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����� 3

��	�
������

3.1  ���������������

         1.    ���	�
������ (epoxy resin)
                       -  ���
������ ��� �! ��" #�$"%��� �� (diglycidyl  ether of bisphenal-A, DGEBA)
                           YD1288��9:�;#�<= � ;���	�
�� >?@
=�
         2.    $@AB�; ?@CDEFGHI (hardener)
                       -   �J ���99K�L:� @��
F���L���! (methyltetrahydrophthalic anhydride,
                           MTHPA1) Lindau 46QC 8$J9=��BIWX�
��;@F�E�F9B�JB @#A��� F�K W�J@Y
                           8��9:�;#�<=  Lindau Chemical Co.
                       -   �J ���99K�L:� @��
F���L���! (methyltetrahydrophthalic anhydride,
                           MTHPA2) �JBJ�
@�9�J9=��BIWX�
��;@ 8��9:�;#�<=  LonzaSpa Co.
                       - �J ���L
�K�L:� @��
F���L���! (methylhexahydrophthalic anhydride,
                           MHHPA) 8��9:�;#�<=  LonzaSpa Co.
         3.    9=��BIWX�
��;@ (accelerator)
                       -   ���J ���KJ�:��J ��"%��� (tris-2,4,6-dimethylaminomethyl phenol, DMP30)

                           Ankamine K54 8��9:�;#�<=  Anchor Chemical Ltd.

                       -   �#�������J ����J�� (benzyldimethylamine, BDMA) Ankamine BDMA

                           8��9:�;#�<=  Fluka
         4.    �$E�C;F
E�A����$E�C;$@�F##$bBJ (chopped strand mat, CSM#300) >?@D�B@;:�;#�<= 
                ���d�=e�
�> J��f?@D�=
 300 g 9B��gf� �h 1 m2

5. $@D�B��gh�
=�9���#E@ (mold releasing agent) bB�1894-EX-S 8��9:�;#�<=  SOLAR
COMPOUNDS CORPORATION

$o9:pI$E@I @I�pJ�F�K@;�K���;�G�I$@�pJ� �hCAEC�I@���>=; �AB� $� p�@J
C$B p�@JD�g� p�@JD�@F�B� ��EF$�I��EC� 9@@I �h 3.1 F�K 3.2
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9@@I �h 3.1 $o9:pI$E@IG�I$@�pJ� �hCAEC�
@ ���I
Agh�$@�pJ� $o9:p$E@I @I�pJ�

DGEBA

MTHPA

MHHPA

DMP30

BDMA
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9@@I �h 3.2  @;�K���;�G�I$@�pJ� �hCAEC�
@ ���I
$@�pJ� $� *p�@JD�g� �h 25 oC

(cPs)
p�@JD�@F�B�>?@��@K

(g/ml)
DGEBA
MTHPA1
MTHPA2
MHHPA
DMP-30
BDMA

C$ �JBJ�$�
$��f?@9@��GEJ

$��D�g�I�B�� C$
C$ �JBJ�$�
$��D�g�I�B��
C$ �JBJ�$�

11,800
60
50
53
200
-

1.16
1.24
1.19
1.14
0.97
0.89

* Tanrattanakul and Saetiaw, 2005

3.2   ���
���

         1.   �9@�#�J:p��" �hCAEC�p=��g�� (microwave oven) bB� SanyoTM EM-X 412 8��9:�;
#�<= �=�:; WK� d� ; >?@
=� 
?@�=I�" 800 W  CAE
=#
KF$�""w@p�@J9B@Id=
;! 220 V F## AC
50  Hz W�B�;p�gh� �hp�@Jy�h 2.45 GHz F#BI�Wz� 10 K�=#p�@JE�� F9B�KK�=#p�@JE��� �;#� B@
��E
=#
?@�=I�" �hCAE F$�I�=I9@@I �h 3.3  p�@J>bG�I�9@�# 28 l G�@�{@;C��9@�# 219 x 350 x
355 mm. ($oI x 
�E@I x �|
)
         2.   �9@�#p�@JE�� (thermol oven) MEMMERT bB� D 06061, UM 500 8��9:�;#�<= 
MEMMERTp�@J>b 108 litre G�@�{@;C� 560 x 480 x 400 mm (
�E@I x $oI x �|
)
         3.   �pgh�I �$�#FI�|IF�K�=�:pEI (universal testing  machine, UTM) bB� AG }100kN
8��9:�;#�<=  SHIMADZU
         4.    �pgh�I �$�#FI
KF 
 bB� ZWICK 5102.202 8��9:�;#�<=  ZWICK Asia Pte Ltd
>?@D�B@;:�;#�<= $� ���F�$:�����$>?@
=�
         5.  �pgh�I���p@KD! @I
�d@$9!p�@JE���A�I��d@$9! (dynamic mechanical thermal
analyzer, DMTA)  bB� DMTA V 9002-50010 8��9:�;#�<=  Rheometric Scientic
         6.  �pgh�IJg����p@KD! � �!:J
@���J  �p ��@�����! (thermogravimetric analyzer,
TGA) bB� PERKIN ELMER  TGA7 8��9:�;#�<=  PERKIN ELMER
         7. �pgh�I�=�p�@JD�g�A���#op"���! (BROOKFIELD) bB� RT65308 >?@D�B@;:�;#�<= 
Scientific Promotion Co., LTD
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         8. 
�E�I>b� d�!����H
9��F##$B�I
@� (scanning electron microscope, SEM) bB�
JSM-5800 LV 8��9:�;#�<=  JEOL
         9. �pgh�I#@
A�f�I@��Wz�oW9=��� $?@D=# �$�#
@9E@�FI
KF 
 8��9:�;#�<= 
Toyoseiki >?@D�B@;:�;#�<= $� ���F�$:�����$>?@
=�
        10.  �pgh�I��gh�;>�
��! (scroll saw) bB� CH-S16 8��9:�;#�<=  Chin-Chun incoperation
        11.  �#E@��J�! ?@>@
� "����Wz�oW�I
�J�$E�8B@do�;!
�@I{@;C� 17.0 cm �|
 0.4 cm 9=�
�#E@D�@ 2.5 cm
        12.   �pgh�IA=hI�f?@D�=
p�@J�K���;� d��;J 2 9?@FD�BI
        13.    �pgh�I
��$@�K�@;
        14.   �pgh�I�=�p�@JD�@K�=#�J:pJ��9�! (micrometer) p�@J�K���;� 0.001 mm 8��9:�;

#�<=  Mitutuyo

        15.    � �!:JJ��9�!F##���"@��

9@@I �h 3.3 K�=#p�@JE�� �hCAEF�K
?@�=I�"G�I�9@�#�J:p��"bB� SanyoTM EM-X 412
K�=#p�@JE�� �h 
?@�=I�" (W)

1
2
3
4
5
6
7
8
9
10

80
160
240
320
400
480
560
640
720
800
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3.3    ��	�� ��!�!
��

     3.3.1    
@�=�
@W�B�;p�gh�G�I�9@�#�J:p��"
   1.     9=fI���@
@ ?@I@�G�I�9@�J:p��" (set time) �Wz����@ 2 min  �hK�=#p�@JE�� �h 1 

$=I�
9
@ ?@I@�G�I�9@�#�J:p��":�;
@"�I�$�;I
@ ?@I@�G�I�9@�#F�K#=� |
���@9@J
p�@JF9
9B@IG�I: ��$�;I �h��E;��

• �pgh�I��hJ ?@I@���E;���$�;Ip=fI �h 1 #=� |
���@>@
D�E@>�#��9@�#�J:p��"

• ��E;���$�;Ip=fI �h 2 #=� |
���@>@
D�E@>�#��9@�#�J:p��"

• ��E;���$�;Ip=fI �h 3 #=� |
���@>@
D�E@>�#��9@�#�J:p��"

• #=� |
���@ �h��E;���$�;I>�>#
@ ?@I@�G�I�9@�#�J:p��"
          2.    p?@��YD@p@#
@ ?@I@�G�I�9@�#�J:p��"

p@# pg� AB�I���@ �h��E;���$�;Ip=fI �h 1 
=# p=fI �h  3, p=fI �h 3 
=# p=fI �h 5, p=fI �h 5

=# p=fI �h 7 $=I�
9>��pgh�ID;b� ?@I@�

3.    p?@��YD@���@ �h�9@�#�J:p��" ?@I@�C� 1 p@#
���@ �h�9@�#�J:p��" ?@I@�C� 1 p@#D@>@
AB�I���@ �h��E;���$�;Ip=fI �h 1 
=#

p=fI �h 2, p=fI �h 3 
=# p=fI �h 4, p=fI �h 5 
=# p=fI �h 6 $=I�
9>��pgh�ID;b� ?@I@�
          4.      ?@
@ ���I�f?@GE� 1 y|I 3  �h b
K�=#p�@JE��:�; ?@�f?@ 3 p=fI
          5.   #=� |
8� F�K p?@��YD@p@# F�K ���@ �h�9@�#�J:p��" ?@I@�C�F9B�Kp@#G�I b

K�=#p�@JE��

      3.3.2    
@�#���	�
�� F�K ���	�
���$E�C;F
E�p�J:�$� C��9@�#p�@JE�� F�K �J:p��"
$B��8$JG�I���	�
��$o9 I, II, IV, VI F�K VIII ��EF$�I��EC�9@@I �h 3.4

         1.     A=hI���	�
��F�K$@AB�;CDEFGHI9=�C��=9@$B�� 100:80 :�;�f?@D�=
�E�;�pgh�IA=hI
         2.  8$J���	�
��F�K$@AB�;CDEFGHI9=�CDE�GE@
=��E�;�pgh�I
��$@�K�@; �h�bYD{oJ�DE�I

��>��DH��B@$@8$J�GE@
=���E���Wz���gf����;�
=� (
��WKJ@Y 5-10 min)
         3.     �9�J9=��BIWX�
��;@ 1% Dg� 4% :�;� �;#
=#�f?@D�=
G�I���	�
�� �IC�$@8$JKD�B@I
���	�
��F�K$@AB�;CDEFGHI �h��E>@
GE� 2 F�E�
���E�;�pgh�I
��$@�K�@;��
p=fI>��Wz���gf�
���;�
=� (
��WKJ@Y 5-10 min) 9=fI �fI��ECDE"�I�@
@d �h�
��>@

@
��D@;�W>�DJ�
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         4.     � $@8$JKD�B@I���	�
�� $@AB�;CDEFGHI F�K 9=��BI�IC��#E@ �h ?@>@
� "���

• 
Y��JBC$B�$E�C;F
E�CDEA=hI$@8$J���	�
�� 90 g F�E�� �IC��#E@ �h ?@>@
� "���
>�DJ�

• 
Y�C$B�$E�C;F
E�CDEA=hI$@8$J���	�
�� 90 g F�E�� �IC��#E@ �h ?@>@
� "���
���;Ip|hID�|hI
B��F�E��@I�$E�C;F
E� �h9=���EF�E��I�W 1 F8B� (9=��Wz�oW�I
�J
G�@��$E�8B@do�;!
�@I pg� 17.0 cm �f?@D�=
WKJ@Y 9-10 g �=9@$B��KD�B@I$@
8$JG�I���	�
��
=#�$E�C; pg� 9 9B� 1 :�;�f?@D�=
) D�=I>@
�=f�� $@8$J���	�
��
 �h�D�g��I�W>�DJ�  �fI��EWKJ@Y 3-5 min ��gh�CDE$@8$JG�I���	�
��F 
�GE@
�WKD�B@I�$E�C;�;B@I =h�y|I $=I�
9"�I�@
@dyE@J�"�I�@
@dCDECAE�GHJ��H
� F I
CDE"�I�@
@dD@;�W>�DJ�

         5. �?@�#E@� "����#C��9@�#�J:p��"F�K�9@�#p�@JE��9@J${@�K�# �hF$�I��EC�9@
@I �h 3.5 $?@D=#
@�#F##G=f�9�����;� F�K9@@I �h 3.6 $?@D=#
@�#F##D�@;G=f�9��C��9@
�J:p��" ����
@�#F##D�@;G=f�9��C��9@�J:p��" �AB� yE@�#���	�
��$o9 I ${@�K�# 2S/1
(L2-20 + L4-5) G=f�F
�?@�#E@� "��� �hC$B���	�
��$o9 I �#C��9@�#�J:p��"9=fIK�=#p�@J
E�� �h 2 �Wz����@ 20 min ��p#
?@D��9@J���@ �9@�J:p��">KD;b� ?@I@� CDE9=fIK�=#p�@J
E�� �h 4 �Wz����@ 5 min  =� �:�;�JB9E�I�W��WK9oG�I�9@�#�J:p��"��
 D�=I>@
�=f��>��9@
�#�J:p��"D;b� ?@I@�9@J���@ �h9=fI��E �?@�#E@� "�����
>@
�9@�#
         6.      �Jgh��#�$H>F�E�F
KA�f�I@���
>@
�#E@�E�;AE��9=
$@:�DK
         7.     ��EA�f�I@��Wz�oW�I
�JD�@WKJ@Y 3 mm �$E�8B@do�;!
�@I 17.0 cm

9@@I �h 3.4  $B��8$JG�I���	�
��$o99B@I�
$o9 $@AB�;CDEFGHI 9=��BIWX�
��;@
I MTHPA1 �JB @#A���F�KW�J@Y
II MHHPA DMP30
IV MHHPA BDMA
VI MTHPA2 DMP30
VIII MTHPA2 BDMA
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9@@I �h 3.5   ${@�K�#���	�
��$o99B@I� �h�#F##G=f�9�����;�
${@�K�#

�#C��9@�#�J:p��" �#C��9@�#p�@JE��$o9

W�J@Y9=��BI
1%W/W

W�J@Y9=��BI
4%W/W

W�J@Y9=��BI
1%W/W

W�J@Y9=��BI
4%W/W

I L3-10 150oC �Wz����@ 25 min
II L3-12 L3-7
IV L3-15 L3-7
VI L3-12 L3-6
VIII L3-10 L3-6

150 oC �Wz�
���@ 25 min

150 oC �Wz�
���@ 15 min

 DJ@;�D9b   Ly-x : Ly =K�=#p�@JE�� �h9=fI>@
�9@�#�J:p��"; x = ���@�# (min)

9@@I �h 3.6   ${@�K�#���	�
��$o9 I F�K II �#F##D�@;K�=#p�@JE��C��9@�#�J:p��"
$o9 I $o9 II

9=��;B@I ${@�K�# 9=��;B@I ${@�K�#
MV-2S/1 L2-20 + L4-5 MV-2S/1 L2-10 + L4-5
MV-2S/2 L2-25 + L3-5 MV-2S/2 L3-5 + L4-3
MV-2S/3 L2-25 + L6-5 MV-2S/3 L2-15+L4-5
MV-2S/4 L2-20+L3-10 MV-2S/4 L2-10+L4-7

- - MV-2S/5 L3-5+L4-5
MV-3S/1 L2-15+L3-10+L4-5 MV-3S/1 L2-10+L3-5+L4-3
MV-3S/2 L2-20+L3-10+L4-5 MV-3S/2 L2-10+L3-5+L4-5
MV-3S/3 L2-20+L3-10+L5-5 MV-3S/3 L2-10+L3-7+L4-3

- - MV-3S/4 L2-10+L3-3+L4-7
- - MV-3S/5 L2-15+L3-5+L4-5

   DJ@;�D9b     Ly }x : Ly =K�=#p�@JE�� �h9=fI>@
�9@�#�J:p��"; x = ���@�# (min)
                        MV  =  �#C��9@�#�J:p��"
                        2S, 3S  = >?@���K�=#p�@JE�� �h�#C��9@�#�J:p��"
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3.3.3    
@ �$�#$J#=9�
@9E@�FI�|I (tensile properties) 9@JJ@9�@� ASTM D3039
         1.   9=�G�@�A�f� �$�#G�@� 
�E@I x ;@� x D�@ pg� 15 x 130 x 3-4 mm �E�;�pgh�I��gh�;
>�
��!:�;F9B�K$o99E�IJ�>?@���A�f�I@� 5-8 A�f�
         2.    �?@A�f�I@� �h��E�W �$�#D@pB@$J#=9�
@ �FI�|I�E�;�pgh�I �$�#FI�|IF�K�=�:pEI
�E�;p�@J�H�C�
@ �$�# 5 mm/min
         3.    @;I@�8�
@ �$�#$J#=9�
@ �9B�FI�|I

• J��b�=$G�IFI�|I (tensile modulus, E) D�B�;�Wz� GPa pB@J��b�=$G�IFI�|IG�I��
�	�
��p�J:�$� $@J@yp?@��Y��E>@
p�@JA=� (slope) G�I
@"KD�B@I

p�@JFGHIFIG�IFI�|I (tensile stress, σ) 
=# K;K;g� (tensile strain, ε) p?@��Y
C�AB�IFI�|I 200-800 N F�K $@J@yp?@��Y��E9@J$J
@ �h 3.1

                                                      E = σ/ε                                                                (3.1)

• pB@p�@J �9B�FI�|I (tensile strength Dg� tensile stress at break, σb) D�B�;�Wz�
MPa pB@p�@J �9B�FI�|IG�I���	�
��p�J:�$� p?@��Y��E9@J$J
@ �h 3.2

                                          σb= F/A                                                                 (3.2)

�Jgh�   σb   =  pB@p�@J �9B�FI�|IG�I���	�
��p�J:�$� , MPa
          F     =  FI �hCAEC�
@�|I Y >b�G@�, N
         A     =  �gf� �hD�E@9=� �h9=fI�@

=#FI�|I, m2

• K;K;g� Y >b�G@� (tensile strain at break, εb) D�B�;�Wz� %
                        pB@K;K;g� Y >b�G@�G�I���	�
��p�J:�$� p?@��Y��E9@J$J
@ �h 3.3

                         εb =  [(Lu-Lo)/Lo] x 100                                                           (3.3)

   �Jgh�   εb   =  K;K;g� Y >b�G@�, %
             Lu   = p�@J;@���
=����J
B���|I, mm
             Lo   = p�@J;@���
=�$b� E@;D�=I�|I, mm
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     3.3.4    
@ �$�#$J#=9�
@
@�=�:pEI (flexural properties) � p��p �hCAE �$�#   pg�
@�=�
:pEI$@J>b� (three-point bending) 9@JJ@9�@� ASTM D790
         1.   9=�G�@�A�f� �$�#G�@� 
�E@I x ;@� x D�@ pg� 25 x 120 x 3-4 mm �E�;�pgh�I��gh�;
>�
��!:�;F9B�K$o99E�IJ�>?@���A�f�I@� 5-8 A�f�
         2.   �?@A�f�I@� �h��E�W �$�#D@pB@$J#=9�
@ �9B�
@�=�:pEI�E�;�pgh�I �$�#FI�|IF�K
�=�:pEI

• 9=fIK;KDB@IKD�B@I�@��I=# =fI$�I�@� (support span)CDEDB@I
=� 100 mm

• �?@A�f�I@� �h9=�F�E��@I#��@��I=# =fI$�I�@� :�;CDEA�f�I@��;oB
|hI
�@IKD�B@I
�@� =fI$�I

• ��gh��D=�
� (crosshead) �IJ@CDE$=J8=$
=#8��D�E@G�IA�f�9=��;B@I

•  �$�#�E�;�=9@�H� 5.3 mm/min
         3.    @;I@�8�
@ �$�#$J#=9�
@ �9B�
@�=�:pEI

• J��b�=$G�I
@�=�:pEI (flexural modulus) D�B�;�Wz� GPa p?@��YC�AB�IFI
�
200-400 N

                        pB@J��b�=$G�I
@�=�:pEIG�I���	�
��p�J:�$� p?@��Y��E9@J$J
@ �h 3.4

                              EB = 0.17 L
3m/bd3                                                               (3.4)

�Jgh�     EB       =   J��b�=$G�I
@�=�:pEIG�I���	�
��p�J:�$� , GPa
           L         =  K;KDB@IKD�B@I�@��I=# =fI$�I�@�, mm
            b, d    =   p�@J
�E@I F�K p�@JD�@G�IA�f� �$�#9@J�?@�=#, mm
            m       =   p�@JA=�G�I�$E�$=J8=$ �h�@
�Wz��$E�9IG�I
@" p�@J�pE� -
                            p�@J�p�;�

• pB@p�@J �9B�FI�=�:pEI (flexural strength) D�B�;�Wz� MPa
                               pB@p�@J �9B�FI�=�:pEIG�I���	�
��p�J:�$� p?@��Y��E9@J$J
@ �h 3.5

                                                                S = 3PL/2 bd2                                                               (3.5)

                           �Jgh�   S        =  p�@J �9B�FI�=�:pEI �h
�@IA�f�I@�, MPa
                                    P        =  FI �h
K ?@9B�A�f�I@�, N
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                                    b, d    =   p�@J
�E@I F�K p�@JD�@G�IA�f� �$�#9@J�?@�=#, mm
         L        =  K;KDB@IKD�B@I�@��I=# =fI$�I�@�, mm

• K;K;g��=�:pEI Y >b�G@� (flexural strain at break) D�B�;�Wz� %
                        pB@K;K�=�:pEIG�I���	�
��p�J:�$� p?@��Y��E9@J$J
@ �h 3.6

                                                          r = [6Dd/L2] x 100                                                             (3.6)

                           �Jgh�   r      =  K;K;g��=�:pEIG�IA�f� �$�#
                                    D    =  K;K:pEII� �h
|hI
�@IG�IA�f� �$�#, mm
                                    d     =   p�@JD�@G�IA�f� �$�#, mm
                                    L     =  K;KDB@IKD�B@I�@��I=# =fI$�I�@�, mm

   3.3.5     
@ �$�#
@9E@�FI
KF 
 (Notch Izod Impact) 9@JJ@9�@� ASTM D256
         1.     G�@�A�f� �$�#
�E@I x ;@� x D�@ pg� 63.5 x 12.7 x 3-4 mm p�@J�|
 �h�;#@
  2.5
mm  9=��E�;�pgh�I��gh�;>�
��!  ?@�;#@
�Wz�oW9=����E�;�pgh�I9=�A�f�I@�
         2. �?@A�f�I@� �h��E�W �$�#D@pB@
@9E@�FI
KF 
 �E�;�pgh�I �$�#
@9E@�FI

KF 
CAED=�pE��G�@� 2 J
         3.  @;I@�8�
@ �$�# �Wz���=II@�9B��gf� �h#���Y�;#@
A�f� �$�#�|hIJ�D�B�;�Wz�
kJ/m2

   3.3.6   
@���p@KD!�E�;� p��p DMTA
         1.    �?@A�f�9=��;B@I �h�#�$H>F�E�J@9=��Wz�oW$�h�D��h;J G�@� 
�E@I x ;@� x D�@ pg� 10 x 25
x 3-4 mm
         2.   �$�#�E�;�pgh�I DMTA � p��p �hCAE �$�# pg� single cantilever bending AB�I�bYD{oJ�
 �h �$�# 50-300oC �=9@
@CDEp�@JE�� 2oC/min F�K�W�!��H�9!
@;g� 0.1%  p�@Jy�h �hCAEC�

@ �$�# 1 Hz
         3.   @;I@�8�:�;F$�IpB@ J��b�=$$K$J (storage modulus, E'), J��b�=$$o��$�; (loss
modulus, E''), F ����9E δ@ (tan ) F�K�bYD{oJ�
�@$ @���A=� (Tg)
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  3.3.7   
@���p@KD!�E�;� p��p TGA
         1.   9=�A�f�I@��Wz�A�f���H
�CDEJ��f?@D�=
WKJ@Y 10-30 mg :�;9=�A�f�I@�#���Y
�@IF8B�
         2.   �$�#�E�;�pgh�I TGA  ?@
@ �$�# �h�bYD{oJ�AB�I 50 -800 oC �=9@
@CDEp�@JE��
20oC/min
         3.   @;I@�8�:�;F$�IpB@
@�W��h;�FW�I�f?@D�=
$@ (%) �Jgh�$@9=��;B@I��E=#p�@JE��

  3.3.8   
@ ���I�=�p�@JD�g�F�K�bYD{oJ�G�I���	�
��
         1.    �9�;J���	�
��$o9 I �JBC$B�$E�C;F
E�
         2.  �?@���	�
�� �h�9�;J�$H>F�E�C$B#�
�
�! �?@�W�#C��9@�#�J:p��":�;��hJ �hK�=#
p�@JE�� �h 2 9=fI���@�#:�;��hJ �h 2.5 min ��p#���@CDE�?@���	�
����
>@
�9@ =� � F�K  ?@
@
�=��bYD{oJ����	�
��{@;C� 15 sec #���Y
�@IF�KG�# G�I���	�
�� �h�#�E�;�pgh�I�=��bYD{oJ�
A���=I$����"@�� F�E��?@�GE@AB�IFABFGHIC�9o�;H� =� ���gh�D;b�WX�
��;@
         3. D�=I>@
�=f��?@���	�
����
>@
9oE�;H��@I �fI��E>����	�
��J��bYD{oJ�� B@
=#�bYD{oJ�DE�I
�?@�W �$�#p�@JD�g��E�;�pgh�I�=�p�@JD�g�A���#op"���! :�;�JBJ�
@�9�J9=� ?@�K�@;
         4.     ?@
@ ���I�f?@GE� 1 F�K 3 :�;���hJ���@CDE�@�G|f�>@
 2.5 min �Wz� 5.5 min, 7.5 min,
10.0 min,..>�
K =hI���	�
�� �h�#��E�JB$@J@y�=�p�@JD�g���E�E�;�pgh�I�=�p�@JD�g�
         5.    ?@
@ ���I�f?@GE� 1-4 :�;�W��h;�>@
�9@�#�J:p��"�Wz��9@�#p�@JE��F �:�;9=fI
�bYD{oJ� �h 150oC
         6.     ?@
@ ���I�f?@GE� 1-5 :�;�W��h;�>@
���	�
��$o9 I �Wz����	�
��$o9 II
         7.    $E@I
@"�W�;#� �;#pB@p�@JD�g�F�K�bYD{oJ� �h�=���E>@

@�# =fI 2 K##

3.3.9 
@9�>$�#�E�;
�E�I>b� d�!����H
9��F##$B�I
@�
         1.    A�f�9=��;B@I �h>K�?@�W9�>$�#�E�;�pgh�I SEM ��EJ@>@
A�f�9=��;B@I �h8B@�
@ �$�#
p�@J �9B�FI�|IF�E� �|hI#���Y �h ?@
@9�>$�# pg� #���Y8��D�E@9=� �h�
��>@

@�|I>�G@�
(fractured surface)  �h�bYD{oJ�DE�I :�;9=�A�f�9=��;B@IDB@I>@
8��D�E@9=�WKJ@Y 5-8 mm:�;9=�
CDE9=fI�@

=#8��D�E@ �h�|IG@�

2.     �?@A�f�9=��;B@I �h9=�F�E��W9��#�F8B���oJ����;J :�;D=��E@� �h>Kd|
<@G|f��E@�#��@>CAE
�f?@;@ @��H#F �
@� Dg� CAE� W
@�$�ID�E@�Wz�9=�;|�

3.     �?@A�f�9=��;B@I �h9��#�F8B���oJ����;JF�E��W�p�g�#�E�; �Ip?@
B�� F�E��?@�W$B�I�o�E�;
�pgh�I SEM


