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ABSTRACT. A method to determine the iron and steels employing a Direct Reading Atomic Emission
Spectrometer was investigated. Matrix effect was removed by two correction methods which utilize linear
and curvilinear functions. Although two methods gave different sets of matrix correction coefficients,
the analytical results by the two methods gave the same results. The analytical results obtained by
the present work were well agreed with those obtained by inductively coupled plasma spectrometry.
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Tadle 1. Operating conditions of optical emission spe-
ctrometer

Optical system 0.75 meter Paschen-Runge

Type (Vacuum)
Grating grooves 2400 grooves/mm
Excitation source ECWS
Detector Hamamatsu side R300
Slits Entrance slit 25 pm
Exit slit 50 pm
Carrier gas Ar (99.9999%), 25 psi
Power 2 BK-80%=6.0 Ampere

Pre integration time 15sec

Integration time 20 sec
Electrode gap 3 mm
Electrode W counter electrode «— plate

(self electrode)
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Tadble 2. Analytical lines of elements for iron and
steel

Element Wavelength (A
C 1930.93
Cr 2989.19
Ni 2437.89
v 3102.30
P 1782.2¢°
S 1807.31
Si 2516.12
Cu 324754
Mo 2020.30
Mn 348291

4Second order,
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Fig. 1. Effect of RF. power (40, 60, 80%) on the emission intensities as a function of time (Break: 2).
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Fig. 2. Effect of RF. power (40, 60, 80%) on the emission intensities as a function of time (Break: 3).
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Fig. 3. Effect of RF. power (40, 60, 80%) on the emission intensities as a function of time (Break: 4).
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Fig. 4. Calibration curves plotted from uncorrected
and corrected QES intensities (Ni).

Table 3. Matrix coefficients from iron and steel reference materials (Linear)

Analytical element

. P ) Si Cu Ni Cr v Mo Mn
Matrix element

C - 00219 00204 01952 —00386 —23847 06099 —00001 -03738¢ 0.1400
P 52933 - —0.3593 —43216 14220 358205 66595 02793 44410 -30135
S -19702  0.0003 - 2.8955 1.6724 75784 —15.0694 0.1497 —1.9928 1.8564
Si 0.3337 —0.0481 —0.0472 - 0.0222 47851 -—1527% (0.0245 03749 —05852
Cu 01615 -0.0194 -00203 -0.1241 - 26879 —13157 00374 0.1984 -0.1734
Ni —0.0257 00044 00026 (0439 0.0031 - 0:1029 00046 —0.0401 0.0249
Cr -0.0024 0.0013 0.0018 0.0088 0.0041 -—0.0331 — -0.0013 0.0034 0.0233
Vv —0.8379 01341 0.1090 05769 —0.1766 —13.8949  3.7205 - —1.2806  0.8302
Mo 0.0068 —0.0089 —0.0066 0.0262 0.0321 0.6825 0.1045 —0.0077 — 0.0167
Mn 00071 -0.0018 00013 00620 -—0.0051 05852 —0.1368 00134  0.0470 -

Ay 0.0350 0.0037 00008 00920 01174 00405 0.0271 —-0.0235 00350 0.0425
A 02070 01320 02299 02858 0.6174 00329 00536 18664 02068 0.1514

Table 4. Matrix coefficients from iron and steel reference materials (Curvilinear)

Analytical element

i P S Si Cu Ni Cr Vv Mo Mn
Matrix element

C - 0.0177 0.0225 0.2843 00372 —22739 0.4445 00123 —0,0834 0.355%
P 3.2448 - —0.3666 —6.4338 -—1.0887 76006 —12.1625 —0.1973 14229 —5.0822
S -12107 —0.0731 - 3.9331 0.3633 22937 54147 00325 —0.3702 0.7398
Si 02370 -00305 —0.0515 - —0.1510 09498 —0.7858 —0.0353 0.1837 —0.8235
Cu 01236 —00114 -00238 -02323 - 03787 -0.1894 -0.0159 0.0957 ~-0.2716
Ni -0.0136 0.0032 0.0034 0.0628 0.0097 -~ 0.0949 0.0025 —0.0066 0.0544
Cr —0.0025 0.0015 0.0023 0.0115 0.0038 0.0141 - 00013 —-0.0015 0.0299
Vv —-05723 0.0887 0.1131 0.9672 0.3029 —-27744 1.3586 - —-0.6890 1.5268
Mo 00028 -—0.0048 —0.0058 00256 —0.0216 0.2304 00155 —0.0036 - -0.0142
Mn 00115 —0.0004 0.0024 ?0909 0.0038 0.3677 0.1961 —0.0045 0.0436 -

Ao 0.0262 0.0044 0.0028 4.1109 0.1031 0.0330 0.0143 —0.6092 0.0173 00777
Ay 0.2611 0.0801 0.0613 0.1794 2.3134 0.0395 00576 23140 0.2682 00745
A -0.0532 3.0345 32178 0.1404 —0.0054 ~0.0006 -0.0003 —-09341 -0.0254 0.0390
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Table 5. Analytical results of iron and steel samples
Sample NIST STD 1222 MBH STD HS 4B Sample 1
Method NIST This work MEBH This work Other This work
Element C L C L C
C 043 045 041 1.00 1.04 1.05 0.047 0.050 0.055
P 0.013 0.016 0.016 0.011 0.015 0.016 0.030 0.034 0.040
S 0.022 0.021 0.022 0.012 0.014 0.014 023 0.26 0.26
Si 0.24 0.26 0.26 011 0.13 0.13 0.27 021 0.23
Cu 0.097 0.10 0.11 003 0.02 0.04 047 045 047
Ni 0.51 046 048 0.05 0.05 0.05 9.03 891 882
Cr 0.48 043 0.49 373 383 380 18.0 179 182
Vv 0.005 0.005 0.007 046 0.50 051 0.074 0.081 0.082
Mo 0.18 0.16 0.18 042 045 0.48 0.16 0.15 0.16
Mn 0.78 0.82 083 0.13 0.15 0.09 174 170 1.72
Sample Sample 2 Sample 3 Sample 4
M Thi k Thi tk i
ethod Other is wor Other is wol Other This work
Element L C L C L C
C 1.03 1.01 101 0.045 0,042 0.050 020 022 .20
P 0.040 0.045 0.050 0.025 0.025 0.028 0.019 0.040 0.032
5 0.035 0.037 0.036 0.006 0.009 0.004 0.026 0.027 0.028
Si 0.18 017 0.15 062 0.63 0.62 026 0.30 0.29
Cu 0.30 0.33 0.28 0.20 0.18 0.19 0.16 0.19 0.20
Ni 199 202 2.06 9.12 909 9.20 0.006 0.010 0.011
Cr 0.22 0.20 0.22 191 192 19.2 0.07 0.09 0.10
v 0.053 0.056 0.061 0.11 0.11 0.13 0.01 0.014 0.017
Mo 0.10 0.097 012 0.12 0.15 0.15 0.04 0.01 0.01
Mn 068 0.70 0.68 1.24 1.28 1.28 0.80 0.85 087
Sample Sample 5 Sample 6 Sample 7
Method Other This work Other This work Other This work
Element L C C L C
C 0.12 0.1 0.11 0.60 0.63 0.59 0.95 0.95 100
P 0.024 0.026 0.027 0.020 0.030 0.022 0.008 0.008 0.010
S 0.020 0.028 0.025 0.012 0011 0.010 0.016 0.014 0.013
Si 092 0.87 084 063 0.65 0.65 0.24 0.26 0.26
Cu 011 0.08 0.15 051 047 049 0.022 0.020 0.020
Ni 840 8.36 851 0.21 0.24 0.24 0.051 0.070 0.063
Cr 17.7 17.1 179 0.50 047 051 0.95 0.90 0.97
v 015 0.15 0.15 0.30 0.31 031 (.10 0.013 0.010
Mo 1.05 0.99 100 0.50 0.52 0.55 0.20 0.20 0.21
Mn 0.72 0.70 0.71 1.08 1.13 1.05 0.95 0.98 099

L: analytical results by linear method, C: analytical results by curvilinear method, Other:
AA, ICP and wet method.
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