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Table 1 Working parameters of microwave digestion apparatus
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Fig.1 Effect of digestion conditions on recovery of elements
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Table 2 Accuracy and precision tests of the method (n=5)

PRUER B i PRUE(E IO ATOERZE [ICR AR AR
5 T (mgkg) (mgkg) (%) (%) (%) RFR(%)

As  6.27 6.26 -0.2  99.8 1.7 20.4
Sbh 0.15 0.14 -6.7  93.3 4.3 35.9
Bi 0.37 0.35 -5.4 946 3.4 31.5
Cd  0.07 0.004 -8.6 91.4 4.5 40.1
Cr 3.6 3.7 2.8 102.8 2.2 22.2
GBW07109 Cu 11.8 11.7 -0.8 99.2 1.8 18.4
Mo 0.26  0.251 -3.5 96.5 3.5 33.1
Ni 1.75 1.73 -1.1  98.9 1.8 24.9
Pb 196 195 -0.5  99.5 1.6 11.3
In 112 111 -0.9 9.1 3.6 12.5
As  5.96 6.021 1.0 101.0 1.2 20.5
Sh 1.34 1.26 -6.0 94.0 4.8 25.9
Bi 0.09  0.087 -3.3 9.7 2.3 38.7
Cd 0.6l 0.59 -3.3  96.7 2.8 29.2
Cr 7.7 7.0 -9.1  90.9 5.8 19.7
GBWO07110 Cu 9.1 9.01 -1.0  99.0 4.5 19.2
Mo  0.95 0.98 3.2 103.2 4.2 27.3
Ni 12.6 12.3 -2.4  91.6 4.0 18.2
Pb  97.7 97.4 -0.3  99.7 1.9 12.8
Zn 164 161 -1.8  98.2 2.5 11.7
As 0.4 0.37 -7.5  92.5 3.9 31.1
Sb 1.34 1.31 -2.2  91.8 2.9 25.9
Bi 0.05 0.048 -4.0  96.0 2.7 42.1
Cd  0.08 0.078 -2.5  971.5 3.7 39.3
Cr 376 37.5 -0.3  99.7 2.9 15.2
GBWO7111 Cu 8.8 8.74 -0.7  99.3 2.7 19.3
Mo  0.47 0.45 -4.3  95.7 3.6 30.4
Ni 244 2414 -1.1  98.9 3.2 16.3
Pb 19.8  18.97 -4.2  95.8 3.0 16.9
n  85.4 85.0 -0.4  99.6 4.9 13.1
As 0.7 0.72 2.9 102.9 1.3 28.6
Sb 0.38 0.37 -2.6 97.4 2.1 31.3
Bi 0.06  0.056 -6.7 93.3 5.4 41.0
Cd 0.14 0.13 -7.1  92.9 3.9 36.3
Cr 7.3 7.21 -1.2 98.8 2.9 19.9
GBWO7113 Cu  10.9  10.18 -6.6 93.4 4.6 18.6
Mo  2.46 2.37 -3.7 96.3 4.3 23.6
Ni 64.5  62.78 -2.7 913 4.1 13.8
Pb  33.3 31.5 -5.4 946 3.2 15.5
In  86.3 85.4 -1.0  99.0 2.6 13.1
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Table 3  Detection limits and lower limit of the method (n =12)

Rl £ BEEL AR TE (mey/ke) ) S HRE
_ R B e TR
X BN GBW GBW GBW GBW ik R

(mg/kg) (mg/kg)

Z5f 07103 07104 07106 07107 (mg/kg)
As 0 2.1 9.1 1.4 21 008 0.27 0.2
s 0 020 0.6 0.17 0.12 0.04 0.13 0.05
Bi 0 0.53 0.18 0.23 0.081 0.04 0.13 0.05
Cd 0 0.029 0.06 0.033 0.061 0.01  0.03 0.021
0 36 20 9 32 006 0.20 0.2
Ct 0 32 19 42 5 0.0 0.30 0.5
Mo 0 3.5 0.76 0.35 0.54 0.08 0.27 0.1
N0 23 166 37 17 0.06  0.20 0.2
Pb 0 31 7.6 87 11.3  0.08  0.27 0.7
In 0 2 20 55 71 0.02  0.07 0.03
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Table 4 Calculation results of uncertainty of the method

‘ W T
e g A AR TR
wg R oy WS FREE RREE

(mg/kg) A.(mg/kg) Uy(mg/kg) A (mg/kg)
As  6.27 0.9 0.1 0.2 0.01
Bi 0.37 0.07 0.02 0.04 0.02
Cd 0.07 0.02 0.004 0.008 0.01
Cr 3.6 1.6 0.1 0.2 0.1
GBW07109  Cu 11.8 1.7 0.3 0.6 0.1
Mo 0.26 0.09 0.01 0.02 0.01
Ni 1.75 0.72 0.04 0.08 0.02
Pb 196 20 4 8 1
Sh 0.15 0.06 0.01 0.02 0.01
/n 112 7 3 6 1
As  5.96 0.89 0.09 0.18 0.061
Bi 0.09 0.04 0.002 0.004 0.003
Cd 0.61 0.13 0.02 0.04 0.02
Cr 7.7 2.2 0.5 1.0 0.7
GBW07110  Cu 9.1 1.5 0.5 1.0 0.1
Mo 0.95 0.13 0.05 0.10 0.03
Ni 12.6 1.9 0.6 1.2 0.3
Pb  97.7 9.3 2.3 4.6 0.3
Sh 1.34 0.21 0.08 0.16 0.08
7n 164 10 5 10 3
As 0.4 0.3 0.02 0.04 0.03

Bi  0.05 0.03 0.002 0.004 0.002
Cd  0.08 0.03 0.004 0.008 0.002

Cr  37.6 3.4 1.4 2.8 0.1
o u 8.8 1.5 0.3 0.6 0.1
CBWOTLI Mo 0.47 0.4 0.02 0.04 0.02
Ni  24.4 2.3 0.9 1.8 0.3
Pb 19.8 2.3 0.7 1.4 0.8
Sb 1.34 0.21 0.05 0.10 0.03
Zn  85.4 9.4 4.2 8.4 0.4
As 0.7 0.3 0.01 0.02 0.02
Bi  0.06 0.02 0.004 0. 008 0.004
Cd 0.14 0.03 0.006 0.012 0.01
Cr 7.3 3.3 0.3 0.6 0.1
GBWO7113  Cu  10.9 1.6 0.6 1.2 0.7
Mo 2.46 0.26 0.13 0.26 0.09
Ni  64.5 8 3 6 1.7
Pb  33.3 3.1 1.2 2.4 1.8
b 0.38 0.05 0.01 0.02 0.01
Zn  86.3 7.8 2.8 5.6 0.9

2.9% ~7.1% , f54 CHUBT AT 7 52 95 % 04k o+ 7
PHFLSE Y (DZ/T 0130—2006) [A 5% (90% ~110% )
BOR, R T 38 A T I+ SE B A i
38T .

S5 I LI RRER I ME SR (n =3)
Table 5  Analytical results of the real kaolin samples (n =3)

Fedn 1 Fen 2

e T AR
Wl Flck (2
(mg/kg) (%) (%)

TR | gy RE P AR

Wl e
/%) o) (%) (%)

W E
(mg/kg)

As | 51.24 100.2 98.0 5.2 41.4  90.6 9.5 4.2
Sb | 5.81 547 971.8 5.4 8.0 57.1 98.3 4.2
Bi | 1.54 50.5 97.9 4.6 1.5 50.7  98.5 3.8
Cd | 220 S51.2 97.9 3.8 3.6 52.8  98.4 3.5
Cr | 870 57.5 97.7 6.8 9.7 58.8  98.2 4.6
Cu | 30.0 78.4 96.8 5.1 36.1  84.8 97.4 4.1
Mo | 5.23 54.1 97.8 4.9 6.9 56.0 98.3 3.7
Ni | 1.05 50.0 98.0 3.8 1.2 50.4  98.5 2.9
Pb | 75.1 122.6 95.0 6.2 55.1  103.5 96.8 5.1
Zn | 85.12 132.4 94.6 7.1 95.5 143.3 95.6 3.9

5 &g

HESL T — PR IHIR - SRR - i A LA =R
R, =B THEAE B A e ah , MRTa A s EY)
JoRE ) ) R T A M HA £, SR T 2l BE B AR
U (KED),ICP - MS 5 %E il £ As Sb 4% 10
MR TR T Tk o 7 LR R S AN 5 P2
AOPE S B8 Uk 1 7 iR MERA . R AR DT Ik R AR
50mg, {0 8mlL, 78 A i (] O 38min, fiE
TRl AR AR As (Sb 2 10 R G A9 PRt
o M, e b K b fE P it GBWO3121
GBW03122 .GBWO03122a ' As Sh 4§ 10 FififE# 0 &
I BRAIE T4

AR T3 1 2R R 9 9 Joi 14 8 4 o) i s o
26, AT LIORFRE LI BREEIR T, (5 T2 FH A b
HEYI D AN STC R IR R R R & i
B ARE A EA — 2 R R BRAE , R AR f i B e R T
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TARRG #E— R
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Determination of 10 Trace Elements in Kaolin by ICP - MS with
Microwave Digestion

LI Li - jun, XUE Jing"
( Shenyang Centre of Geological Survey, China Geological Survey; Key Laboratory for Evolution and Ecological
Effect in Black Soil, Ministry of Natural Resources, Shenyang 110032, China)

HIGHLIGHTS

(1) Significant microwave digestion was obtained by three — acid system, three — step temperature digestion mode.

(2) Mass interference was eliminated using a standard solution and kinetic energy discrimination model, which

improved the signal to noise ratio and reduced the method detection limit.

(3) The evaluation uncertainty results showed the method was suitable for rapid batch determination of 10 elements

in kaolin.

Microwave digestion
Gaolin samples =

Nitric acid, hydrofluoric
acid and hydrogen
peroxide

30 —

S

Detemination of trace
elements by ICP-MS

Conclusions

Evaluation of
measurement uncertainty
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ABSTRACT

BACKGROUND: As an important aluminosilicate, trace element contents affect the performance of the product.
The kaolin standard substances GBW03121, GBW03122, GBWO03122a lack the recommended values of ten
elements such as arsenic and antimony. Similar rock standard materials were used for monitoring the determination
procedure, but the accurate results of the kaolin samples may be affected.

OBJECTIVES: To establish a method for accurate determination of 10 trace elements in kaolin sample such as
arsenic and antimony.

METHODS ; With microwave digestion technology, the nitrate — hydrofluoric acid system and nitrate — hydrofluoric
— peroxide system were compared for the procedural heating conditions and dissolution time of microwave digestion.
Interference factors of the inductively coupled plasma mass spectrum were also investigated.

RESULTS:: The detection limits of 10 elements were 0.01 —0. 09mg/kg, and measurement limits were 0. 03 —
0.30mg/kg. The accuracy and precision of the method were directly verified by using rock reference materials. The
element recovery was between 90. 9% and 103. 2% , and the relative standard deviation ( RSD) was between
1.2% and 5.8% . At the same time, a comprehensive evaluation of the uncertainty of the method was carried out,
and the method was proved to be accurate and reliable.

CONCLUSIONS : This method has little acid dosage, shortens the measurement time, and reduces the damage on
the environment and human, making it suitable for the batch analysis of 10 trace elements in kaolin samples. The
method also provides a reference for the determination of the certified values of 10 trace elements such as As and Sb

in the national standard material of kaolin.

KEY WORDS: kaolin; trace elements; nitrate — hydrofluoric — peroxide acid dissolution; microwave digestion;

inductively coupled plasma — mass spectrometry; kinetic energy discrimination model



