C. E. N, SACLAY
D. M. E. C. N,
D, TECHNOLOGIE
S.R.M.P

-

4, Intornctional conference on ths sfrzngﬁ%dof
: A .
metals and clloys. Mancy, france, SC Augost _
Septembeor 1975 SEPT,

CEA-COMNT..341]

AR F oo 343

HIGH-TEMPERATURE CREEP OF EQUIAXED Cd-26 5 at % Zn

EUTECTIC IN THE SUPERPLASTIC REGIME

PAR

ANTOMN TONEJC (C.ETRANGER A LA SRMP-CEN S)
JEAN-PAUL POIRIER (AGENT CEA- SRMP-CEN S)

LE 20 MAI 1976

o



Comunication 3 : 4 th INTERNATIONAL CONFERENCE ON THE STRENGTH OF METALS AND ALLOYS

I.C.S.M.A. 4 NANCY 30 Aodt - 3 Septembre 1976
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The temperature and stress dependence of the secondary creep rate
of the Cd + 26.5 Zn eutectoid in the superplastic domain were studied in constant-
stress compression creep. Experiments were performed in the following ranges of
temperature, stress and grain size : 170°C < T < 227°C, 11 < ¢ < 122 g/mmz,
1<d< 10 um.

In all cases secondary creep was established after a strain ¢ X 4.
The strain rate sensitivity m was measured by stress increments or decrements and
by using independent measurements on different samples.

For temperatures higher than 200°C all these techniques yielded the
same value for n (m = 0.49 : 0.03) in the whole investigated range of stresses.
For T = 170°C a lower value of m was found (m = 0.33).

The activation energy for the creep rate was determined by the
conventional Arrhenius plot and by the Dorn temperature-compensated time method,
and found equal to Q X 25 Kcal/mol.

Micrographic examinations were performed on sectioned samples at
several stages of deformation. The grain size was found to be identical for various
conditions of temperature and stress and very stable with respect to deformation.
The stereology of the phases was investigated and their respective role in the
" deformation ascertained. The experimental results of the ~reep test. are discussed
in relation with the microstructural aspects.

* Permanent adress : Inatitute of Physics of the University of Zagreb, Yugoslavia.
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HIGH-TEMPERATURE CREEP OF EQUIAXED Cd-26.5 at X 2Zn EUTECTIC IN
THE SUPERPLASTIC REGIME

A. TONEJC * and J.P. POIRIER

Section de Recherches de Métallurgie Physique
Centre d'Etudes Nucléaires de Saclay - B.P. N° 2
91190 - GIF SUR YVETTE, l'rance

'INTRODUCTION : Superplasticity has bzen extensively studied in

——-mxcroduplex two~phased alloys and several models have been pPropo-

=-|situations can arise, according to the volume ratio of the :wo

=<Iple, even if taken in different planes, and 3-dimensional serial |

——[terial the cutectic Cd 26.5 at % Zn (17.4 Wt Z) where both phases

sed for the elementary mechanisms leading to the high value of tte
strain rate sensitivity of the stress, m and to the activation i
energy, Q, characteristic of the superplastic regime (1). However,
it is still not clear whether the two phases act only by preven=~

ting grain growth or w.ether the interphase boundaries piay a parr
ticular role, different from the one played by gra1n-boundar1es :
within one phase. Also, practically no attention has been given

to the possible role of the topology of the phases and their con-

nectivityIn this respect, two obviously quite different physical

phases :
i) Phase B is dispersed in unconnected giobules within phase A,
ii) Phase A and phasc B form two highly ccnnected imbricated net-:
werks. Percolation can be expected for a volume ratio of one pia-
se as low as 15% (2), and Cabhn (3) has shown that a volume ratio
of 207 should lead to a high value of the connectivity.

The two situations (and the intermediate ones) cannot be distin~
guished morely by looking at micrographs of sections of the sam- |

sectioning must be resorted to.

The purpose of the present siudy is to investigate in this lizkt
a superplastic system with a velume ratio of phases such that the
highly connect-a sitvatica ii) may be expected. We chose as a ma-
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First Line of Text —a.—lare h.c.p. terminal solid solutions. The volume fraction of the
Zn-rich phase is 26 Z and micronardnesses of the phases are in
the ratio 2:1, the Zn-rich phase being harder. The superplastici-

ty of this alloy has been investigated by Merriman (4).

EXPERIMENTAL : The alloy was .ast and extruded at !20°C with a
225:1 area reduction. Cylindrical compression specimens (12 mm
long and S mm dia.) were machined frcm the extruded rod and anneafr
First Line of Title __,——|led at 230°C for 2, 8 or 130 hours.
Constant-stress creep experiments in compression between 20] and
227°C were preferred to more traditional comstant cross-head
-ﬁspeed experiments in traction for the following reasons :
-ﬁi) The values of ¢ and |\=-_’-‘- z;-g-i- can be obtained more easif
Authors’Names __..'__‘ly and in differeant—uell=controlled—<conditions—{stress—inerement—
or decrement) which can provide more reliable information.
Authors’ Affiliations ——e——111) The samples are easier to prepare and metallographic observa-
: —=|tions are better performed after deformation on the stockier com-
_?_Qpression samples.
Some experiments were made in compression at constant cross-head !
speed on an Instron machine and a few experiments in traction |
were performed (szmples 2 cm long, 2 mm dia.) in the higher m ranr
ge at T = 210°C to check the superplastic behavior.
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First Line of Text —5F
§
zﬁggggl_l.gggggbz : The observations were performed on longitudinal
J7land transversal sections of the samples. The Cd-rich phase grain
boundaries and the phase boundaries were revealed by etching for

27
28
29115 s at R.T. with the solution : 8 g Cr03,2.58 Na2504, 25 ml H20.
%
31
=

The Zn-rich phase appeared on both sections as concentrated at
the Cd-rich phase grain boundaries in equiaxed domains, becoming
ore elongate for longer annealing times. The Cd-rich phase

36jof 2, 18 and 130 hours.

z erial saectionning was carried out on specimens with 7.1 and 10.1
38 pm grain size, undeformed and deformed (e = 40%7), by chemically
39 polishing away repeatedly the surface of a section and observing
40lit under the microscope. Rapidity is required in order not to

41 pxidize too much the surface which would result in having to remo+
47 ve too thick layers. We succeeded in obtaining successive sections
E istant of about 2 um.

43

ESULTS : a) For all specimens a secondary creep regir- at cons-—
tant € wus obtained after a primary regime. The secondary crcep

E ate depended only on grain-size, temperature and applied stress
48 pnd did not depend on the previous stress and strain history of

the sample (Fig. 1). 4
he results are given Fig. 2 and 3 on the usual 1no - 1né plot.
he curves are sigmoidal and the strain rate sensitivity reaches
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Llicurves for various grain sizes d can be deduced from one another

13lby a translation as previously found fo- other superplastic mate-

Jirials (6).

J15|The results can be gathered in an empirical constitutive relation:
Authors'Names ___. 16 __é_-.é,qld.&up.:{%%

Autnors’Affiliations c—m !
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values as high as m = 0.75. The experiments performed in compres—
sion at constant speed are reported on.fig. 3 and agree very well
with the creep experiments. In the superplastic region, elonga-
tions to failure up to 500Z were observed in the few runs perfor-
Hmed in tension (Fig. 3). Identical values were found for m in the
superplastic range by measuring the slope of the 1ng - 1né€ curves
or by stress changes (stress increments or decrements) performed |
on the same specimen after the secondary creep rate was establi-
shed.

e

with n-.--'!-“— in the range 1.3 < n < 2.3.

The exponent p cxpressing the dependence of £ on the grain size d
Splis constant in all the range of ¢ investigated and equal to :
S1p = -(2.2 £ 0.2).

> |The activation energy Q measured at constant grain size and ap-
S3/plied stress, using experiments with comparable values of m, does
Szmot depend on the grain size and is equal to : Q =(23 % 3)kcal/
J5mole.

-
O e (=3

261b) The Cd-rich phase grain size was found to be very stable, it
271did not vary with strain up to € = 40%, and the grains remained
28lequiaxed.

29iserial sectioning showed that the Zn-rich phase appeared at the
30icd-ri~b phase grain boundaries and disappeared in 3 consecttive
3lisections at most (v 6 um) (Fig. 4), its connectivity is very low.:
32iThe Zn-rich phase, therefore, is dispersed as spheroidal globules
%::,in the grain boundaries of the Cd-rich phase.

35 DISCUSSICN AND CONCLUSION : a) The experimental results agree on

36 [the whole with Merriman's results (5). This author, however found
.3_7_p = = 1.4 (compared to our p = - 2.2); he alsc found two ranges
Blforactivation energies : below 210°C, Q = 21.3 kcal/mole (which
3 grees with our value Q = 23 kcal/mole) and Q = 32.2 kcal/nwle
40 Lavove 210°C; however he found the latier value by using values of
% corresponding to curve portions wher: m was widely different.

S~ WUsing his published results, Q was recalculated with é values cors
- esponding to the same value of m and was found to agree with our
z‘.’. vaiue, )
——b) The fact that identical values for m were found by stress in-
46 erements and stress decrements and the fact that the strain rate
id not depend on the previous stress history of the sample sug-
.‘% est that the Ing = Int plot corresponds both t> minimum creep ray
—|te and to coustant structure (7). Hence the superplastic regime in
XV fthis case is probably a true stationary state (8).
% ) Despite the theorctical predictions (2)(3) the Zn-rich phase,
2= Whose volume fraction_is as_high-as_267,-is still prescent-a8-—-d

a
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n ion energy for self diffusion of cadmium (QCd = 19,7 kcal/mole).
13 .
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unconnected, dispersed spherolds. This may be due to 2 high inter
acial energy not taken into account in the topological predic-

ions. Anyway this topology is incompatible with any significant
ole being attributed to the interphase bouadaries, the harder

n-rich particles probably being passively rotated and the creep
ate bzing controlled by the deformation accommodated by diffusio'.‘x
'ﬁEf the connected softer Cd-rich phase. This is consistent with the

ol |sorr]s |

“Jiffact that the activation energy is quite comparable to the activa-'r
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