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





3-1 ���������������� 

3-1-1 ���������������������������� 

� �� �� �� ����� 

��������	(polycaprolactone)
� Solvay � 
 � � �

�
� � CAPA�650
� � � � � � 50000g/mole
� � 58~60�


� �  ! " 1wt.%
# $ % &(solubility parameter) δ'9.34~9.43 

(cal/cm3)1/2( 

 

	 
 �	 
 �	 
 �	 
 �(clay)���� 

) * + , (30B)
Southern Clay Products � �
� � Cloisite�30B


) * - . / MT2EtOH(methyl, tallow, bis-2-hydroxyethyl, 

quaternary ammonium) 
 CEC'90meq/100g clay 
 0 1 �

1.98g/cm3
� �  ! " 2wt.%
2 3 4 5 � 1.74nm(2θ'5.0867

8)
9 * : ; < 70%(TGA78)( 

 

Where T is Tallow(~65% C18; ~30% C16; ~5% C14)
Anion=Chloride 

) * - . / >? @  

 

� 
 �� 
 �� 
 �� 
 � (Acrylic acid)���� 

� Acros Organics � � � �
stabilized 99.5%
A B � � 48�


C � � 139�
01� 1.050g/cm3( 
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� �� �� �� � � �� �� �� � �������� 

D E � F G H I (Benzoyl peroxide,BPO)
� Acros Organics � �

� �
J 1� 75%
� � � 104~106�( 

 

� �� �� �� ����� 

1. K F H G (p-xylene)�L � Tedia � � � �
certified 99.9%
C �

� 138�
� � � 13�
01� 0.866g/cm3( 

2. M N (Chloroform)�L � Tedia � � � �
J 1� 99%
C � �

61�
� � �-63�
01� 1.48g/cm3( 

3. H O (Methanol)�L � Tedia � � � �
J 1� 99.8%
C � �

65�
� � �-98�
01� 0.79g/cm3( 

4. P O (Ethanol)�L � Tedia � � � �
J 1� 95%
C � � 78�


� � �-114�
01� 0.78g/cm3( 

5. Q R (Acetone)� Echo Chemical � � � �
J 1� 99%
C � �

56�
� � �-95�
01� 0.79g/cm3( 

 

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

KOH- P O # S 
T UV E � W (Potassium hydroxide)�X Y � 


� �
� � � 360�
01� 2.04g/cm3( 

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

Z G F H [ V W (Potassium hydrogen phthalate,KHP)
� �\ �-

] J ^ Y _ ` @ a b ( 

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

c d (Phenolphthalein)� e f � 
 g h � � � �
 i j k l

pH'8.3~10(9 j ~m j )( 
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3-1-2 � �� �� �� � � �� �� �� �  ! � �" # �� ! � �" # �� ! � �" # �� ! � �" # �� 

 

$ % � � & � � � ' � ($ % � � & � � � ' � ($ % � � & � � � ' � ($ % � � & � � � ' � ( ���� 

n o �p (chitosan,CS)qr s ��t u v w x y r z ) { � � 


| P I 1� 86.20%
� �  7.8%
} # y ! " 0.2%
~ � �

80mesh( 

 

� � � � ) *� � � � ) *� � � � ) *� � � � ) * ���� 

� � [ � (mushroom tyrosinase)� Sigma Chemical Co. � �
� �

�(specific activity)� 1000U/mg( 

 

pH + , �+ , �+ , �+ , ����� 

� [ V F W (Dipotassium phosphate,DKP)�X Y � 
 � �
� � �

� x y � � � � � ( 

 

- . �- . �- . �- . ����� 

K H c (p-cresol)� Acros Organics � � � �
� � � 35~36�
0

1� 1.034g/cm3( 



 46 

3-2 � � � � 	 
 �� � 
� � � � 	 
 �� � 
� � � � 	 
 �� � 
� � � � 	 
 �� � 
  

 

3-2-1 PCL-g-AA���/ � � 0 1 ����/ � � 0 1 ����/ � � 0 1 ����/ � � 0 1 �  

 

r � PCL-g-AA � �y (copolymer) � � �q� � ��� � (\ �

� Brabender Plasti-corder
� �� � � Plastograph EC
� � �� �

� �W 50 EHT)
� � % &�   �7¡ ¢ h £ ¤ 50g¥� � ¦ 1 85�¥

�� �§� 60RPM¨© ª« 3 � 6 ! « (¬ ­ ¢ h PCL(44.85g)
®

�h ¯ ° � ± ² ³ ´ (torque)µ� ¶ " ·   ¸
¹ º 10wt.%q AA(5g)

¨ 0.3wt.%q BPO(0.15g)»� ¼ S ½ ¾ �� � U
¿ ¯ : À Á © ª

¸
Â Ã � h ¢ Ä J � ¨À Á  »8  Y � ( 

 

J � Å Æ U
º Ç 10g» PCL-g-AA È ¾ 200ml»K F H G # /

U
É 85�»Ê ¦ Ë Ì Í È Î
Ï D Ð ! « »Ñ Ò ¸
Ó 600ml »

Ô Q R Õ Ö Â Y � 
× � 5 Ø Ù Ú © ª» AA
¿ y h � � ¯ : J �

¸
È ¾ 80�»Û Ü Ý Þ 24 ! « Õ ß à á â (É8  À Á  ã ä 


­ º 1g � �y # " 50ml»K F H G U
åæ �Ñ Ò 2 ! « 
ç ¸º

# S Ó KOH-P O # S (T 7è qé 1
ê ­ Ó KHP�ë   / 
c d

�ì í / × ë   q)Õ [ î ï   
× 8ð PCL-g-AA qÀ Á  
T ñ

ò ã Å @ ó Î[53]= 

 

( ) ( )56.1
 ( / ) ................(3-2-1)

( )
KOH KOHV ml C N

Acid number mgKOH g
polymer g

=  

 

 72
(%) ........................................................(3-2-2)

1 561
Acid number

AA
×

=
×  
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µ 3-1 PCL-g-AAqr � Ì Å µ 

 

3-2-2 2 3 ���4 5 6 72 3 ���4 5 6 72 3 ���4 5 6 72 3 ���4 5 6 7 8 98 98 98 9  

 

ô � � õ ör � D Å U
Ó÷� ± ø ù× Â ú # S ø 
� Óû ü

D Å U# / ý þ K �� õ ö�. »��
å � �÷� � ù× � � � ¼

y »� � 1
� Å Æ �ô � � öh æ Y 	 
 � ¤ � »
� (É�¼ y

: � æ Y D Å U
� �»Ì � � ô � � � D �� � � � ���� � �

���	(PCL)�
10wt.%AA(���)
� 0.3wt.%BPO( � �
� � 	 
 � ) 

PCL-g-AA 

� 
 � � � 6�
�(85��60rpm)�

85�� � � � � � � ��
PCL-g-AA �  p-xylene�

�! " # �� $ 80�
% & ' ( 24���

) � * PCL-g-AA�+
�, - . / 0 . 1 2 3 �
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� �»�� É � �« � �� Z �� q3 »� � �
� � x � ´ <  


É ! " 	 � Ó�+ 1× # $ % & � �
¿ �� q3 » � �� ´ � « 


' � �»+ 1ô (�� q3 » � �� ´ ! 
� �»+ 1 ) * (� � �

�� q� Ó + � � , - . � / � � � � q3 0 É 1 2 ��3
�� É 

4 ´ � �Î� Ó 5 
�6 È 7 8 �9 : »
�� ! : ; » 2 ��3

�
g × » 6 È ) � Ó < : = » 2 ��3
åÀ > ? 4 »�� 7 8 


% @ � D �� » A B � � C ���� � � 8 D » E F ( 

 


G �¼ y � �É�� : � æ Y D Å U»Ì �Ä �
& · H I

J Ì i (É· H I J Î
� �� � J I J ´ K »� �
� �� L » M

´ � N   »
�� ¨�� q3 » 2 ��3ÉOP 
 	 � ! � Q � R 


S �� 7 8 »§1ÉOP 
 	 T � N   »(å² �" �¼ y � � ��

q3 � �» 4 ´ � Q � R 
/ � �� » � � � U 1 4 ´ »ã V A B W

�
X" 	 Y Z ��¼ y � �ÉÌ �ã V 	 »§1� [ � � � »
\

· H Ì �Ä �( 

 

�¼ y � �Éæ Y D Å U»+ 1i � ¨T � � � � 3 » ] ^ _

H 0 J � ` 
] ^ (entanglement) � �" ô � � a b 
� Ó� � � � Ó

c � ^ d 
�¨�q3 e x f g ] >
� % ) � h i ô � � æ Y j �

» h / 
ô � � � � É TgÓ 	 »¦ 1 / �� � �»� � k ¶ l m 


% n ] ^ o p q � � * r 4 ´ � ä s t $ » u � 

G × v 
] ^ »

01Ó w $ ] ^ (disentanglement)»§ F x y   z ô � � öh »æ

Y j �(� 4 
�¼ y � ± �� D Å U
T + � × { h � ) Ð L � =


� 5 æ � | æ �� � x »� } i (F � �" I J � � � � x »+ �

~ . �(¿ Ð & + ��Ì �É} � � � I J � �» R « 
T } � � �
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�¥� ¼ 
� Ó+ � ~ . �º É�� � ± �� D Å U � ) 
 � ¤ � »

� 6 
R « � T a � �¼ y � �U»¦ 1� [ � æ � � 
� � � L D

�( 

 

� � � ¼ â � 
� ¼ � w - . ¥K Ì � I J � & � �(É�¼ y

æ Y D Å U
�" �¼ y � �»+ 1 � ô 
Ì �§1 � K o * 
� �

U»� � - . � � 
² 
G � � Îy h »§1 � } �� Ì 
/ � � �

- . � � Ì - . K �¼ y � � � ¼ � � »� � � ! 
n � � Ó � � 


� ÓÉ�¼ y æ Y D Å U � ÓK Ì (convection)� h q� � * � (% &

9 - . �� % ¨� ¼ »Ð & : ; � � � q3 »� � ä � p q � � 
å

² É� ¼ »D Å U
Ð � 3 »À � ä 3(\� ä ä 3)a � 1 � � æ »

ªi � i � 
/ � K " � . � ¼ 
� � � � ä ä 3  b � �� ¼ ¡ ¢

»1� ë £ (ô � � õ ö� ± � + 1� J � ö) o � I J § A ¤

�
� �" + , » ¥ 2 ¦ ) o � »� § � 
É 4 � » I J ´ � �Î


� ÓÉ�¼ y � �UÂ V 
C �¨ © � � �D �»� �
/ �   � I

J ´ a ª 1 � « * T + 1 ¬ (� 4 
L � + , ¥ 2 T � + Éæ Y « 


� ­ � � �¨æ Y ® � ¯ » � ä 	 
� ) � ; ¨ © / »� �
× û *

� � Ì �« ¨æ Y ® ¯ q3 » � � ´ ( 

 

° ± r � õ öq ² 
­ º n o �p ¨) * + , È " 80�Ý Þ 3

³ Õ ß à á â 
́ ¸Ó�� � ¢ Ä � ± � � 7¡ (ÉÐ : ; µ OU


\ r � PCL/30B¥PCL-g-AA/30B¥PCL/CS ¨ PCL-g-AA/CS õ öq

D Å 
º h ¦ �   � 100�¥�� �§ 100RPM¨� � « 3 15 � ¶ 


ÓF B ¢ h ã @ 
� · ¢ Ä � ö¨) * + , ¥n o �p é 1¤ � � ¬

�(95/5)¥(90/10)»� � 7¡ ( ? 4 
É � : ; õ ö µ OU
\ r �
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PCL/CS/30B¨ PCL-g-AA/CS/30B»Å Æ 
º ¦ 1�   É 100�¥�

§ 100RPM¨© ª« 3 � � 40 � ¶ » ¸ � ¹ º Î
Ó � B ¢ h ã @ 


r ð é 1� · �(90.25/4.75/5)¨(85.5/9.5/5)»õ ö( � r � ¯ : qõ

ö
Ó » ¢ Ä ¸ ¼ � ½ 7¡ 8 ¾ »Y � ( 

 

3-3 � � � � �� � � � �� � � � �� � � � �  

 

y . qy â i � w � 
 i � 
¿ ó � q� D ¥> À ¥# $ ¥Á 9 ¥

� $ ¥�¼ ¥E � ¥� g w T Â � 
 © ª Ã a � x � E ª
/ � ��

½ Ä Å ¨�� ½ � Æ » : �¤ � »� Q Ç È w � � (�� ½ � ÉÅ Æ

Ê ¦ Î
8� É & y . qy â �. ¨¦ 13 » ` Ê 
o � Ë � »��

½ Ì Í Î Ï �¤ � � ½ (Thermogravity Analysis
TGA)¥ Ð í �� ½

(Differential Thermal Analysis
DTA)¨�* r �� ½ (Thermomechani- 

cal Analysis
TMA)Ñ
 � � ½ D Å Ò �� Æ Í È Ó ¼ Ô Õ T � : ;

, g : ; qy . ¨�
 j � � } R ¦ 1qi � _ H 
� Ì � ½ Ô Õ Ö

q��� (Thermograms)( 

 

3-3-1 TGA : ; � � � <: ; � � � <: ; � � � <: ; � � � <  

 

�¤ � ø � � � � & =Ñ ¦ �¤ � ø (isothermal thermogravimetry 

)¥; Ñ ¦ �¤ � ø (quasi-isothermal thermogravimetry)¥� H �¤ � ø

(dynamic thermogravimetry)( × 
G � g &�¤ � ø � Ó� H �¤ �

ø � Ø 
¿ y . � 1 � Ù ¦ 1» 	 � , Î « � - i T ¤ � q� ½ Ú q

��¤ � � ½ 
Û y . É Ü 
 ¦ 1Îû ü ¤ � 
Y í y . É � ¦ 1 �

x Ý e , � $ 
� y . É Ü ¦ 1k l �¤ � Þ ) ß à 
\Y í á y .
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É � ¦ 1k l � â Z ã   _ H 
? 4 � �� 8y . É É } R ¦ 1Îq

¤ � 
� Ó ä � � ¼ y q: ; w � ¼ y U É : ; q� � ( 

 

ó µ 3-2 � í 
v å 
¹ � æ � . � ß à ç è » j �(é ê 
�

� æ � 
 Ñ ¦ © ª Ã ) F �j �¦ 1=Ti � ë ¦ , D Å � $ ¦ 1

(procedural decomposition temperature)
É � ¦ 1« � ì 3». � i �

í C � ³ � + î Ç »Å 1(Tf � ï ¦ 
É � ¦ 1« ì 3». � i � ð

ë C ñ � ¬ 
 � ¿ " © ª¯ : ( ò ´ Ti � Ü 
7¡ ». � i � ð ë

+ ó ô » ñ * ¦ 1
× � õ 
 �   ö U»�i ¦ 1
T 
 Û ÷ »� $

¦ 1(É è �»æ �§ Î
Tf ø � " Ti
T Ð Tf-Ti
Ö �© ª ù 3 (


�Á �� $ © ª» Tf¨ Ti Ã � æ �§ »   � �   æ 
 × ² x �

¸ x ú §
S © ª ù 3 � æ �§ »   � �   � (� 4 
ÓÎ û ã Å

@ � K � ¼ y �   � »� ½ ( 

 
TGA

TGA
×100%m

m
∆
∆

����� �� � 	 �

�
 ��
� �� � 	 �
��� � � � �

T Uüý�. � ß à (�

�·   � � ì 
& y . Éæ �« þ � T �. n � } i » + ´ (Ó

7è » " � × v 
�·   �ª 5 æ " y h » � Ù � y h » � + × �

�(� �¤ � ø � 
& ) �» Ä Å 
� Ó � � y . É} R � � Î þ �

T . � » + ´ 
T ª� Î Ï �¼ y � K �·   �»� o 
� æ / K �

·   �»��
� � � � æ / »� � 
« $ �´ 
 » � � 
É & � �

y µ O» � À   � � ½ 
E � ·   �Ó w f g T Â ª�(É�E � «

$ » � � U
�¤ � � ½ ø + ª 	 � � >? � ¤ 
 � � » � û 
� ¨

� » 
 X 
� �y � � �y � » � � Ñ
T + � ð « $ © ª»§ �

&¥© ª � &¥ l  / &¥ � � � + (�
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�

µ 3-2 
� � æ � © ª» TGA ç è j �  

 

º �� � � ± � � 7¡ r : qõ ö
Â � ¿ � È " 50�Ý Þ U

72 ! « ¸
Ò ��¤ � ½ � (Thermogravimetric Analysis
TGA
�L

� TA � Æ � � r s 
� � Q50) î 8
Ó �   Ï D � ± � � 7¡ ¸


� � õ öU� � q+ , , n o �p � � � � � � � £ � ¨� � 
å8

  É õ ö»� � $ ¦ 1i � (7¡ Å Æ »% &�   ã ä 
Ç �@ z ¤

� < � 15mg � � 
ÉJ � � » � < Î
� ¦ §1� 10�/min
æ �

¦ 1� � ¦ ~800�( 

 

3-3-2 DSC : � <: � <: � <: � <  

 

í Ð � # �� � ½ � (Differential Scanning Calorimetry
DSC)ª

�É�¼ y »  !
� "�� # Ä »8  $ % �i ¦ 1 Tg¥� � Tm¥

> À 1¥� $ �¥> À � , � $ ¦ 1 w f g T Â % &(DSC »g â

� Ò � ¾ @ & (sample)¨% � & (reference) � · È " � Æ »Ð �¾ h
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p Æ U
ó µ 3-3 � í 
² Ð p Æ ) ' ( w � ; »� æ � ) ¨8¦ µ

O
å � � �  * + »g â 
º ¾ @ w % � y Ó � è »§ æ � , Ô

, « 
� É 2 »æ � Æ - �Ñ ¦ 
Û � ¾ @ � x i � 
' a . � 1 Á

/ , 0 Ã �� 
/ � � Æ � Ô Õ »% & � æ " Ð � æ � Æ » �  1 ¾

q Ð 
\ d(üH)/dt
T ¬ � �ÓÎ Y í = 

 

      .................................................................
( ) (3-3-1)S RdH dH d H

dt dt dt
∆− =  

 

µ 3-4�
Ë � » DSC ç è 
º �� »Ì � dH/dt � �¦ 1» 2

& � Ô Õ 
 5 Û ÷ �´ 
 » ( K × v 
 Á / 3 � V 	 »(4   æ )
0

� 3 � V Î»

G � Ø 
" DSC ç è 3 � Î l »ä 3¨ 4 »i �

: ÷ � 
� 5 � » Y í �= 

müH=KA…………………………………….(3-3-2) 

T UüH��i (, © ª)�
m�© ª ¾ @ ». � 
K� 6 £ Ê &(¨

¦ 19 ` 
 × ¨ ¾ @ Æ »n ê µ < w } i  ) ` )
A � ç è 3 »ä

3( � 4 
DSC T ª�" 8  7 > À �¼ y U� � > À y h »¤ �

�  
� ã @ � 8� �¼ y ¾ @ »� $ �üHf
T ¬ ¨ À �»� � :

� # 
 ? 4 8   100%> À 1» ¾ @ � $ �� üHf*
 ' > À 1�  

9 �= 

% 100%f

f

H
Crystallinity

H ∗

∆
= ×
∆ ……………………………..(3-3-3) 

Ó DSC � ��� ½ »8� ã @ 
) ÓÎ» ¡ : � = 

(1) 8  ú §=� É&� ¶ , &! « � � � ; � »¦ 1k l ( 

(2) ¾ @ ». � ! = ¾ @ � 5 & < = >& � < = ( 
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(3) i � � � = ¾ @ � � ? �, S �( 

(4) ̧ � »ã ø w & � »� ½ 5 � p q ( 

(5) � �" Ô , D Å w ô M 8� ( 

(6) + � � f g } R � @ »� 
 © ª( 

 

 

µ 3-3 í Ð � # �� � ½ � í @ µ 

 

 

 

µ 3-4 Ë � » DSC ç è  
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õ öq� � (Tm)¨> À Ä � � �í Ð � # �� � ½ � (DSC
\ �

� Perkin Elmer
� � � Pyris 1)8� 
7¡ @ z Ö Â 3~5mg
� # ¦

1k l �-65�~150�
� « ¦ §1� 10�/min
¬ ­ �-65� � ¦ >

150�
¹ N ¦ 5min
́ ¸ « >-65�
Ó � Å Æ × A B õ öq� C D 


¤ õ 
B � « Óº õ öÉ R @ � Ù ¹ º Î> À 
å " 8É E F / � æ

Î
K õ ö� � ¨> À �. q��(�

 

3-4 � � � � � � � � � � �� � � � � � � � � � �� � � � � � � � � � �� � � � � � � � � � � (FTIR)� �� �� �� �  

 

m 4 è G � 
 � � � Ü 
 � 
 � � , � 
 y & / Á / , e H m

4 è I H 
 � É Ü n J � K @ Î � x J � , J �-�� + � »i � (

� L " m 4 è G � »� ½ 
� ¼ y » M   ¨� � ð Ó y   (m 4 è G

� N O »k l � 13300� 10cm-1(, P b 5 0.75> 1000µm)
�ª�

w � Æ »� P " � � Ø 
m 4 è G � � � : ¥U¥Q m 4 è Ñ� �ù

!(
G � ì »m 4 è G � ù ! � Um 4 è G � N O 4000~400cm-1

»k l 
 � G � ù ! A � � » J � j �� R � � (1) j � l  ù

(characteristic-group frequency region=4000~1300cm-1)
Ó ª Z � � »


n j � S + � » Á / l  ((2) ì T ù (finger-print region=1300cm-1

ÓÎ)
Ó ª í � � >? »� U Ð V ( 

 

¿ 
� � � � É j   » l  W e 
5 
� J � , 
 X � T Â 2 B

� Á / m 4 è ¥0H + 
�
�m4è+�G NO
�YlklZ

D 
�@ z 
% +�É j   »l  a " @ z � Á / 
+�» Á / ��

l  � � K »G�µ ) �@ z » Á / G�µ
G�µT� � � j � �

� �» [ ? j � µ(É  �� ½ 	 
FTIR º \ ] ^ � �¨ @ z ^ �
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�� : ° G�
Ó � x Z_ µ�
w @ z ° G� B Ó \ ] ° G�
¹

R Ã 0%~100%»è
��Î @ Y í = 

 

% (transmittance) 100%..............................(3-4-1)
Sample

T
Background

= ×

 

ÛºZ_ 1 »½ & Â log
'�ð � Á / µ�= 

 

1
(absorbance) log( ).......................................................(3-4-2)A

T
=

 

m4èG�� ½ «
 " Á / » I H l  � � � J � � Á / »+

�(� � J � «
� �� É g �} « � K T� ` 6 È Õ J � 
J � K

@»& Í '�1 � �� � g �»& Í �  g 
² k ¶ õ a (Û � � ¦

) è � > ? 
'� � �a ) 3Nb5� � Q J � K @
TU N Y í � �

� � g �»& Í ( � � ¦ 
 è � > ? 
' ) 3Nb6� � Q J � (
G

J � K @� A g �3 � b , � c d »- i 
�Y Z � e f (stretching)

J � , g ç(bending) J � 
óµ 3-5 � í (�4
¨ } O »m4èG

�� � o
FTIR � Æ ) ÓÎ » j j ¨ ¡ � = 

(1) ô$ ½ 1 ( < 0.1cm-1)
l  »¹ Z � � h ( 

(2)   i » j � K a j � � � � g B k § � # � l ð 
² É � m «3

� �ð � n o »G�( 

(3) � l Â @ z Á / 1 p ô, p * »G�( 

(4) �ð � � � @ z »G�( 

 

Q � � Ò �� M * ºõ ö r : § 1 < 0.02mm» ¾ ¥ q r
¹Ó
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m4èG�� ( \ � � Perkin Elmer) ¢ Ä � # 
�   � # B & � 16

B
 P & kl� 4000cm-1~400cm-1
$ ½ 1 � 4cm-1
8ð õ ö q m

4èÁ / G�
å ¢ 
 s � ½ Á / 3 »i � � < ( 

 

 

µ 3-5 g � t J � K @(a)e f J � (b)g ç J �  

�

3-5 X-ray����������������(XRD) 

 

X G d H �
& ô u Ä ² } ¦ v w � »� ½ � Æ
��× K Ì

�¥ x y , > À � �¼ y Õ  � w   �q � ½ (¿ X H è z H À �

@ z «
�" À �Ug � � û » { ' � 
G } | � Y ä 2 q g ��

© H 
² L � 5 o } »g �2 © H 
�É g � . H P c � ^ � «
º

a É Ü n ã V c � æ i 
\ � Ú » ~ � � ^ � 
� � � � �¹ º » �

� x d H 
�% n j � �Ó _ D P & Æ � Õ Î × (� z $ � 	 $ » Z

�

G � � � [ � �   ö (Bragg�s Law)× v å = 



 58 

2dsin�=nλ
TU n=1,2,3,… .. 

/�g �q À � ¦ ) { ö � » � - > ? 
S % n À � / ) { ' �

» � û �< : 
Ó � »� ä 
ä ¨ä q 3»4 5� d
� d ¬ a � y

. j � � ) � - i (¿ P b ��» X-ray G Ó d 1 ��»¾ H d ¢

¾ À � U
X H è ¢ ¾ } R 2 (Ó n Y í )»� ä q U/�� x d H (

� �- i } R»¾ H d �
¿ö h q > À ä � û � ¼ [ � � d H ¹ º

«
�\. H +w 3 � ¨ P b » � ! � ¿«
�« d H » i 1 j · å

ª
² a ) i � » d H +� � x 
�% n Ï d H Ã × » j � +�q i

1 w d 1 
'��× P ò À �» � û > ? ( 

 

 

µ 3-6 X-ray d H í @ µ 

 

ºõ ö �� M * ( � � � * r s ) r : � � � 2.5cm
 § 1 �

1.10mm» � < ¾ ¥ (7 ¡ U� ��q X G d H � (\ � � Philips
�

� � XRD-6000)» ¸ � � M� 40kV
� Ì 40mA
��q H èG {

� Cu Kα( P b λ=1.54Å )
 d H kl� 1.56~106
 � # § 1 �

16/min
 � �Ó j � d H 3 6 È ¨ i 1 × � 8 E F / É� ö U»�

. _ H ( 
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3-6 �  ! ���  ! ���  ! ���  ! �� 

 

3-6-1 =>?@A=>?@A=>?@A=>?@A(OM) 

 

ºõ ö È " 100�q � $ ¥ w O$ ¥ 	 M : < 0.05mm § 1 q q

r
¹ÓG 
 ª � � (\ � � Nikon E400)" ó õ ö q > À � ! 
å �

�Ê ¦ � � 
É 100�»� ± _ H Î " ó + , � ~ ¨n o � p � ~ »

� . _ � ( 

 

3-6-2 B ( C ?@AB ( C ?@AB ( C ?@AB ( C ?@A(AFM) 

 

1980 � � � 
 � # @Z � � Ì ª � � (scanning tunneling 

microscope,STM)» e å ºª � � »$ ½ 1 � ô � g �Ñ � 
Tg â

�Ò � � � ¨ i �3»Z� � Ì × Õ â � j � 
� � Æ�É
G Ü �

U» � Ù � � ½ 
×T�+É i � ö h » @ z Y ä 	 � � Ã � �»g

�
å ð � g �> ? » � - µ � 
K " 
 i � ö h 	 »ª � , � � {

�(� z � * STM»} � 
1985 � Binnig¥Quate� Gerber e å z

g �´ª � � (atomic force microscope,AFM)
Tg â �Ò �
�  ¡

¢£ 	 � � ¨ ¾ ¥ q 3� ! »g �´¤¥ ð t ´(<�& � nN ��)

Õ â � j � 
ó� } | + K 
 i �Õ " 8
� ² ¦ ) �ÉS � ¥� �

U ¸ � ¨ @ z } ¦ § a ² á â » j � 
Í ² T " ; ¨ »ª �Éx y @

Q � H 
 » � � 
T´
 �8» � +� " © ��8¡ª « , � �3´


 j � » Ò Æ( 

 

� � Lennard-Jones pair-potential energy function # $ 
g �q 3
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» 6 +¨g �34 5 â Z 1 óÎ » ` Ê = 

 
12 6

( ) 4 .........................................(3-6-1)pairE r
r r
σ σ

ε
    = −           

 

@U σ=g � 7 � ¥r=Ðg �q 34 ¥¬=­ � � & 
® 
¥F Ì �

· �g �3 ¯ ´¨ Á ° ´» ` Ê 
�Ðg �3»4 5¨ 6 + q ` Ê

µ
óµ 3-7 � í 
µU� " ó Ã Ò �g �3» Á ° ´¨ � ¯ ´»�

�
�ð � & � Q » AFM ¸ � K @=À � @(contact mode)¥
 À �

@(non-contact mode)¨ ± ² @(tapping mode)(¥ ð t ´�Ðg �q 3

»4 5� - i 
¿Ðg �»� � ³ c � À � «a � x � ¯ ´
¿4 5

� Q «
a / ´ �»� � ³ ¨g � µ � Á �� x Á ° ´( 

 

AFM» µ O [ ? h � � ù � : � �L � = 

(1) g �3� �´ ¶ 8Æ-¢£(cantilever)=TK � · ´ � ¸ ¶ » q g

ç
² + ¶ 8¢£¹ º »g �¨ � K ª É @ Q Y ä g �q 3»�

�´( 

(2) ¢£» D � ¶ 8Æ= h � �G 
 @ ¼ H K ½ µ O ¨ 6 D ¸ ¶ » ¶

G F � �(position sensitive photo-diode,PSPD) ª : 
¿ AFM ð ë

� # ¸ 
¢£ a / ¹ º »g �¨ @ Q 3� � x »g �� �´
�

1 ¾ ¿ »- i �	 Î D � 
�© H » ¼ H G - i T d 1 
å �

� PSPD ¶ 8 ¼ H G » » D �
Ï PSPD } À i � » j � > � #

Æ( 

(3) 6 D � # µ O =� Ë Á (feedback)è Â ¨M � À � � # Æ

(piezoelectric scanner) � ª : ( 
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�4
É [ ? 	 A � # Æ¨¢£ 9 1 » 6 È 
�� � Ã È @¨¢

Ä @(É Ã È @� P U
¢£�8 L � ¨ � # Æ� � ð »
¦ ) oô

»� Æ ·   � ¨ � Å � 
� Æ q »Õ � g � � �8
×�" @ Q ¦ È

0 É � # Æ	 
� Ó @ Q ) ¤ �¨ � ! »{ �(¢Ä @'º�8�»

¢£ 9 1 " � # Æ
� � # Æ� 1 ¢£ ¢ Ä � # »� � 

G �8 a

j o Ã È @» � 
×@ Q � È 0 É � � 	 
� ¼ � @ Q , S � U»�

8( 

 

 

 

 

 

 

 

 

 

µ 3-7 Ðg �3»4 5¨ � K 6 +» ` Ê µ 

 

AFM q ¸ � K @�� �= 

(1) À � @(contact mode)= 

Ò �g �3 ¯ ´i ��� x Y ä ¾ ¿ »ã @ Ö �À � @
T c ¯

+» � ! h � ¨g �34 ½ & » Ç F B ã : ÷ � 
¿ � � ¨ ¾ ¥ »4

5<�& �È«(
G �3Å)
Ðg �»� � ³ a ) c ¯ Z �(�" ¥

ð t ´ É Ê m 4 ´
/� � ! »4 5i ��
) a s : c ¯ ´ å ª»

i �
/��1 @ z Y ä < Ë »ô * � Ì 
 � � �@ z 3»34 }

Non-contact 

Intermittent 

-contact 

(semicontact) Contact 

atom 

Repulsive 

force 

Attractive  

force 

atom 

atom 

atom 

σ 
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R
T 
 c � �´T } R
/��ð ¢£»i < �} R
q ¸ Ò ��

Í � { »G 
 ¶ 8Æ Î 8¢£» D �
\�ð @ z » Y ä < Ë (�"

� � ¨ @ Q � ´ � À � 
T � � $ ½ 1 ñ o 
� ¼ Õg � � » " 8


× K o¡» @ Q 
óx y @ Q ,ô� �Ñ
' ¦ Ï Ð o¡»¢£¨o

! »À � ´
� ' a ) Ñ w @ Q q � (TÀ � @Î � � � # @ Q Y ä

q í @ µ
óµ3-8(A)� í ( 

(2) 
 À � @(non-contact mode)= 

Ò �g � Á ° ´»i ��� x Y ä ¾ ¿ » â � ã ø Ö � 
 À �

@
óµ 3-8(C) � í 
\��¸ � K @Î q í @ µ(� � ¨ ¾ ¥ »4

5<�& Ç �� & � � Å
T Á ° ´» � ! h � ¨g �34 ½ & » Ò

B ã : ÷ � (�¸ � K @�É+ 9 " ¢£ 	 »M � À �� Ó 
 
 i �

M
�¢£ � 
´� � � x 
 � ! J Ô Õ � 
�¢£» J Ô ¨l  a

� � � ¨ @ Q 3»� �´} R� - i 
� _ D Ö 8 J Ô »i ��× ð

Ç @ Q » Y ä ¾ ¿ (�" � � å Ú �@ z 7 è À � 
/� K " ¡ � @

z Y ä � s : Ñ × � � � « * 
� � � ß » � < T�û ü (×�" �

� �@ z å Ú À � 
/�
 À � K @» â � Å q Ü 3$ ½ 1 oÐ ( 

(3) ± ² K @(tapping mode)= 

óµ3-8(B)¨µ3-9 � í 
�¢£ 	 Î Õ � Æ Ø " @ Q Y ä 
å �

J Ô »- i �â � 
�" � � Á ´¨ ¯ ´» 
 c � �
TÖ �3 Ù @

»À � @ K @(intermittent-contact mode), 7 À � K @(semi-contact 

mode)( ± ² K @¨ 
 À � K @» ¸ � ã @� ; 
× � � ¢£J � »

J Ô o� 
� � � �@ z 3»4 5T � 
 À � @× ð � 
É � # D Å

U
� � a À � � @ z Y ä 
T$ ½ 1 To
 À � K @»$ ½ 1 × ð

ô(×�& � � �@ z »À � �� Æ ± @ z Y ä 
S K @ z Y ä » Ñ

× �û � ñ * 
K "  ¡ � o o » ¾ ¥ 
óx y @ Q 
�� ± ² K @
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" ó Y ä ¾ ¿ «
�É} ß × ¾ ¥ Î 
�ð � � h » â � > F 
j ·

ÉÜ � U ± ² @»ª � Å � � � @ Q 	 2 ´ � 2 » ^ Ú (Ò �� ø ×

" 8ô� �õ ¼ ö h 
T� . � q + , É � �Ó ¼ � q � ö U» Y ä

� . � H 
T�� ¿») : E (µ3-10�Ï�� ± Û B á â q

polyamide 6(PA6)/ 2 _ Ü [ Ý (I.30)� � õ ¼ ö h q r
É ± ² K @Î

AFM»ô1 ¨ � 6 Ð â � µ
 � �� �´»i �º Þ ß � q 9 * Ü

[ Ý 2 ¨ ¡ � q ô� �� ö � 
ù · 
É � 6 Ð â � µU� " ó �

à j ¹ T q 2 _ + , ÉPA6 � ö U»� . _ H > ? [54]( 

 

 

 

 

 

µ3-8 g �´ª � � ¸ � K @í @ µ 

 

 

 

 

 

 

 

 

 

 

µ3-9 ± ² K @» â � g â í @ µ 

(A)Contact mode (B)Tapping Mode  (C)Non-contact mode 

5�100 nm 
2�5 nm 

5�10 nm 

FB system Topography 

AC 
Piezo-
piec e  

Mag. 

_ 

Set point 

Mag 
5~100nm 

PSPD 
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µ3-10 ± ² K @Î q PA6/I.30 � � õ ¼ ö h »AFMô1 (�)¨ � 6 Ð

(�)â � µ(A)0 � ä 3 10 á 10µm((B)1 á 1µm 
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õ ö Ó� M * É 100�Î � M : § 1 � 1mm » ¾ ¥ 
 ´ ¸ ºT

È " Ê ¦ � � 	 
Ó¦ 1 � 100�Õ 2 ! «» ¾ ¥ Û B á â (7 ¡ «

Ò �g �´ª � � (NT-MDT � � r s 
�� � Solver P47)q � � (�

� � NSG01-DLC
 â � Ê & 5.5N/m
� J l  165kHz)¨ @ z 3»

3 Ù � ± ² ¸ � K @(tapping mode)
º% & SPoint ¬ � � 1.2 ��


FB Gain ¬ � 1.0
 � # § 1 < 2.0Hz �� q ¬ 
å � 3300 ã0 � �

1 ä ã
¹ 0 � � 33000 ã
 � � K õ ö Y ä � � # " ó 
Ó� ½ õ

ö Y ä q + , ¥n o � p � ~ »� . � < ( 

 

3-6-3 D E F G H I J ( ?@AD E F G H I J ( ?@AD E F G H I J ( ?@AD E F G H I J ( ?@A(FESEM) 

 

ºõ ö ÉS H � » � Ù Î 
ºTÔ å á â 
r ð § 1 <� 2mm

» � � ä ¾ ¥ 
å ÉÝ Þ UÕß à á â 
Ó K e H � # @� �ª � �

(Uf � 
 æ ¤ � ÆU ç 
r s \ � =JEOL Co.,Japan
* �=JSM-6700F)

æ § � M� 2~3kV
� 500 ãè s 0 � � 2 ä ã
Ó " ó E F y »�

. _ � ( 

 

3-6-4 G H I J ( ?@AG H I J ( ?@AG H I J ( ?@AG H I J ( ?@A(SEM) 

 

ºx y � $ � � S U»õ ö q r Â Ã 
å é I : � ¿» � ! 
Ï

D Ý ß � _ ¸ 
Ó � # @� �ª � � (Uf � 
 æ ¤ � ÆU ç 
r s

� � TOPCON
�� � ABT-150S)" ó õ ö q x y � $ »� > ? i

�( 
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3-7 " # � � ��" # � � ��" # � � ��" # � � �� 

 

3-7-1 K L 8 M � N � <K L 8 M � N � <K L 8 M � N � <K L 8 M � N � < (DMA) 

 

K * � ��Ì ��Ø 
TÌ � Ä � � � Ê " ê ë �
� � x » <

i � ¯ ° } � ì »
�T ? �»Ä � , ¶ : " â � �(́ �ô� ��

¼ �É� ± _ H 
,T � _ H «� 
 ê ë �
ÉÌ � D Å U� e x »

< i U
L � �� ì »
% ��" ô� � � q 3å } � 5 � » � K ©

D > F 
��É �� � � � � � »£ > F (
 â í » â � �
¿ � �

4´¸ 
� ` < i � î « C � »
¨«39 ` (
 â í »+ � �
¿

� � 4´¸ 
< i ��«3è � e ï »(�ô� �ö h » < i � . �

¨«3) ` »
% & ` Ê ­ " â í â � �� â í + � � q 3
R« ¦

) â � Ä �¨+ � Ì � Ä �
/�ô� �ö h � " Ö �+ â � ö h

(viscoelastic materials)
óµ 3-11 � í ( 

 

 
� 3-11 � � � � � � � 	 
 � � 
 � � � � �  
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ô� y »´
 � . �«3»i � O Ö �´
 ð ñ 
� � ô� �ö

h � � 4L � �» � � } R
�Ó " ó � } R � �»´
 ð ñ Z �


ñ � Q ») W i ¥ª ´ ð ñ ¥ ò ¸ �´
 ß ~ [31,55,56]
ÓÎ � K � H

´
 ð ñ q ò ¸ ¨´
 ß ~ Z � � v å ( 

 

ô� y � �> ? ö h 
É7 è ª �«
 ó ó � � 
 i ´( ª ´ �

! â ô � � i �)»� �(¿ô� y É 
 i ª ´� �Î 
s : < i õ

¸ " ª ´i �» Z � ) Ö � ò ¸ Z �(�Z �» e x ��" � � É �

� « � � � � � � ´»� �
¿4´i �«
� � » � � � ö } 	 4

´»i �
� Ó < i õ ¸ " ª ´
�< : 
�� 6 Ð (phase-lag)(


G �Ø 
Û K ö h � æ Ó ô � � » ÷ ÷ P �q ª i 
' â � �¥+ �

�¨+ â � � a É 2 â Z } R»Ë ª 
K â � ��Ø 
ª i � ª ´q

Ë ª �R� 
+ � �Uª ´¨� � ª i : 906q � Ð (out of phase)


�ô� �+ â � � q Ë ª ' ø " Ð x q 3(\ 06~906)
óµ 3-12

� í ( 

 

ô� y » ò ¸ Z �¨T Q ù »�
 > ? ) ` 
Þ � � �» ò ¸ Z

� ! 
  � � �» ò ¸ Z �ú ¤ ( ´ ��Z � � � � 4� ¹ º » �

�
Û4´� �»l  * 
� � × » w � � 
' ò ¸ Z � � ! (4´

� �l  � ô
� � × } w � � 
� ¼ y ó Þ ß »ö h 
ò ¸ Z � )

� ! (� ) 4´� �»l  } û ô«
� � �Ó � � 
×ü ) õ ¸ »

� � 
ý Ã Z oå ª» ò ¸ Z �(� ; � 
É- i ¦ 1 »i / Î 
Û

¦ 1 � ô, ¦ 1 � * «
TÃ 9 � Ú ò ¸ Z �(� ) É Ü 
 ¦ 1 
<

Tg 	 Î n Ç 1 »kl� 
� � + F � � � 
��ü ) õ ¸ � � 
� Ó

ò ¸ Z � å ª( 
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G �Ø 
W i � ª ´ ð ñ � þ H ´
 ð ñ D Å 
�É� H »ª

´¥ª i � �Î e x » ò ¸ Z ��´
 ß ~ 
'� � H ´
 ð ñ 
�


 D Å TÖ �ô� y »� H ´
 � . , � H + â � 
É�& � � Î 


ª ´� ª i Ã �«3» 2 & 
óµ 3-13 � í 
¿ 1 ¾ 
÷ ÷ q ô �

i �q ª i " ô� �U
Tª ´»Ë ª � < ¨ � 6 d (phase angle)ó

Î � í = 

 

¬(t) =¬0sinωt… … … … … … … … … … … … … … … … (3-7-1) 

�

�(t) = �0 sin(ωt + δ)......................................................(3-7-2) 

 

@U¬=ª i  

¬0=ª i ñ � ¬ �

ω=4´i �» d l  (ω =2πf ) 

δ= � 6 d  

�=ª ´��

�0=ª ´ ñ � ¬ �

ü�(t) =�0(sinωt cosδ + cosωt sinδ) 

0 0
0

0 0

sinωt cosδ cosωt sin δσ σ
ε

ε ε

 = +    

       =¬0E�sinωt + ¬0E�cosωt.................................................(3-7-3) 

 

0 0

0 0

cosδ sin δE               E =
σ σ

ε ε

   ′ ′ ′=       
��� �

 

��ª´�ÐL�ª:

L� � ¨ ªiR� 6 »
Ô ¬��0cosδ
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� â �<i»� (́? 
L� � ¨ ªi � Ð 906 d »
Ô ¬��0sinδ 


 A ~ " = � � � � ´(å   9 E��R� »ª´�ªi»� ¬
ô

�� � H * r �. U » � 0 K & (storage modulus)(� E�� � Ð 906

d »ª´�ªi» J Ô »� ¬
ô�� � H * r �. U » ß à K &

(loss modulus)(% @ » K & T �Ó�õ & K � (complex modulus)̀ Ê

× Y í = 

 

                E* = E� + iE�....................................................(3-7-4) 

 

Éõ & � ä � ë 	
E��7 & K � 
E�� � & K � 
� � � ¨ E*¥

δ» ` Ê 
�ð � 

               tan δ .........................................................(3-7-5)
E
E
′′

=
′  

	 @ Éô�� »+ â Ä �	
" Ö � � � / � (damping factor),ß à

÷ J (loss tangent)
¬ôú Y ö h»+ �Ä �oå ª 
¬* ú Y ö h

» â �Ä �oå ª ( 

 

µ 3-12 â ��¥+ ��¥+ â ��� æ ÷ ÷ ªiqª´Ë ª 
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µ 3-13 + â ��qª´¨ ªi�«3 i� ` Ê µ 

 

¿ª´»i��<i»i�c� 
 	 «
' Þ ) ò ¸ Z � 
Ç B

<i� � »� Ñ " 
 § g _ «Â ð »�
Þ ) �» A ~ (ó F<i»

i� õ ¸"ª´»i�
ex ò ¸ Z � 
' Ç 
 � � i�U ) � A ~

�
 Ö �´
 ß ~ 
 � Ö �� ~ 

G Ó tanδ × Y í � ~ » � ! 

� T ¬ ¨ ô� y Q ù »>? ¥¦1¥ l  ) 1 0 J » ` Ê ( 

 

É TgÓÎ
ô� y � 4´� �<i � ! 
 % &<i h � � � b

� � d »- i ° � 
§ 1 � k 
n � ¯ ° ö »	ª´»i�
δ � ! 

� Ó tanδ ¬� ! (¿¦1 � ô
ÉVô â H D � «
�"�� ð ë

� � 
��µ »+ 1 � � � 
�� � � « � �� � � ´� o� 
/�

ô â <i ª 1 õ ¸"ª´»i�
δo� 
tanδ T � (¿¦1¢ 
 s

� ô«
 ò ´ <i � 
 × �� � � � o2 �
δi! 
tanδ T i! (
/�
É $ % �� Dù ! ºÃ Z 
� � ~ » � � ¬
Ö �� ~ 3 
�

É V + Ì H D � «
�"�� 3 c� © D
/� s :� ~ 
 �   æ( 
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� � � � �Ó ` � â � � � »Å 1
 � \ � � a « * ö h» �

�(¦ ) oô � � »ö h
j · � ÉT � � 3 » 6 È 
�× �ö h �

xi<» + � Ãº � À � . :� »< @ 
+ �Ì � ö h ¦ ) 9 { � »

� � 
�� ) � ö hi� » + � Ã � ñ :� � � . 
�
� ¯ ° â �

ö h ' Þ ) � � (> À �ô�� » � � Ä �o
G }  <ô�� õ

a(Éô> À 1Î
> À � � Ó ¼ � 
�}  <L�ó R� . � 
>

À �ô�� ÉK ª" $ % �¦1á ) 
� � � 3 
́ �ô�� L��

> À H
� Ó � � 3 » i 1a û * 
B z ¨ $ % � D ) ` » � � 3 q

4
> À �ô�� > ü ª í 
� ,Ð � � � 3 ¨ > À � ) ` 
% &�

� 3 Ö � α-� D
 � � � ­ " Tg ¨ � � q3 » Y � � 3 
� β-� D

'   9 � $ % � D(� Ó % n � � 3 Ã Z »¦1 w T i 1
�1 > À

1»i�� - i
 T �1 � á â ¨   V � s :»<H - i�i�( 

 

¿Éô�� � ö U � æ2 _ » Þ � E F y «
 Û Éô E F é 1

Î
º�»� Dù ! i Y ² « * � � (× É Ü n � �Î
E F y �Ó

  æ � � 
 % � + � � xg × ô�� � Þ ) » = � � * ? , Tgq  

æ
 % n * ? Î Ï = 

(a) ~ � À � � � x» � � ´(�

(b) ~ � ¨ ô�� q3 »+ 1 } n «
~ � ¨ ô�� q3 » � � ´( 

(c) � ä »� ¶ ªª´,ô�� »ªH,ª � »- i( 
 

ô�� � � � � ¦ ) g ¤ �
� �Ó � � � ¥� �¥� � ¥��

�� � �� Ñ (B z � � �� �Ó � ! �� � J � ¥� � �D � 4


ô�� »
L� � �Ó� � K "T Â L�»� � ¥D � � Â V
\ �

� � �� ». ç }D � 
� »�� � �Ó � D h � � � »� � � �C

�D � 
�� � ô�� »D � 
 T � � D É �� » � RD � × 7 Z
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»(? 4
Û � z � � � � » � ! 
�Ó � ô�� » � � � � �� �

� � � ! � � Ð� 
� � � � � � � ì � � ô�� �
! � � � � �

� ì �� ¥� � ¥� �� � � (� � * �� » � � 
� � � ô�� »

� � Ö � [ � � � 
É & ! � � � � � � » � � ' Ö �� [ � � � ( 

 

ô�� É ?   l  Î� H´
 � + �¦1»i� Ö �� H´


� + ¦1� 
 5 Ö DMA , DMTA ¦1� (ô� y »>? õ a
&

� m g
A ô�� »<_ ù ��è � ¥� �� 
 X ô� y (�  � H

>? ù �� 
 À Hô� y ¥À Hô� y � S À ô� y (� � >? ù �

�� � ¨ g� ô� y Ñ 
/�� � » DMA¦1� T É } � R( 

 

µ 3-14 � ª í » � ô�� DMA ¦1� ¨ �� � Ä �q ` Ê 


� � ´
 �. �¦1i�» j � 
�Óº 
 À Hô� y � ¦1 ù ! }

R�� � &´
 _ H
\ $ % H¥! " H� + Ì H
� $ % H ¨ ! "

Hq3 »� i
Ö � $ % �� D
K ª»� i¦1 \ $ % �� D¦1

(Tg)
? 4É ! " H ¨ + Ì Hq3 »� D¦1 ' Ö �+ Ì ¦1(Tf)((1)

É * " Tg» � �Î(glassy region)
�� � � » + � � * 
} � Ó =

� h � � � � » 6 # 
/�} � Ó W e� �� » � � 
| ) ü � o !

»�� � � � � + - . D � � ¤ = � û 
ó � � ¥� �� ! � � Ñ 


T Ù � + É ?   » 6 È 	 J � 
/�ô�� �} + 7 Z 5 
& ? � �

? 
& ? � »� i(�«» 
 À Hô� y Û � �4´«
�"�� �

� " $ >
� + � h �» � b � � d ) � ! »- i
5 ! " 	 × v 


ô� y � ´¸»<i � � ! »
<i¨ � ´» � ! : ÷ � ` Ê 
¿4

´ B | ¸<i + ( % Ë § 
% &´
 �. Ö & = � â �
��«» 


À Hô� y á " ¦ ) ' â �» _ H
� Ó Ö � $ % H((2)¿¦1 (
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¼ 	� > � Dù ! «
L ; �� �� í l ð � a » + � | = � �� 3

» � >´
/�� x � ô» � � K @ 
T U Î Ï � º ¥�» � � ¥�

) Â » � � �D � 
�&» � � � � 
� ¤ � » + � Á / * ? 
�"

�ù ! * Ú ) � � �� » � � 
 � Ó Ö q��� � � (segmental 

motion), m Å - . D � (short-range diffusional motion)((3) Û ¦1É

	� 
' �C ! " H
�«�� � � � + � è +   æ
ò ´ � � ��

»D � � }� + 
× , í � Ó = � � � � » 6 # 
�� � � " W e


�� �Ó � D h � U � � »� � � } � - i? � (
G ü� U �: !

" � ò ù (rubbery plateau region) ¨ ! " Ì � ù (rubbery flow region)


É ! " � ò ù U 
m Å �� � � 
 � W � 
× �� � � � " � 3 ^ >

� { � 
² É�� ª � 	 å 9 , - i<(�É ! " Ì � ù U 
� x�

; + â S �»�. 
�1 �� 3 ^ >Å 1»Î « 
L ; �� �� � x

© � 
× � þ þ Û ^ â �(É ! " H U 
¿ô�� � �4´� �«


�� �� 5 . ç_ Hi� e ï _ H
/�É ! " 	Y Z Ã �Óex �

� »<i

 / 4´ B | 
�� �ü Ë § � g × » . ç_ H
É ! "

	Y Z � â �Ë f
�" % &i<� 4´� � 0 �ô� y h �ex�

� � »D Å 
� ¦ »4´ ª ´ � ¹ $ % H«i< � ¦ � »4´ � ! »

g
�i< � , � »g
% &´
 �. Ö q�ô â �
? 4) �� �

� × 1 
� � S �
) � � �� � × 1 
� � ? �
� Ó % & � ­ H

� 2 ¤ �»
 � \ Y Z Ã S ? �»�. ((4)¦1 ( ¼ � ô
 ' ö h

� 3 â �Ë § 
É4´� �Î
h � ¶ V"+ �Ì � 
â Z Ã � � �

� �c� © � » ! " Y Z 
�ù ! \ " Ö �Ì � Ì � ù (fluid flow 

region)( 

 

Ó À Hô� y �Ø 
�"T U � � Ã0 É 
 À ù 
�
 À L�É
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}R»¦1 ¹ º Î
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@ a ex	$ »� i(́ ��1 > À 1»}

R
> À ô� y » ! " Y Z � }R»
É * > À 1»ô� y U 
� À

� ) 1 � ; 
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¿¦1

� ô«

 À � 5 $ % Hi�ô â H
ô� y i:   ¡ » 4 5 _ (�

1 > À 1»   æ
� ¿" 
 X 1»   æ

 À � á Éô â Hq> À ô

� y » ß 1º è +   æ
¿> À 1 � " 40%¸
� À � ´ � 6 À 
<

: 7 Z � � ö h» Ó ¼ > À � 
�«> À � 8 � »ª´ � � 
 > À �

� »g
�ö hi» 9 ß 
! " 	º ó ô }� ) å ª » $ % �� D(

> À ô� y » À � � ± ¸
� � ¢ ¾ + Ì H
� © �� � � ! �   



G ���Ð&� + �=(a)�� � o* «

 À � » Tf < À � » Tm


' À � � ± ¸
 � � ô� y á "+ Ì H((b) Û �� � oô
Ó 	 "

Tf > Tm
 ' À � � ± ¸
ºÃ Z ô â H
 � �¦1 � ô� TfÓ	


ý ¢ ¾ + Ì H( 

 

5 æY :� » d 1× 1 
(b) Ì » � �� } Ò "æY D Å »
�

� � k � 
6 D� � k } q ¢ Ä 
+ Ì ¦1 ) � � ô
² Éô¦ÎÃ

Z ô â H
ºÉæY :� : × ; < 
/�É} � � r z � Q � + � �

» ² � Î
� ¿ « * �� � � � ø � »(�4
�"ô� y �� � �

[ »g� . �
� Ó7 è 	
 À Hô� y å Þ ) å = »+ Ì ¦1
�

� 
� o Y » ¡ � ù ! 
É�¦1 ù ! � 
� q "Ì � 
�¢ Ä :�

æY (
G × v 
�� >? T � � � + Ì ¦1»/ > 
É+ �Ì � »

D Å U 
�� ¨ �� 3 » � K 6 È ex ª 1 - i
Û �� q3 » � c

� �´ � � 
' ø ? Éoô»¦1Î ý + = � � � �´�� x � K 6

D
/�ô�� » � � � ¨ �� �k Þ �
@ �»+ Ì ¦1 k ô(©

q
' + Ì ¦1 k * (? 4ÉæY :� »D Å U 
4´ � ! �4´�
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�
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Éo* »¦1

Î
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 ã ä 
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� z � ôô� y »Ì � �� û ü â �<i

G � º:� æY »

	Î{ ¦1
�   � � $ ¦1¨ + Ì ¦1
² ¼ â »:� æY ¦1 ø

? Ï ÉÐ¦1q3 
¿+ Ì ¦1� � $ ¦1 � 4 k Q 
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�µ 3-14 T �Ó " ó Ã ÷B � $ % � D ù 
� L�» � � � �"

}  <� � s :»
å ² exÉ * " Tg»¦1
T T " Ö � β-� D¥

γ-� D¥B � � . , ð ñ (¿¦1ô" Tg«
ô�� �» É &� � Ã

� + ex
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n � % n � � Ã " $ >� 9 ø ex
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Ü n � �Î
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 × � �" Ü n â �
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@ 
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� ö hK " � H , Ñ F ) * » G ¸ 1 � 
 � ¤ � »
Ü n < @ »B �

� D�Ó « * Ñ F » G ¸ 1(× 7 è 	
� ) Ü n < @ »B � $ % �

D  æ B ï �¨ E ² i 1
T >F É � � s :
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¤ � (�4
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n � �Î
s :B � $ % � D»�� � � < @ ý

� ± � Ç 
}D � L�» Tg ¨ Î û 
G �� ) ` = 

(1) � �� � 
ó � � ¥ J � ¥³ ´ Õ � w N Õ � � ( 

(2) m �� » h �� � ( 

(3) � À � � û � s :» � � 
,É $ % H,> À H»ªH � s :»

h �, � �� � ( 

(4) a . , O � / »>¼ ,� �5 ( 

 

µ 3-14 ô�� DMA¦1� ¨ �� � Ä �q ` Ê  
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Ó� M * ¨ K ¦ ºõ ö r : { � � 12×13×3mmq� H * r � ½

� ¦ ¾¥
å ÉÝ Þ U Ó 50�»¦1Î
º¾¥ Û B 72 ! «(7 ¡

U P � Q <¾¥q � � R ç¾ ¡ 
º� H * r �. � ½ � ( \ � �

Perkin Elmer
� � � 7e)»8 ¾l  % & �   � 1Hz
� H � �´Ê

� � 100mN
 þ H � �´ Ê � � 110mN
 7 ¡ � ¦ k l �
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Ó w 2�/min» � ¦§ 1(¿¦1 « > -100�
' ¢ Ä

� 8 ¾¥qô1¨ � æ� �´
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"

-100� S ­ � ` 15� ¶ ¸
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1i� ` Ê q� 8 
Ó T $ õ ö y �¨ � æ E F / K K & * i » E

F( 
 

3-7-2 OP1QOP1QOP1QOP1Q(Tensile Test) 

 

� � � e D Å U 
ô� y »ª´�ªi ` Ê å } � è�»
� )

¿ªi � ! «
ô� y ý � © � & = â ��
�«»ª´�ªi: ÷

� »i<Ö � â �i<(elastic deformation)(K � L�»ô�� ö h

�Ø 
º â �<i  9 "ªi� 0.3%Ó� 
/� ö h � ´É â � æ

� � K ª"çèq � ë � èL�» U  
' Ö �ö h» â � K & ,V

W K & (Young�s modulus)(¿ö h»i< C D � � «
ª´¨ ªi}

¹ - � ÷ � » ` Ê 
 ² , - } ¹ Ë § � â Z � �i< (plastic 

deformation)
 � \ ¿ B | ª´¸
9 ø X Ë T g × » 6 È ( Û Ó>

À � ¨ 
 > À � ö h�Ø 
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i

<� � � Ð � � � © � D Å × C :(É 
 À � ? �� S � U 
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<Ó+ ò * ? × ex( 

 

µ 3-15 � Ë � »ô�� ö hÉ � e D Å U ª´¨ ªi ` Ê qç
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è
 5 µ< U �Ó� ½ Ã n& � e ¾ ¡ «� â Z Ã »�. = 

(1) « � i 1(yield strength)=T   9 � ð ë � �i<»ª´� � ,e

x « � Z � � ð ë » 5 ª´-ªiçèè�L�× y   (� � Ö �
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µ 3-15 Ë � »ô�� ö hÉ � e D Å U ª´-ªi ` Ê qçè 

 

Q 7 ¡ P �»8 ¾ { � � ASTM D638
 \ � � " q � e �. 8

¾(Ò �� M * r ð Y 1� 5.00±0.05mm
§ 1� 1.00±0.02mm»¾

¥
å Ó ä + � ´¾ ¡ * (\ � � Instron
� � � 4467) ¢ Ä � e 8

¾
� ��» load cell � 30kN( ñ � � e s ¤ )
 � e §  �   �

50mm/min( � � � e 8 ¾
 � ð � ö ¨ õ ö » ñ � i 1¥ ñ � B e

 ¥� e � � i 1¥� � «q B e  ¨ VW K & 
K & »Â � 6 È �

0.3%ªi( 
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3-8 $%�&'()*�
$%�&'()*�
$%�&'()*�
$%�&'()*�
 

 

1. ¬ ­ º 20.55g � [ V F W ¥3.1mlq 0.1N Ý [ ¥é 1 1.8mM K H

c 0.19ml ¨ | 5 � � t : 1L¥é 1� 0.1M»� [ Ý u E S ( 

2. º 20mg � � [ � v > (1000U/mg)æ¾ u E S U 
\ # S U v > é

1� 20U/ml
å Ñ Ò � � 
� Ñ Ò D Å U 
Ó 0.1N Ý [ # S É

pH meter 8   Î
º u E S w � � pH¬� 6.3( 

3. ñ ¸º# S �: 10 � � � x 
å º § 1� 0.05y0.02mm» PCL¥

PCL-g-AA¥PCL/CS(90/10)¥PCL/CS/30B(85.5/9.5/5)¥PCL-g-AA/ 

CS(90/10)¥PCL-g-AA/CS/30B(85.5/9.5/5)õ ö q r � · È ¾ 
Ó¦

1� 35�¨ � K z 1 50%» ¸ � ¹ º Î
º� � x È ¾ Ý Þ U 


× ¢ Ä v > � Ù Îqõ ö �$ 7 ¡ ( 

4. Ó " 8 «3 � 1 � { » ô � 
 2 xy �$ � � S U Â Ã õ ö 
Ï

| 5 � � | } ¨ ß à Å Æ 
É¢ Ä õ ö ¤ � �$  q8 � Ó w "   

SEMÎ " ó õ ö xy �$ q� >? i�( 
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µ 3-16 xy �$ � � S r � Å Æ qÌ Å  

������

(K2HPO4) 

1.8mM � � 	 �

(p-cresol) 

 � � 
 �

( � � � � )�

1L�0.1M�pH=6.3 
��� � � � �

20mg mushroom 
tyrosinase( � � �� ) 

0.1N HCl 

� � 10 � � � � (35 �50%R.H.) 
! " # $ 0.05%0.02mm & ' ( ) *  

+ , ' ( - . � /

0 1 2 3 4 5 6 �


