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Determination of 21 Major, Minor and Trace Elements in
Coal and Coal Ash Samples by Inductively Coupled
Plasma-Optical Emission Spectroimetry

TAN Xue-ying , ZHANG Xiao-yi, ZHAO Wet
( Xinjiang Experimental Institute of Minerals, Urumgi 830000, China)
Abstract: A method for the determination of 21 major, minor and trace elements in coal and coal ash samples by
inductively coupled plasma-optical emission spectrometry (ICP-OES) was reported in this paper. The sample
was digested with mixed acid of HCI-HNO,-HF-HCIO, and 21 elements in HCl medium were simultaneously
determined by ICP-OES. The leaving peak background correction and interference coefficient methods were used
for eliminating the interference. The detection limits for the elements were 0. 03 ~5.6 pg/g. The method has
been applied to the determination of 21 elements in National Standard Reference Materials and the results are in
agreement with certified values with precision of 0.5% ~3.6%RSD (n=11).
Key words: inductively coupled plasma-optical emission spectrometry; acid dissolution; simultaneous
determination of multi-elements; coal and coal ash
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Table 1  Concentration of mixed calibration solutions
pp/(mg - L)
TR A PRIE

1 2 3 4
Fe, 0, ,AL O, 0 100 500 1000
Ca0,MgO,TiO, 0 100 500 1000
K,0,Na, 0 0 100 200 500

Cu,Zn,Ni,Co,Cr,V,Y,La,Li 0 0.1 0.5 1
Mn,P 0 1 5 10

Ba,Sr, Be 0 1 0.5 1

1.3 Pk
1.3.1 MEEKAL

WERFR IS ST R IEAE 1..0000 g FIR LA,
— 376 —

P BN S 3R 2SR b T T i =R i EE 500 °C
e =TT MM 1k o
1.3.2 KK

W bR IR 430 5 AR DU R 2 M HE 3 b (i
ST R IR T T 2 PR BB 3 F) BB 0. 1000 g
Wi b)), H LW K I, in A 5 mL HCIL, 5
mL HNO,;, 35 L 388 55 )5, B F 88 i i $di I
110CHm#A 1 h, BUFHHR 2% A 5 mL HF % 0.5
mL HCIO,, 3% FHHRZ%, 110 Chn 2 h, THEE
130°C, hn#4 2 h, BN HE 3 55, FHIR 2 200°C, 7F
HCIO MR E R, BUR, 41,0110 mL 6 mol/L HCI
AR R 2 50 mL i, K BERZ%,
5,
1.3.3 g
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Table 2 Detection wavelength, detection limits, quantification

w; =w;, — _Elkijwj (2) limits, interference correction coefficients and background correction
i=
(2) P, — B IR FFITER § MR o —ABe EE WER_ TIkR
P . L . w, e LH A/ Ly/(pg g™ Ly/(pg-g™h) FALIE KEIEREK by
IEMIFHIDCE @ BIWEE ; k,— T L0 j X fe il oo T - - - '
a . .
- . Wb S sk e
%’% 12 E/J:F%&E/%?& 9wj :F%TE?] E’J{ZEEO Be 3130 0.03 0.06 E,E
O TR R B, B EHER T Ca 2112 3.2 6.4
SRR TR, SN TR FRRMEED 0 20 05 L & Rew
S N S Fe(4.3),
BAFRIOHENR. SRR ETRELRAL o 2 15 %0 o
#2, AL 3082 4.1 8.2 #i
2.3 Kuh BRI w12k
, o p A e e Fe 2739 2.3 4.6 e
AT A PR == B 12 1y, FE 18 19 AR B i 62
FAE T, LA 3 A5 AR i 22 e LURE bl A BEAE R La 4086 2.4 48 B Ga0.2)
SRR (L) L6 R RO A U om0 e £ oD
B2 7 el y 3 M, 2936 2.8 5.6 H
R PR R (L) BRI F 2., g 2% 285
2.4 WERNERT N 2316 0.9 .8 g (=01,
N i . =
e 7 45 B 207 16— G R 0 I GBW (0.0
T S N N P 1782 5.6 11.2
07108 HEFT 11 GYEATIGE, 3 SR Jrkians L8 B0 ua
2ZRIF(RSD) M 0.5% ~3.6% i B0 M i oK Ti 3361 3.1 6.2
— Vi V.o 3102 2.1 4.2
B A B R — S R 2l o
11127 ~GBW 11130 JEF55E, FH 32 3 45 5 m] 0L, i Zn 2138 1.3 2.6
— v M 2576 0.2 0.4
T SRS :
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Table 3 Analytical results of major, minor and trace components in National Standard Reference Materials
GBW 07108 GBW 11127 GBW 11128 GBW 11129 GBW 11130
Aoy
PRfE( MWEMHE RSD/% PR WEH PR IE PR EE PREME WEME
“ AL O, 5.03+£0.12 5.12 1.9 14.96 +0.16  14.95 19.84 +£0.16 19.85  31.7+0.26 31.49 17.88+0.09 17.92
“Fe,0;4 2.52+0.10 2.60 1.5 5.51+0.10 5.58 17.51+£0.28 17.49  7.80+0.14 7.91 6.04£0.12 6.12
*Ca0 35.67 +0.39 35.64 3.5 21.37+0.49 21.15 4.05+0.06 4.04 1.44+£0.09 1.51 6.11£0.19  6.26
*MgO 5.19£0.18 5.35 3.6 1.73 £0.11 1.77 1.07£0.08 1.13 1.08 £0.07 1.13 0.90 £0.09  0.95
*Ti0, 0.33 +£0.02 0.34 1.2 0.63 £0.04 0.61 0.86 +0.07  0.86 1.17+0.11  1.26 0.79£0.04 0.82
“K,0 0.78 +0.06 0.80 1.1 1.41 £0.10 1.39 0.92+0.03 0.91 1.36£0.12  1.42 0.87+0.05 0.91
*Na,0 (0.081) 0.08 2.3 1.36 £0. 13 1.38 0.49£0.03  0.50 0.22+0.02 0.23 1.18+0.11  1.17
“P,05  0.052+0.011 0.06 2.1 0.50 £0.04 0.49 0.28 +0.03  0.27 0.28 £0.03  0.28 0.85+0.09 0.86
Ba 120 £18 128 2.4 - 912 - 2045 - 530 - 978
Be 0.8+0.2 0.85 0.6 - 4.2 - 39.0 - 4.4 - 6.1
Cr 328 33.2 1.1 - 36.0 - 46.8 - 41.9 - 14.5
Co 9+2 9.7 0.9 - 21.2 - 52.0 - 18.1 - 11.6
Cu 23 +3 23.7 1.9 - 48.8 - 71.4 - 71.6 - 48.8
Ni 18 +3 18.2 0.8 - 54.5 - 172 - 40.1 - 13.5
La 15 £5 15.3 1.3 - 43.2 - 74.0 - 70.4 - 74.8
Li 20 +4 20.4 1.1 - 48.5 - 84.5 - 160 - 40.9
Sr 913 +84 925 0.5 - 1538 - 807 - 780 - 1006
Vv 36 £9 38.3 1.5 - 62.3 - 116 - 138 - 89.0
Y 9.1+£2.5 9.8 2.0 - 27.4 - 75.9 - 23.5 - 41.9
7n 52+6 53.1 1.0 - 78.2 - 175 - 137 - 131
Mn 433 £41 459 0.8 - 1617 - 1774 - 534 - 758
@ o« Ao IIBTE S w % Hefb Ry 10705 47 ) i B % .
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