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bstract

he compressibility and sinterability of CeO2–8YSZ powders prepared by co-precipitation were investigated in detail. It was shown that the
ompressibility curves are characterized by three linear parts at low, middle and high pressures. The middle and high regions of the applied
ressure, as least investigated, were studied in detail. The specific values of the compaction pressure (PY2) and density (ρY2) at the intersection
oint of the compressibility curves were determined for all investigated powders. It was shown that the compressibility curves for all investigated
owders can be described by two straight lines by using special coordinates ρG/ρY2 and log(P/PY2).

The sinterability curves of powders after drying and after calcination at 350 ◦C have a pronounced maximum. The optimum compaction pressures
P*) corresponding to the pressure at the maximal value of sintered density were determined for all investigated powders. It was shown that the

egion of optimal pressures is in the upper part of the middle-pressure region, whereas the P*/PY2 ratio varies between 0.7 and 0.9. The influence
f the powder fractionation on the sinterability of the powders was also studied in detail as a function of the compaction pressure and calcination
emperature.

2008 Elsevier Ltd. All rights reserved.
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. Introduction

Zirconia-based materials have been successfully used in
any areas of science and technology, including the nuclear

ngineering. In recent years, cubic yttria stabilized zirconia
YSZ) has been considered one of the most promising matri-
es for the immobilisation of plutonium and minor actinides
Am, Cm, Np), as a stable host phase for long-term final dis-
osal, as well as a fuel/target material for transmutation.1–3

ccording to Ref. [4], yttria cubic stabilized ZrO2 is the most
ppropriate material in comparison with other possible alterna-
ives, since it satisfies the criteria for an inert matrix, such as
hase stability over a large temperature range and under severe
rradiation; inertness with regard to transmutation products,

ladding, and reactor water; small thermal neutron adsorption
ross-section, etc. Moreover, this material has the ability to form
olid solutions over a wide range of solubility with compounds

∗ Corresponding author. Tel.: +49 2461 614896; fax: +49 2461 612450.
E-mail address: g.modolo@fz-juelich.de (G. Modolo).
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uch as UO2, ThO2, and PuO2 and with rare-earth trivalent
xides.5

In experimental investigations, cerium is traditionally used as
surrogate of tetravalent actinides, for example, plutonium.2,5,6

erium and plutonium have almost identical ionic radii, and the
attice parameters for PuO2 and for CeO2 are very similar.7,8

For nuclear applications, the technological cycle of ceramic
roduction should be dust-free and use low-cost starting mate-
ials and an easy fabrication process.9 Therefore, in this case,
any traditional powder technologies are either inefficient or
ust be specially adapted. The co-precipitation method used

n this work is sufficiently simple, dust-free powder technol-
gy, which is suitable for nuclear applications.9 Furthermore,
or the powder preparation for sintering, technological opera-
ions such as dry milling and high-temperature calcination are
ndesirable. Therefore, synthesized powders were prepared by
alcination at low temperatures (up to 800 ◦C) and mild attrition

rinding in liquid. A careful study of the processes occurring
uring of the compacting and subsequent sintering powders
s essential for the production of a ceramic with the required
roperties.

mailto:g.modolo@fz-juelich.de
dx.doi.org/10.1016/j.jeurceramsoc.2008.12.005
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In the present work, the compressibility and sinterability of
eO2–8YSZ powders prepared by the co-precipitation method
ere investigated in detail. Moreover, the influence of the pow-
er fractionation on the sinterability of the powders was also
tudied in detail as a function of the compaction pressure and
alcination temperature.

. Experimental

CeO2–8YSZ powders with 8 and 12 mol% ceria were syn-
hesized by the co-precipitation method. For all powders, the
oncentration of Y2O3 in the zirconia matrix was kept constant
t 8 mol%.

ZrOCl2·6H2O (Alfa Aesar, 99.9%.), Y(NO3)3·6H2O (Alfa
esar, 99.9%.) and Ce(NO3)3·6H2O (Alfa Aesar, 99.9%) were
sed as initial materials. The required quantity of the salts was
issolved in deionised water at room temperature, reaching a
oncentration of ∼10−2 mol/L. For the co-precipitation, ammo-
ia gas was added to the surface of the solution and stirred
or 30 min in order to ensure a homogeneous reaction. Precipi-
ates were washed using the Büchner system until the pH of the
olution became neutral.

After washing, the both powders were dried in a furnace at
10 ◦C for 24 h. The 8CeO2–8YSZ powder was then calcined in
ir at 350, 600 and 800 ◦C for 2 h. After calcination, the powders
ere attrition ground for 2 h in acetone to prevent dust formation.
he 12CeO2–8YSZ powder was investigated only after drying.

The powders (approximately 0.5 g) were compacted into
ylindrical pellets of 10 mm diameter by cold uniaxial press-
ng. The range of pressures used for this work varied from 25 to
020 MPa.

The pellets were sintered at 1600 ◦C for 5 h in air atmosphere
n an electric resistance furnace (Linn HT 1800).

The morphological structures of green bodies were inves-
igated using a scanning electron microscope (SEM), (JEOL
SM-840). Particle size distribution was studied by optical
icroscopy (Zeiss KS300) and laser granulometry (Quan-

achrom, Cilas 920).
Sintered pellets were carefully polished with diamond paste

1 �m) for further investigations of the microstructure. For
EM investigations, the samples were thermally etched in air
t 1400 ◦C for 1 h and then their morphology was analysed.

The densities of the green bodies were measured by the
eometrical method, the densities of the sintered bodies by
ydrostatic weighing in water.

. Results and discussion

After synthesis and drying, both 8CeO2–8YSZ and
2CeO2–8YSZ powders contained agglomerates with irregular
hapes, which differed in their primary particles packing density,
s shown in Fig. 1a for the representative case of 8CeO2–8YSZ

owder. According to the literature,10,11 the agglomerates with a
igh-packed density of primary particles are referred to as “hard”
gglomerates (Fig. 1b), while the low-packed agglomerates are
soft” agglomerates (Fig. 1c).

a
s
t
w

ig. 1. SEM image of (a) 8YSZ–CeO2 powder after drying, (b) “hard” and (c)
soft” agglomerates.

After calcination at 110, 350, 600 and 800 ◦C, the powders
ere mildly attrition ground in acetone and the agglomerate size
istribution was investigated using an optical microscope. For
he representative case of the 8CeO2–8YSZ powder calcined at
00 ◦C, the mass distribution is shown in Fig. 2a. The agglom-
rate size distribution up to 60 �m features two maxima at 12
nd 48 �m.

The fine fraction of the powders was separated by sedimenta-
ion method12,13 using acetone as the sedimentation liquid. For
ll investigated powders, the suspension of the fine fraction was

eparated at the similar experimental conditions (initial concen-
ration of powder in liquid, settling time, etc.), then the acetone
as evaporated, and amount of the fine fraction was determined.



A.A. Bukaemskiy et al. / Journal of the European Ceramic Society 29 (2009) 1947–1954 1949

F
p

F
t
t
c
m
g
o
e
w
d
e

3

p
1
g
p
o

e
p
a
a

ρ

F
f

w
(

r
[
d
R
w
ρ

o
p
c
m
i
a
s
r
i
P
c

o

ig. 2. Agglomerate size and cumulative mass distributions for 8CeO2–8YSZ
owder (a) after attrition grinding and (b) after fractionation.

or example, for the powders calcined at 110, 600 and 800 ◦C,
his value is about 66, 40 and 8%, respectively. It was shown that
he fine fraction consists of both types of agglomerates, while the
oarse fraction consists mainly of the “hard” agglomerates. The
ass distribution for the fine fraction determined by the laser

ranulometry is shown in Fig. 2b for the representative case
f the 8CeO2–8YSZ powder calcined at 600 ◦C. The agglom-
rate size distribution has a well-defined maximum at 2.7 �m,
hereas about 95 wt.% of the agglomerates have an equivalent
iameter of less than 4 �m, and the average agglomerate size is
qual to 0.9 �m.

.1. Compressibility of the powders

The investigated powders were compacted by cold uniaxial
ressing, applying pressures between 25 and 1020 MPa. For the
2CeO2–8YSZ powder after drying, the values of the relative
reen densities (ρG) were plotted as a function of the compaction
ressure (P) and, as recommended in Refs. [14,15], as a function
f log P (Fig. 3).

The compressibility curves are characterized by three lin-
ar regions at low, middle and high pressures with intersection
oints at PY1 = 81 MPa and ρY1 = 0.31 and at PY2 = 310 MPa
nd ρY2 = 0.36 (Fig. 3a). Each linear region can be described by

n empirical equation15:

G = Ai log P + Bi (1)

o
m
n

ig. 3. Relative green densities (ρG) of 12CeO2–8YSZ powder after drying as
unction of (a) compaction pressure (P) and (b) log P.

here Ai, Bi are empirical constants for the low (i = 1), middle
i = 2) and high (i = 3) pressure regions, respectively.

The compaction behaviour of the ceramic powders in the
egions of low and middle pressures was studied in detail in Refs.
15–17]. For the cubic yttria stabilized zirconia (8.5YSZ) pow-
ers synthesized by wet chemical methods (gel-precipitation) in
ef. [17], the compressibility curve consists of two linear regions
ith a single intersection point at pressure PY1 = 30 MPa and
Y2 = 0.2. The process of powder compaction was considered
n the basis of the microstructural development during com-
ression. It was shown that the powders synthesized by the wet
hemical method are built up from three microstructural ele-
ents: (1) primary crystallites, (2) crystallites densely packed

nto small and strong aggregates, and (3) weak and highly porous
gglomerates consisting of the aggregates. The authors demon-
trated that at pressures below PY1, the agglomerates are only
earranged and partially fragmentised without a change in their
nternal microstructure. At the pressure around and higher than
Y1, compression of the agglomerates occurs, which causes
hanges in their internal microstructure.

The value of PY1 is the average compression strength
f the agglomerates and it depends heavily on the method

f synthesis.17 The empirical constant A2 is related to the
icrostructure of the powder and increases with increasing hard-

ess of the agglomerates.17
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ig. 4. Compressibility curves for 8CeO2–8YSZ powders calcined at different
emperature, and reference data.

The compressibility of the ceramic powders in the high-
ressure region (around the second breakpoint ρY2 − PY2) has
ainly been investigated in detail for spray-dried powders.18–21

he compressibility curves of these powders are also char-
cterized by the presence of two breakpoints. The pressure
t the second breakpoint (PY2) denoted as “joining pressure”
orresponds to the powder condition where the granules (or
he agglomerates) lose their separate identity. At this stage,
he compact behaviour is similar to the same non-granulated
agglomerated) powder, i.e. only a rearrangement of the crystal-
ites takes place.16 However, as described in Refs. [19,18], the

echanistic interpretation of this slope change is complex and
ncertain. It may be also interpreted as an artefact of the elas-
ic compression of the compact and/or the elastic response of
he testing fixture. Moreover, unlike wet synthesized powders,
or some spray-dried powders, the slope of the compressibil-
ty curves in the high-pressure region is smaller than that in
he middle-pressure region. This is apparently due to a peculiar

orphology of the spray-dried powders.20,21
There are insufficient studies on the compressibility of the
owders synthesized by wet chemical methods.22,23 On the basis
f the experimental results in Ref. [22], for the (Y-TZP) pow-

n

able 1
haracteristics of compressibility curves.

aterial Synthesis TC (◦C)

2CeO2–8YSZ Co-precipitation and H2O 110
CeO2–8YSZ Co-precipitation and H2O 110
CeO2–8YSZ Co-precipitation and H2O 350
CeO2–8YSZ Co-precipitation and H2O 600
CeO2–8YSZ Co-precipitation and H2O 800

-TZP20 N1 Co-precipitation and H2O 450
-TZP20 N2 Co-precipitation and 97%H2O + 3%oil 450
-TZP20 N3 Co-precipitation and 3.5%H2O + 96.5%C2H5OH 450
-TZP20 N4 Co-precipitation and 10%H2O + 90%C3H7OH 450

l2O3
21 Polyacrylamide gel method and calcination 1000

a Calculated value.
ig. 5. Dependencies of log PY2, ρY2, A1 and A2 on calcination temperature TC

or 8CeO2–8YSZ powder.

ers after calcination at 450 ◦C, it is possible to suppose the
resence of a second break point in the compressibility curves
t PY2 ∼ 200–400 MPa and ρY2 ∼ 0.3–0.4 (Fig. 4). Li and Ye
tudied23 the compressibility curve for the alfa-Al2O3 nanopow-
er synthesized by the polyacrylamide gel method and calcined
t 1000 ◦C in the range of compression pressures between 300
nd 1480 MPa. They found a breakpoint at PY2 ∼ 700 MPa and
Y2 ∼ 0.47 (Fig. 4). However, both studies lack a physical inter-
retation and detailed investigations of the second breakpoint in
he compressibility curves. Therefore, in the present work, the

iddle and high regions of the applied pressure were studied in
etail.

The compressibility curves for the investigated powders
ogether with reference data are shown in Fig. 4. For the pow-
ers calcined at temperatures below 800 ◦C, a second break was
ound in the compressibility curves (Fig. 4). The values of PY2,
Y2, Ai and Bi are shown in Table 1. From Table 1, it is obvious

hat the strength of the microstructural components (PY2), their
haracteristic packing density (ρY2) and the values of A2 and
3 increase with increasing calcination temperature TC. In all
ases, the dependencies of these characteristics on TC are linear
Fig. 5).

Eq. (1) for both regions of the compressibility curve after

ormalization with respect to PY2 and ρY2 can be rewritten as:

ρG

ρY2
= 1 + A2

ρY2
log(

P

PY2
) for P < PY2 (2)

ρY2 (g/sm3) PY2 (MPa) A2 B2 A3 B3 A3/A2

0.36 309 0.086 0.149 0.203 −0.143 2.37
0.38 439 0.088 0.147 0.197 −0.139 2.23
0.49 573 0.105 0.199 0.221 −0.120 2.10
0.52 858 0.121 0.168 0.253 −0.221 2.10
0.64a 1720a 0.146 0.165

0.40 392 0.075 0.203 0.163 −0.027 2.19
0.40 199 0.075 0.226 0.123 0.115 1.64
0.40 249 0.061 0.253 0.107 0.142 1.76
0.33 211 0.140 0.009 0.206 −0.144 1.47

0.47 671 0.152 0.045 0.295 −0.361 1.95
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ig. 6. Compressibility curve for all investigated powders in coordinates ρ/ρY2

nd log(P/PY2).

ρG

ρY2
= 1 + A3

ρY2
log(

P

PY2
) for P > PY2 (3)

he compressibility curves for the 8CeO2–8YSZ powders after
alcination at 110, 350, 600 ◦C and for the 12CeO2–8YSZ pow-
er after drying in coordinates ρ/ρY2 and log(P/PY2) are shown
n Fig. 6.

From this figure is obvious that all of our experimental data is
escribed by two straight lines (the correlation factor R2 ∼ 0.99),
nd that the empirical coefficients A2/ρY2 and A3/ρY2 are con-
tant and equal 0.23 and 0.56, respectively. Moreover, in contrast
o A2 and A3, these values are independent of the powder compo-
ition (8 or 12 mol% CeO2) and calcination temperature TC. As
result, these parameters are universal characteristics of powder
ompressibility.

In the case of the powder after calcination at 800 ◦C, the
ompressibility curve can be described by one straight line.
owever, it is logical to suppose that the corresponding value
f PY2 is higher than the maximum pressure used in our exper-
ments, i.e. PY2 > 1020 MPa. The values of PY2 and ρY2 for
his powder can be estimated from Eq. (2). From the values
f A2, B2 and the relation A2/ρY2 = 0.233, ρY2 equals 0.64
nd log(PY2) = (ρY2 − B2)/A2 = 3.24 or PY2 = 1720 MPa. Tak-
ng into account the obtained values, the compressibility curve
or powder calcined at 800 ◦C was recalculated and is shown in
ig. 6.

Apparently, the compressibility of the powders is deter-
ined mainly by the conditions of powder synthesis and by

ubsequent treatment. Thus, for the powders synthesized by
ther wet chemical methods,22,23 the values of PY2, ρY2, Ai

nd Bi determined from the reference experimental data dif-
er significantly from our results (Table 1). Depending on

he method of synthesis, washing, and calcination, the slope
f the compressibility curve (Ai/ρY2) changes from 0.15 to
.42 for the middle-pressure region, and from 0.27 to 0.62 at
igh pressures. For comparison, for all of our powders, the

Y
w
a
U

ig. 7. SEM images of green pellet microstructure of 8CeO2–8YSZ powder
fter attrition grinding and pressing (a) at 190 MPa, (b) at 570 MPa and (c)
owder after fractionation and pressing at 500 MPa.

alues of A2/ρY2 and A3/ρY2 equal 0.23 and 0.56, respec-
ively.

To compare the compressibility curves of the powders syn-
hesized by different methods, the parameter α = A3/A2 may be
sed. This parameter characterizes the relative increase in the
compressibility” of powders in the region of high pressure
Table 1). For example, for our powders and for the powder

22
-TZP N1 synthesized by a similar method (co-precipitation
ith washing in water and calcination), the values of α = A3/A2

re in close agreement and equal 2.10 and 2.19, respectively.
sing water for the washing of powders results in the formation
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Tables 1 and 2, the optimal pressure (P*) is always smaller
than the pressure of the secondary breakpoint (PY2). For all
investigated powders, the region of optimal pressures is located
in the upper part of the middle-pressure region, whereas the

Table 2
Optimal compaction pressures (P*) and sintered densities (ρ∗

S).

TC (◦C) Treatment P* (MPa) ρ∗
S

110 G 300 0.924
350 G 530 0.924
600 G 750 0.926
952 A.A. Bukaemskiy et al. / Journal of the Eu

f strong agglomerates.17,22 The mechanism behind agglomer-
te formation and possible cohesive forces between particles
uring synthesis and calcination were studied in detail in Ref.
24]. Using ethanol or isopropanol as a solvent (Y-TZP N3 and
-TZP N4, respectively22) and Menhaden fish oil as a dispersant

Y-TZP N222), the weak agglomerates were synthesized. In both
ases, the powders were characterized by low values of α equal
o 1.76, 1.47 and 1.64, respectively. Furthermore, the values of
Y2 ∼ 200–250 MPa for these powders are significantly lower

han those for our powders (PY2 ∼ 573 MPa) and for Y-TZP N1
PY2 ∼ 392 MPa) synthesized using water as a solvent.

Thus, on the basis of our results and the model approxima-
ions proposed in Refs. [10,16], we can assume that the presence
f a second break on the compressibility curves could arise as a
esult of the fragmentation of strong aggregates up to the primary
rystallites. The value of PY2 denotes the average compressive
trength of the aggregates. The strength of the aggregates is
etermined by the packing type of the primary crystallites and
he number of necks between the crystallites. The fragmentation
f aggregates occurs by breaking of the necks. This process was
articularly investigated in Ref. [10].

The morphological structures of the green bodies were inves-
igated by SEM. For the powder after drying, representative
EM images of pellets pressed at 190 MPa (P < PY2) and at
70 MPa (P > PY2) are shown in Fig. 7a and b, respectively.
s was described above, the “hard” agglomerates consist of

he high packing primary particles; therefore the contribution
f these agglomerates to the powder densification is insignif-
cant. During of compression, the cracking and repacking of
he “hard” agglomerates only take place, Fig. 7a and b. The
ncreasing green body density occurs mainly as a result of the
ensification of the “soft” agglomerates. This is evident from
significant decrease in the thickness of the “soft” agglomer-

tes layer located between the coarse “hard” agglomerates as
he compaction pressure increases, Fig. 7a and b, respectively.
or the pellet pressed at 190 MPa (P < PY2), the place between
hard” agglomerates is filled up the “soft” agglomerates with the
ow-packed density, Fig. 7a. With the increasing of compaction
ressure, the distance between “hard” agglomerates decreases
nd the density of “soft” agglomerates placed between “hard”
gglomerates increases, Fig. 7b.

.2. Sinterability of the powders

After compaction, the pellets were sintered at 1600 ◦C for 5 h
n air atmosphere. The sinterability of the powders after drying
110 ◦C) and after calcination at 350, 600 ◦C was investigated
s a function of the compaction pressure.

The sinterability curves of the powders after drying at 110 ◦C
ave a pronounced maximum in the region of small pressures
Fig. 8). If the optimal compaction pressure (P*) corresponds
o the pressure at the maximum value of sintered density, then

* is located between 250 and 350 MPa. In this region, pellets

each densities of up to ρ∗
S = 0.924 TD. The pellets prepared from

ried powders are sensitive to under- and over-pressing. The
ow values of the green densities and the material crystallization

1
3
6

G

ig. 8. Relative sintered density of 8CeO2–8YSZ pellets made from ground
open symbols) or fractionated (full symbols) powder, as a function of com-
action pressure and calcination temperature.

ccompanied by the elimination of a considerable amount of
ater from the samples are responsible for these sensitivities.
The sinterability curve of the powders calcined at 350 ◦C also

as a maximum but in the region between 500 and 600 MPa
Fig. 8). By increasing the calcination temperature, the optimal
ressure region is enlarged and shifts to higher pressures. In the
egion of the optimal compaction pressure, pellets also reach
ensities of up to 0.92–0.93.

The sinterability of powders calcined at 600 ◦C has no pres-
ure dependence at high pressures (Fig. 8). In the pressure range
rom 600 to 1000 MPa, the densities of the sintered pellets are
onstant and the samples have similar physical properties. Pres-
ures higher than 750 MPa can, therefore, be chosen as optimal
ompaction pressures. In the case of the powder calcined at
00 ◦C, pellets reach densities of up to 0.926.

Thus, by increasing the calcination temperature, the opti-
al pressure increases, and the region of optimal pressure are

nlarged. The values of the optimal compaction pressures (P*)
nd corresponding sintered densities (ρ∗

S) are summarized in
able 2.

As is obvious from the comparison of the values shown in
10 F 430 0.95
50 F 650 0.955
00 F 760 0.961

, ground; F, fractionated.
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ig. 9. SEM images of pellets sintered from (a) ground and (b) fractionated
owders.

*/PY2 ratio varies from 0.7 to 0.9. For all investigated pow-
ers, the region of the optimal pressures is illustrated in Fig. 6
y the big dotted square. As was assumed earlier, at pressure
Y2 and higher, fragmentation of the strong aggregates up to

he primary crystallites disturbs the contact between the pri-
ary particles (neck). The deterioration of the contact between

rimary particles may in turn result in the deterioration of the
interability.

The peculiarity of the sintering of the “soft” and “hard”
gglomerates and the influence of this on the microstructure
f the sintered pellets was investigated in detail in Ref. [25].
t was shown that the coarse “hard” agglomerates control the
intering to a large degree. They form a “rigid” skeletal during
intering and lead to the formation of extended pores along the
rain boundaries.

The pellets prepared at optimal compaction pressure and
intered at 1600 ◦C were investigated by SEM (Fig. 9a). The sin-
ered material is characterized by well-formed grains and grain
oundaries, as well as by homogeneously distributed pores,
hich are mainly located at triple grain boundary junctions and

nside the grains (Fig. 9a). The spherical pores are large and the
verage size is in the order of 2 �m. The extension of the pores

ocated along the grain boundaries amounts to 20 �m.

Though the sintered pellets have a relatively low density
0.92–0.93 TD), they were produced using a simple wet tech-
ique (synthesis – drying or low temperature calcination – soft,

8
f
n

n Ceramic Society 29 (2009) 1947–1954 1953

ry attrition grinding – sintering), which can be adapted for the
rocessing of radiotoxic materials. As was described in Refs.
26,27], the ceramic for the inert matrix fuel must have a rela-
ively low density (∼0.9 TD) and a well-formed microstructure
nd porosity.

The possibility of increasing the density of the sintered
eramic by using powders after fractionation by sedimentation
n acetone was partially investigated in Ref. [25]. The morpho-
ogical structure of green bodies produced from the powder
fter fractionation is very uniform and contains mainly “soft”
gglomerates (Fig. 7c).

After sintering the pellets are characterized by a homoge-
eous morphological structure. They have well-formed grains
nd grain boundaries and uniformly distributed pores (Fig. 9b).
oreover, the absence of coarse “hard” agglomerates in the pow-

er leads to the absence of large pores in the sintered material.
he pores are small with an average size of 0.5–0.8 �m and they
re located mainly within the grains.

The sinterability of the pellets prepared from fractionated
owders was also investigated in detail as a function of the
ompaction pressure (Fig. 8). Similar to the case of the ground
owders, pellets prepared from fractionated powders and cal-
ined at 110 or 350 ◦C are sensitive to under- and over-pressing.
owever, the region of the optimal compaction pressure (P*)

s extended and shifts to a higher pressure. Thus, for the frac-
ionated powder (TC = 110 ◦C), the optimal pressure region is
ocated between 350 and 550 MPa reaching densities of up to
.95 TD. Powders calcined at 350 ◦C have an optimal pressure
egion between 500 and 800 MPa reaching densities of up to
.955 TD. Powders calcined at 600 ◦C have no pressure depen-
ence at high pressure and reach values of 0.960 TD. For all
owders, the fractionation led to an increase in density (Fig. 8
nd Table 2).

The sintered pellets have a high density (0.95–0.96 TD) and
ell-formed microstructure. They were also produced by a

imple wet technology, which can be easily adapted for the pro-
essing of radiotoxic materials. This ceramic may be used as an
nert matrix for the final disposal of nuclear waste.9

. Conclusion

In the present work, CeO2–8YSZ powders containing
etween 8 and 12 mol% ceria were prepared by employing a
o-precipitation method. After calcination at different tempera-
ures and after mild attrition grinding, the compressibility and
interability of the powders were investigated.

The compressibility curves were characterized by three lin-
ar regions at low, middle and high pressures. The middle and
igh regions of the compaction pressure, as least investigated,
ere studied in detail. The specific values of the compaction
ressure (PY2) and density (ρY2) at the intersection point of
he compressibility curve were determined for all investigated
owders.
It was shown that the compressibility curves for the
CeO2–8YSZ powders after calcination at 110, 350, 600 ◦C and
or the 12CeO2–8YSZ powder after drying in special coordi-
ates ρG/ρY2 and log(P/PY2) can be described by two straight
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= 1 + 0.23 log

(
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for P < PY2

ρG

ρY2
= 1 + 0.56 log

(
P

PY2

)
for P > PY2

he empirical coefficients equal to 0.23 and 0.56 are universal
arameters of the “compressibility” of a powder, which is mainly
etermined by the method of powder synthesis used.

It was assumed that the presence of the second break in the
ompressibility curves was due to the fragmentation of strong
ggregates up to the primary crystallites. The value of PY2
enotes the average compression strength of the aggregates.

The sinterability curves of powders after drying and after cal-
ination at 350 ◦C had a pronounced maximum. The sinterability
f powders calcined at 600 ◦C had no pressure dependence in the
nvestigated pressure region. The optimal compaction pressures
P*) corresponding to the pressure at the maximal value of the
intered density were determined for all investigated powders.
t was shown that the region of optimal pressure is located in the
pper part of the middle-pressure region, whereas the P*/PY2
atio varies from 0.7 to 0.9.

The influence of powder fractionation on the sinterability of
he powders was studied in detail as a function of the compaction
ressure and calcination temperature. The microstructure of the
ellets prepared at optimal compaction pressure and sintered at
600 ◦C was investigated.
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