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370oC, 410oC, 450oC�� &'()*+ tetralin� ,-(. /01 2 
��� ,-3 45 ����(66 13%, 8%,

5%)� 789 : ;)%. <5 450oC��� 30=> ����� tetralin 4 ml- ,-? @�� 
���� ����� @

�� 
���� AB��� CD 66 22%, 10%� ����� -EF%. <5 ����� @���� tetralin� 
��

�� �5 :G�H3 I&(� ��JK3 JL()*+, 
��� MN� @�� 
��� #O� �5 ����JK3

JL()%. � JK� �5 P�� ���� QR STUVW�� QRP� � Arrhenius �X� Y Z[!$%. ��S

T- 370oC�� 450oC3 ��\� ]^ @� AV_`a ��� Gb(� tetralin� cd`(β)e 0.71�� 1.63*3 f

-!$*+ �� tetralin� ��g� h=#�� �H!� i*3 GPC =@ P� j4()%.

Abstract − Experiments have been conducted to investigate synergistic effect and mechanism of the Alaskan subbituminous

coal and waste tire coliquefaction. According to test results without etralin at 370oC, 410oC, 450oC and when tetralin is not

added, addition of waste tire to coal gave synergistic effect of 13%, 8%, 5% respectively. Coliquefaction of coal and waste tire

gave synergistic effect of 22%, and 10% respectively compared to independent liquefactions of coal or waste tire at 450oC. To

analyse coliquefaction mechanisms, the liquefaction model for coal were developed with effects of tetralin and waste tire, and

the liquefaction model for waste tire were developed with effects of coal and waste tire. When the models were simulated to fit

coliquefaction results, those represented results and Arrhenius theory successfully. As reaction temperature increased from

370oC to 450oC, the amount of tetralin needed to liquefy unit mass of coal increased from 0.71 to 1.63. This indicated that

more tetralin was needed to lower the molecular weight of liquefied products at high temperatures as recognized by the GPC

analysis.
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 ��� H/C 
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� ��� �� �� 
��� � ��
� 	�� !" #$ %&

'()* +, -.*/ 01� 2��34 5� 6"[1, 2]. �78

�� ��9:� � ';<= %*/ >? ����!" � * @

� ��A ��
�!" B %, ��CD= E� ��FGHI= *

�� ��� FJ��� KLM". *N� HI� tetralin(tetrahydro-

naphthalene)* OPQ 6�R � * 
@S *T UVW HI�8

XY7�Z, X[*\ ]� ���C�H^* 6".

Gatsis ][3, 4], XY7�Z, X�_ ]� ���C�H= ��`

FJ��ab��c ��Fd, He ��-fg`T h= � 6i�

S, X/3� ���C�H= ��C��c j'kl� m4
 ���

�� ��
T noap � 6iq= !�rs". �� XY7�Z, X†E-mail: chan@daisy.kwangwoon.ac.kr
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[*\ ]� ���C�H^, t� #uv wx/ yz
 {| F

� ]� 	}*�3� ] �~�34 �r� 6\ ��� j'kl

1(T �� 6". �A� '$ 1997�� X[*\ ��D, 1,758�

��c *� 72%� ��3i�S, yzD, ��D� 60%� 760�

�� *� 12%���* �*�3� 6� 2�*"[5]. *N� *��

X[*\� �? �/3� ��� j'1(T +�� Ja� ���

�� ��� �-= >� m���c X[*\T *�� ��� FJ

��� U� 9L� ~�� ��3� 6".

X[*\� ��� 
? ��C�D* -U��� %&(H/C≈1.21)

��?a ��FG �<* %�S Farcasiu
 Smith[6]� X[*\T

*�� ��� FJ��� �����= �-a��� g`�*iq

= !s�, Orr[2] � Liu ][7]� 9L�`T �? ��` X[*\

� FJ��a -fg`(synergistic effect)� 6q* !�3i".

���4 2��� ���8 ��` X[*\� FJ��� ��3

� 6�R[8], FJ��� �� � HI�� - ¡�` -fg`�

U� X[*\ � )�^� ¢£� ¡� ]� U? L¤�� ���

8 OP� �2, ¥� ¦"[9, 10]. §� -fg`� U� �D� ¨

© ªa «¬� 2�*S ­®� �-¯­* *°\44 5, -.

*".

�78, ± 9L�8� FJ��a R[R� -fg` � £)= ¨

©r/ >rG ��` X[*\� ²³
�, tetralin ́ �D, ���

� ´�D, µ¶·� ]= ¸�a¹�S ��` X[*\� FJ��

2º= ��rs". §� ��H� U� GC(Gas Chromatography) �

�, GPC(Gel Permeation Chromatography) ��= �rG, FJ��

� �� tetralin� ��FG�, ���� »¼�½D= ¨©rs". §

� a�¸�� �� FJ���= �? FJ�� µ¶£) ¾¿v=

(ars�S, Marquardt m�[11]� �rG À� -�^= ��r�

�`� UrG Á�rs". &ÂN FJ��a R[R� -fg`�

U� �D� ¯­= a�rs".

2.� �

2-1.�� � ��

± 9L�8 ��M ��a:� Alaska� &ªÃ���8 −200 mesh

� ¨Ä3i�, X[*\ a:� ÅxÆ Ç�= −40 mesh� ¨ÄaÈ

É= ��rs�S, �� U/� Ê�= Ë(a�/ >rG �aÌ*

Í� !�rG # 2ºa �D ÎÏrG ��rs". �� � X[*

\ a:� FÐ�� � 	���, Table 1� R[Ai". Table 1�

	���� ����, 100�8 RÑ4 	���= (Ò� Ó*S, ¾

Ô ��Ó, ���*r � ½z�4� �gÕ½*". §� ��` X

[*\� �� �? ·�T O&!/ >rG TGA(thermogravimetric

analyzer) ��= 2ars�S � �`� Fig. 1(a), (b)� �� R[A

i". FÐ�� � TGA ���` ��� Ö�= a¡�� ��� �

�?� 350-550oC Ç×�8 d rØ Ù\Ú= O � 6i�S, X

[*\� 170oC�8ÇÍ 88� ��?� Ù\R� 300-450oC�8

d � ��?� Ù\Ú= O � 6i". ��� '$ 450oC*-�

8 coking �-* Ù\R� É�� OPQ 6�S[10], *N� �`

T �? ��` [*\� FJ�� µ¶·�T ��rs".

± FJ��µ¶�8� ��FG�#�8 ��FG�<* $��

tetralin(Yakuri Pure Chemicals Co.)̀ �Û�#�8 THF(Tetrahy-

drofuran)T ��rs".

2-2.�� � �	

± 9L� 2º� ��M µ¶ÜÝ� ÞØ �JÜÝ, �Jß ��

ÜÝ �z� µ¶/� à Ç��� L)3i". �JÜÝ Ç�, �

�µ¶a µ¶H�� HIáâ* �*r�ã 44UT -r äåæJ

aç�S 44U� �Jß` µ¶/�� �áâ* Ù�r�ã �»}

�� èé3i". �Jß ��ÜÝ� �Jß�(·�ê>: 0-600oC), ·

�ëì í2 oC *A� ·�(\ÜÝ(·�ê>: 0-800oC) � compressor

(î� ��ï< 11 kgf /cm2)� L)3i". µ¶/� A�� 50 ml�

ð���v tubing-bomb reactor� ��3i�S, autoclave
 
ña

450oC�4 ·�-fa�* 1-2��� #$ ò7 ��£)¯­� �

³r". §� µ¶a �ï��� óÛ= m4r/ >rG _� �I

� Lz gasket= ��rs".

Table 1. Proximate and elemental analysis of coal and tire

Coal(wt%) Tire(wt%)

F.C(as received)
H2O(as received)
V.M(as received)
ASH(as received)
C(daf)
H(daf)
N(daf)
O(daf)
S(daf)

36.91
12.10
43.07
57.92
59.50
54.89
50.79
34.69
50.13

23.40
50.41
72.19
54.00
81.10
58.17
52.38
56.92
51.43

daf: dry and ash-free basis

Fig. 1. (a) TGA analysis of the coal sample. (b) TGA analysis of the tire
sample.
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FJ��µ¶a ���� -fg`T �ôr/ >rG ��+X[*\

� õ, 4 g�� �4r� � ²³
� 1 : 0(tire 0%), 2 : 1(33%), 1 : 1

(50%), 1 : 2(67%), 0 : 1(100%)� ¸�aç�S, tetralin� õ� 0, 2, 4,

8 ml� rG 370oC, 410oC �z� 450oC�8 30�� µ¶a��� 2

º= 2�rs". §� µ¶·�ö(370oC, 410oC, 430oC, 450oC) Fa

º(blank test) �` ��½V�8 �)3� oil* 0.01% «��� �

�* ��� �/H� ÷�C= ®�� ø, ��µ¶/L ¯­= >r

G î�� -fg`� R[ù ��+X[*\(²³
 1 : 1) 4 g, tetralin

4 mlT /ú�� 370oC, 410oC, 430oC, 450oC�8 µ¶a�= 5

��8 60��4 ¸�a�S ��2º= 2ars".

2-3. 
�� 
�

��2º ø, µ¶/T µ¶ÜÝ�8 �z� ø H` U/ ��8 û

5�� üý dÀ� þ�aç". µ¶/�8 ÿA� ��H, thimble

filter� �� soxhlet heater�8 THF� 24a� �Û3i� thimble

filter� ��6� THF ���(THF� �Û34 5� )�), ���

é�= >rG �F�¤/ A�8 24a� �F�¤3i�S, "q v

�� ���* é�3i".

FJ���= (1)

&ÂN µå2º= �rG ��� é�a í2%� ��)= �4a

ç".

2-3-1. GCT *�� FJ��HA tetralin� ��FG� ��

Tetralin, FJ��a �� radical= ��� ��?� �? �)M

��á� free radical� FGr� naphthalene�� áj3� É��

OPQ 6�S GC(Hewlett-Packard 4890A)��= �? tetralin� �

�FG�T ��W � 6i". ��M GC column, Hewlett-Packard

series 530µ capillary column*i�S, carrier gas� He�� 50 ml/min

= �4rs". §� detector� thermal conductivity detector(TCD)

T ��rs�S injector, detector� ·�� �� 150oC, 250oCT

�4rs". Column� ·�� 30-100oC�4 7 oC/min� À�� -

faç".

2-3-2.FJ��H� »¼�½D ��

GPCT *�rG ��H� »¼ �½D= ��C��c FJ��µ

¶= �rG �� � X[*\
 �, ��½ HI^* ���M �

�½ HI� �	i�4T ®�rS µ¶·� 370oC, 410oC
 450oC,

µ¶a� 30�� ��` X[*\, 1 : 1 FJ��H� U� ��� �

�T 
ñr�½ rs".

± ��� ��M HPLC(high performance liquid chromatography)

� Shimadzu�� Model 13-A*i�S Shim-pack CLCODS(M)(4.6


150) 2 Column= ��rs". Detector� Shimadzu�� ¨Ü 254 nm UV

spectrophotometric detectorT ��rs�S oven� ·�� 40oC�

�4aç". Feed� 0.2µlT ��aç�S t���� 0.5%� rs".

3. �� 	 
�

3-1.��� ���� ��
�� ����

3-1-1.·� � ��/X[*\ ²³
�� Ê�

± 9L� FJ�� 2º, TGA��[Fig. 1(a), (b)]= �rG ®�

M ��  ̀X[*\� ��? � ���� a¡3� ·� ê>� 370oC,

410oC � 450oCT µ¶·�� ��rs�S, 30�� µ¶a���

��3i". §� ��FG�#� tetralin� ´�D � µ¶²³H�

²³
�� �� ���� ¸�T �ôr�½ rs".

��` X[*\� FJ��a ���� -fg`T �ôr/ >r

G ¾Ô 2º·��8 µ¶²³H(��+X[*\) 4 g= /ú�� ²³


� 1 : 0(tire 0%), 2 : 1(33%), 1 : 1(50%), 1 : 2(67%), 0 : 1(100%)�

UrG tetralin� ´�D= 0 ml, 2 ml, 4 ml, 8 ml� ¸�a�S �

�T ��rs". §� FJ��a ��` X[*\� ��� 
¢�

�T �? h\� ���` JÙ� ��Å� ��M"� ��= �

? é�M ���(��Ó)̀  2( 2º= �? ��` [*\� - 

¡�� �? h\� ���(2ºÓ)= 
ñrG � ì*T -fg`

� ¯�rs�S, *N� -fg`� ¯�, Liu ][7]� �?8� �

�3i".

��` X[*\� ·�� �� FJ�� 2º�`T Fig. 2(a), (b),

(c)� R[Ai". Liu ][7], -·�8 û 8%��� «µ¶ X[*\

� THF
 hexane� �Û3S, X[*\� 
¢ ��a�� �� �)H

� asphaltene(n-hexane ��, toluene ���) � preasphaltene(toluene

��, THF ���)* ¥� ÷�r4 5�"� !�rs�S, * '$

(��� ID+ Tire� ID)dry base− (THF���)

(��� ID+ Tire� ID)dry and ash free base

Fig. 2. (a) Effects of tire contents on coliquefaction at 370oC(reaction
time: 30min). (b) Effects of tire contents on coliquefaction at
410oC(reaction time: 30 min). (c) Effects of tire contents on
coliquefaction at 450oC(reaction time: 30 min).
���� �38� �2� 2000� 4�
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tetralin� ´�� �� X[*\� 
¢��� ¸�� ¦"� !�r

s". ± 2º�8� X[*\� «µ¶-.�8 THF
 hexane� û

9%� õ* �Û3\ ��Ó � 2ºÓ�8 !�? ti". §� X

[*\ 
¢���, µ¶·�� ¸�� Ê�= �4 5� 63%(í

2%)� Ù�� ���= R[Ai�S *N� �`� X[*\A ¥

� ¾Ô �/)�^* oil̀  gas� áj3iq= �«�".

µ¶·� 370oC�8 µ¶a� 30�, µ¶²³H 4 g= /ú�� 2

a� 2º�`T Fig. 2(a)� R[Ai". µ¶HA X[*\ ´�D*

50%«�� '$, tetralin* ´�3� ���* 10-26%�4 Ö�r4

� X[*\ ´�D* 67%� '$� tetralin� ´�D ¸�� ��

��� ¸�� 3-7%� ¡&�". ²³
� 1 : 2�8 tetralin* ´�3

4 5�= '$ ��Ó[42%=����D(1.333 g)
��
¢���

(11%)+X[*\��D(2.666 g)
X[*\
¢���(58%)/���D(4 g)]

!" 2ºÓ(55%)* û 13%� %, ���= !s�S, * ì*� X

[*\ ´�� �� -fg`*". *N� �`� ����a �)3

� ���� ½�7��� ���� KL3� ��7��* X[*\

� ��FG �# ªW� �? (F3iq= �«�". §� µ¶²

³H 
� 1 : 1� tetralin* ´�34 5�= 0� ���(45%)= /

ú�� ²³
� 1 : 2�8� ���(55%)̀  tetralin 8 ml ́ �a �

��(56%)� 
ñT �? ��FG�#� Ç�� ��j'�8� �

��C�H� X[*\� ��FG�# ªW= t�r� ��� õ�

tetralin* ´�3i= '$�� tetralin* ��� �-= t�r� É

�� �
M".

Fig. 2(b)� !� É` �*, µ¶·� 410oC�8� ����� �

K� ��7��= ��� (FW � 6� tetralin(4 ml, 8 ml)= ´

�rs= '$�� ��` X[*\� FJ��� �� ���� -

fg`� 3-4%� +��R ��� ��?a �)3� ½�7��=

���a¹t/� Ç�� tetralin 0 ml(«´�), 2 mlT ´�rs= 0

� 7-13%� -fg`T �ôW � 6i". §� tetralin 4 ml, 8 ml

T ´�rs= 0� FJ���, ��� 
¢��a� 
? "� +

&4� �`T !s�R, ��� ��Ó[tetralin 4 mlÙ 0: 69%

(coal : tire=2 : 1), 68%(1 : 1), 66%(1 : 2); tetralin 8 mlÙ 0: 66%(2 : 1),

65%(1 : 1), 65%(1 : 2)]̀  2ºÓ[tetralin 4 mlÙ 0: 69%(2 : 1), 69%(1 : 1),

69%(1 : 2); tetralin 8 mlÙ 0: 66%(2 : 1), 69%(1 : 1), 68%(1 : 2)]= 
ñ

rs= 0 ��� ���= R[Ai". *N� �`� ��` X[*\

)� � �� ��� )� [̂��� V.M. � F.C.(fixed carbon) ÙÇ


X[*\� V.M. � F.C. ÙÇ]* îU��� µ¶rsq= !Gú".

Fig. 2(c)� 450oC�8 2aM FJ��� �`T !Gú". Tetralin

* 2 ml
 4 ml� ´�3i= '$�� û 12-16%� %, -fg`

� ¨©3i� ��� ��� õ� tetralin 8 ml�8� ��` X[*

\� ¤)
� 2 : 1(tire 33%) � 1 : 1(tire 50%)�8 û 80%� %,

���= hi". µ¶·� 450oC�8� tetralin* ´�34 5�=

'$ X[*\ ´�D� Ö��� �Lr� ���* +Ø R[�".

*� �`� 450oC*-�8 ��r� ��� coking �-� �� É

�� �
M"[10].

µ¶·�� 370oC�8 410oC, 450oC� -fC� �7 ��` X

[*\� FJ��� �� -fg`� Ö�rs". ��� ��?a

�)3� ½�7��= ���a�/� Ç�� õ� tetralin(0 ml,

2 ml)* ´�3i= '$ µ¶·�� 370oC�8 410oC� Ö�r�

2-13%�8 7-13%� -fg`� �-3i". 450oC�8� tetralin*

´�34 5�= '$ ��� coking �-* ��rs�S, tetralin 2 ml


 4 ml�8 12-16%� %, -fg`T hi".

3-1-2.��FG�# tetralin� Ê�

µ¶·� 370oC�8 tetralin ́ �D� �� � ¤)� ��� ¸

�[Fig. 3(a)]T ��!�, FJ��a tetralin� ´�� 4-13%� ��

� �-= �QkS, µ¶²³HA �� CD* Ö�W�ã tetralin�

Ê�* ��M". �NR JÙ� ¤)� U? tetralin ́ �ø ���

, tetralin ́ �D�� ÞØ Ê�= �4 5�".

µ¶·� 410oC�8 tetralin ́ �D� �� � µ¶²³H� 
�

� U� ��� ¸�[Fig. 3(b)]� FJ��� 6\8 tetralin� ´�

D* 0 ml�8 4 ml� Ö�C� �7 FJ���* �� 30%(coal :

tire=2 : 1), 20%(1 : 1), 10%(1 : 2)�4 -frs". *N� �`� X

[*\� ��FG �#�8� ªW= !Gt� Ö¥*S, §� µ¶

²³HA X[*\� CD* �=�ã tetralin� Ê�* ��3\ �

��� �-* B  �ÆN!= !Gú". Tetralin� ´�D* 4 ml,

8 ml�8� µ¶²³H� 
�� �é¦* FJ��� ���*

69.5%, 69.1%T !s�S, *� 410oC�8 FJ��a î�� tetralin

´�D, 4 ml"= R[#".

µ¶·� 450oC�8 tetralin ́ �D� �� � ¤)� ��� ¸�

Fig. 3. (a) Solvent effects on coliquefaction at 370oC(t=30 min, coal+
tire=4 g). (b) Solvent effects on coliquefaction at 410oC(t= 30 min,
coal+tire=4 g). (c) Solvent effects on coliquefaction at 450oC
(t=30 min, coal+tire=4 g).
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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[Fig. 3(c)]T ��!�, ��` X[*\� $G6� -.�8 tetralin�

´�� FJ���= �� 37%(coal : tire=2 : 1), 29%(1 : 1), 17%(1 : 2)

�4 �-aÈ". §� tetralin ́ �D* Ö�W�ã ���� �-=

�QkS £� µ¶HA ��� CD* Ö�C� �7 tetralin� g

`� ��%= O � 6". *N� �`� 450oC*-� �·�8 �

�r� ��� coking �-* ��FG�#� tetralin� �? �?3

�8 tetraliǹ  X[*\�ÇÍ �)3� ��7��`� ��FGT

�? ��� ���* -f3� É�� �
M".

3-2.��� ����� ��
�� ����

3-2-1.FJ��� �� tetralin� ��FG�

��a ��½ -.� ��* ��?� �? �)3� ��á� -

.� ½�7��, ��� Fd� �? ��½� ���3S, *0

��� ��FG�#� tetralin* naphthalene�� áj3� `��8

��3� É�� OPQ 6"[12]. �78 GC��= *�rG tetralin

* naphthalene�� áj3� 
�= ��C��c ½�7��� F

d3� ��� õ= ¨©W � 6".

X[*\ ��H� ���`, tetralin* naphthalene�� áj34 5

� É�� R[�". *N� �`� X[*\
 tetralin� µ¶/L�

¢u�"= �«rS, Liu[13] � Sharma ][14]� 9L�`
 ÙÝ�

". §� ± 9L�8 ��µ¶/LT ?�r�� �K� 
8� M".

± 9L� ��2º= �? h\� a� ¸�� �� µ¶·�ö

(370-450oC) ��H� tetralin áj� ���`T Fig. 4� R[Ai�

S, ± �`� 3-2-2n�8 tetralin� ��Ó(CTe) ��� ��3i".

3-2-2.FJ�� µ¶/L

± n�8� ��` X[*\ FJ��� U� À�e� ¾¿= �

�rG a�¸�� �� µ¶·�ö FJ���= &�r�½ rs".

FJ���, THF ��� áV ���(oil)� '�3i".

± 9L�8� µ¶·�ö� FJ��a -fg`� %Ø R[ù �

�+X[*\ 4 g(²³
� 1 : 1), tetralin 4 ml� UrG 5�ÇÍ 60��

4 µ¶a�= ¸�a¹ FJ��T 2ars". *0 FJ�� µ¶

/L� "q` �* à �4 µ¶�� '�rs".

Tetralin� ��FG�# ªW� �� ���� µ¶:

2Coal(A)+βTetralin(Te)�Oil+Naphthalene (Model I)

X[*\� ��FG� �� ���� µ¶:

Coal(A)+Tire(Ti)�Oil (Model II)

X[*\� ��? µ¶:

Tire(Ti)+Tire(Ti)�Oil (Model III)

*0 HIö µ¶À�v` β�év, "q` �".

(2)

(3)

(4)

Cc: concentration of coal [g/l]

CTe: concentration of tetralin [g/l]

CTi: concentration of tire [g/l]

v (2)
 (3)� µ¶À� -�̂ , (� À�-�̂ = ��rG Runge-

Kutta method� �? �Ý��� ø �`T 2º�`
 
ñrG Mar-

quardt[11]� nonlinear parameter estimationm�� �? À�-�^=

��rs�S, digitizer� �? h, graph �`T Fig. 5
 Table 2�

R[Ai". Table 2� é�Ó^, ���*r ")½z�4� �gÕ

½*". §� FJ�� áj�� UrG 2ºÓ` é�Ó� -��é

T Fig. 6� R[Ai". Model Ì IIT *�� �Ý?� �` -�

é�� 0.99�8 é�Ó* 2ºÓ� #$ * Ç³%= R[AS ±

9L�8 ��M ¾¿� +>)= !Gú".

�� 
>ID U� tetralin ¸jÓ� β� ����a ��FG�

� ,��8 370oC�8 450oC� µ¶·�� -fC� �7 Ö�r

s". *� �)3� oil� ��½�� ��� B -* �K3iq=

�«rS 3-2-3n� GPC ���`� ³z)= !Gú". §� >�

8 é�M µ¶-�Ó^* (a� ¾¿^ � Arrhenius *e� * Ç

³rs".

3-2-3.FJ��H� »¼�½D

�� ��� /± *e, ��½� ��� ��?a ��3� ��

á� ½�/� ��T FdC��c ��� ��½ HI� oil= �

)r� É*". ± n�8� FJ��� �? �)M ��H� »¼

�½D= ��C��c �� � X[*\ ]� ��½HI^� ��

½HI�� ¸j= ®�r� � ��� ��T 
ñr�½ rs".

2º�` 370oC, 410oC, 450oC ���� �½D, �� 438-

463, 330-347, 125-184� Ó= R[Ai". ��H� �½D, µ¶

·�� -fC� �7 ¡&4S, *� tetralin� ��FG�� %&Q

��H* ��½� ¸j3iq= !Gú".

k1

k2

k3

rc=  
dCc

dt
---------– = k1Cc

2
CTe+k2CcCTi–

rTi =  
dCTi

dt
-----------– = k3CTi

2
+k2CcCTi–

rTi =  
dCTe

dt
-----------– = βk1CA

2CTe–

Fig. 4. Tetralin conversion to naphthalene during coal/tire coliquefac-
tion(reaction time: 30 min, coal : tire=1 : 1, tetralin: 4 ml).

Fig. 5. Kinetic results of coliquefactions at 450oC(coal : tire=1 : 1, te-
tralin: 4 ml).
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± 9L�8� Alaska� &ªÃ�` X[*\� �� FJ��2º

= �rG ��-fg` � £)= �ôr�½ rs". �78 ��

a�, ·�, tetralin ��D � ��U X[*\ ²³
�= ¸�a�

S ��2º= 2ars�S "q` �, �e= hi".

(1)��` X[*\� FJ�� �`, µ¶·� 370oC, 410oC,

450oC�8 tetralin* ´�34 5�= 0 X[*\� ��FG �#

ªW� �? ����a �)3� ���� ½�7��� ����

KL3� ��7��� (F= �? X[*\ ´�� �� -fg`

(�� 13%, 8%, 5%)T �ôW � 6i".

(2)µ¶·� 450oC�8 30�� FJ��a tetralin 4 ml� ´�M

��` X[*\� FJ��� ��` X[*\� 
¢��� 
?

22%, 10%� -fg`T R[.�S £� ��U X[*\ ²³


1 : 1�8� 16%� -fg`� R[�".

(3)µ¶·�� 370oC�8 410oC, 450oC� -fC� �7 ��`

X[*\� FJ��� �� -fg`� Ö�rs". ��� ��?

a �)3� ½�7��= ���a�/� Ç�� õ� tetralin(0 ml,

2 ml)* ´�3i= '$ µ¶·�� 370oC�8 410oC� Ö�r�

2-13%�8 7-13%� -fg`� �-3i". 450oC�8� tetralin*

´�34 5�= '$ ��� coking �-* ��rs�S, tetralin

2 ml
 4 ml�8 12-16%� %, -fg`T hi".

(4)î�� -fg`� R[ù µ¶¤�(tetralin 4 ml, �� U X[

*\ ²³
 1 : 1)�8 FJ�� �`, ��, tetraliǹ  X[*\�

�� ��FG� ��3� µ¶¾¿* ¾�3i�S, X[*\� �

�` X[*\ ½V� �� ��¾¿� ¾�3i". ± ¾¿� ��

�`� FJ�� 2º ·�ê>A�8 2º�` � Arrhenius *e�

* Ç³rs". §� ± ¾¿�8 �� 
>ID+ ��� �K3�

tetralin� ¸jD* é�3i�S, 370oC�8 450oC� µ¶·� -

f� �7 0.71�8 1.63�� Ö�rs".

(5)���� »¼�½D, µ¶·� 370oC, 410oC, 450oC�8 ��

438-463, 330-347, 125-184� µ¶·�� -fC� �7 ¡, Ó= R

[.�S �� 
>ID� U� tetralin� ¸jÓ* ·�-f� �7

Ö�rs". / µ¶·�� %&!� �7 tetralin� ��FG�� %

&Q ��H� ��½�� 0�M".
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Table 2. Frequency factors, activation energies of coliquefaction rate constants and amount of tetralin(ββββ) required for the liquefaction of unit mass of
coal

Rate constant k1 k2 k3

Frequency factor(k0) 0.84846[l2�g−2
�min−1] 0.28869[l�g−1

�min−1] 0.04164[l�g−1
�min−1]

Activation energy(E) 17.43847[KJ�mol−1] 22.50496[KJ�mol−1] 3.27654[KJ�mol−1]
Reaction temperature 370oC 410oC 430oC 450oC
β 0.70695 0.89569 1.01521 1.62770

Fig. 6. Correlations between calculated and experimental conversions
of coliquefaction.
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