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A P P E N D IC E S  
A P P E N D IX  A

E x p e r im e n ta l D ata  o f  C o n ta c t A n g le  S tu d y  w ith  T im e

T a b le  A - l  The measuring contact angle o f  sodium dodecyl sulfate (SD S) at 
[SD S] =  1 M, solution volum e = 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



41

T a b le  A -2  The measuring contact angle o f  sodium octanoate (SO ) at 
[SO] = 2 M, solution volum e = 20 pi.

Tim e (m in.) 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

T a b le  A -3  The m easuring contact angle o f  sodium  dodecanoate at
concentration = 0.1 M, solution volume = 20 pi.

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

T a b le  A -4  The measuring contact angle o f  C a(D S)2 as varying com position  
o fD S 'a n d  calcium ion.

Contact angle (degree)
Tim (min.) [อร■ ]= 2.35x10“' [อร]=4.82x1 (T [อร]= 5.15x1 (T [อร']=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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T a b le  A -5 The measuring contact angle o f  C a 0 2 by varying com position o f  
octanoate (O') and calcium ion.

Contact angle (degree)
Time (min.) [<วๆ= 0.02 M [0  ]= 0.056 M [O ]= 0.08 M [O ]= 0.097 M

Initial 52 53 50 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
70 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

T a b le  A -6 The measuring contact angle o f  calcium dodecanoate by varying 
com position o f  dodecanoate and calcium ion.

Contact angle (degree)
Time (min.) [dodec]=

1.11 X 10_5M
[dodec]= 
1.23 X 10’5M

[dodec]= 
2.3 X 10 5M

[dodec]=
2.88 X 10'5M

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
80 55 55



43

A P P E N D IX  B
E x p e r im e n ts  D ata  o f  th e  A d v a n c in g  C o n ta c t A n g le  

an d  R ec e d in g  C o n ta c t A n g le

T a b le  B - l  The advancing angle and receding angle o f  fatty acids (C|Q. c  1 2 - 
c  1 4 , c  1 6 , and c , 8) a tT  = 30°C.

Fatty acids Volum e (fil) Advancing angle Receding angle
D ecanoic acid 10 62

(C 10) 20 62
30 62
40 62 30
50 62 33
60 62 46
70 62 54
80 61
90 63

Dodecanoic acid 10 78
(C ,2) 20 80 33.5

30 78 36
40 81.5 45.5
50 82 50
60 82.5 59
70 81 66
80 77
90 89

Tetradecanoic acid 10 86
(C ,4) 20 87 23.5

30 87 35.5
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), c 12, c 1 4, € 16, and c is) at T = 30 °c.

Fatty acids V olum e (|il) Advancing angle R eceding angle
Flexadecanoic 10 85

acid ( € 16) 20 88 15
30 87.5 29
40 87 44
50. 87 53
60 86 55
70 86 60
80 63
90 78

Octadecanoic 10 94
acid ( € 18) 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, C,o, c 1 2, c 14, Cl6, and c,8) at T = 30 °c.

Chemicals Volume (gl) Advancing angle Receding angle
Sodium decanoate 10 18

(Cio) 20 20
30 22 6.5
40 22 10
50 22 13.5
60- 25 17
70 28 19.5
80 28 26

Sodium 10 30
dodecanoate 20 34 9
(Sigma, C |2) 30 35 15

40 35 20
50 35 25
60 35
70 35.5 35

Sodium 10 62
tetradecanoate 20 59.5

(Cl 4) 30 61.5 10
40 61.5 17
50 59 27
60 59 29.9
70 59 39
80 60 48

Sodium 10 61.5
hexadecanoate 20 70 13.5

(C ,6) 30 67.5 22
40 70 30
50 77 37
60 77 46
70 80 65
80 80 78

Sodium 10 64
octadecanoate 20 71 16

(Cl ร) 30 78 18
40 78 30
50 79 39.5
60 79 49
70 80 58
80 81 67



Table B-2 (Cont’d) The advancing angle and receding angle of sodium salt of fatty acids (C8, C]0, c 12, C|4, C|6) and C|8) at T = 30 °c.

Advancing contact angle Receding contact angle
Chemical Volume

(ul)
Time 1 Time 2 Time 3 Time 4 Average Time 1 Time 2 Time 3 Time 4 Average

NaC8 10 35 35 35
(free acid) 20 40 35 37.5 4 4

30 43 45 44 12 9 10.5
40 43 45 44 12.5 10 11.25
50 44 45 44.5 15 15 15
60 45 45 45 23 20 21.5
70 44 45 44.5 25 28 26.5
80 44 45 44.5 29 3.9 34

NaC8 10 50 71.5 57 55 61.2
(Sigma) 20 97 74 71 70 71.7 12 16 14

30 90 76 77 75 76 28.5 20 27 30 28.5
40 94 75 76 75 75.3 38.5 27.5 36 34 36.2
50 99 80 78 75 77.7 47.5 34 44 42 44.5
60 107 85 76 76 79 60.5 50 55 53 56 2
70 85 78 78 80.3 73 53.5 65 63 67
80 85 79 78 80.7 64 76 70 70

NaC,2 10 42 36.5 39.25
(free acid) 20 47 46 46.5

30 51 49 50 10 13 11.5
40 51 52 51.5 18 21.5 19.75
50 51 54 52.5 23 26 24.5
60 53 56 54.5 35 38 36.5
70 53 56 54.5 40 43 41.5
80 55 56 55.5 45 48 46.5
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Table B-3 The advancing angle and receding angle of calcium salt of fatty
acids (Cg, C |0, C |2 , C |4 , Ci6, and C]g) at T = 30 c.
Chemicals Volume (gl) Advancing angle Receding angle
Calcium decanoate 10 30

(C,o) 20 43
30 44
40 46
50 46 15
60 44.5 21
70 43 24
80 43 32
90 41

Calcium 10 86.5
dodecanoate (C |2 20 85 48

from Na salt) 30 88 54
40 86 59
50 88 67
60 89 81
70 90 85
80 90 90

Calcium 10 66
tetradecanoate 20 71 31

(C m) 30 71 34
40 73 47
50 74 52
60 75 58
70 77 63
80 82 73
90 74
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Table B-3 (Cont’d) The advancing angle and receding angle of calcium salt of
fatty acids (Cg, C |0 , C \ 2 , C]4 , C|6, and C]g) at T = 30 c.

Chemicals Volume (gl) Advancing angle Receding angle
Calcium 10 74

hexadecanoate (Cl6) 20 75
30 77 32
40 81 42
50 81 51
60 81 61
70 80 63
80 81 70
90 77

Calcium 10 77
octadecanoate (Clร) 20 80 49

30 82 53
40 80 58
50 83 63
60 81 64
70 85 67
80 85 79
90 84



Table B-3 (Cont’d) The advancing angle and receding angle of calcium salt of fatty acids (C8, C|0, C|2, C|4, C|6, and cis) at T = 30 °c.

Advancing contact angle Receding contact angle
Chemical Volume

(ul)
Time 1 Time 2 Time 3 Time 4 Average Time 1 Time 2 Time 3 Time 4 Average

CaCg 10 83 85 84
(free acid) 20 83 85 84 32 30 31

30 85 86 85.5 50 51 50.5
40 86 86 86 71 69 70
50 86 86 86 78 79 78.5
60 85 88 86.5 84.5 84 84.25
70 86 87.5 86.75 83 85 84
80 88 88 88 86 88 87

CaC8 10 77 80 77 78
(Sigma) 20 76 86 80 80.7 28 26 25 26.3

30 78 86 82 82 40 39 40 39.7
40 77 87 82 82 56 50 50 52
50 77 87 85 83 67 58.5 63 62.8
60 80 83 86 83 76 70.5 75 73.8
70 80 85 86 83.7 80 75 78 77.7
80 80 88 86 84.7 80 87 85 84

CaC|2 10 82 85 83.5
(free acid) 20 80 85 82.5 23 27 25

30 83 85 84 30 35 32.5
40 80 85 82.5 40 50 45
50 85 85 85 54 57 55.5
60 85 85 85 63 68 65.5
70 85 86 85.5 79 80 79.5
80 87 87 87 82 86 84

45.ร่๐



Table B-4 The advancing angle and receding angle of anionic surfactants at T = 30 °c.

Advancing angle Receding angle
Chemical Volume

(ul)
Time 1 Time 2 Time 3 Time 4 Average Time 1 Time 2 Time 3 Time 4 Average

Ca(DS)2 10 55 56.5 45 55 52.2
20 60 57 52 55 54.7 11 11
30 56 54 52 55 53.7 26 14 18 17 16.3
40 56 54 51 50 51.7 26 23 26 24 24.3
50 54 52 54.5 51 52.5 37 28 32.2 32 30.7
60 57 57 52 56 55.0 45 37 39.5 41 39.2
70 64 56.5 55 55 55.5 55 43 47 48 46.0
80 64 56.5 55 55 55.5 62 47 55 53 51.7

SDS 10 70 72 81 74.3
20 90 72 83 81.7 34 34
30 84 84 80 82.7 30 41 35.5
40 84 95 86 88.3 45 30 42 39
50 86.5 109 95 96.8 50 49 50 49.7
60 97 67 99 98 57 54 63 58
70 99 78 63 99 57 59 70 62
80 80 70 60 78 77 71.7

o
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Table B-5 The advancing angle and receding angle as varying composition
between DS' and Ca2+ of Ca(DS)2 at T = 30 °c.

[DS ] M Volum e (pi) Advancing angle Receding angle
2.35 X 10'4 10 44

20 43.5
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 10-4 10 45
20 46 7.5
30 49 13.5
40 47 20
50 47 27
60 46.5 35
70 44 42

9.29 X 10° 10 44
20 45 5.5
30 47 11
40 47 17
50 47 25
60 46 31
70 44.5 38
80 41



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'] M Volume Time 1 Time 2 Time 3 Time 4 Average Time 1 Time 2 Time 3 Time 4 Average
0.02 10 76 75 75.5

20 83 75 75 77.7 19 22 20.5
30 89 75 76 80.0 31.2 29 31 30.4
40 86 80 80 82.0 42.5 47 48 45.8
50 90 87 85 86 56 53 51 53.3
60 90 88 85 86.5 59.7 62 62 61.2
70 90 88 88 88 71 72 72 71.7
80 88 88 88 78 81 82 80.3

0.056 10 64 69 64 65.7 7.5
20 71 72 72 71.7 20.5
30 67 72 64 67.7 31 32.5 30 31.2
40 67 74 66 69 44.5 39 38 40.5
50 67 74 68 69.7 55 48 48 50.3
60 67 74 68 69.7 63 57 56 58.7
70 67 74 67 69.3 75 60 61 65.3
80 74 68 71 81 75 67 71

0.08 10 74 54 61.5 63.2
20 74 57 79 70.0 10 36 10
30 68 60 62 63.3 19 42 17.5 18.3
40 67 60 62 63.0 25 49 26 25.5
50 66 64 64 64.7 32 60 32.5 32.3
60 63 64 64 63.7 38 67 42 40.0
70 62 65 65 64.0 42.5 73 53 47.8
80 65.5 65 61 87 57 59.0

0.097 10 77 60 61 66
20 79 70 69 69.5 30
30 77 70 69 69.5 15 33 16 16
40 77 65 70 67.5 25.5 39 27 26
50 76 66 70 68.0 30 46 30 30
60 77 66 70 68.0 40.5 55 40 40
70 77 68 70 69.0 49 65 50 50
80 68 70 69.0 61.5 67 65 63

น')NJ
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T a b le  B -7  The advancing angle and receding angle as varying com position  
between dodecanoate and Ca2+ o f  calcium  dodecanoate.

[dodecanoate] M V olum e (pi) Advancing angle Receding angle
1.23 X 10'4 10 86.5

20 85 48
30 88 54
40 86 59
50 88 67
60. 89 81
70 90 85
80 90 90

2.30 X 10'4 10 90
20 89 38
30 90 40
40 91 57
50 91 70
60 105 79
70 104 85
80 105 88

2.88 X 10'4 10 90
20 107 25
30 106 40
40 102 50
50 90 69
60 90 75
70 88 86
80 90 86

T a b le  B -8  The data o f  advancing and receding contact angles in cycling.

Chemical Volume
(hi)

l sle A 1st e R 2na e A 2na Or 3ra e A
CaC ,2 10 60 11 11 11 11

(from free 20 66 27 35 34 31
fatty acid) 30 80 38 45 38 42

40 82 49 56 47 54
50 82 63 67 53 60
60 83 72.5 68 61 74
70 83 78 79 75 80
80 83 83 82 82 82
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A P P E N D IX  c
F ig u re  o f  C o n ta c t A n g le  w ith  T im e

T im e  (m in .)

F ig u r e  C - l  The contact angle o f  (C a(D S)2) as varying com position o f
D S' and Ca2+ at 30 °c, (♦ ) [SDS] =  2.35 X 1 ๙  M and [Ca2+] = 1.15 X 
10'4 M, (■ ) [SD S] =  4.82 X lo;4 M and [Ca2+] = 2.37 X 10‘5 M, (A )  
[SD S] =  5.15 X 1 0 4 M and [Ca2+] = 4.19 X 10‘6 M, (x) [SD S] =  9.29 X 
10'4 M and [Ca2+] = 2.11 X 1 ๙  M.

F ig u re  C -2  The contact angle o f  CaO? as varying com position o f  O’
and Ca2+ at 30 °c, (♦ ) [SO] =  0.02 M and [Ca2+] = 1 .9 4  X 10'4 M, (■ ) 
[SO] = 0 .056 M and [Ca2 ] =  4.23 X 10'5 M, (A )  [SO] =  0.08 M and 
[Ca2+] =  6.68 X 10'7 M, (x) [SO] = 0.097 M and [Ca2+] =  3.13 X 10'6
M.
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I
op
c3
QKSÇ๐บ

F ig u r e  C -3 The contact angle o f  calcium dodecanoate as varying  
com position o f  dodecanoate and Ca2+ at 30 °c, (♦ ) [dodec] = 1.11 X 
10'4 M  and [Ca2+] =  2.08 X 10'6 M, (■  ) [dodec] =  1.23 X 1 ๙  M and 
[Ca2+] =  1.76 X 10"6 M, (A )  [dodec] =  2.30 X 1 0 4 M and [Ca2+] =  1.54 
X 10'6 M, (x) [dodec] =  2.88 X 10'4 M and [Ca2+] =  2.00 X 10'6M.
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A P P E N D IX  D
F ig u r e  o f  A d v a n c in g  (0 A) a n d  R e c e d in g  (0 R) C o n ta c t A n g le  as a F u n ctio n

o f  V o lu m e  S u r fa c ta n t S o lu tio n

OS
CDi-๐_<o

100 - 1

Advancing angle 
-B- Receding angle

80 - 

60 - 

40 -

20  -

0 -  
0 20 « « 80 100

Volum e o f  H C 12 solution (|il)
F ig u re  D - l  The advancing and receding angles o f  dodecanoic acid (C |2) at 
30 °c.

os
CD
ร-,๐<

100 - 1

80 -

60 -

40 -

20 -

0 -  
0

-♦ - Advancing angle 
-B- Receding angle

I------------ 1------------ 1------------ 1------------ 1

20 40 60 80 100
Volum e o f  H C |4 solution (|il)

F ig u re  D -2  The advancing and receding angle o f  tetradecanoic acid (C |4) 
at 30 °c.
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-♦ - Advancing angle

0 20 40 60 80 100
Volum e o f  HCi6 solution (p.1)

F ig u re  D -3  The advancing and receding angles o f  hexadecanoic acid(C]6) 
at 30 °c.

CD
ร-.๐<

CD

-♦ - Advancing angle
J QQ -B- Receding angle

80 - 

60 - 

40 - 

20  -  

0
0 20 40 60 80 100

Volum e o f  HCi8 solution (|il)

Figure D-4 The advancing and receding angles o f  octadecanoic acid (C ,8)
at 30 °c.
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Advancing angle

0 20 40 60 80 1๓
Volum e o f  NaCg solution (|il)

F igu re D -5 The advancing and receding angles o f  sodium octanoate (C 8) 
at 30 °c.

Volum e o f  N aC 10 solution (|al)

Figure D-6 The advancing and receding angles o f  sodium decanoate (C io )

at 30 °c.
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Volum e o f  N aC | 2  solution (jj.1)
F ig u r e  D -7  The avancing and receding angles o f  sodium dodecanoate (C |2) 
at 30 °c .

-♦ - Advancing angle

0 20 40 60 80 1๓
Volum e o f  N aC |4  solution (|il)

F ig u r e  D -8  The advancing and receding angles o f  sodium tetradecanoate C 14) 
at 30 °c.
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Volum e o f  N aC |6 solution (|น1)

F igure D -9 The advancing and receding angles o f  sodium hexadecanoate (C |6) 
at 30 °c.

-♦ -Advancing angle
IQQ -B-R eceding angle

80

CD 60 

CD 40 

20 

0
0 20 40 60 80 100

Volum e ofN aC |g  solution (|il)

Figure D -10 The advancing and receding angles o f  sodium octadecanoate (C| 8)
at 30 °c.

-♦ - Advancing angle 
-ธ- Receding angle
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Volum e o f  CaC8 solution (|แ1)
F igure D - l l The advancing and receding angles o f  calcium  octanoate (C 8) 
at 30 °c .

Advancing angle

Volum e o f  CaCio solution (fj.1)
F igure D -12 The advancing and receding angles o f  calcium  decanoate (Cio) 
at 30 °c.
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Volum e o f  C aC | 2  solution (fal)

F igure D -13 The advancing and receding angles o f  calcium dodecanoate (C |2) 
at 30 °c.

-♦ -Advancing angle 
-B- Receding angle

-♦ - Advancing angle

0 -i-------------------------1------------------------ 1-------------------------1-------------------------1-------------------------1

0 20 40 60 80 1๓
Volum e o f  CaCi4solution (ju.1)

Figure D -14The advancing and receding angles o f  calcium tetradecanoate (C |4)
at 30 °c.
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-* -  Advancing cingle 
-B-Receding angle1๓ 1

80- 
«ะ 60- 
°< 40-

20-
0  -|------------------------ 1------------------------ 1------------------------ 1 I I

0 20 40 60 80 1๓
Volum e o f  CaCi6 solution (|il)

F igure D -15 The advancing and receding angles o f  calcium  hexadecanoate (c  16) 
at 30 °c.

V olum e o f  CaCi8 solution (g l)

Figure D-16 The advancing and receding angles o f  calcium  octadecanoate (C 18)
at 30 °c.
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