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1.1

KJ^#%(:^uT#^^ma6-c^ao co#^6D#@-r#@^{bm^#^®*^x

/b-^h^UTx

#^M6fix ( P A ) ( PT ) 0:^(DT##fp^^

o/:o

^rC-e:c###T6oa]A{L

#,XfP^(TG method )C^o(j'a#J^#f#C'3U"C(j:^ Figl. (C^U/:d;7(^

15 x 7> IS1 x\ X :/j:^

a^#^^59o zK^#J^(D/:26(D7-f .yy 3 

^UT(ix 10-2 0^®$B@Tmj$#^^^b^#/:(b^6x

&6^a i 5 a c

y7°5(D^#:#^x

-7^-cm -8^cD#@-e^^^-^x J i s^czam^^m^zcm^^#'

li^( n-^y a ^rHfB^flO 4 ft&M'fil Ltz o

(3l40mg/*6i&#T&c)/:o ^/:x E^#4;;i/y-±

Jjfrb 4 0 mi/®«x 100 «£/T fij iS © <£ 7 140 mi/mn t btz a

C K U 7 h ( x xy IV 7° 6

rnfryac

U^L0:^5x A^##0^u^#c-3UT(d:x

JfH^ io J; §§lb a ~f “ 7 (D^t^ffi/j&'^'Ti' 4d b> 7 ° 1 0 — 3 0 ®£*f§

L#g^#f4-CuaC(b75^b^(:^o/:. ^±T#M-Lx #^U/:^iJ^^#(4:x 

Fig.i OT^C#^UT^W:<b;MT&ao 

Fig. i(:^b/:Z7(:x %yy7°i-3(:^^T#/j;L/:m#^7K^-ex
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(1C) (wt %)

50

Step Heating rate Iso.temp.
(1C/min) Ce)

Iso.period Atmosphere 
(min)

100

100

25

110

900

900

15

4

16

Nitrogen

Nitrogen

Nitrogen

Nitrogen

Nitrogen

Air

'Sample weight : 20mg

• Flow rate of nitrogen and air : 140ml/mln

Fig. 1 Thermogravime tr ic curve and temperature - t ime profile 

7° 4 6 5 y 7° 6

Fig. i 0,

(i, zK^^-7U"C(i 4.3 0 ^ZCf: 4.15 wt 9k 51.26 51.33

wt 41.91 41.61 wt 9k 2.5 3 ckC^
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239 wt%-e&o/:o @^^#(o.30wt% ) >zk^

( 0.15wt%)>$c5}‘( 0.14 wt % ) >l¥^53' ( 0.0 7 wt % ) A ZK^X

Fig. TG method )

^ Table l.C^

L/:o PT6#&^A.-C^5(DU,

PAUT;i/3—PT

v/<?y

2. o % C ##M#C), (k %c#± i. 4 % ( zK^ :

Table 1. Proximate analysis by JIS method and TG method
(wt%, wet base*5)

Coal
Moisture Volatile matter Ash Fixed carbon

JIS TG JIS TG JIS TG JIS TG
Yallourn Coal*1 11.6 10.2 45.5 47. 1 2. 1 2.8 40.8 40.0
Wandoan Coal*1 6.5 5. 2 37.9(PT) 36.9 22.3 22.9 33.3 35.0
Liddell Coal*1 2.3 2. 1 30.7 31.2 19.7 20.8 47.3 45.8
Egg Lake Coal*2 11.2 12.0 33. 3(PA) 32.5 12.8 13.4 42.7 42.0
Wabamum Coal*2 11. 1 10.4 29. 5(PA) 29.0 16.9 17.9 42.5 42.7
Battle River Coal*2 11.9 11.7 34.7 33.4 10. 1 10.3 43.3 44.7
Shori Coal*3 13. 3 12.4 33.1(P T) 33. 6 11. 5 14.9 39. 3 39.1
Koken Coal*3 10.0 10. 1 35. 9( P T) 35.7 10. 1 11.2 44.0 42.0
Karinga Coal*3 9. 9 9. 8 37. 6( P T) 39.6 8. 3 8.7 41.2 11.9
Taiheiyo Coal*4 1.9 4.8 46.4 45.4 9.2 10. 0 39.5 39.8
Shin-Yubari Coal*4 1.3 0.9 33.6 35.4 9.8 11.2 55. 3 52.5

*1 Australian Coal *2 Canadian Coal
*;-5 Chinese Coal *4 Japanese Coal
*5 Equilibrium moisture base at 75% relative humidity and room temperature.

Fig. 2. <DT&

6o 0.998 , 0.988 0.977

#a#(iFig. i.oo-e&0,

0.27^G 0.68



**« ( ©-SB ) tT©j£<EB®BRicMTA> StMk 2 o W® A#1T% 

SJSBtmt, l Atix 1 /dUSKS'S'E^ESSl'C1 A 5 A\ <4#^

4'4-S-©rS^@ft*ma6 d Ar-JIS$ AEe$©flStt4-*1-5

A f: B> I# 5 fcCtfAStlB

Proximate analysis by JIS method (wt%, wet base)

Fig• 2. Relationship between proximate analysis by TG method and 
by JIS method (wet base : equilibrium moisture base at 75% 
relative humidity and room temperature )

Fig. zK#^

m< Fig. 3 c

jis^^z

JlSo Fig. 3.T#^W:
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F.C : Fixed carbon

Fig. 3. Relationship between sparking phenomena and analytical 
data of sample coals ( wet base ! equilibrium moisture 
base at 75% relative humidity and room temperature )
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i. 2

j: $g® ESS/ 3 <!: #/ 6 ftT t,' 3 „

5i^(ix ii;l%£rEj/h$^i^SK&Z'TkX'ffcpr SK-Ebi^#)/ bB$-5®SS-tiE*k ^ f 

viz&U/ ® u-y^gicj; -3T51'iCSS- L TTBE L T fc D , 

5K®*ftEJS#]fflfflM£m ctib*t*©ffltSTic J; stifitJ

i-'^o

C /. Cross-Polarization C CP )/Magic Angle Spinning (MAS) 13 C n-m-r-

&t:Z SSl^S#Tr®${bKJ6®

te$icS®vr, &8BR®$-(t:toffi®M-£'(;:*='/5 x-Tttso1^ ® t-v|S 

®®»i*iiBL5:)SEf8ffl*$*fT3fc„

Table 2. (C !ifg|£ 1C f| l Vc ® y-#rtt£y Table 3. iC(i OP/M AS 13C n-m-

r- ttIC J; 0 U/o

Table 2. Ultimate analysis of coal

Coal

U1 timate
( wt

analysis
// d- a. f. )

A t om i c rat io

C H 0 H/C 0/C

Yal1ourn 6 6.2 3.9 2 9.4 0.7 01 0.3 33
Soya-koishi 7 2.0 5. 5 21.1 0.909 0.220
Ta iheiyo 7 6.6 6.2 1 5.9 0.964 0.1 56
Horonai 81.1 6.5 1 0.9 0.954 0.101
Akabira 83.2 6.3 8.6 0.901 0.0 7 8
Shin-yubar i 87.4 6.2 4.6 0.845 0.039

Table 3. Distribution of carbon atoms in coal

Coal

Distribution (%)

/aPolar
Arom
atic ch2 «-ch3 /*-ch3

Yallourn 22 57 12 5 4 0.57
Soya-koishi 19 51 18 7 5 0.51
Taiheiyo 13 54 21 8 4 0.54
Horonai 5 61 22 8 4 0.61
Akabira 6 66 15 7 5 0.66
Shin-yubari 6 71 12 6 5 0.71



^urua ( Table 3)oCc:Tmiv:-y^-y^U7"u y ^ h-r^a/:^, y u y

“ 7° *3> ML ^ ^tl^o
Table 4. (i G P/M AS 13C n-m-r- h 7U 4o X GK' 7 -fe 7 G TT/ti

a u UT u a o

Table 4. Distribution of oxygen atoms in coala

Coal

C)/Cxl00(%)

=CO, -CHO -COOH Ar-OH -OCH, Ar-O-Ar c-o-c
OoH/Ocoal
(%)

Yalloum 7.9 7.7 9.7 4.0 2.9 0.8 29
Soya-koishi 3.3 5.5 9.1 2.3 1.1 0.7 41
Taiheiyo 1.9 3.2 7.0 1.6 1.2 0.5 45
Horonai 0 1.7 5.6 2.3 0.2 0.2 55
Akabira 0 1.2 4.7 1.1 0.55 0.1 60
Shin-yubari 0 0 2.5 0.7 0.66 0 64

“Values obtained by assuming that alcohols are not present in coal

MT#±-#-a „

L/-c#&f ac #

a^i## J: - y 7'7 7 y

CDj: Za ^@T&59.

E^®#mA(G^^a J:--f ;t/^#0%#J^Table 4.(DJ: -7;i/#^aC^U"C

(Z j; D #^T"f a <h 2 flTl^a^C, UTUa %

#) <b#x_ 6 =M,a o

Table 5.U j: 0 ^S%L/:Kj54]^#:(D^fa(D#f#:#A^

LTua.

jyZCfBr



faU 0.51, 1 - 2 T&0 , ^

2 — 2 0 6^:5.

(D^f^iUO^Hio.g Og. 6 (MW=197)6C2oHi&2 04.4 (MW= 329 )

/:U l c <bM6o

Table 5. Calculated molecular weights of reaction intermediates produced by cleavage 
of ether bridge

Coal «a /a Nc Formula" MWU Nu JVe MWj V.p.of

Yallourn 1-2 0.57 11-18 Cl iH7 703 7 
CigH12.606 o

(199)
(325)

2.5
1.5 3.7 490 356

Soya-koishi 1-2 0.51 12-20 Cl2H10 902.6 (197) 4.6 1.8 910 446C2okl 18.2C4.4 (329) 2.8
Taiheiyo 1-2 0.54 11-19 Ci 1 ff 10.6^1.7 (171) 5.3 1.7 910 917Ci^Hig 3O3 0 (294) 3.1

Horonai 2-3 0.61 16-23 C16H15.3O1.6 (233) 15.6 0.4 3640 681
C2sH21 9U2,3 (335) 10.9

Akabira 2-3 0.66 15-21 C1 skf 13.501 2 (213) 10.3 0.65 2180 707C2iHi8 9U, 6 (297) 7.3

Shin-yubari 3-4 0.71 20-23 C20Hi6.9O0.8
C2 3H1 9_40q 9

(270)
(310)

7.6
6.6 0.66 2040 618

"Formula for structural units
6V.p.o. value of asphaltene obtained by mild liquefaction reaction
J?a, Number of aromatic rings in a structural unit; Nc, number of carbon atoms in a structural unit; MWU, molecular weight of structural unit; Na, 
number of structural units per etheric oxygen atom; jVe, number of etheric oxygen atoms per 100 carbon atoms; MW,, calculated molecular weight of 
reaction intermediate produced by cleavage of ether bridge

Table 5. 6

6# ^ fh/cT T;i/^yg)V- P- 0 # j; U & L"C 1^5« L/c

5.0#Z 0 ±

^-#L/"CU6 c UTU5

Fig j;

L/C o

Figure 4. Model structure for the reaction intermediate of
Soya- koishi coal produced by cleavage of ether bridges

- 11 -
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CHg ^0C(F(i7;i/4^CHa

UTl^5 o

60 -

^ 20

CH3)/Cx100 C/J

CHg / C x 100 ("/.

Figure 6. Relationship between oil yield and aliphatic carbon content
of coal (a\ Ya,Yallourn;SK, Soya-koishi; TA, Taiheiyo.'HO, Horonai 
AK, AkabiralSY, Shin-yubari• (b),#, plots of oil yield against total 
OH2 carbon contentlQplots of oil yield against sum of OH2 carbons 
excluding alkyl CHs

Sj^[#cD7
L/C ^ C 5, ^ 0 j; 0^7° i/T 7. 7 yc#(c

- 13 -



1.3

^ @##^fro-cua.

b ;i/ V — 6: U/:o b ;i/ V /'f —j^tcg# L"C(d:

A#9S"M;A /< h;i/ U

(A (C7 y by-^y#^J;[b^± f'7;y^\ - ^ #I#(D 3 K W ^

^ -^-+b y K bf- - ^ y^-##:#6 UT, b ^ y-

U/=/< b^ V 7 y b y-h -;i/ K^d ^ ^

y rb'7^.-y y07i:#^|fT#^j;c;]:#^%lT#^Table 6.(:^L/:o

Table 6. Analysis of sample coal and vehicle oils

Coal and 
vehicle

Ultimate analysis (wt 96) Atomic ratio Proximate analysis (wt96)
C H N O S-' 'h/C N/C O/C Moisture Ash V.M** F.C*** 

(dlff)

Battle
River oil 70.0* 4.7* 1.7* 23.1* 0.80 0.021 0.247 11.9 10.1 34.7 43.3

Anthracene
oil 90.1 6.2 1.1 2.4 0.83 0.011 0.020

Cold Lake 
tar sand
bitumen 83.7 11.4 0.3 0.6 4.0 1.64 0.003 0.005

* : d.a.f. coal basis * : Volatile matter *** : Fixed carbon

LT(i 5 00 mi CD'- - b f y- A^fRi tl Pc

i o ^2% i 2, m#0. i 1 5 2^#AL, *;MKJ6E^220

- 230 Z L/C. Kj^#g 400°c, 450 "Cl:*,

i o - i20^c^{b^4±T^{bKic5^fT^/:o

/< h ;p U -;y+h y K b'7 - ^ y

o

400 j;[f7 77 y#WSj#Mto]&^LT(A

450 °c-e(i&{b#(d:(3^##a<^-e#AU,

%7T;i/7y4X#^M^>L,

C6DK!5#^U9y K7y^(Dj#^(!:|oi#T&a)0\ 

Kj^m^ 450 °C, 6 0 - 120^(D^Yb#U/< b^ 9 6 wt%T

- 14



50 h •

Oil + Water

Asphaltene

5 2

Conversion

Hydrogen consumption

Nominal reaction time (min)Nominal reaction time (min)

Fig 7. Conversion, product distribution and hydrogen consumption vs.
nominal reaction time on Battle River coal hydrogenolysis with 
red-mud catalyst ( o ; 400 °C\ • ! 450 V )

Fig y Fk'f-

T y h 7-t y#co#A(i, n -^4-7-y

y i 5 wt%077 7

g 400 "CTd 3. 3 — 5. 4 wt 4 50 "CCU 0. 6 — 2. 1 wt %(D7y 7 7;i/T;hX)^ 

zKm#5##U7 y h 7dz y#T(l o. 5 wt

^-^7-y Fk"7z,-y yT(l#(:Kj^Mg450 

i wt 3 wt%#^^-r#^UTU6o

400 °ceu^^y, %^y, 7°n^y^6Dj^{bzK##^j;0#)#i\

Fig 9.^j:(7 Fig 10.(17 y h 7 dz y##oZc;^-^7-y Fk"7=.-/ y ^



Oil + Water

Conversion of
Asphaltene

Hydrogen consumption

Nominal reaction time (min)

Nominal reaction time (min)

Fig 8. Conversion, product distribution and hydrogen consumption vs. 
nominal reaction time on Cold Lake tar sand bitumen (Canada) 
by drogeno lysis with red-mud catalyst ( o : 400 °C „ • ! 450 °C )

400 h V

Ft <5 <t ###:% <t 7 — y K L'f- — y y \z %s5

(i 3 o Wt UT, T y h 7 -k 8 o wt

LTua. —f-^-d-y 7#%T'trUf&z:#(c!t^L/'C7^7 %

f-yp-fy FLf-^-y 7

=k ftf:o

2-;btty Lk'f

6 ft 6. ^t:Tyhy-ky#L7 -^tty Fb"7 - y y

(ZXi, f -;i/4b y F ^ - y y ^ j;[y

T%7y^f-y, #^(C#A 400 °Cja±CD@^^^tV:26,

- 16 -



Fig 9. Conversion, product distribution and hydrogen consumption vs. 
nominal reaction time on Battle River coal hydrogenolysis with 
red-mud catalyst and anthracene oil ( ° ! 400 cC x : 450 °C )

T y h 7 -B y L 9 o —^

6 U, L"C^6o

Kj^Mg 400°CT

(19 0 wt 450 °C T H 9 6 wt %MS£~C' <fc 0 > ysf h ^ V ys'“

6. T y h 7 dz y##%TT v y FT y^^:

(2)^^#g 400 °CC^oUTU, Ty 

400 T^'rCD#.#m#(C:^UTK^^{mmL, 400 T,

8 0 Wt %#gcmLTU6o f -ybthy FB'T ^ y#%T"e(j:, Efb####

T%7 T;hf-y4X#0#T^j:<T

- 17 -



Fig

OH + Water

Asphaltene

n 100

Conversion

H2 consumption

0 60 120

Nominal reaction time (min)

0. Conversion, product distribution 
and hydrogen consumption vs. 
nominal reaction time on Battle 
River coal hydroge no lysis with 
red-mud catalyst and Cold Lake 
tar sand bitumen (° ! 400°C» •: 450°C )

^4"

Nominal reaction time (min)

- 18 -



l Vc^#j^(i4r;L/- y^ (C : 66. 2 % ) ^cD*gj^,

Egg Lake, Battle River%:<Y0#±y^, ?y KTy/I^(D^-% ty UTj^^

( C : 88.1 % ) 3T0 1 2@T&6o

iooy v y ^.E!Tc##L, a%^7 y f y -iz y^#:?A,

LT 4 : 6 L, L/:o miV: 0. 1 t/d@#%

<b^yf-y°y y H3p%# i ^ 5 ^ L

Ti^o KJ5^^#(iE^#<bLTimALf:7y hy-t?y#0zK#{h#l, ^Kl5

%y ty

4z y#®^{b^(a^|W|—W#a®T, ^

CD6#X./:oMA(iA8TM D2887 C&<;( #'% ^ 0-7 ( GO D^),

#@^0 7 hf'97 (TLC/FID%) (0^6 7^7°

t 1H — n .m . r^j'^fr =£ -5 SiaM#T tl&ff ?l ( \ -€"0##:®##

L/:o

Table 7 L/:o 9 0 - 97 wt

% ch (3(2^#l#C# LT U6T(3zk#7 (D^G%C j: ^T

Table 7 Experimental results of various coal hydrogenation by 0. lt/d 
bench plant at 450 0, 300 k$ /cm

Run
No.

S amp 1 e
Coal

Yield(wt% of d . 
Conversion Water*1

a. f . coa
Gas*2

1 )
Liquid

702 Ya 11 ourn 94.9 1 7.1 1 7.5 60.3

1103 Shori 95.6 4.7 1 5.9 75.0

1404 Egg Lake 90.7 7.1 19.2 64.4

1102 Battle River 96.2 6.8 15.8 73.6

802 Soya Koishi 90.3 1 3.2 15.7 61.4

1 107 Koken 92.6 5.1 17.7 69.8

1512 Wand o an 94.2 3.2 1 2.2 78.8

906 Taiheiyo 93.8 4.6 9.2 80.0

1207 Horonai 97.2 1.8 1 0.6 84.8

805 Sh in- Yubari 86.0 3.4 9.0 73.6

* 1 determined by distillation of crude oil 
*2 correlate the produced gas from vehicle oil 

(Gas yield-0. 648 )



8n1~-50

CtliCM LT Table 8 S <h*ft?tii©tttt i BUJft

Ego® icliEB tifiMWIS© b fifei'o

Table 8 Product distribution measured by disti 1 lation GC of 
crude oils produced from various coals by 0. 1 t /d 
bench plant at 450*0,, 300 kg / ci

Run Sample Boiling range distribution (wt% of crude oil)
Na Coal IBP -200°C 200 -325°C 325 - 40 0°C 400-FBP

702 Ya1lourn 1.1 20.7 52.1 26.1

1103 Shori 4.2 27.8 44.1 24.0

1404 Egg Lake 3.5 30.4 45.6 20.5

1402 Battle River 1.8 22. 1 44.0 31.1

802 Soya Koishi *2 4.2 30.8*3 37.0*4 20.9

1 107 Koken 0.8 28.0 51.1 20.1

1512 Wandoan 2.4 35.6 47.0 1 5.0

906 Taiheiyo *1 0.0 27.9 46.1 26.0

1207 Horonai 3.0 28.8 45.2 23.1

805 Shin -Yubar i 1.9 20.7 49.3 28.0

1301
1401

Hydrogenated*2 
Anthracene oil 4.1 68.8 19.7 0.0

*1 n-hexane solubles
*2 average of Run 1301 and 1401 by vacuum distillation 
*3 200 -310°C
*4 31 0-400°C

Table 9 (±#<b#2)TLC/F ID^:j:af d

y^^ y ^ v y FT y^^

TablelOC^ b

VyRTyj^,

9y F7yj^U#{b#W##<,
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Table 4 Type analysis of eruce oil by TLC/FID 
m ethod

Run
Na

Sample
Coal

Aroma t ics Resins Asphaltenes

702 Ya 1 lourn 85.5 14.5 (16)

1103 Shor i 84.0 1 6.0 0.0

1 404 Egg Lake 81.7 18.3 0.0

1402 Ba tt 1 e R i ve r 83.1 1 6.9 0.0

1107 Koken 79.5 20.4 0.1

1 409 Wabaman 83.4 16.6 0.0

1512 Wandoan 80.2 19.5 0.3

906 Ta ihe *iyo 85.6 14.0 0.0

1 207 Horonai 81.7 18.3 0.0

805 Sh in- Yubari 7 5.4 20.0 4.6

* n - hexane solubles

Table 10 Ultimate analysis and structural 
oil from various coals by 0.1 t/d 
at 450°C, 300k#/W

parameters of crude 
bench plant

Run
Na

S amp 1 e 
Coal

Ultimate analysis 
C H N 8 O

Structural parameters 
fa a Hau/Ca

702 Ya 1 lourn 86.6 7.1 1.4 - 4.8 0.719 0.368 0.889

1103 Shor i 88.5 7. 4 1. 2 — 2.8 0.701 0.373 0.906

1404 Egg Lake 89.0 7.1 1.4 — 2.5 0.726 0.35 1 0.833

1402 Bat tie River 87.8 7.4 1.4 — 3.3 0.698 0.375 0.900

11 07 Koken 88.2 7.4 1.6 — 2.7 0.697 0.37 3 0.8 86

1409 Wabaman 88.9 7.1 1.4 - 2.7 0.728 0.357 0.864

1512 Wandoan 87.3 7.6 1.3 — 3.8 0.673 0.382 0.909

906 Taiheiyo * 90.1 7.5 1.2 - 1.9 0.697 0.339 0.80 7

1207 Horonai 89.0 7. 5 1. 4 — 2.4 0.705 0.344 0.868

805 Shin -Yubar i 89.3 6.8 1.9 — 2.0 0.737 0.359 0. 771

* n-hexana solubles
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7 4" hMm0fpm##(:"3UT##L/:o 

#^(:miV:±^#j^Uioo y v U, ##6

tFr#(i Table 11(:^ U/:o 5^^b(D^5%#®^}%lr^fT0: 3 /:260&#:#UfM

o tZ0

^#&@UM^# 500m^CD^#^:^-h^t/'-7'T, &JS#^( 375°C, 400°C,

45o'om(D#^mm^#^4'c^ u/:o Kfu#^#T#, hf

mmcmu/:#, ##f u

^6^-- h ^ix-7^ ijo'c^T^m u, LT < u,

L/:o @#;%U##^5S4WA#^n + i ,

OiX n - 4^ "V 7 V v ^ 7 V -# fij ( ?A^} 2, O2 ) \ ^<y^7 7v^%ty-#dj

(T77 7^h@^, A)^l#^frzji\ Oi, Og.AC-o

n.m.r. Brown-Ladner^fCjca#)#^#?-^

ff/j: -D/:o ^/=0i (C-oUT(i#@ 7 n -? p 7"7 7 ^ ( TL C/F I D ) ^(C j; U ,

7 ^ 7°##f^ff %-o/:o

Table 11 Analysis of Taiheiyo coal and composition of natural pyrite

Ultimate Analysis i Proximate Ana lysis (wt. %)
(wt. % d. m. f. coal basis) I
„ I Volatile

Coal C H N S 0 | Maisture Ash matter CTA LTA/Ash

Taiheiyo 76.6 6.2 1.2 0.1 15.9 | 6.1 10.5 49.5 1 3.8 1.3.

Composition of pyrite

Catalyst 8/Fe Fe+S SiOg+MaOs Na^O^O CaOUVlgO Other

Matsumine.N.P. 1.93 96.63 1.42 0.06 0.14 Cu0.31

c :Wj- 6 ^ j; [f zK###$ (c# 7

^-Fig. 11 (C^:U/:o

6 6 W: i LT^bM^z U,

#zP/p UT bZ0

U , 1 (FLTE^U/cFig. 1 2 (CZft

gmc^^-rua, 5^®zk#{b^#&iu^, 1%^
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Fig.J] Products distribution and 
hydrogen consumption on 
Taiheiyo coal hydrogenation
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0 Red Mud-S/vehicle
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Fig.] 2 Conversion of Taiheiyo coal plotted as a first 
order reaction
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Brown - Ladner^ IZ. X ty % tB b tzfxJBTable 1 2 f-l7j\ L tzQ

Table 1 2. Structural 

Reaction condition

Reaction Reaction 
Temp. T irne 

(min)

parameters of Taiheiyo coal 

Structural parameter 

fa o Hau/Ca (Ho/tict) +1

Oi 1 1

3 75°C

4 00°C

4 5 OT

3 75°C

4 0 0°C

45 0°C

375 °C

4 00"C

45 0°C

0 0.17 0.91 1. 10 7.6
30 0.19 0.91 1.10 5.8
60 0.2 5 0.7 3 1.10 4.8
90 0.2 8 0.71 1.05 4.3

120 0.27 0.74 1.11 4.0
0 0.2 5 0.68 1.0 4 5.6

20 0.28 0.68 1.0 2 4.6
30 0.29 0.70 0.89 5. 3
60 0.36 0.5 5 1.17 3.1
90 0.40 0.54 0.9 6 3.8

120 0.41 0.58 0.8 7 3.7
0 0.29 0.70 0.9 3 4.9

30 0.40 0.70 0.8 5 4.9
60 0.44 0.5 6 0.85 3.1
90 0.4 7 0.54 0.93 2.6

120 0.46 0.59 0.81 3.0

Oi 1 2

0 0.3 3 0.64 0.98 4.2
30 0.39 0.7 2 0.82 3.4
60 0.4 3 0.72 0.72 3.3
90 0.41 0.74 0.76 3.3

1 20 0.44 0.65 0.7 7 3.3

0 0.34 0.79 0.78 4.3
20 0.41 0.6 5 0.82 3.5
30 0.42 0.76 0.76 3.2
60 0.47 0.57 1.0 0 2.4
90 0.47 0.67 0.7 2 3.0

120 0. 51 0.57 0.76 2.9

0 0.51 0.62 0.82 2.5
30 0.58 0. 51 0.82 2.2
60 0. 62 0. 53 0.74 2.0
90 0.64 0.51 0. 75 1.9

120 0.67 0.48 0.71 1.8

Aspha ltene

0 0.46 0.64 0.79 3.6
30 0.40 0.66 1. 1 5 2.8
60 0.54 0.58 0.69 3.4
90 0.57 0.54 0.79 2.7

1 20 0. 55 0.64 0.79 2.4

0 0.47 0.77 0.75 2.7
20 0.5 5 0.62 0.72 2.7
30 0.56 0.59 0.72 2.6
60 0.61 0.46 0.7 2 2.7
90 0.61 0.52 0.78 2.3

1 20 0.60 0.55 0.72 2.4

0 0.64 0.54 0.74 2.1
30 0.68 0.52 0.66 2.1
60 0.68 0.47 0.67 2.1
90 0.71 0.44 0.66 2.0

1 20 0.7 3 0.40 0.65 2.1
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Reaction Reaction 
temperature time

S
Cc)
375

JJ

JJ

JJ

JJ

400

JJ

JJ

JJ

JJ

JJ

450

JJ

JJ

JJ

JJ

oil 1 yield 
(wt %)

2.6

5.4

8.8

8.7

10.5

5.2

7.1

11.3

24.7

22.8 

28.2

18.1

39.4 

47.7 

51.1

53.5

50
(wt 96)

100

1 3 Type analysis of oil 1 by 
TLC/FID method
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i. 6 ^9 9 9 y h-ry h

i. 5 hmmcD^^^o. ] T/DS^##^<b

^yf-7°7 y h^miV:T% H:Z D A bC##9L/:o

( C : 78.6, H : 6. 2, N : 1.0, S : 0.1 , 0 : 12.2 )^^L\ % 

#:#6L/TJ%^Tyh7-ky%&#AL, CflC^^(D^9 7 9 

Kj5^C]#AL/:o Mm^LTmiV:^9 7 9 h(i6^, #99, #m®X^^97 

4" hTCfi^-looy v^zL^T&^%#2//@2-30%gC#^L/Co 3/:V

y y -y 9 y at@ 0^# 6 LT##^ [# 9 7 9 h #) 1 cm t ^/:o ##

cm IV: 0. 1 UT&ao%r#

KiB#

g^ 450°CC^^L/:#^U, k^g!30-l50°ce^AL,

T^T 380°C, *^T 400°C, ±^T410'C(h/j:^T^O, Kj5#"CU±, T #

(!: ^C45or^j#—/j:mgc/j: ^TU5o

^ 7 y a z ^cfr^-r^ao

# L##gu# ; ^ a ycD#f LT^oU , 100 / 7 ^ ^#j@(Dt)(D^m VT^,

Kj5^CU#/j\#f 6^-oT^}# LTU5 <b 2flTV6o Table l3C(i 100 y 7 >

^.R!TC#^ l L/:o 3

^^979

-2mj&$^UTU6o L/^LVxfW, zK*#4X$C(i#^&6®T^L/:

Table 1 3. A comparison of catalytic activity of various iron- su 1 fur 
catalysts on Taiheiyo coal hydrogenation by 0.1 t/d bench 
plant at 3 00k#/Am, 450°C

Exp. Run Na Catalyst*1 H 2 *0
Consumpt i on

Convers ion Gas yield

1110--1 Robe River 
iron ore+S

5.4 92.5 16.9

1109 Robe River*2 
iron ore+S

4.7 92.1 1 7.3

14 11 Toyoha Pyri te 3.5 72.2 12.4

1516 Yanahara Pyri te 3.6 86.9 1 5.0

1520 Shiraoi Pyri te 4.3 91.7 13.5

906 Red mud + S 6.2 93.8 9.8

*1 — 1 0 0mesh , 3.8 wt% of d.a.f. coal
*2 —2 OOmesh
*3 wt% of d.a.f. coal bas i s
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Table 14 7 d 2 #[f(:100

^ v ^ ( 3 0 - 5 0 /^ ), 7

4 h ( 2. 5 n ) ?£ t Ac 1181^:11/715 L tz0 ^ — ^ h^AaCpaste feed rate)

Table 1 4. Effect of particle size of catalyst on Taiheiyo coal hydrogenation 
by 0.1 t/d bench plant at 3 00 ty/cm., 4 5 0°C

p. Run Na Catalys Average H 2 *2
particle Consumption^
s i ze W

Conversion Gas yield*2 Paste 
feed rate 
k&/hr

1516*^ Yanahara 30-50
Pyrite

3.6 8 6.9 15.0 6.7

1818 Yanahara 2
Py r i te

5.0 94.6 9.9 6.7

1 907 Synthetic 2.5
Py r i te

5.3 9 3. 3 * 1 — 7.9

906 Red mud 6.2 93.8 9.8 7.0

* 1 about 97.7% at 6. 7kg/hr of paste feed rate
*2 wt % of d. a . f. coal
*3 reactor volume decreased to almost 2/3 by coking

h^A# 6. 7k^/hr 6 97.7 wt % 6

HDfg%^#L(f6]±L,

b A6 o % -o LT

Table 15 LA:o Kj5#(±mAomo

LT^5X)\ C-oflT/l; Uf U-CO&0

Table 15. Effect of concentration of fine pyrite catalyst
on Taiheiyo coal hydrogenation at 3 00 k%/c&, 4 5 0 °C 
by 0. 1 t/d bench plant

. Run Na Yanahara
Pyri te(wt%)

H 2
Con sump t i on

Conversion Gas yield

1820 1.0 4. 1 9 3.0 1 2.8
1 821 2.5 5.4 93.9 12.4
1818 3.8 5.0 94.6 9.9
1822 5.0 5.4 9 5. 1 1 1.6

^/:A^^#(iTable 14®#^

Ammw^^d^d h

i. o ~2.5wt%cWT#ZmLTu;g,ZA
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Table] 6#^d7d 

60

Table 16. Effect of hydrogen pressure on Taiheiyo coal hydrogenation 
with fine pyrite catalyst in 0.1 t/d bench plant

Exp Run
Nu

Catalyst Temp.
CO

Pressure
(k^/W)

1 512 Shi raoi* 449 203

1520 Shiraoi* 451 300

1819 Yanahara 449 201

1818 Yanahara 45 1 30 1

* 100 mesh under

H 2
C on sumption

Conversion
(%)

Gas yield 
(%)

3.8 83.6 14.2

4.3 91.7 13.5

4.6 93.0 12.1

5.0 94.6 9.9

*, LT|WjE0%#J^m LTU6 c

fl'Sl O

Table i 7 (i^d y d

Table 1 7. Effect of reaction temperature on Taiheiyo coal hydrogenation 
with fine pyrite catalyst in 0.1 t/d bench plant

Exp. Run Catalyst Temp, Pressure H 2 Conversion Gas yield
Na CC) (k&/W ) Consumption (%) (%)

1 519 Yanahara* 399 301 1.5 52.9 6.6

1516 Yanahara* 448 301 3.6 86.9 15.0

1 817 Yanahara 399 300 2.3 69.6 3.7

1818 Yanahara 451 301 5.0 94.6 9.9

1915 Synthe tic
pyrite 402 299 2.4 71.7 3.7

1914 Synthe ti c 
pyri te 427 299 3.6 85.1 6.6

1 907 Synthe tic 
pyr ite 451 301 5.3 93.3 —

* 10 0 mesh under

7 d 86.9wt % LZb#%D L

/IUC 1 5 wt & D , %; i V:a6(C

L"C^5^(Z)(h#/b^T5o

- 30



H±©*6**4 ^‘4 7 4 >ICj: ->TE

* ©#* 61%#L, MS W;7 7 ©V > f-®$£lb4>**x

M®Ml6Sl'$lb#«V*S*5 fc® 41:A@%CZ 0Tffi

tt^iSKBia©/; 0> K!m#^l@Ao4g#:©4 -oT, KfB$©i#±. tB%©#

SiJbJinJfg t U -5 c i fcS © b tit:

- 31



2.
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L<@<*J2(TT&a
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ccD^c^ij-a#

Fig.1 4 (d^: L/:o
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Fig. 1 4 Experimental apparatus
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hw = q / { Aw ( Tw — T i ) } (1)

cc-c, Awue#m#T&ao

dp = 2l.7/j 7%, A 7 V !0-50wt% 6 L/:o 7

V L/:o ^ 7 V 6D#:#^#C

Fig. ] 5 L/:o

Mori &

C ' < 0. 24
- Newtonian 

fluid

0. 43
- Bingham

fluid

Fig. 1 5 Relative viscosity vs. volumetric fraction of 
particles in the slurry



#x^l#]ggUg (D^#^-Fig. 16

5 X 10
Key Ug Cm/s] 

• 0. 00 
■- ® 0.01
- o 0.02
Z e 0.05U g= 0. 02 —

Ug = 0. 005 Ug= 0

50. 6 wt% 
slurry

- - 10. 5 wt % 
slurry

I i i i i5 X 10
3 X 10'

Us [mZs ]

Fig „ 1 6 Change of hw with Ug , Us and slurry concentration

(iUgOf#An T > =W: hw uj#%[u#-ao c cT&g-f-x#

C 6 Us CD $ C ^#^1? (4: X x V CD^ CD hw(Cit'XT, 6

c ^ z -gThw^Z:^ a c j;a##xb^(D hw c#x.a

&a iXd: ( B ) ±##x Y x x V (z@, < /j:

a %CD^#x.^^,ao hw(j:Us(Dj#Ao(c j; #MU/:#6x x'J-

06-0#®hwCD#^m%(cm^m#cD#^A#x_a6, Fig. 16#us^6 

%CTcD#^U^^U, V-CD^Ul@#:(Dhw(C^x_a#^:^@B%&/j:

ac6^-^UTuao 3/:, %xU-#g®m#(:"oZTU##g#hw^/j\$Wo 

C^Uixx V-^gcD#^^#0(h#^Ufiao

)

1. Y. Kato et al. , Powder Techno 1. , 28 x 173 (1981 )

2. 20 , 488 ( 1 956 )
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2.2

c^oUTU, (a)mm#ETT&6 c W:W#fbir

0 ac6, (d)^fbzK#, ^

F^(D#{b^j6%#|(DM#, #^®#5%^-#gy--#-aCch^BM<bL, o.] T/Da%%

y h@%ib^#[#(:K^^#:E ( Kag 40 0 ~ 450°c, E ^7

fp L/g^m U/: ( Fig. l 7 ),

Kj^^#T(DK^#mic##ammgzmf-^u-y-/f f
^0^^-Table 1 g^zc;
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Table 1 8 Vapour phase product collecting test 
in coal liquefaction react or

E xp . M.
Recycle H2 
( N tii/ hr )

Reactor Temp . 
(°C )

Gas Temp. (°C ) 
Outlet of reactor

Liquid ( 9 )
recycle gas ( N m )

Total liquid 
( 2 )

22 01 1 5. 6 400 320 2 5.9 404

22 02 2 0.3 400 326 2 4.6 4 99

2203 2 9.7 4 00 3 3 1 1 6.6 49 3

2204 2 1.0 425 347 3 6.5 7 67

2 206 1 6.0 450 36 4 6 5. 3 1,043

2205 2 1. 4 45 0 3 66 4 3. 3 9 27

2207 3 0.9 45 0 380 2 7. 0 8 34

450"C( Total )

450'C(Aq. )

20 - 400 °C (Total) 
400°C( Aq. )

R. G. FLOW RATE (Nm/h )

Fig. 1 8 Yield of gas -phase components 
vs. flow rate of recycle gas

331°C

4oo-oT(m

j; 450°CTU#m#

UTU/g, l/:@db#(C(izK^#±4 o



C D ) 2)##: ( Fig. ] 9 ) C ^070-80

^/:^J5m^425°C^±TU#A 340°CM±CD^^^

^ fl/:o ^ 6C F I ^ ^^}#f ( Fig. 2 0 ) C ZfL

(f, 0C/-4yk:-^^#L, "<y'/7

^y^auu^f y7"yX)^5%^T&D, ^f#2oo@^^T€»^^^^LTW6o 

—1 22. 0 (Z y y E°^- L, C 2 - 7 ^

^-r&a c 6, #g#6%^-ru7- v y, L° v ^ y#^^6%^T^a c

h. ?£. o tz0

()

1. V. R. S am path et al.% Ind. Eng. Chem. Process Des. Dev., 2 4 ,

401(1985)



RANGE B-P- ELUTION(%) RANGE B.P. ELUTION(%)
1 IBP —200 30.774194 1 IBP — 200 33.829787
2 200-250 33. 419355 2 200-250 33.604995
3 250-275 13.762973 3 250 -275 15.853839
4 275-295 9.1399705 4 275-295 8.7694682
5 295-310 3.3382903 5 295-310 3.2697791
6 310-325 2.7039035 6 310-325 2.1236861
7 325-340 2.5622484 7 325 -340 2.548445
8 340-360 0.69733381 8 340-360 0
9 360-400 0.86580089 9 360-400 0

10 400-FBP 2.7359307 10 400-FBP 0

RANGE

2202 - NF

RANGE

ELUTI ON(%)RANGE
1
2
3
4
5
6
7
8 
9

10

B-P.
IBP — 200 
200-250 
250-275 
275-295 
295-310 
310-325 
325-340 
340-360 
360-400 
400-FBP

33.829787
31.604995
16.847826
9.0041701
3.9468661
2.7304812
2.035874
0
0
0

2205 - NF
450 °C

RANGE

Fig. 1 9 Boiling range distribution 
of neutral fraction
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original liquids 
base peak = M/E 118.0
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