Application Note: # 1045

Determination of Alloying Elements in High Carbon Steel
by Radially Viewed Inductively Coupled Plasma Spectrometry

Introduction

Carbon steels are by far the most frequently used steels. More than 85% of the steel produced in the
US is carbon steel. These steels are classified by their carbon content. Table 1 shows the
classification of carbon steels and some typical uses.

Type Carbon Content Typical Uses
Low < 0.30% Auto body panels, Wire products
Medium 0.30 -0.60% Axles, Gears, Crankshafts
High 0.60 - 1.00% Springs, Dies, High-Strength Wires
Ultra High 1,25 -2.0% Metal Cutting tools, Truck Springs

Table 1. Carbon Steel Classification

Variations in the carbon content have a great effect on the mechanical properties of steel. Higher
carbon content leads to increasing hardness and strength. Though carbon is the most cost effective
alloying material for iron, other alloying elements are used. For example, Manganese and vanadium
are added to increase hardness of carbon steels.

This application note will demonstrate the ability of the Teledyne Leeman Labs Prodigy High
Dispersion ICP to determine alloying elements in High Carbon Steel.

Instrumentation

A Prodigy High Dispersion Inductively Coupled Plasma (ICP) Spectrometer
equipped with a radial view torch and an 88-position autosampler was used
to generate the data for this application note.

The Prodigy is a compact bench-top simultaneous ICP-OES system
featuring an 800 mm focal length Echelle optical system coupled with a
mega-pixel Large Format Programmable Array Detector (L-PAD). At 28 x 28
mm, the active area of the L-PAD is significantly larger than any other solid-
state detector currently used for ICP-OES. This combination allows Prodigy
to achieve significantly higher optical resolution than other solid-state
detector based ICP systems. The detector also provides continuous
wavelength coverage from 165 to 1100 nm permitting measurement over the
entire ICP spectrum in a single reading without sacrificing wavelength range
or resolution. This detector design is inherently anti-blooming and is capable
of random access, non—destructive readout that results in a dynamic range of
more than 6 orders of magnitude. For applications that require the measurement of chlorine,
bromine or iodine, an optional halogen detection system is available.
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The second method is to perform an Interfering Element Correction (IEC). In order to perform this
correction, the element responsible for the interfering peak must be determined. The Prodigy software
also provides tools to identify unknown peaks.

The first step to identifying an unknown peak is to take a Full Frame Image of the sample. The Full
Frame image takes a complete spectrum from 165 to 1100nm without any gaps. A Full Frame Image of

the 364 reference sample is shown in Figure 5.

Figure 5. 364 High Carbon Steel Full Frame Image

The next step is to zoom in to the wavelength in question (see Figure 6) and use the “IDENTIFER”

button.
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Figure 6. Full Frame Image Zoomed to 220.353 nm Pb Subarray




By clicking on the “IDENTIFIER” button and then inside the PB subarray (as indicated by the red arrow

in Figure 6, the wavelength line library will be searched for possible elements. The result of the search
is displayed in Figure 7.
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Figure 7. Search Results

The search results suggest the interfering peak is due to niobium (Nb). A scan of a Nb standard added
to the scans in Figure 4 confirms the identification (See Figure 8). Once the interfering element has

been identified, the IEC factor and be determined by analyzing the Nb standard to obtain the correction
ratio.
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Figure 8. Confirmation of Nb As Interferent




Conclusion

The analysis of alloying elements in high carbon steel has been carried out for 18 element using a
radially viewed Teledyne Leeman Labs, Prodigy High Dispersion ICP. Accurate results were obtained
by carefully matrix matching the base iron concentration of the samples to the calibration standards.

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 Hildebrand Grid nebulizer with its platinum screens is an
ideal nebulizer for use with HF containing samples, as well as sample containing high levels if dissolved
solids.

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




