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Abstract

Pure austenitic alloy Fe-36% Ni and the same alloy doped with phosphorus (0.1% P) were irradiated with 5 MeV
electrons at different temperatures (270-573 K). Using the methods of positron annihilation and residual resistivity it
was shown that at the irradiation temperature of 270 K vacancies are mobile in both alloys and form vacancy clusters.
In Fe-36Ni-0.1P alloy vacancy clusters are decorated with phosphorus atoms. After the irradiation at 423 K the
decoration effect is not observed. At the irradiation temperature of 573 K the addition of phosphorus results in the
suppression of vacancy supersaturation. A conclusion is made that, at the elevated irradiation temperatures, sup-
pression of vacancy supersaturation occurs due to the interstitial-phosphorus interaction. © 2001 Elsevier Science

B.V. All rights reserved.
PACS: 61.72.Ji; 78.70.Bj; S1.2

1. Introduction

Addition of small amounts of different elements
modifies the properties of nuclear reactor structural
materials. Alloying is one of the effective ways to im-
prove their radiation resistance. It is known [1] that such
impurities as C, P, Ti affect the behavior of swelling and
creep of austenitic alloys. For example, the addition of
phosphorus in the amount of 0.01 wt% and higher into
type 316 stainless steel strongly suppresses void swelling
[2].

However the factors suppressing the void develop-
ment, and those decreasing vacancy supersaturation in
the presence of phosphorus addition, have not been
elucidated to the full extent.

There are three main causes of phosphorus effect
which have been discussed in the literature:

1. It has been shown in [3] that during the irradiation of
austenitic steels there takes place radiation-induced
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formation of phosphides Fe,P. It is hypothesized that
these serve as effective sinks for point defects.

2. Garner et al. [4] point out that phosphorus in austen-

itic alloys presents a fast-diffusing impurity leading to
an increase of the effective diffusion coefficient of va-
cancies, and correspondingly, to a decrease of super-
saturation of vacancies.

3. It has been suggested in [5,6] that phosphorus at-

oms in austenitic alloys strongly interact both with
the interstitials and the vacancies. A conclusion is
made that phosphorus atoms, on the contrary, re-
duce the mobility of vacancies. In the opinion of
the authors of [5,6], long-range migration of vacan-
cies in phosphorus-doped austenitic alloys occurs at
temperatures above 573 K. It should be noted that
the authors performed the in situ irradiation and
investigations under a high-voltage electron
microscope and monitored the behavior of
large defect clusters such as interstitial-type disloca-
tion loops, vacancy loops and stacking fault tetra-
hedra.

The purpose of this paper is the investigation of the

behavior of vacancies, the initial stage of vacancy cluster

nucleation under electron irradiation and their evolution
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in the process of annealing in model austenitic alloys
Fe-36 wt% Ni with phosphorus addition. To find out
the effect of phosphorus on these processes and the
probable causes of void swelling suppression, the
methods of positron annihilation and residual electrical
resistivity were used. Positrons are trapped in vacancies
and vacancy clusters, not responding in the same way to
interstitial atoms (IA) and their agglomerates [7].

In the present work, use was also made of a recently
proposed technique [8,9] of identification of the impu-
rity atoms decorating the vacancies by the data on
positron—core electron annihilation. This technique has
been tested earlier in our investigations of the interac-
tion between vacancies and phosphorus atoms in nickel
[10].

Residual electrical resistivity in austenitic alloys is
highly sensitive to the processes of short-range ordering
[11] induced by the migration of point defects and other
structural-phase transformations in these alloys.

2. Experimental aspects

Alloys of Fe-36 wt% Ni (Fe-Ni) were prepared from
high-purity iron and nickel. After rolling, cutting and
electrical polishing, the samples were annealed under
10-¢ Pa vacuum at 1323 K during 15 h for homogeniz-
ing, and then quickly cooled (~100 K/s). The presence of
one austenitic phase in the samples was checked by
X-ray analysis.

Part of the Fe—Ni samples was saturated with phos-
phorus from gaseous phase in a closed quartz volume
evacuated to 107 Pa at 1323 K during 18 h, with sub-
sequent fast cooling. Phosphorus concentration was
~0.1 at.%.

Samples were irradiated at 270, 423 and 573 K with 5
MeV electrons on a linear accelerator.

After irradiation the samples underwent annealing
both in a pure helium atmosphere, and under vacuum
(107 Pa) at 270 to 900 K during 25 min in step of 25 K
(with the average temperature rise rate of 1 K/min).

A standard potentiometric method with the mea-
surement error of 0.02% was used to measure the re-
sidual electrical resistivity. A one-dimensional angular
correlation annihilation radiation (ACAR) spectrometer
with a resolution of 1 mrad x 160 mrad was used [10].
The ACAR spectra represent coincidence count rate
N(0) as a function of angle 0. Angle 0 = p./myc, where
p- is projection of the electron—positron momentum on
axis z, my is the electron stationary mass, and c is the
velocity of light. The ACAR experiments allow infor-
mation to be obtained about momentum distribution of
annihilating electrons [10]. It is possible to separate the
inputs from annihilation of positrons with the almost
free electrons (low-momentum spectrum part) and the
core electrons (high-momentum spectrum part). The

lattice crystalline field has little effect on the strong-fixed
electrons, and thus the high-momentum part of the
ACAR spectrum carries information about the type of
atoms in the region of positron annihilation.

In characterizing the changes in the shape of ACAR
spectra due to positron trapping by defects, use was
made of S- and W-parameters [10]. The S- and W-pa-
rameters were defined as a ratio of the sum of coinci-
dence count rates in the range of angles 6 from 0 to 3.5
mrad and from 10 to 15 mrad to full coincidence count
rate of ACAR spectrum, respectively. The S-parameter
characterizes the probability of positron annihilation
with the almost free electrons, and the W-parameter,
with the core electrons.

In the general case, positrons in the sample annihilate
both from the trapped and the free states. In case of
positrons being trapped by one type of defects, e.g.,
monovacancies, the S-parameter (and the W-parameter,
similarly) is linked with monovacancy concentration C,
through the relationship [12]

S = (28 + 1, CSy)/ (A + 1,Cy), (1

where A; is the rate of positron annihilation in a free
state; p, is the specific trapping rate; Sr, S, are parameter
values for the cases where positrons annihilate from the
free and the trapped states, respectively.For defect type
analysis, the R-parameter was also used, presenting a
combination of the S- and W-parameters [10]:

R=|[(S—S80)/(W— )l (2)

The R-parameter does not depend on the defect con-
centration, but is determined by their type. The values of
the R-parameter for the three-dimensional clusters,
monovacancies and vacancy loops are related to one
another as R, > Ry > Ry [13].

3. Experimental results
3.1. Positron annihilation

3.1.1. Annihilation parameters as a function of the
electron fluence

In the initial state (before irradiation), annihilation
parameters in Fe-Ni and Fe-Ni-P alloys coincide and
are close to parameters of pure nickel. Let us consider
the result of the irradiation of Fe-Ni alloy. The depen-
dence of S-parameter on the electron fluence at the ir-
radiation temperatures of 270, 423 and 573 K is
illustrated in Fig. 1(a). The growth of S-parameter with
the increase of the fluence is observed for all the irra-
diation temperatures. The most intensive growth is
characteristic of 270 K. At the irradiation with the flu-
ence over 2 x 1022 m~2, the S-parameter exceeds the le-
vel of §,, which characterizes the annihilation of
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Fig. 1. S-parameter variation versus irradiation fluence at 270,
423, 573 K in Fe-Ni (a) and Fe-Ni-P (b) austenitic alloys, re-
spectively.

positrons from the entrapped states by monovacancies
in nickel [14], and continues growing with the fluence
growth. As expression (1) shows, the S-parameter de-
pends on specific trapping rate p,, value of S,, and
monovacancy concentration. There is no physical
ground to suppose that for Fe—Ni the values of y, and Sy
would differ substantially from similar values for Ni.
The fcc electronic structures of Fe-Ni and Ni are prac-
tically identical, which is proved by the close values of
the annihilation parameters in the initial state. Corre-
spondingly, the value of S, in the alloy must not differ
from S, in Ni.

The accumulation rate of vacancies in Fe-Ni alloy
may be much higher than that in Ni due to lower mo-
bility of IA and lower probability of their recombination
with vacancies. It is known that in austenitic Fe-Cr—Ni
alloys the migration energy of IAs is 0.9 eV, and in Ni it
is 0.15 eV [11,15]. However, higher monovacancy con-
centration cannot ensure S-parameter growth in excess
of S,. Evidently, S-parameter growth above the value of
Sy is connected with vacancy migration and formation of
vacancy clusters of three-dimensional configuration. It is
well known [12] that in the case of positron capture by
three-dimensional clusters, S-parameter reaches the
values higher than S,. Thus at the irradiation tempera-
ture of 270 K, vacancies in Fe-Ni alloy are already

mobile and form three-dimensional clusters, similar to
Fe-Cr-Ni alloys [7].

With the increase of the irradiation temperature,
values of S-parameter decrease (Fig. 1(a)). It is clear that
with the increase of the irradiation temperature, mobil-
ity of the TA and vacancy also increases, resulting in
either their more intensive mutual recombination, or
annihilation on sinks [16]. Respectively, the concentra-
tion of vacancy-type defects preserved in the samples
decreases with the irradiation temperature rise. The ir-
radiation temperature rise is also accompanied with the
change in the structure of the accumulated defects,
which may be judged upon by the R-parameter drop.
For example, for a fluence of 5x 102 m™? at T, =
270 K, R=2.80+0.18, while at T,, =573 K, R=
2.37 £ 0.13, which may be due to the prevailing forma-
tion of two-dimensional clusters with the increase of the
irradiation temperature.

Let us consider the data on the accumulation of va-
cancy-type defects in Fe-Ni-P alloy as shown in Fig.
1(b). Vacancy clustering under low-temperature irradi-
ation (at 270 K) also occurs in the doped Fe-Ni-P alloy.
However, the S-parameter reaches the values higher
than that in Fe-Ni, and values of the R-parameter in
Fe-Ni-P differ from those in Fe-Ni under low-temper-
ature irradiation (Fig. 2). It may be seen from Fig. 2 that
in both alloys the R-parameter does not depend on the
electron fluence; however, in the phosphorus-doped al-
loy the R-parameter values are lower. Thus phosphorus
exerts substantial influence on the structure of vacancy
clusters formed at the irradiation temperature of 270 K.

With the irradiation temperature rise, similar to the
case of Fe-Ni, concentration of the accumulated va-
cancy-type defects drops. After the irradiation at 573 K,
however, the values of S-parameter in Fe-Ni-P are
considerably lower than those in Fe-Ni.

One more circumstance should be noted. As may be
seen in Fig. 1, the rate of S-parameter growth with the
increase of the electron fluence slows down in both al-
loys irrespective of the temperature of irradiation, i.e.,
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Fig. 2. R-parameter variation versus irradiation fluence at 270
K in Fe-Ni and Fe-Ni-P alloys.
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tends to the state of saturation. The state of saturation
may occur for two reasons: (1) The concentration of
positron capture centers has reached ~10~* per atom.
(2) A quasi-stationary state has set, at which the defect
concentration and structure vary but slightly with the
increase of fluence. The first reason works for the irra-
diation at 270 K only. It may therefore be supposed
that, after the irradiation of a fluence of 3-4 x 10> m~2,
a quasi-stationary state of the defect structure is
reached.

3.1.2. Behavior of annihilation parameters in the course of
annealing

Let us consider the behavior of annihilation param-
eters in the course of the isochronal annealing of irra-
diated samples. The variations of S-parameter as a
function of the isochronal annealing temperature for
Fe-Ni alloy irradiated to a fluence of 5 x 1022 m~? at
270, 423 and 573 K, respectively, are shown in Fig. 3(a).
Let us first look into the results of annealing of the
sample irradiated at 270 K. As may be seen in Fig. 3(a),
the S-parameter remains constant until 420 K, then it
decreases continuously. At 860 K the S-parameter
reaches its initial value. At that, at temperatures over
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Fig. 3. Evolution of the S-parameter as a function of the is-
ochronal annealing temperature in 5 x 10> m~2 electron-irra-
diated Fe-Ni (a) and Fe-Ni-P (b) at 270, 423, 573 K,

respectively.

600 K, the R-parameter drops to 2.39 £ 0.13 thus testi-
fying to formation of two-dimensional clusters — the
vacancy loop centers. The S-parameter behavior after
the irradiation at 423 K differs noticeably from that at
270 K. Different behavior of the S-parameter is observed
after the irradiation at 573 K. The S-parameter decrease
starts at a temperature above 650 K. As has been noted
in Section 3.1.1, the R-parameter value after the same
irradiation is the lowest, that is, already in the process of
the irradiation there goes formation of two-dimensional
vacancy clusters. Such a configuration is more thermally
stable, and this fact affects the mechanism of their an-
nealing.

The dependence of S-parameter on the isochronal
annealing for Fe-Ni-P alloy irradiated at different
temperatures is presented in Fig. 3(b). Let us consider
the results of annealing of a sample irradiated at 270 K.
As distinct from Fe-Ni, S-parameter decrease in this
alloy starts at 340 K, being slow in the beginning, and
becoming faster over 500 K. By 600 K, the S-parameter
reaches a value lower than that in the Fe—Ni alloy. In the
range between 600 and 700 K of the temperature de-
pendence curve of S-parameter, a distinct plateau is
observed. Regretfully, determining the R-parameter va-
lue for this range is impossible due to the insignificant
departure of the S- and W-parameters from their initial
values.

There is no substantial difference in the mechanism of
annealing of the Fe-Ni-P sample irradiated at 423 K
and the sample irradiated at 270 K. Similar to Fe-Ni
alloy, the decrease of S-parameter in the sample irradi-
ated at 573 K starts at reaching the annealing temper-
ature above 650 K.

3.2. Alloys residual resistivity as a function of fluence and
annealing temperature

Presented in Fig. 4(a) are changes in the resistivity for
the alloys irradiated at 270, 423, 573 K, respectively, as a
function of the electron fluence. The attention is drawn
to the high-resistivity growth rate (2.5-20%, depending
on the irradiation temperature). It is known [11] that in
austenitic alloys the increase of the residual resistivity
per Frenkel pair, pp, is about 100 nQ m at.% ' Ac-
cording to the estimate, at the fluence of 5 x 10 m~2,
the damage of not more than 6 x 10~ displacement per
atom occurs. Therefore, the maximum increase of the
resistivity in alloys (at specific resistivity p, ~ 400 nQ m)
due to the accumulation of radiation-induced defects
shall be expected to be within 1.5%.

In concentrated alloys, the resistivity growth depends
not on the accumulation of defects only, but on the
structural-phase transformation as well, particularly on
the processes of short-range (local) ordering. Changes of
local-atomic order in the alloys are the most probable
reason for the significant resistivity growth under irra-
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Fig. 4. Relative residual resistivity increase of Fe-Ni, Fe-Ni-P
alloys versus irradiation fluence at 270, 423, 573 K, respectively
(a); isochronal annealing of the resistivity in 5 x 1022 m™2
electron-irradiated and unirradiated alloys (b).

diation. The setting process of the equilibrium state in
short-range ordering at the given temperature depends
on point defects concentration and their diffusion mo-
bility. It was established in papers [11] dedicated to
systematic investigation of Fe-Cr-Ni austenitic alloys
that growth of p is proportional to the jump number n of
migrating point defects. In the case of local processes,
the value of n is small, and resistivity drop is similar to
that in pure metals. On the other hand, in the case of
long-range migration of defects (vacancies and IAs), the
effect of ordering prevails, the result being the growth of
p. It should be noted that in the course of migration the
contribution of IAs to the ordering will take effect only
at their elementary jumps being able to ensure the
atomic exchange. It therefore follows from the obtained
data that already at 270 K there takes place migration of
defects, which is in agreement with the positron anni-
hilation data.

With the temperature rise, the rate increasing of the
residual resistivity becomes substantially greater. It was
shown in [17] that after the irradiation with electrons at
523 K, the invar effect in Fe-Ni alloy disappears, and

two phases, that is, FeNi and Fe;Ni, emerge in the alloy.

Probably, the high rate of the resistivity growth after the

irradiation in this case is caused by the transformation

process in Fe—Ni alloy.

In phosphorus-doped alloys, the resistivity growth is
partly suppressed. Such effect of phosphorus is charac-
teristic of all the irradiation temperatures.

The curves of resistivity change in the course of the
isochronal annealing of alloys irradiated at different
temperatures are shown in Fig. 4(b). Such resistivity
changes in the course of the isochronal annealing may be
conventionally divided into three temperature ranges:
1. 270-400 K. Insignificant increase Ap/p, is observed,

being more noticeable in Fe-Ni-P alloy;

2. 400-600 K. Significant increase Ap/p, is observed in
both alloys, noticeably exceeding the residual resistiv-
ity increase after the irradiation;

3. 600-900 K. Drop of Ap/p, to practically the initial
value.

For alloys irradiated at elevated temperatures, the value

of the resistivity is constant up to 650 K, with its further

continuous decrease to the initial value. According to
the phase diagram [17], at temperatures over 650 K, Fe—

Ni alloy becomes single phase, i.e., during the isochronal

annealing homogenizing of samples must be taking

place.

In samples of non-irradiated alloys, the resistivity
growth is observed at 700-800 K with subsequent return
to the initial value in the region of 850-900 K. It thus
follows that at temperatures above 700 K the contri-
bution of thermal vacancies to the diffusion processes in
the alloys prevails.

4. Discussion
4.1. Irradiation at 270 K

As shown in Section 3.1, at the irradiation tempera-
ture of 270 K, vacancies are already mobile and capable
of forming small three-dimensional vacancy clusters.
The processes of vacancy clustering occur both in Fe-Ni
and in Fe-Ni-P. However, the cluster structure is dif-
ferent in these two alloys. The R-parameter values are
lower in Fe-Ni—P than that in Fe-Ni (see Fig. 2). In the
general case, values of R-parameter depend on the
structure of vacancy clusters and their chemical sur-
rounding [10]. Since in both alloys there are realized
three-dimensional configurations of clusters (the S-pa-
rameter values are substantially higher than S,), it may
be supposed that vacancies interact with atoms of
phosphorus serving as cluster nucleation centers. Dec-
oration of vacancy clusters with phosphorus atoms
(3sp-element) in the 3d-matrix leads to the decrease of
W-parameter, in line with the increase of |AW| and the
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decrease of the R-parameter. The fact of decoration is
best visualized in the so-called ‘ratio curves’ [9]. In Fig.
5(a) the ACAR spectra (high-momentum part) of the
irradiated Fe-Ni and Fe-Ni-P alloys are shown in
comparison with the initial Fe-Ni alloy spectrum. All
spectra were preliminarily normalized to the same area.
Positron capture by a vacancy cluster leads to the lo-
calization of the positron wave function. Superimposi-
tion of the wave function of a trapped positron on the
ion core electron function diminished. The result is the
decrease of the coincidence count rate in the high-mo-
mentum part of the ACAR spectrum for the irradiated
Fe-Ni alloy. The abrupt dip of the coincidence count
rate in the case of Fe-Ni—P is connected with the pres-
ence of a phosphorus atom (or atoms) in the immediate
neighborhood of the cluster. In this case, positrons
annihilate with 2sp-electrons of phosphorus, the prob-
ability of this process being low (as compared with
3d-electrons) due to the strong Coulomb repulsion of a
positron by a nucleus [§].

Thus the ratio curves analysis shows that vacancies
migrate and interact with phosphorus atoms, forming
vacancy—phosphorus clusters already at 270 K. The
conclusion made in [5,6] on phosphorus atoms restrict-
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Fig. 5. Ratio curves of the ACAR spectra of Fe-Ni, Fe-Ni-P
alloys after irradiation at 270 K (a) and at 423 K (b) with re-
spect to that of bulk Fe-Ni.

ing substantially (up to about 500 K) the mobility of
vacancies in austenitic alloys is not confirmed.

Vacancy-phosphorus clusters in Fe-Ni-P alloy were
found to be less thermally stable than vacancy clusters in
Fe-Ni, probably due to a more fine-dispersed structure.
Fine-dispersed structure is formed at the expense of
phosphorus atoms serving as cluster nucleation centers.
Dissociation of these clusters starts at 340 K, which is
testified to by both the decrease of S-parameter value
(see Fig. 3(b)) and the increase of the resistivity (see Fig.
4(b)). Long-range migration of vacancies which are re-
leased from dissociated clusters stimulates the processes
of short-range ordering. The energy of dissociation of
vacancy—phosphorus clusters is (1.1 +0.1) eV.

In Fe-Ni alloy the dissociation of vacancy clusters
begins at the annealing temperatures above 420 K.
The energy of dissociation is (1.6 £0.1) eV. Along
with the dissociation process of clusters in Fe-Ni al-
loy, there take place the processes of coagulation. At
the annealing temperature above 600 K the largest
clusters get transformed to vacancy loops. Loops
formation at =600 K is testified to by R-parameter
drop, as well as by the absence of the resistivity
change. It is clear that transformation of three-di-
mensional clusters into loops is not linked with the
long-range vacancy migration.

It should be noted that Fe-Ni-P alloy also has a
stage of dissociation of clusters with the energy of 1.6
eV. In their structure and energy characteristics these
clusters are close to those in Fe-Ni alloy. But in the
dissociation of clusters in Fe-Ni—P alloy the disappear-
ance processes of released vacancies are intensified. This
is judged upon by a lower S-parameter value in Fe-Ni-P
sample subjected to the isochronal annealing to 623 K
(Fig. 6). Thus in the alloy with the addition of phos-
phorus there are formed additional recombination cen-
ters or sinks, whose nature will be discussed below. The
presence of additional recombination centers in Fe—Ni—
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Fig. 6. S-parameter variation versus irradiation temperature in
Fe-Ni, Fe-Ni-P alloys after electron irradiation and subse-
quent isochronal annealing at 623 K, respectively.
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P leads to partial suppression of vacancy loop formation
at ~600 K.

4.2. Irradiation at elevated temperatures

As it was noted in Section 3.1.1, at elevated irradi-
ation temperatures, with the IA and vacancies being
mobile, the processes of their disappearance either as a
result of mutual recombination or due to their ab-
sorption on sinks are intensified. Indeed, with the ir-
radiation temperature rise, concentration of the
accumulated vacancy-type defects drops in both alloys,
which is testified to by lowering of the S-parameter
value shown in Fig. 6.

After the irradiation at 423 K, the S-parameter values
in both alloys coincide, the ratio curves, also, show no
difference (see Fig. 5(b)), that is, no vacancy—phosphorus
interaction is observed. Thus a conclusion may be made
that at the irradiation temperature of 423 K clusters
decorated with phosphorus atoms cease to be formed.

At the irradiation temperature of 573 K, two-di-
mensional vacancy accumulations vacancy loop nucle-
ation centers are formed in both alloys. But the
concentration of such accumulation is considerably
lower in Fe-Ni-P (see Fig. 6). As it was noted before,
additional recombination centers are formed in Fe-Ni—
P, strongly affecting the processes of defect accumula-
tion and annealing.

Let us discuss the behavior of these centers. The be-
havior of additional recombination centers related to the
effect of point defect capture on impurity atoms was
theoretically substantiated in [18]. We have shown in
Section 4.1 that vacancies interact with phosphorus at-
oms. As a result of such interaction, clusters decorated
with phosphorus atoms are formed. However, the va-
cancy—phosphorus interaction is weak and exerts no
considerable influence on vacancy supersaturation at the
irradiation temperature above 400 K. It would be rea-
sonable to suppose that in Fe-Ni alloy phosphorus in-
teracts with IAs. The agglomerates of IA with
phosphorus in Fe—Ni act as efficient centers of vacancy
recombination. This effect is the most pronounced at
elevated irradiation and annealing temperatures, when
the TA agglomerates in Fe-Ni have already dissociated
and the agglomerates of IAs decorated with phosphorus
atoms in Fe-Ni—P have undergone practically no de-
crease. Indeed, it was shown in [5,6] that in austenitic
Fe-Cr-Ni alloys phosphorus atoms strongly interact
with TA and serve as centers of the interstitial loop
generation. Addition of phosphorus results in the in-
crease of the loop density and their thermal stability at
temperatures of up to ~600 K. Radiation-induced for-
mation of phosphides [3,19], which will also act as ad-
ditional sinks for vacancies, is another consequence of
interstitial-phosphorus interaction.

5. Conclusions

1. It has been shown that vacancies in Fe-36% Ni alloy
are mobile at room temperature.

2. Formation of vacancy clusters decorated with phos-
phorus atoms in Fe-36% Ni-0.1% P alloy at the irra-
diation temperature of 270 K has been revealed. This
is a result of the interaction between vacancies and
phosphorus atoms. However vacancy—phosphorus
interaction has but a weak effect on vacancy supersat-
uration at elevated irradiation temperatures.

3. Vacancy supersaturation in Fe-36% Ni-0.1% P alloy
at the irradiation temperature of 573 K is suppressed
as a result of the interaction between IA and phos-
phorus atoms.

4. Long-range migration of defects in alloys induces the
processes of short-range ordering; and, at elevated ir-
radiation temperatures, the processes of transforma-
tion.

5. It has been shown in this paper that high sensitivity of
the positron annihilation method allows to obtain the
information on vacancy supersaturation of nuclear
materials at the early stages of radiation damage de-
velopment (1074-10~3 dpa).
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