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APPENDICES
APPENDIX A
Experimental Data of Contact Angle Study with Time

Table A-l The measuring contact angle of sodium dodecyl sulfate (SDS) at
[SDS] = 1M, solution volume = 20 (il.

Time (min) Contact angle (degree)
10 41
20 41
30 41
40 41
50 41
60 41
70 41
80 41
90 41
100 41
110 41
120 41
130 41

140 41
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Table A-2 The measuring contact angle of sodium octanoate (SO) at
[SO] = 2 M, solution volume =20 pi.

Time (min.) Contact angle (degree)
10 35
20 35
30 35
40 35
50 35
60 35
70 35
80 35
90 35
100 35
110 35
120 35

Table A-3 The measuring contact angle of sodium dodecanoate at
concentration = 0.1 M, solution volume = 20 pi.

Time (min.) Contact angle (degree)
10 29
20 29
30 29
40 29

Table A-4 The measuring contact angle of Ca(DS)2 as varying composition
ofDS'and calcium ion.

o Contact angle (degree)
Tim(min) [ 1E2.35x10° [ J=482x1(T [ J=5IL(T [ ']=9.29x10"-

Initial 33 35 30 37
10 33 35 30 37
20 33 35 30 37
30 33 35 37
40 33 35

50 33 35
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Table A-5 The measuring contact angle of Ca02 by varying composition of
octanoate (Q') and calcium ion.

Contact angle (]degree
Time (min) [ =002M [0]=0056M [0 [0]=0.097 M

Initial 52 53 52
10 52 53 50 52
20 52 53 50 52
30 52 53 50 52
40 52 53 50 52
50 52 53 50 52
60 52 53 50 52
10 52 53 50 52
80 52 53 50
90 52 53 50
100 52 53 50
110 52 50
120 52 50
130 52
140 52
150 52

Table A-6 The measuring contact angle of calcium dodecanoate by varying
composition of dodecanoate and calcium ion.

Contact angle (degree)

Time (min.)  [dodec dodec dodec =
( [lllx]105M [123x10’5|\/| £3x1%5|\/| 588x]105M
Initial 55 55 54 55
10 55 55 54 55
20 55 55 54 55
30 55 55 54 55
40 55 55 54 55
50 55 55 54 55
60 55 55
70 55 55
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APPENDIX B
Experiments Data of the Advancing Contact Angle
and Receding Contact Angle

Table B-I The advancing angle and receding angle of fatty acids (C/Q. C .-
C 14, C s, and C,8) atT = BOOC.

Fatty acids Volume (fi) ~ Advancing angle Receding angle
Decanoic acid 10 62
(CN) 20 62
30 62
40 62 30
50 62 33
60 62 46
70 62 54
80 61
90 63
Dodecanoic acid 10 8
(C.,2) 20 80 335
30 18 36
40 81.5 455
50 82 50
60 825 59
70 81 66
80 17
90 89
Tetradecanoic acid 10 86
(C.4 20 87 235
30 87 355
40 87 44
50 86 49
60 87 57
70 83 69
80 74

90 80.5
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Table B-l (Cond't) The advancing angle and receding angle of fatty acids
(CK,Cer, Cue, € and Cis) a T=JC

Fatty acids Volume (fil) ~ Advancing angle  Receding angle
Flexadecanoic 10
acid (€16 20 88 15
30 87.5 29
40 87 44
50. 87 53
60 86 55
70 86 60
80 63
90 18
Octadecanoic 10 94
acid (€13 20 95 28
30 91 41
40 92 55
50 91 56.5
60 90 75
70 91 79
80 88

90 90
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Table B-2 The advancing angle and receding angle of sodium salt of fatty

acids (C8 C0, Crz, Cu, 0k and 9aT=J%

Chemicals

Sodium decanoate

(Cio)

Sodium
dodecanoate
(Sigma, C|2)

Sodium
tetradecanoate

(Cl.)

Sodium
hexadecanoate
(C.H)

Sodium
octadecanoate
(Cl)

Volume (gl)
10
20
30
40
50
60-
10
80
10
20
30
40
50
60
10
10
20
30
40
50
60
10
80
10
20
30
40
50
60
10
80
10
20
30
40
50
60
10
80

Advancing angle

18
20
22
22
22
25
28
28
30
34
35
3
3
35
35.5
62
59.5
61.5
61.5
59
59
59
60
61.5
10
67.5
10
1
11
80
80
64
Ji!
18
18
19
19
80
61

Receding angle

6.5
10
135
17
195
26

9
15
20
25

3

10
17
21
29.9
39
48

135
22
30
3/
46
65
18

16
18
30
39.5
49
o8
67



Table B-2 (Cont’d) The advancing angle and receding angle of sodium salt of fatty acids (C§ Clo,c 204, C|§ and C|8 at T =30 °c.

, _ ~Advancing contact angle _ _ Recedin%{_contact angle.
Chemical V%Itfme Timel Time2  Time3 imed  Average  Timel  Time?2 ime3  “Timed  Average
u
NaC§ 13 3 3 3
(free acid) 20 40 3 375 4 4
30 43 45 i 2 9 105
40 83 4 44 125 10 11.25
0 A 45 445 ik b I
60 45 4 45 23 20 215
10 4 45 445 2 2 205
80 4 45 445 2 39 34
NaC8 10 50 715 o7 55 61.2
(Sigma) 20 97 4 Jil 10 L7 12 16 14
3) 90 16 i 0 16 285 20 2( 30 285
40 9% I 16 Is JRK 385 215 36 30.2
50 9 18 I 1. 475 34 4 42 445
60 107 & 10 16 79 605 20 o 50.2
10 18 8 80.3 13 535 65 63
&) & 9 18 80./ o4 b 10 10
NaC, 10 42 365 39.25
(free acid) 20 47 40 46.5
3) 5 49 ) 10 115
40 5 52 515 215 19.75
0 ol 4 52.5 23 245
60 53 5 545 3 3 36.5
10 53 5% 545 4 415



Table B-3 The advancing angle and receding angle of calcium salt of fatty
acids (Cg, C|0, Cl, C}s, Ci6, and C]g) at T=30 C.

Chemicals Volume (gl) Advancing angle  Receding angle
Calcium decanoate 10 30
(C,0) 20 43
30 44
40 46
50 46 15
60 44,5 2
10 43 24
80 43 32
90 41
Calcium 10 86.5
dodecanoate (C. 20 85 48
from Na salt) 30 88 b4
40 86 59
50 88 67
60 89 81
10 90 85
80 90 90
Calcium 10 66
tetradecanoate 20 1l 3l
(Cm) 30 [ 34
40 13 47
50 14 52
60 15 58
10 7 63
80 82 13

90 14



43

Table B-3 (Cont’d) The advancing angle and receding angle of calcium salt of
fatty acids (Cg, C|s, c\2, CJ:, C|6, and Clg) at T =30 .

Chemicals Volume (gl) Advancing angle  Receding angle

Calcium 10 14
hexadecanoate (CI6) 20 7

30 1 32

40 81 42

50 81 ol

60 81 61

10 80 63

80 81 10

90 7
Calcium 10 7

octadecanoate (CI ) 20 80 49

30 82 53

40 80 58

50 83 63

60 81 64

10 85 67

80 85 19

90 84



Table B-3 (Cont'd) The advancing angle and receding angle of calcium salt of fatty acids (C§ Clo, C|2, Ca, C[6, and cis) at T =30 °c.

, _ ~Advancing contact angle _ _ Recedingr_contact angle.
Chemical V%Itfme Timel  Time2  Time3 imed  Average  Timel  Time2 ime3  "Timed  Average
u
CaCy. 1() 83 & &
(free acid) 20 83 & & 3 30 3
3) & 8 8.5 50 ol 505
40 80 80 80 Jil 69 10
20 80 80 & 18 19 785
60 8 8 86.5 845 & 84.25
10 8 875 86.75 83 & &
80 8 8 8 8 87
CaC8 10 7 80 7 18
(Sigma) 20 16 80 80 80.7 28 26 25 263
30 18 80 & 82 40 39 40 3.7
40 1 81 8 8 H ) 20 2
0 11 81 & 83 0/ 585 03 62.8
60 80 83 8 83 16 105 [ 138
10 80 & 80 83.7 8 [ 18 .1
&) 80 8 8 84.1 80 87 & 84
CaCp 10 82 & 835
(free acid) 20 80 8 825 23 21 25
30 83 8 % 3) 3 3.5
40 80 & 825 40 50
50 8 85 & ol o7 9.9
60 85 & & 63 68 699
10 85 8 8.5 19 80 795

o)
S
oo
=
oo
3¢
o)
(&)
[o'e)
>



Table B4 The advancing angle and receding angle of anionic surfactants at T = 30 °c.

, Advancing angle _ _ Receding angle. _ _

Chemical V(lJ)Iume Timel ~ Time2 Time3  Timed  Average  Timel  “Time2  Time3d  Timed Average
U

Ca(DS)2 (10 5 %5 4 5 52.2
20 60 o7 52 5 4.1 1 11
3) 50 M 5 5 53.7 26 il 18 7 163
40 5 H o 50 L7 20 23 20 24 24.3
50 4 52 4.5 o 525 31 28 32.2 3 30./
60 o7 o7 52 50 55.0 45 3 39.5 a4 39.2
10 o4 %95 5 5 9.9 5 43 47 43 46.0
8) o4 %5 % 5 555 62 47 55 53 5L7

SDS 10 10 12 8l 4.3
20 0 12 83 81.7 A 34
30 & 84 80 82.1 30 41 3.5
40 84 % 80 88.3 45 3) 4 3
50 80.5 109 % %.8 50 49 20 497
60 or o7 9 9% o o 63
10 9 18 % o/ 59 10 62
80 80 10 60 I 1 L7
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Table B-5 The advancing angle and recedln%an le as vadlng composition
between DS' and Ca2+of Ca(DS

[DS] M Volume (pi) Advancing angle  Receding angle
2.35 X 10'4 10 44
20 435
30 46 8
40 46 12
50 46 17
60 . 46 23
70 46.5 33
80 42
4.82 x 10'4 10 43
20 46 6.5
30 46 13
40 46 18
50 47 26.5
60 45 30
70 42 37
80 46
5.15 x 104 10 45
20 46 15
30 49 135
40 47 20
50 47 27
60 46.5 35
70 44 42
9.29 x 10° 10 44
20 45 55
30 47 1
40 47 17
50 47 25
60 46 31
70 445 38



Table B-6 The advancing angle and receding angle as varying composition between octanoate (O') and Ca2+of calcium octanoate (Ca02)

_ , Advancing angle _ , , Receding angle
[o-]OM Volume  Timel  Time2 Time 3 Time 4 Average Time 1 Time 2 Time'3 Time 4 Average
0.02 10 16 s 155
2 83 0 B 1] 19 2 205
30 89 19 I 80.0 31.2 2 kil 304
40 8 go 80 820 425 4 4 458
20 90 [ &) 8 0 g% ol 3.3
68 88 g% 8 8.5 5.7 02 612
i & & il 12 2 L1
80 8 & & 18 8l 82 80.3
0.056 10 64 69 64 69.1 75
2 il 1 12 (LI 205
3) 0/ 12 o4 67,/ kil 3.5 30 3.2
40 0/ 4 gg 69 445 ig 3 4035
o) 87 4 69.7 o 4% 5%.3
o0 [ A 88 09.7 63 o 5 2.1
J0 o/ 4 [ 69.3 J 60 ol 65.3
o) 14 68 1l 8l 5 o/ il
0.08 18 4 o 615 63.2
) 4 of Y 00 10 3 10
) 88 o0 02 63.9 19 4 175 183
40 [ 60 62 23.0 2% 49 20 Zgg
N 60 o4 od 4.1 3 60 25 32,
o0 8% o4 o4 03.7 3 0/ 4 40.8
J0 65 60 64.0 425 3 5 4.
&) 69.0 (i 6l of 57 5.0
0.097 10 1 60 81 66
2 I 10 9 695 3
3) i 10 69 69.5 B %3 16 16
1 6% 10 079 259 21 2
5 J6 0 10 08.0 30 ) Kl Kl
o0 Jii 60 10 68.0 405 59 40 40
10 1 08 10 09.0 49 60 5 N
80 68 10 69.0 6L5 o/ 65



Table B-7 The advancing angle and receding an?le as varying compaosition

between dodecanoate and Caof ca

[dodecanoate] M
1.23 x 104

2.30 X 10'4

2.88 X 104

Volume (pi)
10
20
30
40
50
60.
10
80
10
20
30
40
50
60

Advancing angle

86.5

cium dodecanoate.

Receding angle

48
54
59
67
81
85
90

Table B-8 The data of advancing and receding contact angles in cycling.

Chemical

CaC.

?from free

atty acid)

Volume

hi
W
20
30
40
50
60
10
80

Isle A

60
66
80
82
82
83
83
83

1¢eR

il
21
38
49
63
125
18
83

2nmeA

il
35
45
26
6/
68
19
82

2 Or

il
34
38
47
53
b1
1o
82

JreA



APPENDIX C
Figure of Contact Angle with Time
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Figure C-I The contact angle of (Ca(DS)2) as varying composition of

DS' and Ca2+at 30 °C, (1 ) [SDS] = 235 x 1 M and [Ca24] = 115 x
104 M, (1 ) [SDS] = 4.82 x l0;4M and [Ca24] = 237 x 10%5 M, (A)
[SDS] = 5.5 x 104 M and [Ca24] = 4.19 x 106 M, co [SDS] = 9.20 x
10'4M and [Ca2]= 211 x 1 M.

60
50 gm:n—‘—‘—‘
40 -
30 -

20 1

Contact angle (degree)

10 -

0

0 50 100 150 200

Time (min.)
Figure C-2 The contact angle of Ca0? as varying composition of O’

and Caat 30 °C, (+ ) [SO]‘: 0.02 M and [Ca2+]=1.94 x 10'4 M, (i J
S0]=0.056 M and [Ca2 | = 4.23 x 10'5M, (A) [SO] = 0.08 M an
Ca2t] = 6.68 x 10'7 M, (x) [SO] = 0.097 M and [Ca24] = 3.13 X 10'6
M.
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Figure C-3 The contact angle of calcium dodecanoate as varying

composition of dodecanoate and Ca2+ at 30 °C, (¢ ) [dodec] = 111 x
10'4 M and [Ca2+] = 2.08 x 10'6 M, (1 ) [dodec] = 123 x 1 M and
[Caz+] = 1.76 x 10"6 M, (A) [dodec] = 2.30 x 104 M and [Ca2+] = 1.54
x 10'6 M, ¢o [dodec] = 2.88 x 10'4M and [Ca2+] = 2.00 x 10'6M.
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APPENDIX D

Figure of Advancing (0A) and Receding (O0R) Contact Angle as a Function
of Volume Surfactant Solution

Advancing angle
100 . -B- Receding angle
80 - *_——,_‘.\0/0——"—.\0
03 60 -
@
& 40 -
20
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0 20 « « 80 100

Volume of HC . solution (|il)

Figure D-I The advancing and receding angles of dodecanoic acid (C|2) at

30 °c.
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Figure D-2 The advancing and receding angle of tetradecanoic acid (C|4)
at 30 °C.
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Figure D-3 The advancing and receding angles of hexadecanoic acid(C]6)

at 30 °C.
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Figure D-4 The advancing and receding angles of octadecanoic acid (C,8)
at 30 °C.
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Figure D-5 The advancing and receding angles of sodium octanoate (C8)
at 30 °c.
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Figure D-6 The advancing and receding angles of sodium decanoate (Cio)
at 30 °c.
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Figure D-7 The avancing and receding angles of sodium dodecanoate (C|2)
at 30 °c.
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Figure D-8 The advancing and receding angles of sodium tetradecanoate C )
at 30 °c.
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Figure D-9 The advancing and receding angles of sodium hexadecanoate (C|6)

at 30 °c.
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Figure D-10 The advancing and receding angles of sodium octadecanoate (C|8)
at 30 °C.
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Figure D -1IThe advancing and receding angles of calcium octanoate (C8)
at 30 °c.
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Figure D-12 The advancing and receding angles of calcium decanoate (Cio)
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100 -B- Receding angle
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Figure D-13 The advancing and receding angles of calcium dodecanoate (C|2)

at 30 °C.
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Figure D-14The advancing and receding angles of calcium tetradecanoate (C|4)
at 30 °C.
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Figure D-15 The advancing and receding angles of calcium hexadecanoate (c :6)
at 30 °C.
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Figure D-16 The advancing and receding angles of calcium octadecanoate (C 19)
at 30 °.
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