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� �

� ��� ����	
 poly(ethylene terephthalate)(PET)� ��
� �� ��� �� ��
 �� ����� ���

�� ���� . !�" 
��# �� ����� ����$ %&' �� ��� (��) *+�, 250 bar	
 -��

300, 320, 340oC. // 01234
 PET� ��
� ��5 67�� . / -�	
 8� 1�9� :;<( 76-90%$ =

+�. >? @ABC -�$ D$E	 FG :;<� D$�) 
�2H 10�	I :;<( 98%(J� @K L5 MN5

O 6 PQ . 2R 
�	 �8�) 
��� J6� �SBC (� (��) :;<5 TU��IV WX 2%+�� YR

Z�. ���# [K *�� M� . � ��	
 \K 
���J6� (��) ]NT6 9	
 PET ��
�� ^_1

	`a� ���IV b LK 54.4 kJ/mol (Q .

Abstracts − To investigate the decomposition kinetics of poly(ethylene terephthalate) the high pressure molten-polymer

injector has been devised. Using the experimental apparatus equipped with batch reactor and high pressure molten-polymer

injector the decomposition of PET has been performed at constant pressure of 250 bar and 300, 320, 340oC, respectively. At
each temperature conditions the conversions after initial 1 minute have shown very high values such as 76-90%. As the tem-

perature increases the conversion reaches more than 98% at 10 minutes. Based on the second order reaction model the reaction

rate constants have been obtained. We can calculate the conversions within 2% errors utilizing optimized rate constants. The

activation energy for the decomposition of PET at subcritical conditions has shown to be 54.4 kJ/mol.
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��� �����	 
��
� �� ���� ���[1-10] ���

�	 ���� ��� � 	 !"# $%& '"()	 *+� ,-

./# (01� �2. �����	 
�- 34	 56�
� 789

���� ��� :;<=> 1�& ��? +$, �(@A BC	 D

E, F��
	 
� G ��� ��H�I	 ��? JAK LMBC

	 DE N OP 2Q& �
� +R�� ��S T U�I� VWX�,

V?Y	 Z[ G �\BC	 ]W NK ^_89 ��� ��H�I

	 LM�
1 U`& ab KD� �c�� �2. ������ d�,

e/ N	 fREg� h� ��	 iAj< kL8l �� 1m& �


 n�	 i1A1 ��� ��H�I	 �
# o 7 n/p�� q

r� ���, �
� ^_s (� ab ?t	 �u�� v�L8�S

wxy# z� �� {"12. ���W> �
 n�� |�8� 
�

ab G (�ab� }~K �� N�I P� 1�w�� ���, i�

���� }~	 Tohoku �MK �� BC�M��()ab�(NIMCR)

> U��� ���WH�I V��?	 ��� �89 |+& ab>

W�8� �2. Tohoku�M ab��I� 9m <� ��? BCr	

��> ��8��S ether, ester� acid-amide bond> $%8� ��?

BC- ���WH�I 2-10�	 OP �- �
��� �� � W �

�# ��� �2[11]. �H	 ���� ��?	 ���� ^& ab

� ,1 1�w� ��� �����> 
�& ab� T �?< ��

& W�1�� �1 �{12. Tm� ��� �Hab?� 	� ��

� �:�(methanol)H�I poly(ethylene terephthalate)(PET)	 ���

^& � [12]1 +¡���� ¢�� ��� ��> 1�& ��?	

��� ^& �H ab� |AL� ��� (�s2� £ W �2.

¤Z ~ ab	 �v��?� �w �� PET	 ��¥¦ U�I §
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¨ �:�# |�89 dimethylterephthalate(DMT)> ]W8� ¥¦#

©ª«(� &2. K¬�� (v��¦K ­v��¦1 �����S,

(v��¦	 ���� DuPont�I 8,000®/̄ 	 X�@/# <° �

±�²# ²�8� �³fR# 1992̄ � ́ t& {p1 �� ��� µ

x� ��� DMT	 ]W¶1 85%� ·&2� «� �w �2. ­v

��¦- 2� ¸f Eg�I fR1 <@8� ¹- W¶� º.»

(monomer) ]W< <@8�q �
��1 10��1 � "�� ¼½ ¾

� ¿n	 ���  D< �w v�L8�S�  D< �2� £ W �

2. 1� �89 �����> ��8� ¥¦- (À	 �"� Á89

�
Â�< ¹� <=[AK ��
# Ã�8� Ä# Åq OÆ� Y

tÇ º.»> ¹- W¶� ]W£ W �� È- iÉ# <�� �2.

~ ab�I� ��� �:�«2 �
Â�< ÊË ÌÍ� PET> ��

£ ��� <W�� �
� 	89 Yt BCÇ terephthalic acid(TPA)

� ethylene gylcol(EG)# ÎÏ ]W£ W �� ���W> �
 n��

�Ð ÐÑ8� ab> °�8���, ~ � �I� O��W�I	 {

³ÒK> §¨ «�8� ¤Z °� UÇ ���W Eg	 ab ?t�

ÓÔ� +¡8�? &2.

���WH�I ��? ��� ^& ab� }~	 Tohoku �M a

b�� 	� ,1 °��w ��S Õ� 2-10�	 �- �� H� ��

< s2� ÒK 1Ö� �
Â�� �
 �×ÆØ(mechanism)� �&

?t� ¬	 Ù# W< Ú� {"12.  Û� +¡s �# ©ª«Ü Á

Ýp Þ- d�	 O��W U�I ���
# ��8� �
Â�> ß

"& ?t> à W �(� 82. Campanelli N[13]- PET	 <W��

� �89 ab8��S �
d�< 250-280oC	 ÁÝp Þ- d�1

� e/� �& �á1 Ú� âã12. ä& ��� Kao N[14]� Áå

& ab> °�8��S æç<�� �
d�< 235-265oC	 Þ- d

�� »B� �2. Campanelli ab�K KaoN	 ab� �w �èé

- �� "�° Q	 BK PET> ]�ê �
(� ë� d�> {³d

�� �ì 2�� �
# °��í� îï89 [AB# �ð8� ¥

¦# ��8��� 1m& ¥¦- �
d�< 7 ¹¬� ���W v

ñ� �Ü �
(> <�8� U� ¬	 ���	 PET< ���w ò

x {³# £ W Ú�  Dé# ó� �2. {D� �e	 ]�ê �


(> 250oC1v 7 ¹- d�� <�8�S� ��& 30� 1v ô�

� �1 ���1( õ � 2-10�	 �- �� H� ¬	 ���	 �

�?< ���� �d	 O��W� ���W H�I	 �
# ab8

( ö�I� (À	 ¥¦��� ÷<@8� �- �� H� �evñ

� �øs ��?> �
(� Pù8� ±j	 *+1 úWp1�� £

W �2. ¤Zû� ���W H�I PET ���
� �& �
Â� ?

t< R½& �� 1� ü- {³v	 wxy� (Ç&2� [ýs2.

2. ���� 	 ��
�

~ ab�I� �=þÍÒJ# $%89 ÁÝp <W��< �1&

��� µx° poly(ethylene terephthalate)(PET)> �vBC� Ð"8

9 250 bar	 }"& e/K O�� d�(300oC, 320oC, 340oC) Eg

8�I ���
# ��8�2. ��?	 ��{³� rw<( R� �

6(	 Y�> 1�& �e ��? ÿù±j> �ó8��S, (�{³

ÒK Y8� e/�� }"�	 �ø ��?> �
(� Pù£ W �

w �
( �d��� h�  D> �Ò£ W ��2.

���
� ��s ��?� ù? vñ	 poly(ethylene terephthalate)

(PET, Mn=28,500)1� (P)\A���� D��O ��8�2. [AB

�ð� ��s terephthalic acid(Aldrich, 99.5%)� ethylene glycol(Aldrich,

99.9%), diethylene glycol(Aldrich, 99.9%), triethylene glycol(Aldrich, 99.9.%)

- ��	 "D Ú1 ��8�2. ��s B- 3Ó ��W� 1> 2�

	e±j> 1�89 (� D¬& Ô ��8�2.

2-1. ����

~ ab�I PET	 ���
# ö� ��s {³±j> Fig. 1� �


H�2. {³±j� ��W Pù# ö& �e� "���(GL Science

Co., PUS-11), ?ðê Ý�±j< �
s �e �
((Reaction Engineering

Co.), PET> ÿù8( ö89 �ós �e �ø��? Pù±j� b

A�w �2.

�e �
((500 ml)� ?ðê Ý�±j< �
s Reaction Engineering

�	 �# ��8���, d�� �
( H�	 �R�� aÒs PID

d�E�((RKC Inst. Co., REX D-900)� �
( Ö�� ²js <�

�> 1�89 E�&2. ä& �
( H��� ïý�Ç# ²j89

�
�� Ç& d� v�# ¥�8� d�E�1 �18�� 8�2.

~ ab	 {³±j�I <± U`& ��1 �e �ø��? Pù±

jÇS ~ ab> è89 ��f ��? Pù±j> ²�, D�89 �

�8�2. vd�I ��Ç PET> �e�� Pù8( ö�I� �øv

ñ	 ��?> 1��
 8�S, ��?> �1( ö�I Pù±j>

��?	 ��é 1v�� <�89
 &2. ä& ��?> �
( H

�� ÿù8( ö�I� �- �� H� �
(	 e/# 1(� }"

�# �
( H�� �w ë# W �w
 &2. Pù±j� ��?> �

ø�í( ö89 Pù±j ~�� 3*	 <�(> ²j8��, H�	

d�� ~�> 	�� �� 3*	 PID d�E�((RKC Inst. Co., DX4)

� 	�I E�8�2. Pù±j H��� �ø ��?> �e�� �

w� W �� �=®(piston)1 ±
�w ��� �=®	 R¥ 20 cm

��- =��(screw) âñ� �w ��S 1 ��- �(� ��?	

ÿù# �18l 8( ö89 �ós �12. ��?	 ÿù- �(�

=�� ��	 ]R� 	� 1�w��, ÿùs ��?� �øvñ�

q� 2�� �=®# ¢�� R°�� <es2. �=®- Î� 30 mm

1� �� 60 mm	 �� R° Â�> ��� ²���2. �ø��?

Pù±j< D�� �Ã�w �
( H�� �øs ��?< D�� P

ù1 ��� �Ç8( ö�I� e/ß"1 ú`&S 1> ö89 �

d��e�I �� W �� e/kF((pressure transducer)(Gefran ISI,

Inc)> ��? Pù±j� ²j8�2.

2-2. ����

{³- �Ð {³Eg� �l }"�	 ��W> ÿù8� <���

d�E�(> 1�89 �
(	 d�> Y8� {³d�� <�&2.

²"d�� �·& Ô �e "���> 1�89 ��	 B# Pù%

Fig. 1. Batch type high pressure polymer decomposition apparatus.
1. Magnetic drive 7. Thermocouple
2. Cooling line 8. Pressure sensor
3. Pressure gauge 9. Heater
4. Reaction vessel 10. Electric motor
5. Impeller 11. Thermocouple
6. Heater 12. High pressure metering pump
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��  �
( H�> Y8� e/�� ���!2. �
(	 d�>

{³d�� �5� Ãó ���v ��?Ç PET� �e �ø��? P

ù ±j� ±
s =��> 1�89 PET ù?> Pù±j H� ë�, ±


s ~� Ö�	 <�±j> 1�89 ��?> ��é«2 ¹- "

270oC� <�&2. 1õ ! *	 <� #$(heating band)U Pù��

%	 <� #$	 d�> " 270oC"�� <��í� D} &��	

<�( d�� 200oC"�� �l ²"&2. 1'l &��	 d�>

Þ5� 1�� ��?> ~� H� Pù£ õ ~�H	 (�pÇ e/

v��� �øs ��?< �=® �1� Ì� )%�� �x�<� Ä

l %��  ��?> Y8� e/�� �
(H� Pù8( ö�I1

2. �
(� ��? ÿù±j �1	 �e 3-way*+	 &%��# 1

�89 ��?< �øs �# �Ç8�, ÿù±j	 d� G e/1 ²

"& ,� �·8Ü �
(� ��? ÿù±j �1	 �e 3-way*+

> �� ��? ÿù±j	 ~�� ±
s �=®�� �øs PET>

�
( H�� }"� Pù&2. 1 õ, ��?	 ÿù� 	�I �
(

	 e/1 "� v�8l ��S 1�# �x89 �
(	 e/# {

³8x� e/«2 Þl ����
 &2. h�I {³e/# "�8l

�5� �1 -r��� ~ ab�I� 250.10 bar	 /ö H�I {

³ e/# ��8�2. PET	 ÿù- 30� 1H� ´t8���, ÿù

1 ´ts �é# (��� 89 �
��# ß"8�2. �
(� �

dK"# $%& R K"�I }"& Â�� Ý��� PET< Pù�w

�
1 ��s Ô� Y8� �
��1 ��l �Ü, �
(� ±
s

<��> 0Â� D¬%K Ã�� H��� ïýW> (F�í�, Ö�

�I� �
(> 1�B� 23��  " 1� H� vd�� îï��

�
# ´R� 3Ò�!2. �
( G H�B1 ´R� vd�� ïý

s 2�� �
(> �� [AB# ]W89 �ð&2.

�
[AB	 �ð ¥¦- W�­vK ��v� h�I ·�°2. §

¨ W¬& �
B- 9K�(pore size: 2.5µm)> 1�89 ��vK W

�­v# ��& Ô ��v	 ½l> ß"&2. ��v� $%s 4p

A�Ç terephthalic acid(TPA)> "�8( ö89 Yoshioka N[15]K ü

- ¥¦# ��8��S, �� �t> K�	 NH4OH �­� �Ç Ô

9K89 TPA< ��s NH4OH �­K ��
 PET> ��8��, 9

K�� 5- ��
 PET� ½l �ð# è89 T Q# ß"8�2. º

.»Ç TPA� 6(A �­� ���7� 6(AÇ NH4OH �­� C

;# II� <8ÜI Ý�89 UL�íÜ �O�� TPA< 89	 �

�� :R��S 1> 9K89 ��&2. T;S Z:Rs �� U�

� 61 ÀZ8( õ � ��W> 1�89 <�� !=& Ô 80oC	

>?�I gE> �! 2� ��	 ½l> ß"&2. ö	 ¥¦�� Ù

w@ �� H� rw�� TPA	 (�> µOH( ö�I Campanelli N

[13]1 ��& A� ü1 TPA �t> dimethyl sulfoxide� �Ç Ô 0.1 N

KOH/ethanol �­�� p"%��  (�> ß"8�2.

W�­v	 �ð- gas chromatograph(HP 5890)> 1�89 {�8

�2. �ð� ��s BC(column)- SupelcoWax 10(60 mD0.32 mmD

0.53µm) 1���, >? d�� 220oC1� E6( d�� 250oC1�

�� 3µl> Pù8�2. W�­v� ÀZ8� ethylene glycol(EG)K

diethylene glycol(DEG)# �ð8( ö�I §¨ GC� �& «"# 8

��S H� ¡�(internal standard)��� triethylene glycol(Aldrich)#

��8�2.

3. �
 	 ��

~ ab�I� 250 bar	 }"& e/K O�� d�(300oC, 320oC,

340oC) 8�I ���
# {�89 ���
 Ô �
B	 ýý	 {

³Eg� h� FG# ©ª«H2. d�, e/K ü- {³kW1Ö�

[ý£ W �� �1 �(� ÿùs BK PET	 ½lÁ12. Campanelli

N[13]	 ab ÒK� 	8Ü �(� ÿù& BK PET	 ½lÁ< 10

# Il �Ü 1 ,- �
� FG# �j� Ä�2� ÒJ# HK�S

~ ab�I� BK PET	 ½lÁ> 10 �¥�� ���íÜI {³

# W�8�2. K¬	 ab?r- �(� "�° ½lÁ	 BK PET

> �
(H� ÿù8� {³# ��8�( õ � 1 ½lÁ> "�

8l �6 W< ����, ~ ab�I� �(� B# }"� Lwë�

�
d�� �·& 2� �ø��? Pù±j� PET> Pù8�# õ

Pù�� ��?� Åq OÆ� e/# Y8� e/Ç 250 bar� �M


 8� 1U	  D< �( õ � BK PET	 ½lÁ> "�8l �

5� N8�2. Tm� PET	 ���
�I �
- ½lÁ� O	8�

Ä# Å q OÆ� 10 1v�I� ¬	 FG1 Ú( õ � 1 ,� �

& ETq >Ó� �
 {³ÒK� ¬	 FG# �j� Ä� ��� [

ýs2.

d�kL� h� {³# W�8( R� �
(	 Ý�Â�� h� {

³# W�8��S d�> 320oC, e/# 250 bar� �"8� Ý�Â

�> 200, 500, 800, 1,000 rpm�� kL�P2. �
��# 3��� �

"& {³ÒK> ÁÝ� «Ü Ý�Â�< 500 rpm 1v1 �Ü RF¶

1 Ý�Â�� ¬	 ½^%# «1� �2. h�I Ý�Â�> 500 rpm

1v�� 8Ü BCR· ¨Q# ½�£ W �� �
Â�> Ù# W �

2� ÒJ# HR W ��7� ~ ab�I� R� {³�I Ý�Â�

> 800 rpm�� �"8� {³# W�8�2.

e/# 250 bar� �"8� d�> kL�íÜI PET	 �
# W�

& ÒK< Table 1� "��w ��S }"& d��I �
��# ·

�8ÜI RF¶ G terephthalic acid(TPA)� ethylene glycol(EG)	 S

�> ß"& ÒK> �
@ �12. �
�((t=0 min)	 ,- ��?

> Pù8� T� îï89 Ù- ,ÇS ��? PùK"K �
Ô	

ïýK"�I �� s Q# 	�&2� £ W �2. T;S Table 1�

I «U1 �( RF¶1 0.683-0.810	 ×2V ,# «1� �w ¢�

� ���W EgK ü- o 7 ¹- d��I	 {³# W�8( ö�

I� �3	 {³¥¦�I ��? Pù��# ��L8� N i�& �

x< �w
 � ��� [ýs2.

{³?t> ý d�� h� RF¶K EG	 S�> ��& �1 Fig.

2-4� �
� �2. PET	 ��� 300-340oC	 d� /ö�I 10�1

H� 96-99%1v	 ¹- RF¶# �
H� COOH	 S�� 1Jp

Ç WjÇ 10.4 mmol/g PET	 ,� �Ï8� ��# µ W �2. Þ-

d��I W�s 2� ab?r[13, 14]	 abÒK� ÁÝ8�# õ ×

2V Ó1é- �( 1�H	 RF¶1 76-90%< � "�� n� ¹-

Table 1. Experimental data for the PET hydrolytic decomposition

Temp.
(oC)

Time
(min)

Conversion
(%)

COOH conc.
(mmol/g PET)

EG conc.
(mmol/g PET)

300 0
1
3
5
10

68.30
76.10
89.86
92.98
96.88

7.10
7.91
9.35
9.67
10.08

0.26
1.39
2.72
3.39
3.77

320 0
1
3
5
10

71.60
85.97
94.28
93.50
98.43

7.46
8.94
9.81
9.72
10.24

1.01
2.33
3.35
3.61
3.52

340 0
1
3
5
10

81.03
90.38
95.32
97.40
98.95

8.43
9.40
9.91
10.13
10.29

1.75
2.22
2.41
3.62
2.16
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�1�, 1m& ¤v1 }w�( õ � ~ ab�I D� ��& �e

�ø ��? Pù±j> ��8� Ä�� 1m& Eg�I	 �
Â�

ß"1 ÷<@82� �{# µ W ��2. d�	 FG# ©ª«Ü d

�< �<£W� �( 1�H	 RF¶1 îW� �<%# «1� ��,

d�< 300, 320 G 340oC� �<%� h� RF¶� X ,�� �<

%# «1� �
��1 10�� �·8l �Ü RF¶ ,- Áå& ,

�� Ï�%# µ W �2. {³ ÒK�I i1& �- PET< ��Y

� h� [(� COOH (� EG S�	 2Z� ���� OH	 S�<

1Jp��� Ã}£ ��� [v£ W ��� {³ ?tv� Ó1>

«1� �2� é12. 1m& ¤v- 1� Campanelli N[13]	 � 

�I� ¬J���S, �
�(�� ���»(oligomer)N	 ÀZ� Ç

89 EG	 S�< Þl �
�� �
1 °��W� T S�< �<8

l �� ��� ²\��S, ~ ab�I� ü1 10�1�� �- �


���I� EG	 ×2V �<� «( wx0 ��� ]Õs2. ä& ¹

- d��I EG	 S� ¨8� [As EG	 diethylene glycol(DEG)

�	 RF� 	& ��� [ý£ W� ��S 1� ��I� ¢�� EG

	 1��L(dimerization)� �& ��	 ab< W��w
 \�& Ò

J# Ù# W �# ��� �ts2.

{³ ?t> �ð8( ö89 PET	 ���
 ¬Ã# ©ª«(� &

2. �d, �e	 O��W� ���WH�I PET	 ��� B�?�

	� �=þÍ ÒJ(ester linkage)1 ^w�� <W��< }w��, T

ÒK TPA� EG< [A�� ��� µx� �2[13, 14]. T;S 1�
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Fig. 2. Decomposition results of PET at 300oC and 250 bar.

Fig. 3. Decomposition results of PET at 320oC and 250 bar. 

Fig. 4. Decomposition results of PET at 340oC and 250 bar. 
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Table 2. Optimized reaction rate constants based on second-order model

Temp.(oC) k(g PET/mol/min) k'(g PET/mol/min) AARD(%)*

300
320
340

7.724�
11.090
16.280

0.907
4.082
13.27

1.36
1.57
3.54

*
ζexp ζcal– ζexp⁄∑

n
----------------------------------------

Fig. 5. Calculated conversion of PET at 300oC using optimized reac-
tion rate constant.

Fig. 6. Calculated conversion of PET at 320oC using optimized reac-
tion rate constant.

Fig. 7. Calculated conversion of PET at 340oC using optimized reac-
tion rate constant.
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CCOOH : concentration of carboxylic acid [mmol/gPET]

CEL : concentration of ester linkage [mmol/gPET]

CELi : initial concentration of ester linkage [mmol/gPET] 

CH2O : concentration of water [mmol/gPET] 

CH2Oi : initial concentration of water [mmol/gPET]

COH : concentration of ethylene glycol [mmol/gPET]

k : forward reaction rate constant [g PET/mol/min]

k' : backward reaction rate constant [g PET/mol/min]

r : ratio of initial concentrations of water and ester linkage 

t : time [min]

��	
 ��

ζ : conversion
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