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Figure A 2 IR spectrum ofNi-l complex.



32

30

28--

26

8c

i 24

..c
22s

'#
20

18-

16

14

_. . . W~~l1umbe~JCIl!""1'_ ... _
4000 .3500 3000 2500 2000 1500 1000

I
500 ;:

;
i_____1

FigureA 3 IR. spectrum ofCu-l complex.



14

12
.J.o-II1fllP

10

8

6

4

4000 3500 3000 2500 2000

Wavenumbers (cm-1)

1500 1000 500

Figure A 4 IR spectrum ofZo-l complex.



70

65

500

50-

Bc 45-
I
E.. 40c
I!....
'# 35 -

30

25

20:

15-

4000 3500 3000 2500 2000 1500 1000
!

. J
Figure A 5 IR spectrum ofDGEBA

...
00



-------------------------------_._--------------_._--------------
16

15

14

13

12
3c

11i
10c

~.,.
9

8

7

6

5

I
1000 500 !

,
I

------------,

15002500 2000

_____W....:8V:..:..ec:.cnumbers (cm-1) _

30004000 3500

Figure A. 6 IR. spectrum ofCo-containing epoxy polymer at Co-l:DGEBA

ratio of I:6.



19 -

18-

17-
-

16 -

15--

rl 14
c

~ 13-..c
I! 12 -l-
'#.

11

10

9-

8

7-
-

4000 3500 3000 2500 2000

f·

1500 1000 500

I
!
I
I

i
i
i

I
i

I

Wavenumbers (em-t)- --------------_._.._-------- ----.------ --------- ---._--~_._------- .-.. -.-------- --- - •._"_.-"- _..•_---------. -_..-._-.-----,. -•..----

Figure A. 7 IR spectrum ofCo-containing epoxy polymer atCo-l:DGEBA

ratio of I:4.



-- - ----------------. --.-------_ _-_ _-_..~ _--_._ _--

22

20

18-

8c: 16t..
c:
I! 14....
'#

12

10

8

. -.- - - _."_...--_._- . _.._~- - --•.. ---- ---_. ---- ---

Wlvenumbers (cm-1)------------------------------------------_.

4000 3500 3000 2500 2000 1500 1000 500 i

----------- J
FJgUre A 8 JR spectrum ofCo-conteining epoxypolymer It Co-I :DGEBA

ratio of I :2.



', ,

50010001500

__________________________J

20002500

___~~enumbers(cm-1)

26~

25

24

23

22

:l 21-
c
~ 20
E..c
~ 19
#.

18

17

16

15

14

4000 ·3500 3000

_.----

Figure A 9 JR spectrum of Co-containing epoxy polymer at Co-I :DGEBA

ratio of I: 1.67.



5001000150020002500

r·
v

3000

- .

3500

Wavenumbers (cm-1)---- ----- --- ----------------------------------------------- - -------------------- ----

23-

22-

21

20-

19-

18

8 17c:

~ 16-..
c:
l! 15
~

14

13

12

11

10

9

4000

-----

Figure A. 10 IR spectrum ofNi-containing epoxypolymer at Ni-l :DGEBA

ratio of 1:6.



--- ----- ----._-------------_._----- "---'. ----_. ---_._-_._- •.. -_.

2500 2000 1500 1000 500 I
---- ~av...!,,~mbe~JCI1!"~L _. . . J

I
I
I

I

A

(
(~

fA.;

J
3000

21

22

24­

23

20-

8 19
c:
~ 18-e..
c: 17I!
~ 16

15

14

13

12

11 .

4000 3500

Figure A II IRspectrum ofNi-containing epoxypolymer at Ni-l:DGEBA

ratio of I:4_



j
!
;
!,
i•
!

I
I

I,
I
i

f
V:

500

20
19·:

18

17

16·

15·

3 14·
c

t 13
WI

12·cs
~ 11-

10-

9

8

I7

j6-

5·

4000 3500 3000 2500 2000 1500 1000

.--- _.---_. --- ----.- - - ---_. ---._------~----_. --_.

Figure A. 12 IR spectrum ofNi-containing epoxypolymer at Ni-l:DGEBA

ratio of 1:2.



50010001500
.

2000250030003500

15

14

13--

12-

fl 11

! 10-f..
c:
l! 9
~

8

7

6

5

4

4000

___ Wavenumbers (cm-1)
-------------------------_. -

Figure A. 13 IR spectrumofNi-containing epoxy polymer at Ni-I:DGEBA

ratio of I: 1.67.



500

vJ:
1

!

10001500

-7\-----------
! .,32 -

30

28

26-

24
sc:

22
~
OJ

20c:
l!!

to-
#. 18-

16

14·

12·

10 -

8.

4000 3500 3000 2500 2000

Wavenumbers (ern-1)------------------_._--------------------_.-- ._---

Figure A. 14.IR spectrum ofNi-eontaining epoxy polymer at Ni-I:DGEBA

ratio of 1:I.



3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)----------------------- ----------~------------_._---------

18

17

16

15-

3 14c:

i
13OJc:

~.,.
12

11

10

9

8-

4000

Figure A IS IR spectrum ofCu-containing epoxy polymer at Cu-J:DGEBA

ratio of 1:6.



10001500

1\.'\

2500 2000

Wavenumbers (cm-1t__
-------,--

36

34

32

30

28
8c
~ 26
'e..
c 24
~..,.

22

20

18

18

14

4000 3500 3000

---- ------

Figure A 16 IR spectrum ofCu-c:ontaining epoxy polymer at Cu-l :DGEBA

ratioof 1:4.



i .k:
20 •I

I,

18 -

16
•

I
fl 14

1
c
~
°e 12 I..

I
c

~.,.
10

8

6- I
4

•4000 3500 3000 2500 2000 1500 1000 500

-------------------------- W!Ve~~mbers~cm-Jl._..__ ------------ .1

FigureA. 17 IR spectrum of Cu-containing epoxy polymer at Cu-I :DGEBA

ratio of 1:2_



..,-

~
I

•

10001500

A..i .

I
• .,J

20002500 500 I
IWavenumbers (CITl::'J .
1

FigureA. 18 IR spectrum of Cu-containing epoxypolymer at Cu-I :DGEBA

ratio of}:1.67.

22--

21

20

19

18

17

II 16-u
c:
~ 15
E..
c: 14I!
I-
'# 13

12

- 11

10

9

8--
7

4000 3500 3000

----------



0.30

-
'-
:- 0.15

I

I
0.25 \

~

~ \

-
'- 035L -

180

\

140

',

120

...;
1\t •

.I
I

!
I

!\:~\
/ ,.\ \

I i \ \.
i i \ \/. ,

'I ! \ \
\
\\

..
\

\
\, \ -

""'''-~ ~0.10
~,' .

•
100

Temporetft I·e

Peek (138.2 "C. 0.38)

eo

Peek (125.8 "C. 489)

8040

150

500

10llC1

E'MPa E"1MPa

• •

3500 :~
3000

350 l
2500

300

2OCIO
250

1500 200

Figure A. 19 DMA thennogram ofCo-containing epoxy polymer at Co-I :DGEBA

ratio of 1:1.67.



D.•

0.5

:.... 0.1

~
F- 0.3
r
~
L
r- 0.2•
•

If

!line

"L

,
i.

\./ 0.4

.
' .......

,
200180

I
180

\
••·i.
•

\

~

.\
. \

; \

\
!

140

--....

,
100 120

Tempera1ln I"C

POlk(162.8 "C.0.7 )

80

._--

,
80

,
40

/
I

I
i
I,
J
I

):
i i

I

~-I"-'~ / )
~ //

200 Jt:=:- ::::-----~ ~./

eoo

1000

1200

1600

1000 ,

l

2000

3000

7000

: eaoo
i
! 5DOO

: eaoo,

, 8ClOO

Figure A. 20 DMA thermogram ofNi-containing epoxy polymer at Ni-l :DGEBA

ratio of I :1.67.



0.45

0.5D

,0.20

'- 0.25
:
~

;- 0.40

~0.35
l,
L- 0.30
I

lana
i- 0.55

1101110

\

'. \

""~

•,,
!-, I

\ t

!
!J ~.

!
:

140

-,

/
/

P••k (185.0 'C. 0.55)

1080
,

40

I,
100 4

1\
1eoo,
J
I

10"_. E"_.
i 1400 .1----.......

'j ~! 1OllO-J

i700J
I

leooo
I
I
I
I 5000

I
I

1
4000

~
!w001
. "I J

I~~ -0~5
I -t 400-; i~
! 1000": I 1- 0.10
I ~ ---"~,.==::::::::"'_-:- ,..-_-;- ----;,__,.......-_-;- ---:__~:::::==:=_~

Figure A. 21 DMA thermogram ofNi-containing epoxy polymer at Ni-I:DGEBA

ratio of) :I.



0.4

b1"&

0.1

0.7

,
0.1\ ,

0.5

,
2llO

,
180

,
11lO

Peek (1B2.3 ·C. O.B)

r. "~:-~'i' .' <,

; \ ! ~\
I i

I ; \,I \,' ,
V
:\
! \
f \
i \
, \

\
\
\
"~---

140

-..... ;
... A. ,

•

I,
I

j
I

Peak (182.8 'C, O.B )

. .
100 120

Tempe_/'C

,1 ,"

-~--~~/

Peok (149.8 ·C. 220)

BO40

2llO~.

,
100 .2

~
1\

80.2
I

'6O J
!
•2llO

BOO

1000

12llO

, 400

Figure A. 22 DMA thennogram ofCu-containing epoxy polymer at Cu-l :DGEBA

ratio of I :2.



DMA thermogram ofCu-containing epoxy polymer at Cu-l:DGEBA

ratio of I: 1.67.

180180

Ill"&

F\ /\ ro
.
7

\

: \ ./ 0.8. ..
;, "\../ r
, I -
" '-0.5

i
I ..

\ ;0.4 II
\ ~
\ L\ r O

.
3

\

\ ~ I
\ -0.2

\ :
"-.---:-0.1

, ,

140

\1.

f,
/ '

I .
/ /R!

•
100 120

T....P8r8lUr.'·C

P..k (181.4 "C. 55)

C7>,
8080

E"-' l!"_.
400 i------

501
350

300

2SO

200

150 20

I I

100
i

I 1
I 10 "'j

I 50 ;~I
~!

I
, ° ., 40

I
I

Figure A 23



· 19.8
__ } -2.63

B.B

-IIU

-29.8

-39.8
"..

&n -«a.1
V)

~
-59.8

-69.8

-78.1

-89.8

-99.8

8 200 498 699
"Taf"ERRTtf£, 'C

Figure A. 24 TGA thermogram ofCo-containing epoxy polymer

at Co-I:DGEBA ratio of I :6.
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Figure A. 25 TGA thennogramofCo-containing epoxy polymer

at Co-l:DGEBA ratio of I:4.
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