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ABSTRACT

In this work elemental analysis for three types of stainless
steel samples was performed to compare between their
compositions. First the stainless samples were analyzed using
Energy Dispersive X-ray (EDX) Spectrometer and Inductively
Coupled Plasma Atomic Emission Spectrometry (ICP-AES) as
conventional tools for elemental analysis. Second, the samples
were subjected to detailed neutron activation analysis (NAA)
using Pu-Be neutron source with applying y-rays spectroscopic
measurements for the irradiated samples. The first sample was in
the form of thin foils. Eight radioactive isotopes were detected in
the measured spectra
namely *°Mn, *Fe, *®Co, ®Co, **Na, **’W, **Mo and *'Cr which
resulted from different neutron reactions with this sample. The
other two samples were commercial and the NAA results for one
of them show that all of the elements reported in the foil sample
are the same except the absence of Mo and the presence of
Cr.On the other hand the third sample shows a different
composition where only Mn, Fe, and Ni were identified from the
measured y- ray spectra. Stacks of irradiated stainless steal foil
and pellets were measured to obtain the activity as a function of
thickness using the most intense gamma ray lines of the
produced radionuclides. The obtained linear activity-thickness
relations for the measured radionuclides were fitted to determine
the slope and the maximum thickness which can be measured by
this technique. The comparison between these curves showed
that the most sensitive radioisotope for detecting slight changes
in the thickness is *'Cr which is formed through the *°Cr
(n,y) *'Cr reaction.



Summary

The thesis contains four chapters in addition to this summary
and a conclusion.

Chapter I: General Introduction

This chapter presents the different parameters affecting
the wear measurements. The method of radioactive techniques
for wear measurements is presented in this chapter. It includes
also some information about the irradiation sources for
studying wear and corrosion.

Chapter I1: Neutron Sources and Neutron Activation
Analysis (NAA)

Brief information about neutron classification and types of
neutron sources are presented. Also it includes an overview about
some of the neutron interactions, neutron cross-section, neutron
thermalization and moderation, and shielding of neutrons. Different
types of neutron activation analysis were also discussed from
different point of views such as advantage & application, forms and
elements applicable for NAA. Determination of the neutron flux by
thin foil technique as well as the aim of the present work is also
included.

Chapter I11: Experimental Setup

This chapter includes the general classification of the
stainless steel and the composition of each type. It also
contains a description about the used samples and the other
techniques used to analyze the unknown stainless steel samples
qualitatively and quantitavely. A description of the
experimental technique used to study the irradiated samples of
stainless steel and the different parameters affecting the
measurement were also discussed and presented.



Chapter 1V: Results and Discussions

A brief view over on the delayed gamma ray and prompt
gamma ray analyses is presented in this chapter. It also includes the
experimental data for a three of unknown stainless steel samples
using neutron activation technique. Energy spectra for the irradiated
samples are presented. Thermal neutron flux using a thin gold foil
of 10um thickness was determined and found to be 2.7x10°
neutron/cm®.sec. Mn concentration in a sample of well known
composition Nige Mng4 Fe,04 and weight 852mg was determined
and compared with the concentration obtained from an irradiated
sample, a good agreement was achieved. Elemental analysis of the
three stainless steel samples was carried out. Comparison between
the qualitative analysis of our results and those obtained using EDX
and ICP-AES is also presented. Thin layer calibration curves for
some radionuclides for enhanced corrosion and enhanced wear were
constructed and included also the conclusion.
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The Aim of the Work

The aim of the present work is first to study the elemental
analysis of some stainless steal samples using the industrial neutron
activation (NAA) technique, for the purpose of using these elements
for further study concerned with thin layer activation which utilizes
radionuclides to determine surface degradation processes such as
corrosion and wear.

The principle of TLA is the creation of an appropriate
radionuclide at a well defined depth over a selected area. This
activation is achieved by charged particles accelerator or by
neutrons. For this purpose calibration curves can be constructed
either by mechanical or chemical etching or by using stacked foils.
The activated sample is used for measurements of its residual
radioactivity after removing thin layers of material by mechanical or
chemical etching. The variation of the activity versus the removed
thickness is then plotted. This technique has been used mainly for
wear testing elated to the automotive industry applications.
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