
Demo

Polymer(Korea), Vol. 29, No. 4, pp 338-343, 2005   

338�

1.����

 

���� ���� ‘����’�� ���� ���� ��� �

�� ���, ���, ��� ���� ��� ��� �� ���

���, 	� ���� ����� ���� ���� 20�� �� 

��� ���� �
� �����, �� ��� ���� � �

�� ���� � � ��.1 
�� ������ ���� ���� 

��� ��. ��� ���� ���� �
�� ��� ��� �

� �� 
�	�� ��� ����� ��, ��� ��� �� 

����� ���, ����� �� ���, �
�� �� ��, 

�� ��� �� �� �� ���� ���� ������. �

�, ���� ��� 350�650 � ��� �� ��� ��� ��

�� 
�� ��� ��� ��� ���.2,3 

ABS� �������, ���
 � ����� � �����

� ���� 		�����, � � ������� ���� 
 

���, ��� ���, �� ��� ��� ��, ���� ���

� ���, ��, ���� ��� ���
 ���� rubber toughness 

� �� ��� ��� ���. �� ABS� two-phase system�� 

����-�������(SAN)� ���� ����, � 
� SAN 

����� ��	�� �
�� �����
 ��� �����

� ��� ���� �� � two-phase system� ����� ��

� ���, ���, ���, ��� � �� ���� ���� �


 ��� ABS� �� � ���, ��� �� � ���� ��

� ��� ���� 	��. ��� ABS� ���� ��� ��

� 
���� 
����� �� ��� ��� ���� ABS� 

��� ��� 
��� �������(PC)� �� 
���� 


���� ����� ���� ��.4 �� ABS ��� �
 

��� ���� ��� ����� ���� ��� ��� ��

�� ���� ���� ���� �� �����. ���� �

���� ��, �� ��� ���� ��� � �� ABS� �

���������	
��
������������
��	���
�
����
��������	
�
���

����������������

�����������
�
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��� Chloride� ���� ��� 	� ��� ABS/PC/triphenyl phosphate ����� 
�� ��� TGA(ther-

mogravimetric analysis)� ��� �����. Chloride� ���� ��(cobalt chloride, ferric chloride, nickel chloride � 

zinc chloride)� ABS/PC/triphenyl phosphate ����� 
�� ���� ����� ����, ���
��� �(char) 

��� 	�����, 600 ��� 3�13%� ���� �� �����. �� �� ���
���� ABS/PC/ 

triphenyl phosphate ����� � ��� chloride� ���� ��� �
��(crosslinking effect)� ����. ��, 

���
���� ��� �� �� 
���� ��� 
�����.�

 

Abstract:�The thermal degradation of ABS/PC/triphenyl phosphate compounds in the presence of transition metal chloride 

catalysts has been studied by thermogravimetric analysis (TGA). The reaction of transition metal chloride catalysts (cobalt 

chloride, ferric chloride, nickel chloride and zinc chloride) and ABS/PC/triphenyl phosphate compounds has been found to 

occur during the thermal degradation of the compounds. In a nitrogen atmosphere, char formation is observed, and 3�13% of 

the reaction product is non-volatile at 600 �. The resulting enhancement of char formation in a nitrogen atmosphere has 

been explained as a catalytic crosslinking effect of transition metal chloride catalysts. On the other hand, transition metal 

chloride catalyzed char formation of ABS/PC/triphenyl phosphate compounds in air was unsuccessful due to the oxidative 

degradation of the char at a higher temperature. 
 

Keywords: ABS, thermal degradation, transition metal chloride catalyst. 
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	� �� 
��� ��� �� ��� ���� ��.5 

�� ABS ���� ���� ���� 
�� ���� ���

� ���� �
 ���� ���� 
� ���� ��� ��

�� ���, ���� ���� 
�� ���� ��� ��� 

��� ��� ��� ���� �� � �� �� � ��� �

�� ���� � ���� �
� ��� ��.5 ��� ���� 

��� �� �
� ���� ���� ��� ��� �� � �

���, �� �� ��� � �� ���� �� 	 �� ��� �

��� ���� ���� ��� ����� �� ���� ��

�, �� ���� ��� ���� ���� ��� ���� �

���� ��� ���� ����� ���� ����� ��

�� �� ��� ���� ��. ��, �� ���� �� ���

�� ���� �� � ���� ���� ���, �� phosphate

�
� � ���� ��� ��� ��. �� ���� PC, PC/ABS, 

PPE(polyphenylene ether)/HIPS(high impact polystyrene) �� �� � 


�� ��� ���� ABS, HIPS �� �� �� � ���� ��

� ��� ����.6-8 

���� ��� ����� ��� �� ��� 
�� �� �

�� �� ��� ��
� ���� ����� ����� � �

�� �����.9-11 ��, �� �� 
��� poly(furfuryl alcohol)12 

� PVC(polyvinyl chloride) ��� ��13-16 ���� ����� � 

�� � ���� ��� ���� ���, ��� ���� 
�

� ����� ���� ����� �� ��� ��(catalytic 

graphitization effect)� 

����.  

� ����� ABS/PC ��� ��� ���� �� ���� 

triphenyl phosphate(TPP)� ���� ��� ����� 4�� ��

� chloride� ���� ��(cobalt chloride, ferric chloride, nickel 

chloride � zinc chloride)� ����, �� �� ABS/PC ��� �

�� ��� ���� ���� 
�� �� � ���� ���

��.  

 
2. �� 

 

2.1 �� 

� ���� ��� g-ABS, ABS � �������(PC)� (�)

�������� ���� �� �� �� ������, ���

��� triphenylphosphate(TPP)� ���� ���� ����� �

� ��� � � �����. Chloride� ���� ��� cobalt 

chloride, ferric chloride, nickel chloride � zinc chloride� �� Aldrich�

� ���� �� �� �� �����. 

2.2 �����������

�� ABS/PC/triphenyl phosphate/chloride� ���� �� ���

� �
� 
�� �� ��� 
�� TGA� ������, �� 

�
� �� �� 	� ��� 10oC/min� �� ��� ����

� ��� TA Instruments�� TGA 2050(thermogravimetric analyzer)

� �����. ��� ���� limiting oxygen index(LOI)� ��

���� ��� Fire Testing Technology Instruments�� ��� �

����. LOI ��� ���� 
� burning specimen� ��� 

HAAKE plastic-corder mixer ��� ���� 230 �� ��� 60 

rpm� ��� 10� �� 	�� ����, CARVER laboratory hot 

press� ���� ��� �� � ��� �� ��� ��� �� 

6.5�0.5, 3.0�0.5, 70�150 mm� ��� PROXXON�� cutting �

�� ���� �����. 

 
3. �� � �� 

 

� ���� ��� ABS ��� 	� ���� g-ABS/SAN� 

30/70�� ���� �����. ��� chloride� ���� ��� 

ABS ��� �� ���� ��
 ��� ���� ����� �

��� 
��, ABS � g-ABS ��� �� �� �����. �, 

[ABS/chloride� �� ��]���� [g-ABS/chloride� �� ��]�

���� ������ ��� chloride� ���� ��� cobalt 

chloride, ferric chloride, nickel chloride � zinc chloride� �����

(Table 1). ABS/PC ��� ��� 	� ���� ABS ��� 75 

wt%� ����, PC� 12�12.5 wt%� ���. 4 ��� chloride

� ���� ��� �� ABS, g-ABS, PC, ABS/TPP, ABS/PC/TPP

� ������, �� �
� � �� 	� ��� TGA� �� 


�� ��� ������, ���� LOI 
���� �����. 

3.1�����������
������������ 

��� ABS� �� 
�� 
� ��� �
 410 ��� ���

� �� �
 � �� ���� 1%� char residue� ����(Table 2, 

entry 1). ABS� 4 �� chloride� ���� ��� 1wt% ����� 

�� �� 
�� 
� ��� 600 ���� char residue� Table 2 

(entries 2-5)� ��	�. Cobalt chloride, ferric chloride, nickel chloride 

� zinc chloride� ABS� 	���� �
�� �� �
���

� 
�� ��� ��� ABS� ����, �� 
�� 
� ��

� 407�410 ��� ABS� �� ����. ��� 600 ���� 

� residue� ��� ABS�� �����. Ferric chloride� �


(Table 2, entry 2), ABS� 1wt% �� � � residue� ����� 

11%� �����. ��� ferric chloride� �� ��� � � �� 

���� ���� ��� ���� ABS�� ����� ���� 

� ���� �����.  

Cobalt chloride(Table 2, entry 3), nickel chloride(entry 4) � zinc 

chloride(entry 5)� ��� ���� ABS� 1wt%� �� ��� �

�� �� �
�� ��� ABS� �� � ���� �����. 

��, zinc chloride� ABS� ����� ��  �� chloride� ��

�� ���� �� �� � ���(13%)� ���. �� �� ��

��� ferric chloride � zinc chloride� 
�� � ���� ���

� �� ��� Lewis acidity� � �� ����� ��� ���

� ABS�� ����� ���� ��� ����. 

Figure 1� �� ��� ��� ABS� ABS �� �� ferric chlo-

Table 1. Various Transition Metal Chloride Catalysts Used in This Study 

Transition Metal 
chloride 

Chemical  
Structure 

Properties 

F.W. 129.84 
Cobalt chloride CoCl2 m.p. 724 � 

F.W. 162.21 
Ferric chloride FeCl3 m.p. 304 � 

F.W. 129.62 
Nickel chloride NiCl2 m.p. - 

F.W. 136.28 
Zinc chloride ZnCl2 m.p. 293 � 
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���, �29� �4�, 2005� �

ride ��� 1 wt% ����� � ��� TGA ����. 
��� 

����� 400 ��� ���� 480 ��� ��
��, ��� 

ABS� ABS/ferric chloride ���� �� ��� 
�� 
� �

� � 
�� ��� ��	�. ��� ���� � residue� ��

� ��� ABS� �
�� �� ���, ferric chloride� ABS ��

� ���� 
��(�� ���)� ���� ��� ����� 

�
��� ���� �� � ���� ���� ��� ����.  

3.2 ������������
������������ 

����� ���� ABS� g-ABS� SAN� 30�70� ��� �

����� ����. g-ABS� ABS� �� ����� acryloni-

trile �
 ��� �� ABS�� � ����� acrylonitrile �
 �

�� chloride� ���� ��� �� ���� 	� �� 
�� 

g-ABS/chloride� ���� ���� �� ���� 
�� ��� 

���
�. Figure 2� g-ABS �� �� ferric chloride� 1 wt% �

���� � ��� TGA ����, � ��� Table 3� ��	�. 


��� ����� 400 ��� ���� 480 ��� ����, �

� ��� �� 
�� 
� ��� �� ���� ���� � 

residue� ��� �
 1�2% �� ���� ��� g-ABS� �� 

�����. 1 wt%� ferric chloride� ABS� ����� � � 

residue� 11%(Table 2, entry 2)��, �� �� ��� g-ABS� �

���� �� 1%� ��	�(Table 3, entry 3). ���� ��� ABS

� �� chloride� ���� ��� g-ABS� 
�� ���� �

�� ��� ��� �
�. 

3.3 �������������
�������
������ 

Figure 3 � Table 2(entries 6-7)� ABS/TPP(75/25)� ABS/TPP/ferric 

chloride(75/24/1) ���� �� �
� ��� TGA 
�� ��� 

� ��� ����. �� �
���� �
 �� 260 � ���� 

Table 2. Temperatures for 5% Mass Loss and Amount of Non-Volatile Residue at 600 � in Nitrogen for Various ABS/PC/TPP/Transition Metal 
Chloride Compounds 

Temperature, � for 5% mass loss Non-volatile residue at 600 �, wt% 
Entry Sample(wt ratio) 

in nitrogen                             in nitrogen 
1 
2 
3 
4 
5 
6 

ABS 
ABS/FeCl3 (99/1) 
ABS/CoCl2 (99/1) 
ABS/NiCl2 (99/1) 
ABS/ZnCl2 (99/1) 
ABS/TPP (75/25) 

410 
407 
408 
410 
408 
260 

1 
11 
6 
5 

13 
1 

7 ABS/TPP/FeCl3 (75/24/1) 262 18 
8 PC 497 25 
9 PC/CoCl2 (99/1) 405 21 

10 PC/ FeCl3 (99/1) 407 19 
11 PC/ NiCl2 (99/1) 401 22 
12 PC/ ZnCl2 (99/1) 325 18 
13 ABS/PC/TPP (75/12.5/12.5) 300 6 
14 ABS/PC/TPP/CoCl2 (75/12/12/1) 295 10 
15 ABS/PC/TPP/FeCl3 (75/12/12/1) 290 13 
16 ABS/PC/TPP/NiCl2 (75/12/12/1) 290 3 
17 ABS/PC/TPP/ZnCl2 (75/12/12/1) 290 8 

 

Figure 1. TGA thermograms at a heating rate of 10 �/min under nitrogen 
condition: ABS/FeCl3(99/1). 
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Figure 2. TGA thermograms at a heating rate of 10 �/min under 
nitrogen condition: g-ABS/FeCl3(99/1). 

����

���

���

���

���

��

W
ei

gh
t(

%
)  

�� ���� ���� ���� ���� 	��� ���� 
���

Temperature(�) 

0

0

0

0

0

��
�����

Table 3. Temperatures for 5% Mass Loss and Amount of Non-volatile 
Residue at 600 � in Nitrogen for Various Transition Metal Chloride-
containing g-ABS 

Temperature,� 
for 5% mass loss 

Non-volatile residue 
 at 600 �, wt% Entry Sample (wt ratio) 

in nitrogen in nitrogen 
1 g-ABS 410 1 
2 g-ABS/CoCl2 (99/1) 408 2 
3 g-ABS/FeCl3 (99/1) 406 1 
4 g-ABS/NiCl2 (99/1) 406 1 
5 g-ABS/ZnCl2 (99/1) 406 1 
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��(TPP� evaporation � ABS� chain scission)� ���� ��

�� ��� ���� 	 � ��, ���� � residue� ��� 

ABS/TPP� �
 1%��, ferric chloride� 1 wt% ��� ���� �


� 18% �����. ��� ��� ABS� ���� ferric chloride

� ����� ����� ������ TPP�� ��� ��� �

�� ���� �� � residue� ���� ��� ����. ��, 

�� �� ���� �
� ���� RAT(residue after transition)� 

���� ����� RAT� �� 
, 
� ���� ���� � 

� �� ���� �
�(Figure 4).  

3.4 ���������
������������ 

Figures 5�6 � Table 2(entries 8-12)� PC� PC/chloride� ���

�(99/1) ���� �� �
� ��� TGA 
�� ��� � ��

� ����. ��� PC� 490 � ���� 
��� ���� 600 �

��� 25%� ���� �� ����(Figure 5). ��, �� �
�

��� ����� ��� PC �
 �� ��� PC� 
�� 
� 

���� �� �� ���� 
��� ����(Figure 6), ���

� � residue� ��� PC�� �� PC/ferric chloride� �
 

19%(entry 10)��, zinc chloride� 1wt% ��� PC ���� �


� 18% �����(entry 12). ��� ��� PC� ���� chloride

� ����� ��� ����� ���(depolymerization)� ��

� ���� ��� ����. 

3.5 �����������������
�������������

ABS/PC/TPP(75/12.5/12.5) ����� �� ��� 
�� � 

300 � ���� 
��� 
��� ����� 6%� �� ��

��(Table 2, entry 13). �
� �� ����� 
�� 
�� �

��� TPP� ���� ���� �� TPP� condensed phase�

� PC� ���� � ��� 	���.1 PC� TPP� �� 0.5 

part � ��� chloride� �� ��� 1 part ��� [ABS/PC/TPP/chlo-

ride� ����](75/12/12/1) ����� 
�� � ABS/PC/TPP �

����� �� 
�� 
� ��(290�295 �)� ����(Table 2, 

entries 14-17). ��� nickel chloride� ��� �� ����� � 

���� �����. ��, ferric chloride� ��� ����� 2	 

��� � ��� ��	�(6% vs. 13%, Figure 7). 	��� chloride

� ����� ABS/PC/TPP ����� �� � �� 
�� 
� 

��� �� � ���� ����, �� �� 	�� ���� 

��� �
� ��(up to 300 
�)��� ABS�� ���� ��� 

PC� ���� ����(vide supra) ���� �� 
�� 
� �

�� ����, ����� ��� PC �
�(e.g. phenolics)� TPP

� condensed phase�� ���� � ���� ���� ��� �

���. 

3.6 ������������
�������
������ 

Polymeric char former�� ���� PC� TPP� ���� ferric 

chloride� ���� 	� ���� �� TGA 
�� ��� Figures 

8 � 9� �����. ���� ��� ���� ferric chloride� �

� 0�� 10 wt%�� 
� ���� �� PC/TPP ���� 
�

� �
� ���� ferric chloride� PC� ���� ��� ��
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Figure 3. TGA thermograms at a heating rate of 10 �/min under nitrogen 
condition: (a) ABS/TPP(75/25) and (b) ABS/TPP/FeCl3(75/24/1). 
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Figure 4. TGA thermograms at a heating rate of 10 �/min under air 
condition: (a) ABS/TPP(75/25) and (b) ABS/TPP/FeCl3(75/24/1). 
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Figure 5. TGA thermograms at a heating rate of 10 �/min under 
nitrogen condition: PC/FeCl3(99/1). 
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Figure 6. TGA thermograms at a heating rate of 10 �/min under 
nitrogen condition: (a) PC, (b) PC/ZnCl2(99/1), (c) PC/ NiCl2(99/1), (d) 
PC/FeCl3 (99/1), and (e) PC/CoCl2(99/1). 
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���, �29� �4�, 2005� �

� �� 	 � ���. �� �� ��� ferric chloride ���� 0 

wt%� �� � 19%���, ferric chloride� ���� �
� 28%�

� ���� PC� TPP� ��� ferric chloride� 	��� �� �

����(Figure 8). ��� PC� TPP��� ��� �� �� �� 

���� �� 
, 
��� �� ����� � ���� ���

��(Figure 9). 

3.7 � ��������

ABS� Scheme 1� �� chloride� ���� ��� ��� � �

� 3��� 	��(i.e., styrene, butadiene & acrylonitrile moieties)� �

��� ���, ����� ���� ABS ��� styrene� 18%, acryl-

onitrile� 36%, butadiene� 46%� ���� ����. ABS� chloride

� �� ��� �� � �� ��� �
� 13%� � residue� 

��	��, ��� ABS� � residue� 1%� �� ��� � �, 

ABS� ���� chloride� �� ��� �� ��� �� ��� 

����, �� �� ������ ABS� ���� �� 	��� 

��� ��� ���� ��� ����. ��, acrylonitrile �
 �

�� chloride� �� ��� ���� ���� ABS� 
��� 

��� ��� ���� ��� ����. ��� ABS/PC/TPP 

������� �� ��� �
� ���� PC� ����� 

���� ��� phenolic ��� TPP� condensed phase�� ��

��(crosslinking)� �� � ��� ���� ��� ����.  

3.8  !"�����

[ABS/PC/TPP/chloride� ����] ���� �
� ���� �� 

��� 
�� LOI 
���� ������, � ��� Table 4� 

��	�. ����� LOI� 21�� 23��� ��
 ����, ��

�� ��� �� chloride� �� ��� ����� � [ABS/PC/TPP] 

����� LOI� �� �����. [ABS/PC/TPP] (75/12.5/12.5) �

���� �
 LOI� 21.0����(entry 1), TGA��� � ��

�� �� �� ferric chloride� 1 wt% ����� � LOI� 23.5

� �����(entry 2). 

 

4. �� 
 

� ����� [ABS/PC/TPP] ����� 4�� ��� chloride� 

�� ��(cobalt chloride, ferric chloride, nickel chloride � zinc 

chloride)� ����, �� �� [ABS/PC/TPP] ����� �� �

��� 
�� ��� �����. Chloride� ����� ���

[ABS/PC/TPP] ����� �� 
�� 
� ��� �� � ���

(3�13%)� ����, �� chloride� ���� ��� �
� ��

��� ABS�� ���� ��� PC� ���� ���� ��

��� �� 
�� 
� ��� ����, ����� ��� 

PC �
�� TPP� condensed phase�� ������ � ���

� ���� ��� ����. ��, ���
���� ��� � 

� �� 
���� ��� 
�����. 

 

��� ��� ��� (�)����� ��� �	� �� ��

���� �� ������. 
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Figure 7. TGA thermograms at a heating rate of 10 �/min under 
nitrogen condition: ABS/PC/TPP/FeCl3(75/12/12/1). 
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Figure 8. TGA thermograms at a heating rate of 10 �/min under 
nitrogen condition: (a) PC/TPP (80/20), (b) PC/TPP/FeCl3 (79/20/1), (c) 
PC/TPP/FeCl3 (77/20/3), (d) PC/TPP/FeCl3 (75/20/5), and (e) PC/TPP/FeCl3 
(70/20/10). 
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Figure 9. TGA thermograms at a heating rate of 10oC/min under air 
condition: (a) PC/TPP (80/20), (b) PC/TPP/FeCl3 (79/20/1), (c) PC/TPP/FeCl3 
(77/20/3), (d) PC/TPP/FeCl3 (75/20/5), and (e) PC/TPP/FeCl3 (70/20/10). 

 

 

 
 

Scheme 1. Effect of transition metal chlorides in ABS. 
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