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1. OBJECTIVE All the obtained materials have been subject to se
analyses mainly MET, DRX and magnetic measurerr

This work presents a Bottom-Up strategy implementing (Hysterisis loops, ZFC/FC susceptibility).
methods of soft chemistry followed by processes of not-
conventional compaction for making of Cebg spinel 3.RESULTS
nanostructured materials. The optimization of the process
routes to obtain bulk and dense materials will be 3.1. Obtention of a pure CoFe,Q, : Influence of the
described in details along with the material nanostructurescompaction method
and magnetic properties.
Initially, the nanopowders (10 nm) are obtained in X-Ray diffraction analysis shows that a secondary pl
solution by hydrolysis forced in polyol medium. CgBg (the hematite F©s) is observed aside CoFe204 when
nanoparticles have been obtained starting from ionic saltsSPS experiments are conducted under air (Figure
(cobalt acetate and iron chlorate) dissolved in a polyol Whereas a pure CoFe204 is recovered when argon is
and heated at a boiling point. The chemical reactions arenstead of air (Figure 1). It is interesting to note 1
made possible by several properties of polyols, including despite a higher pressure employed in HIP compacti
high boiling point, dissolving, complexing, hydrolysing pure CoFgD, phase is also obtained (Figure 1) all
and protective properties. This route enables to synthesizeases, the cell parameter inferred from the patterns is
particles of size and morphology controlled. These close to that of bulk CoR®, (a = 8,395 A).
powders prove to have interesting magnetic properties in
comparison with those worked out by other ways of soft
chemistry [1] : high saturation magnetization near to the
bulk materials and temperature of blocking higher than the 12000

ambient one.
10000 4
2. SYNTHESISMETHOD T o0l JQ_LJLM

HIP (600°C/200Pa)

Then, the massive parts are obtained using two non 60001
conventional methods of compaction: Hot Isostatic

H . . i 4000 SPS (500°C/100Pa/Air)
Pression (HIP) and Spar Plasma Sintering (SPS). The ainf WJJJ M

is to obtain nanostructured materials preserving or 2000 SPS (500T/100Pa/Argon)
improving the magnetic characteristics of the objects
04

Intensity (arbitrary unit)

(increase in the temperature of blocking for example). Powder calcinated at 300C
SPS sintering was carried out under a force of 5 kN and af 220 0 20 4 e 8 100 120 140
a temperature going from 500 to 700°C. HIP sintering was Angle 26 (9

obtained under temperatures going from 500 to 700°C and

a pressure varying in the field 1500 to 2000 bars. For

comparison, the powders have been sintered in air at Figure 1 : X-Ray diffractograms of Cofe&, powders
atmospheric pressure at several temperatures up to 800°C.
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that the particles are indeed formed by aggreatio
crystallites. It is interesting to note that in
The texture has been studied by both of X-ray diffraction nanostructured material obtained by SPS the par
and microscopy techniques. The X-ray diffraction allowed remain in the nano-size range indeed each particle ap
obtaining the crystallite size using the Debye Schererto be formed of few crystallites (Figure 2c). Whereas
relation. The crystallite size increases with increasing theparticles obtained by HIP are micrometric (Figure 2d).

3.2. Influence of the compaction method on thetexture

temperature with the highest size obtained for the HIP
conditions (Table 1). The microscopy observations show

Figure 2a : Powder calcinated at 300°C

Figure 2b : Powder calcinated at 500°C

Figure 2d : HIP (600°C/200Pa)

Powder Powder Powder Powder Powder SPS SPS SPS HIP
calcinated | calcinated | calcinated| calcinated| (500°C /| (600°C /| (700°C/ o
Sample after 100P 100P 100P (600°C
synthesis at at at at a a a /200Pa)
300°C/6h | 400°C/6h | 500°C/6h | 800°C/6h | /Argon) | /Argon) | /Argon)
S.Zit?r'f'ff) 4,49 6,07 8,81 10,48 6119 | 105 | 1276 | 3113 55,62
Particle Between Between
size (nm) 5 10/12 12/15 15/20 100 and 10 12/15 40/50 | 500 nm
150 and 2pm
Table 1: Crystallite size of the sintered powders
© EDA Publishing/ENS 2007 93 ISBN :978-2-35500-003-4




F. SCHOENSTEIN, S. IMINE, J-P. MICHEL, N. JOUINI
CoFe0O, Nanostructured magnetic materials: Influence of not-conventional compaction ...

3.3. Magnetic behavior of the nanostructured

materials.

Two main important results have to be underlined. Fir
the blocking temperature appears to depend mainly on
crystallite size and none on the particle size. Indeed
Magnetic measurements show that all studied materialsncreases when the crystallite size increases (Figure 4).

exhibit a superparamagnetic behaviour. The main
magnetic characteristics are indicated in the table 2. The
saturation magnetization (Ms) has been calculated thanks 800
to the relation Mes&= Ms(1 — a/H) (figure 3). ~ "
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H (Oe) crystallite size

Figure 3a : Hysteresis loop of the CeBgSPS
sample obtained at 500 °C is interesting to note that the blocking temperatul
approaches the critical temperature (Tc = 810K) for tl

HIP nanostructured materials for which the crystallite si:

a, has the highest value from over all studied materials. T
84 ..------.::AA A second result concerns the saturation magnetization. ~
. - -::‘ as-prepared powder has a high saturation magnteza
"o - ‘-.l near to that of the bulk Cog®, (80 emu/g). When the
L 6l . n powder is calcinated at 300°C, its saturatio
5 . ’ll magnetization decreases slightly. For the nanostructul
E . 2 materials, the saturation magnetization increases with -
S 4 . ': crystallite size to reach that of the bulk material.
=< " = It should be noted that the saturation magnetizati
" obtained here are higher than that observed recently
) - . . . . . nanostrutured Cok®, obtained by SPS compaction of
300 400 500 600 700 800 powder prepared by coprecipitation or thermolysis (£
Température (K) emu/qg) [2].
Figure 3b : Susceptibility(T) measured in ZFC and FC modes
for CoFeO, SPS sample obtained at 500 °C
Powder Poyvder Poyvder PO\_/vder Poyvder SPS SPS SPS HIP
Sample after calcinated | calcinated | calcinated | calcinated| (500°C /| (600°C /| (700°C/ (600°C
synthesis rz\t Zilt eolt Zilt 100Pa | 100Pa | 100Pa /200Pa)
300°C/6h | 400°C/6h | 500°C/6h | 800°C/6h | /Argon) | /Argon) | /Argon)
Blocking
temperature 300 380 480 510 684 603 634 644 765
(K)
o (uem/g 69 57 61 64 85 67 69 70 90
Table 2 : Magnetic properties of cristallites
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3. CONCLUSION

In conclusion, this work shows that consolidation of
nanopowder to obtain dense CoFe204 can be achieved
via a Bottom-up strategy combining chimie douce and
non-conventionnal compaction methods. The as-obtained
material is nanostructured: the crystallite size is
maintained in the nanometer range. Thus the dense
nanostructured material exhibits a superpramagnetic
behaviour with high blocking temperature and saturation
magnetization.
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