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cfi^oc^K^L, ^LTK#@-T&o

2. m&a*- v 51, -y[c&hmt'm^'ik

2 — 1 fj£$4

2-1-1 em

u7ta^dmTo4 a-r &&.,

i V / -1 A6. 6 jk ( ^ y< — — y?*?—M 2 ) M IS# ^ ~It^

# ( B ) Mil#

X ( " ) $# p<.

# ;>H A ( // ) //

% ^IgTiA < i V y < y^6 U-C^K

#lRU7to i V /i^OTC#^#T#^r#2 - l - IKz^To 2flJ^rlt#(D7t6!)K
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#2-1-1

<( Dry Base )> c H N 0 S Fe HZC ash

W\ E! fit 70.0 4.5 1.2 8.8 3.3 1.42 0.77 11.6

m 1) 68.79 4.80 1.39 9.55 3.50 — 0.84 12.0

# 2) 70.65 4.53 1.42 8.32 3.63 — 0.7 7 11.5

()

B. Granoff #W: 4 V $ K#^ UTW 60

#2-1-2 4 V / 4 ;% 6 ^6 8 O##

Pyritic 1. 2 5 #

Sulfate 0.1 1^

Organic 2.1 5^ ( Dry Coal Base )

#2 — 1— 3 -f V ^ A Mo. 6 )^<D W. fl

S1O2 AI2Q3 T1O2 FeaOg MgO CaO MnO Na2 O K^>0 SO3

46.3 185 0.89 17.3 1.04 6.66 0.069 0.39 1.89 7.0

( Total 100.04 wt # )

2-1—2 tf t 7 ^

t:'k^vi/6L-Ca, #6, ^^7^h7

-t= u-cw^^, ^ t 7 -t ( j^T% ^ t 7 -c «b#

#T6)H, b. p. 3 0 0 -380

"c o 1# # & ip 6 z p , , T ^ t 7 -t x, 7 ^

f- ^ t 1/ ^ , 7 C'lxx, 7;i/^-l/77t^:T^)6^^, ir (D (d:, ± 7 f 1/ x

d[#, ###^-0%,

m — 7i/y' — 7-^^7'7 7^, y^^/f-^-7^^, *^^<7' —

6 c 6 U#o

gk.#K^-fAbT$)6o

1) B. Gramoff et.al. Saodia Lab.energy report P. 13 ( 1977 )
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^2-1-4

c H N 0 S HZ C

89.8 5.8 1.4 2.6 0.4 0.78

T ^ b 7 t x # 6 o o ^ -c — b ^ #:M K /j^To

2-1-3 f&M

u-cmm^e (

(L LT^m U^o co#K%#4 Lf

12-1-1 7^ !■ 7iyf|0i/^^of + - b

g| 2 - 1 - 2 ^ ^ o ^ -v - b

( 460°c, 60M Fe+S, Fe/MAF=10 % )

— 9 —



2-2

j±#^m 2.2 - i K, em 2.2 - s (c^ u/:o

2-2-1

1 0 0 / y y ^l^LTK## L , ME#:## ( 1 1 0 °c ) Tzk#& 5 T

## L , 7 ^ h 7 -k ^ L , ^ - h ^ I/- yp*9KE^tfo (h L

7 3 2 5 / y y^mTK#e^L-t#mT6o

^ 7 i y y -r -zkEmtT . KEmd:-7y7A/^K16 80 0"C # 

6%&K 1 % #J%L, ash#, 7kE#&[;a^(DM A F( Moisture and Ash Free ) # 3rE 

&m^ b st M L 7 ^)6 5 o

2 0 L, h ^

Gmo7C#^#KowT'W:, mE^Z##E#-ky f-K#$5UTw&o

2-2-2 ^15

L^o OE^] %

eBS L A.o

m 2.2 - 1 (±ON -OFFM###^^^,

U7tt0T$)6^m##K±5'c CftK)^L|g|2.2-

2 (cpi §#&&-? 1

## U Tto

- 10 -
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2. 2 - 1

h^u-7*Na
C - 1 C - 2 C - 3 C - 10

*
]
h
9
t/

1
7*

#:

0.5 0.5 0.5 1 0.0

*a«efflE* (&) 4 0 0 4 0 0 3 0 0 3 0 0

(°c ) 5 0 0 5 0 0 5 0 0 5 0 0

# % SUS 316 SUS 316
^7fn 4 C 7 4 =-yy SUS 316 SUS 316

# ^ 1*1 & 1*1 &

m # #
V z/Prji—'s
NS-400B
BEES#

R ZE 1*1 2E m se

war

a* y
200Vx2 kWxa
n2 -y-w
#Gm#

1*1 S
H Efl s:

200VX4.5W

^ ^ ^
2 0 0V x 2 5 kW

n2 'y-A'

# M Wi Hm 7 4 4r-#%^
1*1 2E

4-- 1 7'_1#
SI 5e ^

# # #

xT-^1xh
V7 h^:

f® ####



=&£l£-

12 3 yr/v-tmu SUSF316 i
11 FEJjSt$ £ # 11 i
10 /< /u- 7 1R (-1 n SUSF316 2
9 -ty 7°'J y 7 '' 4 7" SUS 316 1
8 ty7 'j y ?' n SUSF316 1
7 ffi l£ St -t A SUS 316 1
6 fi i£ Ih □ SUSF316 1
5 ffi If- n n SUSF316 1
4 7 y ■> -f — SUS 304 8 050x^31 xt5
3 A 0) -+: vu h SUS 316 8 M3Q/ I68f
2 7 7 K SUSF316 1
1 B If SUS 316 1

frJ mi mi y, if m n (MB

[g] 2 — 2 — 3

13 -



2 — 3 &

2 — 3 — 1 ^ frtfr

^ / u ^ / m 7 ^ ^ ^ A v< emw,

E^i=^K^^/D-7hE77

i — ( J/T ii ^ ^ n t %#/ 6 ) £ / t ^#T ^ o

# ^ f 0 d:m##f^l9TG C - 3BTt#mL, Ra#O^D^hv<^^RiA&0:

NEC 0-^4 3/pc 8001 ^r flf L fc 0

^7 ^ ^ O (D

a ) %, CH4, N2, COO^#

f> 7 a ^i/Jfi7 - -y — 7* 5 A 80/100 mesh

H 7 id 7 m. 3$x 3m 

^ -V V T — / ~? a> zf v

1^] E 8 3 0mi/min

^ tb E: T . C . D

^7 7 A m g 7 0 °C

# m % ^ g 7 0 °c

b) C2 He , CO2 » C3 Hg , C3 He , i ~C4 H10, n —C4 H10. H2 S £> 5Hfr

jj 7 a -fe 3 ^ h 1; yv 25 #/^- —E— h 6 0/8 0 mesh

EE V 7 —

sus* 7 A 34X1 lm

V f A :# ;%

E 5 2 3 W/mm

* 7 A & g 4 0 °C

# m % m g 4 0 °C

-tfL-EfKD/7 ^ ^ o EE — h^gJ2-3-l, g!2-3-2K^To

E) E V ^ E i% ^ , E V igfb ^ - V T ^ , T^<-^A^g, E V 7 C K,

- 14 -



126-L
START 08.2'?. 89.23.

3.37 ■l'l .*3
STOP

C-Rlfl 
SMPL #= 
FILE »

Oy
1

KEPT 3- 976
METHOD 42

ik NAME TI ME Cf'-NC MK AREA
1 HZ 2.82 96.0445 6642523
•j HZ 4. 49 S.9531 T 5471

5.5 421
4 CH4 7.45 3. S06y V 263233

CO 11.3 0.0934 T 6386
TOTAL 99.9999 6916513

E] 2 — 3 — 1 H2> N2, CO, CH4 ® i' — h

19.9

13.63

15.53

STOP

C-R1A
SMPL # 00 
FILE # 4 
REFT # 2650 
METHOD 42

# NAME TIME CUNC MK AREA
1 H2.AIR 5.38 w 32O05
2 C2M6 6.48 25.482 4275
3 C02 7.67 43.4613 6863
4 C3H3 3.38 13.416 V 2868
"6 IC4H18 18.93 y. 815 y 220
7 NC4H19 13.63 2.5422 711
8 ' H2S 15.53 14.2819 2096

TOTAL 99.9999 49O40

E2-3-2 C2H6,C02,C3H8, 1-C4H10, n-C4Hio,H2SO^#f

- 15



2-3-2 ^ 7 V

(1)

h 7 ix-y^^, ^ 7 V - ) 7" V 7 7 (

$) 1 0 9 ) L , # 7 7 n p*j gfl ifl ^ t Lt n - nonane ( "7 7 7” ^ j| <D ftj 1 / 2 Of )

3:f-^-7'KE^L, #, ( 3 0 0 0 rpm, 20mm ) W , _k# ^

7 o o

^'7^0-7 h 7774 —

% - 7 ^ m # #

* 7 A

GC-7A(gmm#mAm@A0C-7, g#mm#BADA-7)

*#^4 ^ (FID)

C —R I A ( Chromatogram and Calculated data )

* 7 - 77-#( 3x 2100)

7E#^J—@%### Silicone

Dimethyl Silicone Oilft 6 0 ~8 0 mesh

@SS*B S 1 wt#

5ft B§ — 3£ #U dua 1 column 5ft

Initial Temp 6 0 °c

Initial Time 4 mm

Rate 8 °C / min

Final Temp 2 5 0 °c

Final Time 6 mm

Jo 7 7 n frVf $nM<£> ^ ^ — b <D MOM 2 — 1— 2 1^7^-fo U ° 1)* b kZ * Naphtha Oil

(C5~b.p.200°C), Fuel Oil(b.p. 2 0 0°C—4 0 0°C) # 6 0 Oil ad: ,#- ^ - 7*ih 7

7 V 7 7* S; — ( ) <£ 9 & o

(2) [SHf£#<D 5e a

^-h^ix-7'mi!) ( 7 7 v - ) h m L , ( Whatman

#42 zp&mm ) K-c, ^7

77-%^g#K-[ 12hr#fii#fT^^7^Do

^ -7 7 4 ^+T777^fy^, THF( 6 Wd C V

- 16 -



W:#K c & t? ^ ^ w#^K a- A 7- ^ $3 tti <b THP#Hd^#^L-C^6o

, 1 0 0 °c~ 1 1 0 °c, 10—20 mmHg , 4 — 5 hr ©

(3) 7k ^aeS:

^ 7 V - ) ^^7-^ 7 4 y 7 4r &o

* — ^74 y7^r—

H2 0+ 12 + S O2 + 3 C5 H5 N —> 2 C5 H5 NH I +C5 H5 NS O3

C5H5NS03+Me0H C5H5NHSO4CH3

T4 c;^^##*^miJ^#@(CA-02 )

7k#5Uk#m ( VA-02 )

(4)

(5) i&\

AM ( = 2 0 ^ ) T 60

(6) 7C###f

#fb#©7C#^#U:^#©^#-k X 7 — #±8 Lit o

2 - 3 - 307 o-g|K^L/:o^ 7t### ©##:&#%- 7 77 

— h © fk {d , f 4 7 d 3 y K'3.-7-^fH,^0 % ^ ^ K L "T W 6 7° o 7"

7^H#2-3- 1 ©AlpT^^o

#2-3-1 ^-f-7#t#K#mLT^67"o^7^

7 O // 7 A & m k

S h k 1
K. W, >- t 7 .'Jw'S-'t1 $7] A & 0

8hk2
tt iA a 7)^ b , @*©^77 — 7 — , 7k , ©Jt^r^rfli^ L-TI U4]t7"k & 0

G a s B
77^70047T^i/-7^^©^m6^E, mg, #

Anal
8hk26GasB©mt)im&D:m*©0il

W. f-7-7-h^U37]f&o

- 17 -



#^#K7'oy7^ Anal —^J^#2-3-2K?BTo

#75:T- 7 m-f c (L^oT#"C^6o c (DT- 7 y - b fL7t#g-^o f , c C T#

6 o

N-Oil : Naphtha-Oil C5 ~ b.p 2 0 0 °c

F-Oil : Fuel-Oil b- p 2 0 0 °C~ 4 0 0 °C

H —Oil : Heavy —Oil b- p 4 0 0 *c—THF°T$l£h

Naphtha-Oil m

Fuel-Oiia,

COF-Oil ^-fTa^MlS^^Ash, UTt

N-oil &CfF-oil

- 18
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2-3 :K1 t'

EXPrNCK—95---------------------DATE—55-8-7--------------- AUTO" CLAVE" ~C-2."
mF ======——=—====—================

VEHi^

XEEEDX

ILl

se
A-cri l 9£^T: 2 ill

RPM = 
■C = 
MIN.= 
KgG =

120< 139>

(RESULTS)—Erod.g__ MAF^C-jCKIMEILCS)_ *ia-4yiln.

r
&

Jt
iTit

-8t84-

C0M-H2
HC-GAS

cL .
ci-

101.35

4:11
86:51
a^28

—C44-
C4n

%b~7

" fteI^ '
___ tmejfcLu.

4.13 8.26
8.02 16.04

MM
0.36 0.72

5.83 11.42!:&
__ 5.96 1.87

KchHS
Kfh   -
Kfn

-&i------
J£S.Kcco_
Kcco2
Kcs~ --------
Kcw

(fast coal

147.7
33.5

hi
—4^0-

1:§—

1.8
l?:!

3B.JBZ1___

. mfr-oii
{OUTPUT)

WATER
SAMPLE
%7

2f:|| PYRli.

is: 27—CHARIL" 

9 BV-SAS
GO-

~1WH7

-J5St-

19.89 C02
7.IS H2S

136.32 WATER
14.32 ------------

—5.83—TOTAL—
89.07 -------------
2.29 CONV. 

—5755—COfFHZ" 
16.98 NET-H2

W -ip.U 
3Iil!-S:S3
-SLl-------94-22

8.42 8.84

157.98-113,96

{MODEL FLOW)
___ .460" £-. 60 min

C 100 
H2 6.8
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2-4

(gO*D$mrS^f^ts%5EL, &[5^gE%mki^^a6^o

Organic gas 

Byproduct gas 

W&ter 

N — oi 1 

F — o i 1 

H — o i 1

C,

CO, COg , HaS, NH3 

zK ft
C5 ~b‘P'200°C 

b -P-200 ~ 4 0 0°C 

b ,P‘4 00°C^ 7V7^;

Water By-gas

H —oil

N—oil
F —oil

kpN

12-4-1 ^

1 #©,< .y ^o-r - sfr b k i £ h ^ T > ttStti , g

kHC = knj = 0 ( U#/& ) , kCG = = kFG.= kNG ( Gas % © 1$ 5E aE Si

MT# LW ) ©2c ©#^^r L 60 y ^©T - 6 ki

comm&^y&l/'o 4#©T-^Kmo$, ^MlSkm, kfg%#m

( ##Tg:T ) ^###©7-0 .y h & El 2 - 4 - 2 K^To

- 21 -



^

Fuel oi

H-oil

Org'gas

02-4-2 )

# m ; ILLINOIS flk 6

_kT t ^ /u ; 7y h 7-t

& & *, Fe + S

Fe/MAF Coal = 0.1 ( g/g )

~ S / Fe = 1.0 (mo 1/mol )

0. 5 £&&&*- h

; 4 6 o°c ( h2 ; i 6 o% )

- 22 -



3. ~r — 9 ffi f/r K IH! M BU ^ bS

3 — 1 jh — h ^ l/ — 7"(DME^tR

Em^^Estma, ##oE#3, -to

7t36Kd:M&^t#iJo##ofe@a##-r^6o ^- - h ^ i/-7"^#Kt'(i-&^EW^KIN

LTe#T"< $ A^ 1 6o

3-1-1 p^emEosm

^3-1-iK, mE#m%<D#m<E#m#@3r

#3 — 1 — 1 ##ME#^ ^

i- (°c
1 r—Sfflsg

.

1 ( °C )-j

### A ^7 7 ^ 5m E St

zk # - 5 5 - 3 5 3 5 0 6 5 0

« ^###^ - 1 0 0 - 1 0 0 1 0 0 2 0 0

EE ti E St

- 4 0 - 4 0 4 0 0 5 0 0

i a e - 2 0 4 0 1 8 0 2 0 0

ffi t>TL 5m E nt

a # - 2 0 0 - 1 8 0 5 0 0 5 0 0

=. y +r )\s - 5 0 — 5 0 12 0 1 5 0

- 5 0 - 5 0 2 0 0 3 0 0

# % xt M E St

P R 0 2 0 0 14 0 0 1 6 0 0

C A - 2 0 0 0 10 0 0 1 2 0 0

I C - 2 0 0 0 6 0 0 8 0 0

tt m U St 7 0 0 9 0 0 2 0 0 0 2 0 0 0
#
# g # # E m E St 7 0 0 7 0 0 2 0 0 0 2 0 0 0
%
5t M « S * It 5 0 1 0 0 2 0 0 0 2 0 0 0

i) mm#^r%#st#jj pu?

- 23 -



h ^ ~500°CT&%,

&Eu<ff% ^Ka, 6c

^ w ^ c; ^^-7##eT&o

# ) 5^0 m^TCCT

iP L, -f'^%06C6K6^

3-1-2 i o ##^T

W &#%>:#) 6 o 

H]3-l-l(d,

"n , HI 3 — 1 — 2 (d , Kllol^tii^K , IftflrMK £ 2>%kifiiz>i&£K £ b , K#

t <D%^#K I LT^6 o

2) P84-85



urn*

Qc K# u < ^

b o

Qr= he • A ( Ts — Tg ) = Qc ••<!)

CIW/nf/hr.°C]

A Cm']

Ts;mm@t^^^m C°c]

C°c]

6 c 6T

Qr-o - e - A(T^-Ts4) ................ (2)

a : Stefan - Bol tzman 5eI&

6 : mm

b ti b xtT b^1±.

jtT&l?, #^ZC/irO^{kmWL0.9

6o

(1)^:6 (2)^:^ LT
0 • £ c Tw4-Ts4 )

Tg = Ts--------------------------
h c

f§ b o

v//////////AWT/r^

zzzz

m 3 -1 - 2

(3)

<L C 5T , C, h c amfLKmAK@a'fL7tn#(D;S: ( Hilpert (D^: )

he *D /u*/?*D\n
Nu =

k , J - ....... (4)

u :: m C m /sec]

P : % $ CKy/m']

/* : % 8 C K g / m ■ sec]

D : m @ # Cm]

k : \ gK

- 25 -



(4)5S(D (

Nu = -----:—— = C • Ren •••(5)k

(3), (5)^: 1 % Twdsd'ibfifi Tg &o

c CT, h ^ ^T^6o

(k !) T 6o

/> = 3.62x10-2 [Kf/m^]

fi — 1 5 3 8 x 1 0“ 8 {^g / m • sec 3

k = 0.1 4 8 ( Tg/273 )0 78

u = 5 Cm/sec] , D = 8 x 1 0“3 Cm]

5 x 3.62X 10-2 x 8x 1 0 - 8
Re = ----------------------------------------------------- — = 9 4.1

1538x10-2

40<Re< 4,0 0 0 (D#^W:,(4)^T

0=0.6 15, n = 0.4 66 "C 5> bQ 

X, Tg = 450'c (kUT

K = 0.1 4 8 { (450 + 2 73) Z273 } °-78 

= 0.3 16 CW/m'/°K]

(4)^:Kft^L"C

he =20 1.8 [Kal/nf/hgfC] ^#6o

(3)^: i %

_ -a, 4.88x0.9 {( Tw/100 )4-( Ts/100 )4 }
Tg — Ts — --------------------------------------------------------------------- -

2 0 1.8

Ts = 460"CZ)&$

Tg = 7 3 3- 0.0 2 1 8 { ( Tw/100 )4-2 8 8 6 }

- 26



E 
t>

{%
)

0E 3 — 1 — 2 fH

i®( Tw) Tg ) ( T s ) Ts-Tg

4 6 0 4 6 0 4 6 0 0

4 7 0 4 5 6 4 6 0 4

4 8 0 4 5 3 4 6 0 7

4 9 0 4 4 9 4 6 0 1 1

5 0 0 4 4 5 4 6 0 1 5

5 2 0 4 3 7 4 6 0 2 3

5 5 0 4 2 3 4 6 0 3 7

5 9 0 4 0 2 4 6 0 5 8

iJ A ^ Lt^-6 B5f|7j^Ea , f? £ ©SE

gl3-l-3K^To

^ ^ H: 
ffiW 500rpm
O ; ###

140 -

120 '

(°c)

g] 3 - 1 - 3 *— V ? 7'^<DE.t) tfgTFU&t ©I#

- 27 -



K#MLo^, y h L^%0-rab6o

6 ^Tzia

P = 0.2 6 1 T+7 1.4

t A b0 ( H 3 - 1— 3©;^,$i)

C fLK)^

P = 0.2 2 9 T'+ 7 2.3

6 & &o c o(D#§#%). 6### K z % #%#o^##i%#)K-r'[w6 7t#T,

4 6 0 ^ cD#0^0 ^ 4 0 7. 0 'C & * % , ^rO#a$b 5 0"c 6^60

( 7yyT/i,7-/'/;%o#aB:#@ja:&mv'6 6iro#az o^cGrmK&a )
CCD#, #3-1-2^^, 580'C ^}±6o

i&W ^ ^fi6o 37td- — h ^i% — 7'(D^(D^#%):[g|3 — 1 - 2 O Z $

%##o#eKa#;#-ra3: < c 6 K^ ^u^w#^-

o^T^KJtUT, *o Z 6#A ^fi&o

3-1-3 ^m^^##mgpo#mKzi)^^T6^^mm

3 - 1 - 4 0 i 5 Ktt^lJ-t h%&, #e#K Z &#&#&#,%. 6 K 

n, * - ±<D&m<DT j- u ■? (U&.-WGL, i&B-SE )

9 ,^c fieig 3 - 1 - 5 K^-f o

Tf Ql=Q2+Q4

XfE~$& o

T s £ T f KiSi^nX K a

Rl , RoirT# 6 7^a/J^ < , R3 

-R2 ,R4#-"C$&##;te<T&

^ ^ Z Wo

R2 ir^:$<T6Kamm<$-r<

#M5##KD#w###3r#j_az <

Rg ^^:$<T6Ka^O^^T## 

T#"i

_D m u ( 1977 )

Q3+Q4^EfLAf(Dm&a,

1 - 4

- 28 -



# ^ /J" -g < T 6 o T.

o—

Qs^ % Rs tr — ^$%oP^s-Jg^i

Q4 I ^ R4
Q2| % R2T| a)

%

Ro

Qi Tf
-------- VWW""0

3-1-5

3-1-4 #

® 15 ^ & <

T & c 60

fr -3 o

29 -



3-2 7- t 7 L/-

(b 7-t 7 7- /z ^

/c^\ co^Ka,

L-c^, L36/c7h- ^7-7

K. Ej^%7 V - ^7 4" - Kf IM?
3)

7 cKK>MLT.

6>l\ Amoco Oi 1 %€»#&
4)

L fcEPR I 7 7° — h 7't7 >

"7 7 7) 7 — 7 K — ^ K x jxttS

^^KMKO. 3hr ^ tn x_ "T:
5)

f&$f l, ~C\' %> Q ^ # B 6

3.21 0 -2 4 .6 -8
Reaction Time , (Hrs)

1. 0 1. 2

[g 3 - 2 - i B^mkKf5<D#B#2E<k ^ 1 2 3 4 5

1 ) D .C .Cronauer ,D .M. Jewe 11 ,Y.T . shah and K.A.Kuiser
Ind.Eng Chem.Fundam.18(2)153(1979)

2 ) J .Guin ,A .Tarrer ,L .Taylor , Jr , J .Prather . and S green.fr.
Ind .Eng .Chem. ,Process Des .Deu . , 15(4 )490( 1976 )

3 ) M.A.Shalabi ,R.M.Bal dwin,R.L. Bain, J.H.gary and J .Q .Golden
I nd . Eng . Chem . , Process .Des .Deu . ,18( 3 )474( 1 979)

4 ) J .A.Brooks ,R. J .Bertolacini ,L.C .Gutberlet and D.K.Kim
EPR I annual Report AF— 190( 1976)

5 ) #B : 59 (634)103(1980)
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c;5K#(g)

k ; ( mT' )

t;^15#^(™)

<h W i? -£ & 3 ^ ^ k Arrhenius <D A <h ^

E a

k = A . e *T ................................................... ®

EA w/mol )

R *,

T ; ( "K )

T = at + b ................................................... (3)

( a , b )

6T6 (h

E
k = Ae R(at+b)

C Zt%r®AKit A L 6^

y! - S' Ae R(at+b> ................. ®

Zn
Ea

t + — ) e RCa t+b ) 
a

Ea

bR

+ Ea.
aR

£ n
b

a t + b

- 31 -



1 1
E
a R 27

n= 1

bR R(a t+b)
n . n I

%o

@3-2-2

0 t
8$ Ph] (min)

#&^C i &f %

C i -ki-tE

c i-i “ e

J^L±^ r H

iku

Ea

k i = A • e RiTa1 ................ (g)

(bL"C*^#6o

#0OK^#(D

............................... (Z)

Pb1%: F IxC'^PbI J <h SL x ts tr^'i <hx

- 32



CCTkokL |g3-2-3

EA
k0 — A • e R ' To .................... @

T^)6o

i j?, 
t,

^ _ i^1 ki • Ie

<?: f§ ;b -tir, ts ^# <!£> bti&o 

$:#%0 - h 7 ix-7'[g]^

— 2 — 3(Ctjk-^0 'ife.'i&'f h

zoor^T-ra, ^

Ktf- Lft 2 $i

og#T]amu#6o &oe%

K % 6 U7t#f##K

<£ & Mfcnfltli; It iM L-, 1

L ^o%):

#3-2-lT#)6o

^ t H 4 6 0 CO

#G^f5T, -tO#|#^^K^

460 °C

300 r

2 0,
25kcal/mol(b-tfL"ira#%UTW6z>\ 2 0 0 tJ^TTH^(hA/^&f5K^#^rf, 400 

TJ^ET, % 6 0 - 8 0 LT o ca^ ^ 6, 4 0 0 T

_kTO#K^6o J^±Tj@

fT WTm/C/c 7' o ^ 7 ^0 7 o -$RfLg] K^LTto ^^7' o ^ 7 ^

# 6 o
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S3-2 -l

( 4 6 0 C 0 C )

* g ,5 K # ra (min)

(min )

1 o or

1 0 0 1 5 0

1 5 0-»2 0 0

2 0 0 2 5 0

2 5 0 ->3 0 0

3 0 0->3 5 0

3 5 0 4 0 0

4 0 0->4 6 0

4 8.0

4 6 0-^4 0 OTC

4 0 0-»3 5 0

3 5 0 3 0 0

3 0 0 2 5 0

2 5 0-»2 0 0

2 0 0 1 5 0

1 5 0 1 0 0

1 0 0

4 1.9

1 2.59 0.3

solid conv. (# #6 6. 4#T&^

&o#(D4 6 orK:&y'6^f5im&%#k3:a<:#7to

4 6 o r, o u, mmaf 6%

-c try and error & — & o 3-2

- 2 K^f o
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g] 3 — 2 — 4 Program <D t/tt ti H3

2 7

its

MBS®

Output
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- 9S -

(2861)

6 6 X

GXM^WrOW^Z #7^#
6 t d+

0^/31 ^ —%MXa 2 >K r) = 6 x

6 X • /H

6 X f XX-XX

g]lf^-a Z:Ox^-4/^4t-S-Z-E[g|

°9

L Z 10 Z l I 0 8 8 0 0 ( ,-“!“) v
Ol 09fr 1* ^

0 0 I X 6 E ,0 l X E 0 % e 0 T X 9 Z ( ,-Utiu ) V

s z 0 z 5 I ( louyteox) v3

^-^'eUG? V ‘ v3 <i If ^'9 9 AU0° z-z-zm



U-C^m UTto

#i#M@#om#^mo^&K^wTa, 2 o o°c ^wc &

(#3 - 2 - 1 ), 2 0 0°cj^TT##B$#&f»z>;S:m#ar#$#:#:S#LK<WC<i:#

^#mLT, 2 5 0°c^^#^^K^^)^o 2 5 0"C^#%^&^KglJ:#

T6 ^ TO#^^ 6 L, 6 2 5 0°c K^&PT6 "$ TO 8$

^LT, coT-f^6amm#of#$^^^,

T 6T6o 460'C^L#^, E*= 1 0, 15, 20, 25, 3 0 Kal/

molKOWT, ( #m#R8 or

EI3-2-60l^KmA1:m6g#^#^J^]lT6o ^#K#^o#^^:[S&%K 

cfL6og#o#$%: 6LT, %#ik^^^4f-K

^LT7'o.y hT6^m3-2-7 ## 6fL&o ^ ^4^ - ^^fL

6 c 6^T$ 6o

6 ud:?e&P#i^o^#K 1 6$#^^od: t)^$3r#iET$6o ^Ttlip ^#o#Ki&W

f), ^c#%mmo^f6o^me##Km#: u#^o'

3 ^ L#7"o4:^T-^ OTmiJz):#&O^W t OK % a#O^JA

% & 6o ^- - h ^ 6^

±@&T# ^w#%MK#f 6#^o#jEu:, ^ ^KekA L7t##m##e&e##d-u,

#%0##K##7t Wo

- 37 -



9E -

LBJ#sd¥#m^ <? c$ ®#e^g>LbJg)0o o 9 s

? ( 3. o 9 ^ ^j. ^ ^

LaJ^'3J^^Bk94-&yii^%B&?i&viiA<? <$nu 9 - z - £ m

^ #

09 09 Ot7 OS OS 01 0

«i3S.E
K

JM (m
i n

)



'/Stt/fbx (Kcal/mol)

03-2-7 — ##

— 39 -



3-3

^ y v ^ y x 6f&E^Ky ^ y v ^ y 

^#^LT^&o cy»#-o, ^E^KU:,

60 U7t ^ L

TH2#&^^^o CfiaH2#^0###^##fl:fAK##Li=-rW7t#)T&6o c 

(D^BE^FO 1 ^T4EC6##0#IE&K^W-tiaTKi€#-ir6o

^ Z D KS^)6o

< #i /E fit >

M E H ( Pi ) i E il ( P2 )

h2 : vH2 H2 : VH 2

ch4 : vCH4 CH4 V CH

H2 8 V H 2 S H2 8 : VH2S

6#EK^^T x if o i ^ ( VifVi') / 2 t

^ELIr P b ~T h b & frj±lr±

Pi' = Vi + -—P (P= 27Pi# ) ............... (D
2

T##T $ &o

(T%:b%, GCTd:(Vi+Vi')/2(D#gmWcEe%c»^^^^^i:, ^--hyi/-y

L7t^^Ellz):P6wDc«!:T$,6 )

— iSjEHJO^Sc^tDEEid; ,

Pi = vi Pz ( Pz = Z*Pi ) ..................... (2)

6#^. 6fi6o

^E^^E Pz 6#E PoK^y-6#)##(Dmt Xi 6T6 6 ,

Pi V Pi'v
(--------x Mi +Xi ) =----------- x Mi ................... ®

RT R T

v :

Mi : i $." E E E m

6 & & z> 6

— 40 —



RT
Pi = Pi +--------Xi

VMi

RT
.\ ( Vi + Vi ) / 2 • P = Vi pz +--------Xi

VMi

2 Vi 2Xi RT
P = --------------------- Pz 4-................................... ....................®

( vi + vi ) VMi ( vi + vi )

P P z ^ 6o

t C5r, J . A . Guin b K X. j?

Xi Id:,

Xi = 6.5 7 x 1 0-6 . w . ( pz - p0 ) ....................(D

©^KXi, Mi = 20eft^T6<^

. 6.5 7 x 1 0 vH2/ • ( Pz — Po ) • WR T
p =—2_h2------- p z _|_ .................................................................................. .............©

VH2 + Vna' V ( vH2 + Vjj2/ )

W:

P'- V
Wi =---------- • M i

RT

Vi+v; PV
Wi =---------------------------- Mi .  CD

2 RT

t '& %> O

5 &<, —LT,

^ Lt#m L?t ^

^3-3-1

#)#

h2 1.29 9 1.4° 9

ch4 2.82 9 3.0 3 9

c2h6 1.5 6 9 1.6 9 9

h2s 0.16 9 0.1 7 9

6.2 7 9 6.78 9

1 ) J . A Guin , Ind. Eng. Chem 1 6 (3) 2 7 7 ( 1 9 7 7 )
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^ ^ f T#m'] L7t ^ 6 , L 1 I)

#3-3-2 # Ojt#

Run No^~—
ii ^ ^ — -? I/Z. £.%>
m mi] # #####iEm

Run No . 15 7 2 4.1 ( / ) 2 22 ( ^ ) 2 3.2

n 16 0 2 l.5 1 8.8 2 0.1

// 16 3 1 22 1 1.3 1 2.6

cz ^ K, ##K < ^ -f - o

3 7t, ####iE#^, #g5$K^^7'V^

/ - ^ - K i 6##u#T#iE L%#, ^ 6^,

^#^&±#W##SK'f%EET7t4% —{kL^mK^#-f^$T66o

Lfr L%L&b01%l(C%&&l(C* kfttb, # xfr$r&&!8-MMJEW.%)$^~CWt& L

7^0 c o^o y/ -7-3^(#3-3-2 ) -r ^

4. # # $a ^

4-1

6 c 6 K 1 % , ^ u , #%f6 K g tr#(<[:# e

#3 %##-## ( imf jt 1: 1 )

T$)6o %m%W6L-c#

#<h#AT^6^y-Td:75:^o 6 B ^)T MAF^K%Lg##ei 0

T#EZ)c!:^lp'r$)6o

a ^ 4V/iy%6(--^^y^^-v%2)

C t: f /"/ T^ h 7 -fe^ f4 . (7 h 7MA F = 2.0 )

% # Fe + 8 ( 8 / Fe = 1.0 )

SIS®K 4 6 0 °c

&f6#^ 6 0 min
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m#7k#EE 80% &#160%om#:T(D^#^3:g|4-l-l^lTK^U7to 

^TUi^zk^OT^hy-O'fA^i^mLtW^Tt^, zk#f8###±$Wo T^h7-k^ 

1.5 — 2

EI4-1-1 6 gl 4 - 1 - 2 LTto

L^: ^ 77^rg]4-l-3

gl 4 - 1 - SKlfLk:, N-oil&CX ( N+F ) oil c>3 Ip UKI^6 OK

#U, ^^0^5K#aa6/L6'mmL^Wo H2^##K^T6^^0^^#0#IJ^e^ 

K^66, tfU5^##Oi##KZ!)M^UKW6i#[n]%$,&o CfiUOl#fp]agl4-l 

— 4 0 H 2 tti&EE 1 6 0 Ky / cmO t — 2 K 4> $> & o

g] 4 - 1 - 5 K^=F ?xnT## 6 L%#####<!: <!: % K^6%#f O^

^ f- ^ U, UK W6 C(L^m26UfL6o

col H2##t

& AK±$^y V y h#&&o ^ C 6^oT#MK^fL{^y ° t

c$U7t&k

#^%#@%0 tOKkt^ <#OM#^Kj>WK %|#|#Ol@rS]^^^fL6o 

&K y; 4-l-6K$)6o %#0#^i#T 6 6 t K

CH4^#^T6&W^oa, 6<KirfL^y-*##

c <h IC^: 1) > U ? h ^ § V^o

g|4-l-7Kki 0%#a^#eir^U^o C0g|^^%%U^^^(^4^0#%

itii^-T kHF , kFN (KK^K 6 — ^, rt kxc ( kcc , k

HG , kpG , kNG O ) & Ifa t /v ¥ i^lt) D V~>0

Ul±(D##K^^^T6(L,

S<d;j#ZJnu^v^(h w $ % U #> K # ^ fcQ
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0 4-i-i gkmmmm. t mtsimvv-fim ( wmaf)
(H ttiAE 8 0%)

1.4 %

1 0 56SSJP

2 5$ffcjjn

H2 mW^ 5.5 # 1 0 5.5

+ t ynj 28# 
5 3.0

H- 0 i 1 N- Oil 5.6
6 2.9

#4-1-1

m 8* #
1.4%

8% % #
io% #%n

^ #

2 5%
1 0.9 1 2.5 9.7

CH, 6 6.2 5 6.2 5 8.3
CzH, 1 9.2 23.1 2 1.9

CsHg 1 1.0 1 5.6 1 5.0

c4 Hio 3.6 5.1 4.8

It 1 0 0.0 1 0 0.0 1 0 0.0
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[g 4 - i - 2 assamm# ^(%MAFm^#mm% )
( Hg f±^E 160%)

Hz 6.3 $

|h2o

53

^ 6% 4" 4 ^ 8 8.8

H - ~t 4
6 5.6

F -4"4/L'
1 28

N-4~4/u 
1 4.0

100
V_

1 0.0

CH,

1 0 6.3

22

Hz 7.2 $ 100

6% 4- 4 /t- 8 8.9 9.3

4.1 H - 4~ 4 F - 4" 4 N - 4" 4 /i' CH*
± 5 3.0 2 1.9 1 4.0 5.4

1 0 7.2

4.9

HzO
4.1

25 %&1]n

Hz 7.5 $

K
tc

£ 4" 4 /i^ 8 7.4
1 2.4

a 4 A F — st -i /I* N - 4" 4 A CH*
5.2

1
4 3.6 2 89 1 5.0 5.5

HzO
78

1 0 7.5

4-1-2 #%%#!##

m ^ #
(it 3-Wtp ] .4 %)

^ ^ #
1 0% Wo

a% aa #
2 5 % Wo

8.8 3% 8.3 4% 1 1.1 4%

CH, (t/L%) 6 9.0 6 5.2 4 9.6

CzH, 1 7.0 2 0. t 2 7.7

C3 H8 1 0.3 1 1.3 1 7.9

C4 Hj 0 3.2 2.9 4.8

It 1 0 0.0 J 0 0.0 1 0 0.0
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(g 4 - 1 - 3
G JK ; Illinois M.6

; T v h 7

&5M& : 4 6 0°C

Iy.15#^ ; 6 Omin

it fas ; 80 %

O; N-oi 1 
3; (F+N) - oil 

• ; gas

Fe/MAF (%)
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Product Z MAF (%) Product X H2 cons

0
1 oq
Oqp
CO

e o

u
p; 5 5

m
Ffl fiS »

fX fri
ft

<j) O) cn <»
o o o "T
^ 3 a ^

y ni
d- Mx
3 ®



@4-1-5

lii% ; Illinois No. 6
b'b ? vi/; TX h 7-byyA

460°c
/XlB^la] ! 60m in

SOkg/cid
C H. So i 1/ oil
•

- 60

Fe/MAF-Coal (^)
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O
rg

-g
as

 (&)

m 4 - i - 6

5k ; 111 inois Na 6 
t" t ^ ;U ; 7 y h 7 -fe y/6

mm; Fe+s 
SSSE ; 460°c
SJ£B#Ph1 ; 60m i n

Fe/MAF-Coal (A^)
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kxc (x loomin'1)

4^

kFN (x 10~4min"*) khf (x loomin'1)



— IS —

z Z \y z z z ! \Z

Z Z Xy z z z Vz » 3« H #fl

- z z z <— z z ¥ @( If S

z z z z z i ii i w
•SUOD^tV

/ s*o
•SUOO su/

7N
•suoo ^uV

vm-d
•suoo *H 8*0 N N + J

I -z-

% 34 G TO 

9#a.^##G)TY?r 

°9 %f ^ Sf^

#EgJgM%n:f ^ z -N (4 ^c- °9^2-0 #}#24^%^

#0#^T4^%J-m^243#^ '^^n^^^#K##24A-Z-^|g| '9-Z-^l^

##oq:3$)jz s-z-^

A^24 % ? ? Z-N ? 9^- >

9-Z-f(g| 't'-Z-t'lgl

##03^91^ Z-Z-I' 

^ 9^^#I^W^0IIO - j %

(4 T^^OIM _ j 3 2 j. >

?^#BI^?^^-Kj+N24E-Z-^|g| °9^%nOC(#I%#39^CZ)^^24#[g| '#9

'#01 OM liVK ^ ]4 Z - Z - f' g] T - Z - f|g|

I-Z-^

(Ol = ^Z8) 8 + ^ # ^

( 0 Z = dVW/flJ - ^ 4 4 x X ) ‘^/C^r^^xx « 4 -z p.

9W siouiill M B

° 9 <$ Z 6i ^

? o^2.^4-T4^^Qi^ °9,p<e ^ '%n

^^^gm^me^o^g^owg; ' ci ^<$24 9Q?m^%#09i^^moMB



C = Co e-kt ............................Q

_Ea

k - A e RT ............................®

(D^4^T, k^j#Tc66, tt^#Tc66aM#0##^$,6o®^:(Dl^Kkt^#

Tc6a&5m&^±y6c6t#*T6o Cd'C, S^<D#fk^[6^, 

66%\%CCW6^^K, #%ra%#ad:|w|#Ta75:Wo &$

fLO#K5K^^ 6 k(Dj#±o#&K##^^ b ,

# f L % M CTH% Wo

- Ey, & 2 5Kal/mol 6#^T6 6, ^5M^Te 10°c

ea
k, A. e RT

% (LoR^M^GO'c^-f &<!:

Ea (l±~ T2\ 25X10' x (-10) _ 1

_ki_= R V1 “Tv= e 1 987 733-743 127
k: ^

i o *t s tG t It 2 7 #MM L 'ftJza-'a £ <D%b TF'To 

7K*^BEom±6, ^#oj##^#mL7t%me^TmAKowtaMS##(D#m^ 

fflOR-g tLX\s>% if>M%zls%~c&l$l £ i> MfiofiH&TkMISk&te)

■^Ltl^ J C t % b ti Z> o

^#fkA:#<D ^ ^ h t #/J^K T $6 7'D-k^o#\^K#*b7tWo
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Product/MAP (#)

a

531
a
#
aS

F
9

Product /ft cons (%)



Product / MAF (%)

#
"S™

3
9

120

Product/H2 cons I
NS

>tx

00
o

OS
o

o
U1 NS

o
NS oo
ui b

NS

► D>

SS o

ft. nil
FP ft

0i /

ffl » # *

Jx 4
os
o

OS
O

<t>
+ V

* n° GO
Nl

3
O

2 ft t/3
\ V
g S

os

'S
C/3



C
 F 

+ 
N

 ) 
^/

M
A

F (%
) 

( F
+N

 ) 
71

//H
g

g]4-2-3 (F+N)^^^O^gcK&^-f^E#^OB#

O : FeZMAF= 1 0%

2x Ex B# ^ (min)
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Pr
od

uc
t/M

A
F (%

) 
Pr

od
uc

t/H
z c

on
s

gl 4 - 2 - 4 5 pi ; 111 i no i s No. 6

% # : Fe + S

(Fe/MAF = 10%) 

30mi n

160%

; N-Oi 1 
; org - gas
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( F
 +

N
 ) 

/M
 ^

/M
A

F (%
) 

( F
 +

 N
 ) 

* 
-i a

-/H
.

im 4 - 2 - 5 (F+N) d- 4

GOcoo

5 ^
kf H ^ /lx

Illinois Na6 

7^ h 7 -k^#
Fe+S
(Fe/MAF=10%) 

30min 
460 °C

SE-fiS (°C)
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H
2 tiriM

dETj (kg/ci)

Product/MAP (#) Product/H? cons



C
 F 

+N
 ) 

+ 
4 /

v
/M

A
F 

( %
 ) 

( F
+N

 )*
A 

^Z
H

;

g| 4 - 2 - 7 ( F+N ) ^ i +

co

B m : Illinois Nq 6
H + yi/ ; T > h 7 -fe v 

®6 S ; Fe+S
(FeZMAF=l 0%) 

» 46 0°C 
; 30min

Hg (%)
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4-3

4-3-1 g I#

$(#K,

%, (o, 8, N)o^d:%#K^;%:bfL-CW&Rr[;-r&65o CC1$

^ hO^^<LO^A!)(D7k#f(:#i:^T6c6o

[SJi-ffLffm 3 LW ^ 6 c (bo

4 ) S® T $> j? , [g!R, c 6o

H a i)'^\rf bfiho ±#SO#A^ b , t Lt , ( 0 jffi ) -##^*E

WT#fkSfD^^^cTW&o co##&3^Kfp]_b3-t?r&7t%)K#, #%E(Dgk&e 

fr^Dc<b^^^t^6o ^&0^^](bUT(3, fb^m^K*C)<^#0##<b%m^ 

< 8&#E(D##(D 2m<P^#^.^fL6o

L ita

^^Ko^E^^^BcbU-CU:,

#%#, (^-Am)mik%-##^0mBK36366c6^T$6o

4-3-2

am ( i ') S A M 6 ) tt&S 50 — 60 ? - MAF Base

f n ^ ^/am 2 (m#jt)

&15&& 4 6 0 °c

^15#^ 3 0 - 1 2 0*™

7k#%E 80%^ aKwd:160^

T^> t) , ####, am ( MAP Base ) K#UT, 1 0 wt

(1:1 mf it) mm^m^Tto

^ 2 #KE# U7tz>:^ T , ^ - 7 ^ 1 -f A/K Z 6M
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( 90###), #fk#(D^#;'fit#-t&(Dd:m-aL<,

CO^^#fk5:[5^#^^#-f6B^K%^UTW6o UT^^^-C,

$, j^fkTk#*'^ (HC-Gas)m^#, zkmfBma&^L'K^T

^ o

4-3-3

@* Fe/MAF-Coal=l Owt# T#% L7t#&0##$5m

& , N-oil(C5—b.p.200 'c^^) % ON-oil H

C — Gas ( Ci ~ C4 ) ^^j|, $ © HC-Gas^tilKo 1/.-T , M16#

f4:#Kg]4-3-l, 2, 3K^To 

eft 6 0% -

IIM/f tfrM LtlSf ^ t ,

Si 7^-7° Fe CZ2-S, FeS04-7H20-S

S 2 7 /v — 7° Fe 0— S, Fe S, xgTCFe — S, Fe S2 ( pyri te ) , ^ *°:/ -;/ F e — S, 

Fe 3 O4 — S

S3 ? w — 7 Fe 3 ( P O4 ) 2 ' 8 H2 0— S, Fe P O4 c 4 H2 0— S

<D 3 7'K#m-r $ 60

(ig4-3-4), H2g

6 ( #%KHPyrrhotite, F108.1. ) K^: W6 C «!:

^#0"$ ft, - ^ «h LT #fk#of;mK 1 6 % o t 6 ft &o (eft

6c#fk^%a, 8, H28(L^:[6UT#fl:#;K^6c<m, J. A. CusumanoSKZ^-C

$> & O

fpm 6 L-ca#ik^ ( Pyrrhotite ) omT#)WT^6 6 6 ft, e&#o/fk#m5%o

< a## u#^% o 6ft6o(eft 6oM#^a, #m#(D 4 2 o°c

^TTTK#il:#K^ ^-CV^6 <26 ###23fL7to)

l) J. A. Cusumano et al, *New Catalytic Material for the Liquefaction of 

Coal xX EPR I Report ( 1 9 7 5 )
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H
C

-g
as

(%
) 

N
-O

il(
%

)
4 6 0°C, 120m in
16 0%(Hg

4 6 0°C, 6 0m i n

20----

— 3

— 2

— 3

10----

jl

— — 2

'X------X

FeO(OH)

?
a
be

\

0 4.3-1 8* ©E-fb-fr*-
«**««»*-1

__ 3

10----

— 1

Fe Fe 
I (sponge)

m 4. 3 — 2 8 *
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H
C

-g
as

(%
) 

N
-O

il(
%

)

X------ >

Fe FeS
7HgO CP04)2 4HgO I

S (Pyrite)S

[g| 4 - 3 - 3
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20 30 40 50 60

g|4-3-4 X#B]#f[g

(a)

(b) s c m i,m 2 y ^ -

-f Fe,o 8,,OX

(c) FePO^ "4H20-S^m#^I5#(D[m$(##

Fe,o8n^ i ^ ^ ^ o

ch7nro77^T#mL^m,
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FeC/2-8, Fe 804-8 l^%KaZnC/-2,FeC^2 75:^^|n] 

6 LT , 2 #U#Ka#Hk#E 6 LT CC W 6 % O ^

3o ( ZnC^2» FeC/2KE^fL6=r-#^ W C 6 % #

#WK& 6T)

4 — 3 — 4 K^$t^6D i£#

a'KowTt&#U7to UT(d:#mu-%:w64 V /

4/%6a^o#eKa, T#(DmjpT$)6o

1)

Si02 AI2O3 Ti02 F e203 MgO CaO Na2 0 K20 S03

5.32 2.13 0.10 1.99 0.12 0.77 0.045 0.22 0.81

t^vj'CaiQ, Ecse. ( Total 11. 5 wt# )

^15^^ 4 6 O'C , 3 Omm, zK*%E 1 6 0%T, %#<k LT#

(1:1 mf j±, MAF-Coal K^LTlOwt^) emw, CfiKK#^ 

K#^ ^K^LT25wt^( MAF-CoalK)^LT2 5

wt # )^0AT^#L7to ^#^:EI4 — 3 — SK^To

lr& 3 o

T^*V±#^#OCa, MgH, T^*V##KltL-C,

#T$)6o *^%#z):90.1^ -r^^OK^UT, CaO 0#^83.1#, Mg

0 4# o' 8 3. 6 # & #V^o

[$1#:^Tzb6AL203, T1O2, Si02^,#^fA%##K)MLTl#mMfo]^^6!)^fL6o

1 ) J. Ao B rooks et al E P R I annual report P 1 5 ( 1 9 7 6 )
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HC- gas(%)

I
s

HC - gas/ N- Oil/%

4 6 0°C
, 3 O

m
 i n 

160%
(%

%
E )



/&o # K,% w /e 4 V y 4 !%jf6. 6 ifiliKfl'rfitfrt L ^ IM .$t ^

< "g tr W: f 1 'C D , ^ 1.4 wt # ( dry base ) % la# L "C W 6g #,^0 T

a, K^Ki3m#fpma^mK^^f,

#fkK[5^{jemL'C^&6#A^fL6o (4V/4my%6ir#m-r6#{b;5&a, SRC 

= n7'D^^^ut6%i[LTw6o )4#o#^-ra,

^ U f 4 ^ 4 ( 6#^^,

4 v / 4 m^6 &#eKa, ^

^^$>6 Do

4-3-5

#%#^r z D ^feefkT 6 u-c, z6 u-c

6fi&o m@fA#ozk#fkK z 6#S^^K^#o^

OA# 6,^6 Z 6M#

##!&-CfWU, cfL6o#^#fk#<!:##6^^:5^Kl :l^^R:TmA6C(hKZ

L7^o M15&K 4 6 0°C , 3 0*%, 7k#%E

80^T, )%##a, ^mf##TMAF-coal ^TtO lOwt ^#mL^o

MAF-coal ^7tj)(D^-gc^%##K##L"Cg]4-3-6K^Tfo 

D T $)6o

Preasph + Asph THF ###%> O

Heavy oil ^^^>'#m#4:Tb.p.300'c ^l±K^^T6f6T3#

fL 60

Light oil Hexane #J tL fft + ~C b . p . 3 00 *c J^T fc*B * T & f* t! m K

^ 7 7 4 7,

#-^ft6o coD'Lb.p^OO'cmTK^^-ra#^, N

— oil ~V $> %>o

Light oil mnmn,

(1) -t(D^gc#%)!#^#%##(!:LT#^^^6o

12) L k y vi-T$)6a%^T x h 7 -k 7# 1 I) t

^ h 7 -k ^ Z % #0 )

(3) 3&#fae3:%6i#e,
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Light oi 1 + Heavy oil ( — ^ ^ % tti) t Preasph+Asph t © §0 o' ( ~T ^ L> L Total 

oil K ck ^6 6 Hexane oil © SO □" ) id ,

Hi # O #IJ -o W ^ # ft T W 6 o

(4) 7k##©(><!:^©K%6^6c6^T$6o

C © t — f ( IS] 4 — 3 — 6 ) & b b Jz & 5 K > <C Fe —Cu —K /• oxide- S ^ , <C 

Fe—W> oxide — S^3r#W[ , Total oi 1 4=" K ^ ^ Hexane Soluble

Oilo#J&oj#m#Mi!#^fL, -t©#l$a,

Fe -Mo ( 7 9.6 #)> Fe-Co : 7 5.0 ^ ) > Fe-Mn ( 7 3.0 ^ ) > Fe -V

( 6 6.8 ^ ) > Fe-Ti ( 5 6.0 # ) > Fe-W ( 4 8.9 ^ ) — Fe ( 4 8.8 # ) >

Fe-Cu-K ( 4 3.9 % ) T £ <9 ,

^7t, Light oil#$Tj!.7tj#e,

Fe-W ( 2 8.1 ^ ) — Fe-Co ( 2 6.9 # ) — Fe -Mo ( 2 6.1 $ ) > Fe-Cr

( 2 1.3 # ) — Fe-Ti ( 2 0.8 $ ) — Fe ( 1 9.1 # ) — Fe-V ( 1 9.0 $ ) >

Fe-Cu-K ( 1 7.1 # )

Fe-Co, Fe-Mo Co,

Tf $ b , Fe —W^(d, Preasph.+ Asph. , Char # # W K % 6 "f

c © I 5 K, ## ( MAF-Coal K)M LT 0.5wt 96^^ ) ©^#&8tKmeT 6 C 6 K

It),

^6o m^<be%Kz om#m$^#7cfbT6c<hu:,

#, [giRe, %#####

6 o

TtT^u,

T W < c 6 K 1 t) , #fke#^ak:#T 6 c (L 6o ##T- f (b L t , [g 4 - 3

- 7 L7^ 1 $ K, 3 0*%d' ^ 6 Omn^^^T 3 6 , Total Oil 3
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Fe-S
c bar Prasph.+ Asph. Heavy Oi1 

<b.j800"Ge >

2 2.7

Light Oi1 
19,1 HC-

gas
HzO

2 5 4 4.0 N-Oi
85

1 7.5 6.9

<CFe~Ti^> oxide 

- S
(Ti/Fe = 5/9 5 )

oxi de

(\/Pe = 20/80)

<C Fe-Cr > oxi de 

-S

(Ci/Fe = 5/95)

<C Fe- Nfo Z> oxide 

-S

(Mo/Fe = 5/9 5)

75 3 4.7 2 3.4

2.1 2 8.6

2 2 75

3 85

3 35

7.7 1 7.7 4 28

<C Fe-Co > oxide 

-S
(Co/Te = 5/9 5 )

<Z Fe~Cu~K> oxide 

- S

(Cu/Fe = 10 ^8 0 
K/Fe = 10/80 )

4-22 2 3.0 4 22

H?

Bj\-gas 1.7

2 0.8

105

1 9,0

8.6 7.8
Hz

2.6

7.7

215

10.1

7.6 75

2.1

92 7.7
Hz

3.5

2 6.1

1 22

<C Fe-W> oxide

1 2.0 4 1.0 11.1

28.1

-s

(%/Fe = 5/9 5 ) 1 25

8.4

Hz

15

8.9

1.7

<C Fe-Mn%> oxide 2 0.9

~S

(Mn/Fe = 5/9 5)

3 2 2 2.1 3 90
8.8

85 9,4
Hz

2.1

2 6.9

12.6

85 --15

1.8

I 17.1

j 2.9 4 76

1

202
7.8

7.8 78
Hz

(g4-3-6
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Consump . 

4.4#

Consump . 

5.4#

Consump . 

5 3#

Consump. 

5.9#

Consump.

6.3#

Consump • 

5.7#

Consump. 

5.3#

Consump . 

5.8#

Consump . 

4.9#



B.P.-gas 1

48O'C , 60mi n 

80 % (H, )

4 6 O'C , 3 0 m i n

4 60°C , 60mi n

Prasph.+ Asph.
Light Oi 1

12

H2

H2

H2

Hz

Hz

m 4 - 3 - 7

Consump .

4.4$

Consump . 

5.4 $

Consump .

6.0$

Consump . 

6.0$

Consump . 

6.8$
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Hexane Soluble Oil LightOil%##^<b%K:!#a±&o (^^L,

i#^0T6o ) ^ ^K, 4 6 O'c ^ 4 8 0°c , Preasph+Asph

#a, LightOil#$^j#mT/5o

4 6 0^ 30m»O##:T, 80%^6

160 iH £/P £ h t , Light Oil L£ V^ 4> O0, Hexane Soluble

OilO#IJ^a#L(i#mT6o 36K, 30mm^6 He

xane Soluble Oil Light

Oil %###m#Kmzrnf&o

C O I 9 K ,^15#fMr#L (T^CcbKl «b # "I

6o ) , eo 1 5 K&15##=^ ^eT75:^fp]^#^TW<c6a, ^ ^ =

i' ^ ^ 4&# K ^ 6 o

4 — 4

4-4 — 1 g 1%

i -o 6 c (h a i < $> b , # < (D#

LZ>L, #K,

^1b#e^K 6" #) «b ^ o7t#A^ ^ 6/L6: M,&7t ^ ^

W O

LTt^^T, ^a&^&CckKZ^T,

6%)^## LTto

4 -4 — 2 #[ ffl ft pz (DIIH t frtff fit

LT(3, LT, 4 V / 4^v%6 LT, #

6, 4 V 4 4 ^y%6 ,

^^mmAT$,6o -tftffL(Dai%0###&#4-4-lK7^To

c%w:, H/c, o/c #, Mamim&^LTwa

< v / 4j^, -^, #m^«3,

#K*^m^Au, H/c^iem

<!:l% < , K^4^0T^*V, V±#A##i%^o
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4.-4-1

Coal
Ultimate analysis (%> MAF base)

Proximate analysis
(% Dry base ) Inorganic analysis (% Ash base)

C H N S 0 H/C O/C VM FC As h Fe2 O3 Si02 A12 O3 Ti02 Na2 0 CaO SO,

4 V / 4 79.7 5.1 1.4 3.8 10.0 0.7 7 0.09 36.0 52.6 1 1.4 17.3 46.3 18.5 0.9 0.4 6.7 8.8

# F3 7 8.1 6.4 1.4 0.3 13.8 09 8 0.1 3 44.2 4 7.4 8.4 18.1 19.5 16.6 0.8 1.7 4 0.5 6.4

± f ^ 7 7.9 6.3 1.5 0.5 13.8 0.9 7 0.1 3 51.3 35.5 13.2 6.6 50.6 24.4 1.1 9.7 23

69.6 6.7 0.5 0.5 19.2 1.16 0.21 53.9 38.2 7.9 5.3 143 4.5 0.06 14.6 10.6 336



4-4-3

a ti: & # 6 Of-MAF Base

K- k ^ 2 ( m#it)

460 °c

K f,5 5$ fnj 3 0 mmd£\^k± 6 0 min

* # % 5 80%

( MAF Base) K^LT10wt96 ( 6 y ) , ####^

u-[#mf # ( 3.5 y )

# 2 LT^^o-C, -7^ 1 f^K I

4-4-4

MAF #4-4-2 ,

3 o

(1)

-i V V 4 6 aK^O)%#fp^ K 1 b , W"C %

Z c-C < ^#T&o

^ 7t , #4—4 — 2,3 L7t Z D K Hexane Oi 1 , HC —Gas i -t ti *z frzk M $ It 

m-r^lJ^Tt^&TK^mOigT 6 6 , ^-COj^aKt'W'C Hexane Soluble Oil

/H2 Ta, HC-Gas/H2"Td:, ###^0

c 6 z): t) #> & o

(2) ^ib$

#^#^TTa^%###T#z):#fL-CW6o #;%## 

O^TW:, 30mmT%K 90 #^J:(Defk$3:^L, ^

*-[&%5-2fiTw6o Tt^fL, < V / <

6 0«m K ^ 6 6 #K Wk^d:Tz>:6Mra]3:/^T#, ( -k ^ n - ^ ^ )

^Kt"WC UT W 6 c 6z):, t»z)^6o
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M 4 — 4 — 2 I

Reaction 
Time 

(mi n)

H2 Con sum
P t i on 

(%)

Conver 
s i o n 

(%)

Oi 1 H.C.- gas B.P.-gas

Coal
Catal- 
ys t

Total Oil 
(%)

H.S.Oi1 
(%)

as.OH/

H,
Light Oi 1 

(%)
H.C.-gas 

(%)
ac. -ga> and H2O 

(%)

30 4.0 9 0.5 8 2.3 2 2.1 5.5 1 1.2 7.3 1.8 4.9

4 V / 4

60 4.0 7 1.6 5 7.6 1 3.4 3.4 1 1.8 1 0.9 2.7 7.1

3 0 4.4 9 7.6 8 5.9 4 1.9 9.5 1 9.1 7.5 1.7 8.6

#

60 5.4 8 9.4 7 4.9 4 6.0 8.5 2 3.3 1 2.5 2.3 7.4

3 0 1.9 7 7.6 6 4.5 5.4 2.9 1 1.2 6.2 3.3 8.8

# ^

6 0 2.8 8 4.0 5 7.8 2 1.5 7.6 1 4.8 1 0.5 3.7 8.5

3 0 4.3 9 4.2 7 9.8 3 9.4 9.2 1 5.5 8.3 1.9 1 0.4

fj

6 0 4.9 9 1.7 7 6.8 4 2.5 8.6 1 9.3 1 1.9 2.4 7.9

Catalyst ! % 1# % — # #:

Light Oil : C 5 ~ b. p. 3 0 O’C 0 i 1

% i MAF coal base 

H.C. -gas ! C i ~C 4 gas

H.S.Oil I Hexane Soluble Oil 

B.P.-gas ! CO , CO 2 . H 2S



4 — 4 — 3

Coal Catal
yst

Reaction 
Time 
(mi n)

Ha Consum 
pt ion 

(%)

Conve r 
s i on 

(%)

O i 1 H. C.-gas B.P.- gas

and H20 
(%)

Total Oil 
(%)

H.S.Oi1 
(%)

H.S.Oj>
H,,

Light Oil 
(%)

H.C.- gas 
(%)

H.C r&y
H 2

amtggiA

30 1.7 7 9.0 5 1.8 5.9 3.6 4.3 7.0 4.3 2 1.9

60 3.5 8 1.2 5 5.1 9.7 2.8 6.8 1 1.2 3.2 1 8.4

t

30 4.4 9 8.7 7 2.6 4 3.5 9.9 1 4.0 8.3 1.7 2 2.2

60 5.6 9 4.3 7 5.4 5 3.4 9.6 2 2.3 9.9 1.8 1 4.6

30 2.6 8 5.5 7 5.0 1 2.9 4.9 9.4 6.7 2.6 6.4

6 0 3.4 8 7.2 7 0.8 1 5.8 4.2 1 1.6 9.9 2.7 9.9

3 0 4.1 9 0.7 7 7.8 3 1.2 7.6 1 4.0 7.6 1.8 9.4

6 0 4.5 9 6.6 8 0.9 7 0.4 1 5.8 1 8.5 8.5 1.9 1 1.7

Catalyst i ###: —

Light Oil I C5~b.p. 3 00r,mOi 1

% ! MAF coal base

H. C. -gas I C !~C 4. gas

H.S.Oil i Hexane Soluble Oil 

B.P.-gas I C0 . CO 2 , Ha S



(3)

#<b$, Hexane Soluble Oil%##, Light

^ v/^^y^6-ra,

c 6 , ^ K^m u-c^ 6«

Hexane Soluble Oil %##"C%fLTW61DK,

^ 3 0m»O 1 ^ T TK, %ezkme%^@^TW6o

#fHfg^ATa, #0^#KjtLT, #%%&#

6 c 6 K z I) < , #%%#3&#2);m#K#:bfL6

^a-r&&o #K#%#^TU:@E^i%-c^6^^7x h 7 -t t o % , zK*^

e^lSK 1 0 ( Asph + Preasph ) fkT&maz):#6fi&o

KlSd;^fi&o L^L, ^%#^^mw6c6KZ"?-C, zK$^f-, gd^fA,

#me&tsai#mT6o

# % # # T I) , Hexane Soluble Oil 6 Owf , 7 0 $ (^ 4 j|f

■2> ^ T? i> o

(4) #Hkzkm#;%3%#i#

V 7 i ^z%6 t#m^T(DHC-Gas

#Tjt#T6«k, %fk#%##z)^0T6$'J^KjtL

T^r0^m#Jea/J^Wo HC-Gas#^K)ML-CMm%KfpmLTw6

co#$#z%BgaK#:bti6(D#,

a^ik&ojt^^fm^^m^Acb^wmToHc-Gas

60m*-ca, ^^#K^Lt^rOM$^%KT6o

cfi 3r#^T4#-f & wc

-& o

^ _Lz; 1 $ ^ 1%%^ ^L7t^#T f L^:#^^%c"CL'C%, #fL5U6K

)@m6L-Cw6o
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5 # Em

(1) #4#

(2)

(3)

(4)

3:3t^Kfr5^%. f-^OfB5:Ffm-f^[5c)(i(D7t*!)(DZ^^#]ZL7to Cf^ojCcb

|P. <mtf C 6o

^1 A # % .

(5)

(6)

(7) 8t8&#o—MoZ

(8) ^#K16#^#<D3%#:

#(D%# ^ % T#J3 fi 6o Z L oH#(b f #^fb L7t#Z^O^#%

m# ^ w D AK^ u. cozmijornm^z^zoi 6 «b#^_

^) fl 6 o

^(D@#cb W ^ <b W $ 1 I) <b (b ^l^|—- f - ^K

^ ^ T . ^±1 D tr L 5 7 y *

T^3o & 0 & <b cb % ^ < &o f ^

jp^f < ^jp,

A- ^ ^ 6 <b#^_ 6%^4-##^^ % w #

7t Wo

C f ^ O ^ ^ i ^ "C %#O g# ^ ^T W 6 7):.

^ cb L %. c ^ h ^ %^/bo

fb n ## T ^ K # o #-fb# ^ fp jp # w t o (i ^^!5 C <%t± ^ ^ f c <b ( # K #id 

^<D#'Z%T 6 <b t 6 ) i ^ < f 6f^m % $) 67):. #
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t ##T 6 C (!: % .

#KC(D197±#&ZjP 6W<C^Ot:xh^#7to ^ 7t ( )

o -± ^ i! jp ^ 4-# t t -f - f ^ ^ T k9) %

6 ^#0^#

##7k# %fb 7 7 >/ h ^'i

&o

(1)

€)#%, #565.^0^^

(2) gtii^K: frlrt &f&M<D£bBtf!lM

' mfb#&

' ##0—g% 7 i 7

(3) %#0 @4%. '/c g^f- 6##

^ Hfl^-t" bfclsb^ sSt* — K 'DV^ t h H#*

^ 'C )
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