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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 γ-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 56Mn, 59Fe, 58Co, 60Co, 24Na, 187W, 99Mo and 51Cr 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 γ- 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 51Cr which is formed through the 50Cr 
(n,γ) 51Cr 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 II: 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 III: 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 IV: 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 10µm thickness was determined and found to be 2.7x10
3
 

neutron/cm
2
.sec. Mn concentration in a sample of well known 

composition Ni0.6 Mn0.4 Fe2O4 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

مقدمة عامة : الفصل الأول

 
يذرٜٛ ٘زا اٌفصً ػٍٝ اعرؼشاض ٌٍؼٛاًِ اٌّؤئشج ػٍٝ ػٍّياخ اٌرآوً إٌاذج ػٓ 

ٚفٝ ٘زا اٌفصً أيعا ذُ اعرؼشاض ٌرمٕيح لياط اٌرآوً . اٌؼٍّياخ اٌّيىأيىيح أٚ اٌىيّيائيح

وّا ذُ ايعا اعرؼشاض ٌٍّصادس اٌّشؼح اٌرٝ يّىٓ اعرخذاِٙا فٝ . تاٌؽشق الأشؼاػيح

. ٘زٖ اٌذساعاخ

 

 مصادر النيىترونات وتقنية التحليل بالتنشيط النيىترونً: الفصل الثانً

 
 .ذُ ذصٕيف ٚذذذيذ أٛاع اٌّصادس إٌيٛذشٚٔيح -1

  ذٙذئح– اٌّماؼغ اٌّغرؼشظح –ٔاخ سٚاٌماء ٔظشج ػاِح ػٓ وً ِٓ ذفاػً إٌيٛخ -2

 . ٚاٌذسٚع اٌّغرخذِح ٌٍذّايح ِٓ إٌيٛذشٚٔاخ.إٌيٛذشٚٔاخ

 ٚوزٌه اشىاي ٚٔٛػيح . ِضاياٖ ٚذؽثيماذٗ.اٌرذٍيً ػٓ ؼشيك اٌرٕشيػ إٌيٛذشٚٔٝ -3

 .اٌؼٕاصش اٌرٝ يّىٓ ذذٍيٍٙا تٙزٖ اٌؽشيمح

 ؼشيمح ذذذيذ اٌفيط إٌيٛذشٚٔٝ تاعرخذاَ ذمٕيح اٌششائخ اٌشليمح -4

 .اٌٙذف ِٓ اٌذساعح -5

    

الأجهزة والمعدات : الفصل الثالث

 
يذرٜٛ ٘زا اٌفصً ػٍٝ ذصٕيف لأٔٛاع اٌصٍة ِٚىْٛ وً ٔٛع ِٓ  -1

اٌذساعح  وّا يذرٜٛ أيعا ػٍٝ ٚصف لأٔٛاع اٌصٍة ِذً .الأٔٛاع

 اخ الأخشٜ اٌّغرخذِح فٝ ذذٍيً ٘زٖ اٌؼيٓٚاٌرمٕياخ

ششح ذفصيٍٝ ٌٍرمٕيح اٌّغرخذِح ٚ٘ٝ اٌرذٍيً تاٌرٕشيػ إٌيٛذشٚٔٝ   -2

. ٚاٌؼٛاًِ اٌّؤئشج ػٍٝ ٘زٖ اٌمياعاخ

 

النتائج والمناقشة : الفصل الرابع 

 
ٚيشًّ ٘زا اٌفصً ِمذِح ِخرصشج ػٓ وً ِٓ أشؼح جاِا اٌّثاششج ٚاٌّرؤخشج وّا 

 :يشًّ أيعا ػٍٝ

 

 

 

 

 

 

 
 



التحليل العناصري بالتنشيط النيىترونً :-  أولا

 
إٌرائج اٌؼٍّيح ٌصلاز ػيٕاخ ِٓ اٌصٍة ِجٌٙٛح اٌرشوية ِٚؼشظح  -1

 .تشيٍيَٛ–ٌفيط ِٓ إٌيٛذشٚٔاخ إٌّثؼصح ِٓ ِصذس تٍٛذٛٔيَٛ 

ذُ ذذذيذ اٌفيط إٌيٛذشٚٔٝ اٌذشاسٜ تاعرخاَ ششيذح سليمح ِٓ اٌز٘ة  -2

 .ػاٌٝ إٌماٚج 

 Ni0.6 Mn0.4ٌرؤويذ صذح إٌرائج ذُ اعرخذاَ ػيٕح ِؼٍِٛح اٌرىٛيٓ  -3

Fe2O4  ْجُ ٚذُ دغاب ذشويض إٌّجٕيض تٙا ٌٕٚفظ 852 ٚاٌٛص 

اٌؼٕصشذُ دغاب اٌرشويض ِٓ اٌؽيف اٌجاِٝ اٌزٜ ذُ اٌذصٛي ػٍيٗ تؼذ 

ذشؼيغ اٌؼيٕح تاعرخذاَ ليّح اٌفيط اٌزٜ ذُ اٌذصٛي ػٍيٗ ديس ٚجذ اْ 

 % 1.5ٔغثح اٌخؽؤ لا ذرؼذٜ 

ذُ ػشض تؼط الأؼياف إٌٛٚيح اٌرٝ ذُ اٌذصٛي ػٍيٙا تاعرخذاَ  -4

ِؽياف جاِٝ ػاٌٝ إٌماٚج رٚ لٛج ذذٍيً ػاٌيح عٛاء واْ رٌه تؼذ 

ذؼشيعٙا ِثاششج أٚ تؼذ اظّذلاٌٙا ٌفرشج ِٕاعثح ٚرٌه ٌرذذيذ إٌظائش 

. اٌّشؼح إٌاذجح ٚاٌرخٍص ِٓ أٜ ذذاخلاخ تيٓ اٌخؽٛغ اٌجاِيح

ٌٍٚغثة راذٗ ذُ لياط الأؼياف اٌجاِيح ػٍٝ ِذٜ شٙش تؼذ أرٙاء 

 .اٌرشؼيغ

ذُ اٌذصٛي ػٍٝ اٌؼٕاصش اٌّىٛٔح ٌىً ٔٛع ِٓ أٔٛاع اٌصٍة اٌّغرخذَ 

ِٚماسٔح ِا ذُ اٌذصٛي ػٍيٗ ِٓ ٔرائج ترٍه اٌرٝ ذُ اٌذصٛي ػٍيٙا ِٓ 

.  اٌرمٕياخ الأخشٜ

 

تقنية التنشيط الأشعاعً للشرائح الرقيقة وأهميتها فً : ثانيا

 تحديد التآكل 

 
ذُ ِذاواج ٌؼٍّياخ اٌرآوً اٌرٝ ذذذز فٝ تؼط الأجضاء اٌّيىأيىيح اٌرٝ 

ذرؼشض ٌلأدرىان أشٕاء اٌذٚساْ ٚرٌه ػٓ ؼشيك اعرخذاَ ذمٕيح 

اٌششائخ اٌّرشاصح أٚ ػٓ ؼشيك اٌرآوً اٌىيّيائٝ تاعرخذاَ اٌّاء 

اٌٍّىي، ديس ذُ سعُ اٌؼلالح تيٓ إٌشاغ الأشؼاػٝ ٌثؼط اٌؼٕاصش 

اٌرٝ ذىٛٔد تؼذ ذؼشيط اٌؼيٕاخ ٌٍّصذس إٌيٛذشٚٔٝ وذاٌح فٝ اٌغّه 

ِٕٚٙا ذُ ذذذيذ تؼط اٌثاساِرشاخ ٚذرعخ أّ٘يح ٘زٖ اٌؽشيمح فٝ 

. أِىأيح اعرخذاِٙا فٝ اٌّجالاخ اٌرؽثيميح اٌّخرٍفح

 .ٚيذرٜٛ ٘زا اٌفصً أيعا ػٍٝ اٌخلاصح

 

 

 

 

 

 

 

 

 



 

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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