
HWAHAK KONGHAK Vol. 41, No. 1, February, 2003, pp. 122-128
���� �� ��	 
�� 
���� ���� �� ���� ��

�������*���	**���
** ,†

����� ���	
���, *��
����, **�����
136-709 ��� ��� ��� 5� 1

(2002� 5� 15� ��, 2002� 9� 25�  !)

Characteristics of Deposited Carbon on the Pyrolysis Reactor Wall with Continuous 
Feeding of Waste Lubricating Oil

Kwan Moon Kim, Young Seok Kim*, Seong Uk Jeong** and Sung Hyun Kim**,†

Department of Environmental System Engineering, *Research Institute of Engineering and Technology,
**Department of Chemical Engineering, 5-ka, Anam-dong, Sungbuk-ku, Seoul 136-701, Korea

(Received 15 May 2002; accepted 25 September 2002)

� �

��� ��� ��	
 ��
 ���� ��� ��� � �� ������ ���  ���!. "#$ ��� �� %

&'� ()* +,-� ./0� 12� ��� ��
 345�6 &'� 7 �89 :- ; <=
 >	? @A� �+

-B &'
 CD� EFGHI J!. "#K� L MN*6� OP��, OP�, "H� �OP� %�Q �R-B M=S

TA ��� &'�*6 ,UV� ./ 0�12* W-B MN-X!. YZ [��� ./0�* \]� ^_, &'� `a,

bcbd(ef)
 g	* 
h ./0� ,U* ih MNQ -X!. Zn, Ca� ./0�� jk%l5m n U�� ./0�

� o�-� Cpk �q!. hr Fe ̀ a
 &'�� s
 >	�  -B ./0�� jk-� �_� $tu!.

Abstract − Pyrolysis is an environmental and economical process, through which fuel oil may be obtained and waste poly-

mers may be recycled. However, the carbon deposition, which forms to depths of several mm, reduces heat transfer and limits

operation time and decreases the reactor efficiency by way of corrosion and oxidation of the reactor. In this study, experiments

were focused on examining how the carbon deposition is generated in the continuous pyrolysis reaction by feeding base lubri-

cating oil, lubricating oil and waste lubricating oil. Moreover, effects of minerals, reaction temperature, additives and feeding

rates on carbon deposition were examined. Zinc and calcium increase the coke formation, but sulfur additives in feed suppress

the carbon deposit. Iron material in the pyrolysis reactor shows that coke formation increases with iron oxidation.
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CDE F� GH�I ��J� �K LMN� O$PQR�;� SM

=TU VWJ) XTYU Z[\] 4� ^_` a�bcd, efFE

Qg h� b&K 5i$OQ, �Fjk 4� !W L2 lm 4� 2n

op\]*@ ��bq�[1-4]. CDYU O$PQ R�;� op r$

= h�st� _bL bu� vwF�. C x �E� h� syTU A

z{� �K |VW "w� efFE Qg& G�I 2n \]*@ �

�bc) XK syTU} ~� M�L ��J�)� ��[5-8].

|VWK �&() |*@ F��I O$PQ R�;� C-C, C=C

�K C-H 4� ��@ ���TU� ��!, p! 4� M�U ���

P �K �6� |VW!` �@ P �K ��@ L)� ��. CDE

�� |VW "w� ��TU ��I v�$&K N"�) ��� �

K vwF�. C ��TU}K ��� &() Q�U �� Gp_N, |

VW ����� OQ �=�6 �� 4F �Td C x OQ �=�6

TU ��I 5wb� �# � ����& �N� OQ �=�` _�

�� �� �L=� "wF 7
� vwF�[9].

OQ �= �6� ���  ¡& ¢�=TU "u� �&()L �V

S A�£� OQ� OQ� ��@ �K ¤k OQ A�� ¥o�¦@

VWb§TU� �twW� OQ¦F }U ¨©ª «��` ¬N�K

�6@ �­��. OQ�=�K OQL ®¯°± ��U M�J� �T

d ²�� PQ` ³´�� �Kµ, ¤�V� |VW ���K  ¡ L

|@ ¶� �·L| s¸TU |@ "uW A� ¹^& OQ �=�K
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� ¾¿� À�' ��. FÁ'  ¡@ ¿�ÀÂ �=�K ���� |

�Ã� !ÄÅÆ@ ÇW´TU� �È� É5� Ê�6Ë` 7
U �

K |VW ��F � F6 ��J) ��ÌÍ ,ÎK ��` ÏÐ��

[10]. ¼/} OQ �=�L ��K ÑÒ=� *�@ ÓÔ�� F` Õ

Q$� P �K st@ Ö-�K ×F ØÙÚ�Ì x
� 5F�. �Û

Ü) R0�%, ÝF�, 1/23� |VW "w& ¤� VWÞÌ& ¤

� M�� |VW!� w_ ß �à<$& ¤� M� ��K �P� M

�S¦& �W Ú� JBTE[11-15], ����& �NJK OQ �=

�� �N ß �N á_& â� M� ��K ã äå)) Xæ�. CD

YU Ò M�&}K 0��!, 0�! C�� R0�!` F��I â

¬ ��� �& ���K OQ �=�� *�@ ÓÔ�� ��I ÈÌ

& ¼ç OQ �=� èé, ��; Þ& ³´ � Ø�;� èé, ���

Û<& ¼ç OQ �=� èé, !Þ& �� èé 4@ vê=TU ë

��ì�.

2. ����

2-1. ���

5�=TU SÄn� R0�!K í�SL 0�! î� b SÄn w

GQ&} 5ï=TU PðF ��. R�;� �N6, FD� R0�!

K 0�!� _�ñ� ß ����& ¼/ C ;NF �ò �ó�. C

DYU Ò M�&}K |VW ��;U 0��!, 0�! C�� R0

�!` ���ì�. 0��!(SK Yubase-4)K 0�!� *�;<U},

0�º�@ ôõbc� �� Ø� ß !�öL_L A÷J) X� \

5FYU øP� O$PQU �NJ���[16]. 0�!K 0��!& 0

�º� ôõ@ �� gù �úN öL_L öL� \5Fd SK� ZIC-

A` ���ì�. �� R0�!K SÄn wG#�&} Pð�ìTd,

Table 1& ;N@ EÝ�B�.

2-2. ����

0��!, 0�!, R0�!` F�� OQ �=�6 M�` ��I

MÞ A÷¬Ë� ���` ���ì�. 5�=TU O$PQ |VW �

�� ��ÞÌK ��ÈÌ, �%b�& L� û èé@ {K ×TU Ú

� J� �TYU[17-18], Ò M�&}K ��ÈÌ, üÞ� Ø�; öL

_� èé, !Þ� 1/23 Ê�F OQ �=� ¬N& ­¥K èé@

���� ��I 2 ù%� ���` ���ì�. !Þ� 1/23 Ê�

ý�& ¤� èé� ����& �K |VW ;<� o% ß ��6Ë

� 1/23 b�` �6TU ,¦� �� þ|�w 4F 7
�YU

ÿÌ� �¥` ���ì�. Fig. 1� OQ�=� ¬N& ÈÌ ß öL_

L ­¥K èé@ ���� ��I Ò M�&} ��� ���F�. �

� b�K �� A÷� ��(Cole Parmer Peristaltic 7518-00)` F��

I 1 g/min� ÞÌU A÷�ìTd, �w� A÷ÞÌK ��;F ��

��&} �V� |VW � P �K �%b�@ �ÌÍ �iJB�. �

��K �F 1 m, �� )Æ 10.45 mm, ��)Æ 12.45 mm� stainless

steel �K hastalloy Û<� ���` ���ìTd, â ��` ��=

� 	
 �w@ ¶�I \] ;<@ _� � ��@ ���ì�. ID

M�S¦& �W R0�!� |VW ��� 400oC �Ñ&} ��J�

)K ×TU Ú� J�ª �TE[19] Ò M�� z=� �N� |VW

!� V F -./ ��� �� OQ�=�6� ÓÔFYU ��ÈÌ

` Õ= |VW ÈÌÚ� �� 500oC� 600oCU 
w�I OQ �=

�6F �ó' ��JÌÍ !Ì�ì�. OQ�=�� [� �� � �

��` V��I �w�ì�. ��&K ò ô� |��@ ���  ¡

& 
¥�I ���  ¡� ÈÌ` 5w�' !)�ÌÍ �ì�. Fig. 2

K !Þ ß ���� èé& ¼ç OQ �= èé@ ��Ú� �� v

ê�¥U o% �¥ ß þ|�` ³´�� ��. 0�!� ���K þ

|�&} 350oC&} 30V� L|J� ½�� �6TU �o� � �

Table 1. Properties of waste lubricating oil

Analyses Values

Elements(wt%)
C 81.50
H 11.95
N 0.12
S 0.19

Ash 0.63
Dynamic viscosity(m2/sec) 0.50

Density(20oC, g/cm3) 0.8797
Specific gravity(15.6/4) 0.8833

Paraffin(wt%) 58
Naphtha(wt%) 42

Fig. 2. Schematic diagram of pyrolysis system with a reflux unit.
1. Tubular reactor 3. Condenser
2. Feed tank 4. Feed pump

Fig. 1. Schematic diagram of pyrolysis reaction system.
1. Liquid reservoir 3. Heater
2. Pump 4. Condenser
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��& A÷JB�. F ¹ ��ÈÌK 600oCU !)�ìTd |VW�

� ��� L2¦� b��±U o%JB�. F ¹, VWJ) X� �6

;<� �b b��±U ¦�L} ���U Û A÷Jd, L2 �N;

� ���` ¶��¡} ��J� �6� |VW!` �@ P �B�.

!Þ ß ���� èé� �%b�@ 6b�TU �I ���  ¡& �

NJK OQ�= �6@ ���ì�.

3. 	
 � �


3-1. �	
 ���
 ��

��ÈÌ ß b�& ³´� Ø�;F OQ �=& ­¥K èé@ �

��� ��I 0��!, 0�! C�� R0�!� b�` F��I

��@ P��ì�. 500oC, 600oC� ÈÌ&} 2b�� �%b�Ät

�N� OQ�=�� [@ ��� x��$` ¶�I �w�ì�. Fig.

3, 4K gg 500oC, 600oC&} �N� OQ�=�� [@ ÚI��. 0

��!K Ø�;F öLJ�)) X� øP� O$PQU}, 500oC&

} 0��!` |VW�ì@ ¹ OQ �=�K �� ���) X),

600oC&}K 6��� OQ �=�L u��' �N @ ë�� P �

�. F×� øP OQ� PQU, �N� O$PQÌ �!TU "uJ

K ÈÌ� èéTU OQ�=�` ¬N´@ ÚIAd, FD� OQ �

=�K C-C �K C-H ��F ��)¡} ��� /"#¦& ��I �

N� $%&FE sé' $�;¦� Ûx�& �W �N� ×TU (

���[9].

�� 0�!� 0��!� OQ �= ��` GîW Ú¡ 0��!&

} OQ �=�F )' EÝEK ×@ ä P ��. 0�!K 0��!

& 0�Nú@ é6bc� �� Q�� Ø� öL_L öLJ� �T

YU, FD� Ø�;¦F OQ �=� ¬N ß �ð� *TU º�� ×

TU (���[9]. FD� öL_¦ x& � L)K Fig. 5&}� +F

�� ��` L)� ��} OQ �= ¬N@ �LbcK ×TU þ6

��. ,-��` L)� �K 0��!& G�I 0�! |VW b O

Q �=� �LK öL_¦� èéTU þ6Jd FK sé' $�;,

Fx��� +� ;<F OQ �= �Ì�� G.� ��` L)YU

OQ �= �6@ �Lb/ ×TU �g��.

FD� SÄn� 0�!K 5w�� ��� � �[� ;N@ L�

R�;U Àå)' ��. 0�!& G�I R0�!K gg� _�#�,

���� C�� SÄn� ù%4& ��I C ;NF gg �ó),,

R�; Pð� �N 6 �E� �Q& PðJ� h�J���. Ò vê

&} ��� R0�! 0b SÄn wGQ&} Pð� ×@ ���ì

�. R0�!K 0�!L 1�&} 0�º� � 1� 2�E �� \]

;<� !÷4TU, ²�� NV�$L ����. 1�&} �� � |

ß ��=� 23U OQ ��F ��)' J� 1� 2� 4TU ��

I üÞ NV¦F 0�! ��& 4Û�' ��. FD� üÞ ;<� 0

�!& ³´J� �K öL_� ��� |VW �� b OQ �=@ L

Þbc' ��. Table 2K R0�! �& 4Û�K \] NV& ¤�I

EÝ�B�. R0�!&} 5mJK Fe� Zn� OQ �=@ �Lbc

K ;<U Ú� J�� 6 ��[10]. FeK üÞ *Q S�Ú�K FeO4

TU i$J� i 7e 0�@ �¡} OQ �=@ �ó' �LbcK

×TU Ú� JB�[10].

3-2. ������ ���� ��� ��
 ��

R0�!&K 0�! öL_ ß 1� 2� 4TU �� Ø� ;<F

³´J���. 0�! öL_� p8 20 wt% wÌL ³´JKµ F x

&K Zn, Cd, Pb, P, S 4F ³´J� �Td 1� 2�E �� !÷T

U ��I Fe, Cr 4F 4Û�' ��. ASTM D482� sy@ ���

I R0�!�& 4Û�K !� ;<@ ½�� Qg�ì@ ¹ 4Û�

K Ø�;� ² 1 wt%FYU, Ø�;F OQ �=�6& ­¥K èé

@ ���� �W} 0��!& 1 wt%� Ø�;@ öL�I vê@ v

b�ì�. R0�!& 4Û�K Ø� *Q� ICP V  ��` Table 3

& EÝ�BTd Fx&} L� ~� [@ n)�� �K Zn� Cà

Fig. 3. Coke deposirion of different oils at 500oC.

Fig. 4. Coke deposition of different oils at 600oC.

Fig. 5. Structures of main lubricating oil additives.
���� �41� �1� 2003� 2�



���� �� ��	 
�� 
���� ���� �� ���� �� 125
¤6TU �I vê@ P��ì�. Zn� CaK 0�! öL_& ³´J

� �K ;<U e8 ID L) ��` L� $�;� ¬ËU 4Û�)

, 1� �&} i$U ��I i$ üÞ ¬ËU 4Û�K [F ~-

ZnO� CaÒ  F��I Ø�;� OQ �=& ­¥K èé@ ë��ì

�. CaO� ZnO&}� OQ �= ��` Fig. 6& EÝ�B�. CaOK

OQ �= b ���  ¡& ã 9:F Jd 9:� 6Ë&} OQ �

=@ �LbcK 7e_� +� 0�@ �' ��. ZnK ;� |VW

b OQ �=@ ²� �LbcK ×TU Ú� J� ��. OQ �=�

�& 4Û�K üÞ ;<F ~@PÍ OQ �=@ �Lb/ ×TU þ

6�I OQ �=�` X-ray Photoelectron Spectroscopy` ¶�I V 

�ì�. Ï�& |VW ���  ¡& N��' JK OQ�=�` 1n

OQ�=� C�� F­ �N� 1n �=� �& �Þ �NJK OQ

�=�` 2n OQ�=�U V� <=�I V @ �ìTd Table 4�

ICPV  ��� ´> Fig. 7, 8& EÝ�B�. ��& ��¡ OQ �=

� ¬N b Ï� ���  ¡& ¬NJK OQ �=� Cà  ³´� $

�;& ��I AU ¬NJd F Ca$�;& ��I ���  ¡& O

Q �=F F?�� �&K AU Zn& ��I OQ �=F ����. F

�� CaOK 2b� �� ¹�� ZnOÚ� ~� [� OQ �=@ F?

), OQ �=F ��J� @& ¼/ ZnO� Aõ� �B�L � CW

)K ×TU ë� Lú��. CDYU Cà  ³´�K $�;F üÞ �

��  ¡& 9:JK N<F D�I ���  ¡& EÇ OQ �=@

5Tcd OQ �=F ���  ¡& ¬N� �&K �ç Ø� ;<¦

& ��I OQ �=F ����� (���.

Table 2. Pollutants of waste lubricating oil

Minerals
Conc.(ppm)

Pollutant sources
Ranges Average

Metals
Barium 10-1630 820 Additive package
Aluminum 4-41 23 Engine wear
Calcium 969-3986 2478 Additive package
Cadmium 1 1 Outside sources
Chromium 8-65 37 Engine wear
Copper 0-430 215 Engine wear
Iron 10-750 380 Engine wear
Lead 1-13885 6943 Additive package
Magnesium 3-999 501 Additive package
Manganese 1-420 211 Engine wear
Nickel 0-5 3 Engine wear
Vanadium 0-13 7 Engine wear
Zinc 20-2500 1260 Additive package

Non metals
Bromine 9-430 2201 Additive package
Chlorine 300-3000 1650 Additive package
Nitrogen 300-6000 3150 Additive package
Phosphorus 15-1500 758 Additive package
Sulfur 1300-12000 6650 Additive package

Semivolatile organics
Phenol 10-25 Base stock/Outside sources
Pyrene 30-45 Base stock
Benz anthracene 18-20 Base stock
Benzo pyrene 5-610 Base stock
PCB 2-8 Outside sources
Nitrosoamines Base stock
Chrysene Base stock
Benzo phenanthrene Base stock

Fig. 6. Effect of metal oxide on coke deposition.

Table 3. Minerals in waste lubricating oil

Content Capacity (ppm wt)

Al 8.5
P 600.0
K 13.0
Ca 1100.0
Cr 4.0
Mn 3.6
Fe 76.0
Ni 4.0
Zn 770.0
Sn 1.8
Pb 11.0
Mg 370.0
Si 22.0

Table 4. Mineral content in coke

Element External Coke (wt%) Internal Coke (wt%)

Ca 4.38 6.13
Mg 1.35 1.94
Zn 5.35 2.78
P 2.68 3.84
Pb 0.072 0.058
Cr 0.025 0.035

Fig. 7. Ca XPS result of coke deposition.
HWAHAK KONGHAK Vol. 41, No. 1, February, 2003
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3-3. ��� ��
 ��

��� Û<F OQ �=& ­¥K èé@ ë��� �W} ���

i$, ��� Û< �$` ¶� OQ �= �6@ ���ì�. ���

�� i$` ��I ��� ÈÌ` 800oCU !)�ì� 100 ml/minT

U iQ` "u�¡} 6b�@ !)�ì�. ��� i$ � ��� Ø

' �w �� ���� Ø'L 0.792F10−3g/cm2 �L�ì�. i$bq

���` F��I |VW vê@ 2b� vb� � OQ �=[� 8.133

F10−3 g/cm2 FB�. G ��� i$ b OQ �=[� u�� �L�

K ×@ ë��ì�. ��� Û<@ stainless stealÛ<� hastelloy Û<

@ F��I OQ �= vê@ vb�ì�. ��� Û<� *Q ´�@

Table 5& EÝ�B�. Fig. 9� ��&} ä P �HF OQ �=�

stainless steelÛ<� ���&} Ú� ~F �N��. ���� NV@

ë��¡ stainless steelÛ<� ���K FeL 67.564%L ³´J� �

�. üÞ ���� p8&K ��� i$L ã 5�E' J� ��� i

$U ��I OQ �= �6F u�� �L��. Hastelloy Û<� ��

�K NiF 55%̀  n)�d Ni� OQ �= �6@ ~F 5Tc) X

K üÞ Û<U (���. ;� |VW �w&} Ni� OQ �=@ �

LbcK ×TU Ú� JBTE Ò M�&} vê� ��& ��¡ Ni

�ü ���K OQ�=@ �Lbc) Xæ�[21]. FK ;� |VW �

�& G�I Gî= ÈÌL )Td üÞ i$Ì )TYU FD� ��

L EÝ: ×TU þ6��. OQ �= �6@ IF� �W}K FeL

~F ³´J) X� üÞ Û<@ ���ÌÍ Wa �d i$L ã 5�

E) XK Û<� ���` õ?�Ia ��.

3-4. � �� 
 ��

Pradip� ShekharK ;� |VW b J �K � NVF ³´� $�

; A÷�¡ OQ �= �6@ ½$b/P ��� Ú��ì�[22-23].

CDYU Ò M�&}K J NVF 0�! |VW b OQ �=& ­¥

K èé@ ë���S 0�!& 0.2 wt%� J@ öL�I 500oC�

600oC&} |VW vê@ vb�ì�. Fig. 10, 11&} 500oC&}K J

NV� A÷TU ��I OQ �=F J NVF A÷J) X� |VW

vêÚ� I�ÎK ×@ ë� � P ��. |VW �� Ï�&K OQ

�=�� [F, JF öL� p8L � ~F EÝEKµ FK ���  

Fig. 8. Zn XPS result of coke deposition.

Table 5. Content of reactor materials

Element Stainless steel Hastelloy

Fe 67.564 16.000
W - 14.000
Cr 16.300 16.000
Ni 12.150 55.000
Mo 12.050 17.000
C 10.019 -
Si 10.530 -
S 10.001 -
P 10.036 -
M 11.350 -

Fig. 9. Effect of reactor material on coke deposition in stainless steal
and hastelloy.

Fig. 10. Effect of sulfur on coke formation at 500oC.

Fig. 11. Effect of sulfur on coke formation at 600oC.
���� �41� �1� 2003� 2�
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¡&} JF Fe� ��@ �¡} EÝEK �6TU (���. ���

& |F LW)¡} ���  ¡& 4Û�K i$K� iQ�� ��

F ��)� J� ��@ �' ��. FÁ' JF ��� J$K� i

$KF OQ �=� 7e_ 0�@ LM ×@ ÇWbc¡} OQ �=

@ IFK ý�` LªÈ�. 5�=TU 7e&} JF 4Û� p8 7

e� NOTU ��I 7e� �NF P�)K ×� +� ý�F�. �

� J� OQ �=� �Ì�� Fx��@ ³´�K $%&& ��J

� Fx��@ _��' Jd FK Lî_ 0�@ �I OQ �=��

��` �$bq�. vê ��& ��¡ JF ³´J��) X� p8

& OQ �=�K �¬@ L)), JF ³´� p8&K OQ �=�

L �¬F -.d �"NF -Q OQ �=�` ¬N��. JF öL�

p8& EÝEK OQ �=�� ¬Ë` Fig. 12& EÝ�B�. JF ³

´� p8&K OQ� PQ� ��Ú�K J�� ��F � ~F 5�

E' J¡} C-H ��F 6¤=TU )-)K ×@ ë� � P ��.

CDE 600oC&} J� OQ �=@ �LbcK 0�@ �' ��.

600oC&}K |VW ��F � �L�' Jd, ¼/} OQ �=@ 5

T/ P �K $%&¦ 0b � �L��. 500oC&} Ú� � ~F �

N� F $%&¦� J� � ~F ���' J¡} �£ ¬Ë� ��@

�' J� �� ÈÌ& �W ���  ¡& JF »- ��Ú�K ��

� �� $%&¦� � ~� ��TU ��I OQ �=@ �Lb/ ×

TU þ6��.

3-5. �!
 ��

Fig. 2� vê�¥` F��I !Þ� OQ�=� ¬N� 6ââ�&

¤� vê@ P��ì�. ���U A÷JK 0�!� ÞÌ` �Lbc

d 600oC, 6b�� �RTU vê@ P�� �� Fig. 13� +� ��

` �B�. ��� �� reynolds numberK vê&} vb� !Þ x Õ

�� ÞÌ&}Ì :% è0& ³´J) Xæ� �ò S% è0&} v

êJB), !Þ@ �Lbc¡ OQ �=�� [� @Q�ì�. ¼/}

v_ "w&} OQ �= �6@ IF� �W}K !Þ@ �F� ��

��&}� �% b�@ @Qbc¡ J), |VW �oT@ �Lbc

� �W}K ��� �&}� �%b�F �U wÌ 7
U �YU Û

øo "w@ F��I o%G` �I} "w@ �#�Ia ��.

3-6. PS, PP, PE
 ��

�VSK A |VW��F ôbJ� �& ��6ËU 4Û�YU R

0�!� Ê��I |VW` vb�¡ Ï� �6;<� R0�!� |

�Ã ý�U ��I �oT� 6Vý�` �¤� P ��. ¼/} �V

S ;<� Ê� |VW b OQ �=& ­¥K èé@ ë��� ��I

0�!& polystyrene, polypropylene, polyethylene@ gg 30 wt% öL

�I 16.45 ml/min� �w� !Þ&} vê@ P��ì�. Fig. 14&}

PS̀  öL�ì@ ¹ OQ �=F L� ~F ���ìKµ F×� PS�

VW �N6 ��� sé'� ¬N&} ��� ×TU (���. FD

� sé' $�;� PP �K PE� ���Ú� D�' OQ �=��

*TU º��K ×TU (���.

4. 	 �

MÞ A÷¸ |VW ���` F��I 0�!, 0��!, R0�!

� b�` |VW�ì@ ¹ ���  ¡& �NJK OQ�= �6&

â� M�` P��ìTd �W� +� �X@ �B�. 

(1) |VW �� b ÈÌK OQ �=� �N� L� û *�F Jd, È

ÌL �L�PÍ "uJK �!&()& ��I �=�F �L�' ��.

(2) 0��!� 0�!� OQ�= vê&} ��;& 4Û�K öL

;F OQ �=� [@ u�� �Lb§@ ä P ��. ��, R0�!

& ³´� Ø�;� OQ �=� *TU º�´@ ä P �BTd Ca

� ZnF ³´� $�; x CaK �� Ï�& ���  ¡& OQ�=

Fig. 12. C-H bond comparison of coke in FT-IR. Fig. 13. Effect of flow rate and Reynolds number on coke deposition.

Fig. 14. Effect of polymers on coke deposition at 600oC, 16.45 ml/min.
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(3) ���  ¡� OQ �=� ���� Û<& ¼/ ~� �$` Ú

Fd ��� i$K OQ �=@ �Lbq�. Fe�|� �ü ���K

��� i$U ��I OQ �=@ �LbcYU ��� _º b Fe�

|� ���K ���) XK ×F OQ �=@ Ç@b/ P ��.

(4) J NV� ���  ¡� 7e= N<@ L)K �N�@ _��

d Fx ��& ���I OQ �=@ @Qbq�. CDE 600oC F6

&} J� OQ�=@ �Lb/ P ��.

(5) ���� !ÞF �`PÍ OQ �=@ @Qb/ P ��. ¼/}

�� �R 
w b o%G` �LbY ��� �& !Þ@ �Lbc¡

OQ �=@ @Qb/ P �@ ×TU (���.
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