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APPENDICES

Appendix A Experiment Data of Equilibrium Solubility of Calcium Soap Scum

Table A1 Equilibrium solubility of soap scum in 0.1M DDAO at 25 ๐c  and various 
solution pH

Solution pH [Ca Jdilute [Ca/+] [Ca2+]
(ppm) (ppm) (mM)

4 1.75 700 17.5
5 0.96 384 9.6
6 0.45 180 4.5
7 0.32 128 3.2
8 0.25 100 2.5
9 0.18 72 1.8
10 0.14 56 1.4
11 0.13 52 1.3

Table A2 Equilibrium solubility of calcium soap scum in 0.1M DDAO with 0.1M 
Na2EDTA at 25 °c and various solution pH

Solution pH [Ca Jdilute 
(ppm)

[Caz+]
(ppm)

[Cai+]
(mM)

4 1.13 452 11.3
5 1.31 524 13.1
6 1.69 676 16.9
7 1.83 732 18.3
8 1.86 744 18.6
9 1.87 748 18.7
10 1.93 772 19.3
11 2.05 820 20.5
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Table A3 Equilibrium solubility of calcium soap scum in 0.1M DDAO with
0.0001M NaCl at 25 ๐c  and various solution pH

Solution pH [Ca ]dilute [Ca2+] [Ca J
(ppm) (ppm) (mM)

4 1 .77 7 0 8 1 7 .7
5 0 .9 8 3 9 2 9 .8
6 0 .4 7 188 4 .7
7 0 .4 160 4 .0
8 0 .2 7 108 2 .7
9 0 .3 2 128 3 .2
10 0.22 88 2.2
11 0 .3 120 3 .0

Table A4 Equilibrium solubility of calcium soap scum in 0.1M DDAO with 0.001M 
NaCl at 25 ๐c  and various solution pH

Solution pH [Ca Jdilute [Ca2+] [Ca"]
(ppm) (ppm) (mM)

4 1.65 660 16.5
5 0.90 360 9.0
6 0.46 184 4.6
7 0.32 128 3.2
8 0.31 124 3.1
9 0.17 68 1.7
10 0.21 84 2.1
11 0.24 96 2.4
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Table A5 Equilibrium solubility of calcium soap scum in 0.1 M DDAO with 0.01M
NaCl at 25 ๐c  and various solution pH

Solution pH [Ca ] dilute [Ca2+] [Ca2+]
(ppm) (ppm) (mM)

4 1.72 688 17.2
5 1.05 420 10.5
6 0.53 212 5.3
7 0.32 128 3.2
8 0.31 124 3.1
9 0.25 100 2.5
10 0.16 64 1.6
11 0.25 100 2.5

Table A6 Equilibrium solubility of calcium soap scum in 0.1M DDAO with 0.1M 
NaCl at 25 °c and various solution pH

Solution pH [Ca Jdilute [Cai+]
(ppm) (ppm) (mM)

4 1.52 608 15.2
5 1.07 428 10.7
6 0.57 228 5.7
7 0.32 128 3.2
8 0.27 108 2.7
9 0.24 96 2.4
10 0.13 52 1.3
11 0.16 64 1.6
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Table A6 Equilibrium solubility of calcium soap scum in 0.1M DDAO with 0.1M 
NaiEDTA and 0.0001M NaCl at 25 °c and various solution pH

Solution pH [Ca Jdilute พ [Ca'+]
(ppm) (ppm) (m M )

4 1.21 4 8 4 12.1
5 1 .19 4 7 6 11 .9
6 1.22 4 8 8 12.2
7 1 .14 4 5 6 1 1 .4
8 1.20 4 8 0 12.0
9 1 .24 4 9 6 1 2 .4
10 1 .18 4 7 2 11.8
11 1.25 5 0 0 12 .5
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Appendix B Experiment Data of Accumulative Dissolution of Calcium Soap 
Scum

Table B1 Accumulative dissolution of calcium soap scum in deionized water at pH 
4 and 25 °c

time [Ca ] dilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(raM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .7 2 3 .6 0 0 .0 9 0 0 0 .0 9 0 0
10 0 .6 0 3 .0 0 0 .0 7 5 0 0 .1 6 5 0
15 0 .4 5 2 .2 5 0 .0 5 6 3 0 .2 2 1 3
20 0 .4 0 2.00 0 .0 5 0 0 0 .2 7 1 3
2 5 0 .3 2 1 .60 0 .0 4 0 0 0 .3 1 1 3
3 0 0 .2 5 1.25 0 .0 3 1 3 0 .3 4 2 5

Table B2 Accumulative dissolution of calcium soap scum in deionized water at pH 
7 and 25 ๐c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0.55 2.75 0.0688 0.0688
10 0.28 1.40 0.0350 0.1038
15 0.21 1.05 0.0263 0.1300
20 0.20 1.00 0.0250 0.1550
25 0.21 1.05 0.0263 0.1813
30 0.16 0.80 0.0200 0.2013
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Table B3 Accumulative dissolution of calcium soap scum in deionized water at pH 
11 and 25 °c

time [Ca ] dilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(m M )

Accumulative
dissolution

(m M )
0 0 0 0 0
5 0 .3 7 1.85 0 .0 4 6 3 0 .0 4 6 3

10 0 .1 9 0 .9 5 0 .0 2 3 8 0 .0 7 0 0
15 0 .2 0 1 .0 0 0 .0 2 5 0 0 .0 9 5 0
2 0 0 .1 7 0 .8 5 0 .0 2 1 3 0 .1 1 6 3
2 5 0 .2 1 1 .05 0 .0 2 6 3 0 .1 4 2 5
3 0 0 .2 9 1 .45 0 .0 3 6 3 0 .1 7 8 8

Table B4 Accumulative dissolution of calcium soap scum in 0.1 M DDAO at pH 4 
and 25 °c

time [Ca ] dilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(m M )

Accumulative
dissolution

(m M )
0 0 0 0 0
5 2 .3 5 2 3 5 .0 5 .8 7 5 0 5 .8 7 5 0

10 2 .2 9 1 1 4 .5 2 .8 6 2 5 8 .7 3 7 5
15 2 .0 7 1 0 3 .5 2 .5 8 7 5 1 1 .3 2 5 0
2 0 1 .2 7 6 3 .5 1 .5 8 7 5 1 2 .9 1 2 5
2 5 1 .1 8 5 9 .0 1 .4 7 5 0 1 4 .3 8 7 5
3 0 1 .0 2 5 1 .0 1 .2 7 5 0 1 5 .6 6 2 5
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Table B5 Accumulative dissolution of calcium soap scum in 0.1 M DDAO at pH 7 
and 25 °c

time [Ca ]dilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 1 .32 6 6 .0 1 .6 5 0 0 1 .6 5 0 0
10 0 .9 6 4 8 .0 1 .2 0 0 0 2 .8 5 0 0
15 0 .8 7 4 3 .5 1 .0 8 7 5 3 .9 3 7 5
2 0 0 .7 5 3 7 .5 0 .9 3 7 5 4 .8 7 5 0
25 0 .7 3 3 6 .5 0 .9 1 2 5 5 .7 8 7 5
30 0 .7 2 3 6 .0 0 .9 0 0 0 6 .6 8 7 5

Table B6 Accumulative dissolution of calcium soap scum in 0.1 M DDAO at pH 11
and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .2 8 14 .0 0 .3 5 0 0 0 .3 5 0 0
10 0 .2 5 12 .5 0 .3 1 2 5 0 .6 6 2 5
15 0 .2 4 1 2 .0 0 .3 0 0 0 0 .9 6 2 5
2 0 0 .2 4 1 2 .0 0 .3 0 0 0 1 .2 6 2 5
25 0 .2 3 11 .5 0 .2 8 7 5 1 .5 5 0 0
3 0 0 .2 3 11 .5 0 .2 8 7 5 1 .8 3 7 5
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Table B7 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.1M Na2EDTA at pH 4 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 2.35 235 5.875 5.875
10 1.53 153 3.825 9.700
15 1.26 126 3.150 12.850
20 1.07 107 2.675 15.525
25 0.69 69 1.725 17.250
30 0.68 68 1.700 18.950

Table B8 Accumulative dissolution of calcium soap scum in 0.1M DDAO with 
0.1M Na2EDTA at pH 7 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 2.99 299 7.475 7.475
10 2.00 200 5.000 12.475
15 1.39 139 3.475 15.950
20 0.93 93 2.325 18.275
25 0.60 60 1.500 19.775
30 0.54 54 1.350 21.125
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Table B9 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.1M Na2EDTA at pH 11 and 25 ๐c

time [Ca2+] dilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 1 .2 9 5 1 6 1 2 .9 0 0 1 2 .9 0 0

10 1 .8 9 189 4 .7 2 5 1 7 .6 2 5
15 0 .7 7 7 7 1 .9 2 5 1 9 .5 5 0
2 0 0 .5 3 53 1 .3 2 5 2 0 .8 7 5
2 5 0 .4 9 4 9 1 .2 2 5 2 2 .1 0 0
3 0 0 .4 8 4 8 1 .2 0 0 2 3 .3 0 0

Table BIO Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.0001M NaCl at pH 4 and 25 °c

time [Ca ]dilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .2 4 9 6 2 .4 2 .4
10 0 .3 5 14 0 3 .5 5 .9
15 0 .2 6 10 4 2 .6 8 .5
2 0 0 .2 0 8 0 2 .0 10 .5
2 5 0 .2 3 9 2 2 .3 1 2 .8
3 0 0 .2 1 8 4 2.1 1 4 .9
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Table B ll Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.0001M NaCl at pH 7 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .2 4 9 6 2 .4 2 .4
10 0 .1 7 6 8 1.7 4.1
15 0 .1 9 7 6 1 .9 6 .0
2 0 0 .2 2 88 2 .2 8 .2
2 5 0 .1 4 5 6 1 .4 9 .6
3 0 0 .1 6 6 4 1 .6 1 1 .2

Table B12 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.0001M NaCl at pH 11 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .2 4 9 6 2 .4 2 .4
10 0 .1 3 5 2 1.3 3 .7
15 0 .1 8 7 2 1.8 5 .5
2 0 0 .1 2 4 8 1 .2 6 .7
2 5 0 .1 5 6 0 1.5 8 .2
3 0 0 .1 9 7 6 1 .9 10.1
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Table B13 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.001 M NaCl at pH 4 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0.41 164 4.1 4.1
10 0.30 120 3.0 7.1
15 0.27 108 2.7 9.8
20 0.22 88 2.2 12.0
25 0.19 76 1.9 13.9
30 0.18 72 1.8 15.7

Table B14 Accumulative dissolution of calcium soap scum in 0.1M DDAO with 
0.001M NaCl at pH 7 and 25 ๐c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0.23 92 2.3 2.3
10 0.20 80 2.0 4.3
15 0.23 92 2.3 6.6
20 0.21 84 2.1 8.7
25 0.21 84 2.1 10.8
30 0.17 68 1.7 12.5
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Table B15 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.001M NaCl at pH 11 and 25 °c

time [ C a 2+]dilute
(ppm)

[Ca2+]
(ppm)

[ C a 2+]

(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0.21 84 2.1 2.1
10 0.16 64 1.6 3.7
15 0.12 48 1.2 4.9
20 0.11 44 น 6.0
25 0.10 40 1.0 7.0
30 0.13 52 1.3 8.3

Table B16 Accumulative dissolution of calcium soap scum in 0.1M DDAO with 
0.01M NaCl at pH 4 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .6 3 2 5 2 6 .3 6 .3

10 0 .31 124 3.1 9 .4
15 0 .2 5 100 2 .5 1 1 .9
2 0 0 .2 3 9 2 2 .3 14 .2
2 5 0 .1 9 7 6 1.9 16.1
3 0 0 .2 3 9 2 2 .3 18 .4
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Table B17 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.01M NaCl at pH 7 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .2 5 100 2 .5 2 .5
10 0 .2 7 108 2 .7 5 .2
15 0.22 88 2.2 7 .4
20 0 .1 5 6 0 1.5 8 .9
2 5 0.20 8 0 2.0 1 0 .9
3 0 0 .1 8 7 2 1.8 1 2 .7

Table B18 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.01M NaCl at pH 11 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .2 3 9 2 2 .3 2 .3

10 0 .1 7 6 8 1.7 4 .0
15 0 .1 6 6 4 1.6 5 .6
2 0 0 .1 5 6 0 1.5 7.1
2 5 0 .1 7 6 8 1.7 8 .8
3 0 0 .1 3 5 2 1.3 10.1
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Table B19 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.1M NaCl at pH 4 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0.31 124 3.1 3.1
10 0 .2 2 88 2.2 5.3
15 0.15 60 1.5 6.8
2 0 0.18 72 1.8 8.6
25 0.18 72 1.8 10.4
30 0.18 72 1.8 12.2

Table B20 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.1M NaCl at pH 7 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0.14 56 1.4 1.4
10 0.24 96 2.4 3.8
15 0.15 60 1.5 5.3
20 0.12 48 1.2 6.5
25 0.19 76 1.9 8.4
30 0.14 56 1.4 9.8
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Table B21 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.1M NaCl at pH 11 and 25 °c

time [Ca jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(raM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .1 9 7 6 1.9 1.9
10 0 .2 0 8 0 2 .0 3 .9
15 0 .1 8 72 1.8 5 .7
2 0 0 .1 4 5 6 1.4 7.1
2 5 0 .1 2 4 8 1.2 8 .3
3 0 0 .1 6 6 4 1.6 9 .9

Table B22 Accumulative dissolution of calcium soap scum in 0.1M DDAO with
0.1M Na2EDTA and 0.0001M NaCl at pH 4 and 25 °c

time [Ca jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .5 6 2 2 4 5 .6 5 .6
10 0 .4 4 176 4 .4 1 0 .0
15 0 .4 2 168 4 .2 14 .2
2 0 0 .3 6 144 3 .6 17 .8
25 0 .3 6 144 3 .6 2 1 .4
3 0 0 .3 0 120 3 .0 2 4 .4
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Table B23 Accumulative dissolution of calcium soap scum in 0.1M DDAO with 
0 .1 M  Na2EDTA and 0 .0 0 0 1 M  NaCl at pH 7 and 2 5  °c

time [Ca ] dilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(mM)

Accumulative
dissolution

(mM)
0 0 0 0 0
5 0 .6 8 2 7 2 6 .8 6 .8
10 0 .4 7 188 4 .7 11 .5
15 0 .4 2 168 4 .2 1 5 .7
2 0 0 .3 0 12 0 3 .0 1 8 .7
25 0 .5 4 2 1 6 5 .4 2 4 .1
3 0 0 .1 5 6 0 1.5 2 5 .6

Table B24 Accumulative dissolution of calcium soap scum in 0 .1 M  DDAO with 
0 .1 M  Na2EDTA and 0 .0 0 0 1M  NaCl at pH 11 and 25 °c

time [Ca Jdilute 
(ppm)

[Ca2+]
(ppm)

[Ca2+]
(m M )

Accumulative
dissolution

(m M )
0 0 0 0 0
5 0 .8 4 3 3 6 8 .4 8 .4

10 0 .4 9 1 9 6 4 .9 13 .3
15 0 .2 4 9 6 2 .4 1 5 .7
2 0 0 .1 8 7 2 1.8 17 .5
2 5 0 .3 2 12 8 3 .2 2 0 .7
3 0 0 .1 3 5 2 1.3 2 2 .0
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Appendix c  Dissolution Rate of Calcium Soap Scum

Table Cl Initial rate constant of calcium soap scum

Solution pH Initial rate constant (min'1)

h 20
4 0.00007
7 0.00004
11 0.00003

O.lMDDAO
4 0.00380
7 0.00120
11 0.00030

0.1MDDAO + 
0.1MNa2EDTA

4 0.00410
7 0.00530
11 0.00800

O.lMDDAO + 
0.000 lMNaCl

4 0.00230
7 0.00170
11 0.00160

O.lMDDAO + 
0.00 lMNaCl

4 0.00300
7 0.00180
11 0.00150

O.lMDDAO + 
O.OlMNaCl

4 0.00410
7 0.00210
11 0.00170

O.lMDDAO + 
0. lMNaCl

4 0.00220
7 0.00140
11 0.00160

O.lMDDAO + 
0.1M Na2EDTA + 

0.000 lMNaCl

4 0.00420
7 0.00490
11 0.00570



CURRICULUM VITAE

Name:
Date of Birth: 
Nationality: 
University Education:

Ms. Darunrat Ratanalert 
February 14th, 1988 
Thai

2006-2010 Bachelor Degree of Science (Petrochemical Technology, 
International program) with the first class honor (GPA: 3.66), Faculty of Science, 
King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand.

2003-2006 Hatyaiwittayalai School (Mathematic-Science program) 
with GPA of 3.39, Songkhla, Thailand.
Work Experience:

2009 Position: Student Internship
Company name: Bayer Thai Co., Ltd.

Rayong, Thailand
Proceeding:
1. Ratanalert, D., Itsadanont, ร., Chavadej, ร., and Scamehom, J.F. (2012, April 24). 
Effect of Solution pH and Salinity on Equilibrium Solubility and Dissolution Rate of 
Calcium Soap Scum in Amphoteric Surfactant Solutions with Na2EDTA Chelant. 
Proceedings of the 3rd Research Symposium on Petrochemical and Materials 
Technology and 18th PPC Symposium on Petroleum, Petrochemical and Polymers, 
Bangkok, Thailand.


	REFERENCES
	APPENDICES
	Appendix A Experiment Data of Equilibrium Solubility of Calcium Soap Scum
	Appendix B Experiment Data of Accumulative Dissolution of Calcium Soap Scum
	Appendix C Dissolution Rate of Calcium Soap Scum

	CURRICULUM VITAE

