


rn
ay

E=J
CD
IND

CO

in

i

i—1
-ft



s

1. ...........-..................

1.1

1.1.1  —

1.1.2 ^ SI .............................. ••

1.1.3 ...........................................

(1)  

(2) ^SRC®iR#6%)K ...............................

(3) .......- --

1. 1. 4 >C ............................

1.2

1.2.1 g8%j;0##..................

1.2.3 ................

(1)

(2) WI](D0^ --

(3)

1.2.4 $2=a6 ............

1.2.5 ^ # ............

1. 3 9 — y K zl ■

1.3.1 § 89 4o ck

1.3.2

(1) ^7 ± ...........

(2) zz - / y

1.3.3 $6# ..............................

1.3.4 % # ..............................

1

2

2

2

3

3

6

7

11

11

11

11

12

12

16

18

19

20 

20 

20 

20 

20 

22 

24 

24

2.   25

2.1   25

2.1.1 §89jo4;0## ................................................................................................................ 25

2.1.2 # # .................................................... :.......................................................................... 25

2.1.3   25

2.1.4 $6# ................................................................................................................................ 38



2.1. 5 % &K ..............

2.2 - *, mm

2.2.1  ............... ...................

2.2.2 % # ......................................................-.................••••

2.2.3 <=k CX^IHr .............. .........., = ,

(1) --

(2)  -......—.................

(3) .............................. -..............................

2.2.4 3C &R .......... ...............................................................

2.3 ...............................

2.3.1 g^^ockCX## ...........................................................

2.3.2 # # ..........................................................................

2.3.3 .................. ........................................

(1) ...................

(2) ....................

(3)

(4)

2. 3. 4 ^ (h

38

39

39

39

40 

40

45

46

47

48 

48 

48 

50

50

51 

54 

58 

60

3. ......................................................................................................

3.1 V LT0#a##Kj;6m

3.1.1 .......................................................................... ...............

3. 1. 2 Hi .H ................................................................................... *....................

(1) 7^@3} ..............................................................................

(2) .........................................................................................................

(3) ......................................................................................

3.1.3 ..........................................................................................

3.1.4 $2:#) .........................................................................................................

3.1.5 3C m .........................................................................................................

3.2 ..........................................................................................

3.2.1 g^*)ckc;## ..........................................................................................

(1) ^ # ......................................................... ....................................................

(2) ......................................................................................................................................................................

3.2.3 ..........................................................................................

61

61

61

61

61

61

62

63

66

66

67

67

68 

68 

68

68



(i) %###?&

(2) .........................

(3) ..................

(4) #^}### 6 #%

3. 2. 4 $ 6 36 ..................

3.2.5 % &R ..................

4. ..........................



Mf-at, fomm#Kmit& c t & g m t -a-& & ®T& &o

#^%8GW:% Hgm50^4^^>)l@m59^3^$T(D9/!r^6L, ^®3^,%^^>)Bgm53^

tfeLfZo

^^(c^y-aef^K-D^T^mKso-ss^o^E^m^eK^L/:

6 6 61) j; D - - XKI& t

^ LTOi"% h

3 D"e&6o

(1) s^mtmGKmfa&#w%

>)CX(c^^^iR#rq]±(D/:^(D^^^fNco^T##L/'Co

(2) ^^c#!0%@6D#^

6it# L /:o KoV^T#%gK^o l^T#= 6fl/:##

L/:o (tTkm^ms## t

(3)

T^-^i/3:yc;ymm#6

KM LT, af&fbyO ^ (3# 3ck fi (3

S^cK-D^T##, L/:o

— 1 —



l.l.l g&lisi-if&i

BSSH17‘□ -fextl±5K6>bS-8g tijtiifc- J; tk S R CifoSftlfeBS* 

ASfS 6 tl 5 H'^pD r- ti < , @*/6 fi: S' CD-3 ti S»J e ikSlta-aiEE K J: ^ r fc 4g£ L T V 3 j: # x. 
5cD»i$3-ei65o ®-oic&mitu 

*$$]£ *^ftlt7'o-fex t LtliSIfift

BKSeOT^BK , Sfcgffttig#]'--'? U'o -S®lti±K*;«-5rRjkW

igSJ/k$Ifi$5i'(±$-fl:^B£48®7k*-(t0:aigiiS^i@fSc|3K4oy SSE^gKtotogW-ft^-iEjS 

L, $ 6Kig*J& =kO'KSJSfi?*@ n° * £ |6] _h £ # 3 _hT ] yiSEits-eiSo ttz, littsity
1,2,3)

a-tzxK*)^T(±n-^7 7^- y&6VXi7^ 7

h 7 U R CWcT)

LTIM L, MWJ07K#<b^

L/:o

100 mesh 12!TK##, 110°CT%#Lf:o ###

^-#1 - 1 - 1 K^L/:o i" h 7 U y(±7hm##oo^f

Z^^ij7j<^b#m^^6 100ml h 7 I/ - 7lc j; ^fb^lGli^

^j/S^®mmi:b2-3, 7K#%E85kg/6dG, ^1G^ 440 XC4:450T, ^ffL%)^fiy#^90^O

#4:T#^&a^#^#/rB^O104ockai. 5 wt.^aoLTn'^^/'Co

^T(iO#ICch(3^@<k—?%^b#6K#g#L, ##KoUT7K#4b#@^tG&fr^:"3/':o zk#fb#

Table 1-1-1 Analysis of Taiheiyo coal.

C H NS O (diff.) Ash
(wt.#, daf) (wt.0, dry base)

77.32 6.45 1.36 0.29 14.58 15.80
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Recycle number

0(1) Liquefaction 
# (2)
A<3)
A (4)

at 440 °C without hydrotreatment.
440 °C with hydrotreatment at 370 °C. 
440 °C 390 °C.
450 °c 390 °C.

Fig. 1-1-1 Liquefaction of Taiheiyo coal with recycle solvent/coal weight ratio of 2-3.

28 wt.#, (2M4)cD*#{b#aZ

{&m^fh7Km#^3i-38wt.^, 28-

30wt.^, X23-26wt.^, ——9wt.^T&"3/:o

(4:—^ #ic—

20 wt. 6 10 wt. #LTF IC#Tf- 5 0 (1(1) a (S]#%r & a o (1) L (2)- (4) O

, %-oTNi-Mo/AL 0, L/:;K#{bmm
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Table 1-1-2 Concentration of tetralin and naphthalene in the oil product,
gas-phase hydrogen consumption and the properties of SRC 
at 6th run of experiment.

Reaction system (1) (2) (3) (4)

Reaction temperature (°C) 
of liquefaction

440 440 440 450

Reaction temperature (°C) 
of hydrotreatment

370 390 390

Tetralin (wt. 0) 23. 5 32. 1 31.5 25.9

Naphthalene (wt.0) 29.2 10. 3 7. 5 8. 9

Hz consumption (wt.0, daf) 3. 6 3.4 3.2 3.6

Property of SRC 
H/C 0. 90 0. 97 0. 95 0. 89

fa 0. 71 0. 63 0. 65 0. 71

Hau/Ca 0. 76 0. 68 0.71 0. 69

j: (2M4)omGT(a7Km{kMZm

(2) ZG%SRCO##6##

- i - sic^i/co

uf^rcD#^(cu %, i&mEibf-a SRCon/c ^ j: c;Hau/

Cad^L, fa(^%0LT, SRCO^%)m@{kLT^5C6^^^5o (1)^(3)0####:0# 

(lSRCO%i±^%)^:#^B#^^-/, ^(3)T(1 H/C^f hbZ^J

0.im<, fa#T(imK0.imm[{aTLT^(3SRC^^7Km^^3^TU6C6^fD^5o Hau/ 

Ca#^#mM(C(l(l)O##Ol#^O^^^(l(9 0.1^(3)j:D^m<, 51)0

< SRC (,^ 5 C «h ^ L T

5o ^0##(c-3^T(j:^-C&5^(l)0##-C(lSRC4]0^#%^^7K#<b^a5##(l fS 

L^OOgl 1-1-1 (C^ Lf: j: -pfCSRClK#(3(3)0#^j: «0 SRC^>

F^K##LT^5C6, A#6LT^=#

LT#^^l5/:A#M5%^0&^ .SRC 

i#/ 6drao f 0#2M4)0##"C# bflf: SRC 7 ;< - f (3 (1) O

L^Lm#ia^om#^M66(l)-e^^#m^^O(C^LT(3)^60SRC
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Recycle number (1)

Fig. 1-1-4 TLC-FID analyses of SRC from Run (3).

Fig. 5 TLC-FID analyses of SRC (after 6th recycle)
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O A Run(1) 

• A Run(3) n-Paraffins

Me-tetralins
Me-naphthalenes

Phenol/Cresols

Recycle number

Fig. 6 Product distribution of oil for the liquefaction of Taiheiyo coal.

$/:7 ^ y

1 6 o-7 jzCX m, p—7 y 7"-;i/(Dlt(j:(l)7r#7^l 0. 6, 1.2 /d®

K#LT(3)-e(d$%11.3, 1.8-2.0

7 p '/ — <P f) iS ( Mi i"i~ 6 lth§o 7 7- ^ T- f 7 V y—7 -7 ^7* 7

7 y 1 —2 —

77VI/7-77 yy#®#j^^l/3 7^7 h 7 V yM^i#%LT

g|6lc^:L/:g#v<7 7^

El 1 - 1 - 7 j:m3)0##CD#^(Dg#^7 7 < L7:o

^IC 15 ^ d: 22 - 26 b°- 7 L T ^ 6 15

#&cDL°-7^mimicm</j:^T^6o L/:^-oT#mmm(D^&<b%m-em#^7 7< ycDT}# 

L^#)^m#22Pl±(D^:#^^7 7 <

om#S^^b#m^mUT 450 1C, 7K#E 150 kg/cm' -G^O

UT##dLT^6o 7ft(Cd:6 6/<'7 7 <

/:@lRWj[WC(l^#m22-29@^(Dm#/^7 7< 7^<,

lgLT^<6^#^15mjm(D/<'77<y^l#X.i:^^&6^i2), ^(3:%$:#^(h|W|#(C^7 7^ 7(D

Ell - 1 -8K(lM4)0#^T6[n]B(D#
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2* 1.0

# Run (3)

O Run (1)

----- Recycle number 5

— Recycle number 39- 0.5
------Recycle number 1

Carbon number

Fig. 1-1-7 Effect of recycle number on the distribution of n-paraffins 

in the oil product.

Fig. 1-1-8 Product distribution of oil after 6th run of recycle 

for the liquefaction of Taiheiyo coal.

& 6:6# % -3 f:o

^ i~ 7 V y-^ 7 7 y j: p
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1.1.4 X i

1 LWHW#, 27 (5) , 413 (1984)

2) lllJU##, 28 (1) , 19 (1985)

3) VxMlEBS, #lll #, SEBUEE, 65, 819 ( 1986 )

4) #nm^, is ( 1983)

1.2

1.2.1 fj§ cfc

#X.(i'3ay

, ##(D impregnation ^

6o cc-e^, S^mfbc^y-azimfktvy-fy®#^#" ^#BL, ^

u 7'f-"

f6o

(C : 73. 78 , H : 6. 38, N : 1.18, O : 18.66, Ash : 14.74)

ioo 7 v y^wTK## - u/:. KiGdm##soo - i- ? y -

^mu, #^j6LT0f-h7'Jy(hS^6Oym^lt3((:T7K#%g85kg/cm\ K

jo(Djo(D^

^#6SRC6LT^(D, (g)(Cj:"3TlR#^#t#:L/:o L, $

h ;i/^ yL /:«

(wt#, daf) = (^#-#mWD x 100(daf) (D 

SRC4%$ (wt#, daf) = SRC x 100/^#^^ (daf) ®

WE# (wt#, daf) = C 1 - (hvi/^y^M-^-##) (daf)) x 100 ®

lZJc(£>m&iM%£'t& tth K#^c^r#y 7 O -7 h 7" 7 7 (£ T L tz 0 E tzy&jfe

LTH#fbtU7'Ty (mm#m^,) , ^vy^y# (mm#ma) , lam^mc^^TSRc

^TKmicm'fcMo/SiOz ' AI2O3 (Mo : 3.3#) &{&mLf:o

S 1 — 2 — 1 i^zjN L tzo
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Tablel-2-1 Reaction Conditions of Coal Liquefaction

Reactor 
Reaction Temp.
Initial Hydrogen Press. 
Reaction Time 
Solvent 
Tetralin/Coal 
Catalyst

500 ml Autoclave
400- 45CTC 
85 kg/cd 
0.5—2 hr 
Tetralin 
3 g/g
Oil Soluble catalyst

(3.5 0 for Coal)

1.2.3

(1)

#1 - 2 - 2 1-2-1 1 85 kg/cm"

$klb$(4:400'CKjoUT, %(C860(cmLT^dO, 

#^^T%<b#^mo^6^42o^-d 

±#(cotil#AnL, ^tlK#%^TSRC@AA#%)%^LTOao E)l —2 —lK(dhl:#((D/:a6#yM

400 CT(lW*(C^OT

2O0cD#^&6o

LTSRc^^mtDm^fb^cDm^^cToao KiSM%o±#(C"3fi^d 

^CL, 430 C(C^H6^d vt/jR#CD^^ IS^L^cTV^o #

M ' a###co#^450 CK^oUT^^d 38 430 CT$tl 43 0

^20CTbr6C^&Dl#lcLTO6o Eil-2-2(c, ^SRCCDTLC-FID^e^m^Lf^ 

TLC (1, / U ^7 3 - / ^ / / L L L, 1 ^ v

h L, #%Kn -^4-tfy - ^y-B'y ( 50 : 50 ) ^UTL -042^ - > ^ / -;i/ (95: 5)

TM#@L, ##ic^y-tz'y ' /-;!/ (60 : 40)

FID#Hl#^fML/:o EI^(DR-^l(j:SRC4:CD^+-thyDl^, R-^2U"<y^yoI^ +

TH-^l^f#i%|L, R-^2^Mfl>L#!g{(:^i#fTLTU5C67)^$ftT0 5o

fiT^5o ##%###

^|S| C 6^ 6##r & 6 C /:o
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Table 1-2-2 Liquefaction of Taiheiyo Coal (Effect of Reaction Temperature)

Reaction
Temp.(°C) 400 410 420 430 440 450

Conversion* (96) 85.6 89.8 92.5 94.6 94.9 96.1

Product yield (wt%. daf)
Gas 3.5 4.6 4.9 5.5 6.6 9.1
Oil 23.6 24.5 33.8 43.7 48.0 53.1
SRC 56.3 55.6 50.8 43.7 38.5 30.1
others 2.2 5.2 3.2 1.7 1.9 3.9

H2 Consumption 2.6 2.8 3.0 3.1 3.2 3.6

Gas Composition (96)
COs 30.3 26.6 24.2 22.1 20.6 20.5
CO 20.7 17.5 16.2 12.4 11.1 8.1
CHi 18.4 18.6 21.0 23.7 24.9 26.0

C2-C3 23.6 30.2 33.4 37.0 36.3 41.2

* Caluculated by Toluene insolubles 
Reaction Time : 1 hr, Initial H2 press. : 85 kg/cni

Oil soluble catalyst

CONVERSION

“~o~---

390 400 410 420 430 440 450 460

REACTION TEMP. ( ' C )

Red mud catalyst

CONVERSION

-a----

420 430 440 450

REACTION TEMP. C‘C)

Fig. 1-2-1 Effect of Reaction Temperature on Conversion and Yield in liquefaction 
of Taiheiyo coal for lh under Hydrogen initial pressure of 8.5MPa

— 13



4 5 Or

4 3 or

4 1 or

Fig. 1-2-2 TLC-FID chromatogram of SRC

E|l-2-3(CKj5M^400 TC, 7K#%E85kg/cm\ 5wt^(D#^

R4k##81#A^94#3Tm[]L,

mj#(DKlji;^!g(D##^L/:430 €0#^ 

(CEF#LT^6o C(D#^a^T&6CDT#^(D^6%^^UC(h, SRC&f^cFM^LTUfj:

g|l-2-4(cKlG^%450 lC,

f'fT,122, 138, 165, 190, 222kg/cm'T&-o/:o7K#%E40kg/cin^C^hl6^4l:#(196^,

— 14
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A 70
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■V 80
t-

3 50
—B-----------

XV

A 40 - ,--A-------
J
111 30
M
>- 20

z

10

0
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

REACTION TIME (HR)

Fig. 1-2-3 EFFECT OF REACTION TIME (TAIHEIYO COAL)

REACTION TEMP.450 C

Fig. 1-2-4 EFFECT OF HYDROGEN PRESS. ON PRODUCT YIELD
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43 ll^T&-3/:o &^#(iOfYLDj#^^95^

^-c^Toa^, SRC^/^L^-T 7i/^cDA^##K^(9#^;56^K#

LTU60 ffUC#

^"3T^#^fl5zK##^^j#LTU5o

(2)

^!-2-3&C;|g|l-2-5lcM^a430 r, 7K#%E85kg/cm^C^U-6

&6Th7Uy^^mLf:#eKjt^, $/:^R%SR

ca#)^^/L^|q|L:-e&6o eg -7^;L/±77yyir—#@<39^7?

h7'Jy(D#^6^(3:'|E]#T&6^6^$aT^6o #1-

2-4K^f-j:3K^j(Cj:6B#^A#<, 7KMW##B(D#G Q(-7f7i/f77Ry, t -T^7 

Vye(^, $f:;W^#cDA5%, SRC0^^{&w#|S]^LT^6o S^cDTK#

& *)^-E - m/j: (9, wi^ ^ 6 A ^ Gf

Gfi5o ^-7f-;i/f77yy b

Table 1-2-3 Liquefaction of Taiheiyo Coal 
(Effect of Solvent)

Solvent Tetralin

Reaction
Temp. (°C) 430

a -Methylnaphthalene

430

t-Decalin

430

Conversion* {96) 94.6 94.1 93.9

Product yield (wt%. daf)
Gas 5.5 8.2 6.3
Oil 43.7 38.8 40.1
SRC 43.7 44.3 44.2
others 1.7 2.9 3.4

H2 Consumption 3.1 5.3 3.6

Gas Composition (#)
COa 22.1 19.2 29.3
CO 12.4 7.1 9.7
CH4 23.7 44.8 22.1

c2~c3 37.0 24.3 32.4

*Caluculated by Toluene insolubles 
Reaction Time : 1 hr, Initial EL press. : 85 kg/cm
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Table 1-2-4 Liquefaction of Taiheiyo Coal (Effect of Solvent)

Solvent Tetralin a -Methylnaphthalene t-Decalin

Reaction
Temp. (T) 420 420 420

Conversion* 83.5 75.1 79.9

Product yield (wt^. daf)
Gas 6.8 10.3 8.2
Oil 28.4 22.4 31.6
SRC 42.7 35.2 29.7
others 5.6 7.2 10.3

Ha Consumption 2.2 3.7 2.8

Gas Composition (96)
COa 30.1 22.9 35.6
CO 16.9 12.9 14.0
CH4 20.9 42.6 20.2

C2-C3 28.1 17.5 25.3

* Caluculated by Toluene insolubles 
Initial Hydrogen Press.; 85kg/cm, Reaction time ; lhr
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(3)

^l-2-5lcmb^|g430 TC, 7Km%E85kg/cm"Kt)G-6##%m#<hflk

S#{btU7'-fy, eV^Ty#;!^

{k#Kjo^T, ^dA/WkDgf^U&OCD,

^<, caGtv7'Ty^##(D5^<bm#

Mo^##±fC^#L, SRCcDC^zK^K#"^ 

T&^/cMo/SiOz -ADOs###^*, 5^{b##(kLi:(D#-

$/:AM%SRCcDTLC-FID^#f#m^^ + -V-yoI^(Cf8^^6b°-7 1 

##{b^f8^#l#[]i#^TLT06^6^^^^TT05o Mo/SiOz

TLC-FID^##)|5|l:j:3^#|S]^^LTU6o ^###<3#^,

C<h, *##TT(4:5#{btU7'Ty#(4:m#^6^

Kg#(D$$ao$^lT^5o $7:Mo0^#L/:Mo/SiOz ' AROs j:(O##i^#^0:-3TO5

Table 1-2-5 Effect of Catalysts on Conversion and Product Distribution

Catalyst

Reaction
Temp. (°C)

A

430

B

430

C

430

D

430

E

430

Conversion* (^) 94.6 83.5 81.0 79.3 94.3

Product yield (wt96. daf)
Gas 5.5 6.8 7.9 8.5 6.5
Oil 43.7 28.4 30.5 31.3 40.7
SRC 43.7 42.7 37.4 35.4 40.1
others 1.7 5.6 5.1 4.1 7.0

Hz Consumption 3.1 2.2 1.6 1.1 3.1

Gas Composition (#)
COz 22.1 30.1 34.0 34.9 33.5
CO 12.4 16.9 15.8 13.0 8.7
CH4 23.7 20.9 21.2 21.8 22.7

Cg^Cz 37.0 28.1 28.5 24.7 28.3

TCL-FID analysis of SRC
peak 1 30.5 13.4 17.5 18.3 43.0
peak 2 69.5 86.6 82.5 81.7 57.0

* Caluculated by Toluene insolubles 
A : Oil soluble catalyst, B : Red mud + S, C : MoO + S 
D : H MoO " H O + S, E : Mo/SiO ' A1 O + S 
Initial Hydrogen Press.: 85kg/cd, Reaction time : lh
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U&A, Mo^#^#LT^a<h#Z3fiaMo/Si02 - Al203M#6|5]#^a#^f-a6, <
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Fig. 1-2-6 EFFECT OF CATALYST RECYCLE OPERATION
ON CONVERSION AND PRODUCT YIELD
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1) Y. Nakao, S. Yokoyama, Y. Maekawa, K. Kaeriyama, Fuel, 63, 721 ( 1984 )

2) R. L. Hodzson, U. S. Patent 3, 532, 617 , Oct. 6, 1970

3) R. J. Kottenstette, Sandia Report 82 - 2495, 1983

4) R. Bacaud, M. Besson, H. Char cosset, M. Oberson, H. V. Tran, J. Varloud, 

Proceed. Symposium on Chemistry of Coal Liquefaction and Catalysis, P 160, 

Sapporo, Japan ( 1985 )

5 ) H 23 @5^1P 309 ,

1986 (^)

6) ####, mmiF#, tt-yy-^d' y#t@

1.3.1

y^#mL/:^h^6hh^##L/-:o yom#j<b

fz. & ic Wnoft %7j<MM © iM && If -? tz o

1.3.2

(1) # f yj^®#fhKJ6

^L/cSj^d, j&x^/s'y^, %9yR;i/^, h7<-;pFvh

F7^^7-0t"C&6o ^&K=kf9 100/-yy^l^T

K##(DCDh,, 110 L/:o 1-3-1 (C^L/:o

^#6 LT#fB Lf:#M(3 100 ^ v 5^0#^a|q|#(D##:T"f%#Lf:o

Kj5K^L#^(4:Sj^(C)CjL10^[]A6tl, ^lC#^#^LT(Dm#(l#'M(C^LT15^(D

^%420 C, 7K#%E85k&/crn'cD#m:T^-3 7:o

a + y oj^^#^^ia^#^&ao SRC ^n -

^4^yKT7§a##L, SRC4:(D^^-ttyol^#^^)6, ^tb#L&fD-drT^#cD^+-y-yoJ
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@th%(4:A#n -^+tty(CnI#^^06 L/:o 1-3-201) 0#K±^z

;t/- yj^0*§m6 (b ^ u f:o $ t; y 6S^m#0 W* (:+##) & 2)

0#IC^LT&6o

^y#% (7'?y^##) ^J^_(fHlWb$ (#+#:#) (3<%^K:j:{3#:#2tiTU6o

HI %Ib# (EfSifi) = C 1 — I (HI (daf)in Product — HI (from Bitumen ) } /

Coal (daf) ] x 100 (^)

T^^), L'iF^-7y0MJW(a^IkL%u<b^LTU6o

0Kl6%d:#x.5C<l:^-e#6o Th7'Jy*T0%<bKlE;((:^V>i:^THF^^{k^, — Af-

Table 1-3-1 {MS^07T:#^#T#

C H N O (diff) Ash H/C

Estevan 67. 26 4. 82 1. 14 26. 78 14. 55 0. 86
Swan Hills 69. 69 4. 70 0. 93 24. 68 15. 78 0. 81
Tofield Dodds 70. 64 4. 87 1.64 22. 85 25. 98 0. 83
Wabamun 71.50 4. 86 0. 98 22. 66 6. 73 0. 82
Drumheller 72. 47 4. 73 1.47 21.33 10. 19 0. 78
Battle River 73. 04 4. 58 1.86 20. 52 11. 37 0. 75
Fox Creek 75. 56 4. 40 0. 96 19. 08 17. 82 0. 69

Table 1-3-2 Liquefaction of Canadian Coals and Comparison of coal reactivity

Taiheiyo Yallourn Battle
River

Wabamun Estevan S.Swan
Hills

Tofield
Dodds

Foxcreek Drumheller

Reaction
Temp. (°C)

420 420 420 420 420 420 420 420 420

Reaction
Time (hr)

1 1 1 1 1 1 1 1 1

H2 Press, 
(kg/cifi)

85 85 85 85 85 85 85 85 85

Hl"Conv.(%) 35.8 50.7 39.6 35.0 36.8 35.2 38.5 29.2 38.5

TI Conv.(*) 78.7 83.4 74.9 67.4 68.5 63.0 67.8 59.8 69.8

THFI Conv.
(*)

94.9 96.7 93.0 84.2 82.9 76.2 88.4 73.3 90.5

Hl"Conv.(*) 57.1 45.4 40.8 38.0 44.9 39.2 44.1 35. 1 41. 1

TI Conv. {%) 72.8 59.8 62.4 58.2 63.7 54.1 67.7 51.3 58.6

THFI Conv.
(*)

85.6 83.6 92.0 80.5 82. 1 70.6 88.5 69.9 86.1

1 ) The figures are obtained from coal liquefaction using tetralin as a solvent.
2 ) The figures are deduced from both of the results from liquefaction coprocessing and from hydrotreating 

of bitumen alone.
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x h 7 V - ^ y^^m Lfc^it:K^^T^^#cDi#V^[S]^^:
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#) x%x^y^ (36.8-^44.9^) , h7<-;L/K7hj^(38.5

^44.1^), 7^-777:7 V-7^ (29.2-^35.1^) TWb$cDA±^##J$fiT^5o

0S^1T(4:, L^LmE^#{kWJ^#x.6^5Th7Uy^^

6^(3:l%#(D#/fk#%^^f G6, $/:x h 7 V ycD#^KE5#^-aW*^^^6C6

- 7 ycD^^tjm^M

mmKjd^T, 7-;t/^y Kb'^^-y y^x h 7 V y(cEC#^6%fl:a#&#^5G6X)#G^ 

«h^r)f:cD^, GCTd, ^mL/:L'^^->y(D^^%#J(hL-C(Dem^m^^7f:A(C, #

#^^*##(4:#^#®^') (CcD^GD, ^jT&5x h 7 V y&

6VXlGf ^.-7 y LTCDT y h 7-(z y^|E|m (efif'ft 100 mg) #'7%Ty7GWC

WG, 400 GT5^^##SL, A^6^kKoTy^74zy(D^m^.@7aD^;i/A^#4]-e 

1 H - NMR cD$iJaE& 5 VX1 GG#J^IC j: V) %g# L tz0 F4oR##6 L T 7-k f 7 x y-£•{$ ffl Ltz0 

#l^.(f3-vi/ KI/-7 Gf-^-7 ycD#^cDNMRcD#^r|g|l - 3 - 1 K^:L/:o ^1 - 3 - 3K$g 

m^L/:o NMR&&a'GC&8#cD^K j:

mT±6##6#/lGfT,6o 7K####CD#UT h 7 U y(D#n^#B7K*#(3 0.96T&6;K ^ - 7 

^^±77 yye(i?m^fia j:7(c@< o. 09, t -x# v y-eo. 25T&-3f:o t -x# v ycD^- 

^c(-7 f 71/f 77 y y j: () LTV^j;^#^#^#:-C&acD

T, d-7^7i/T-77yyj:%)M -f^uycD^f^#L,

LT#mf6(h#X.^fiao ^[El^mL/:e^^-7y(D#fT^7K##^, ^-f^^0.6fMa-e& 

-o fz0 x h 7 0 y t kt$£ L Tffilx #T& 5 &, 6'/6^"MH:^;76 ( 0. 05 — 0. 06 ) G y -f (0.1

— 0.5) ftlGKJ:l:^:66c:^GGf-^-7 y^7k####^J6LT^m-#-

&Rf##&>r;L-C(D5o T^^%*Gf^.-7y, 3-;i/Ky-7G^zi.-7y,

< , Wfa&lniGj: 7

G^UlG^zL-yy(D#^oJ#7Kmm^aG/L61s]G#-e&6CG, ^Gf-^-7 

y CD 57 — 68 ygR^cD#^#, fa 0. 36 — 0. 39 T

[slGmjg'e&acG, $f:^y^;i/fi[(D7K#^%) 25 — 27 ^T^-f^%)|W|G#T6aG6/j:^, # 

CD#^7T&6^ GGlcSB^ao #^G)j:3(c4'[o)^mLf:Gf-^-7yKj: 

x h 7 V y^#m

y(D7Km#^#(iT h 7 u y;ci±

^fS^%)CDCD, Gtl^G'^zL-7y*%^^blC(l#'#T&6G#X.^^5o CaGM^LT, 7"^
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L l _ Ace naphthene

9, 10 - Dihydroanthracene ,

Fig. 1-3-1

Table 1-3-3

# ^1 @ #m#%7Kma (mg/g-solvent)
NMR& ^ O &

% h 7 v y 0. 96 0. 92
0. 09 0. 09

t-f'^7 u y 0. 25 0. 25
0. 57 0. 66

zn — jv Y 1/— 2 0. 57 0.61
)j f ^ VI/ 0. 59 0.45

t 1 7 'J y / ^ _ vi/ k y ~ (1:1) 0.91 1. 17

L/:9 y KTy^cD^bK^lcffUT#), vi/iR#®|q]±«b^^{|:#%^7K

a^2f!T^6o m3(C(l, -f h 7 U y^n-vi/Ky-^ yoi#l#&^#J#0#ToI

#7K##i)^:LT&6^, 91T7- h 7 V y(C(m(3:EF#LT^6^b:^^^^6^"3/:o

m$f^^4b#^j(b#x.6ft5T h 7 V yfc^ftj: 50

^ L T ^ 2^f) 6 ^ ^ C. (b ^0 , C ft ^ k'f- ZL - ;< y

K^ W" 6f # 6 $ ftT6o
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1.3.3 3<ka6

j:^f-/\y^, h7<-;L/Kvh^, 7^v7%

—LTOk'f-zL-7 ycD%#M^-fT7/:26®S#8g##(b 

Lf:o k:^^-7y®#^TDl#7K##(im$f^:^j6#x.bfi'T^6Tl'7UyKit-(-c

fg^^CDtD, fc° "J f-^irh^T &j!|l' c. t #*0£J *1 o tzQ t.tz, CtL<b^

f ^-7 T h 7 V

fl 6 L T #m T ^ 6 $ fl /: o

1.3.4 % m

1) #mm—, mm#, mmms, _63_, 239 ( 1984)

2) mmms, #&om#:%#38-s^b#%#-, pis U986 )

3) cpc#^#, EKiei^ii^ cm^)

4) m#w, mom-tii, maze, _m_, 399 (1978)

5) g%Rm, ^mm-, @mm^, mm#m, mmm, _64, 107 cms)
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2.

2.1 ffigtiSHtiiid- 7 7k3Hk®$J5E

2.1.1

#L, #&^Ta6^K LT#TL^6^^,

m#ib A# & 10 wt ^ l^± A#- L T ^ 6 c 6 6 ^ 6 ^ ^^ 0 $ $ g #$:m ## 6 L T^m f 6 

K(j:, ^yfy^diST^aW^TK^kM®

^Ictt/O^s® £ tlTl^ 6) o ^[nHi, 4"-7 h 7 'J T t"7 h V Tj'Hfihpifr b'\% ^tltzifeit^O^-f- 7 -7

5 4)CD7T&60

7KmiLmaK^(i/J^mmiCK^#@KT, ^^ 300 - 370T, 7K#El00kg/cid, LHSV0.5 

-2, zK^m##!tl000 Vol/Vol0##TTfT-of:o M#(±NiMo^M# (Mo:13^, Ni:3.2

30(TC,

7k#E50kg/WKT15B#^?#@lt<b^^"7/:o ^2 —1 —^#±7 7f

OV-101#7% + t^7V^y7 7A^#x./:#%ya-7h7"7 7 (SOT- 

270T 2T/min), #%yo###|fT (5##% 70eV) &0:,#m%#:yD-7h7^7 (/,-Porasil, 

n--\ + 7fy^#, 22^#/<v777vy^) ^#'7Kmoyc##^r, ##&C;##AW

j; -3 f:o

2.1.3

#^#^3^10^, ^&%^^#0.3^AWLT^6C6^B^^^6^'3T^6o $f:GC—MS# 

/^7 7vry#^io^, T;i/+^^y"W'yM^25^, ^®#yyD/<7 7^y, ^yfy, 

-fh^Oy, ±7 7yy^A#LT^6(:6^^L, ###^Mb#f7th@#(clt^(Dn-^7 7 

^y^^>0:<7yi/4;i/^:y^y#o^^G6^#M6/j:-3TW6C6, ®^&%^#(i, 7^-Vy, h
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Table 2-1-2 Elemental Compositions of feedstock and reaction products.

Reaction 

Temp. LHSV

(°C) (l/hr)

Conditions

H2 Press 
(kg/citi) c H N O

H/C
atomic ratio

300 2 . 100 85.86 11. 12 0.12 1.80 1.55

300 1 100 85. 85 11.42 0. 09 1.89 1.60
300 0.5 100 86.36 11.41 0. 03 0.91 1.59
350 1 100 85. 91 12.52 <0.01 0.17 1.75

370 1 100 85.96 12.81 <0.01 0. 16 1.79

feedstocks 83. 28 10. 55 0. 23 3. 14 1.52

EI2 - 1 - 2 h Z7 7(CT^#

#fb^#^%OL, b'7z:

<kd^2flTU6o M^^^ 370 €T(1, —#^#Mb^#;^#^#|q]T^Mb'A'WWOLi:U6o 

#%E^-6 J: 3(C 370 TCT'(#Wff 7 7 b Fof$-C&5T7l V y0^5&W#tOL

T h 7 V y^^6C6 6—mLTW6o

132 - 1 - 3(C(3, ^^# 300 Clc^^6^#(D^(z:%(^LHSVOB#^^L/:o 1/

LHsv^o. 5 mcm^7"oK#3##<b&#;

(3:6A^fbL^^d:7((:

M^y* c ti -S o

|g 2 - 1 - 4 (C#% ^ o^(c j: j: 6^{b^r^ L /:o 4"[El^^ L /:

#aJE^#&fb#d" 7 i~ 7 t « -o T & « fD'41 § SMi~ 7 If (~ 220 °C) M_t(D^frb

^#LT^d(0, ^7o^#$g

m«k|5|#K, K^^300 1C^^ 350 TC$"e(D^Tm@#^^:#<^bL, #A200 TCWT2)@

^fG^%^350 TC6 370 TCTy^6/L2:'|o)b:^a^^%6C(!:^

ZS V©±#(C J: 0 yjcS'fb&CXE^xx nixS^^$2$ ti, Ztlfcftti o
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Table 2-1-3 Gas Chromatographic Analysis of Naphtha fraction 
(Effect of Reaction Temperature)

Naphtha 300°C 350°C 370T

RT M.W. Assignment Abundance Abundance Abundance Abundance
(area (area #) (area 0) (area

8.94 86 n—Hexane 0.35 0. 48 0. 56 0. 58
9.36 84 Methylcyclopentane 0.95 0.64 0.74 0.79
9. 74 78 Benzene 0.43 0.15 0.21 0. 27
9.91 84 Cyclohexane 1.96 1.61 3.09 3. 23

10.5 100 n—Heptane 1.72 1.46 1.56 1.56
11.18 98 Methylcyclohexane 1.91 3.20 5.21 5. 34
11.40 98 Ethylcyclopentane 1.89 1.14 1.28 3.36
12.01 92 Toluene 1.91 1.63 1.78 1.86
12.71 112 C8—cyclohexane 0.67 0.80 1.24 1.28
13. 09 112 C8—cyclohexane 1.21 1.42 1.51 1.60
13.21 114 n—Octane 2. 19 2.32 2. 37 2.43
13.6 112 C8—cyclohexane 0.71 0.56 0.77 0.81
14.51 112 C8—cyclohexane 0. 79 0. 95 1.03 1.09
14. 66 112 C8—cyclohexane 1. 15 1.84 2.60 2.66
15. 28 106 m—Xylene 1.35 1.21 1.21 1.25
15.64 106 p—Xylene 2.23 1.99 2.06 2.10
16.67 106 o—Xylene 0.98 0.95 0.93 0.94
17.32 128 n-Nonane 2.27 2. 56 2.60 2.71
17.93 126 C9H18 0. 64 0. 59 0. 80 1.02
18.60 126 C9H18 0. 93 0.72 0.71 0.77
19. 08 126 C9H18 1.40 1.94 2.22 2.34
19.71 126 C9H18 0.61 0.57 0. 64 0. 75
19.97 94 Phenol 2.44 1.72 — —
21. 17 120 Ethylmethylbenzene 0.92 0.95 0.86 0.88
21.95 120 Trimethylbenzene 1.07 1.11 1.15 1. 16
22.73 142 n—Decane 1.68 1.86 1.86 1.93
24.11 108 o— Cresol 0. 11 — — —
24.31 118 Indane 3.61 3.96 2.52 2.19
25.59 108 m—/p—Cresol 3. 18 2. 72 0. 93 —
26.43 138 t—Decalin 0. 20 0. 32 2. 27 3. 52
27.48 132 1— Methy lindane 1.06 1.15 1.00 0.91
28.91 156 n—Undecane 1.22 1.45 1.25 1.31
29.11 138 c—Decalin — 0. 20 0.82 1. 12
29.62 122 o—Ethylphenol 0. 73 0.65 0.21 —
30.01 152 Methyldecalin — — 1.55 2.08
30.37 122 2,4—/2,5 —Dimethylphenol 0.92 0.50 " — —
30. 81 132 5—Methylindane 0. 79 0.84 0.69 0.61
31.44 122 C8—Phenol 0.61 0.40 — —
31.5 152 Methyldecalin 1.00 1.13 1.22 1.72
31.87 122 C8—Phenol 0.23 0. 25 0.27 0.20
32.2 132 Tetralin 2. 66 6. 28 6. 75 5. 44
32.76 152 Methyldecalin — 0.38 0.44 0. 53
33.45 128 Naphthalene 5.44 2. 76 0. 41 0.41
34.14 146 Dimethylindane 0. 55 0. 63 — —
35.36 170 n—Dodecane 0. 79 0.86 0.74 0.75
35.75 146 2— Methy ltetralin 0.81 2. 35 1.95 1.31
36.28 146 1- Methyltetralin 0. 62 0.91 0.87 0.72
37.46 136 C9—Phenol 0. 49 0. 33 0.14 0. 11
38.88 146 6—Methyltetralin 1.29 3. 10 3. 09 2.28
40.5 146 5—Methyltetralin — 3.30 1.52 1.11
40. 63 142 2—Methylnaphthalene 4.81 —
41.60 142 1- Methylnaphthalene 1.34 0. 74 — —
42.45 160 Cyclohexylbenzene 0.37 0. 74 1.45 1.27
45. 46 154 Biphenyl 1.00 1.25 0. 73 0. 44
45. 86 158 Tetrahydroacenaphthene 0. 51 1.36 0.69 0.42
47. 02 156 Ethylnaphthalene 0. 70 0. 62 — —
52.11 154 Acenaphthene 0.94 0.36 0.13 0.11
54.02 168 Dibenzofuran 0. 95 1.06 0.35 0.21
57.74 166 Fluorene 0. 42 0.42 0. 46 —
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Table 2-1-4 Gas Chromatographic Analysis of Naphtha fraction (Effect of LHSV)

Naphtha SV= 2 SV=1 SV = 0.5

RT M.W. Assignment Abundance
(area #)

Abundance
(area #)

Abundance
(area #)

Abundance
(area #)

8.94 86 n—Hexane 0. 35 0. 68 0.48 0.29
9. 36 84 Methylcyclopentane 0. 95 0. 86 0. 64 0.40
9. 74 78 Benzene 0. 43 0. 17 0. 15 0.10
9. 91 84 Cyclohexane 1.96 1.82 1.61 1.48

10.5 100 n—Heptane 1.72 1.70 1.46 1. 12
11.18 98 Methylcyclohexane 1.91 3. 27 3. 20 3.30
11.40 98 Ethylcyclopentane 1.89 1.28 1.14 0.93
12.01 92 Toluene 1.91 1.72 1.63 1.40
12.71 112 C8— Cyclohexane 0. 67 0. 80 0. 80 0.92
13.09 112 C8— cyclohexane 1.21 1.42 1.42 1.28
13.21 114 n—Octane 2.19 2.45 2.32 2.18
13.6 112 C8— cyclohexane 0.71 0.55 0. 56 0. 57
14.51 112 C8—cyclohexane 0. 79 0.95 0. 95 0.94
14. 66 112 C8—cyclohexane 1.15 1.68 1.84 2.19
15.28 106 m— Xylene 1.35 1.18 1.21 1. 19
15.64 106 p-Xylene 2.23 1.95 1.99 1.98
16.67 106 o-Xylene 0. 98 0. 95 0. 95 0. 95
17.32 128 n—Nonane 2. 27 2.49 2. 56 2.64
17.93 126 C9H18 0.64 0.54 0. 59 0.60
18.60 126 C9H18 0.93 0.67 0. 72 0.75
19. 08 126 C9H18 1.40 1.75 1.94 2.13
19.71 126 C9H18 0.61 0. 54 0. 57 0. 69
19.97 94 Phenol 2.44 2.03 1.72 1.07
21.17 120 Ethylmethylbenzene 0.92 0. 88 0.95 0.96
21.95 120 Trimethylbenzene 1.07 1.04 1. 15 1.21
22. 73 142 n—Decane 1.68 1.75 1.86 2.03
24.11 108 o-Cresol 0. 11 0.10 — —
24.31 118 Indane 3.61 3.75 3. 96 3.73
25. 59 108 m-/p-Cresol 3. 18 2. 74 2.72 1.98
26.43 138 t—Decalin 0. 20 0. 23 0. 32 1.25
27.48 132 1—Methylindane 1.06 1.07 1. 15 1.20
28.91 156 n—Undecane 1.22 1.48 1.45 1.43
29.11 138 c-Decalin — 0. 20 0.20 0. 38
29. 62 122 o—Ethylphenol 0.73 0.66 0. 65 0. 56
30. 01 152 Methyldecalin — — — —
30. 37 122 2,4— /2,5— Dimethylphenol 0. 92 0.70 0.50 0. 30
30. 81 132 5-Methylindane 0. 79 0.79 0.84 0.85
31.44 122 C8—Phenol 0.61 0.41 0.40 0. 20
31.5 152 Methyldecalin 1.00 1. 54 1. 13 1.22
31.87 122 C8—Phenol 0. 23 0. 23 0.25 0. 27
32.2 132 Tetralin 2.66 4. 78 6.28 8.88
32. 76 152 Methyldecalin — 0.34 0. 38 0.41
33.45 128 Naphthalene 5. 44 3.83 2.76 0. 64
34.14 146 Dimethylindane 0. 55 0. 58 0. 63 0. 65
35.36 170 n—Dodecane 0.79 0.84 0. 86 0.88
35. 75 146 2— Methyltetralin 0.81 1.74 2. 35 3.31
36. 28 146 1— Methyltetralin 0.62 0.78 0.91 1.08
37.46 136 C9—Phenol 0.49 0.40 0. 33 0. 20
38. 88 146 6— Methyltetralin 1.29 2. 28 3.10 1.97
40.5 146 5-Methyltetralin — — 3.30 1.97
40. 63 142 2- Methylnaphthalene 4.81 3.84 — —
41.60 142 1—Methylnaphthalene 1.34 1.02 0. 74 0. 75
42.45 160 Cyclohexylbenzene 0. 37 0.66 0. 74 1.42
45.46 154 Biphenyl 1.00 1.20 1.25 1. 19
45.86 158 Tetrahydroacenaphthene 0.51 1.13 1.36 1.36
47.02 156 Ethylnaphthalene 0.70 0. 78 0.62 0.51
52.11 154 Acenaphthene 0.94 0. 54 0. 36 0. 19
54. 02 168 Dibenzofuran 0.95 0.98 1.06 0.95
57.74 166 Fluorene 0.42 0. 43 0. 42 0.30
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g|2 - 1 - 13 (C 300

^Lf:o l/LHSV^2O##:ir(10.03wt^$irm/^

L, ^#$%)90^<(cmLTU6o

m2 -1 - i4 m##*

0##AM(a5.9#T, K^&300 CT(4:1.9^M^fa^, m#m#d@<4o^#m[T& 

6o K^&ssoiced, A^#430#m^wm^o.2^$T^^L, mmm#%)95^Km-4-5o 

370 CT^ 350 TC(h^6/L^|%L;-e&5o

A L, ii-J 0 LT8Ftti!6iK;£-$ISLfc$SS, 10 t- h'jE$jofi=8|sgl$-£i8!5 Ltv

jcii>o, +»it @ ii**S i L Tjgffl ojtg-e * 5 c t t, *mc $ nr i' 5 6)

2.1.4

#^&<b#±7^@#(DNi/Mo o

350 C, sv=i-e#gK^##^c;mgm^m^-e#5c6,

jg 350 TC6 370

Kfb(4:^2# TV^67Km<L^#(4:^ UTLW C 6k,^6 ^ -o /:o

2.1. 5 % #R

1) mE3t, ^±m, A^a, m22ms^##^m%##^:#, P96,

1985 CKa)

2) ^m#^, io_, 1 cme)

3) asm, mmmA, a^b#A#52##^#

3 MO 1 , P 952 , 1986 0^#G)

4) LU*##, ̂ ##5^, as#, B2Mb7:^#52##$^?##,

3 MO 2, P 952, 1986 (M#B)

5) s*#m,

6) smma,

_66, 273 ( 1987 )

7) $jxJ4f, W. P. McPherson, N. R. Foster, D. W. Hastings, J. R. Kalman, T. D. 

Gilbert, Fuel, 64, 457 ( 1985 )

8) L. D. Rollman, J. Catalysis, 46_, 243 ( 1977 )

9) H. Weigold, Fuel, _61_, 1021 ( 1982 )
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6141^ S RC % ^ a% ^ 6 #
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(D fa7)WI: L C 6^ 6, L T6 C 2:, ^
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1 ^6D%mfk^m^tfmm@#^i5#^m#LTfi^u,
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Table 2-2-1 Analyses of coal derived distillate.

b.p.range C H N 0 S H/C
CO atomic ratio

Middle distillate 180 — 450 88. 82 8. 78 0. 33 1.83 0. 032 1. 18
Heavy distillate 350 — 538 87. 75 9. 67 0. 25 1. 90 0. 028 1.31

HicoUTdCH#

#ra+, A5%#(Z)#6%##(l^^(cOV-101

#7%^7 7 A^#x./Z^7^ f 07 h j/7 7KJ: (9,
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2.2.3
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Fig. 2-2-1 Effect of CS2 addition on tetralin/naphthalene weight ratio
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4:g@^®#^6lq|#(D^^LT^6o L^L,

%^bj^#^Wo Lf:c.<hicj:6±77y y^mcDteM^^^^^mKAg^ckTSM#^#^ 

##"C(^±7 7 y ycD± h 7 0 y"\CD^7K#ikKj{;K b» ^T;i/ + 7i/±7 7

y y##cDg%T;i/+7i/#^j^(c j: a^js%#cD^^^ < ^0, $§^6\jK±77 y y^W@^z.#<b^##

mcZ^TmtOLfc&CDa^/l^fiao #2-2-2^j;[;#2-2-3CDMm^%)6KT±U y/±h7'jy

0.03-0.3 &j;o##cD

370°co^-e(j:, o.2-o.3-e^(o##0#^®± h 7 v y^^®%± u y^cD#7K#/fbK^(±*# 

#@^(D#^-CD#A6lRl#^X(±f^,^±Ki#fTLT^5C6^t)^5o CO#^, @##@6)0%
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Table 2-2-2 Products distribution of naphthalene homologues from 
the hydrotreatment of middle distillate.

(370°C, hydrogen pressure :: 100 kg/cm* G, LHSV : 1)

CS2 addition (wt. 0 1 5 10

trans-Decalin 0. 341 1.430 2. 181 2.450
cis-Decalin 0.106 0. 557 0. 948 1. 100
1 -Methylindane 0. 456 0. 403 0. 376 0. 367
Tetralin 12. 526 13. 892 13. 001 12. 672
Naphthalene 3. 182 0. 775 0. 716 0. 695

Total 16. 611 17. 057 17. 222 17. 284

Table 2-2-3 Products distribution of naphthalene homologues from 
the hydrotreatment of heavy distillate.

(370T:, hydrogen pressure :: 100 kg/cm • G, LHSV : 1)

CS2 addition (wt. 96) 0 1 5 10

trans-Decalin 0. 488 0.716 0. 733 0. 688
cis-Decalin 0. 209 0. 274 0. 298 0. 291
1 -Methylindane 0. 289 0. 277 0. 268 0. 277
Tetralin 3. 300 3. 148 3. 065 3. 277
Naphthalene 0. 381 0. 386 0. 391 0. 426

Total 4. 667 4. 801 4. 755 4. 959

(390T1, hydrogen pressure :: 100 kg/cm • G, LHSV : 1)

CS 2 addition (wt. 96)1 0 1 5 10

trans-Decalin 0. 655 0. 866 0. 958 1.019
cis-Decalin 0. 272 0. 347 0. 376 0. 404
1 -Methylindane 0. 287 0. 234 0. 243 0. 268
Tetralin 2. 954 2. 349 2. 465 2. 721
Naphthalene 0. 424 0. 415 0. 443 0. 500

Total 4. 592 4. 211 4. 485 4. 912

j;-oTd-77

77 yy^;2:\Z)##Kj[SKj:^Td-77 2 —

2—1 h 7 V y/d-7 7 yyhh(cM.6fi6 0 6[o|#o##(i7K#fk7a:f y% yy/7^.±y

%yyhbjoj;^^k Pa t: yy/k'yyltKc,^T^##l^^/:o EI2-2-2 (Cj;664]##@^^370''c
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Table 2-2-4 Products distribution of phenanthrene homologues from 
the hydrotreatment of middle distillate.

(370°C, hydrogen pressure : 100kg/cme G, LHSV : 1)

CS 2 addition (wt.^) 0 1 5 10

9,10-DHP 1.278 0. 318 0.185 0. 141
OHP 1. 771 3. 252 2. 983 2. 781
THP 1. 142 0. 856 0. 732 0. 574
Phenanthrene 1.904 0. 573 0. 351 0. 258

Total 6. 095 4. 999 4. 251 3. 754

9,10-DHP
OHP
THP

: 9,10-Dehydrophenanthrene 
: 1,2,3,4,5,6,7,8-Octahydrophenanthrene 
: 1,2,3,4-Tetrahydrophenanthrene

Table 2-2-5 Products distribution of phenanthrene homologues from 
the hydrotreatment of heavy distillate.

(370T:, hydrogen pressure :: 100 kg/cm* G, LHSV : 1)

CS 2 addition (wt. 96) 0 1 5 10

9,10-DHP 0. 193 0. 199 0. 185 0.188
OHP 1. 544 1.473 1. 320 1. 374
THP 0. 392 0. 359 0. 308 0. 380
Phenanthrene 0. 106 0. 108 0. 103 0. 126

Total 2. 235 2. 139 1. 916 2. 068

(390°C, hydrogen pressure :: 100 kg/cm* G, LHSV : 1)

CS2 addition (wt. 0 1 5 10

9,10-DHP 0. 198 0. 208 0. 248 0. 252
OHP 1.159 1. 229 1. 041 1. 079
THP 0. 487 0. 422 0. 397 0. 426
Phenanthrene 0.154 0. 127 0. 129 0. 158

Total 1.998 1. 986 1.815 1.913

9,10-DHP : 9,10-Dehydrophenanthrene
OHP : 1,2,3,4,5,6,7,8-Octahydrophenanthrene
THP : 1,2,3,4-Tetrahydrophenanthrene

f yy. CfUC#LTmM@#TU: 370 & 390

$g)K 370 TCT(4:OHP,



jyj:[XTHPCD^- b 390 1CT(4:

9 , 10 - DHP(D#W#;0^GIWL^#Wn#®i#3mfC#'3T$S 27 Lf:CD^."e#CD

#%cDShabtai 6cD##6hh#^56M#@^4]CD7% ±y^ 

yy®7K#fK^^ 390 TCr9, 10-DHP^cDzK#fbmm^^$jl/:g:I^T, OHP, THP CD 

zK^fKJ^KdMr) T jo , T 0 6#x. 6 ft 6 o $ f:#KWg#TcD*§^<bRy<

6 6 |s|-#fNc & # a Ni - M0/AI2 O, L < f&T L T U a CD <h m'l ^ ft a o

(2) ;K#<kjo ck

#2-2-6 jo<k 02-2-7 K#^6D^#CDj#^K"3^TZ.m<[:^mcDa[]#(C

a^n/cit^#<%%, 20ppmrn^$TiaT-#-6#rS]^^o

L^L#2- 2 - 6 K^Lf:^mWH/C <, ^ <3

K^mib^mcDm^m^ 5, 10 < (f^bLft^cDK^LTmm^Mfi#

2 - 2 - 7CDj:DKZ.^b^^j#t0^6^oji,T^#(CM^LT^ao —U 7, #;!//<'/ 

- ^ % ^cDemm^-e^ 6 it^ L a a, cD#g@

Table 2-2-6 Effect of CS2 addition on H/C of the hydrotreated oil.

Sample Middle distillate Heavy distillate
Reaction temperature (°C) 370 370 390

Feed oil 1. 18 1.31 1.31
Addition of CS2 (wt. 96)

0 1. 34 1.49 1.49
1 1.43 1.48 1. 53
5 1.49 1. 51 1. 51

10 1.49 1. 50 1. 52

Table 2-2-7 Effect of CS2 addition on nitrogen content in 
hydrotreated oil

the

Sample Middle distillate Heavy distillate
Reaction temperature (°C) 370 370 390

Feed oil 0. 33 0. 25 0. 25
Addition of CS2 (wt. 96)

0 0. 069 0. 039 0. 020
1 0.014 0. 027 0. 013
5 0. 004 0. 023 0. 008

10 0. 002 0. 024 0. 007
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7km<bm@^#

mmi^"e^6c6^#LTU5o n/c

Itfeirf i^x. t fcliMlIJM^ LtfcD, ^M4k&iM(DW] Pf^ J; o T7kS<b^S'Bi5 «fc C^'ESS 

SStt(a±# L TU a btl'Bo

L^L, 370 €T(a^#^(D#m^Wm®@T(aim2 - 2 - 1 K^L/Cj: 3(C 390 TCt(D± h 7 

V y/±77 y yjt^, 370 TCf0#j: 0 %){g^®6(a^(cE###(a 390 < %

-3Tv^6o #K#@^(D7k#<b^@Kj^^(cjoy'T,

± h 7 V y/±7f yyit^@TL/:0(a, H/C#t^Lf:j:7(c^-f L|)7k#{l:7Sem&TL/: 

f:A"e(a^< , h 7 u y6±7 7 y y®^:+#^3.06wt.^^ 4:#y6@^

68wt.^j: (D &#0%K:/J\$VV:a6, ±77 yy®± h 7 U y"\g)7k#<b^^# 

<b± h 7 V y®^#MJ^X(lT± V y^0)g^7K#{bKj^^j:a^^m^j:C;7;t/ + ^±7 7 y y 

#^0##^bK:j:a±7 7 y 370 €

%m{b^#mto#o. 1, 5, iowt.#K#j&Lf:T±vy/Th 

7'jylt(a#/r0. 21, 0.31, 0. 34&j:[f'0. 30 6i#%DLTUao 390 €"e(DTl'7Uy/±77y 

yj±^370 rco#^j: 0 wau#WamB|#DSaf<: j: %, A^#4]<D±77 y y^#m(a— 

K^LT± h 7 U y^W#(aZ.^{b^#OW[]Kj:-3T@TLTV^ao $ 6(CT± u y/T h 7 v y 

jt(a%Wbj^#aomO, 1, 5, 10wt.^K^LT#4 0. 31, 0.52, 0.54, 0.53 6 370 ICC# 

b) &i#tOL-e(^ao

(cit#LT{STL-cua®(a^^^T&^,

®7k#'fbM#K'7UT###dl#5^#x.f:#7L^a-7 h7'7 7(Cj:a^#^^f:(!:C5|g|2 - 2

-3fc^-±^-5K#!S#@#-C(ab°vyy, + / Uy^j:C;'E:CO###:^<±^/<V"-;i/(D^W# 

(al±#69^^:^(DK)^L-C, V y#(a^fj:<,

7;|/ + ;L/###, $^ic^y'/+/ Uy#^:^c;'lc^y'/±;i//<'/-;i/M^$fiTW:o 370 TIT 

7K#<b^@Lf:^%(D^ 07 h 7'7 fc =ta<b,

LT, KLTf:o

(3)

#2-2-8 (cKj^#[glR L tz MS CD jnS ^ 7k L fz0 41 ST/tiS? ft *k CD StlO fl It
7kS<bMi L /-cEoMB^ESISltotii^, 370 Tce^H/te £ L

L 7. 7 ^ j: [f' 7. 8 <h o /":«

l^ckcD^^^s'-^-^T Mo t'it'a Ltl^ a tiRM L fciS^-O MoS x xCDSfSHii

m%LT^/au^i.26, 1.59^^0^1.64
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jjjJll. I J|mj ifcJlUllLl
Middle distillate.

jJlLjU

Heavy distillate.

Hydrotreated oil of middle distillate 
at 370 C with 1 wt.% CSg.

Hydrotreated oil of heavy distillate 

at 370 C with 1 wt.% CS2.

Retention time

Fig. 2-2-3 Gas-chromatogram of nitrogen compounds.

Table 2-2-8 Analyses of used catalysts.

Feed oil Middle distillate Heavy distillate
CS2 addition no yes yes

C (wt. 7. 57 7. 62 7. 89
H 1. 69 1.82 1. 70
N 0. 59 0. 55 0. 49
S 5. 68 7. 73 7.81

.1 - ^ f ;i/±7 7 y y, 7 % ± y^ y

^LTfSTL/:cDd,

ftT 6 /: 36 6 ^ ft 6 o

2. 2. 4 % m

1) mm##, &###, am, 27 (5), 433

(1984)

2) ##^=#, 65 #, #52###^ P.958 ( 1986 )

3) #_wm, #%%c, #nm-, #20^5^##^# ##?##,

P. 117 ( 1983)
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4) iijjiimm, ^ 21 (2), no (1978)

5) Shabtai, J., Veluswamy, L., Obi ad, A. G., ACS Preprint, Div. Fuel Chemistry,

23, 107 ( 1978)

2. 3 

2.3.1

^%(c, G#aa/:A,

7°7^7v^, 3 A, ^#/Z(hlC-uUT^fS|#-e, #;c,

0^{b^r#A63 #A/ G&g L, -t A

%^%CO[S]±K-uUT#^^/j:W#^L/:o

<^#> m#mm<b#, joj:c;7mm0KJ5^m:i:T7Km{bmgLT#G^/':^#^#6L

TF : mmm-fb*

T - 1 : RjSEftft 300 C 100 kg/cm2

T - 2 : SUES# 320 -C 100 kg/cm2

T - 3 : R)Sftft 280 TC 100 kg/cm2
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100 kg/cm2T - 4 : &lG#m= 260 r

T - 7 : 300 1C

T - 5 : JxlS## 300 1C

T - 6 300 1C

25 kg/cm2 

50 kg/cm2 

75 kg/cm2

(-230 1C)

Mi5M450"C, 7K#E^150kg/cm2 Z§#j

it(S^/#^D 1/1.5 —2-e&6o

<##> 5##@tB#07K#{b#@K^W6fL5B^:^v^^y##(DNi-Mo-Al2O3

(KF-840) Table 2-1-1

i~##&

10 30 y/ 0 y/

^#^5-3 0 7 7 y. 3 K 30 m^#r), 0. 1 iW/min (Digj^'eDXiA&fj:

(400 — 600 nm) K^(d"6#A#lR%# 482. 8 nmTT#j^L/:o

^y7°;i/^ScoS^4z;i/(c 50 v ^

^o7-7-(Cj:{9 400 nm(D^^4z;Pf(:M#L, ^a#y7°fC <t f)

Table 2-3-1 Properties of Feedstock and Hydroteated Oils

Feedstock T—0 T—2 T—1 T-6 T-5 T—7 T-3 T-4

Operating Conditions
React. Temp. (°C) 340 320 300 300 300 300 280 260

React. Press, (kg/ciii) 100 100 100 75 50 25 100 100
LHSV (hr"1 ) 1 2 2 2 2 2 2 2

Sp. gr. (15/4T) 0.8535 0.8211 0.8496 0. 8579 0.8529 0. 8555 0.8548 0.8625 0.8652

Vis. (cSt, @30t) 1.15 1.03 1.17 1.26 1.21 1.22 1.20 1.32 1.34
Elementary Analysis

Carbon (wt, 96) 85. 30 86. 78 86.24 85.96 85.57 82.55 85.16 85. 60 85. 59
Hydrogen (wt 96) 11.62 12.74 11.88 11.56 11.54 11.57 11.39 11.50 11.45
Nitrogen (wt 96) 0. 18 0. 003 0. 09 0. 14 0. 10 0.11 0.11 0. 18 0. 19
H/C (atomic ratio) 1.62 1.75 1.64 1.60 1.61 1.61 1.59 1.60 1.59

GC Distillation (°C)
IBP 64 59 59 51 53 51 56 53
5# 97 88 88 84 86 81 88 88

10# 120 108 112 97 103 97 no 110
30# 165 152 159 151 152 151 159 161
50# 187 183 186 183 184 183 186 186
60# 205 201 201 201 201 201 201 201
90# 228 222 225 223 224 224 227 228

95# 240 232 235 232 234 234 235 237

EBP 411 262 302 267 275 272 332 333
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2. 5 rW/min L L /:

2.3.3
(i)

CH'T(a#'A^jM-6o

CcLT^,

bZMC L tzo

L C t (2—$&{£ <£ < btlTfc D , ^HhHM L 483 nm

L, ^ i)u%a

&^LTV'& (|g2-3-l)o^#(4:, #^CD#m<h6&)lc 482.8 nmK^y'a#^mA##^((: 

& (Dm#CD4g^ 6 -eL 

m## (TF) &c;^yA (T-l-4) @@Hk^a40, 50, 60, 70 CK^^5#^%^ 

mij^L/:#m^2-3-2K^^gi2-3-2j:o, TF cm##),

-ea^it^T(4:6^K/j\$ < , C6(cj: < ^5

/J\$<^6o^lJ^.^, 260 TC, 100kg/cm^®##:"F-e(DA^%CD^##(l,

.-bS
2.5*3 * .590 n m

633 .3

3

*53 .3

439 .3

":"_=: TF--9 12:23 =M 5/ 7/36
: 4 S = = = D: 120.3 .im/snin SE5P0HSE: MEDIUM
N0 . OF SOFNI: 10 2 0_E Tins: 3.3 m:n
-^■‘vFFII: 2 ,55nm

Fig. 2-3-1 EWiS'ft/6^ 40°c-e®{t$ti-^B#miiIsaKjoy5e*$mgBt'${t
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React. Temp, (°C)
Fig. 2-3-2 Effect of reaction temperature on coloration of raw coal liquid 

and its hydrotreated oils (TF : raw coal-derived light oil)

# ic 1 Z 10 fincti c o 1# b ti

/,^^-o/Co 7K#{b#aKl6E^6^%(D6#^%®M#^B^^^KL/Co

(T-l, 5 — 7)®#{h^40, 50, 60 , 70C(Cjoy-6#&ig%^#i^L/ci|@m^g|

2-3-3(c^Eo g|2-3-3j:D, $/c,

MfaU, SJSEZ<£ *3 < ##Z6 6#Z £>ti60

(2) #<h#co#^igm(c^Eaa#FD##

mmK^^T7KmihmsK^m, < < ^6c.6

tit>t}^^fz.Q C C'C'UMiWlkMco 2 , 6 - Di - tert . - butyl - p - cresol ( DBPC) , y'Jti 

oc, a ’ — Azobis- iso- butyronitrile ( AIBN) , Methanol /£ £'

#<a@[60 1C(C^y-6^#A (TF) (T-l-4) (c,

L /c##^r|g 2-3-4 (C# L, (T - 1 , 5 — 7 ) L fc^O#

L /c^^lg 2-3-5 IC^f-o
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Fig. 2-3-3 Effect of reaction pressure on coloration of hydrotreated oils

Fig. 2-3-4 Effect of additives on the coloration raw coal liquid
and it’s hydrotreated oil (TF : raw coal—derived light oil)
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10

Fig. 2-3-5

A AIBN
* Mon Additive 
O DBPC 
x Methanol

React.
Effect of additives on the coloration of hydrotreated oils 
during oxdation at 60°C

HI 2 - 3 - 4 &C5I3 2 — 3 — 5 ck ty , DBPC, AIBN, y y y — tl&WklJU L T I) ixFSZmUxh

7 ^ # vwc j: a & a c «h c % ^ a o

66T^:u^(h,#lfoftao

£LLcd C t J: *9 y y y -c iW^ho c CT

(1, #@T;l/3 - )\s&WMW(fciU&K:i$M L , ffii^h'/6®S'feii)$t^&(3f^"S8T Vly n -yiyCD’Stn^b

g] 2 - 3 - 6 ic, #{h^^60 °CK4o^T^##i%{h#(C, Methanol, Ethanol, n- Propanol,

n-Butanol

-ci^ao -eoc&T&y y y LT^ao
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0.6

• Methanol
O Ethanol

0.5 ' ir
a n-Propanol 
A n-Butanol

Fig. 2-3-6 Effect of Alcohol Concentration on the coloration 
of Coal-Derived Light Oils

n-7'7/-vl/, 2-7'77-vl/, t -7*7 7-

aa-e(3,

E12 - 3 - 7 (C 400nrnO^m#f^^OT, 7 7

x IQ-'abs/min T&acDfC^L, 400nmO

Lf:B#0#Aigj^^# < /3 a a 6^ 6, #{bw%cd; r) T a a 6

^aoEi2-3-7j;(3, 7 77-;t/^Wa6,

7 7 7 -;i/^#<h#@#A,^m]$iLToac6^t)^ao

(3)

®#<b(cj:a^^^(4:a;B^T6'3 7:o ac-r#, c. p. c.

|g2 - 3 - 8(3, mma#<b#^60 400nm(c3)(d-aMacD#

B#^h^^LTOao g|2-3-9(3, ^#T-4^60CT#{h$#f:NF®^f#^6 400 nm 

(Cjo^a#^m(DE#mik^gLTOao g|2-3-10(3, ^#T-1^60C-e#{h$-Wr/:#(D
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Fig. 2-3-7 Effect of methanol concentration on coloration during the irradiation (400nm) 
of raw coal-derived light oil

Fig. 2-3-8 Gel Permeation Chromatogram of Raw Coal Liquid during Oxidation at 60°C 
measured by (A) Absorption at 400nm and (G) Refactive Index
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Fig. 2-3-9 Gel Permeation Chromatogram of Coal Liquid hydrotreated at 260°C, 100 kg/cm
detected by (A) Absorption at 400 nm and (G) Refractive Index

Fig. 2-3-10 Gel Permeation Chromatogram Coal Liquid hydrotreated at 300°C, 100kg/cm 
detected by (A) Absorption at 400 nm and (G) Ref active Index
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EI2-3-1K3, ^5%#T-5^60 

400 nm (C^Ga#^CD#^{h&^LTV^5o E|2 - 3 - 12 

ht, 60 CC 0 B^rel^t t 400 nm KisVj

g|2-3-13(l, m#m^b#6H@m0^%^6O€T4e^#<l:^e/:KF 

400 nm (c^G6Mm^^LTG6c

El# (G) (A) (DWMOO

nm(c^y-5Mjg^^-#-oEI2-3-8^6B^^^^j:3(c, 28#^, 4e^6B#^^f:^T%)^

6(4:, In]

#%C6;0#2-3-9~llj:(3T-4, T-l, T-5, (D^%Kc^i:L#x.ao

2 ims

Fig. 2-3-11 Gel Permeation Chromatogram of Coal Liquid hydrotreated at 300°C, 50 kg/cm 
detected by (A) Absorption at 400 nm and (G) Refractive Index

Fig. 2-3-12 Gel Permeation Chromatogram of Raw Coal Liquid and Hydrotreated Oils 
detected by (A) Absorption at 400 nm and (G) Ref active Index
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Fig. 2-3-13 Gel Permeation Chromatogram of Raw Coal Liquid and Hydrotreated Oils 
after 4 hrs’ Oxidation detected by (A) Absorption at 400 nm 
and (G) Refactive Index

02-3-12 d: 0#^b0 A, A/bA'M

zk^b^aic^u-agWib^R^A/bA^c^To^cAA^^^ao b^u, #<b08#^fc

02 — 3 — 13R19 ^Ib 4 BrffajGD h (D&kk^ -5 A, UfSH'-lF U A ^lEIb (d M, 0 tlfe l ^ U ^

/R^ < A A^^LTO^o 0, 7K#ib#S^fr^:p c A

m^f-CA^^ZMCL/Zo C(2T(d, ^b#0#

#f b o'#® t TVt/#@ A UN, N ’ - diphenyl - p- phenylene diamine #yk#4%7. ^

0 2-3- 14 (1, N , N’-diphenyl—p - phenylenediamine 0. 04 mol / 1 y -tf y^i&cDS 

yb#4%^ ^ 2 h So 02-3-15(4:, N , N ’ - diphenyl - p - phenylenediamine 0.04

mol/l^y^y^^ic, y^y-;i/&aoL/:#®#yk#iR^^y h;i/"e&6o

y y -;t/(Z)#y|.#iR%^y h;i/ (02 - 3 - is) A02 

- 3 - Hfuamctia 3400cm-'#&0^#m7 ; y®N-Hm$m##^y y y -vl/^tQx.6C A K 

d:^^X.T06CA^#3^6o $/:, 1510cm-'#aA 1300 cm^#ia(Db°-y$)/RL/R$<^^TO 

6o#®7;i/3-;P0^yKi%iR%^yhvP^M,6A^yy-;i/, n-yo/^y-vp, n-7'yy-;t/%) 

yyy-^|o]#3400 cm^#)a, 1510cm-'#^ 1300 cm-i'M'&(DL°-y(a, /R$<%-]TO&o L
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Fig. 2-3-14 1R Spectrum of N, N’- diphenyl-p-phenylenediamine

Wot/if)no/ nc/f/rtl

Fig. 2-3-15 Effect of Methanol on 1R Spectrum of N, N'-diphenyl-p-phenylenediamine

3 1C 3400 cm-' 1300 cnT' ##:(Db°- ^ 1590cm-'#ia(Z) b° - ?

Wc 1500 cm'1 ftifi:© t° — 7 7^—0 (C iq

< %-o/Co
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T h 7 V yT(± 3400cm-\ 1590cm-" 1300"" #N, N'-diphenyl-p-

phenylenediamine ^ 9 h ^ t. irb^T (3; 6 /v 6'#^ l 1510cm"1 j3i£® fc° — 9

1 - t7 h 1510 cm'1 flfitzt 1490 cm"1 f^j&CDU^iCD t° — 7 #fl < tJot^Sc

b° - 7 K (l 6 /L 6'#( 6-3 /:o

3400 cm"1#a6 1510cm"1#&®L''-7^/J^ <

T b 7 0 1510 cm"1#^ 1490cm-1#^®b°-7^

< ^za a f:o

T;[/3-;L/^^'^6C6fCj:^T 3400cin-1#]&(D^##T ; y®N-H####®k°-7 
;ta 61' 3 C 6(^^##7 ^ y® -NH 6, y 7 7 -;i/^677i/3 -vi/®- OH®^(C7K##^^B 

&7jk L T® 5 6#;L btl'Bo C(DCtfri>, 7 71/3 — #fh

#®#-6®^a-e&a6#^^aa^#ib^#)6y 7 / -7i/^6'®77i/3 
& 6 (c j: «0 , ^#{b^#l® (C j: ^ ^]$ij $ ^ 6 /: #) 6 $ fl a ^

—^7 %. y -viz, -f h 7 v y^6'®#A^{lg#^-aao#7=(3:#7^#fR^"<7 h 7i/®#rS]^6 #)(c

2.3.4 3 6#)

(1) Ni-Mo-ALOsKmmMm^m^T, mG##6

^jl%#®##®M#^B^ k)^(C L tzo

(2) 7^:, 7^y7 7i/0#mtj:(9#

^ ^15o (1#A (±m#K#m ^ W:o

(3) zKm<bmm^^^7C.6Kj;(0#/fb#®&m^#(i^±L, a&#fWyc'7%(s,6^(D

(4) 7K#fb#m(cj:o#&

a K ^ $ fi-c ® a 6 #x. ^ fi a o

(6) ^b#(±7 7i/7-7i/^^nfaa6Kj;"3T#'6^#<g|]$j^^ao 7 7i/3-;t/^#^#*

##{b^#®N-H 0^67K#^Aa/:#)6#^6^iao

(8) mmsikaw,

tZo
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3.

3. i u uT(D#^##c

3.1.1.

%Yk#(D#R9K:|MI'#-5#f

gMm##6LTO#^KMUT(±, *R@^^T%f-4z^#Mm##6LT#mL/:ef

—#C%<k#KW:, ^TO<k^#l, ##6LT^mi-

6/:a6K(±z:%7Km<k#@^mfc6^#6^5o ^ky^yh&au^z:^

a&o#yj:6^k#(D±7^@^(cML'c, #w y#mm^#mLT#ai##aij^LTgmM

7^^^}^, #7 v y;cjt#gf 6 v y®B$%mm%0 jis K

2202-1980 ^<k#®±7th@

7lf@^07|<#<k#a#®^tlf ^l^iso-^7 7 y 6M^LT, ^"7 7 y#^—^6^6d; 7

(1) S^i^ktoT) 7- 7 thii?7h

^--%h7V70 7yK7y^(###^) ®NEDOL^(Cj;6—^%<k#(D 

±7-y-@^ (SN)*\ k'7 kV7^ (#j^) oaj#^ki%Kd;6—^<k#Of7-^@^ (BNX\ 

^dz^y-7-th^eBN®7i<mik#m# (BNH)^o3@m-e&^o mm#BNH®7Km<k#@o#f#

(±, mb^&350°C, LHSV-lhr-\ 7k#g7ll00kg/cj-e&6o 3@#(Df7^@^0#^&

^ 3 — 1 — 1 ?£7]xlho

(2)

3@#0±7th^^^iso-^7 7y(k#^LTV-7-f^^7 7ym^9O-92O#^## (A, B, 

C) ^#L/:om^#JA(k^O%^m3-l-2K^fo B^d;^C®&#
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Table 3-1-1 7

Base sample Coal derived naphtha Hydrotreated
naphtha

BNHSN BN

Specific gravity (20/4°C) 0. 8077 0.8712 0. 8241

RON*" 63.4*") 87 4*2) 62. 7*:)

Distillatin (°C)
10% evaporated 107.0 115.0 117. 5
50% evaporated 156. 5 169. 5 167.0
90% evaporated 189. 5 233. 5 226.0

Elementary analysis
C (wt %) 86. 23 84. 92 87. 77
H (wt %) 13. 1 11. 05 13. 15
N (wt %) 0. 27 0. 48 0. 05
O (wt %) 0. 33 3. 55 —

fa*^ — 0. 393 0. 261

* 1) Research octane number
* 2) Extrapolated value
* 3) Aromaticity from aromatic carbon content by 13 C-NMR

Table 3-1-2

Test fuel A B C G S

Base sample SN BN BNH G*D n -Heptane
(vol %) 25 70 28 100 9

iso-Octane (vol 96) 75 30 72 0 91

Specific gravity 0. 7216 0. 8163 0. 7311 0. 7348 0. 6921
(20/4 °C)

RON 90.9 91.2 90.5 90. 1 91.0

1) Commercial gasoline

#, @#mm^7Vy0B*%#m%JISK22O2-198OKfj:#^LTl^^o^K^^T, GOHH

®© 1/+T 7 — if V V 7, S n - ^7° 7 y 9 vol % t. iso - d" 7 7 7 91 vol%<k L Ad" 7 7 7#

(3)

1985 ^^0 2000cc7 V 7#fW
130PS/5400rpm, #wm#: 1250 kg, ##

: ^1 10000 km) T&6o

m## r#v v y@#mio^- r v 7 7"#di^^#^j (TRiAs

23-i98o)K#mLT, ^mik^m (co), Mk/K# (Hc)&zcmm#fk#i (NOx)

fT"3/:0KtO^-C, r#VU ygm^iot- (TRIAS 5-2-1980)K3;
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Fuel economy (km/1)
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##B0±7^@#BN0#^#j^7Ovol#6#(D##KJ±^T*#<%:(3, ^#6LT, ##B

L/c^-oT, ym^##BKMLT&, f7-V-@^0#A

L^L7j:^G, ±7dh@^BN"e(l, 7^y-vi/^J:'oAm#Jb^

%^10vol^El±^AT^{J,

^^7y#(±{aT*5^®0, 7K#Jb#@0:^^mfC6(4:^#6#x.Gti6o

3.1.4 $6)6

5^^b#o±7-fig#Kc)i'T, iso-^-^7y6M^LT#l^##^##L, #v'Jy#^^^

W^®-^m<L%^70vol COt)j;c;HC®#m@#^10t- F#$J

7^@^}, ^o ^i^a25 vol #

^ck^28vol^tf#^##KMLT(i, 10t-F#$lJO^pgm^^LTW:o 

C^,bK-7UT^g#W#VVy61:b#f5 6@M^^^<,

g#mm#w y6Ri#^m@maKA6j;7K@^o##^7f

;Uf,

3. 1. 5 * #

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

2) Armstrong, L., Fuel, 61, 1051 ( 1982 )

3) Bykowski, B. B. and Baines, T. M., SAE Paper 820771 ( 1982 )
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3.2 Eit&mmmmm

3.2.1

SScS'ffcftffitcfci'Tii, b ft < ©%ft*^-8#WicKaf S c ft *3' g S Ak S-
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ft liSSIti*iiA5abS„
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ftftSiiOtfxftKlI^EESnnTl'S ‘-3>o ttz, *t#bf±iM:JKiBfrbffl7k*Sii£§«i 

L/:7k#gt#xYbo%##^&bT^T©S "o L^L, J:-5#l®"e*0, £ Zic&fb

tttfiffii>Ci/iiffrb5K©*"xftftit^5ftft #£ b ns o —S, e*^-7^^flb6>©3-

'ST'ffitti Lftb), fBStitoattT'^MSttiTSnii', 7*n ftx£#:ft LTI±i6ftitt©iR^©|S]_h, #

KigSlJlS^OieKElScko < bn, 4 5)K*ft WWtoft'^fflfOT fciflSTS So El 3 - 2 -

1 UNEDOL*e##E#fta#©#*#Eft Sttfttt, ig$W ©IflR^tSJft Lft«T'
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aiL, CCT(i#/Z6%<k7°o-k%^i3^^

^^77 V^'-y a y^U, -eo##0f:260&#gW'H#f:o

(1) ^ #

S(i9y KTym^-l^#6LTfaA#J:#(#)o it/a^{bg&#7°7 y h®7k 

K(±^7 h u7^^m#6L-c#^mm(moo.it/d %ik 

y NkM V 7 ^Na6^^m#6 LTB^:##

(#)(D2.4t/d %<L^#7°7 y AT0ya4z%T#^M#

^3 — 5 ^#&W0$fLT^5o

(LTA)^##g#6LTmi^:o LTA(d:^-7h##(#)# 

y^X-7 . V777- 'PR-503 &mi\##7°7X-?TMLTa&a^#%<%6$TMJ&&# 

T#/:o 

(2)

#a@&c;#^#®m#5^@%m^(d:Fisher(#)m!490mCoal Analyzer, TC###?### 

#)#C, H, N CORDER&m^TfT^/:o

(b°U ^y^J#)^6PI (b°V ^y?^) eic^ijL, PI #*4/ V yT%aiL/:o 

#^#^i5-50mg##L, @#mm(#)#TG-DTAm^^^^#mL, mmaM#&amL 

/:o #XM^0^#%(d:#$(#)mG-18Om^%7a7h777^-O^yy7-K#AL, 30 
°C#K L /:o

3.2.3

(1)

(?y p%y), K-v(m#Kom^m#7r6a*mk:'7 h (t-

7^;i/) (4"V7^Na6)

^Lam3^#[#K07K^^m^^<, #^Oj:9KfEi^#0mA#Kj:6TG

@m (o-ioo°c^®Mmm) 0*sm6&m<m&LTuao mYkam^vM (@^)#m9d.f
^-48d.f^-e&(3, lg#S^(DVM#(±36d.f^-52d.f^-e&6o ^{bamS%^KOVM#(im#

VM##S-W, N®VM#(±m^Kit^LT^20^<^'3-C^
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Table 3-2-1

Sample Moisture Poroximate Analysis (dry 96)

(#) VM Ash FC C H N Others

S 0.3 19.2 38.2 42.6 88.2 4.9 1.4 5. 5
K 4.8 28.9 24.3 46.8 85.9 . 5. 0 1. 6 7. 5
N 0. 3 48.4 21.9 29.7 86.5 6.3 1. 6 5. 6

S—W 7. 0 45.5 6.9 47.6 76.2 5.8 1. 1 16.9

K —V 6. 1 51. 6 1.0 47.4 64.7 3.9 1. 0 30.4

N—1 4.7 36.0 11.9 52. 1 78.5 5. 6 1.8 14. 1

60 #<h7°o-h%®%

#K 3;6%<l:e$X(d:a#0^m&omm6^KM#LT^6#)0 6#^^fl6o

(2)

amgemay?9m#^b0#f 3-2-2;c^f, o-fti^7o#mmm

S, K, NO^m#(d:f^fYL^38, 66, 62'T&"3/:o N(C-oUT

^-a#®LTAKoU-C®#^X#B#|g|B^g)3 -2-3 

(c-70T#53t (S1O2), ^7^V±d h (ALSi2 05 (0H)4), ^#5 (CaCOs), ^^(CaSO*)^ 

#%L, KK-DOTd^'Jd-d 5,

$/:, N*(C(±5^, h, ^

#5d#%Lf:;K 5#,

(3)

m3-2-2lcfM:am&^#SiJL/:#m^fo #<ha@K6NcoPS!R#(i70^^, ^<hm
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Q

26 (CuKa)

Q : A: S#, Ca : ^#5, P = ###&

Fig. 3-2-3

Table 3—2 -2 M

Sample Yield (#)

PS PI -QS QI

S 38.0 1. 8 60.2
K 71.7 0. 2 28.1
N 70. 6 0.4 29.0

2 ^#Ki±#LT@<4O0#T&5o PI'QS^fi 3 

$/:, #^bm@^#OPI^®Ash(±S, K, N-efaf'^60^, 73^, 69#T&-3f:0f, #

7, 9^6/l6o

S (i%ikKlG& 6(i(c tk^ L T ^ ^ D # L ^"M# ^a^O 6^o

(4)

g]3 -2 -4K^k^®m^(Cck6TGA#^^L/:o ^ 1000°CK^(T6#e#^##(4:S,

K, NT^^,f'^L#77, 66, 45#Tr&6o ^

#(CgmKKoUT(±7KX(i

WJK3;6mm^^<, Z#5}#0;K^#(kl)m<^L-C^6o K, NTf
^l^\h,420, 400, 380°C^^^T^(0, ^oS, KKo^T(ij;k)t%im$TM6L>^#^T^6o

m#5^®TG@m^|g|3-2-5(c^fo CCT, m#5^®TG@#6#%B®%<k^#
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Pig. 3-2-4

200 400 600 800 1000
TEMPERATURE (°C)

Fig. 3—2—5
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<k^#N(i-E-®^#5^ (^Vy^Na6)

#LT^6^06m6^,6o

LTG ® TG 0 M m T (i ## j; D O 400 °C^ g, KC ^1, 100 °CT 0 S- LTA 

N-LTA, K-LTA0a##^fl€'fl84, 78, 57#^&-3/:o ^^V±4" MO#, ##510#, 5# 

10##W&35#®M^#& 1000°C3TMf5 6^#(±%80#K^^,o C^^^#^i-66K-LTA 

%)6#/I -3T^&fiT(,^& 6bti6o

ujT6'"\

mT#mL/:^#K^^-C(iS-W6N-I^^mfaLT^6of-^6^, ^E#5^6^ Hz(± 

4oo"caa^6^m^%$(o, 7oo°caaK^m0@#^mA>)^6c $/:Hz^6%m(i^#% 

CH4(D^Wc-4-6^(±#^#K^(a:'#mLT^(0, 35^61)

500 °caaT&6o /:/:LK-V(im®2^#(cl:b^LTCH4^m^^<, 500°C^®b°-^

^yo-FT&^o C0&CXC02^A#K(i^@(cj;6m#^m666fl, ^#(iK-VT^<, 

N-lT4>%(,'o CO(d:#^#6#) 250 - 1000°C^'e^^m26^^„ S-We400 &c;700 °C'e^

K-v-e#6oo°caa(c#^/ib°-^^m26^aao coz^mo^mscitmL

T^Wc#^/I<, 800 °C^±T(±^6%L/I^o L^LK-Vl?(j:300 t:aaKl:b^m#^#^-^ 

CO,

@6#^. <3)^16 o

###':%L/:o Hz 0^5%mmco^T(± S «9 ^#^0 800 °C#

#6/:K4OO°C]S0K#&^b°-^^mt)a/:o—#, KcDHzO^^lgmii 

700 °C&30 b° - ^ ® M#5^ 6 # (3:—% L T ^ 5 o 400 Hz 0 b°-? (i—5^ ^

a^(±7f-ym^'3#mL#*#6m6fi6o

^/:, C0CH4

L"-^(4m#5^®eti6LT^a^, T^iaTKyi

-3%-^ao

K@#&, 700°C&aKCOO^^%7()##6^(0^(D#^mm^^f6% 900°C&a^^

COzOA^mK-D^T^S, KOCOz

K0CO, COz^^#^#4:(0^^maK"3UT^m#A
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1.000

800 1000
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Fig. 3-2-6 mmS

3.000

2.000

1.000

1000

TEMPERATURE C °C)

Fig. 3-2-7
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3.000

2.000

1.000

1000

TEMPERATURE C °C)

Fig. 3-2-8

K-LTA&^'N-LTA

750°C#Sa6

C a k, 0 6 ^ f - 1000 °c$ -eDo##a L /: 6 & 0

x^#^^A56m3-2-3®j;3(c^6o C2ia±0#X0^%&&&^, lb#(^mT&60

#3-2-3K^

^#^®^:^(75-85^)^H2T^(0, CO,CH4,C020il|M(cM^6o $/:, 

3^#^K^##)^<, k^h'jT^coCO&CXCOg^^m/)#

Hg^aKrn^s^^^^a^Riumro.iss-o.wicc/mgT^'Bo^/:, #

Table 3-2--3 1000°C$T®%[#Kj; s

Sample
CO

(cc/mg)
CH4

(cc/mg)
C02

(cc/mg)
h2

(cc/mg)

S 0. 020 0. 015 0. 006 0. 160
K 0. 048 0. 018 0.015 0. 171
N 0. 008 0. 009 0. 003 0. 115

s—W 0. 056 0. 030 0. 020 0. 141
K—V 0. 109 0. 018 0. 052 0. 135
N— I 0. 032 0. 031 0. 010 0. 137
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DLL® c 6 ^ b,, (9 ^ ^ ^ 25^Dl±® f - ;i/@6> 6 ;K#K #/b /:

#% ^ 5 ^Ll±# (36 C 6 ^ ^ fif:o

3.2.4 $6&6

#4a@®#zK^-^(D^^(± 22 - 38 ^, 7k#(±f^€^86 - 88 ^,

5~6%-C&6#\ ^^^^6#'%3-12^, -

9 y FT y^^lg#6 L A#fb^@S &CX4 V / 4 Na 6 L/:#

{kMNK-D^T(±, 800 °C&aK^U-6H2 ®^15%lg^®@A:®{l6K 400°CaaK#)H2 0^6%lg 

C GLt/:o t-< ,

#KCO, CO2 co^G&O^l^, CLt60T-f^G%)^

y b® ^y o y ^ ^ ^ iwm L ^ y c ^

m-e&66#x.i3a6o
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