Application Note: # 1046

Analysis of Stainless Steel by Dual View Inductively Coupled
Plasma Spectrometry

Introduction

Stainless steels are a corrosion resistant family of iron alloys that have a minimum of 10.5%
Chromium. Their corrosion resistance is largely due to the formation of a passive chromium (lll)
oxide (Cr,O3) layer, approximately 1 to 5 nanometers (nm) thick, on the surface of the steel. If this
layer is damaged by cutting, scratching or abrasion, it will regenerate, provided sufficient oxygen is
available. By contrast, Stainless steels have poor corrosion resistance in low oxygen environments
since the oxide layer cannot be repaired quickly enough. In addition to chromium, Nickel,
molybdenum and niobium are also alloyed to improve corrosion characteristics.

There are three main types of stainless steels: austenitic, ferritic and martensitic. These three types
of steels are identified by their microstructure or predominant crystal phase.

Austenitic steels have austenite (y-iron) as their primary phase. These are alloys containing
chromium and nickel (sometimes manganese and nitrogen), structured around the Type 302
composition of iron, 18% chromium, and 8% nickel. They are normally non-magnetic. Type 304
surgical stainless steel is the most widely used stainless steel and contains 18-20% chromium and
8-10% nickel.

Ferritic steels have ferrite (a-iron) as their main phase. These steels contain iron and chromium,
based on the Type 430 composition of 17% chromium. Ferritic steels are magnetic and are less
ductile than austenitic steels. Typical uses are in automotive exhaust systems, catalytic converters
and chimney liners.

Martensitic steels are low carbon steels built around the Type 410 composition of iron, 12%
chromium, and 0.15% carbon. They have great strength and are magnetic. Typical uses include
cutlery, springs, screen and strainers.

Table 1 shows acceptable ranges and maximum concentrations for elements in some stainless

steels.
Nl’f‘rfb'er Type C Mn si cr Ni p s
Wit %
302 |Austeniic] 015 | 200 | 1.00 [7.0-19.080-100] 0.045 | 003
304 |Austenic| 008 | 2.00 | 1.00 [18.0-20080-105| 0045 | 003
430 | Feritic | 012 | 100 | 100 [160-180 075 | 004 | 003
410 |Martensitq 015 | 1.00 | 100 [15-135 075 | 004 | 003

Table 1 Composition of Various Stainless Steels
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Euronorm ZRM 286-1 BCS CRM 467/1
Measured, % [Average, % [Certified, % Measured, %|Average, %|Certified, %
Siink2 SiEe L0 s 188 102 + 0.03 Ly 0.76 0.79
Mn 259.372 r 1.88 0.764
P 178.283 0.020 0.021 0.026 £ 0.002 0.019 0.022 0.018
P 177.495 0.023 0.025
S PP Sl 0200 |0.280 + 0.014 LD 0.019 0.019
S 182.034 0.202 0.019
Si251.611r - 0.517
Si 288.158 r - - - 0.515 0.521 0.520
Si 250.690 r - 0.530
Cu 324.754 1 - i ) 0.038 0.032 )
Cu 327.396 r - 0.026
Ni 231.604 r 8.35 9.262
Ni 341.476 r 8.51 8.42 8.54 + 0.04 9.208 9.31 9.21
Ni 221.648 r 8.41 9.379
CHZoiauCl; i 1849 | 18.13 + 0.08 L0 18.93 18.09
Cr 283.563 r 18.40 18.83
Mo 277.540 r 0.335 =
Mo 202.030 r 0.334 0.333  ]0.329 £ 0.009 = = =
Mo 281.615 r 0.329 -
Nb 316.340 - ) ) 0.960 ) NEE
Nb 309.418 r - 0.984
Co0228.615r 0.147 0.147 0.150+0.008 - - -
V 310.230r - S o - 5 -
Ti334.941 r - = s - - -
Ti336.122r - - - - - -
Table 6. Euronorm ZRM 286-1 and BCS CRM 467/1 Results , %
Discussion

A comparison of the measured and certified values of the elements determined in the four stainless steel
reference samples is shown in Tables 5 and 6. The agreement between the measured and certified
value is very good, except for the S in the ZRM 286-1, which is low.

The ZRM reference material was re-prepped and reanalyzed two additional times without any significant
change in the measured S value. Post digestion spike recoveries on both of these preps yielded
recoveries close to 100%. The most likely cause is volatization of the sulfur during the sample dissolution

procedure. Use of a close vessel digestion procedure would prevent such losses.

Conclusion

The analysis of alloying elements in stainless steels has been carried out for 13 elements using a dual
view Teledyne Leeman Labs Prodigy High Dispersion ICP. Accurate results were obtained by carefully

matrix matching the base iron concentration of the calibration standards to the samples.




The HF sample introduction system performed without any clogging of the torch or nebulizer and did not
require the use of an argon humidifier.

The image stabilized plasma and the simultaneous data collection of both peak and background data
combine to provide exceptionally precise and stable results.






