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Abstract − Pore structure and acidity of acid-treated domestic natural zeolite, whose major component was mordenite, were

investigated as well as their catalytic activity in the liquid-phase degradation of HDPE. Although the catalytic activity of ori-
ginal natural zeolite was extremely low, those of acid-treated natural zeolites were considerably high due to removal of impu-

rities and development of mesopores. However, acid treatment of a high concentration HCl such as 4.0 N caused destruction of

mesopore and elimination of acid sites on the external surface, resulting in lower activity. The acid-treated natural zeolite with

1.0 N HCl showed the highest activity in this study. The mixed catalysts composed of the acid-treated natural zeolite and BEA

zeolite were effective to obtain high conversions of HDPE with small loadings of BEA zeolite that had a high activity but was

expensive.
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;�<
 =��, 25 �� 1999> ?@7� 860* AB �C�[1]. �

� DE 
�� 
�6 F07 GH IJK�. LMB, NO�P� Q

R�� F0�S��, T�U !0 VW) XY�Z� F0 ![ \Q

�]) ^_`�� ab�c 3 =, de� fg<
 =�.

�Q� 
�� 
�) h�i �C '() *j 3 =�k �l ^U

`�� ab�<m�
 n 3 =��, 
� o�p �q '&�� ab

� rf� s% t�. �u�, F
�� 
�) v�� wN� �EH

x y7z� {z |}� ~�H�, ��` ab� de� rfk�

� �qkBi ^U`��. F
�� 
�6 v�E, ��U #��

y��%* �� �qBi #�E� <Z�, B�%� I� ���


��: � \�3Qq �� ?�<� |}� ���� ]}�i (�

� ����[2, 3]. �B �E wN� .��k �� �qBi �E<Z

� {z ?�
 3_� �
, B�%q `� Qf<� �'`�� X5

��. �k wN ��� ��� ���
, b�o�� �� #�� �%

tJ wN�E� �+H X5�%*� t�.


�� 
�) 1� v�EH� � wNp ��H�, 0��E��

[4]� I� |"<m�. ��� � �¡Bi 
�� 
�U wN� ¢

£ ��H�, {� wN�E��� ��� y��� B�% Q�� ̀


 ���¤� �� {z ?�
� I� ¥�¦i �'`�� X5�

�[5-8]. ��� wN� hJ =, 
�� 
�� §�¨� =� \Q

©`� ªE �«.�� ¬�1�Z�, wN ��� IJ¦i 3­�)

o�H��.


�� 
�6 �E��B, ®�� "��¦ � \�3Q ?�� ¯

'<� b�o�� °± ²³(BEA)� ZSM-5(MFI) '´��µ� .�

/�[5, 8, 9]. ��� 
�D ¶� '´��µ� .��k �'�� �

�. ·| '´��µ, ¶� '´��µB �E �¸� o¹��, '´

��µ º7� `
 ®� "#� �`»�� F
�� 
�6 �E w
157
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N�, ̀ »�% t�. ��� ·| '´��µ� @¼5�� ¬�
)

'P�
 ®�� ��`�� ½%k wNp ¾¿'�i ^� �¤� ½

��[10, 11]. @¼5& ·| '´��µ� À� Á��� ¶� '´�

�µ6 .�7) ÂÀ 3 =�k, F
�� 
� {���6 3­� Ã

�q 0!c 3 =�.

·| '´��µ6 @¼5 ^U, @ ÄqB Å� �Æ�[12]. Ç�

@�� ¼5�k ¬�
� È� 'P<
 ®�"#� X%<,- �E,

�& @�� ¼5�k ÉÊËÌ� À� 'P<� ®�� ½%
 @Í

� Â�Î�. @� %�¤� Ï�k ÉÊËÌ� I� �Ð<� "#�

�i%
, @�q, ÑE��. � |", Äq� �C W@ �{�� ¼

5& ·| '´��µBi 
�� 
� {� �E��6 b�) #.

& Ò��. @¼5� D& ·| '´��µ6 "#p ¾¿�� Ó��

{� �E��Bi wN b�U ÔÕ%� 
Ö�S�.

2. � �

2-1. ���

×ØÙX��ÈÚÛ.Bi '#& ��7� 25*D 
Üq Ý5BÞ

ß(HDPE, HN 5200B)) ��
� .��S�. �� Éà� �¡D

HDPE6 � %3(M.I), 0.35�m�.

áâ0� ã� á¿Hx '#& HDPE H46 `äå ¾3 �æµç

) FT-IR ̀ äå �è0(BIORAD, FTS-175C)� �é�. ¾3 �æµ

çBi, ê�\�3Q6 ëìD í�î6 [â �ïU "�ð �ï6

¾3ñ+� 3,000-2,840 cm−1U 1,470-1,450 cm−1Bi �³ò�. ójð

�ï6 ¾3ñ+, 1,380-1,370 cm−1, 720-725 cm−1Bi ÔÖ/�. �k

1,645 cm−1p 2,260-2,100 cm−1Bi �³�, C=C �ô õ¶�� CöC

÷ô õ¶B 0D& ¾3ñ+, �³�% tø�. Å�i � ùúB .

�& HDPE H}, ¬ê�0� P6 û, \�3Q ü¶
� n 3 =�. 

H�v�Ù0(DSC, Dupont Instrument 910)B H}� ý
 �Q �

þ0Bi 10oC/min� ÿ�H�ki HDPE6 � Pï) #.�S�.

ù�Bi�  500oC$% �Q �þ0Bi 10oC/min �q� ÿ�H�

ki vô7 �Ù0(Dupont Instrument 951)� �7 �Qq ���S�.

DSC õUBi, 136oCBi ¾v�s� ��* �³�
, vô7 �Ù

Bi, 450-485oC .�Bi �7� 95% Â�j� HDPE H}6 \Q

.� ��, ��` �À��
 	y<m�.

2-2. ��

wN, �
 �ÈH �
k ��5Bi �
& ·| '´��µ(&�

�GÈÚÛ.)Bi 75-45µm �þ Éà�� z� �� .��S�. 0.2,

0.5, 0.7, 1.0, 2.0, 4.0 N W@�� 80oCBi 5H� ïe �� �v& �

3®�
 550oCBi 6H� ïe Q��� wN� .��S�. '#&

wN, ·| '´��µ(natural zeolite) �6 NZ �B .�& W@ Ä

q� �× eB `� “NZ(1.0) wN” �¡� �0�S�.

·| '´��µ6 #�� EDX(NORAN Z-Max 3000 Series)� #

.�S�. X-å Û» ��� X-å Û»�Ù0(Rigaku D/MAX-1200)�

CuKα, 35 kV, 15 mA #�Bi Ni � � .��� �é�. ��¾¿

7 �� l¤� {z�Q �qBi #.& �Q ¾¿	�å��� 

BET �k`) �@�S�. ®� s0, ô7Ú ¾¿l¤� ��& �

� ¾¿�q� ���S�. 300oCBi 2H� ïe �0& � 20oCB

i 3.5 kPa6 �� ;0� ��� ¾¿<, �) ���S�. �f�J

ÿ� ¿d!�� @¼5& ·| '´��µ wN6 @�q� #.�

S�. "# 0�Bi 550oC� 2H� �0H� � 80oCBi �f�J

� $�� u%� ê�<q& ¾¿H'�. 
5¾¿/ �f�J� 'P

�0 þE 2H� ïe "#) (± �, �� 10oC/min �q� ÿ��

ki v~q )Ð0(TCD)� �f�J  ¿7) ���S�.

��� wN� À* wN�Û� '�& f+��µ(JRC-Z-M-20,

MOR), ¶�& s5�³����µ(CLI)[13], PQ.Bi ",& ²³ '

´��µ(Si/Al=13)� .��S�.

2-3. HDPE� ����

·| '´��µ wNBi HDPE6 {� wN�E��) Fig. 1B u

D Û�Ú ��0� #.�S�. 1 L ��0B HDPE 200 gU wN 4 g

) ý
 �Q� (- @Q� �'& �. �v�S�. ä� �v0�

520oC$% �v& �¡Bi, ��0 %�� 410±10oC� #»c 3 =

m�. @Q X,) /0 þ�� �Q� 60 ml/min X��� (-Èm�

�, �ÙÚ ��0(SJM-16, �ÈU�)� ���� 400 rpm �q� o�

Èm�.

�� 0�#(VS-1205CW, Vision Sientific Co. Ltd.)� ���� −4 oC

$% 1RH� �â0� P2 34� 56� 370B {z ?�
)

fø�. ��� b�� 23& ²³ wNBi HDPE �E��� 8õ

<, - ��& 210� ïe �9H'��, �: ?�/ 0zp {z ?

�
) fJ 3_U ~�_) õ��S�. ��
B !& {z ?�


6 �7 ;�_) {z ?�<� �³%m�. 0z Y?7� 5-10� �

¸�� X70� ����, 0z ?��q� õ��S�. ��� =ò

� ��0B �E<% t
 ØJ=, 
�� 
�6 >�� ?J ��


B !& �E ?�
 ~z ;�_��  ~�_) "�� {zp 0

z ?�<��  ¥� ~�_ @6 ³��) );�S�. ABC H}

ÈD�B f� 0z ?�
U 370B fJ� {z ?�
) HP-5 f

®Ô EçU FID )Ð0� l¿/ ��s�FT�MB(Donam DS

6200)� �Ù�� #�) õ��S�.

3. �� 	 
�

3-1. 	
�� 
� ������ ��

·| '´��µ wN6 õ���) X-å Û»��Bi X��S�.

Fig. 2B ·| '´��µ wN, ¶� s5�³����µ, ¶� f+�

Fig. 1. Schematic diagram of the reaction apparatus. 
1. N2 cylinder 18. Cooling water
2. Needle valve 19. Circulator(−4 oC)
3. Flowmeter 10. Condenser
4. Magnetic drive 11. Buret 
5. Reactor(1 L) 12. Gas bag
6. Heating mantle 13. Vent
7. Temperature controller
���� �39� �2� 2001� 4�
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�µ6 X-å Û»��) ºG �³%m�. ·| '´��µ wN6 È

� X-å Û»�s, f+��µ6 Û» �sp H À¤��, ·| '´

��µ wN6 È��� f+��µI) É 3 =m�. f+��µ Û

»�s 6J6 k`���  ��& ·| '´��µ wN6 f+��

µ º7� 49%�m�. � äBq ·| '´��µ wN6 X-å Û»�

�B, 2θ� 11.2op 30oD KBi s5�³����µ6 Û»�s�

Ñ�� �³�
, ÙLU lÙ6 Û»�s GH 26.5op 28o M¼Bi

Ñ�� ÔÖ<m�. Å�i � ùúB .�& ·| '´��µ wN6

È��� f+��µ�%*, s5�³����µ, ÙL, lÙ 	� Q7

N� =, Ò) É 3 =�.

@¼5 ~�6 ·| '´��µ wN6 #�) Table 1B �5�S�.

·| '´��µ wN6 È��� SiO2p Al2O3��, � äBq K2O,

CaO, Fe2O3, Na2O, MgO 	� j� =�. ÙL� j� =�k Si/Al O

�� ½%
, lÙ�� ÍT� j� =�k Si/Al O�� �J%0 :

PB Si/Al O�� '´��µ º7) ���0, �Q�. ��� Si/Al

O�� 5B �R
 VS ®Tïe U�<m�Z� õ��� �JK�


 uk, H}6 f+��µ º7� X-å Û»��Bi ��& 49%u

� I) 3 =�
 0!/�.

·| '´��µ wN� @¼5�k \@W 	 �� �E<P� �E

<, ¬�
� 'P<
 V¸6 ÉÊËÌq À� �Ð<� ®� ,"

� ½��. Table 1Bi uW� W@ Äq� �E�3& ÉÊËÌ �Ð

7� IJ¦ Si/Al O�� ½K�. @¼5�k XY º7� s� Â�

Î�. XY ��7� \@W 	6 �¡� N� =� Ñ& W@B 6E

iq �� 'P<0 :P�� ��/�. �k Z� @¼5� �� 'P

<% tø��, W@ Äq� 4.0 N�� N2 ÏE� Ñ� Â�Î�, Í

Bi �Ð<0 �-[ �¡� '´��µB N� =�
 ?R<m�.

W@ Äq� ?5�� @¼5& ·| '´��µ wN6 X-å Û»

��) Fig. 3B uS�. �& W@�� ¼5�k s5�³����µ6

Û»�s, P6 û�%%*, f+��µ6 ë� Û»�sB, \ Ó�

� ûm�. È��D f+��µ, P]B u
/ Ò¼ç ��: �&

W@�� ¼5��q "#� P6 �i%% tø�[7, 10, 12].

@¼5� D& ·| '´��µ wN6 ®�"# Ó�� �Q ¾¿	

�å�� X��S�(Fig. 4). ·| '´��µ wN6 ¾¿	�å�

Langmuir���. 0.5 NU 1.0 N W@�� ¼5�k 0^0� ½��,

ÍBi @¼5� _#®�� ?�`) u�9�. ��� 4.0 N W@�

� ¼5& NZ(4.0) wNBi, Ë®®� �`B E�<, �� áaB

i ¾¿7� IJK��, 0^0, q5� Â�jm�. Ï& @�� ¼

Fig. 2. XRD patterns of CLI, MOR and natural zeolites.

Table 1. Chemical compositions of acid-treated natural zeolites

Component
Concentration of HCl solution, N

0 0.5 1.0 4.0

SiO2 76.21 77.71 78.41 81.81
Al2O3 13.11 12.71 11.91 10.61
K2O 3.9 3.6 4.3 3.4
CaO 3.2 2.0 2.0 1.2
Fe2O3 2.3 2.2 2.0 1.6
Na2O 0.7 0.8 0.8 0.8
MgO 0.6 1.0 0.7 0.6

Fig. 3. XRD patterns of acid-treated natural zeolites.

Fig. 4. Nitrogen adsorption isotherms of acid-treated natural zeolites.
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001
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5�Z� Ë®®�� IJ%�, _#®�� À� �i¦ �!`�� Ë

®®�� �!`�� IJK�. @¼5� D& ®�"# Ó�, ��6

¾¿ùú õUBiq X�c 3 =�(Fig. 5). ·| '´��µ, NZ(0.5),

NZ(1.0) wNBi �� ¾¿7� ii: ;�<�, 60�� %�q b�

B �Æ% c&�. �k NZ(4.0) wNBi, �� �d� 3 =, Ë®

®�� IJ¦i �� ¾¿�q� e���. �� Äq6 @�� ¼5

�k Ë®®��  _#®�$% fg� ?�<%*, 4.0 N6 Ï& @

�� ¼5�k \ ®�� �!`�� `�¦i �� ¾¿7� Â%*

����6 £M� ��E¦i ¾¿�q, e���.

·| '´��µ wN� @¼5�k ÉÊËÌ� 'P<� ®�"#

q Ó�%* @�qq ?���. Fig. 6B @¼5& ·| '´��µ w

N6 �f�J ÿ�  ¿ùú õU� uS�. @¼5& ·| '´��

µ wN, ÉÊËÌ �Ð� @Í� Â�j� �f�J  ¿7� ·|

'´��µ wNB �E `�K�. ë: Ñ& @ÍB ¾¿<m�
 X

�<, �f�J  ¿7� s� Âm�[14]. �k Ï& @ÍB ¾¿<

m�
 X�<, 350-500oC �þ6 �f�J  ¿7� #4hB Â%

tø�. @¼5� ¬�
6 ÉÊËÌ�� V¸B Ñ�� õ¶<� =,

ÉÊËÌ� �Ð<� ~z`D @7� �Q�S�. ��� '´��µ

V¸6 Ï& @Í) "��, ÉÊËÌ� P6 i¦ �V% tø�,

Ò) É 3 =m�.

3-2. HDPE� �� ����

HDPEp wN� j�=, ��06 �q� ��k HDPE� h�k

i �E��� H�/�. Fig. 7B NZ(1.0) wNBi HDPE� �E<�

0zp {z ?�
� ?�<, U�) uS�. ��0 �q� 350oC

M¼Bi 0z, 400-420oCBi {z� ?�<0 H�&�. NZ(1.0) w

NBi �E��� °5%* �� �9/�. NZ(1.0) wN6 {z ?�


 3_� 53%�m
, 0z ?�
 3_� 8%��i, ~z ~�_�

61%B �C�. 0z ?�
6 !��� C3-C5 \�3Q�m
, {z ?

�
� C5-C15 \�3Q ü¶
�m�.

W@ Äq� ?5�� @¼5& ·| '´��µ wNBi HDPE {

� �E��6 ~�_U {z ?�
 3_) Fig. 8B �³%m�. W@

Fig. 5. Uptake curves of benzene on acid-treated natural zeolites.

Fig. 6. TPD profiles of ammonia from acid-treated natural zeolites.

Fig. 7. Catalytic degradation of HDPE over NZ(1.0) catalyst at 410oC.

Fig. 8. Variations of the conversion and liquid yield over acid-treated
natural zeolites with the concentration of treating HCl solution
in the liquid-phase degradation of HDPE at 410oC.
���� �39� �2� 2001� 4�
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ion,
Äq� �J�3& ~�_U {z ?�
 3_� ;���, 1.0 N W@

�� ¼5& NZ(1.0) wNBi �l �ø�. W@ Äq� + �J%k

~�_U {z ?�
 3_� q5� �J��. 0z ?�
 3_� 5-

10%� @¼5 ÄqB Ô�û� �° wNBi� �j�S�.

Fig. 9B @¼5& ·| '´��µ wNBi ¥�� {z ?�
6

���ê� �³%m�. @¼5& ·| '´��µ wNBi ¥�� {

z ?�
6 !��� C5-C15 \�3Q� ²³ '´��µ wNBi ¥

� õUp �j�S�. �* Ï& @�� ¼5& NZ(4.0) wNBi �

\�3Q� `� ?�<m�. ®�"# '&� û, ä�k @ÍBi,

� .�) �� \�3Q� ?�k l<� ��. @¼5� ä�k @Í

� I� 'P<� ®� %Bi �E��� È� �9<Z�, Ï& @�

� ¼5& wNBi � \�3Q ?�� ̄ '/�
 mnc 3 =�[7, 8].

·| '´��µ wN� @¼5�k ¬�
� 'P<
 ®�� ½¦

i HDPE �Eb�� �J��. 5�[ @Í ?�u�, �� ¾¿7

;�Bi u, Ò¼ç 
�� 
�6 l@� ��E¦i �Eb�� ½

��
 X�/�. ��� W@ Äq� %�¤� �Ji _#®�� �

i%
 ä�k @Í� s� Â�jk �Eb�� q5� �J��. `

»& Äq� @¼5�k ¬�
 'Pp _#®� Y?� ·| '´�

�µ wN6 �Eb�� �J%%*, @¼5� %�¤k �Eb�� q

5� �J��. '´��µ wN6 
�� 
� �E�� b�� ä�

k`) õ��, ,� s0p Ü£& Ô�� =�[8]. @¼5� ä�k

@Í� 'P<0 ��, ÍBi, W@Äq� %�¤� �J%k ä�k

@Í� s� �Q<� wN b�� Â�Î Ò�� ?R/�.

®�� s
 "��¦ =� ��
6 �ï� ����, @®0� Ñ

�� \Q©`� `� ²³ wN, PEo� �E��Bi b�� ��

[5, 6]. ²³ '´��µ, HDPE6 {� �E��Biq b�� �J

Fig. 10B uD Ò¼ç HDPE 200 gB ²³ '´��µ� 4 g ��� �

�H�k 210�*B �E��� 8}/�. �B �E @¼5& ·| '

´��µ wN ôBi �Eb�� �l �� NZ(1.0) wN� 6 g .�

��q HDPE6 �E��6 ~�_� 71%� ��. NZ(1.0) wN, @

¼5�� ·| '´��µ wNB �E ~�_� 3� �q �J� w

N%*, � �z*��, {� �E��B wN� .��0 �Q�. ²

³ '´��µ .�7) 2 g, p ��� Â�k �E��� °-%
 ~

�_q 90%� �J��. ��� ²³ '´��µ 2 gB NZ(1.0) wN

6 g) �� .��k, ²³ '´��µ� 4 g .��S) :p �j��

�E��� �9<m�. {z ?�
6 ���êq ²³ '´��µ*

.�q) :p P6 �j�S�. @¼5& NZ(1.0) wN� À� Á��

Z�r ²³ '´��µ .�7) »��� ÂÀ 3 =m�.

4. � �

�3& ·| '´��µ wN, HDPE6 �E��B b�� N2 �

��, @¼5�k ¬�
� 'P<
 _#®�� ?�<� b�� s�

�J��. �k @¼5 Äq� �> �J%k _#®�� À� �i%


 ä�k @Í� Â�j� �Eb�� �J��. � ùúBi, 1.0 N

W@�� ¼5& NZ(1.0) wN6 �Eb�� �l �ø�. b�� ��

� 
�D ²³ '´��µp @¼5& NZ(1.0) wN� N� .��k

²³ '´��µ .�7) ÂÀ 3 =�, 
�� 
�6 {� �E��

3­�� �J��.

� 

 

� sP� 2000> �t&u21.� vª��6 |"ù`
�i, %]

0ÔB �.+O��.

�
��

1. Petrochemical Korea 2000, Korea Petrochemical Ind. Associat

38(2000).

2. Williams, E. A. and Williams, P. T.: J. Anal. Appl. Pyrolysis, 40, 347

(1997).

3. Bockhorn, H., Hornung, A., Hornung, U. and Schawaller, D.: J.

Anal. Appl. Pyrolysis, 48, 93(1999).

4. Tachibana, T.: U.S. Patent, 5, 738, 025(1995).

5. Shim, J.-S., Kim, K.-B., Kim, J.-H. and Seo, G.: HWAHAK KONG-

HAK, 36, 447(1998).

6. Shim, J.-S., You, Y. S., Kim, J.-H. and Seo, G.: Stud. Surf. Sci.

Catal., 82, 465(1998).

7. You, Y. S., Shim, J.-S., Kim, J.-H. and Seo, G.: Catal. Lett., 59,

Fig. 9. Compositions of liquid products obtained from the liquid-phase
degradation of HDPE over BEA and acid-treated natural zeo-
lites catalysts at 410oC.

Fig. 10. Catalytic degradation of HDPE over BEA and NZ(1.0) cata-
lysts at 410oC.
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001



162 ����������	

h,
221(1999).

8. You, Y. S., Kim, J.-H. and Seo, G.: Polym. Degrad. Stab., 70, 365

(2000).

9. Mordi, R. C., Fields, R. and Dwyer, J.: J. Anal. Appl. Pyrolysis, 29,

45(1994).

10. Ha, B.-H.: HWAHAK KONGHAK, 16, 71(1978).

11. Chon, H. and Seo, G.: J. Korean Chem. Soc., 20, 469(1976).

12. Chung, C. S., Seo, G., Chon, H. and Kim, H. G.: J. Korean Chem.

Soc., 21, 204(1977).

13. Seo, G., Kim, M.-W., Kim, J.-H., Ahn, B. J., Hong, S. B. and U

Y. S.: Catal. Lett., 55, 105(1998).

14. Katada, N., Igi, H., Kim, J.-H. and Niwa, M.: J. Phys. Chem., 101,

5969(1997).
���� �39� �2� 2001� 4�


	산처리한 천연 제올라이트 촉매에서 HDPE의 액상 분해반응
	정승원·김종호·서승곤†
	전남대학교 공과대학 공업화학과 (2000년 9월 26일 접수, 2001년 2월 27일 채

	Liquid-Phase Degradation of HDPE over Acid-Treated Natural Zeolite Catalysts
	Seung Won Jeong, Jong-Ho Kim and Gon Seo†
	Department of Chemical Technology and The Institute for Catalysis Research, Chonnam National Univ...

	요  약
	1. 서  론
	2. 실  험
	3. 결과 및 고찰
	4. 결  론
	감  사
	참고문헌



