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Milli — Q element A10 #B4li7K R4 (HIBHZ 18.2
MQ - cm),
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T UEAS T A I R AH A i I 22 (] 25 AP A A i
25 A AR ERE A o
1.3.3  folcii i

T 9B T e A0 3R W0 i & A vy i v i A 330
mL 217K 30 mL SRR 2 mL BiRR, 535 1 A Y
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Table 1 ~ Working parameters of the microwave digestion
P B (min)  REECC) TR (bar)  PIFE(W)

1 12 60 100 1000
2 20 125 100 1000
3 8 160 130 1000
4 15 240 160 1200
5 60 240 160 1000
6 60 RSS! - -
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FI NIST 2685b, F A AR & R 4b 34, fi¢ ICP — MS
IR SR B B AR, U R bR, SR s 4 %
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Table 2 Analytical results of B in samples by acid digestion
with H;PO, and without H,PO,
o bR AE G IR AInwkR
FRIERE R (pge) TWWED RSD - @RUER RSD
ne’g

(ne/g) (%)  (pne/e) (%)
NIST 1632¢ 62 +2 54.90 0.34 - 3.43
NIST 2682b 39 35.55 0.35 17.82 2.35
NIST 2685b 109 100.44  0.47 3.61 8.88
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Table 3 Main operation parameters for the ICP-MS instrument

TAESH BE A TAESH BOE A
VIETRIIES 1400 W Ak 3¢
FALS R 0.93 L/min R 7y 4 A 5 30 1/min
LW TR E 0.8 L/min I 75 = Peak jump
VR R 13.5 L/min T2 3 3
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DA AT Al -4.8V VR 3
PABAT i s -2.1V F H s i) 60 s
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Fig.1  Comparison of background values with various washing

solutions
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AR FROE 2 11 Uil S A 2= (U
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7 0.34 ng/mL, 5 Menard 2" Fj ICP — MS Il 2 b
At P A G R (< 0.5 ng/mlL) A1, {H 1 3%
INF R P ICP — MS I 2 00 4 A6 i BR (650
ng/mL) o At , FH A0 I f# ICP — MS 22 4t v 11y
B A e e ) R
2.4 JjikdEmng

HIS g 2 1 R 2 PV B TGP — MS 3 T A M
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757 0 52 H8E b o RE & NIST 1632¢ , NIST 2682b #il
NIST 2685b., il i) 7 (B 422 3 TR vE(EL , AHXT 15 22/
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4 JTIERR SRR

Table 4  Precision and accuracy tests of the method

- M (pe/s)  HXHREZE  RSD
WEARIERE S —— :

PRI DUE(E (%) (%)
NIST 1632¢ 62 +£2 55 11.29 0.3
NIST 2682hb 39 36 7.69 0.4
NIST 2685h 109 100 8.25 0.5

3 45
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0 B ) L R AT TG o A A TR A
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bl P PR 22 5, R S B0 PO 453 2 o >R P IR T A LT
FR R it , DR T RN R, PRAIE 1B Y A R
1CP — MS 3 b R K AR g vh sk i, fok 00 it 7
HA I B SR CAZ BN LAREARG 5 AR b, SR g
OrHEAAE AT DLRAT R4 (0 v B2 L S B A A
BRo AR T ¥ Aef il i Ak B3R 11 T 0 PR L A, 35 T
TR E R TR 1

i Z UL e , B A B R AT RE S A TR,
TEREAS S B0 1o i B 00 A o P I 2R AN A, DL i R
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Determination of Boron in Coal Samples with Microwave Digestion by
Inductively Coupled Plasma-Mass Spectrometry

SONG Wei-jiao"* , DAI Shi-feng'>, ZHAO Lei'** | LI Xiao'”, WANG Pei-pei'”, LI Tian’,
WANG Xi-bo'*
(1. State Key Laboratory of Coal Resources and Safe Mining, China University of Mining and Technology
(Beijing) , Beijing 100083, China;
2. College of Geoscience and Surveying Engineering, China University of Mining and Technology ( Beijing),
Beijing 100083, China;
3. Chongqing Institute of Geology and Mineral Resources, Chongqing 400042, China)

Abstract: Accurate determination of boron in coal is significant to the understanding of the original peat-forming
environment. Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) is a reliable technique to determine most
trace elements in coal samples. However, the procedure for the determination of boron is complex and the results
are inaccurate, due to the special chemical and physical properties of boron, such as high volatility. In this study
attempts to determine boron in coal samples using an improved procedure of ICP-MS technique with microwave
digestion are made. Samples were digested in a microwave oven with H,PO,, HNO; and HF, and then were heated
to remove acid on the heating plate. Due to the high volatility of halogenides of boron, phosphoric acid was added
to chelate the boron which minimizes boron volatilization during heating. Beryllium was added online as the internal
standard, which compensated for matrix effects. Diluted ammonium hydroxide solution was used as the wash
solution, which significantly reduced the memory effect of boron. Measurement was taken under high resolution
mode, in order to minimize spectral interference from *C and *“Ar'*. The instrument detection limit was 0. 22
ng/mL, and the method detection limit was 0. 34 ng/mL with high sensitivity and accuracy, verified by standard
materials. The results show that this method is a simple and rapid procedure, and can be used for routine
determination of boron for batch coal samples.

Key words: coal sample; boron; microwave digestion; Inductively Coupled Plasma-Mass Spectrometry
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