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APPENDIX A

Compressive strength test

Table A-1 Compressive strength of cement mortar at 3-days curing time with

difference percent of petroleum sludge addition

Percent A () Compressive strength
replacement kN kse Average

25.00 23.00 93.81

0% 25.05 25.00 101.97 95.17
25.05 22.00 89.74
25.00 21.00 85.66

5% 25.00 22.50 91.77 89.74
25.05 22.50 91.77
25.00 19.00 77.50

10% 25.00 T 2050 83.62 84.30
25.05 22.50 91.77
25.05 22.00 89.74

15% 25.05 20.50 83.62 84.30
25.05 19.50 79.54
25.00 21.50 87.70

20% 25.00 20.50 83.62 83.62
25.05 19.50 79.54
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Table A-2 Compressive strength of cement mortar at 7-days curing time with

difference percent of petroleum sludge addition

Percent Aea () Compressive strength
replacement kN ksc Average

25.00 33.00 134.60

0% 25.00 30.50 124.41 127.12
25.05 30.00 122.37
25.00 31.50 128.48

5% 25.00 30.50 124 .41 125.76
25.05 30.50 124 41
25.05 30.00 122.37

10% 25.05 30.50 124.41 121.69
25.05 29.00 118.29
25.00 29.50 120.33

15% 25.00 29.50 120.33 121.01
25.05 30.00 122.37
25.00 28.00 114.21

20% 25.05 28.50 116.25 118.29
25.05 30.50 124.41
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Table A-3 Compressive strength of cement mortar at 14-days curing time with

difference percent of petroleum sludge addition

Percent 2 Compressive strength
replacement Atex (e ) kN ksc Average
25.05 40.50 165.19
0% 25.05 42.50 173.35 168.59
25.05 41.00 167.23
25.00 37.00 150.92
5% 25.05 40.50 165.19 161.79
25.05 41.50 169.27
25.00 38.50 157.04
10% 25.00 40.00 163.15 161.12
25.05 40.00 163.15
25.00 36.00 146.84
15% 25.00 38.50 157.04 154.32
25.05 39.00 159.08
25.00 38.00 155.00
20% 25.05 37.50 152.96 153.64
25.05 37.50 152.96
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Table A-4 Compressive strength of cement mortar at 28-days curing time with

difference percent of petroleum sludge addition

Percent 2 Compressive strength
Area (cm”)
replacement kN kse Average

25.05 70.50 287.56

0% 25.05 70.50 287.56 288.92
25.05 71.50 291.64
25.00 69.50 283.48

5% 25.05 70.50 287.56 286.88
25.05 71.00 289.60
25.00 69.50 283.48

10% 25.00 70.00 285.52 284.84
25.00 70.00 285.52
25.00 66.00 | 269.21

15% 25.05 67.50 275.32 276.00
25.05 69.50 283.48
25.00 66.00 269.21

20% 25.00 66.00 269.21 269.88
25.00 66.50 271.24




Table B-1 Extracted concentration of chromium from M3052
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Leaching tests
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%

Extracted concentration (mg/kg)

Heavy metal replacement Sanllple Sar;ple Sax;:ple Avérage
0% 40.30 40.29 40.28 40.29
5% 716.42 | 724.20 | 728.20 722.94
Chromium 10% 724.48 | 735.06 | 744.20 734.58
15% 804.34 | 804.40 | 810.00 806.25
20% 886.20 | 887.94 | 907.98 894.04

Table B-2 Extracted concentration of nickel from M3052

%

Extracted concentration (mg/kg)

Heavy metal replacement San;ple Sanzlple Sanslple Average
0% 1222 | 12.21 12.21 12.21
5% 296.48 302.62 304.60 301.23
Nickel 10% 319.98 319.98 331.34 323.77
15% 389.34 391.28 394.44 391.67
20% 431.72 | 43192 | 447.24 436.96

Table B-3 Extracted concentration of zinc from M3052

%

Extracted concentration (mg/kg)

Heavy metal replacement Sanllple Sanzlple Salgple Average
0% 11.46 10.33 9.47 10.42

5% 1243.46 | 1262.24 | 1271.02 1258.91

Zinc 10% 1515.98 | 1519.22 | 1529.58 1521.59

15% 1910.78 | 1922.42 | 1923.10 1918.77

20% 2398.94 | 2432.64 | 2453.02 2428.20




Table B-4 Extracted concentration of lead from M3052
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%

Extracted concentration (mg/kg)

Heavy metal replacement Sanllple Sanzlple Sargple Average
0% 9.68 9.59 9.49 9.59
5% 31.74 31.86 32.71 32.10
Lead 10% 42.64 43.58 44.43 43.55
15% 63.02 65.07 65.26 64.45
20% 72.24 72.65 74.48 1313

Table B-5 Leached concentration of chromium from TCLP

Y%

Leached concentration (mg/L)

Heavy metal replacement Sanllple Sanzlple Sal:l;ple Average
0% 0.022 0.024 0.026 0.024
5% 0.027 | 0.027 | 0.027 0.027
Chromium 10% 0.034 0.035 0.036 0.035
15% 0.049 0.050 0.051 0.050
20% 0.051 0.052 0.052 0.052

Remark: nd = not detected

Table B-6 Leached concentration of nickel from TCLP

%

Leached concentration (mg/L)

ey metal replacement Sanllple Sanzlple Sal;lple Average
0% nd nd nd -
5% nd nd nd -
Nickel 10% nd nd nd -
15% nd nd nd -
20% nd nd nd -




Table B-7 Leached concentration of zinc from TCLP
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%

Leached concentration (mg/L)

Heavy metal replacement Sanllple Sanzlple Sm;lple Average
0% 0.014 0.015 0.017 0.015
5% 0.026 0.026 0.027 0.026
Zinc 10% 0.034 0.036 0.037 0.036
15% 0.056 0.059 0.059 0.058
20% 0.072 0.08 0.082 0.078

Table B-8 Leached concentration of lead from TCLP

%

Leached concentration (mg/L)

Heavy metal replacement Sanllple San;ple Sar:ple Average
0% nd nd nd -
5% nd nd nd -
Lead 10% nd nd nd -
15% nd nd nd -
20% nd nd nd -

Table B-9 Leached concentration of chromium from the Notification of the
Ministry of Industry No. 6 B.E. 2540 (1997)

%

Leached concentration (mg/L)

Heavy metal replacement Sallllple Sal;lple Sar;ple Average
0% 0.019 0.021 0.021 0.020
5% 0.023 0.024 0.026 0.024
Chromium 10% 0.035 0.036 0.036 0.036
15% 0.041 0.041 0.042 0.041
20% 0.052 0.052 0.053 0.052




Table B-10 Leached concentration of nickel from the Notification of the Ministry

of Industry No. 6 B.E. 2540 (1997)

%

Leached concentration (mg/L)

Heavy metal replacement Sanllple Sanzlple Salgple Average
0% nd nd nd -
5% nd nd nd -
Nickel 10% nd nd nd -
15% nd nd nd -
20% nd nd nd -

Table B-11 Leached concentration of zinc from the Notification of the Ministry

of Industry No. 6 B.E. 2540 (1997)

%

Leached concentration (mg/L)

Heavy metal replacement San;ple Sar;ple Salgple Average
0% 0.020 0.022 0.026 0.023
) 5% 0.030 0.031 0.032 0.031
&ine 10% 0.039 | 0041 | 0.042 0.041
15% 0.047 0.071 0.071 0.063
20% 0.067 0.076 0.079 0.074

Table B-12 Leached concentration of lead from the Notification of the Ministry

of Industry No. 6 B.E. 2540 (1997)

%

Leached concentration (mg/L)

Heavy metal replacement Sanllple Sanzlple Saﬂslllle Average
0% nd nd nd :
5% nd nd nd =
Lead 10% nd nd nd .
15% nd nd nd 3
20% nd nd L :




Table B-13 Leached concentration of chromium from the Notification of the

Ministry of Industry B.E. 2548 (2005)

%

Leached concentration (mg/L)

Heavy metal replacement Sanllple Sanzlple Salgple Average
0% 0.389 0.393 0.414 0.399
5% 0.55 0.551 0.554 0.552
Chromium 10% 0.672 0.684 0.690 0.682
15% 0.713 0.728 0.729 0.723
20% 0.751 0.753 0.762 0.755

Table B-14 Leached concentration of nickel from the Notification of the Ministry

of Industry B.E. 2548 (2005)

%

Leached concentration (mg/L)

Heavy metal replacement Sal'll'lple San;ple Salgple Average
0% 0.061 0.062 0.066 0.063
5% 0.069 0.070 0.072 0.070
Nickel 10% 0.084 0.091 0.091 0.089
15% 0.114 0.117 0.123 0.118
20% 0.130 0.130 0.148 0.136

Table B-15 Leached concentration of zinc from the Notification of the Ministry

of Industry B.E. 2548 (2005)

%

Leached concentration (mg/L)

Heavy metal replacement Sanl]ple Sanzlple Sar;lple Average
0% 0.076 0.079 0.079 0.078
5% 0.085 0.091 0.091 0.089
Zinc 10% 0.124 0.130 0.139 0.131
15% 0.155 0.159 0.164 0.159
20% 0.209 0.212 0.212 0.211
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Table B-16 Leached concentration of lead from the Notification of the Ministry
of Industry B.E. 2548 (2005)

Y Leached concentration (mg/L)
0
Heavy metal replacement Sa]‘lllple S:mzlple Salgple Average
0% nd nd nd -
5% nd nd nd -
Lead 10% nd nd nd -
15% nd nd nd -
20% nd nd nd =

Table B-17 Acceptable maximum value of heavy metals in waste for cement

industry

Heavy metals

Maximum values of heavy metals in waste

(mg/kg)
As 5,000
Cd 1,000
Cr 5,000
Cu 10,000
Hg 500
Tl 50
Ni 1,000
\% 1,000
Pb 10,000
Zn 50

Source: Siam City Cement Company Public Limited.
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Table B-18 Standard values of Cr, Ni, Zn, and Pb from MOI No.6 B.E. 2540 (1996),
MOI B.E. 2548 (2005) and U.S. EPA (TCLP)

Concentration (mg/L)
Heavy metals | MOI No.6 B.E. 2540 MOI B.E. 2548 U.S.EPA
(1996) (2005) (TCLP)
Cr 5 5 5
Ni - 20 -
Zn - 250 5
Pb 5 5 5




Table B-19 Extracted concentrations of heavy metals and percent extraction from sequential extraction test

Heavy

Extracted concentration

SeavY | Fraction 0% 5% 10% 15% 20%
mg/kg % mg/kg % mg/kg % mg/kg % mg/kg %

1 024 | 059 | 524 | 093 | 661 | 115 | 978 | 140 | 1003 | 135

2 nd 0.00 nd 0.00 nd 0.00 nd 0.00 nd 0.00

Cr 3 1695 | 42.06 | 242.92 | 43.02 | 25052 | 43.43 | 306.19 | 43.69 | 332.01 | 44.56
4 nd 0.00 nd 0.00 nd 0.00 nd 0.00 nd 0.00

5 2311 | 57.35 | 31646 | 5605 | 31967 | 5542 | 384.89 | 54.92 | 403.11 | 54.10

1 809 | 739 | 1950 | 7.04 | 2090 | 647 | 2250 | 590 | 2458 | 5.74

‘ 2 nd 0.00 nd 0.00 nd 0.00 nd 0.00 nd 0.00
Ni 3 782 | 7.5 | 1336 | 483 | 1960 | 607 | 3884 | 1019 | 54.75 | 12.78
4 0.13 | 0.11 | 339 | 122 | 907 | 281 | 1008 | 264 | 1540 | 3.60

5 9337 | 8535 | 24064 | 8691 | 273.48 | 84.66 | 300.86 | 8127 | 333.61 | 77.88

1 002 | 019 | 620 | 054 | 663 | 045 | 761 | 045 | 930 | 053

2 nd 0.00 nd 0.00 nd 0.00 nd 0.00 nd 0.00

Zn 3 228 | 18.66 | 18541 | 1602 | 211.40 | 1447 | 23634 | 1397 | 24224 | 13.77
4 023 | 021 | 820 | 071 | 2773 | 190 | 3940 | 233 | 6044 | 344

5 0.88 | 8093 | 95725 | 82.73 | 121490 | 83.17 | 1408.55| 83.25 | 1446.65| 82.26

1 nd 0.00 nd 0.00 nd 0.00 nd 0.00 nd 0.00

2 nd 0.00 nd 0.00 nd 0.00 nd 0.00 nd 0.00

Pb 3 nd 0.00 nd 0.00 nd 0.00 nd 0.00 nd 0.00
2 nd 0.00 nd 0.00 nd 0.00 nd 0.00 nd 0.00

5 nd 0.00 nd 0.00 nd 0.00 nd 0.00 nd 0.00

1401



Table B-20 Extracted concentrations of heavy metals compare with the standard value of surface water quality

Standards
Extracted concentration Standard
g:?:lsy Fraction 0% 5% 10% 15% 20% value
mg/kg | mg/L | mg/kg | mg/L | mg/kg | mg/L | mg/kg | mg/L | mg/kg | mg/L mg/L
1 0.24 0.000 5.24 0.005 6.61 0.007 9.78 0.010 | 10.03 | 0.010
2 nd nd nd nd nd nd nd nd nd nd
Cr 3 16.95 | 0.017 | 242.9 | 0.243 | 250.5 | 0.251 | 306.1 | 0.306 | 332.0 | 0.332 0.05
4 nd nd nd nd nd nd nd nd nd nd
5 23.11 | 0.023 | 3164 | 0.316 | 319.6 | 0.320 | 384.8 | 0.385 | 403.1 | 0.403
1 8.09 0.008 | 19.50 | 0.019 | 20.90 | 0.021 | 22.50 | 0.023 | 24.58 | 0.025
2 nd nd nd nd nd nd nd nd nd nd
Ni 3 7.82 0.008 | 13.36 | 0.013 | 19.60 | 0.020 | 38.84 | 0.039 | 54.75 | 0.055 0.1
4 0.13 0.000 3.39 0.003 9.07 0.009 | 10.08 | 0.010 | 15.40 | 0.015
5 93.37 | 0.093 | 240.6 | 0.241 | 273.4 | 0.273 | 309.8 | 0.310 | 333.6 | 0.334
1 0.02 | 0.000 [ 6.20 | 0.006 | 663 | 0.007 | 7.61 | 0.008 | 9.30 | 0.009
2 nd nd nd nd nd nd nd nd nd nd
Zn 3 2.28 | 0.002 | 1854 | 0.185 | 211.4 | 0.211 | 236.3 | 0.236 | 242.2 | 0.242 1
4 0.23 0.000 8.20 0.008 | 27.73 | 0.028 | 39.40 | 0.039 | 60.44 | 0.060
5 9.88 0.099 | 957.2 | 0.957 | 1214. | 1.215 | 1408. | 1.409 | 1446. | 1.447
1 nd nd nd nd nd nd nd nd nd nd
2 nd nd nd nd nd nd nd nd nd nd
Pb 3 nd nd nd nd nd nd nd nd nd nd 0.05
4 nd nd nd nd nd nd nd nd nd nd
5 nd nd nd nd nd nd nd nd nd nd

S0l



APPENDIX C

Scanning Electron Microscopy (SEM) with Energy Dispersive
Spectroscopy (EDS).
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Figure C-1 Spectrum 1 of Energy Dispersive Spectroscopy of 0% addition
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Figure C-2 Spectrum 2 of Energy Dispersive Spectroscopy of 0% addition
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Figure C-3 Spectrum 3 of Energy Dispersive Spectroscopy of 0% addition
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Figure C-4 Spectrum 1 of Energy Dispersive Spectroscopy of 5% addition
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Figure C-5 Spectrum 2 of Energy Dispersive Spectroscopy of 5% addition
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Figure C-6 Spectrum 3 of Energy Dispersive Spectroscopy of 5% addition
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Figure C-7 Spectrum 1 of Energy Dispersive Spectroscopy of 15% addition
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Figure C-8 Spectrum 2 of Energy Dispersive Spectroscopy of 15% addition
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Figure C-9 Spectrum 3 of Energy Dispersive Spectroscopy of 15% addition
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Figure C-10 Spectrum 1 of Energy Dispersive Spectroscopy of 20% addition
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Figure C-11 Spectrum 2 of Energy Dispersive Spectroscopy of 20% addition
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Figure C-12 Spectrum 3 of Energy Dispersive Spectroscopy of 20% addition
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