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CHAPTER | GENERAL INTRODUCTION

The Atom-Probe Field Ion Microscope (AP-FIM) is constituted of a Field Ion Microscope
(FIM) which enables us to observe the microstructure of materials with a magnification as
high as one million times and of a time-of-flight mass spectrometer, the Atom-Probe (AP),
which permits us the chemical analysis of materials in an area less then a 10 nm scale. This
feature of AP-FIM makes it a very special experimental method compared with other methods
such as TEM, SANS, etc. In addition, the selected area analysis and random area analysis con-
vert AP-FIM into a very powerfull tool to study atomistic mechanism of phase transforma-
tions in alloys.

AP-FIM has been applied successfully to analyse whether a phase decomposition in a given
metallic system takes place by the nucleation and growth process or by the spinodal decomposi-
tion process. Besides, the high-resolution of FIM provides an excellent tool to study the morpho-
logy of very fine precipitates and its crystallographic orientation with the matrix phase. There-

fore, if the AP-FIM analysis is properly performed, several metallurgical problems can be
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successfully elucidated. The general purpose of the present work is to carry out a study on

phase transformations in copper alloys taking the above mentioned advantages of AP-FIM.

CHAPTER Il THEORETICAL ASPECTS OF PHASE TRANSFORMATIONS
Dealing with the thermodynamic stability of binary solution, Gibbs discerned two different
kinds of fluctuations, one corresponding to fairly drastic atomic rearrangement with very
small localized volumes, and the other corresponding to very small rearrangements extend over
large volumes. The former concerns with the nucleation and growth theory and the later con-
cerns with the spinodal decomposition theory. So far, it has been interesting to probe wheather
an alloy decomposes by the spinodal decomposition or by the nucleation and growth process.
Experimental verification has been carried out in some alloy systems, but the early stages of
the phase decomposition have not been well understood. In this chapter, some important decom-
position theories including its most recent advances are critically reviewed. In addition, the

theories on coarsening of the decomposed phases are also described briefly.

CHAPTER Il THEORETICAL ASPECTS OF AP-FIM

For FIM, needle-like specimen is used and it is usually called “tip” and prepared by electropoli-
shing wires of0.1t00.3mm diameter. The tip is prepared,after the phase decomposition
treatment and introduced into the FIM chamber with a background pressure better than Ix
10" %toor. To obtain the atomic image of the tip surface, an imaging gas such as He, Ne, Ar or
H: is introduced in the FIM chamber to a pressure up to8x 10~®torr, subsequently a positive
high-voltage, which typically ranges between 3and 15KV is applied on the tip. The imaging
gas atoms are positively ionized in the so-called ionization zone near the tip surface and will
be accelerated along almost radial trajectories towards the grounded imaging screen which is
lightened up at the points of the impact.

A time-of-flight atom-probe FIM consists of two parts; one is the FIM to image the atomic
arrangement of the specimen and the other is the time-of-flight spectrometer in which each
individual atoms are field evaporated from the FIM tip and identified. The chemical identifica-
tion of a single ion is achieved by measuring its time of flight, t, and subsequently evaluating

its mass to charge ratio, m./'n.

CHAPTER tv PHASE SEPARATION IN Ni-Cu ALLOYS

The heat of mixing in Ni-Cu system has been shown to be positive and thus the Ni-Cu system
has a tendency towards clustering of solute atoms, that is, a preference for making the nearest
neighbours of like atoms. In addition, the existence of a miscibility gap at a rather low tempe-

rature range, i.e., 600K, has been suggested in the equilibrium phase diagram of the Ni-Cu
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system theoretically on the basis of the thermodymanical data. On the other hand, the experi-
mental determination of both the miscibility gap and spinodal, so far, has not been possible
because of the low diffusivities (1072 —10"*'nf “sec) at lower temperatures then 600K, and
of the experimental difficulty due to the nearly same atomic numbers of Cu and Ni.

In the present work, the coherent spinodal of the Ni-Cu system could be estimated by analys-
ing the electrical resistivity with the Cahn-Kolometz equation. In addition, it has been shown
by the AP analysis that the amplitude of the composition modulation increases with ageing
time without any practically change in the wavelength. This is a clear evidence for the spino-
dal decomposition.The concentration profiles of fully aged specimens obtained by AP analysis
are analysed by the Fourier transformation. This analysis enabled us to determine the diffusi-
on coefficient of the system inside the coherent spinodal to be negative, ~3.54 x 1072° nf /sec,

as predicted by Cahn’s theory.

CHAPTER vV PHASE SEPARATION IN Cu-Ni-Fe ALLOYS

The spinodal decomposition in Cu-Ni-Fe alloy has been extensively studied by the previous
workers by the methods such as magnetic analysis, X-ray diffration, TEM, Small Angle Neuton
Scattering SANS and Anomalous Small Angle X-ray scattering ASAX.

In the present work, kinetics of growth of the decomposed phase, the coherent spinodal tem-
perature and morphology of the decomposed phases as well as the composition of the decom-
posed phases in Cu-46at%Ni-dat%Fe and Cu-48at%Ni-8at%Fe alloys are analysed by an AP-
FIM. It is found that growth of the wavelength of the composition modulation in the early
stage of the decomposition occurs more slowly than in the later stage of the decomposition
where the Ostwald ripening according to the LSW theory is observed. FIM observation of the
decomposed alloys shows that phase decomsition takes place in the {100) directions and that
the decomposed phases are coherent each other even in the later stage. Besides, AP analysis
showed that composition of the decomposed phases is in agreement with that expected from

the calculated Cu-Ni-Fe phase diagrams.

CHAPTER VI PHASE TRANSFORMATION OF y -Fe PRECIPITATES
IN A Cu-1.5at%Fe ALLOY
The transformation of the 7-Fe phase precipitate to the a-Fe phase precipitate is expected
to occur during coarsening of the precipitate in Cu-Fe alloys. However, it has never been obser-
ved if the alloy is subjected to the thermal treatment alone. The 7-Fe precipitates in Cu-Fe
alloys have been observed to transform martensitically to a-Fe by action of any of the follow-
ing: a) Cold rolling of the alloy, b) Extraction of precipitate from the alloy and c¢) Ion-bom-

barding the alloy. This transformation has been classified as a martensitic type because of its
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diffusionless nature.

In the present work, the mechanism of the martensitic transformation and the influence of
the 7-Fe particle size on the martensitic transformation induced by cold working, the transfor-
mation of 7-Fe into a-Fe by thermal treatment alone, as well as the ripening of the 7-Fe
precipitates in a Cu-1.5 at%¥Fe alloy, are studied using FIM and TEM observations.

It is found that the 7-Fe precipitates smaller than about 10 nm can not be transformed mar-
tensitically to a-Fe by plastic deformation. The transformation in the precipitates larger then
10nm follows the Kurdjumov-Sach relationship. Dislocations are found in the matrix near
the transformed a-Fe particles, suggesting that the dislocation cutting mechanism proposed
for the transformation is working. No transformation from the 7-Fe to a-Fe can be generated
by thermal treatment alone for the 7-Fe precipitates as large as about 50 nm. The ripening
of the 7-Fe precipitates follows the coarsening theory of LSW for the diffunsion-controlled
growth.

CHAPTER Vil SUMMARY
An atom-probe study on the phase decomposition in Ni-Cu, Cu-Ni-Fe and Cu-Fe alloys was
carried out and following conclusions were attained.

1. Phase decomposition in Ni-Cu alloys occurs by the spinodal decomposition process which
follows Cahn’s theory of the spinodal decomposition. The coherent spinodal temperature
has been determined experimentally.

2 . Variation of the wavelength of the composition modulation with ageing time in the studied
Cu-Ni-Fe alloy in the early stage of the decomposition is slower than in the later stage.
The coarsening stage follows the LSW theory for thermally activated growth. Composition
of the Cu-rich and Ni-rich phase have been determined to be in agreement with the theoreti-
cal miscibility gap.

3.In Cu-Fe alloys, the transformation of the 7-Fe precipitatesinto the y-Fe precipitates does
not occur even by prolonged ageings. However, it can be generated when the alloy having

the 7-Fe precipitate larger then 10nm is cold worked.
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