.Inst., 

27, (1), 70 (1984). Ukegawa, K., Rondo, T., Matsumura, A., Roguchi, R., Nakamura, E,, J.Japan 

Petrol.Inst., 27, (3), 242 (1984).

10) Chien, P.L., Sellers, G.M., Weller, S.W.. Fuel Processing Technology, 7, 1 (1983).

11) Shbtai, J., Veluswamy, L., Oblad, A.G., ACS preprint, Division of Fuel Chemistry, 23, 

107 (1978).

12) Patzer, 11, J.F., Farrauto, R.J.Montagna, A.A., lnd.Eng.Chem., Process Des.Dev., 18,

625 (1979).

13) Miki, Y., Sugimoto, Y., Nippon Ragaku Raisha, 5, 704 (1983).

14) 63, 141 (1984)

15) Doddrell G J.Am.Chem.Soc. 102, 6388 (1980)

16) Maekawa 0 Fuel, 58, 864, (1979)

2.4

2. 5

2.5.1

Y Ni-Mo-Al203^^d:<7'Co-Mo-

mm##, mm##

< ^6oNi-Mo-Al203^M#(imm#MlG,7K#fhMl5T(± Co-Mo-AE03^^#Z 0

Ni-Mo-Al203^##, Co-Mo-Al203###-e-E-Kf'ti25. 7, 21.9kc

al/mol tAo/: c

2.5.2

co-Mo-Ai203^m^Mv\
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^(D$g^Ni-Mo-Al203^^#(D^^Co-Mo-Al203 

#Z»9 Ni —Mo—Al203^##CZ^KATt±KACm%^Z[fKA.

^ R K0 7%.f >% lx>#(D#^C (±3 90°C co

AC, ^nA^ikKE^imA/jv^-cKn^^fyx 

lx>#cDZ9^{k^#!^A^:LA4)OR#ACKAo ;<774>McoKA#t±#^C#<, A##co^% 

f4:#m "C (± ^ -a"## U: (3 R A L ^ 7)^ A o

2.5.3 SRC i#^(0A#fKm

Ni-Mo/Al203^m^mv\ ±A#^:#m#^(OzKm{%@A1fcA^, 200-275°C^^^ 

AR&O, T^7V>,

^TnmfcomAcmL-ui, m#(±A^cp^A$fL6^mm, mmw(±m#G8%,

mm#^(i82%r^c Ao ##(± SRC AC^^m#co#^(k[5]#cm#U#AL#v^

Co-Mo/AROs^m^M^A^^: CD j:b#^^, Ni-Mo/ AI2O3 A^,

H/CCi±#^##-e^n, AAf&#A^^cDi#An, SRC(0^##cD±#^gg^C^Ao L7)'L, # 

##^J(0%#(D#A^C(±, ynh>KA-#(D#WT#V>(DA%WML<&<, t;L6, Co- 

Mo/AI2O3 =k D C, T h 7 V Lv^#A6fL6o
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3.

3.1

a#(:#yn C&-3 < ^ <7) 6 fi& Z 7 (: &

Bg%58#&T(l, 0#^tL/jS^fk#^180-450°C^^t:

LT Co-Mo/AI2O3, Ni

-Mo/Al203j%#^:j:67k#fKm^#mL/:o 317^7^7 hM(D##%^###(7)#

BS#59#%Kj3V^T(±, ##^<7)^#W:&c)#, Ni-Mo-Al203^##eMv\

Ao

3.2 # #

3.2.1 j: cm#

(i8o-45o°o
T^I9, ##&##!) (klFlCNi—M0-AI2O3&MWA0

3. 2. 2 WkyW*#ig^<ozK#{K#

*#{km#I:#M L/:m#KS##(i ## Z 0 m## <7) # ^ y 7 > 7 a - # <7) @^ -e o

A:Feedstock, B:Pump, C:Compressor, D:Pressure regulator, E:Accumulator 

F:Discharge regulator, G.'Reactor, H:Gas-liquid separator, I:Gas meter

[El 3 — 1 ##<7)7 o — g]
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#L/:o

%L/:o KiZ'^370°C, KlZ'EJ]25kg/cni;370r,100kg/ciii;390r, lOOkg/cni^H

A^m^L/Zo ^f^F^LHSVIil hr-\ 7K#Fm#m{k#^##Jk(± 1000L/L F L

fc0

3.2.3

#3-i z^mm-aidi?)#®

Sample No.
Feed —

A

Hydr (treated Oils
Oil

G

Mixtures

B c D A G - 1 AG- 2 BG-1 BG-2 C G- 1 CG-2 DG- 1 DG-2

Reaction Conditions
370 370 390

Press, (kq/Gcttli 25 100 100
LHSVChr — } 1.0 1.0 1.0
H - /Feed (Vol.Vol.) 1000 1000 1000

Mix.Ratio (Vol.Vol.) A/G =50/50 25/75 B/G =50/50 25/75 C/G =50/50 25/75 D/G =50/50 25/75
Specific Gravity (15/4 “C i 0.9968 0.9757 0. 9399 0.9335 0.8373 0.9169 0. 8770 0. 9067 0. 8719 0.8887 0.8631 0.8851 0.8612
Viscosity (cSt at 30 tO ) 5.60 3.78 3.16 2. 99 4.13 4. 57 4.18 3.74 3.85 3.51 3.81 3.43 3.74
Elementary Analysis

C (w t %) 88.82 89.44 88.61 89.28 86.28 87.66 87.00 88.38 87.20 87.64 86.90 87. 66. 86. 58
H (w t %) 8. 78 9.20 10.54 10.72 13. 55 10.91 12.04 11.30 12.36 12.02 12. 70 11.98 12. 63
0 (* t %) 1.83 0.99 0. 51 0.24
N (w t %) 0. 33 0.26 0.05 0.01
S (w t %) 0.032
H/C(atomic ratio) 1.178 1.226 1.417 1.431 1.871 1.483 1.649 1.524 1.680 1.634 1. 741 1.628 1.738

Distillation (C) (JIS K-2254')
IBP 205.0 153.0 142.0 145. 0 209.0 199.5 201.0 181.5 197.0 159.0 193.0 171.0 182.5
5% 224.5 209.5 187.5 191.0 231.0 224.5 229.0 221.5 222. 5 213.0 222.0 210.0 216. 5

10% 232.5 219.0 205.5 206.0 243.0 240.0 231.0 235.5 225. 0 235.0 223.0 229.5
30% 247.5 239.0 230.0 229.5 263.0 249.5 259.5 251.5 255.5 248.0 257.0 247. 0 253.5
50% 267.0 259.5 248.0 249.0 281.0 269.5 279.0 272.0 275.5 269.0 276.0 267.5 273.5
70% 301.0 293.0 282.0 280.5 303.5 301.0 304.0 301.0 301.0 298.0 301.0 296.0 298.5
90% 352.0 345.5 335.5 333.0 337.5 347.5 341.0 341.0 336.5 340.5 337.0 337.5 336.0
95% 376.5 368.0 362.0 360.0 353.5 369.0 360.0 362. 0 351.5 363.5 352.0 357.5 351.0
E.P. 382.0 372.0 366.0 368.0 359. 5 370.5 370.0 375.0 355.5 372.0 364.5 373.5 359.5
Residue (vol. %) 3.0 3. 5 3. 5 2. 5 3.0 2.5 2. 5 3.0 2.5 I. 5 2.0 2.5

fa(- ^C-XMR) 0.64 0. 54 0.42 0. 41 a. 14 0.42 0. 30 ,

'H-NMR
Ha 35. 0 33.6 19.1 22.6 4.3
H « 21. 7 21.3 21.4 19.4 6.8
H j3 33.4 34.2 46.6 43.4 62.2
Hr 10. 0 10.9 12.9 14.6 26.7

Cetane No.(JIS K —22715 18 23 24 56 30 42 35 44 37 45 38 46

Cetane Index ^ K-2204) 4.9 8.2 14. 5 16. 5 26.3 41.8 30.0 42.7 35.2 46.1 36.0 46.2
Cetane Index (ASTM D-976-80) 16.6 17. 7 20.6 22.1 54. 1 30.1 41. 5 32.8 42.2 36.5 44.9 37. 1 45,0
Flash Point (C) (JIS K-2265) 92 64 51 48 84 87 86 73 79 63 72 60 69
Pour Point CC) (JIS K-2269) ->-15.0 + 12.5 + 2.5 -2.5 -7.5 + 2.5 -5.0 -5.0
Reaction (JIS K —2252) N N N N N N X X X N N N N
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3.2.4

#(7)160-250r^-e(7)^^emv^o ^-(7)##:^^ 3 - 2

^3 — 2 Z <k (7)^-0 #7)#^

(* ' Obtained from hydrotreated oils of middle distillates )

Kerosene Fractions Obtained from 
Feedstock and Hydrotreated Oils

Kerosene

Sample No. A K B K CK DK K AKK- 1 AKK-2 BKK- 1 BKK-2 CKK-1 CKK-2 DKK- 1 DKK^

A K/K H K/K C K/K 1) K/K
Mix.ttniio (vnl./vul ) 50/50 25/75 50/50 25/75 50/50 25/75 50/50 25/75

Specific Gravity (15 1 "C ) 0. 9722 0. 9552 0.9216 0.9171 0. 7933 0.8836 0.8389 0.8749 0.8341 0.8580 0. 8258 0. 8559 0.8249
Viscosity (cSt at 30 "C ) 2. 76 2.25 1.94 1.89 1.51 1.92 1.66 1.74 1.60 1.67 1.58 1.66 1.57

Elementary Analysis
C (w I %) 88. 18 89. 19 88.71 88. 85 85.71 87.34 86.60 87.80 86. 56 87.44 86.42 87.46 86.42
H (« t %) 8.88 9.28 10.67 10. 77 14. 17 11. 32 12.62 11.56 12. 78 12.35 13. 15 12.38 13. 15

0 (w t %) 2.05

N (* 1 %) 0. 26 0. 21 0.03 0.01

H/C (* t %) 1.200 1.240 1.433 1.444 1.970 1.544 1.736 1.569 1.759 1.683 1.813 1.687 1.813
Distillation ( C ) (JIS K-2254)

1. B. P. 190.0 150.0 146.0 140.0 166.0 172.0 169.0 165.0 165.0 158.0 162.0 155.0 160.0
5% 212.0 195.0 178.0 174.0 177.0 185.0 180. 5 180.0 179.0 177.0 179.0 171.0 175.5

10% 214.0 205.0 191.0 188.0 181.0 192.0 184.0 188.0 183.0 184.0 183.0 182.5 181.0

30% 222.0 219.0 211.0 210.0 193.5 207.0 199.0 205.5 199.0 200.0 198.0 201.0 196.0
50% 228.5 227.5 221.0 220.5 205.5 219.0 213.0 217.0 211.5 213.5 210.0 214.0 209.0
70% 210. 0 238.5 232.0 232.0 220.5 231.0 225.5 230.0 226.0 226.0 224.5 226.5 222.5

90% 270.0 267.5 261.0 259. 5 240. 5 254. 5 247.0 255.0 247.5 250.0 246.0 249.5 244.0
95% 294.0 290.0 280.0 279.0 249.0 274.0 260.0 275.0 261.5 266.0 258.5 264.0 255.0
E. P. 312.0 312.0 303.0 302.5 259. 5 298. 5 284.0 297.0 282.0 289.0 278.5 288.0 275.0

Residue (vo!%) 1.5 1.5 1.5 1.5 1.5 1.0 1.0 1.5 1.5 1.5 1. 5 1.5 1.5

Flash Point (t ) (JFS K-22G5) 80.0 57. 0 45. 5 42.5 51.0 59.0 56.0 53.5 53.0 48.0 50. 0 45. 5 49. 0

Smoke Point (mm) (JIS K —2537) 5.5 6.0 7.0 7.5 23.0 8.0 12.0 9.0 12.5 10.5 14.0 11.0 15. 5

Copper Corrosion (50 °C . 3hr) (JIS K —2513) la la la la la la la la la la la la la
Color (ASTM Scale) (JIS K-2580) D8.0 L6.0 L0.5 L0. 5 L0.5 D8.0 LG. 5 L5. 5 L4.0 L0.5 L0.5 L0.5 L0.5

Reaction (JLS K —2252) N N N N N N N N N N N N N
Composition (area%) (Main Commponents)

Alkyl cyclohexane 0.0 1.0 3.8 4.4

Decalin (Cis + lrans) 0.0 0.0 1.6 2.3

Tetralin 10.3 12.4 23.3 23.2

Naphtalene 20. 1 16.0 1.4 1. 1
Methyl telralin (total) 5.6 7.0 18.4 17.3

Methyl naphtalene (“+/?) 16.5 14.4 1.6 1.5

Fluorene 1.0 1.0 0.7 0.5

Dibenzofuran 1.7 1.5 1.2 0.9

Phenanthrene 0.6 0. 7 0.2 0.1
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BK(±370°C,

25kg/cH, DK(±390"C, 100kg/cnfr7K#fKmL/:^m#^6^'mA@^T^lO, 2AK(±rfmfT

$ 6 K(±#{ b# E 7^^# ^ ##fbT50/50, 25/75 C L A ^ (7) T * ^.

3.2.5

itm, 7K#(D7c#^#(±a#7)jis&r%c/:o

4 V 7^-&T#^L#IELAo

±A, 'H-^Z^'^C-NMR

(7)miJ^liB$:m/%#JMN-FX90QmFT-NMR#m(:Z^-C#^L/:o Ca, Cs(7)fb

#/7k#HU^flf5M00-149.2, 8-58ppmEL, Ca/Cs + Ca^^fa^^A, Ha, H^, H 
/9,H7(7)##(±^^^fi6.2-9.2, 2-4.17, 1-2, 0.5-lppmELAo^

7 83:1363##%^ o^k/^ 7 ^79 A

(± OV101 50m(D4r^ 1:7 V-^#mLAo

JISK-2254, JISK - 2265, K5Kmi± JISK- 2252 ^4:^ >#(± JISK

-2204, ASTMD-976-80, m#A(±JISK-2269(:&C)V^ffv\ (JisK

2203-1982) C&^WTjfcAo NEDO^

6co#^t:Z CZ Offo Ao

3 . 3 ZC/##

3.3.1 ##ELT(D##EM

#3-1 zK#fmm#j3 z ^ ^ 2:#me#a<> j 1 s#am
(D#^^7FL/:o

mm, mm^#<,

^^#(7)@7)^46T4 6 LT##f

KlZ4&370°C, KlZ'E^25kg/cH(D^#^# 

f4:T-e^mL^^^#(±, m##Z0bH/Cm#%nL, fa#^M/FL-CV^^(7)<7), 18

F#<, 2/:, mm, mm^^-v^ jiscm^LTi^^(7)(±%m, ^t/^, mBT&&c m5&%3 

70rrME'g^l00kg/c^Et6E H / C fa#^^zKmib^^^ lH

^1/.^, m#A, K15, jisu-c^ 

>#(±5omTr^6o ^A, KS^%^39orc±(fA#^, ^^cmmm, mmm^mtr^, 

itmm&TL, H/c^i$<^c"c^o, gi/Aiisom/E^o, jiscm^

L&<&&o L^Lm^KmmdKiZ'^^orcom^E^EA/^^^^v^ %c-cm#fT-TT(7)7K

(7)TKmfbC=l:^t7T>#^#^#^/:A6, ^-(7)^^// -4f;i/##E LT#mi-6C(i^m^6 9o
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4ÔT

w
'<
CL

O

COo

(D03
m
CL

4-o
O

O
O CD
P O O
3o

8

/
/

/
/

/
/

/
/

/
/

/z________

xV
n
93 3.

d

hffl
t
t
4

m-
Pr
3

ft

#

3
t
Pr
v

4LU1

I
H
93
<3

m-
*
e$F
to
ft

CO

cjn
n
W

ft
4-
gp
h-

r

r

m
3

nHf>

eP
"3

t

v

9+4l
O

t d
34 39
^ gp
t °
t
tocn

cn
3
ft

t
3

V

94| ^

CO
-o
o
o°

o
o

CO
CD
O
o°

o
o

t 4 8^
^ m ^

^ t
co a

I BB- d
- £ ®

p
<v
4
t
3
#
p-
§

cn 
O
3 
ni>

ft

m- 
(V
ft

rv
m 
it

\

cn ft
3 r 
@ t
ft #

m-
t
cn
o

cn
o

tocn

A
&
d
94
£

ft
ft

ft

94

(S)

ft

ft
rv

GO

It

ft

3
V
t 
rt 
ct 

3
M 
0

d
3-

I 5

HS
it

ft
4
gp

ft 0

>#
cy
m-

p

9+
ift

3

t 94- 3 93 O' d >nm
H S yx (S 6i d t

V ft t t 3|1 Vr
# pa 94 gp 93 gf r gp V
►Jo-cn

y d* rv ° ft
3 iP g 3 m- dt W 94
"t CO 94 ~A t # l
#

(t
t t d Si o* y

rv 4 a y 1
al # d m 1 P X-d>

|b d 8*- rv t 3 to xli
s s w gp it V vj
It rap 93 ti n 94 A
4m BT 3 hr V
A it t Or Or t

t # r ct o(-) *
<3 d 94 3 d n ct
cno *o> t # ># t 3 3nF
n
4 iP

n>
t v4 V

vjl
A

ZX

eP 94 M h# gp pF
~T- 0

rv r> 't # p 94 4
(V l

3i
m * 4 n> ft A d

ct —~*s
rv it A

4 it 4 dl 3 4 <
rr yPV # # M 4 XAo
d o » rv gp 4 3i
8^- gp t 3 ft v d
gp r Or t 94 4 3 A
Or p> vl gp 4t V
r 4L % 3i m % rv #

A- "
d rv V tv 3 rv >tfr&L A

94 t M rv it SfXX V
gp 4

m
d
t
94

rv
Ok

UV
t

Or
<5-
f

S
p

4
rv
t

d
A
V

rv
# t/ d

t #
0
3

M
r

t
V 4

4% Or 33 d ft v!
Hf it t

r
d

& ffi
:Dr
d

gP
3
g

Si
V

\P
t

P' ct 3
94 n t njf b#
33 ZX 0 Pr D> o M

0
#

t 3 V It
d PF t *4 3



Cetane Index

oo

d

CM

fr

cy
m-
3 
t

V
pF
94-

M3
t;
4nut-ever
a
t-
0
t
ti~

co
co
t
K
Ci

CO

4X

Jy
#
frti
r

d

eii
r

w
\
o
3
m$
g
Or
Or
ct
n
it
Nj-
V
#

Sn^
Zx

(>)

ft

s
h#
#

yx
#
t
0
d

CM
f v 
Or 
t
eii
t

El

CO

t
t
t
t
3
%
$
3
t

o
fV
t

V
PF
3
a
#
ft
ti
t
t
<?■
3
d

(6-

X1L
ITT

( 4
<h

t



3. 3. 2 7^#

1980#C#fLw-b^>i#m(7)#m^:^iE^:m#i:LTeiJ^L/:ASTMD.

976 -

m3 - 4 (: JIS ^Z^'ASTM (Otf ASTM

(7)-E^ 7fg#E4:f 7#(±, #:LTv^3 2fil:#LT

^ ^ 0@v^#^^LTv^^ 2fL660^

#(i, 4-#,

3.3.3

&#&#?)tWK2: - 2 m%#

±, KtD#(±^T# Jis #%C^% L T a?, @A(±#<, (2 3mm) C(±%

7k#,

Wk#^%##g^^^^^TyA^^(AK)(±, &^^#f^#:^lNf7^77, 7f-;i/f7^77, Th 

7 07, 7f-;i/Th7V>^50%^^-^KT^0,

f"7^7 7, 7f-;l/d-7^7 7l±^/^L"CV^^, -E"(7)7K#fb^K/j:Tl'7V7, 

7f-;i/T h 7 V 7 ^ 7 T 7/M#tD L/z CiE^ 0, #A ^ ^ 6 /j, <

fascia,

f 7 ^ lx 7#^f- b 7 V 7#&|%*f6 C E (±, ACO-#g^(7)50%ia< ei#*f 6 A E "C^ 0 , 

^A@&&7K#{bM#3rfrc^E LT V 7, $ W:U7;kA;kN7n/\^4k7#A5%a(Dl#tni:

(AKBK),

Al:#AL*^L<

L^L, #ACowT(izK#i b#f$3r # L < i" fL(f^^ mfb^K#^

^)KT# 1 ^-E LT#^i"6 Z E 1: 6 2 #E 6 ^160

3.3.4 jC #;

1 ) Kondo, T., Ukegawa, K., Matsumura, A.. Koguchi, K., Nakamura, E., J.JaapanPetrol.ln.,

27. (1), 70 (1984).
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2 ) Kameda, H., PETROTECH, 6- (5), 56 (1983).

3) Ternan, M., Brow, J., Fuel, 61. 1110, (1982).

4) Jankowski, A., Doehler, W., Graeser, V,. Fuel, 61, 1032 (1982).

5 ) Kondo, T., Ukegawa, K., Matsumura, A., Koguchi, K., Aovama, H., Ohouchi, H., Nakamura, 

E., J.Japan Petrol.Inst., 27, (1), 70 (1984).

6 ) Kondo, T., Ukegawa, K., Matsumura, A., Koguchi, K., Nakamura, E., J.Japan Petrol.Inst.,

27, (3), 242 (1984).

7 ) Kondo, T., Ukegawa, K., Matsumura, A., Koguchi, K., Nakamura, E,, Nenryo Kyokaishi, 6

2, (679), 931 (1983)

3 . 4

FU:(0$^i±, vu F7u^:^JMdlmJb&(:zo#U4i7F#Mmfb#4:g#@^^)6vu±^607K#

mf b# f <6 60 60 ## A^ c-o v ^ T <7) zK#<oi##, ^ ^ v^ (± # F u, f co zK

F 60 ####, # ±7 X # ±3 Z (7) Me F <D ##

3. 5 ^

#Jb#^Ni-Mo-Al203^##^mv\ KE4^370-390U, KE'l±^25 - 100kg/cnlTzK

m##fb#^z^mibmm#Fm m<7)##^u, jis

4-df;i/##FL-C#mf^ZF(±-e^^w. U4L^7K#Jbmm-F62F(:ZcT, ##,

^F(lS#Fm4ofL, i^x.(f390Ul00kg/cnf-e%mL/:AhK#<7) fa #(±#(##<7)0. 64^ 

60.41^-eT^6^, $A#<7)0.14(:(±%(f^v^ N#4)24F JIS Tm^6#/:50(:(±m-t±

f, 4 -4f;l/##F L"C#Mf 6 c F (±@mFm4o#6o

6^, *^#TT<ozK#JbM#-e(±i5%##<7)##-e-F7 >#(±501:^0 Jismf&cm^f&za 

m#mb#(7)#A^io%6om#TU7u#(±5oumf^o u^u, 2

(3) -F7U#FH/C(O^U(±&V^M^*UK±:o ^4U±^###^#^cTV^FFe/j<U

(4) JIS^Z(7ASTMrA^)^#±:-F7>mm#JA'&-e(±, Ej^mib#^F"60###(±P##$K
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K6o%c-C, mo^^T-e^Tafk^^^L, rlT^^#^

(6) 9>K7>md'6(7)a{kYW*y&@^, (160-250°C),

7 7 1% ^-60^K#ik^fL/tT h 7 V >#^j#tnL-CjoO,
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4. m % #

( 1 ) r Hydrotreating of coal — derived middledistillate with C0-M0-AI2O3 catalyst j At % #

13, ( 3) 17 (1984)

(1984)

(3) #2^

27, (3 ) 242 (1984)

(4) (#3#) -## (jis 2204) a

LTCOm^#-j 27, ( 3 ) 247 (1984)

(5) (#4#

27, (4 ) 362 (1984)

(6) SRC <07K#fb&#j Ar##V'# 14, ( 1 ) 15 (1984)

(7) At## #i3[m#%%m

(8) L###&#, 63, 768 (1984)

(9) z63, ?8i d984)

do) 27, (5) 413 (1984)

(11) ($5#)

27, (5) 433 (1984)

(12) (5) -±?#^#m#^Ni-Mo-Al203 ^#

(13) 63, (10) 877 (1984)

d4) 63, (12) 1024 (1984)

(15) s##

28, (1) 19 (1985)

(16) 28, (1985)

(17) r^#^mmm^co-Mo/Ai203 m#cz67K#ih%mKE^#mj 64,

( 1 ) 36 (1985)
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