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A partial reduction of this vacancy ferrite, by
treatment at 600° Cin an oven swept by a mixture
of hydrogen and nitrogen (1% H,), saturated in
water vapour (passed through a saturator, main-
tained at 50°C; Py o =9.1 torr) and equipped
with a quenching system, produces an oxide, the
composition  of  which  (7.46 wt % Fe(II);
52.5wt % Fe(IIl); 13.5wt%Ba) is very close to
that of the oxide BajFe(Il);Fe(Ill),5040 (of
composition 7.49 wt % Fe(ll); 52.42 wt % Fe(IlI);
13.81 wt % Ba). The specific saturation magnetiza-
tion measured at a temperature of 4K on this
sample (0g=66.0emug™) agrees with a type
MYSy structure (Oggeae) = 67.4emug™'). On the
other hand, the specific saturation magnetization
measured at  room  temperature (og =
496 emug™) is lower than that reported by
Brady [1].

Consequently, although the existence of the
ferrite BasFe(II) Fe(1ll),3049 with a MYSy
structure seems plausible it is not proved that such
a phase is present in the materials considered by
Brady.
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Deformation and relaxation studies of
polycarbonate using the split Hopkinson
pressure bar method

Polymers are nowadays employed frequently as
construction materials in applications where they
are subjected to rapid mechanical deformations.
Because polymers are viscoelastic materials they
respond appreciably differently when deformed
at high rates of strain than when under static con-
ditions. Therefore it is a matter of importance to
be able to characterize the dynamical mechanical
behaviour of polymers also at high rates of loading.

There is strong evidence that the macroscopic
behaviour of polymers during rapid non-linear
deformation conditions is intimately related to
changes of both static and dynamic microstruc-
ture. The dynamic microstructure, which is
expressed by molecular relaxations, has been a
topic of comprehensive studies [1—4]. It has been
shown that the molecular relaxations of polymers
contribute strongly to many of the important
engineering properties of these materials; for
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example, ductile—brittle transition [5], yield
stress [6, 7], fatigue [8,9] and impact strength
[10, 11]. There are, however, a multitude of open
questions which must be solved before the general
laws which govern the macroscopic deformation-—
molecular response relationships of polymers
can be formulated. Experimental studies using
different measurement methods are therefore
important.

In this note, we report that the split Hopkinson
pressure bar (HPB) method which has been used in
deformation studies of metals [12—14], polymers
[15] and composites [16] may also give infor-
mation about the relaxation behaviour of polymers
during compression loading conditions.

The split Hopkinson pressure bar is commonly
used in the form reported by Hauser [12], in
which a cylindrical test sample is sandwiched
between two long steel bars (an elastic input bar
and an elastic output bar). The loading is initiated
by impacting the input bar with the striker bar,
producing a stress pulse whose duration is deter-
mined by the length of the striker bar. We have
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Figure 1 Strain—time  pulses
from split Hopkinson pressure
bar test on PC at 298 K.
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used in our experiments a self constructed
apparatus where the velocity of the striker and
thus the stress amplitude is regulated by air
pressure. The applied loading and deformation of
the specimen were determined from the displace-
ments and forces at the two faces of the pressure
bars by means of analysis of strain gauge data.

The apparatus was equipped with a tempera-
ture chamber. High temperature (7> room
temperature) were regulated by means of heat
resistances and low temperatures with a VARIAN
V-4557 temperature controller. The construction
of the test machine will be given in detail else-
where [17].

The temperature rise during impacts was
measured by a digital thermometer using a
thermocouple embedded in the specimen. The
thermocouple consisted of NiCr-alloy and Ni
wires with diameters of 0.25 mm. The final size
of the joining bead was approximately 0.5 mm.
A hole with approximately the same size as the
bead was drilled radially into the specimen to its
centre. The bead of the thermocouple was then
forced into the hole, so that an intimate contact
between the thermocouple and the polymer was
obtained.

In this note the impact compressive behaviour
of polycarbonate (PC) has been studied. A com-
mercial grade PC (Makrolon 3100 from Bayer AG)
was obtained in the form of a rod nominally 30 mm
in diameter. The rod was turned into cylindrical
samples of 12 mm diameter and 6 mm length. The
end faces were flat and parallel to within 0.01 mm.
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The ends of each specimen were lubricated before
testing with Molykote 33 grease (or with Molykote
321 R spray in the case of the measurements
below 203 K).

During the HPB experiments three separate
strain pulses were recorded: the incident loading
pulse and the reflected pulse from the input bar
and the transmitted pulse from the output bar.

Fig. 1 shows an example of strain—time
pulses which were obtained from a test of PC at
298 K.

From the three strain—time histories the stress,
strain, strain rate and energy loss of the specimen
can be calculated by assuming that the theory of
one dimensional elastic wave propagation holds
[15].

Fig. 2 shows the calculated compressive stress—
strain curves for PC at different temperatures.

Table I gives strain rates, yield strengths, total
and plastic strains which were calculated from the
data of Fig. 2,

Fig. 2 shows that the deformation mechanism
of PC is ductile at all measurement temperatures.
This is in agreement with earlier results which
showed that during instrumented Charpy impact
measurements the transition from ductile to brittle
fracture occurs only at 143K [18].

In most cases the stress—strain curves of PC
samples showed clear upper and lower yield
points. Fig. 2 shows that the measurements at
353 and 383K were exceptional in this respect.
Several adjustment measurements showed that
this anomaly is real. Its origin is not yet clear
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TABLE I Mechanical data of PC based on HPB measurements

Figure 2 Stress—strain curves for PC
in compression at various tempera-
tures. The numbers of the curves

refer to Table 1.

Test Strain Compressive Total Plastic
Number temperature rate yieid strength strain strain
of curve X) (x10%sec™) (N mm™?) (%) (%)
1 163 3.0 330 17.8 1.0
2 193 3.0 290 17.7 2.3
3 223 2.9 280 17.3 8.0
4 253 2.7 290 15.8 6.2
5 273 3.0 290 17.5 12.3
6 298 2.6 330 15.2 11.3
7 313 2.6 320 159 14.1
8 353 2.1 220 12.7 9.2
9 383 21 210 12.6 11.5
10 403 1.8 180 10.6 8.8
11 423 1.6 150 9.8 55
12 433 1.5 80 8.7 1.5

277



JOURNAL OF MATERIALS SCIENCE 16 (1981) - LETTERS

1400+

1000 -

",

G (Nmni2) L
soo}-
200(
| S I L e — 1
190 270 30 g

although the strain rate effect is a possible
explanation [19].

Yield strength of PC decreased as a function
of increasing temperature (see Table I). The
decrease of yield strength was not monotonous
which .may be a consequence of the effects of
differer}t_‘ molecular relaxations upon the yield.
Because mechanical energy is dissipated to heat
during relaxation processes the measurement of
temperature rise during deformation seemed to
be a reasonable method to study relaxations in
PC during compressive deformation.

The strain history in the output bar (Fig. 1)
clearly shows the viscoeleastic response of PC
to compressive impacts.

The dissipated energy is related to the tem-
perature rise according to the following well
known equation

AQ = ATme, (1)

where AQ is the heat energy, AT is the tempera-
ture rise, m is the mass of the specimen and ¢, is
the specific heat of the specimen.

In cyclic deformation the energy (AW) dissipated
per complete cycle is given by the following
expression [1]

AW = 1y3G" @)

where vy, is the strain amplitude and G" is the
mechanical loss modulus. '
Equation 2 can also be written in the form

AW
™
When it is assumed that the rise of the strain

during a HPB test corresponds to a quarter of a
complete dynamic stress—strain- cycle and the

G" €))
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Figure 3 The apparent loss modulus G" of
PC versus temperature.

o
430

quantity v, of Equation 3 is substituted by the
total compression strain ey,,, we can write

4A0 ~ AlW. @
Combination of Equations 3 and 4 gives
" 4AQ
G = —. 3)
MCmax

Equation 5 is a semiquantitative measure of
energy loss during compression testing. Because
it is still difficult to estimate the absolute exact-
ness of G” of the HPB test we call it the apparent
loss modulus. The rise time of the impact stress
pulse can be used to estimate the (single) frequency
corresponding to impact [20]. In our case the
frequency was of the order of 1 kHz.

- Fig. 3 shows the G" values of PC as a function
of temperature as measured from the temperature
rise and the strain in HPB experiments.

According to Fig.3, HPB measurements indicate
the existence of three mechanical losses in PC in
the temperature range studied.

The low temperature maximum at 220K
evidently corresponds to the T'<T, relaxation
[4] which can be resolved into several processes
originating from some local motions of the main
chain phenyl andfor carbonyl groups [21]. The
rapid rise of G" near 430K indicates the onset of
glass—rubber (7,) relaxation. The intermediate
loss maximum near 370K is still enigmatic. It has
been observed as a shoulder in dynamic mechani-
cal and dielectric measurements [21]. It has been
proposed that this process is a precursor of the
Tgprocess [20] or that it is associated with
stresses induced in the moulding or drawing of
a specimen [21]. The high intensity of G" of
HPB measurements for the intermediate process
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supports the hypothesis that it is a precursor of
the T,-process. It is interesting to note that we
could show the existence of this intermediate
process also by measuring the notched impact
strength of PC as a function of temperature [22].
The intensity of the impact strength maximum
near 370K diminished rapidly on annealing (the
annealing embrittlement effect) which was also
consistent with the hypothesis of the Tg-precursor
nature of the intermediate process.

On the basis of these preliminary results we
conclude that the HPB method is a valuable tool
in relaxation studies of polymers. Therefore
studies of different construction plastics using
this method are in progress in our laboratory.
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Cyclic plastic behaviour of metastable
Fe—30 wt % Ni alloy at 293 and 373 K

Until recently the fatigue behaviour of metastable
austenite alloys has been reported by only a few
investigators [1—3]. The cyclic hardening/soften-
ing behaviour is not well established as these alloys
transform to martensite during cyclic deformation
and it seems necessary to separate the hardening
due to the martensite formation from the harden-
ingfsoftening behaviour due to the multiplication
and rearrangement of dislocations. In this note an
attempt to separate these phenomena of a meta-
stable austentic steel consisting of 0.005wt%C,
0.003wt%Si, 0.002wt%Mn, 0.003wt%P,
0.004 wt% S and 30.1 wt%Ni at 293 and 373K is
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reported. Fatigue tests were carried out in fully
reversed bending using a Schenck type fatigue
machine of 450cpm frequency. A temperature
increase in the specimen was not detected under
the experimental conditions used when the plastic
strain amplitude did not exceed 3.5x 1073.

The variations of plastic strain amplitude were
measured dynamically by the mechanical method
shown in Fig. 1. The total strain amplitude
(Equation 1) can be calculated from the relative
displacement # of the specimen measured by a dif-
ferential transformer. Equation 2 gives the plastic
strain amplitude.
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