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Abstract

It was already showed that spinel presents a grain boundary sliding deformation accommodated by diffusion during creep at high temperature
[Béclin, F., Duclos, R., Crampon, J. and Valin, F., Microstructural superplastic deformation in4§% spinel.Acta Metall. Mater1995,

43, 2753-2760; Addad, AEtude de la plasticé haute temgrature de magfiaux cramiques spinelle-zircon®h.D. thesis, Laboratoire de
Structure et Propetes de I'Etat solide, Villeneuve d'Ascq, 1995]. A space charge layer at grain boundary in ionic ceramics can explain the
observed interface reaction controlling diffusion at low stress (less than 60 MPa). The nonstoichiometric area due to ionic defects should
create an electrostatic potential between the grain surface and inside grain. The purpose of this work is to study the grain boundary region
stoichiometry to confirm this theory. Fine-grained spinel (average grain size under micron), which presents an interface reaction at low stresses,
is studied by TEM nano-scale microanalysis. The cation ratio Al/Mg variation is well described. It varies from 2.34 at grain boundary to 2.10

at 100 nm inside the grain. The ratio Al/O shows no variation across the grain boundary and suggests that the stoichiometry defect observed
is due to an excess of magnesium vacancies located at the grain boundary.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction temperature. At relatively high stress (>60 MPa), the creep
follows a classical Newton’s law with a stress exporrentl.

The plastic deformation of near stoichiometric fine grain Béclin* shown that the stress exponentris 2 at low
spinel is due by the grain boundary sliding accommodated stresses and suggests that an interface reaction process, by
by diffusionl:?2 The Ashby and Verraflmodel is based on  which the vacancies are formed, limits the creep flow rate
the diffusion of vacancies from the tensile boundaries which and causes an increase of the stress exponent.
is the sink of mater to the compressive boundaries which is  In ionic compounds, the lattice defects are positively or
the source of matter. In a general way, the creep law is givennegatively charged. The different free energies of forma-

by tion of the anion and cation defects create a local electrical

potential>® Assuming that the major defects present in ce-

¢ = Ac"exp (;Q> ramics are vacancies, in thermal equilibrium the grain bound-
T

ary presents an electrical charge compensated by an opposite

whereA s a function of the microstructure,is the strainand ~ €lectrical charge cloud near the boundary called space charge.
nthe strain exponent. The activation ene@yharacterizes  1he space-charge region creates an electrical potential and so

mechanism involved is the boltzmann constant aiiids the diffusion that can explain the comportment of the spinel at
low stresses.

Chiang and Kingeryhave found an increase of the cation
* Corresponding author. Tel.: +33 320 43 71 24; fax: +33 3204365 91, 'atio A/Mg at the grain boundary and assume the existence
E-mail addressfranck.beclin@univ-lille1.fr (F. Bclin). of a charge cloud near the grain boundary. The aim of this

0955-2219/$ — see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jeurceramsoc.2005.03.145



2810 N. Nuns et al. / Journal of the European Ceramic Society 25 (2005) 2809-2811

work is to realize the quantitative microanalysis at the grain
boundary to obtain the chemical concentration variation of
each element and so to conclude or not the existence of such
a space charge cloud.

2. Experimental

A hotisostatic press (HIP) of a commercial stoichiometric
powder allowed obtaining a near dense spinel with an average
grain size value of 0.6Lm.

For the determination of the chemical composition, we
used a STEM equipped with a windowless energy disper-
sive X-ray detector. Each analysis was performed using an
electron beam spot accelerated at 300 kV. The microanalysis 5nm
was performed at the sample area which the thickness never
exceeds 175nm.

Samples observed by TEM had been prepared using the
South Bay Technology Tripod polisher. They are thinned me-
chanically to transparency by the polishing of both side. X- Fig. 2. HRTEM micrograph of a boundary.
rays analysis was performed by focusing the electron beam on
the sample. The electron spot size was 5.61 nm and the widen3. Results and discussion
ing in the thin region is negligible. To determine the chemical
variation, the electron beam is translated along a line from  The composition inside the grain has been easily deter-
one grain to its neighbor. The grain boundary crossed by this mined to be MgO-1.05A03. No impurity was detected into
line is well parallel with the electron beam. The distance be- the grains and at the grain boundaries. As observed by Chiang
tween two analyses is 20 nm. Fig. 1, black points on the  and Kingery’ at all grain boundaries examined, the Al/Mg
sample are due to the carbon contamination of the sample in-cation ratio increases compared to the bulk, as shoWwigir8.
duced by the electron beam. We can note that each points are This figure shows that the O/2Mg ratio follows the vari-
clearly separated with its neighbors, and so each analysis wasation of the Al/Mg ratio and no significant evolution can be
not affected by the others analysEfy. 2shows an HRTEM noted for the O/Al. Therefore, we can affirm that the observed
micrograph. It reveals that the interface is free from vitreous change of the stoichiometry at the boundary is real and not
phase. due to an experimental error.

Sample prepared by the South Bay Technology Tripod
polisher, present no variation of thickness at the grain bound-
aries. By the Van Capellen and Doukfianethod to deter-
mine the thickness, we achieved the absolute concentration of
all elements present in the spinel. TiFig. 4shows the evolu-
tion of Mg concentration across the grain boundary. It shows
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Fig. 1. TEM picture of a HIPed spinel just after X-ray analysis. Fig. 3. STEM segregation profile at grain boundary in spinel.
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A A microanalysis avoids us to clearly characterize the stoichio-

— = N~ metric defect present at the grain boundary in spinel. The X-
nd \,/ \ f T ray analysis operated across the grain boundary has shown

\ [ an increase of the Al/Mg and O/Mg ratio at the grain coupled

\ / with an unchanged O/AI ratio. The stoichiometric change
\ , suggests the existence of a positive space-charge cloud near
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the boundary. This space-charge region creates an electri-
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128 \ cal potential and so modified formation and diffusion of the
’ U charged defects. This modification can explain the comport-
126 v ment of the spinel at low stresses.
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