
bon steels, for example on ultrafast laser heating.1

Thus, the a-y polymorphic transformation is not or
is accompanied by recrystallization, depending on its
structural mechanism—cooperative or recrystallization
(the "normal" mechanism in G. V. Kurdyumov's termi-
nology), respectively. However, the cooperative mech-
anism may result in a degree of saturation with struc-
tural imperfection such that spontaneous recrystalliza-
tion becomes possible at higher temperatures. In other
polymorphic metals (for example, in cobalt and titani-
um and its alloys), this second stage may be absent,

and structural refinement may become impossible de-
spite the presence of polymorphism. On the other hand,
crystal-structure refinement is sometimes found to be
possible without polymorphism. An example is found in
alloys with cellular decay during aging, in which the
growth of supersaturated solid solution decay product
cells is accompanied by reorientation in microscopic
volumes.

'V. D. Sadovskii, T. I. Tabatchikova, A. V. Salokhln, and
M. M. Malysh, Fiz. Met. Metalloved. 53, 88 (1982).

V. V. Sagaradze. Strengthening austenitic nonmagnetic
steels by phase hardening. A process for strengthening
metastable austenitic alloys by bringing about direct
and reverse (y-a-y) martensitic transformations that
has come to be known as phase hardening was developed
in the late 1950s by K. A. Malyshev, V. D. Sadovskii,
and co-workers at the USSR Academy of Sciences Insti-
tute of Metal Physics.1

The strengthening of austenite as a result of the doub-
le martensitic transformation is explained both by par-
tial inheritance of the martensite dislocation structure
by the newly formed austenite and by the introduction of
new structural imperfections directly during the re-
verse martensite transformation. Recent studies2'3

have shown that depending on the conditions during the
a-y transition, various structual types of the y phase
(coarse lamellar,fine lamellar, globular) and, accord-
ingly, totally different mechanical properties can be
obtained in iron-nickel-base austenitic alloys.

Coarse lamellar austenite forms on accelerated heat-
ing, when the a-y transition exhibits all the criteria of
the martensitic mechanism. Preferred "restoration"
of the original austenite orientation is observed as a
result of the y-a-y cyclic transformation. Lowering
the heating rate during the a-y transition below a cer-
tain critical value (~0.4 deg/min in alloys of iron with
32% nickel) results in the formation of another variety
of austenite: extremely fine, variously oriented lamel-
lar y crystals with a {I56}a habitus plane. The yield
point of a carbon-free martensite can be increased by a
factor of 1.5 on precipitation of these crystals. The

third structural form of the y phase—globular austenite
(globule sizes less than 1 jj.m) forms in iron-nickel al-
loys during slow heating in the second stage of the a-y
transformation.

Types N26KhTl and N26T3 nonferromagnetic austen-
itic steels, which can be strengthened by phase harden-
ing and aging, have now been developed; they have
higher fatigue limits (0.^= 60 kgf/mm2) than known aus-
tenitic steels and can be surf ace-hardened successfully
with formation a wear-resistant martensitic layer of
any desired depth. Work is being done on the develop-
ment of phase-hardenable stainless steels and on iron-
manganese-base austenitic steels. The discovery of a
new structural variety of austenite—a fine-lamellar
phase with {156}0 habitus that forms in the a-y trans-
formation with reproduction of the crystallographic
orientations of the austenite—will make it possible to
advance research toward the creation of new high-
strength materials.

'N. A. Borodina, V. G. Gorbach, K. A. Malyshev, V. A.
Mirmel'shtein, and V. D. Sadovskii, in: Uprochenie stalei
(Hardening of Steels), Metallurgizdat, Sverdlovsk Division,
Sverdovsk, 1960, p. 5.

2V. V. Sagaradze and Yu. A. Vaseva, Flz. Met. Metalloved.
42, 397 (1976).

3K. A. Malyshev, V. V. Sagaradze, I. P. Sorokln, N. D.
Zemtsova, V. A. Teplov, and A. I. Uvarov, Fazovyi naklep
austenitnykh splavov na zhelezo-nikelevo? osnove (Phase
Hardening of Iron-Nickel Base Austenitic Alloys), Nauka,
Moscow, 1982.

V. L Syutkina. New hardening mechanisms of ordered
alloys. Modern industry has a great need for alloys
with combinations of optimum properties. Development
of such alloys is especially difficult. There is much
room for improvement of the physicomechanical prop-
erties of alloys by using phase transformations, among
which atomic ordering occupies a special position, pri-
marily because many properties of the alloy (electrical,

thermal, magnetic, mechanical, corrosion, etc.) change
simultaneously on establishment of long-range order in
the disposition of the various atomic species. This
alone can provide a basis for development of alloys with
given sets of properties. However, extensive industrial
use of ordered alloys is being held up by their unsatis-
factory mechanical properties: they are either not
strong enough or very brittle.
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Institute of Metal Physics studies of the system of
gold-copper alloys have shown that it is possible to
produce high-strength ordered alloys with a number of
optimum properties, combinations that are stable over
broad temperature ranges. It has been proposed that
domain boundaries be used to strengthen the alloys.1'2

For domain boundaries to be decisive in improving the
strength characteristics of Cu3Au-type alloys, it is
necessary to combine two phase transitions in the al-
loy: atomic ordering and decay of a supersaturated sol-
id solution. When these processes are brought about
simultaneously, the grain boundaries become sites of
heterogeneous nucleation of a precipitating phase. By
varying the amount and species of the alloying additive
and the dimension of the domain-boundary volume grid
it is possible to modify the mechanical properties of the
ordered alloy over very wide ranges. For example, the
yield point can be raised from 60 to 780 MPa by alloy-
ing with silver. Such alloys have already qualified as
high-strength materials.

A periodic antiphase domain structure with a period
ranging from 2 to 20 lattice constants can be formed by
special alloying of CvLjAu. The density of the domain
boundaries is especially high in such alloys. Periodic
antiphase domain boundaries may also be sites of het-
erogeneous nucleation of a precipitating phase.3 Struc-
tures of this type may be interesting not only for devel-
opment of high-strength alloys, but also for that of spe-
cial magnetic alloys that have antiferromagnetic segre-
gations in a ferromagnetic matrix or ferromagnetic-
phase segregations in an antiferromagnetic surrounding.

It is possible that structures in which superconducting
and nonsuperconducting interlayers alternate in strictly
regular fashion, at intervals of a few lattice param-
eters, may be interesting for the development of super-
conducting materials.

The strength properties of equiatomic alloys of the
CuAu type can be raised by domain-boundary hardening
without additional alloying. The highly distinctive or-
dering of atoms of different species in ordered alloys
of equiatomic composition complicates domain struc-
ture. Domain boundaries at which atoms of different
species are arranged in mutually perpendicular layers
make their appearance in addition to the antiphase do-
main boundaries. High-strength ordered alloys with
yield points of 730-830 MPa can be obtained by refining
the domain structure. These alloys retain the entire
combination of optimum properties inherent to the or-
dered state, and are useful in solving many contempo-
rary instrumentation problems. With supplementary
alloying and combined atomic-order ing and solid-solu-
tion-decay strengthening, it is possible to raise the
yield point to 1300 MPa.1 Alloys of this type offer the
greatest promise for the development of high-strength
ordered alloys.

'V. I. Syutkina, L. P. Yasyreva, and R. Z. Abdulov, Fiz.
Met. Metalloved. 53, 385 (1982).

2V. I. Syutkina, O. D. Shashkov, V. K. Rudenko, and I. E.
Kislitsyna, Ukr. Fiz. Zh. (1982).

3V. D. Sukhanov, O. D. Shashkov, and V. I. Syutkina, Fiz.
Met. Metalloved. 49, 1267 (1980).

V. A. Trapeznikov. Investigation of the surface lay-
ers of solids by electron spectroscopy. The sometimes
decisive influence of the surfaces and surface states
of solids on electron structure and mechanical proper-
ties are discussed. The author reviews the results of
classical work on the decrease in the strength of sodi-
um chloride crystals that results from friction on their
outer surfaces (A. F. loffe), on Lntergranular internal
adsorption of impurities on internal interfaces in steels
(V. L Arkharov), and on determination of the intrinsic
surface states responsible for the finite dimensions of
test specimens (L E. Tamm). Electron-spectroscopic
studies (including original papers) of the external and
internal surfaces of metals and semiconductors are re-
viewed.1

Studies of outer surfaces of amorphous and crystal-
line silicon have indicated a significant difference be-
tween the distributions of the states in the valence
band,2 and an electron line with an energy of 32 eV ap-
pears in alloys of iron with carbon, chromium and im-
purities in the amorphous state, although it is absent in
the crystalline state.3 Studies of the composition and
oxidation depth of tungsten-powder surface layers are
reported.4 Examples of analysis of ultrathin surface
layers on nickel, zirconium, niobium, palladium,
steel, and thermionic-electronics elements are pre-

sented in comparison with other methods of nondestruc-
tive external-surface quality control.5

Studies of internal interfaces (grain boundaries, tn-
terphase boundaries, intermediate layers between plat-
ings and bases) are represented by several papers on
x-ray-electron and Auger spectroscopic studies of
fracture surfaces produced by temper brittleness and
stony fracture in steel.6 Data on the composition,
structure, and properties of the transitional layer be-
tween a chromium plating and steel and on the nature of
the adhesion of copper to aluminum oxide7 in the aging
of aluminum alloys are given.

Advances in the development of electron spectrom-
eters,8 procedures, and accessories for treatment of
specimens in the spectrometer vacuum (mechanical9

and ionic10 cleaning, fracturing specimens, and cooling
them to nitrogen temperatures) are reported. The lat-
ter opens the way to study of biological specimens. The
first studies of dried and frozen blood indicate signifi-
cant changes in the intensities and positions of the elec-
tron lines of carbon, nitrogen, and oxygen between
young and old and between sick and healthy humans.

'V. A. Trapeznikov, Poverkhnost", no. 4, 18 (1982).
2J. N. Shabanova and V. D. Trapeznikov, J. Electron Spec-
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