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ABSTRACT

The present investigation deals mainly with thedgtwf the
behaviour of domain wall-lattice defect interactioru-Fe, and iron steel
alloys (Fe - Cr 16%, and Fe - Cr 16% - Mo 4%) unither action of an
impressing magnetic field. It is also deals witk #tudy of the annealing
behaviour and annealing kinetic of cold-worked ltése samples above
room temperature. Associated changes in some usteucsensitive
magnetic properties such as maximum magnetic pduiiiiga critical
magnetic field, magnetic anisotropy and the higidfi magnetic
permeability were taken as a tool of study in tmespnt work. Such
measurements can give valuable informations oméhaviour of domain
wall-lattice defects interactions, and the différextomic mechanisms
responsible for the release of the stored enedgy frold-worked samples

during the different annealing stages.

In the first chapter of this thesis we gave a bheftory of the
ferromagnetic theory, its magnetization processgmatic domain, its
origin and the reversible and irreversible disptaeat of magnetic
domains. We gave also a brief account on the tsffet domain wall
pinning on magnetization and domain formation aystdresis. We gave
also a brief review of the magnetomechanical effacterromagnetic

materials.

In the second chapter, we demonstrate the catteydescilloscope
method which was used in the present work to obta@ room
temperature (B-H), andu{H) curves. The magnetic permeability was
determined from the division of magnetic inductid®, and magnetic

field, H. The maximum magnetic permeabilityyna, Was determined



from the maximum value of the peak @fll) curve, which characterized
the magnetization of both reversible and irrevéesgdmmain wall motion.
The critical magnetic field, & was obtained from the peak position of
the magnetic permeabilityymax. The magnetic anisotropy, K, and the
high-field magnetic permeability, 4 were determined from the
theoretical prediction in connection with magndima M, in
ferromagnetic materials under moderately strongraag fields.

In chapter three, the variation of the magnetigprbes with plastic
deformation and microstructure was used to study lkehaviour of
domain wall-dislocation interaction in anneateée, and iron steel alloys
(Fe - Cr 16%, and Fe - Cr 16% - Mo 4%) using th&imam magnetic
permeability, the critical magnetic field, the mago anisotropy, and the
high—field magnetic permeability. It was found thtite high—field
magnetic permeabilityy,, the maximum magnetic permeabilifyqax the
critical magnetic field, &, and the magnetic anisotropy, K, increased
with the degree of plastic strain and was attriduie the reduction of
dislocation density in some volumes of the martensiatrix during early
stages of deformation. Further increase in dislonatlensity in the
matrix during the later stage of deformation, akbelcthe average strength
of interaction between domain wall and dislocatitiys contributed to
the decrease in the high—field magnetic permegpilg, the maximum
magnetic permeabilityumna, the critical magnetic field, & and the
magnetic anisotropy, K. Correlations were obtaibetiveen maximum
magnetic permeabilityyimax, and magnetic coercivity, & and between
magnetic anisotropy, K, and high—field magnetic npembility, po.
Moreover, some general numerical constants sucom@sin wall surface

energy, the width of magnetic domain and the nunabespins involved



in a single domain wall were obtained in this ckagor heavily cold-
worked and annealegtiron and iron type steel alloys (Fe - Cr 16%, and
Fe - Cr 16% - Mo 4%).

Chapter four investigated the recovery and anngdtinmetics of
deformeda-Fe, and iron steel alloys (Fe - Cr 16%, and Fe 12 - Mo
4%) by magnetic measurements. Isochronal anneakpgriments in the
temperature range 25- 850 °C revealed the existehtleree annealing
stages (stage 1V, V, VI) in the annealing spectnirheavily cold-worked
Fe-0.006 wt% C by observing the associated chaimgése maximum
magnetic permeabilitypma, and critical magnetic field, i Stage IV
centered around 22U appeared only in the recovery of heavily cold-
workeda-Fe samples, activated by an energy 1.1 eV, wabuwtd to the
free-migration of vacancies. Stage |V disappearedthe recovery
spectrum of iron steel alloys (Fe - Cr 16%, and & 16% - Mo 4%),
inferred to the complete capture of vacancies waigid during plastic
deformation in the matrix. The recovery stage \dimon was attributed
to the dissociation of carbon-vacancy pairs, anthdoto be activated by
energy 1.8 eV. The binding energy between the cadtom and vacancy
was found to be 0.7 eV. The mechanism responsdlghis recovery
stage seemed to be affected by the presence oidCMa atoms in the
matrix. The recovery stage VI appearing above ¥50was activated by
2.8 eV, and the process was related to the climbommf dislocations
during the recrystallization process in cold-worke&e, and iron steel
alloys (Fe - Cr 16%, and Fe - Cr 16% - Mo 4%).
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