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Abstract

A simple, fast yet sensitive method is described for the determination of fifty elements
in coal by inductively coupled plasma mass spectrometry. The method involves complete
dissolution of coal with mixed acid (HNO,, HF, HCIO;) in high pressure Teflon bomb and
subsequent inductively coupled plasma mass spectrometric(ICP-MS) measurement.

The accuracy of the method, being evaluated by the analysis of NIST SRMs (1632a,
1632b) is better than 20% RSD for most elements. The limits of detection defined by two
times o (standard deviation of operational blank) are in order of sub-ppm to ppm, which
are low enough to quantitate most elements. However, the determiantions for few ele-
ments such as V, As, Se are severely interfered by molecular ions such that their accurate
determiantions are not possible.

Analytical results for twentyone coals from eight countries including six ones world
major coal producing, Korea, Japan, China, .C.S.,, US.A,, Canada, Australia, and South
Africa are presented. While the results for major elements agree well with the existing
ones, those for a few trace elements disagree considerably. The existing values are consid-
erably higher. It is not possible to judge which are more accurate. However, the exsisting
values are more likely to be errorous inasmuch as they are obtained without using high
purity reagents and clean laboratory techniques.
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Table 1. Coal samples analyzed in this work.

Nation Port

Australia Unknown
Goonyella
Norwich Park
Balmer

Green Hills

Luscar

Canada

Smoky River
China DaeDong
Kailuan
Japan Isogo
Miike A
Mitsui
Mitsuuroko
Yubari
Korea Chungnam
Mungyung
Samchuk
South Africa Unknown
U.S.A. Clintwood
Harman

C.LS. South Yakutsky
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Table 2. Instrumental settings of inductively cou-

pled plasma generator and mass spec-

trometer used in this study.

ICP condition:

R. F. power 1.3 kW

Coolant gas 12 L./min

Auxiliary gas 0.60 L./min

Nebulizer gas 0.80 L/min

Sample flow rate 0.60 mL/min

Sample depth 10 mm

Mass spectrometer condition:

Mode scanning

Mass range 18~80
(45~240)*

Number of channel 2048

Dwell time 160 us

Number of scans 100

Total run time 66 s

« mass range for minor element analysis
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Table 3. Analysis results for NIST SRM 1632a and 1632b being compared with certified or reference values.
(unit : xg/g)

Element NIST 1632a NIST 1632b
Certified Measured Certified Measured
Na 840 + 40 720 + 3 515 + 11 410 £ 10
[840 £ 1] [500 + 2]
Mg (1000) 700 + 2 383 + 8 320 + 7
[830 + 3] {340 + 6]
Al (31000) 24000 + 1300 8550 + 190 7900 + 300
K 4200 + 200 3100 + 20 748 + 28 170 + 80
Ti (1800) 1600 + 10 454 + 17 460 + 6
Mn 28 + 2 22 + 0.2 124 + 1.0 9.0 + 0.2
{25 + 5] {12 + 2]
Fe 11100 + 200 7500 + 3 7590 + 450 4300 + 100
[11000 + 50] [6900 £+ 200]
vV 44 + 3 13 £ 0.2 (14) 44 + 0.3
Cr 344 + 15 45 + 1 (11) 15 £ 0
Co (6.8) 8.0 + 0.2 2.29 + 0.17 23 £ 01
Ni 194 + 1.0 22 + 0.1 6.10 + 0.27 75 + 0.3
Cu 165 + 1.0 20 £ 0.1 6.28 + 0.30 82 + 11
Zn 28 + 2 31 £ 1 11.89 + 0.78 12 + 0.2
Ga** (8.5) 10 + 0.04 3.7 + 0.05
As 9.3 + 1.0 49 + 14 3.72 + 0.09 0.88 + 0.83
Se 2.6 + 0. 57 £ 0.9 1.29 £+ 0.11 3.7*
Rb (31) 22 + 1 505 + 0.11 4.3 + 0.02
Sr (88) 77 + 1 (102) 100 + 1
Y (5.8) 8.3 + 0.1 3.2 + 0.04
Zr (53) 56 + 0.2 16 + 0.13
Nb 6.0 + 0.02 1.7 + 0.02
Mo K4) 1.1 + 0.01 (0.9) 0.64 + 0.03
Ag** (0.3) 0.09 = 0.01 0.05 + 0.004
Cd 0.17 + 0.02 0.08 + 0.01 0.057 £+ 0.003 0.05*
Sn 1.3 + 0.03 0.37 0.02
Sb (0.6) 0.47 + 0.03 (0.24) 0.06 + 0.02
Te £0.20 <0.20
Cs (2.4) 2.6 + 0.03 (0.44) 0.37 + 0.02
Ba (130) 99 + 2 675 + 2.1 63 + 0.1
La (16) 10 + 0.3 5.1) 3.8 + 0.1
Ce** (30) 63 + 38 9) 11 + 0.0
Pr** 3.1 + 0.05 1.0 + 0.01
Nd** (12.0) 74 + 0.1 25 + 0.04
Sm** (2.3) 1.6 + 0.02 (0.87) .44 + 0.004
Eu** (0.5) 0.21 + 0.04 (0.17) £0.15
Gd** (1.9) 1.6 = 0.1 0.50 + 0.02
Th** (0.3) 0.14 + 0.02 £0.15
Dy** (2.2) 1.4 + 0.01 0.39 + 0.02
Ho** 0.18 = 0.01 <0.15
Er** 0.85 + 0.01 0.20 + 0.01
Yh** (1.1) 0.80 x 0.07 0.10 + 0.04
Lu** (0.2) 0.04 <0.15
Hf** (1.6) 2.0 + 0.04 0.43) 0.51 + 0.03
Ta** (0.4) 0.77 £ 0.24 0.16 £ 0.02
W (0.8) 34 + 33 (0.48) 0.35 £ 0.03
TI** 0.59 + 0.01 0.18 + 0.004
Pb 124 + 0.6 11 + 0.2 3.67 + 0.26 39 £ 0.3
Bi 0.17 + 0.02 £0.02
Th 45 + 0.1 3.2 £ 0.1 1.342 + 0.036 095 + 0.01
U 1.28 + 0.02 1.1 + 0.03 0.436 + 0.012 0.27 + 0.01

number of measurement =2.

* number of measurement=1, measured by AAS, not certified.
**x semi-quantitative analysis
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Fig. 1. Correlation of NIST SRM 1632b elemental
abundances by this method with those by
Slurry-Nebuhzation.
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Table 4. Results of coal analysis(range and geo- 100000
metric mean) ] o
- 100003 -9
(unit : ug/g)
R Geometric Mean 1000; +E§
ange
Elment  ypip. Max. (+ o) E - o=
Na 26 ~ 2700 430 + 780 g 1004 - &
50 ~ [2700] [470 + 710) 2 3 oa
Mg 120 ~ 4600 680 + 1040 g 10 gﬁ
[170] ~ [21000] [680 + 650] s E + Bg%
Al 2300 ~ 48000 8400 £ 11000 4 = ° =
K 200 ~ 30000 1200 + 6800 i - = World Average
Ti 260 ~ 3900 1100 + 890 0.1y .
Mn 6.7 ~ 130 28 + 38 3 American Average
[15] ~ [160] [47 + 41] 0.01 L rrremr—r-rrrrm— e rr—r
Fe 1200 ~ 11000 3600 + 3300 001 01 1 10 100 1000 10000 100000
[1500] ~ [13000]  [4400] £ 3600] This work(ppm)
0~ 27 11 ) . .
(\:/r ?g - 27 15 i’ 51)9 Fig. 2. Correlation of elemental abundances in coal
Co 0.88 ~ 34 3.9 £ 6.9 obtained in this work with reported ones.
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