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Doppler broadening of the positron annihilation lineshape in 95.99 at.X pure
chromius was seasured over the temperature range 296 ~ 2049 X. The chromius
sample wms encspsulated in sapphire owing to 1its high vapor przssure near
melting. Saturation-like behsvior of the lineshape was observed near the
melting temperature (2130 K). A two-state trapping model fit to the data
yielded a vacancy formation enthslpy of 2.0 2 0.2 eV. This result is
discussed in relation to extant empirical relations for vacancy migration
and self-diffusion in metals and to data from previous self-diffusion and

annealing experiments in chromsius.

It 1s concluded that the observed

vacancy enseable is unlikely to be responsible for the measured self-
diffusion behavior. The implications of the present results in terms of our

understanding of wmechanisms for
refractory bcc metals are discussed.

1. INTRODUCTION

The self-diffusion behavior of Cr appears
superficially to be rather different than
that of the other refractory bcc metsls, V,
Nb, Ta, Mo and W. Radiotracer dats for
these latter metals generally show
curvature in the Arrhenius plot of their
self-diffusion coefficient, which is
thought to result from the contributions of
two separate diffusion wmeclianisms, one
predominant at low  teaperatures and
characterized by the activation enthalpy
Ql' the other becoming important with
increasing temperature near the wmelting
point and characterized by the activation
enthalpy Q. See reference f[l1] for s
review of the self-diffusion properties of
these wetals. For the refractory bee
metals that exhibit such curvature, it is
generally true that Q2/Q) = 1.26 [2]. But
the Arrhenius plot of the self-diffusion
coefficient for Cr 1s linear over ten
orders of wmagnitude, and the activation
enthalpy obtained, &.58 eV, is considered
by comparison tc those of the other Group
VI-B metals Mo and W to be too large to
interpret in terms of monovacancy diffusion
[2). For Mo and W, a combination of post-
quench resistometry and equilibriuwm PAS
seasurements of vacancy formation and
migration have confirmed thst the low
temperature self-diffusion is due to atomic
exchange with wmonovacancies, while the
high~temwperature mechanism remains uncer-
tain. The present paper describes positron
annihilstion Doppler-broadening measure-
ments made on Cr over the temperature range
296 K to 2049 K. These measurements wvere
carried out in order to deternine the
vacency formstion enthalpy in Cr and to

self-diffusion in chromjum and other

investigate whether the equilibriums vacancy
ensemble sampled by positrons is related to
the observed self-diffusjon behavior in
this metal.

2. EXPERIMENTAL PROCEDURE

The cylindrical sasple (0.5 e= diameter,
0.6 ca height) was prepared from 99.99
at.Z Cr obtained from the Materiale
Preparation Certer, Ames Laboratory, Iows
State University. About nine sicrocuries
of 38Co were electrodeposited on a Cr disk,
wvhich was then placed in a Cr can sealed
wvith a screw-top 1id. Because of the high
vapor pressure of Cr (~ 1 torr at 2100 K),
the ssmple/source assembly was encapsu-
lated, first in a sapphire can with a 1id,
wvhich was in turn placed in a Mo can which
was then electron-beam welded shut. The
sample was annealed in situ for 2 hours at
1700 K prior to the atart of the experi-
sent; all temperature measurements were
made with a W(5Z Re)/V(26Z Re) thermo-
couple. To allow for subsequent data
stabilization, the 497 keV line from 103Ru
was recorded simultaneously with the 511
keV annihilation spectrus, using the micro-
scopic spectrum method [3]. A more com-
plete description of the experimental pro-
cedure will be given elsewhere [4].

3. RESULTS AND DISCUSSION

The Doppler-broadening lineshape parameter
data were analyzed with a simple twvo-state
trapping model. Tae data fall aslong a
sigmoidal curve, ot sesn in Fig. 1, in
which the solid 1in: is the trapping-model
fit to the data. Saturation-like behavior
is obaerved near the wmelting temperature,
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Fig. 1.
and 2049 K. The two-state
temsperature (Ty = 2130 K) 1s shown,
fit.

similar to that seen for the other Group
Vi-B metals Mo and W [5,6]. The vacancy
formation enthalpy obtained from this fit
18 H,F = 2.0 & 0.2 eV, with x2 = 1.12 for
58 degrees of freedon. This value 1is
consistent with the result of Campbell and
Schulte [7), HyF = 2,27 + 0.13 eV, obtsined
from an empirical rule involving the onset
temperature of positron trapping rather
than froz a trapping-model fit to their
data, which were limited to lover tem-
peratures than the present data. The
present data yielded an onset temperature
of 1530 ¢ 30 K, in good agreement with that
of Campbell and Schulte (7], 1560 + 30 K.
A detsiled 1investigation of the x2-sum
surface of the present data was undertaken
using doth simulated and real data. It was
found that 1f only data up to the inflec-
tion point of the sigmoidal curves were
available, the x2-sum wsurface 1is highly
skewed and at best permits the establish-
ment of an upper limit for HVF. For the
full data, however, the x2-3|- surface oear
the minimus was nearly quadratic. The
trapping probability for the positron at
the melting point in Cr was determined to
be 0.87, in comparison to about 0.9 for Mo
and W |5n6]-

Doppler-broadening lineshape for chromium as a function of temperature between 296 X
trapping model fit
along with a dashed-line extension of the Bloch~state

to the dats up to near the melting

The equilibrium vacancy ensemble observed
by PAS in Cr does not seem to be respon-
oible for the diffusion behavior measured
by radiotracer techniques, which after all
appears to be dominated by a high-tempera-
ture w®sechaniss by comparison with the
results for other refractory bce metals
[1,2]. The present value for H,F (2.0 ev)
could only be consistent with a vacancy
model for the observed diffusion (with
activation enthalpy 4.58 4+ 0.03 eV {2]) 1f
the wvacancy migration enthalpy were about
2.6 ev. However, this value would indicate
vacancy wmigration at temperatures well
above those found by PAS for the complete
annealing of any vacancy defects introduced
by electron irradiation in Cr {B8]. Indeed,
a comparison of the obaerved temperature
(550 K) for the dominant post-irradiation
vacancy annealing atage [8] and an empiri-~
cal correlation [9] between such tempera-~
tures and vacancy wumigration enthalpies
would indicate a vacancy migration enthalpy
in Cr of ~1.4 eV. Purthermore, if it is
assumed that the measured self-diffusion
activation enthalpy for Cr, 4.58 eV, is
characteristic of a high-temperature
mechanise by analogy with the results for
the other refractory bcc metals, then the
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empirical 1i1ule observed Uy Mundy et al.
[2], @x/q; * 1.26, could be used to

estimate a self-diffusion activation
enthalpy representative of wmonovacan-
cles, Q) = 3.6 eV. Using this and the
present result for B,", a monovacancy
migration enthalpy can be eatimated

as KM - q-B,F = 1.6 £ 0.2 eV, which 1s
consistent with that deduced above from the
electron-irradiattion results ([8]. Thé
inability to explain the measured diffusion
behavior in Cr in terms of the equilibrium
vacancy ensemble observed with PAS, there-
fore, seems clear. Whether an inter-
stitialcy wsechanism, as suggested for the
other Group VI~B metals W and Mo [1], 1s»
responsible for the observed diffusion
behavior remsins to be seen; wmore direct

experiments to attempt to answer this
question are presently undervay im our
iaboratory.

* This work was eupported by the U.S.
Department of Energy.
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