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Author Mr.Taweesak Kattiyawan
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Academic Year 2011

ABSTRACT

This research aims to study the performance, the wearing and the pollution of the
automobile diesel engines using the diesel fuel blended with degummed-deacidified palm oil. It is
two formulas of blended palm oil fuel used in this study. The blended palm oil fuels contain 20
and 40 percent by volume of the degummed-deacidified palm oil in the diesel fuel for each
formula. The engine used in this study is the 4 cylinders 4 stroke TOYOTA 2L-T with combustion
chamber of Indirect Injection (IDI). The total volume of combustion is 2,466 CC. with the highest
power 86 HP. In the experimental, the engine is running at the 75 percent of its full operation with the
speed of 3,000 rpm. Before the testing, both formulas of the blended palm oil fuels were heated to 60
degree Celsius. The performance and the pollutants from exhaust fume of engines run by various
types of fuels are tested when reaching the operation of 200 hours. At the 1,000 hours of
operation, the engine wearing is tested. The performance of the engine is relevant to the specific
proportion of fuel consumption, thermal efficiency, exhaust fume temperature and the pollutants.
It is note that the pollutant of exhaust fume is described by the oxygen, the carbon monoxide, the
carbon dioxide. Regarding of engine wearing, it can be analyzed by measuring the weight of the
engine parts and the gap of the ring directly. The analyzing of the metallic elements in the
lubricant is useful for the study of disintegration of the engine.

From this study, the exhaust fume from the engine that using of both fuel
formulas, the 20 and 40 percent by volume of the degummed-deacidified palm oil mixed with the
diesel fuel, have less amount of black smoke than the using of commercial graded diesel fuel. In
the contrast, the fuel quality of those blended palm oil formulas is lower than regular diesel fuel.
More over, the using of those formulas shows higher of the specific fuel consumption and costs

more than the diesel fuel. Meanwhile the results of the engine disintegration are likely the same

)



for all fuels. Only the wear of piston ring that used the 40 percent by volume of the degummed-
deacidified palm oil mixed with the diesel fuel is highest than others because this fuel formula has

the lowest quality that does not meet the standard.
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.35 20.73 2400.00 14.44 31.70 162.40 33.80 75.80 50.60 5.21 540.22
4.10 40.36 | 2400.00 22.97 32.90 190.30 35.50 81.50 47.60 10.14 339.59
5.19 60.90 | 2408.00 27.51 33.80 226.40 37.60 83.10 42.60 15.35 283.94
6.14 80.18 2402.00 30.53 35.20 264.40 39.20 84.70 40.50 20.16 255.78
7.11 100.75 | 2401.00 33.12 36.20 302.00 40.40 86.80 38.30 25.33 235.81
8.28 120.06 | 2404.00 33.92 37.10 343.20 42.00 87.20 36.40 30.22 230.16
9.63 140.00 | 2408.00 34.05 38.50 377.90 44.10 83.10 32.10 35.30 229.18
11.14 160.22 | 2400.00 33.60 39.50 425.90 42.00 86.10 34.70 40.26 232.43
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.29 20.71 2402.00 14.70 32.40 171.30 35.70 82.90 41.80 5.21 530.61
4.18 40.05 2402.00 22.40 33.10 203.30 37.40 85.00 38.90 10.07 348.60
5.20 59.50 | 2400.00 26.73 33.80 239.50 38.10 84.70 37.70 14.95 292.15
6.38 80.04 | 2400.00 29.29 34.80 280.40 39.50 82.50 36.60 20.11 266.46
7.52 100.06 | 2401.00 31.09 36.40 325.90 41.30 86.80 33.60 25.15 251.13
8.63 120.79 | 2406.00 32.77 36.40 361.80 42.70 84.50 29.90 30.43 238.24
9.75 140.34 | 2401.00 33.64 36.90 389.30 43.90 85.90 29.10 35.28 232.15
11.30 159.95 | 2402.00 33.09 38.50 443.10 46.50 88.80 27.70 40.23 235.97
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.34 20.11 2400.00 14.07 33.80 149.00 33.60 66.20 39.20 5.05 555.21
4.20 40.08 2400.00 22.27 36.40 180.20 37.60 71.30 37.00 10.07 350.30
5.26 60.00 | 2402.00 26.68 38.80 221.60 39.50 77.40 34.30 15.09 292.82
6.39 79.59 | 2400.00 29.09 40.40 250.10 40.00 76.70 33.00 20.00 268.39
7.68 99.67 | 2403.00 30.34 41.80 292.00 40.90 78.80 32.40 25.08 257.26
8.86 120.02 | 2400.00 31.65 43.90 331.90 41.80 78.10 30.20 30.16 246.78
10.04 139.35 | 2400.00 32.42 45.80 358.60 43.70 76.20 29.10 35.02 240.85
11.38 160.22 | 2401.00 32.52 48.10 407.20 46.20 79.30 27.00 40.28 237.34
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.21 20.87 | 2400.00 15.17 31.50 147.80 30.30 73.70 41.20 5.24 514.17
3.99 40.27 | 2400.00 23.60 33.40 176.80 32.70 82.20 39.10 10.12 331.22
5.10 59.75 2400.00 27.39 36.00 223.80 35.00 81.30 36.00 15.01 285.33
6.35 80.78 2400.00 29.71 38.30 265.80 36.90 76.90 33.80 20.30 262.78
7.58 100.20 | 2401.00 30.88 40.00 310.50 38.80 85.20 32.40 25.19 252.78
8.94 120.28 | 2400.00 31.42 42.30 349.10 41.10 82.50 30.50 30.22 248.47
10.11 139.85 | 2402.00 32.34 44.60 381.10 42.70 81.80 28.60 35.17 241.46
11.52 160.68 | 2400.00 32.57 46.20 425.20 44.10 84.00 28.00 40.38 239.67

121




A d8q ¥ o
MINNNIANUIN NS !ﬂii’)ﬂﬂuﬂﬂ‘l‘liunl

U

wasaluemas 800 1)xq

Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) (Nm) (rpm) Eff (%) () ‘o) Temp (°C) Temp ('C) | Humidity kW) (g/kW.hr)
3.29 19.87 | 2400.00 14.11 31.20 174.90 32.90 78.80 47.20 4.99 553.50
4.27 40.99 | 2405.00 22.48 34.30 216.10 37.40 83.80 40.30 10.32 347.51
5.40 60.00 | 2407.00 26.01 35.00 262.50 37.80 87.50 39.30 15.12 299.98
6.27 79.51 2401.00 29.64 36.00 295.50 38.50 86.10 37.20 19.99 263.50
7.51 100.13 | 2406.00 31.23 37.10 345.50 40.20 88.40 34.60 25.22 250.10
9.14 119.79 | 2409.00 30.71 38.50 379.20 42.70 85.20 32.40 30.21 254.11
10.72 145.94 | 2400.00 31.80 40.60 429.90 43.90 85.90 28.80 36.67 245.55
11.40 160.17 | 2401.00 32.22 38.50 457.20 42.70 85.90 36.30 40.26 246.00
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘C) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.45 20.34 | 2405.00 13.80 30.10 153.50 31.70 77.20 37.00 5.12 565.83
4.32 39.29 | 2410.00 21.32 30.10 184.80 32.70 83.40 36.20 9.91 366.03
5.28 60.00 | 2402.00 26.56 30.50 234.00 34.50 88.10 33.90 15.09 293.93
6.41 80.03 2400.00 29.13 32.20 281.60 38.50 88.10 30.70 20.11 267.75
7.88 100.01 | 2400.00 29.62 33.40 328.50 41.10 86.80 30.60 25.13 263.39
9.14 120.14 | 2401.00 30.71 34.50 370.90 41.60 85.00 31.30 30.20 254.21
10.46 140.48 | 2401.00 31.39 34.80 406.50 43.00 86.80 30.10 35.31 248.80
12.03 160.79 | 2401.00 31.22 35.20 462.90 44.40 86.10 28.90 40.42 250.00
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.5 20.8 2400.0 14.1 33.8 171.5 35.7 82.7 48.3 52 554.5
4.6 40.8 2401.0 20.9 343 210.9 36.9 82.2 46.4 10.3 374.0
5.7 60.4 2402.0 24.8 35.5 256.9 38.1 88.6 42.6 15.2 314.6
6.6 80.5 2405.0 28.6 35.7 279.5 37.8 85.9 433 20.3 272.8
7.6 100.1 2400.0 30.6 36.7 315.1 39.2 84.0 42.0 25.2 254.8
9.2 120.7 2405.0 30.8 37.1 369.5 40.2 85.0 40.7 30.4 253.5
10.5 140.0 2401.0 313 38.1 420.4 41.6 88.6 37.7 35.2 249.6
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.37 20.87 | 2400.00 14.90 33.10 147.60 35.00 75.10 43.50 5.24 539.79
4.53 40.96 | 2400.00 21.11 35.20 187.70 36.90 80.60 40.10 10.29 369.71
5.68 60.55 2400.00 24.87 37.10 221.90 38.30 80.90 37.70 15.22 313.59
7.00 80.38 2403.00 26.84 39.50 267.20 40.20 78.30 35.40 20.22 290.76
8.20 99.78 2400.00 28.43 41.10 298.60 40.40 84.70 33.50 25.07 274.72
9.84 120.00 | 2403.00 28.50 43.20 354.40 41.30 85.00 32.20 30.19 273.77
10.88 140.55 | 2400.00 30.16 46.00 390.60 45.10 82.70 30.40 35.32 258.77
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.61 21.09 | 2411.00 13.70 32.00 175.60 33.40 64.40 45.30 5.32 569.59
4.45 40.37 | 2408.00 21.26 32.20 208.00 34.30 72.50 43.30 10.18 367.26
5.68 60.56 | 2402.00 24.89 32.70 252.70 35.20 80.90 40.90 15.23 313.27
7.24 80.80 | 2401.00 26.08 32.40 303.90 36.20 88.60 39.20 20.31 299.41
8.83 100.69 | 2409.00 26.74 32.90 345.60 38.10 85.40 36.70 25.40 292.06
10.22 119.77 | 2401.00 27.38 31.00 382.50 31.00 66.70 39.50 30.11 285.13
11.37 141.47 | 2400.00 29.05 32.90 430.00 37.10 82.90 34.60 35.55 268.67
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘C) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.25 20.08 2401.00 14.45 40.20 145.20 34.10 57.40 38.10 5.05 540.83
423 40.82 | 2400.00 22.52 40.60 176.30 36.40 70.00 39.20 10.26 346.41
5.36 60.16 | 2402.00 26.24 42.00 209.50 37.60 76.70 39.80 15.13 297.59
6.78 80.38 2401.00 27.69 44.60 252.20 39.00 77.60 38.80 20.21 281.85
8.17 99.97 | 2400.00 28.58 47.20 292.50 40.40 71.60 37.40 25.12 273.20
9.74 119.29 | 2401.00 28.61 50.00 348.50 41.80 77.40 35.30 29.99 272.83
11.09 140.50 | 2402.00 29.60 53.40 391.10 43.20 77.90 32.20 35.33 263.64
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘C) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.43 20.31 2403.00 13.84 33.10 142.80 32.20 66.20 58.70 5.11 563.85
443 39.45 2399.00 20.78 36.00 179.00 35.50 73.70 50.10 9.91 375.54
5.64 59.21 2400.00 24.50 38.80 223.50 38.10 71.80 46.00 14.88 318.42
6.98 80.06 | 2400.00 26.79 42.00 270.60 40.00 77.20 41.30 20.12 291.45
8.45 100.96 | 2400.00 27.88 43.20 311.40 41.60 75.80 39.00 25.37 279.79
9.97 120.96 | 2403.00 28.36 45.30 364.50 43.00 76.20 37.50 30.43 275.19
11.28 139.14 | 2402.00 28.83 47.90 401.80 44.60 77.60 34.80 34.99 270.78
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.39 21.57 | 2401.00 14.87 36.90 141.90 34.50 59.70 40.60 5.42 525.16
4.35 40.65 2399.00 21.82 39.20 178.30 37.80 68.60 37.80 10.21 357.87
5.49 60.09 | 2400.00 25.55 41.80 215.90 39.00 71.10 35.40 15.10 305.42
6.76 79.85 2400.00 27.56 44.10 252.00 40.90 74.10 33.20 20.06 283.00
8.22 100.39 | 2400.00 28.53 46.50 300.00 42.30 73.00 31.20 25.23 273.72
9.60 120.54 | 2404.00 29.35 50.00 354.70 44.80 74.80 31.00 30.34 265.79
10.93 140.90 | 2401.00 30.12 53.20 395.00 46.90 76.20 28.80 35.42 259.21
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.49 19.92 | 2404.00 13.36 35.50 143.80 34.80 65.80 48.30 5.01 584.70
4.20 40.58 2400.00 22.56 38.50 170.80 37.80 71.30 45.70 10.20 345.99
5.34 59.46 | 2400.00 25.97 42.30 209.00 40.60 72.30 43.00 14.94 300.22
6.54 80.90 | 2402.00 28.90 46.20 252.00 42.30 74.80 39.70 20.35 270.02
8.05 99.90 | 2402.00 28.99 49.50 300.60 43.70 76.00 39.30 25.12 269.15
9.62 120.73 | 2404.00 29.36 49.70 339.00 44.10 76.00 33.80 30.39 265.92
11.21 140.63 | 2400.00 29.28 52.70 405.60 46.50 77.40 31.50 35.34 266.47
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘C) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.64 19.90 | 2400.00 12.76 32.70 140.00 33.60 59.00 49.20 5.00 611.46
4.45 40.50 | 2400.00 21.25 35.70 173.90 37.80 68.10 44.40 10.18 367.30
5.54 59.86 | 2400.00 25.23 39.00 209.00 40.90 70.00 40.30 15.04 309.38
6.62 80.27 | 2404.00 28.35 41.60 238.80 42.00 72.30 38.30 20.20 275.23
7.94 100.71 | 2401.00 29.63 44.40 283.70 43.40 73.40 36.20 25.32 263.44
9.20 120.80 | 2404.00 30.73 47.20 324.50 45.10 73.70 33.40 30.41 254.17
10.40 140.32 | 2402.00 31.53 50.20 367.00 46.50 76.00 31.80 35.29 247.56
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘C) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.55 19.57 | 2400.00 12.87 33.60 137.10 35.50 59.00 53.50 4.92 606.40
4.40 40.82 | 2400.00 21.68 35.50 166.50 38.10 64.60 47.90 10.26 360.33
5.42 60.77 | 2400.00 26.17 37.60 198.00 39.70 70.20 45.10 15.27 298.15
6.65 80.71 2400.00 28.33 39.50 236.10 41.10 74.60 42.90 20.28 275.43
7.96 100.04 | 2400.00 29.34 40.00 282.00 43.20 76.20 42.40 25.14 265.99
9.55 120.35 | 2405.00 29.47 42.30 334.00 44.40 77.60 40.50 30.30 264.71
10.94 139.75 | 2400.00 29.83 44.80 376.10 47.20 79.00 39.60 35.12 261.69
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘C) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.75 19.69 | 2400.00 12.28 34.50 148.80 35.70 60.40 45.60 4.95 636.66
4.64 39.32 | 2400.00 19.79 36.00 175.60 37.80 64.80 44.80 9.88 394.48
5.75 60.26 | 2401.00 24.50 37.80 215.40 40.00 70.40 43.00 15.15 318.84
6.94 79.90 | 2401.00 26.90 39.70 247.00 41.30 73.90 42.50 20.09 290.24
8.34 100.33 | 2400.00 28.08 40.90 289.70 42.70 74.60 40.50 25.21 277.88
9.76 119.82 | 2401.00 28.69 42.00 339.00 44.10 76.90 40.00 30.12 272.18
11.22 140.49 | 2400.00 29.24 42.30 375.00 46.00 77.20 38.70 35.30 266.97
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘C) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.63 20.04 | 2400.00 12.88 32.90 141.10 34.80 60.40 51.20 5.04 605.52
4.58 40.90 | 2403.00 20.89 35.20 172.50 38.30 66.20 47.10 10.29 373.87
5.63 60.47 | 2399.00 25.06 37.10 201.10 39.70 71.10 42.90 15.19 311.37
6.84 80.41 2400.00 27.43 39.20 235.20 40.90 70.90 40.10 20.21 284.36
8.21 99.70 | 2400.00 28.34 41.80 281.60 42.70 73.40 40.50 25.05 275.28
9.72 120.42 | 2400.00 28.94 45.50 336.00 44.10 76.00 38.40 30.26 269.83
11.17 139.82 | 2400.00 29.24 48.80 382.20 46.50 80.00 35.70 35.13 267.06
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Fuel Flow | Torque Speed Room Temp | Exhaust Temp | Water Inlet | Water Outlet Horse Power BSFC

Rate (Iph) | (Nm) (rpm) | Eff(%) ‘o) ‘C) Temp (°C) Temp (‘C) | Humidity (kW) (g/kW hr)
3.96 20.55 | 2402.00 12.13 33.80 146.60 35.00 66.00 40.60 5.17 643.64
4.80 40.30 | 2402.00 19.64 35.20 172.20 37.60 72.70 39.90 10.14 397.83
5.70 60.37 | 2400.00 24.72 37.40 206.40 39.70 76.50 37.00 15.17 315.63
6.90 80.20 | 2400.00 27.13 39.20 239.50 41.10 76.70 35.80 20.15 287.60
8.19 100.40 | 2400.00 28.63 40.60 282.70 43.40 76.70 35.40 25.23 272.69
9.52 120.80 | 2409.00 29.74 42.70 319.30 44.80 76.90 34.10 30.47 262.46
11.11 140.49 | 2403.00 29.56 44.60 374.50 46.20 77.90 33.70 35.35 264.03
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Page | of I
Certificate of Analysis
Product : 2L.1-50
Cent. Mo, T- 1020206
Sample Lab No, | LP- 10028620 Delivery Date : 03 Nowv 2010
CustomerSupplier  : External Customer (Testing Service) Dt of Test : 03 Nov 2010
Sample Location [iesel Engine Date of Sampling . 26 Oct 2010
Sample Condition : Normal
Product Source mnstnrnenaed 1 arsaruathord
TEST ITEM TEST METHOD LIMIT RESULT
I. Kinematic Viscosity @ 100 "C.mm*/s ASTM D 445 09 Hepart .32
2. Total Base Number,mgkOH'g ASTM D 4739 -96 Hepart 1.52
3. Total Acid Number,mgKOH/g ASTM D 6ibd -05 Report 1.74
4. Aluminium Content,mpkg ASTM D 5185 -02%F  Report 17
5. Silicon Conent,mg’kg ASTM D 5185 0277 Repaon 40
6. Iron Conten,m/kg ASTM D 5185 0277 Repon 13
7. Lead Contentmgkg ASTM D 5185 -02° Repon 080
£, Chromium Coment,mgkg ASTM D 5188 0202 Repon (i %]
9. Copper Content,mg kg ASTMD 5185 029 Repon 40
10. Wickel Coment,mg/kg ASTM D 5185 0252 Repon 0K
11. Tin Conterit,mgkg ASTMD 5185 027 Repon 64
Remark

Approved by :

4
[y |

Wirthaya Yuigkone

Position Tithe : Lube Product Quality Control Section ager
Diate of lssue © 10 Moy 2000

(This certificate relates only to the sample wsted, Reproduction of it or any of its constituent part is not

permitted withowt the consent of Quality Control Division manager)
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Page 1 of 1
Certificate of Analysis
Produet : 2LA-1HH
Cenl. Mo, T= 1029207
Sample Lab Mo, LP-1iv2R621 Delivery Date 03 Kov 2010
Customer Supplier : External Customer (Testing Service) ot o Teent <03 Nov 20010
Sample Location : Diesel Engine Duate of Sampling  : 26 Oct 2010
Sample Condition : Normal
Product Source anenmeeed warsaustund
TESTITEM TEST METHOD LIMIT RESULT
1. Kinematic Viscosity @ 100 "C,mm%s ASTM D 445 08 Repori lidl
2. Total Base Number,mgKOH/g ASTM D 4739 56 Report 1.93
3. Total Acid Number,mgKOH/g ASTM [ fifid <95 Repont 216
4. Alwminivm Conte,mgkg ASTM D §185 0277 Repont I8
5. Silicon Content,mghg ASTM D 5185 0252 Report 45
6. Iron Content,mg'kg ASTM D 5185 0277 Report 73
7. Lead Content,mg/kg ASTM D 5185 272 Report 0077
. Chromium Content,mgkg ASTM D 5185 027 Repon 021
9. Copper Contentmgkg ASTM D 5185 .02 Report 0.32
10, Nickel Content,mgkg ASTM D 5185 0077 Repon 051
11. Tin Content,mg/kg ASTM D 5185 -02°°  Repon 039
Remark - /
Approved by :  Witthaya ¥ e

Position Title - Lube Product Quality Control Section Mahager

Date of

Issue: 10 Nev 2000

(This certificate relates only to the samphe tesied. Reproduction of it or any of its constitwent part is not
permitted without the consent of Quality Control Division manager)
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Page 1 of |
Certificate of Analysis
Product : 2L.2-50
Cert, Mo, T-10/29208
Sample Lab Na. { LP-10v28622 Delivery Date 203 Nov 2010
CustomenSupplier : External Customer { Testing Service) Date of Test : 03 Nov 2010
Sample Location IMesel Engine Date of Sampling 26 Oct 2010
Sample Condition Normal
Product Source e nraaet u arsanuatued
TESTITEM TEST METHOD LIMIT RESULT

1. Kinematic Viscosity @ 100 °Cmm?'s ASTM [ 445 -08 Ripart 11.07

2. Total Base Number,mpk OH'g ASTM D 4739 46 Report 211

3. Toeal Acid Number,mgKOH'g ASTM [ 66 95 Repon 2.08

4, Aluminium Content,mgkg ASTM D 5185 -02°7  Repon i

5. Silicon Contemt,mg'kg ASTM D 5185 -027F  Repor 4

6. Iron Content,mg/kg ASTM D 5185 025 Repon a5

7. Lead Content,mg/kg ASTM D 5185 -02°%  Repon a7

8. Chromium Content,mpki ASTM D 5185 0272 Report 0se

9, Copper Contentmp'kg ASTM D 5185 0277 Repont 18

10. Nickel Coment,mgfkg ASTM D 5185 .25 Repon L]

11, Tun Comtent,mgkg ASTM D 5185 0252 Reporn 10
Remark *

Approved by -

‘)

I
Witthaya Y unghime

Position Tithe © Lube Product Quality Comrol Section Ma
Date of [ssue : 10 Nov 2010

(This certificate relates only to the sample tested. Reproduction of it or any of its constituent part |s not
permitted without the consent of Quality Control Division manager)
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Page 1 of 1
Certificate of Analysis
Product ; 2L1-1000
Cert. Na. T=10/29209
Sample Lab Mo, LP-1{v28623 Delivery Date : 03 Mov 20010
Customer/Supplier External Customer {Testing Service) Dare of Tewn : 03 Kov 20010
Sample Location . Driesel Engine Date of Sampling - 26 Oct 2010
Sample Condition : Normal
Product Source - e b rnseaed wsrsaunhoed
TESTITEM TEST METHOD LIMIT RESULT
I. Kinematic Viscosity @ 100 *Commé's ASTM D445 -09 Report 14,62
2. Teaal Base Number mgKOH'g ASTM D 4739 -9 Report 583
3. Total Acid Number,mgKOH/g ASTM D 66d -95 Repont 2.10
4. Aluminium Content,mgkg ASTM D 5185 -02°° Repon 0.97
5. Silicon Content.mg/kg ASTM D 5185 -027  Repon 1.5
6. Iron Content,mg/ky ASTM D §188 0207 Repaort 50
7. Lead Content,mgkg ASTM D 5185 -02°  Repon nil
E. Chromium Contet,mgkg ASTM D 5185 027 Repon 0l
9. Copper Content,mg/kg ASTMD 3184 -2 Report 22
10. Mickel Contentmg'kg ASTMD 5185 .02  Repon 052
11. Tin Content,mg kg ASTMD 5185 025  Report 0.57
Approved by © Witthava Yun
Position Title : Lube Product Quality Contral Section Ma
Date of lssue ;10 Moy 2010

{ This certificate relates only to the sample tested. Reproduction of it or any of its constituent pan is not

permitted without the consent of Quality Controd Division manager)
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Page 1 of |
Certificate of Analysis
Product ; 21.4-50
Cert, Mo, T-1029210
Sample Lab No, s LP-10/28624 Delivery Date - 03 MNov 2010
CustomerSupplier : External Customer {Testing Service) Daate of Test - 03 Mowv 2010
Samiple Location : Diiesel Engine Date of Sampling  : 26 Oct 2010
Samiple Condition : Mormal
Product Source : enrirmrmeanaet U arsatuatund
TEST ITEM TEST METHOD LIMIT HESULT
1. Kinematic Viscosity @ 100 “C,mm?'s ASTM [ 445 0% Report 11.38
1. Total Base Number,mgKOH'g ASTM [ 4734 96 Heport 585
3. Total Acid NumbermgKOH'g ASTM D 664 45 Repirt 306
4. Aluminim Content,mg/kg ASTM D S188 0277 Repon 13
5. Silicon Contentmg/kg ASTM D 5185 -0277  Repon »
6. Iran Content,mg/kg ASTMDS185 027 Repont 8
7. Lead Content,mg/kg ASTM D 51858 -0 Report 036
8. Chromium Content,mg/kg ASTM D 5185 027 Repon 0.33
9. Copper Content,mg/kg ASTM D 5188 027  Report 3.2
10. Nickel Content,mgig ASTM D 5185 0277 Report 044
11. Tin Coment.mgkg ASTMD 51850277 Report 083
Remark - t/
Approved by | Witthaya ¥Yun

Position Title :  Lube Product Quality Contral Section

Dte of lssue :

10 Nowv 2010

(This certificate relutes only 1o the sample tesied, Reproduction of it or any of its constitvent part is not
permitied withowt the consem of Quality Control Division manager)



PTT PUBLIC COMPANY LIMITED

O T COn PR, Dewitm TEAnamn CFFRATIONS, DL BLSPESE
S5 TIAORE D L CRON O Y, BRI SGE, TRALAND
THL ol ) 35 FhE8 PAL o EY SIRF ool Wt FTTRLC CORA

Page | of |
Certificate of Analysis
Product : 2L4-1000
Cert, Mo, T-1029211
Sample Lab No, : LP=10/28625 Delivery Date : 03 Nov 2010
Customer/Supplier : External Customer {Testing Service) Dt of Test : 03 Nov 2010
Sample Location . Diesel Engine Dase of Sampling - 26 Oct 2010
Sample Condition Noarmal
Product Source mrus b e eed u srsamuatund
TESTITEM TEST METHOD LIMIT RESULT
1. Kmematic Viscosity @ 100 °C,mm%s ASTM D 445 .00 Report 11.42
1. Totzl Base Number mgKOH'g ASTM D 4739 94 Report 1.81
3. Total Acid Mumber mgKOH/g ASTM [ 664 -95 Report 338
4. Aluminium Content,mgkg ASTM D 5185 0252 Repon 1.1
3. Silicon Content,mg/kg ASTM D S1RS -0277  Repon T4
6. lron Content,mgkg ASTM D 5185 027 Report 4%
7. Lead Content,mgkg ASTMD 5185 -02°°  Repon 0.044
B, Chromium Content,mp/kg ASTM D S1ES 0072 Report [N k]
9. Copper Content,mg kg ASTMD 5185 0277 Report 0.50
10. Mickel Content,mgg ASTMDS5185 027  Report 026
11. Tin Content,mgkg ASTMD 5185 027  Repon 0.34
Remark :

Approved by

(|

|
Wilthays Yung
Pesition Title : Lube Product Quality Control Section Man)
Diate of lasue ;

10 Mo 20010

(This cestificate relates only to the samphe tested. Reproduction of it or any of its constitsent part is not

permitted without the consent of Quality Control Division manager)

142



143

wAa Y A
sz InIvey
A o o a
¥o ana WINIFNA TnReI1TT
staszadinfnmn 5110120015
= =
FAM AN
=) d‘ U = d‘ o < =3
o FYoaoiiu UnduSamsanmn

Q

asmaasgadmnIsuTuga  aoumalulagnszvemnamszunsvile 2549

(AAINTTNINTDINA)

NUNUIY

an o

YauTFaWaN

MIANNHINSUNIHAY

4
Ay A v A = aan

9
MAna Tadedssa, mwa dseNiFens, Tszgns wadaas, 2552, “mMInaaeuiiiy
J = 2’ o A 4 I ) [
rauaasuniir-aansanduiiniudsaluniotsuaama S1HSUUNINULILE281:
ANANININ 400 F2Tue”. m3dszauimnmanTevieininssuasenauralszma Ing

Asah 23, wih 27-28, Weoa v, Yszmelne, 4-7 weedmeu 2552



