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Determination of Tramp Elements in Iron and Steel by Glow Discharge Mass Spectrometry

Shinji IToH, Hitoshi Y AMAGUCHI, Isao HAMANO, Toshiyuki HoBO and Takeshi KOBAYASHI

Synopsis : We examined the capability of Glow Discharge Mass Spectrometry to quantitatively analyze iron and steel for tramp elements at 10 mass

ppm or less. We used 28 JSS and NIST standard reference materials to experimentally obtain the RSF (relative sensitivity factor) values for

Cu, Zn, As, Sn, Sb, Pb and Bi. Systematic difference between two groups of the samples was found in the RSF values of Sb. Variation of the

RSF values was large in Sn, as resulted in RSD being 7.67%, whereas Zn and Bi gave favorable results with RSD within 2%. We confirmed

that the GDMS could satisfy the desired 10% accuracy for analyzing iron and steel for most of the tramp elements.
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Table 1. Instrumental parameters of glow discharge mass spectrometer and X-ray fluorescence spectrometer.

Mass spectrometer
Mass resolution
Detector and

integration time

Glow discharge

Discharge current 3mA
Discharge voltage 1000V
Discharge cell Mega flat cell
Discharge gas Ar (99.9999%)
Pre-sputtering time | 3.6ks(60mim)

Sample mask

X-ray spectrometer
Sample mask
Measuring program
FP program

Philips PW2400

Super-Q (ver.3)

UniQuant (ver.4)

12mm(in diameter)

27mm(in diameter)

Thermo Elemental VG 9000

>4000 (m/Am: 5% at peak height)

Faraday cup (for Fe), 160ms/point

Daly multiplier-pulse counting (for tramp elements), 200ms/point
Constant current mode

Table 2. Chemical compositions of JSS CRMs and NIST SRM:s used for calculation of RSF-values.

Certified values, w (mass %)
Element JSS165-2 JSS168-6 JSS190-1 NIST 1200 NIST 1700
Series Series Series Series Series

Cu - - - 0.042~0.51 0.0013~0.51
Zn - - 0.0020~0.0055 - -
As 0.010~0.089 0.031~0.046 - 0.010~0.095 0.0005~0.055
Sn 0.012~0.11 0.012~0.066 - 0.008~0.104 0.0010~0.046
Sb - 0.0021~0.0190 - 0.002~0.034 0.0005~0.0020
Pb - - - 0.000025~0.024 0.0003~0.003
Bi - - 0.0022~0.0098 0.0004 <0.0001
Fe* 97.1~97.8 98.7~99.0 97.6~99.1 94.4~96.7 94.2~99.6

* Values obtained from FP/XRF analysis
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1. Relative sensitivity factor for copper in iron matrix.
RSF: 5.402, RSD (%): 4.23.
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Fig. 2. Relative sensitivity factor for antimony in iron ma-

trix.
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Fig. 3. Relative sensitivity factor for arsenic in iron matrix.
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Fig. 4. Relative sensitivity factor for tin in iron matrix.
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Fig. 6. Relative sensitivity factor for lead in iron matrix.
RSF: 2.564, RSD (%): 5.76.
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Table 3. Comparison between reference or certified values and GDMS analytical values.

Element NIST NIST NIST NIST __ NIST NIST NIST
1765 1766 1767 126la  1262b  1263a _ 1264a
Zn
Reference 0.0001  0.0005  0.0004  0.001
GDMS 0.00079  0.00049 _ 0.00044 _ 0.00176
Bi
Reference | <0.0001  <0.0001  <0.0001 0.0004  0.002 0.0008  0.0009
GDMS | 0.00006  0.00004  0.00002  0.00032 _ 0.00246  0.00070 _ 0.00119
Pb
Certified | 0.0003  0.003 - 0.000025 0.0004  0.0022  0.024
GDMS | 0.00030  0.00245 - 0.000017 0.00043  0.00202 _ 0.0246
Unit: mass %
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Fig. 7. Calibration line for determination of arsenic by SP-
OES.
Sample: NIST SRMs 1263a, 1764, 1765, JSS
CRMs 167-2, 168-62 169-6. Intensity=33.54X
As (mass%)+1.179, r==0.987.

Fig. 8. Calibration line for determination of tin by SP-
OES.
Sample: NIST SRMs 1261a, 1264a, 1764, 1765,
JSS CRMs 167-2, 168-6, 169-6. Intensity=30.11X
Sn (mass%)+0.894, 2=0.993.
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