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Appendix A

UV-VIS absorption spectra of PVA films containing various metal

salts with various contents.
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Figure A-1 : UV-VIS absorption spectra of standard PVA film.
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Figure A-2 : UV-VIS absorption spectra of LiCl aqueous solution.
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Figure A-3 : UV-VIS absorption spectra of NaCl aqueous solution.
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Figure A-4 : UV-VIS absorption spectra of KCI aqueous solution.
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Figure A-5 : UV-VIS absorption spectra of CaCl, aqueous solution.
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Figure A-6 : UV-VIS absorption spectra of BaCl, aqueous solution.
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Figure A-7 : UV-VIS absorption spectra of FeCl, aqueous solution.
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Figure A-8 : UV-VIS absorption spectra of FeCl, aqueous solution.
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Figure A-9 : UV-VIS absorption spectra of CuCl, aqueoﬁs solution.
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Figure A-10 : UV-VIS absorption spectra of ZnCl, aqueous solution.
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Figure A-11 : UV—VIS"absorption spectra of CoCl, aqueous solution.
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Figure A-12 : UV-VIS absorption spectra of NiCl, aqueous solution.
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Figure A-13 : UV-VIS absorption spectra of PVA films containing

(a) 5% (b) 10% (c) 15% (d) 20% LiCl.
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Figure A-14 : UV-VIS absorption spectra of PVA films containing
(a) 5% (b) 10% (c) 15% (d) 20% NaCl.
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Figure A-15 : UV-VIS absorption spectra of PVA films containing
(a) 5% (b) 10% (c) 15% (d) 20% KCl.
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Figure A-16 : UV-VIS absorption spectra of PVA films containing
(a) 5% (b) 10% (c) 15% (d) 20% CaCl,.
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Figure A-17 : UV-VIS absorption spectra of PVA films containing

(a) 5% (b) 10% (c) 15% (d) 20% BaCl,.
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Figure A-18 : UV-VIS absorption spectra of PVA films containing
(a) 5% (b) 10% (c) 15% (d) 20% FeCl,.
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Figure A-19 : UV-VIS absorption spectra of PVA films containing

(a) 5% (b) 10% (c) 15% (d) 20% FeCl,.
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Figure A-19 (continued)
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Figure A-20 : UV-VIS absorption spectra of PVA films containing

(a) 5% (b) 10% (c) 15% (d) 20% CuCl,.
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Figure A-20 (continued)
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Figure A-21 : UV-VIS absorption spectra of PVA films containing
(a) 5% (b) 10% (c) 15% (d) 20% ZnCl,.
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Figure A-21 (continued)
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Figure A-22 : UV-VIS absorption spectra of PVA films containing
(a) 5% (b) 10% (c) 15% (d) 20% CoCl,,
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Figure A-23 : UV-VIS absorption spectra of PVA films containing
(a) 5% (b) 10% (c) 15% (d) 20% NiCl,.
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Figure B-1 : The infrared spectrum of standard PVA film.
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Appendix B

The infrared absorption spectra of PVA film and PVA films
containing 5, 10, 15, and 20% of LiCl, NaCl, KClI, CaCl,, BaCl,,
FeCl,, FeCl;, CuCly, ZnCl,, CoCl,, and NiCl, obtained by infrared
spectrophotometer of Perkin-Elmer system 2000 at a wavenumber of
360-4000 with FTIR technique under 60-120 times cycle and ambient
condition i.e. room temperature and atmospheric pressure were shown in

figures B-1 through B-12.
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Figure B-2 : Effect of metal on the infrared spectra of PVA films
containing LiCl
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Figure B-3 : Effect of metal on the infrared spectra of PVA films

containing NaCl
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(b)

Figure B-4 : Effect of metal on the infrared spectra of PVA films
containing KCI

(a) 5% (b) 10% (c) 15% and (d) 20%
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Appendix C

The infrar;:d absorption spectra with ATR-FTIR techniques by
using Perkin-Elmer system 2000 at a wavenumber of 700-4000 em
under the ambient condition and 60 cycle times with zinc cyanide holders
of PVA film and PVA films containing 5, 10, 15, and 20% of FeCl,,
FeCl,, CuCl,, CoCl, and NiCl, were given in figures C-1 through C-6,
whereas, in this method, the ATR-FTIR has been applied to PVA films
containing LiCl, NaCl, KCl, CaCl,, BaCl, and ZnCl, showed the

problems in spectra.
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Appendix D

The Raman spectra obtained from Perkin-Elmer system 2000 of
Raman technique with a wavenumber of 200-3600 nm. at ambient
condition and 200-400 powers of x-ray of PVA film and PVA films
containing LiCl, NaCl, KCl, CaCl,, BaCl,, FeCl,, FeCl;, CuCl,, ZnCl,,
CoCl,, and NiCl, were expressed in figures D-1 through D-17.
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| Appendix E

The thermal properties associated with mechanical behavior of PVA
film and PVA films containing LiCl, NaCl, KCl, CaCl,, BaCl,, Fell.,
FeCl,, CuCl,, ZnCl,, CoCl, and NiCl, as a modulus (MPa) versus
temperature (°C) from Dynamic mechanical spectroscopy of Polymer

Laboratory systtn DMTA MKII with mode of bending at temperature

ranging -20 upto 100 °C were shown in figures E-1 through E-12.



[MPa)

Banding E'

6000~ |
£300+
FEAKS
2000+ V7~ i0°C] .
4500 ,__\
4000 / N ™
7 .'\ w
3500+ N c
/ X :
\ P
3000+ Y .15 -
R c
\, b
2500+ : =
\ o
N r.40 a
2000+ -
1500+ \ \\_‘
\\ \ .05
1000+ \ \\N1
M
5 -
= b 0.C0
] T ] T T :
e =3 -0 -3 5 10 s 0
< L 2

0
Temperature (°C)

Figure E-2 : The modulus and tanO plotted against temperature
from -20 through 100 °c cooresponding to the
PVA ﬁlms containing 5% LiCl.



(MP#)

Bending E'

160C0+
PEAKS -0
l 1 27.78°¢C |
14000 H
=35
\\\\ Ll
120004 \\ //\\\\ - .30
\\\ / \\
0060 N / i =
\ .28
/ {
\
8000 4 /
B
5000
f -.15
2000+ “\v\1u\ . 40
2000+ - U\ 7~ A !
AN~ Ay A A A .08
o-
r0.00
1 ] ] i i ] - I I
0 i0 20 30 20 0 €0 70 80 [0

Temperature (°C)

Figure E-1 : The modulus and tanO plotted against temperature

from —-20 through 100 b cooresponding to the
PVA film.

241

Bending tan o



E' (MPa)

Bending

242

4000+ 4_1

3200+
2000+
2500+
2000+
45004

2000+

il 1 U] [ 1 T

0 5 0 i5 -z - I
Temperature (°C) = = 20

Figure E-3 : The modulus and tanO plotted against temperature

from —-20 through 100 . & cooresponding to the
PVA films containing 15% NaCl.

Bonding tan €&



E* (MPa)

Bending

243

4300+
F.24
4000 L 22
-.20
35004
\ L ia
30004
L .
25004 .44
20004 -
r.40
1500
F.c3
4000+ L o5
-.C4
500+
-.02
0-
~0.00
1 T T T T
- - i
20 10 0 10 20 30 40 =0

Temperature (°C)

Figure E-4 : The modulus and tanO plotted against temperature
from -20 through 100 . cooresponding to the
PVA films containing 15% KCIl.

Banding tan €



Aal fay

[RY -

LLLIU L

3000+ L 30
FZAKS
2500+ i3 z.3:°C’ L 25
" \\\\\\\ e
2600+ /ALV‘\—‘/// \'\\L\ .20
\\\\ \
1500 \\ \\ -5
)
3
1000- \\ F.20
500+ V\\\ L o5
U L ~0.00
T [} T ] T T T
-20 -5 =10 -5 0 10 S 20

S
Temperature (°C)

Figure E-5 : The modulus and tanO plotted against temperature

from —-20 through 100 °c cooresponding to the
PVA films containing 15% CaCl,,.

244

Bonding tan §



(M)

Bending 2’

245

§500- IEAKS L a4
s s5.27°C) o
§000-
5500 e
5000
4500+ T
4000+
-.08
3500+
3000+ .08
2500
2000 e
4500
‘ -.C2
1090 \
A
500- . ¢.00
i ] ] ] | ] T i i
-20 -15 -10 -5 0 5 15 20 25 20

10
Temperature (°C)

Figure E-6 : The modulus and tanO plotted against temperature

from -20 through 100 °C cooresponding to the
PVA films containing 5% BaCl,,.

Bending tan §



(M)

punuling &’

246

10000 L a5
2000- FEAKS
i 1 ‘.9.44':’ )
8000+
. 7000+ F.25
5000
.20
5000
4000 -5
3000+ W
2000+
-.05
1000+
0 L0 .00
T ] ] ] ]
-20 -10 ()} 10 20 20 40

Temperature (°C)

Figure E-7 : The modulus and tanO plotted against temperature

from —20 through 100 °c cooresponding to the
PVA films containing 15% FeCl,.

Bending tan «



(MI2a)

Bonding k'

247

i owarg
14000+ ‘ P
' 1cooo-—_——*—_“——_‘—\‘—\—“\““‘-‘~\_, AN

: i - .06
S000+
8000~ /} S

i .
7000+ r.C4
£0004
r.03

5000+ ‘\_‘r/‘/'\ﬂ/\f/'

: L’“$/4 -.02
4000‘\//\\v_/vvj\ffJ\jk//xQ\rA

-.04
3000+
2000+ Lo.00
T T T ] T T i T ]

-20 =45 P -8 0 S {0 i5 20 25 20

) Temperature (°C)

Figure E-8 : The modulus and tanO plotted against temperature

from -20 through 100 “C cooresponding to the
PVA films containing 15% FeCl,.

Banding tan €



44000+ .40
10000+ r-cs
S500+ -08
-.07
2000+
- .06
7000+
-.05
5000+
-.04
5000+
.03
4000+
.02
3000+
4 .01
2000+ -0.00
I ] ] [ 1 T & I
~20 -] -10 -5 0 5  C FONBOME T | 20 25

Temperature (°C)

Figure E-9 : The modulus and tanO plotted against temperature

from —-20 through 100 =3 cooresponding to the
PVA films containing 15% CuCl,,

248

Bending tan §



(MPa)

Bending E*

249

53500+

5000+

45004

4000+

3500+

2000+

25004

2000+

1500+

10C0+

PEAKS

{1 18.03°C

Figure E-10 : The modulus and tanO plotted against temperature

T
- 10
iemperature (°C)

8 -

from —20 through 100 . cooresponding to the
PVA films containing 20% ZnCl,,.

Bending tan £



Ll ey

LUHULIY ©

250

§00C
SEAXS &
; i 2.55°C!
5500+ E -8
A
R
\
50C0- ,//\\J -.16
/ D
' N .../rj 3 RER
45004 \ -
/—/\/ \‘
— L o
4000 P e N
O
.20
2500~
.08
3000
~.C§
2500
L. 04
2600-
~.02
1300 -0.00
T ] T 7 i 7 T ] ]
0 2 4 6 _8 10 3 s 14 i6 i8 20
iemperature (*C)

Figure E-11 : The modulus and tanO plotted against temperature
from -20 through 100 °c cooresponding to the
PVA films containing 15% CoCl,,.

Bending tan &



(MBPw)

gending k°

S000+ 56
8060 PEAKS
—
.25
72004 Y
5000+ 20
. g
£0004
e dS
4000
5000+ 0
2000‘_———*ﬁ—_‘-‘_d__—ﬂ."-——_.”__—;’4~,—”'/—zszzf//
.08
41000+
0-
‘ ~0.00
I T T
-20 . s

iy 9 10 20 20
-] 3 i
Temperature (°C) ¢

Figure E-12 : The modulus and tanO plotted against temperature

from -20 through 100 °c cooresponding to the
PVA films containing 15% NiCl,,.

Bending tan ¢



252

Appendix F

The evidences in testing PVA film and PVA films containing 1, 5,
10,15, and 20% of LiCl, NaCl, KClI, CaCl,, BaCl,, FeCl,, FeCl,,
CuCl,, ZnCl,, CoCl, and NiCl, with Lloyd tensile tester, load cell -of
100 N. at ambient condition according to standard test method of ASTM
D-638 and ASTM D-882 were found and shown in figures F-1 through

1%
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Figure F-1 : Effect of lithium salt on mechanical properties
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of PVA films containing 1, 5, 10, 15 and 20% BaCl..



258

©
o
3
£
R
=]
s
&
)
2
‘a
c
]
=
0 } } ! t : —
0 1 5 10 15 20
Fe(ll) concentration (%)
(a)
I e L
=
]
[
S
K]
-’
[}
£
©
B
1)
52
0 - 1 i } } |
0 1 5 10 15 20
Fe(ll) concentration (%)
(b)
ok
g
g4
(]
3 30 -
=
3
£ 20
i
@ 10 -
@
b=
0 } } : + } d
0 1 5 10 15 20
Fe(ll) concentration (%)
(c)

FigureﬂF:G : Effect of iron(Il) salt on mechanical properties
(a) Tensile strength (MPa) (b) % Strain at break
(¢) Tensile modulus (MPa)
of PVA films containing 1, 5, 10, 15 and 20% FeCl,,.



259

©
o
£
&
e
o
s
=
[/}
L
‘a EL I B R I
|
@
-
o T T T L] T 1
0 1 5 10 15 20
Fe(lll) concentration (%)
(a)
800 T ------emeeeeee e
2 .
[ 600 FoT T NPRRRN T B SN PG B 2SS e
@
Toun
2
Py
0 400 3 - - - =K =it NN DRse = = = am e cemsnseasna
£
s T
0 B - —.T/-
9 200 - . Sunmne R =
X v L =
0 ¥ + L] L] L] ‘:
0 4 5 10 15 20
Fe(lll) concentration (%)
(b)
—
<
o
=
wn
=
-
°
<]
£
il
‘a
o
@
o
o 1] ¥ T } L] L
0 1 5 10 15 20
Fe(lll) concentration (%)
(c)

Figure F-7 : Effect of iron(IIT) salt on mechanical properties
(a) Tensile strength (MPa) (b) % Strain at break
(c) Tensile modulus (MPa)
of PVA films containing 1, 5, 10, 15 and 20% FeCl,,.



260

40 ---------------------------------------
—
[\
o
3
L
L
(=]
c
(]
B
1)
L ’
‘HD 10 f--------cccmcccictcecteccneeccccnae,
=
)
=
0 + } + 1 } i
1 6 10 15 20
Cu concentration (%)
(@
800 T --- -
-
® 600 f----c--oeeie o
@
T
2
b
© 400 J
£
<
3
200 -
X
0 T = ‘r T %
0 1 5 10 15 20
Cu concentration (%)
(b)
®
o
3
0
=2
=
©
<)
&
2
‘0
[~
()
[,
0 + + 1 —+ } 4
0 1 5 10 15 20
Cu concentration (%)
(c)

Figure F-8 : Effect of copper salt on mechanical properties
(a) Tensile strength (MPa) (b) % Strain at break
(¢) Tensile modulus (MPa)
of PVA films containing 1, 5, 10, 15 and 20% CuCl,.



261

w
o
£
£
(=]
S
S
0
e
AR LR R R
[ =
@
b=
0 1 b 3 : t 4
0 1 6 10 15 20
Zn concentration (%)
(a)
800 -
-
% 600 -
2
K]
st
© 400 4
£
©
3
2 2001
0 ; } - e + i

0 1 5 10 15 20
Zn concentration (%)

(b)

w
o
=
(2]
=
=
k=)
o
E
&
‘B
s
@
[
0 3 + t : 4 1
()} 1 5 10 15 20
Zn concentration (%)
(c)

Figuic F-9 : Effect of zinc salt on mechanical properties
(a) Tensile strength (MPa) (b) % Strain at break
(c) Tensile modulus (MPa)
of PVA films containing 1, 5, 10, 15 and 20% ZnCl,,.



262

©
o
£
£
o
&
&
]
2
T AC et SR S S E S SRS SRR E R
c
-]
-
0 + } t } b i
0 1 5 10 15 20
Co concentration (%)
(a)
800 7-------=cccceccccnaccienccieae oo
K4
[+ 600 e
V]
)
o
R
400 4
=
©
3
2 200 -
0 t — ; + } i
0 1 5 10 15 20
Co concentration (%)
(b)
®
o
=
-]
=
=
=
©
=
2
‘@
=
-]
e
(i} } +- } t + |
0 1 5 10 15 20
Co concentration (%)
(c)

Figuré F-10 : Effect of cobalt salt on mechanical pfoperties
(a) Tensile strength (MPa) (b) % Strain at break
(c) Tensile modulus (MPa)
of PVA films containing 1, 5, 10, 15 and 20% CoCl,.



263

40 7 ----cc--c e eceac et cc e c e aaaaaa,
©
o
<
£
e
o
S
B
(2]
2
W W SRR R R e a s s IR SRR R R C R AR E R
c
(4]
[t
0 + t : + + |
0 1 5 10 15 20
Ni concentration (%)
(a)
800 T - - -t
-
® 600 - - -
£
o
=
. 400
=
©
3
2 200+
0 } } : } t 4
0 1 5 10 15 20
Ni concentration (%)
(b)

w
o
3
n
2
=
T
o
£
2
‘0
[ =
(-4
=
0 : + : 4 : -
(] 1 5 10 15 20
Ni concentration (%)
(c)

‘Figure F-11 : Effect of calcium salt on mechanical properties
(a) Tensile strength (MPa) (b) % Strain at break
(¢) Tensile modulus (MPa)
of PVA films containing 1, 5, 10, 15 and 20% NiCl,.



264

Appendix G

The optical micrographs of PVA film and PVA films containing
5% of LiCl, NaCl, KCl, CaCl,, BaCl,, FeCl,, FeCl,, CuCl,, ZnCl,,
CoCl, and NiCl, either before or after deformation under tensile testing

were found in figures G-1 through G-12.



(b)
Figure G-1 : Optical micrograph of standard PVA film
(a) before (b) after

deformation under tensile testing.
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(b)
Figure G-2 : Optical micrograph of PVA films containing
5% LiCl
(a) before (b) after

deformation under tensile testing.
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(b)
Figure G-3 : Optical micrograph of PVA films containing
5% NaCl
(a) before (b) after

deformation under tensile testing.



268

()
Figure G-4 : Optical micrograph of PVA films containing
5% KCl
(a) before (b) after

deformation under tensile testing.
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(b)
Figure G-5 . Optical micrograph of PVA films containing
5% CaCl,
(a) before (b) after

deformation under tensile testing.
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(b)
Figure G-6 : Optical micrograph of PVA films containing
5% BaCl,
(a) before (b) after

deformation under tensile testing.



(b)
Figure G-7 : Optical micrograph of PVA films containing
5% FeCl,
(a) before (b) after

deformation under tensile testing.
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(b)
Figure G-8 : Optical micrograph of PVA films containing
5% FeCl,
(a) before (b) after

deformation under tensile testing.
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(b)
Figure G-9 : Optical micrograph of PVA films containing
5% CuCl,
(a) before (b) after

deformation under tensile testing.
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Figure G-10 : Optical micrograph of PVA films containing
5% ZnCl,
(a) before (b) after

deformation under tensile testing.
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(b)
Figure G-11 : Optical micrograph of PVA films containing
5% CoCl,
(a) before (b) after

deformation under tensile testing.



276

(b)
Figure G-12 : Optical micrograph of PVA films containing
5% NiCl,
(a) before (b) after

deformation under tensile testing.
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