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Study on precipitation phenomena during aging of the Al-Ag alloy in thin evaporated films.
By YasusaicE Furano and SHIRO OGawa, The Research Institute for Iron, Steel and Other Metals, Téhoku

University, Sendet, Japan

In the present work various stages of precipitation during
aging of supersaturated solid solution of the Al-Ag alloy
were studied on thin evaporated films by means of both
electron microscopy and diffraction. The combined ap-
plication of the two methods on the same specimen is
important and interesting, but such studies have not been
carried out with success in the case of evaporated films.
The quenching of supersaturated solid solution in thin
films has been believed to be highly difficult : for instance,
Winkelmann (1955) considered it as almost impossible
in the Al-Ag alloy. We have succeeded, however, in
quenching well oriented evaporated films of about 800 A
thick of the Al-20 wt.% Ag, formed on rocksalt heated
at 440° C., by the following procedure: After a film was
homogenized in vacuo at about 500° C. for 2 hr., carbon
dioxide gas was suddenly spurted into the chamber and
the film was blown away into a narrow glass tube which
was cooled beforehand with liquid nitrogen.

In a micrograph obtained from a film which had been
left undone for about 1 month after the quenching and
then was irradiated with electron beam of ordinary
intensity for 30 min., the formation of spherical aggre-
gates of about 100 A in diameter could be observed by
careful inspection. They were randomly distributed in
general, but some of them appeared to lie nearly along
the (110) direction. When the film was heated at 80° C.
for about 1 hr., the spherical aggregates appeared over
the whole region of the film, as shown in Fig. 1(a).
Fig. 1(b) is an electron-diffraction pattern corresponding
to Fig. 1(a) and exhibits no streak emerging from the
diffraction spots. The film subjected to further annealing
at 165° C. for 20 min. gave the electron micrograph shown
in Fig. 1(c), in which fine lines are observed along two
{110) directions perpendicular to each other. These lines
are considered to be due to fine lamellae of a new phase
which corresponds to the earliest stage of the y’ pre-
cipitate having a structure coherent with the {111} plane of
the matrix. This new phase is believed to form by capture
of silver atoms at extended dislocations. Fig. 1(d) is a
diffraction pattern corresponding to Fig. 1(c). Here,
streaks emerging from the diffraction spots begin to
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appear. When the film was further annealed at 200° C.
for 2 hr., the precipitates with regular habit were formed,
as seen in Fig. 1(e). The greater part of the contrast
seems to arise from the Bragg reflection. In a corre-
sponding diffraction pattern, Fig. 1(f), strong diffrac-
tion spots due to the hexagonal phase are observed
flanking the spots due to the matrix. The axial ratio of
the hexagonal phase was estimated to be 1-633 during the
whole period after the hexagonal spots began to appear.
After a further annealing at 250° C. for about 10 hr. the
precipitates became somewhat well-defined in habit, as
seen in Fig. 1(g). From this micrograph we can conclude
that the habit of the precipitates is parallelepipeds with
thickness of about 500-600 A along a (111) direction.
The values of thickness were estimated from the fringes
of equi-thickness observed within images of precipitates.
From the fringes we could deduce also the value of the
Fourier coefficient, V,¢33. The value obtained, 5-89 volt,
agrees with the theoretical value |Vy4i3| = 5-82 volt. The
axial ratio of the hexagonal phase in this stage, 1-612,
corresponded exactly to the y’ phase. When the film
was heated at about 400° C. for 4 hr. and then slowly
cooled down, the axial ratio decreased to 1-590, corre-
sponding to the y precipitate.

Castaing (1955) observed by electron microscopy and
diffraction the precipitation phenomena of the Al-Cu
alloy in thin sections formed by electro-polishing and ion
bombardment from the bulk alloy. His method has an
advantage in studying the connection between the
precipitation and mechanical property. The present
method, on the other hand, has advantages, as stated
above, in the easy preparation of specimens and the
successive observation of phenomena during aging in the
same film.

A detailed report on the present work will be published
elsewhere.
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The recently published ‘Comparison of Various Commer-
cially Available X-ray Films’ (Acta Cryst., 1956) lists
various characteristics, including the absorption of Cu
radiation for 41 films. However, absorption data for Mo
and other common radiations are not included. In this
note the percentage transmission of two widely used
U.S.A. X-ray films, Eastman Kodak No Screen and
DuPont Type 508, are given for 9 characteristic X-ray
wavelengths, Ag K& to Cr K«.

The various wavelengths were obtained from pure
metals used as specimens in the Norelco fluorescence
analysis unit (Parrish, 1956). A quartz crystal cut parallel
to 1011 was used as a monochromator. The detector was
a Nal.Tl scintillation counter with diserimination only
against photomultiplier tube noise (Parrish & Kohler,
1956). The transmission was calculated from the inten-
sities recorded before and after insertion of the film in
front of the counter tube. The measured values plotted
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as log I/I, versus A% fell on straight lines broken only at
the Br K absorption edge. The values listed in Table 1
are the mean of 3-5 readings. Although the mean values
are given to 0-1, the individual readings in some cases

Table 1. Film transmission

Transmission (%)

Wavelength Eastman DuPont

Radiation (A) No Screen Type 508
Ag Ko 0-56 82-9 93-2
Mo Kf 0-63 770 90-7
Mo Ko 0-71 70-3 B8-5
Cu Kf8 1-39 33-8 638
Cu Ko 1-54 23-8 54-9
Ni Kx 1-66 1756 48-4
Co K& 1-79 11-8 41-3
Fe Ka 1-94 7-2 32-8
Cr Kx 2-29 17 17-6
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varied by as much as +0-6 from the mean values. The
large difference in transmission between these two films
for Cu and longer wavelengths facilitates the use of the
multiple-film technique (Robertson, 1943; Iball, 1954).
The Kodak No Screen film is faster than the DuPont
Type 508 by a little more than a factor of 2. Additional
pertinent data have been published (Seeman, 1950;
VanHorn, 1951).
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Deformation mechanisms in polyerystalline high-purity
magnesium after tensile straining have been studied by
Hauser, Starr, Tietz & Dorn (1955) and more recently by
Roberts (1955). Of particular interest in this latter work

(@)

Fig. 1. (a) Needle-like {3034} twin and other deformation modes after 0:5% strain. 200x.
(b) Same grain as (a) but showing the twin-like nature of the needle. 1500 x.

were the observations of ‘irrational twin-like markings’,
deformation structures which had several twin-like
characteristics. Using a stereographic one-surface con-
sistency analysis (Cahn, 1953), it was found that these
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