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Table 1 Mass concentration of each element in

standard solution series pg/mL
TR . -

Element Stdl  Std.2  Std.3  Std4  Std5  Std6  Std7
Pb 0 0.125  0.25 0.50 1.00 2.50 5.00
As 0 0.125  0.25 0.75 1.50 3.75 7.50
Ti 0 0.125  0.25 1.75 3.50 8.75 17.5
Cu 0 0.125  0.25 1.25 2.50 6.25 12.5
Ni 0 0.125  0.25 1.25 2.50 6.25 12.5
Ca 0 0.25 0.50 1.00 2.00 5.00 10.0
Mg 0 0.25 0.50 2.50 5.00 12.5 25.0
Al 0 0.25 0.50 1.75 3.50 8.75 17.5
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Table 2 Determination results of each element in different media w/%
A Medium Pb As Ti Cu Ni Ca Mg Al
8% HNO; 0.117 0.125 0.158 0.209 0.182 0.149 0.369 0.134
8% HCI 0.118 0.128 0.149 0.214 0.182 0.130 0.371 0.132
8% HCIO, 0.122 0.121 0.162 0.212 0.193 0.150 0.373 0.135
WA AR 2mL B R 6 mL IR A B AE Y ®3 HAEBRWRAR

I A 5, S 06 295 2R R R
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Table 4 Test results of manganese and iron interference w/ %
TR AR F AR 0.20 %6 19 45 0 2 0 25 R
LR Interference element Results of each element with a equivalent content of 0.20% in the sample
o Mn Fe Pb As Ti Cu Ni Ca Mg Al
1 0 0 0.205 0.206 0.200 0.210 0.206 0.200 0.203 0.200
2 60 0 0.188 0.188 0.185 0.189 0.178 0.212 0.202 0.190
3 90 0 0.187 0.187 0.183 0.187 0.175 0.198 0.202 0.190
4 0 10 0.208 0.209 0.206 0.214 0.210 0.207 0.197 0.207
5 0 20 0.198 0.207 0.198 0.204 0.201 0.198 0.190 0.205
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Table 5 Linear range and correlation coefficient of the calibration curve

i H Item Pb As Ti Cu Ni Ca Mg Al
0.002 5~ 0.002 5~ 0.002 5~ 0.0025~ 0.0025~ 0.0050~ 0.0050~ 0.0050~
S ya)

BAEH /% 0.10 0.15 0.35 0.25 0.25 0.20 0.50 0.35
Ze PR 2 R 0.9997 0.999 4 0.9999 0.9999 0.9999 0.9992 0.9999 0.9995
Fo6o WHMRMMETR

Table 6 Detection limit and low limit of determination pg/mL

i H Ttem Pb As Ti Cu Ni Ca Mg Al
o H B 0.0011 0.0040 0.0001 0.0001 0.0004 0.0012 0.0006 0.0004
e N R 0.0037 0.0134 0.0004 0.000 4 0.0014 0.0040 0.0020 0.001 4
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MG, 8 G, /NTF 2,355 B, ATEFE ] BEE ; RSD/ %
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TEFE T AT XA R K A [ Ao 2 A R
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Table 7 Precision test results
- Py
R M Pb As Ti Cu Ni Ca Mg Al
Sample Parameter
w/ % 0.11 0.012 0.015 0.21 0.049 0.007 4 0.076 0.16
R RSD/ % 3.3 6.8 5.6 2.2 3.1 8.9 4.0 3.8
%n;nlf‘k o 5 < - -
G 1.520 1.663 1.884 1.243 1.468 1.203 1.331 1.157
G 1.824 1.264 1.432 1.362 1.921 1.988 1.604 2.110
w/ % 0.0094 0.11 0.16 0.014 0.12 0.070 0.0091 0.0085
RSD/ % 6.0 5.9 5.6 3.0 4.7 6.8 9.3 4.3
EEEA S e ‘ ‘ ]
Gy 1.933 1.716 1.733 2.192 1.418 1.705 1.625 2.139
G 1.611 1.561 1.370 1.787 1.153 1.731 1.289 1.417
w/% 0.013 0.0050 0.0014 0.0085 0.0034 0.13 0.22 0.016
) RSD/ % 6.5 8.2 9.0 3.1 9.4 6.5 3.9 7.6
ey 8 o7 : , . , : : ,
G 1.587 1.321 1.853 1.853 1.570 1.229 1.835 1.380
Gy 1.781 1.793 1.223 1.223 1.751 1.623 1.782 1.303
8 ARXBREMNERGENESER
Table 8 Tested results of ferromanganese alloy from different laboratory
Rk TR SEE 1 SHE 2 SHE 3 TR 4 TR E 5 SLHE 6 SLE 7 RSD/
Material Element Lab.l1 w/% Lab.2 w/% Lab.3 w/% Lab.4 w/% Lab.5 w/% Lab.6 w/% Lab.7 w/% %
Pb 0.030 0.028 0.030 0.029 0.027 0.030 0.028 4.6
As 0.012 0.011 0.011 0.010 0.012 0.011 0.011 6.2
Ti 0.015 0.014 0.016 0.016 0.014 0.016 0.014 6.7
Y TN Cu 0.069 0.067 0.068 0.070 0.069 0.068 0.069 1.3
A Ni 0.12 0.12 0.11 0.12 0.12 0.12 0.12 3.0
Ca 0.17 0.18 0.19 0.17 0.19 0.17 0.17 5.0
Mg 0.031 0.031 0.031 0.033 0.034 0.031 4.1
Al 0.16 0.18 0.18 0.16 0.16 0.16 0.16 5.5
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Table 9 Tested results of manganese-silicon from different laboratory
4 JLHR LEE 1 LHE 2 LHE 3 L E 4 LK E S LK E 6 SHE T RSD/
Material Element Lab.l1 w/% Lab.2 w/% Lab.3 w/% Lab.4 w/% Lab.5 w/% Lab.6 w/% Lab.7 w/% %
Pb 0.0097 0.0094 0.0098 0.0094 0.0094 0.010 2.4
As 0.12 0.10 0.12 0.12 0.12 0.10 0.11 7.8
Ti 0.34 0.33 0.35 0.33 0.34 0.30 0.33 4.4
AL Cu 0.014 0.013 0.013 0.013 0.014 0.013 0.015 5.4
o Ni 0.021 0.020 0.020 0.023 0.022 0.019 0.021 6.5
Ca 0.051 0.053 0.045 0.048 0.053 0.051 6.2
Mg 0.0091 0.0098 0.0085 0.010 0.0093 5.7
Al 0.0085 0.0085 0.0084 0.0079 0.008 2 3.1
F10 FEAEXREMEEEZVNELER
Table 10 Tested results of manganese metal from different laboratory
[uRss TLH FEE 1 FHE 2 TR 3 TR E 4 FHE 5 FHE 6 FHEET  RSD/
Material Element Lab.l1 w/% Lab.2 w/% Lab.3 w/% Lab.4 w/% Lab.5w/% Lab.6 w/% Lab.7 w/% %
Pb 0.014 0.012 0.013 0.013 0.015 0.013 0.014 6.7
As 0.0050 0.0050 0.0046 0.0048 0.0047 3.3
Ti 0.0014 0.0013 0.0015 0.0017 0.0014 0.0014 0.0016 8.7
N Cu 0.008 4 0.008 4 0.0083 0.0084 0.0080 0.008 2 1.9
AL Ni 0.0034 0.0029 0.0033 0.0028 0.0033 0.0036 0.0035 8.5
Ca 0.12 0.12 0.12 0.13 0.13 0.13 4.0
Mg 0.22 0.23 0.21 0.22 0.20 0.23 0.22 4.5
Al 0.016 0.016 0.014 0.014 0.017 0.016 0.014 7.6

2.7 EFRERE
¥ FESC00 Jy vE I R A R A 4 VAL E A A S AR
FE S Y R LBR VH VR LA VEE VAR LSS IR LR 11,

2.8 [ERRAE
WS T vk FEALIE SR R RS & RS
B J8 BRAE S HEAT AR SO L S5 R IR 12,

Table 11

F11 HREERUELSR

Tested results of standard samples

w/%

FRUERE S CRM

JLZE Element

NEH Certified

M 5%E {6 Found

Pb 0.068 0.072
; 32
kM Ni 0.080 0.080
As 0.025 0.027
Ti 0.027 0.027
ik YSB C 28618
B Cu 0.070 0.069
Ca 0.004 0.006
Cu 0.080 0.081
A 4 YSB C 28611 : ’
Gnas Ni 0.167 0.162
Ti 0.24 0.24
i iE A4 YSB C 26605 ) :
LL e ’ Al 0.015 0.015
Fz 12 mAREIKGRLE & R
Table 12 Recovery test results
TE FE W72 {8 S it HURE =Sy EEE
Element Sample Found/(pg/mL) Added/ (prg/mL) Total found/(pg/mL) Recovery/ %
RG4S 189 300 505 105
Pb A 4 45 50 97.5 105
4 @ 4 63 100 160.5 98
A 4 94.5 150 245.5 101
As HREA 4 210 200 412.5 101
4 Jm 26 50 75 98
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2R 12
TLHE FE W 7 Jinr W75 A Il i 2%
Element Sample Found/(pg/mL) Added/(pg/mL) Total found/(pg/mL) Recovery/ %
BBk & 142 200 350 104
Ti ihEE A 4 760 750 1515 101
B 10 20 31 105
ARG & 755 500 1255 100
Cu i Bk 4 73 100 175.5 103
BE R 44.5 50 96 103
kG 4 600 500 1082 96
Ni i Bk 106 200 305 100
EoAE 26.5 50 77 101
YA a 510 300 815 102
Ca i Tk Ay 4 198 400 592 99
&8 4 630 400 1020 98
YA a 156.5 200 362.5 103
Mg A S 215.5 400 610 99
EE 1100 1000 2 095 100
YA 4a 610 500 1085 95
Al Rk 4 34 50 85 102
& JE 88 100 186 98
3 i i A4 HT,2017,37(3) :44-47.
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Determination of eight microelements in ferromanganese alloy.
ferromanganese-silicon alloy and manganese metal by
inductively coupled plasma atomic emission spectrometry

LIU Xian-bin,JIA Hui-rong,CHU Zhen-quan
(Jiaocheng Yiwang Ferroalloy Co., Ltd., Jiaocheng 030500, China)

Abstract: The content of lead, arsenic, titanium, copper, nickel, calcium, magnesium and aluminum in
ferromanganese alloy, manganese-silicon alloy and manganese metal determined the quality of products. In
the past, their contents were usually measured using chemical method or atomic absorption method, which
had some problems such as poor accuracy or slow measurement speed that could not meet the require-
ments. In order to realize the accurate and rapid determination of above elements, the inductively coupled
plasma atomic emission spectrometry (ICP-AES) was employed to measure the contents of trace lead, ar-
senic, titanium, copper, nickel, calcium, magnesium and aluminum in ferromanganese alloy, manganese-
silicon alloy and manganese metal. The samples were decomposed with nitric acid, hydrochloric acid,
hydrofluoric acid and perchloric acid. The silicon in sample reacted with hydrofluoric acid to form SiF, and
then be removed by volatilization. The residual coexisting elements in sample solution mainly included iron
and manganese. The experimental results showed that the iron had no interference with the determination.
The matrix effect of manganese was eliminated by matrix matching in the standard solution series. The
mixed acid (8%) of 2mL perchloric acid and 6 mL hydrochloric acid was used as medium to achieve the
best analysis results. Within linear range of calibration curves of elements, the correlation coefficients
ranged from 0. 9992 to 0. 9999. The detection limit of elements in this method was 0. 000 1-0. 0040 g/ mL.
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The proposed method was applied for the determination of lead, arsenic, titanium, copper, nickel, calci-
um, magnesium and aluminum in ferromanganese alloy, manganese-silicon alloy and manganese metal.
The relative standard deviations (RSD, n=11) were in the range of 2. 2%-9. 4%, and the recoveries were
between 95% and 105%. Seven laboratories were selected for the verification test, and the results were ba-
sically the same. The contents of lead, arsenic, titanium, copper, nickel, calcium, magnesium and alumi-
num in four certified reference materials (Caizi-32, YSB C 28618, YSB C 26605) were determined accord-
ing to the experimental method, and the found results were consistent with the certified values.

Key words: ferromanganese alloy; manganese-silicon alloy; manganese metal; lead; arsenic; titanium; copper;

nickel; calcium; magnesium; aluminum; inductively coupled plasma atomic emission spectrometry
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