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Saint-Gobain C.R.E.E., 84306 Cavaillon Cedex, France

(Received 3 July 2009; accepted 16 July 2009)

This recently published paper reported how spark
plasma sintering (SPS) of a stoichiometric alumina–mag-
nesia spinel (MgAl2O4) powder, shaped by slip casting,
was studied in vacuum, in the 1200–1300 �C temperature
range. The other experimental parameters were a heating
rate of 100 �C/min, an applied macroscopic compaction
pressure of 25 MPa, a soak time of 15 min, and the use of
the standard 12:2 pulse configuration.

In the discussion section, we tried to determine what
could be the mechanism(s) involved during the SPS
experiments we completed and to correlate the suspected
mechanism(s) to the microstructure of the sintered
MgAl2O4 samples.

Assuming an approach similar to Mukherjee for the
creep of dense metals, it has been proposed that the SPS
kinetic equation can be written as:
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where D is the instantaneous relative density of the com-
pact, t is the time, meff is the instantaneous shear modulus

of the compact, K is a constant, R is the gas constant, T is
the absolute temperature, Qd is the apparent activation
energy of the mechanism controlling densification, b is
the Burgers vector (close to the lattice parameter), G is
the grain size, and seff is the instantaneous effective

stress acting on the compact.
It was also proposed that meff and seff can be writ-

ten as:
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where Eth is the Young’s modulus of the theoretically
dense MgAl2O4 material, neff is the effective Poisson’s
ratio, D0 is the starting green density of the powder com-
pact, and smac is the macroscopic compaction pressure.

To discriminate the mechanisms controlling the densi-
fication of the spinel powder during SPS, it is necessary
to determine the values of the Qd, p, and n parameters in
Eq. (1).

Rearranging Eq. (1) yields:
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where dT

dt is the heating rate during the SPS experiment,

K0 is a constant, and G is given by:

GðnmÞ ¼ aebD ð5Þ
with a ¼ 0:0018 and b ¼ 5:3586 :

The heating part of a SPS run, for temperatures be-
tween 940 and 1300 �C, was exploited to determine what
could be the values of Q, p, n, and K0 that are the key
parameters of Eq. (4). Indeed, in the function of the
obtained values, the hypothesis about the involved den-
sification mechanism can be formulated. Unfortunately,
a mistake was presented in the calculations that were
originally published. Therefore, the purpose of this cor-
rigendum is to report the correct results and the possible
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impact of this mistake on other calculations/interpreta-
tions published in the original paper.

Let us exploit correctly the heating part of an SPS run
for temperatures between 940 and 1300 �C. Imposing
n and p values (as reported in the published paper, these
parameters have precise values that determine what is
the densification mechanism that could be claimed), it
is possible, using the Excel Solver function, to calculate
the corresponding Qd and K0 values that enable the
left side of Eq. (4) to be equal to its right side. Then,

plotting Ln T
meff
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h i
as a function of � Qd

RT � pLnðGÞ þ
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� �
þ K0 should provide a straight line passing

through the origin (we forced the passage through the
origin during the calculation), whose regression coeffi-
cient R2 can be obtained.

Qd, K
0, and R2 values obtained for the different couples

(n, p) imposed are given in Fig. 1. R2 is highest when n and
p have a value of 1 and 2, respectively. In that case,Qd has a
value of 455� 20 kJ/mol and K0 is�38.7 � 1.8. In agree-
ment with theoretical values for n and p and also because
the apparent activation energy is close to the one for oxy-
gen self-diffusion in monocrystalline stoichiometric spinel
(see the published paper for precisions), we propose that
grain boundary sliding, accommodated by lattice diffusion
of the O2� anions, governs densification of our spinel sam-
ples during the heating portion of the SPS experiments we
performed (between 940 and 1300 �C).

The densification mechanism invoked in this corri-
gendum is indeed close to the one claimed in the pub-
lished paper. The only difference concerns the quality of
sources and sinks of vacancies involved in the diffusion
process. Originally erroneous calculations told us that
sources and sinks were not perfect. Now, with correct
calculations, sources and sinks should be perfect, mini-
mizing strongly the possible contribution of an interface-
reaction step in the densification mechanism, at least
during the heating portion of an SPS run.
One may now wonder about an interface-reaction con-

tribution to the densification mechanism at the beginning
of soaks at the different sintering temperatures, as pro-
posed in the published paper. At this point, we decided
to stick with the scenario established in the published
paper because it fits perfectly with the microstructure of
the sintered samples observed by transmission electron
microscopy. Another point comforts also our analysis.
Additional calculations have been completed. For that,
p has been fixed to 2 (correct value obtained from the
analysis of the heating portion of an SPS run, see above).
Then, an average value of n ¼ 1.6 and an apparent acti-
vation energy of 570 � 25 kJ/mol for sintering tempera-
tures in the range of 1200–1275 �C are obtained.
Because in that case, n is not close to 1 and clearly
between 1 and 2, it confirms the contribution of an
interface-reaction step to the densification mechanism,
as originally proposed in the published article.

FIG. 1. Qd, K
0, and R2 values obtained for the different couples (n, p) imposed are shown. R2 is the highest when n and p have values of 1 and 2,

respectively.
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