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Development of Accurate Quantitative Analytical Methods
to Determine Trace Amounts of Carbon, Sulfur, and Oxygen in Steel
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Abstract:

Accurate and rapid quantitative analytical methods for trace amounts of carbon, sulfur, and oxygen in steel which
influence material properties directly were investigated. Amount of accelerator was optimized to determine carbon
and sulfur by the combustion method simultaneously. And preheating conditions of crucible and accelerator were
determined to reduce blank values. A new pretreatment process using ion sputtering has been developed to remove
contamination on the sample surface to determine oxygen content in steel. This permits to remove contamination

that cannot be eliminated by conventional pretreatment methods such as electro-polishing and chemical polishing.
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Table 1 Chemical composition of the samples
(mass%)
Sample C Si Mn P S Al (0]
No. 1 <0.001 0.20 0.29 0.009 <0.001 0.03 NA
No. 2 0.002 0.20 0.30 0.010 0.003 0.03 NA
No. 3 0.005 0.20 0.30 0.010 0.006 0.03 NA
No. 4 0.002 1.85 0.20 0.030 0.002 0.30 NA
JSS 1201-1 0.000 5 0.004 0.004 0.000 4 0.000 2 NA NA
JSS 1202-2 0.003 9 0.02 0.12 0.009 0.013 NA NA
JSS 003-4 0.000 6 0.004 3 0.003 2 0.000 52 0.000 2 0.000 7 NA
JSS 003-2 0.001 0 0.003 4 0.001 8 0.001 1 0.000 4 0.000 3 NA
JSS 244-6 0.12 0.2 1.0 0.01 0.002 0 NA NA
JSS GS-2¢ 0.17 0.21 0.77 0.011 0.018 NA 0.001 8
JSS GS-3c¢ 0.56 0.19 0.53 0.021 0.011 NA 0.003 5
JSS GS-5¢ 0.034 0.01 0.11 0.009 0.008 NA 0.013
High purity iron <0.001 <0.001 <0.001 <0.001 <0.001 NA <0.001
Bearing steel 1.02 0.23 0.38 0.009 0.002 NA 0.000 5

NA: Not analyzed
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Fig.1 Influence of the kind of accelerators on carbon and
sulfur analytical intensities (Combustion condition:
sample, 1.0 g; accelerators, 1 g (n = 5))
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Fig.2 Influence of tungsten accelerator amount on carbon and
sulfur analytical intensities (Combustion condition:
sample, 1.0 g; Sn, 0.18 g (n = 5))
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Fig.3 Influence of tin accelerator amount on carbon and
sulfur analytical intensities (Combustion condition:
sample, 1.0 g; W, 0.5g (n = 5))
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Table 2 Effects of pretreatments of crucible, accelerator and
sample on carbon and sulfur analytical intensities

Treatment A B C D E
Crucible no (a) (a) (a) (a)
Accelerator no no (b) (b) (b)
Sample (No. 2) no no no (c) (d)
Carbon analytical intensity
Mean (arb.unit) 5446 27.60 27.47 25.66 2525
SD* 372 061 034 042 053
RSD (%)** 683 221 124 164 210
Sulfur analytical intensity
Mean (arb.unit) 27.53 24.86 24.86 24.51 24.01
SD 039 030 040 021 031
RSD (%) 142 121 1.61 0.86 1.29

n =10

* Standard deviation
** Relative standard deviation
(a) Heating at 1 110°C for 2 h
(b) Heating at 460°C for longer than 15 min
(c) Sample addition into a crucible at high temperature
(d) Preheating at 430°C for 10 min

JFE #3# No. 13 (2006 4£ 8 1)

Table 3 Analytical results of carbon and sulfur in certified
reference steels

(mass%)
Element | Sample Certified Continuous repetition
value Mean SD  RSD (%)
Carbon | No.l* — 34 0.25 7.4
JSS 1201-1 5 53 0.11 22
JSS 1202-2 | 39 39.3 0.38 1.0
Sulfur JSS 003-4 1.5** | 1.5%*  0.11 7.3
JSS 003-2 4 4.9 0.22 4.5
JSS 244-6 20 20.2 0.43 2.1

* Non-certified material
** Non-certified value
¥k p =10
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Fig.4 Depth profiles of samples after pretreatment in
(a) CH3COOH-HCIO4, (b) CrOs-HsPO4, and (c) HF-H202
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Fig.6 Analysis of the sample surface by electron probe
minroanalyzer
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Table 4 Comparison of the analytical values of oxygen with
and without glow discharge pretreatment

(ug/g)
Inert gas fusion method
With GD  Without CPAA
pretreat-  GD pre-  Difference
ment treatment
X 15.8 17.5 1.7 15.5
JSS GS-2¢ o 0.22 0.28
RSD(%) 1.37 1.61
X 33 4.0 0.7 3.1
Bearing o 0.27 0.34
steel
RSD(%) 8.29 8.56
X 1.7 2.6 0.9 1.6
High purity | 0.21 0.56
iron
RSD(%) 12.07 21.33

CPAA : Analytical values obtained by charged particle activation
analysis
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