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Table 1. Instrumental data for simultaneous determination

The high pressure oxygen bomb

Instrument Parr 1108
Microwave irradiation oven

Instrument MCS-950

Power 2450MHz - 950 W

Pressure 0~200psig

Temperture 0~200°C
Inductively Coupled Plasma Mass Spectroscopy

Instrument Agilent 7500

RF power 1300 W

RF matching 1.6V

Ar carrier gas 1.2L « min~!
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Table 2. Effects of standing time after combustion on recovery

Table 4. Effects of sample composition on recovery

Recovery %

Element 10min 20 min 30 min
Sb 58.5 98.3 100.0
As 623 100.1 1002
cd 618 100.4 1003
Pb 81.6 1022 100.0
Se 623 1003 100.0

Table 3. Effects of concentration of HNOs on recovery

Element 0.05% HNO; 5 % HNO3
Recovery % RSD % Recovery % RSD %
Sb 99.8 3.26 100.0 1.02
As 100.0 2.98 101.1 0.98
Cd 99.9 2.01 100.0 1.30
Cr 99.8 4.08 100.4 3.20
Co 100.0 4.32 100.0 1.81
Pb 100.0 333 100.0 2.00
Se 99.8 3.00 100.0 2.38
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sample # #1 #2 #3

coal/mg 200 300 400

starch/mg 600 600 500

total/mg 800 900 900
Element Recovery %

Sb 98.9 97.8 63.2

As 94.0 98.9 47.7

Cd n.d 14.9 32

Pb 95.5 99.6 56.6

Se 99.0 99.8 323

n.d: not detected

Table 5. Microwave irradiation programs

Stage Program A Program B
Power Temperature Power Temperature
1 30% 60°C 20% 60°C
2 30% 100°C 30% 100°C
3 40% 130°C 40% 130°C
4 50% 150°C 40% 150°C
5 60% 160°C 40% 155°C
6 60% 170°C 40% 160°C
7 60% 175°C 40% 165°C
8 60% 180°C 40% 170°C
9 — — 40% 175°C
10 — — 40% 180°C
Final Pressure  Temperature Pressure Temperature

115psig 175°C 185psig 180°C

Table 6. Recoveries depending on different irradiation program

Element Certified * Determind *
(NIST1632¢)  Program A Program B
Sb 0.461 0.43 0.45
As 6.18 5.81 6.12
Be 1 0.86 0.98
Cd 0.072 0.07 0.07
Cr 13.73 13.56 13.87
Co 3.48 94.50 104.90
Pb 3.79 2.88 3.75
Mn 13.04 11.95 13.01
Ni 9.32 8.80 9.00
Se 1.326 1.12 1.33
*unit: ppm
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Abstract: Simple, accurate and reliable decomposition procedures by the oxygen combustion method and the
microwave decomposition method for the determination of nano amounts trace elements in nano amounts in coal
samples followed by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) were developed.

Combustion under 3 Mpa high pressure of oxygen in a sealed Parr Bomb is a reliable and effective for
carbonaceous materials. Organic components are burnt to form CO: and H20. Other components also form oxides,
which are absorbed in the absorbing solution, a 5m/ of 5% HNOs3 and 1 % H:20: mixed solution put in a bottom
of a Parr bomb.

Microwave decomposition method is more powerful than the Oxygen combustion method. A 100mg of ground
coal sample is irradiated by microwave with 5 m/ of 70% HNO3; and 2 m/ of 30% H202 5ml in a pressure-
resistant and microwave transparent container.

As high temperature is attained in a sealed and pressurized vessel, the decomposition rate is increased.

The accuracy of the procedure was evaluated by comparing the determination value of each element with a
certified value of a standard reference material. In this study, NIST1632c given by the National Institute for
Standards and Technology in Washington DC, USA was used as a standard reference material. The results obtained
by the microwave decomposition showed good agreements with the certified values of NIST1632c for 10 elements
(Sb As Be Cd Cr Co Pb Mn Ni Se). In the case of using the oxygen combustion method, good recoveries were
obtained for 5 elements (Sb As Be Se Cd Pb).



