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135-150 cal/g VT MNUK�. �L W= ��X2E �3
Y. Z[� 4�\56 ZT HIH) ]�. ��7�8� �

���= ^8  �� D�_� `a D�#E FG( HIJK), ^8  �L ��9)8�@bc -d e'f �ghE

37.29 kcal/mol�+�.

Abstract − The thermal decomposition characteristics of blowing agent azodicarbonamide(ADCA) was investigated by

using the differential scanning calorimeter(DSC) and the accelerating rate calorimeter(ARC). Experimental results showed that

the exothermic onset temperatures were about 201-206oC by DSC and 136-151oC by ARC. The decomposition temperature

acquired from ARC was about 55-65oC lower than that from DSC. Exothermic heats were about 144-150 cal/g by DSC and

274-296 cal/g by ARC. The exothermic onset temperatures were lowered and exothermic heats were increased with decreas-

ing the particle size of ADCA. Exothermic onset temperatures and exothermic heats were increased with increasing the heat-

ing rate. The activation energy was about 37.29 kcal/mol, which were obtained from the heating rate and the maximun
exothermic temperature.
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.!!/! 0 ����1 234 56781 ��9: ;<9=> ?
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1 C9: DE9# $F ��G� HIJ  !9# $F K

��*. �L> ����MN OP�6�> QRCST6 �U# ��

9F ��� V) CS6 W!X YN P�1 Z[\ ] $F :L ^

/! _`) ab�� 4�"# $� ca9- d) e
f�g3 h

) iVg,! jkl� 
;"# $*. 1994m 7n 28o hpq� r

g) st@^�u�� 	tAvwh 1-9�xyqz^{U|}(1-

hydroxybenzotriazole, 1-HOBT)1 ~^9� i ��) O�,� 	)

~^� e
�#(6� ��, 39� .a)> 2000m 8n 24o �� :]q

:p��� rg) ���<�� @^�u�� ������ ����

x(methylethyl ketone peroxide, MEK PO)	 ��) �, e
�#(�

� 6�, .a 19�)�� � c�*.

�� ���� 
�@	 ;<�N 37,400�(‘96)%3 �m 30% �a

 !9# $*# [# "# $*[1]. 
�@F O�,� 	, *�	 �

(�)� ;6q�F ��3� ��� �N ���� �,9: *�	 �

u� 
;q�� 9F T6%3 h9: ~^��, 4�   IG q O

�,e
	 CS6� �¡ ¢*. �X YN 
�@	 O�,CS6�

V,� q£¤�O�¥(DSC)� ��) DE ¦�! Waki[2], Morisaki

[3]� 	9: [# "§-¨ © DE��F ���� *+) ª«¢�

	 |^*�¬©|_x(azodicarbon amide, ADCA)! ;<"� ��"

# $� ª«¢�	 £�! O�,CS6� _/F ­®� ��O¯O
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428 �������
�¥h q£¤�O�¥(differential scanning calorimeter, DSC)� 	)

°�±� �O¯O�¥h !²²�O�¥(accelerating rate calorimeter,

ARC)� 	) °�±�	 £�� ��³%3� QR^~�> ¯b� ´

µ O�,CS6	 £�� DE9#« 9¶*. () qw��	 O�,

q	 O�h =·, ̧  
OBq��X YN O�¹�h«X 
O�� Y

N O�Cºh«� °�9# � ¦�� #»9¶*. © DE	 ¦�F

ADCA ~^����	 ��4�^~]¼�> ��IG��¦� ��

½¾) «w� @�\ ¿%3 �wÀ*.

2. � �

2-1. ����

qwF 
�@3 Á� ��"# $F ADCA� �� @^�u3.Â

Eª,� ��9¶%&, ª«	 ¢�F 2-3, 6-7, 14-16, 23µm � 4�

1 ��9¶*. ��) ADCAF Ã� 97%, �«� 116.08, �,��

201-205oC�# �,q �r, �<�Är, o<�Är �1 
;q�F

ÅÆ#u �Ç�*.

2-2. ����

© DE� ��) KSG/3F O�ÈG/h DSC(_� TA Ins-

truments, ÉÊ 2910)X �O�ÈG/h ARC(_� Columbia Scientific

Industries, CSI)� ��9¶*. �O�È KS� ��) ARCF �O¯

O�¥3� _� CSI�(HgF THT�� ��"§Ë)�� B
À ¿%

3 Ì¥�%3 ÍU ��"# $*[4-8]. qw3.Â 
O1 ÎÏ9F

¹�(slope sensitivity)! 0.02oC/min �ah #¹�6	 G/3�, �

ÎÏ¹�F DTA> DSC	 ¹� 0.2-1.5oC/min� ��9: aÐJ Ñ

*. � O�¥F ] g ��	 qw� �O9�� °�³%3� 
OB

q��, �VQR�� �1 ÑN ���3 °�\ ] $� �� O�h

,È� !Ò) «w� Ó1 ] $F G/�*. �O9��	 KSN o

Q�%3 QR� qÔ"�Õ- aÐJ Ö q×� r¾"F Ø¡! Á

-¨ ARC��F qw��	 9.� Ù/"� $F 7�O JÂ� 	

, _U �,Ú Û�Ù���Õ- �O�%3 !O(heat)9# � *Ë

� o�) V�q×(wait)� 
O�Ü� ̂ �9F ÝÆ��(search)1 =

/Þ "�$*(Fig. 1).

ÝÆ �×i� o�«�
O²� �a	 �� aß� ÎÏ"- à1

áF 7�O JÂ� 	, qw��� o���3 aßq� ·o) 7

8%3 �O9��	 ^Ô1 «·�%3 Qâ)*(!O-V�-ÝÆ). o

�
O²�� Ûn9F 
OHa(To)� Zh"ã qw��	 ��X g

ä	 ��£� 0.05oC ��3 @�9: ¥�u	 ��� �O�%3

aß9Þ )*.

�X Y� qw	 QRO� å�"Þ "ã qw��	 ��! -]�

%3 aß9F æº1 °�9� C, EØ 1 in çè! æºé�X D

¦"� $*. G/�.	 �O1 �-9� C9: a9.   +°ê�

JÂ� Gë9: �O1 �-qì%&, �á	 �� @�� C9: �

-í� O�V� .ë9: ��9¶*. qw	 ��ê�F qw���

O�V� .ë9: ��9¶%&, qwX qw�� ��	 ��£�F

O[�¥](φ)� ��9: [�À*[9].

2-3. ����

DSC� 	) °�q ß� ²�� 10oC/min, qw�N t 1.0 mg%3

9: îï�C�9�� °�9¶%&, �M �C��u	 ��N

50-60 ml/min3 9¶*. DSC	 qw��F ðñ_ò(Al)g�	 hermetic

pan1 encapsulating press�3 �ó9: ��9¶#, indium metal(m.p

156.4oC, ô,O 781cal/mol)1 ��9: O�1 [�9: ��9¶*[10].

ARCF qw t 1.0 g1 E¯ hastelloy-c bomb(ÜÞ 20-21 g, �.õ

Ø 1.0 inch, ��� 8.6 ml, ö÷ 0.032 inch, �æ 1,020 kg/cm2G)� ø

� ���C9�� Û�Ù��� 50oC, �w�� 400oC, «�
OÎ

Ï¹�(slope sensitivity) 0.02oC/min, heating step 5oC, V�q×(wait

time) 15�	 ^~%3 °�9¶*.

3. �� 	 
�

3-1. �� 	
 ��

ª� 2-3, 6-7, 14-16, 23µm ADCA� DSC   ARC� ��9: �

È9¶1 á	 
O �,ùú1 Fig. 2X Fig. 3� >û�§# � ¦�

Fig. 1. Heat-wait-search logic operation.
Fig. 3. Influence of particle size on the ARC curves in the decomposi-

tion of ADCA.

Fig. 2. Influence of particle size on the DSC curves in the decomposi-
tion of ADCA.
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� Table 1� ¾t ��9¶*. � ¦�� 	9ã qwª«	 ¢�! Ô

|�]y DSC 
Oùú� I�å%3 �·9# $%&(Fig. 2), ARC

� 	) O�, q	 q×� V) ��ùú��� qwª«	 ¢�!

Ô|�]y «�
ON [* �N ���� qÔ"# $*. �X YN

HaN 
OBq��(To) ü¨ |ý�, 
O�V��(Tm)   
O�w

��(Tf)��� >û># $*. 
OBq��	 Ø¡, 2-3µm ADCA!

23µm ADCA[* DSC °� q 5 oC, ARC°� q 15oC �N ���

� 
O� qÔþ%3� qwª« ¢�! Ô1]y !O� V,� ÿ

¹9*F ¿1 >û�*. �X YN ¦�F 
O�#��X 
O�w�

���� ��) Ø®%3 >û># $*.

DSC ����h� 
Oùú	 ��3.Â E) O�, q	 
O�

(QDSC)� ADCA	 ª�! ÔN ¿� 0 ¿[* ¢Þ >û># $F�

2-3µm ADCA	 Ø¡ 148.0 cal/g3� 23µm ADCA	 143.7 cal/g[*

4.3 cal/g ¢Þ >û># $*. �O^~9�� O�,� 	9: aßÀ

��(∆Tab)X ADCA	 �O3.Â E) �,O(QARC)� ª�! ÔN

¿� 0 ¿[* ¢Þ >û># $F� 2-3µm ADCA	 Ø¡ 295.9 cal/g

%3� 23µm ADCA	 273.6 cal/g[* 22.3 cal/g ÑÞ >û># $*.

�X YN ¦�3 � á ADCAF ª�! Ô1]y O�, q >û>

F CºN 
 ¢Þ >û># $*# \ ] $*.

3-2. 
���

��O¯O�¥h DSC °�±� �O¯O�¥h ARC °�±�	

£�F �O��3 >û�*. DSC°�� 	) 
OBq��(To, DSC)F

ARC°�� 	) 
OBq��(To,ARC)[* ÑÞ >û># $*. (To,DSC)

X (To, ARC)	 £�F 65oC(2-3µm), 63oC(6-7µm), 54oC(14-16 µm)

�U# 55oC(23µm)3� qwª�! Ô1]y £�F ¢Þ >û>#

$*. �X YN �O��F 
O�#��(Tm), 
O�w��(Tf)���

Ø®� ��9Þ >û># $F� Tm	 Ø¡ 20-40oC �U# Tf��F

10-25oC3 >û># $*. To	 Ø¡X Y� Tm   Tf��� qwª«

	 ¢�! Ô1]y �O��F ¢Þ >û># $*. )	 
O�	 Ø

¡� �O��F ¢Þ >û># $� QARCX QDSC	 £�F 148oC

(2-3µm), 138oC(6-7µm), 130oC(14-16µm) �U# 130oC(23 µm)�¶

*. 
O�	 �O��� qwª«	 ¢�! Ô1]y ¢Þ >û># $*.

3-3. ���
� ��

ª�! 6-7µmh ADCA� qw� t 0.5 mg, �� 1�æ �C�9

�� ß� ²�� 2.5, 5.0, 10.0oC/min%3 ê�qì1 á	 DSC °

�¦�� Table 2� ¾t9¶*. � ¦�� 	9ã ß� ²�! �1]

y DSC ùúN I�å%3 �·)*. ¸, 
OBq��(To), 
O�V

��(Tm)   
O�w��(Tf)F ß� ²�! Ô1]y [* �N ��

3 �·9: ß� ²�! 2.5oC/mino á 
OBq��(To)F 191.8oC

�� ß� ²�! 10.0oC/mino á 205.9oC3 14.1oC #�
%3 �

· 9¶*. DSC �, q	 
O� () ß� ²�� ­®1 �Þ "F

� © KS�� ß� ²�! 2.5-5.0oC/min �C��F 0 ­®� lF

¿%3 >û
%> 10.0oC/mino Ø¡�F 
O�� t 10 cal/g��

ÑÞ >û
*. 
O�w��(Tf)F ß� ²�! 2.5oC/mino á 224.0oC

3 ß� ²�! 10oC/mino á	 242.1oC[* 18.1oC �Þ >û> 


OBq��(To)��	 14.1oC[* 
 0 £�� [�# $*. oQ�%

3 
OBq��(To)F 
O�w��(Tf)[* ß� ²�	 ­®1 �Þ

�Þ "F�, *µ �,QR� $��� �X YN Ha� ��"F Ø

¡! Á*. ´�� 
OBq��(To)� DSC> DTA� 	, °�\ Ø¡

�F !Ò) ) ß� ²�� �UÞ 9F ¿� ��õ9> ß� ²��

�Ü ->/Þ ��ã ����h%3.Â �¢� ��\ ] lF ��

�� $*.

3-4. ������

#u�#u� �u ¯b	 V.�	 QR�� QR²��N � (1)�

Y� >û� ] $*[12]. :��� dx/dtF QR²�, xF QR�, nN

Table 1. Comparision of thermal decomposition results of ADCA by DSC and ARC

Particle size(µm)
Onset temperature, oC Exothermic maximum temperature, oC Exothermic final temperature, oC Exothermic heat, cal/g

DSC ARC DSC ARC  DSC  ARC DSC ARC

2-3
6-7

14-16
23

201.4
203.8
204.9
206.4

136.2
141.1
151.0
151.2

229.4
230.3
232.6
233.9

187.6
182.1
207.7
215.5

 237.0
 239.0
 240.0
 241.0

 210.7
 210.6
 222.7
 233.9

148.0
149.7
145.6
143.7

295.9
287.8
275.3
273.6

Table 2. Influence of heating rate on exothermic onset temperature and exothermic heat in thermal decomposion of ADCA by DSC

Experimental conditions Experimental results

Heating rate(oC/min) Sample weight(mg)
Onset temperature Exothermic max.

temp., Tm(oC)
Exothermic final

temp., Tf (
oC)

Exothermic heat,Q(cal/g)
Ta(

oC) To(
oC)

2.5 0.52 188.2  191.8 215.6 224.0 144.6
5.0 0.47 191.4  202.5 225.8 232.7 145.4
10.0 0.53 193.7  205.9 234.4 242.1 156.7

Fig. 4. Relation between heating rate(αααα) and exothermic maximum
temperature(Tm) in thermal decomposion of ADCA by DSC.
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al

of

rt,

mal
QR £], AF ��h«(Arrhenius frequenc facter, min−1), EF �6�

��-, RN �ua](8.314 J/mol, 1.987 cal/mol), TF �V�� �*.

(1)

Table 2	 ß� ²�(α)� V) V]±(log α)� ß� ²�� 
O�

V��	 �](1/Tm)� �q) ¿1 Fig. 4� >û�§*. � (1)3.Â

��À � (2)� Fig. 23.Â E) � 

(2)

�(slope)±1 Vª9: �6� ��-(E)� E9ã 37.29 kcal/mol�

¶*.

3-5. ���� ��

oQ�%3 O�ÈG/F qw�1 ] mg.Â ]! mg1 �9: K

S\ ] $� qw�N O�È¦�� 0 ­®� lF ¿%3 ;�\ ]

$%> mg ����� qw�	 ­®� $F Ø¡! Á*. ß� ²�

5 oC/min, �� 1�æ 9�� ADCA(6-7µm)	 qw� ê�� ́ µ DSC

O�È ¦�� Table 3� ¾t9¶*. oQ�%3 o� ß� ²�	 ̂ ~

9�� qw�1  !q�ã �,ùú	 �¢F ��9Þ 
O³%3"

cU,Ú*. ¸ qw�� Á1]y 
O� BqÀ # 
O�V��(Tm)

� �$9�Õ-	 q×� %# 
O�w��(Tf)! �|-ã� 
O�

V��(Tm)X 
O�w��(Tf)! I� °� >û�*. �X Y� o� ß

� ²� ^~9�� qw�1  !q�ã qw3.Â O	 
<� ��

-Þ "� 
O� ��9Þ ��"F ¿%3 ;�À*. qw�� 0.51 mg

�� 2.07 mg%3  !³� ´� 
OBq��(To)F 203.0oC��

214.3oC3 11.3oC, 
O�#��(Tm)F 226.2oC�� 227.7oC3 1.5oC,


O�w��(Tf)� 233.7oC�� 239.3oC3 5.6oC ��  !9¶*.


O�N qw� �N �%3 9ã qw�	 °�&£, qw���	

C/, ª«	 ¢� �� ´�� °�±� ê\ ] $� qw�� 	,

�� ­®1 �1 ] $*. qw�� Á%ã �, q �,;6�� �

� '%3 (Ï"=> 
;À O� C
%3 7Ï"� ÎÏ"- àF

�)�  !9� á*�*. ´�� �C��Ð	 
;O�� Ô|-F

Ø®� $*. ADCA	 Ø¡ qw� 0.47 mg�� 2.07 mg �C�� V

+ 136-150 cal/g	 �,O1 ,F ¿%3 >û> qw��  !³� ´

� 
O��  !9> � £�F �*- ¢- à-*. oQ�%3 DSC

�� 
O�1 °�9F Ø¡F 10% ��	 &£F 7-\ ] l*#

ð�-# $*[13].

4. � �

DSC   ARC� ��9: ��]-	 
�@3� ÍU .�# $F

ADCA	 O�, T6 KS1 ) ¦� *Ë� YN ¦/1 Ó§*.

DSCX ARC°�¦�, ADCAF ª«	 ¢�! Ô|�]y 
OBq

��(To), 
O�#��(Tm), 
O�w��(Tf)F Éö I�å%3 �·

9F Ø®1 >û�F ¿%3 [| ADCAF ª«	 ¢�! _Ì\]

y [* �N ���� 
O� qÔ"F ¿1 ð ] $§*. ��O¯

O�¥h DSC� 	) °�±� �O¯ O�¥h ARC� 	) °�±

�	 £�F �O��� �h) ±%3� 
OBq��	 Ø¡ To, DSC-

To, ARC! 54-65oC, 
O�#��	 Ø¡Tm, DSC-Tm, ARC! 26-42oC, �

U# 
O�w��	 Ø¡F Tf, DSC-Tf, ARC! 7-28oC3 >û># $*.

�X YN �O��F ª«	 ¢�! Ô1]y [* ¢Þ >û># $

%&, TJ 
OBq���� �O��F ¢Þ >û># $*. 
O�

	 Ø¡ QARC-QDSC! 130-150 cal/g3 �O��! �¡ ¢Þ >û>#

$%&, 
O� () ADCAª«	 ¢�! Ô1]y 
O�� ¢# �

O��� ¢Þ >û># $*.
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dx
dt
------ A 1 x–( )ne

E
RT
-------–

=

E 2.19R
d αlog

d
1

Tm
-------- 

 
-----------------≅

Table 3. Influence of sample weight on exothermic onset temperature and exothermic heat in thermal decomposition of ADCA by DSC

Experimental conditions Experimental results

Sample 
weight(mg)

Heating 
rate(oC/min)

Onset temperature Exothermic max.
temp.(Tm), oC

Exothermic final 
temp.(Tf), 

oC
Exothermic heat(Q), 

cal/gTa(
oC) To(

oC)

0.51 5.0 192.5  203.0 226.2 233.7 136.4
0.96 5.0 194.1  208.1 226.4 235.5 141.4
2.07 5.0 197.4  214.3 227.7 239.3 150,7
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