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Simultaneous Determination of Major and Minor Elements in Carbonates
by Inductively Coupled Plasma-Atomic Emission Spectrometry with
Multi-direction Viewing Mode

CHEN He-ping, SHA Yan-mei, ZHAO Xue-pei, WANG Ming-jun, GUO Lu-ping, FAN Zhong-ling
(Nanyang Geology Testing & Research Center of Henan Province, Nanyang 473000, China)

Abstract: A method for the determination of major and minor elements, including SiO,, CaO, MgO, Al,O,, Fe,0,, K,0, Na,O,
MnO, TiO,, P,0s and SO,, in carbonate samples by inductively coupled plasma-atomic emission spectrometry (ICP-AES) with
multi-direction viewing mode was reported. The samples were fused with lithium metaborate and the sample beads were then leached
with dilute HCI solution. The detection limits and the analytical precision for the target elements were remarkably improved by
carefully choosing the measurement spectral lines and using multi-direction viewing mode for observation. The recoveries for the
elements ranged from 94.7% to 104.6% with the precision of less than 3.0% RSD (n =10). The method has heen applied to the
determination of these elements in National Standard Reference Materials and the results are in agreement with the certified values.
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Table 1  Standard solution series

R pp/(mg - L~1)

Z4 S0, Ca0 MgO ALO; FeyO3 Ky0 Nay0 MnO  TiOp Py05 S04
Zy1 0 0 0 O 0 0O 0 0 0 0 0
742 1 300 50 0.2 1 0.01 0.0 0.01 0.01 0.01 0.01
#7513 10 400 100 1 5 0.1 0.05 0.05 0.05 0.050.05
#2514 20 550 200 5 10 1 0.2 0.2 0.2 0.2 0.2
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Table 2 Analytical wavelength and viewing mode of elements by ICP-AES

wiez VR e ez PTER i
A/nm A/nm

Al 396.153  FRIAFE p 214.914 £l R,
Fe 239.562 AR Ti 334.940  FRRIEW
Ca 317.933  FRIAFE Mn 260. 568 i)
Mg 279.077  FRrEE Si 251.611 Hhik)
K 766.490 AR FENR S 180. 669 |
Na 589.592  fA[HEE
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Fig.3 Effect of HCI concentration on signal-noise ratio of components
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Table 3  Detection limits of the elements
TTHE Ly (pg-g™") TH Ly/(pg-g™")
Si 0.0100 Na 0.0020
Al 0.0230 P 0.0070
Fe 0.0120 Mn 0.0021
Ca 0.0110 Ti 0.0035
Mg 0.0039 S 0.0190
K 0.0140
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Table 4  Recovery test of the method

) 0 %7 ) 9, 23

414 R ks i) i Ekk
ARM AR Mgl % AR MAE WEm V%

Si0p  1.09 1.00 2.10 101.0 || TiO, 0.010 1.00 1.008 99.8
AlLO; 0.24 1.00 1.23 99.0 || Nay0 0.017 1.00 1.005 98.8
Fe,0;3  0.11 1.00  1.11  100.0 || P,Os 0.0081 1.00 1.025 101.7
Ca0 54.03 5.00 58.80 95.4 || MnO 0.0067 1.00 1.03 102.3
MgO  0.81 1.00  1.84 103.0 || SO; 0.018 1.00 0.965 94.7
K0 0.084 1.00 1.13 104.6
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Table 5 Accuracy and precision tests of the method — w,/(pg - g™")
GBW 07216a GBW 03105a
Hiy
FRfE(E E(E i MsE(HE  RSD/%
S0y 0.049£0.002  0.052 1.09 +0. 11 1.09 1.53
ALO;  0.024 £0.002 0.027 0.24 +0.02 0.24 0.53
Fe,03 ]0.495 +0.007 0.50 0.11 £0.02 0.11 0.53
CaO 35.02 +0.11 35.12 54.03 £0.09 54.14 1.09
MgO 17.88 +0.06 17.58 0.81 +0.06 0.87 1.63

Na,0  0.013 £0.001 0.010 0.017 £0.007  0.012 1.13
K,0 (0.001) 0.0011 0.084+0.003  0.078 1.19
MnO  0.020 +0.001 0.021 0.0067 £0.0013  0.0071 0.89
Ti0, 0.010 £0.002  0.0099 1.13
P,05 0.0012+0.0001* 0.0015 0.0081=0.0005 0.0077  2.08

SO3  0.0093 +0.003 * 0.0095 0.018 +0.006  0.014 0.56
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