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The most reliable method of fixation of long-life ra-
dionucleides, the wastes of nuclear circle, is their substitu-
tion into hardly soluble mineral-like materials [1]. Min-
eral-like matrixes are based on monazite, zircon, eulytite,
garnet, pyrochlore, etc. [2, 3]. The most developed branch
of investigations is an substitution of radionucleides into
hardly soluble phosphate compounds [4].

Among the phosphate compounds, the most interest-
ing are complex orthophosphates with structures of
NaZr2(PO4)3 and CePO4 [5-7]. A general quality of these
structures is an ability to accumulate different cations
without changes in the structural type.

In the present study, ceramic phosphate NZP and
monazite-like compounds containing  uranium and pluto-
nium were synthesized. Compositions of common titanate
ceramics of the pyrochlore structure, utilized for the im-
mobilization of plutonium, were taken into account [2].
These data could be useful for subsequent comparison of
properties of titanate and phosphate ceramics of similar
cation composition.

Four phosphate compounds (samples 1-4) containing
Ca2+, Cd2+, Gd3+, Hf4+, Ti4+, Ce4+, U4+, and Pu4+ were
synthesized. Peculiarities of phase formation and x-ray
characteristics of the compounds of different cation com-
position were investigated.

For the phosphates with the expected NZP structure,
the following compositions were suggested: (Ca, Gd, Hf,
Ti, Ce, U) (PO4)3 (sample 1) and (Ca, Gd, Hf, Ti, U, 239Pu)
(PO4)3 (sample 2). For the monazite analogs, the following
compositions were suggested: (Ca, Cd, Gd, Ce, U) (PO4)3
(sample 3) and (Ca, Cd, Gd, U, Ce, 239Pu) (PO4)3 (sample
4). Cerium (IV) was used as an imitator of plutonium in
the samples 1 and 3.

All starting  materials were of an analytical purity.
Oxides were used for the synthesis of orthophosphates
(samples 1 and 2) [2]. Other starting materials were used
in the synthesis of the samples 3 and 4. Mass fractions of
uranium and plutonium in the samples 2 and 4 were simi-
lar.

The synthesis was performed by reactions of oxides
with phosphoric acid with the subsequent addition of cal-
cium into the intermediate products, their pressing and
high-temperature annealing.

An optimal temperature of the annealing was 1250-
1300OC and time of 2 hours. A bulk composition is shown
on the basis of stoicheometry. Table 1 shows suggested
mole fractions of elements in the products. The products
were identified by XRD in the Debye-Schairer chamber
using Cu radiation.

According to XRD, the phase of the NZP type is
dominating in the sample 1. Intensities (I) and interplanar
distances (d) of this phase are close to the NZP-like phase
Ca0.5Ti2(PO4)3 [8]. The phase of the monazite type prevails
in the sample 2 [9]. Samples 3 and 4 were uni-phase. I and
d parameters were close to that of monazite. Table 2
shows unit-cell parameters of the samples 3, 4, and domi-
nating phases in the samples 1 and 2.

The unit-cell parameters (a, c, and V) of the NZP-like
phase of the sample 1 are slightly larger than the corre-
sponding values of Ca0.5Ti2(PO4)3. It can be explained by
the enter of large cations Hf4+ (r = 0.82 Å), Ce4+ (r = 0.88
Å), Gd3+ (r = 0.94 Å), and U4+ (r = 0.89 Å) along with Ti4+

(r = 0.64 Å). Unit-call values of the monazite-like phases
are comparable or slightly lower than of CePO4. It corre-
sponds to the substitution of ions which are smaller than
Ce3+ = 1.02 Å).

An average radius of cations in the samples 1 and 2
recalculated for one PO4

3- group is 0.71 Å, whereas for the
samples 3 and 4, this value is 0.95 Å. This assists to the
formation of the monazite-structured phase in the samples
3 and 4 with larger coordination number of cations (CN =
9) in comparison to the phases of the NZP type, where CN
= 6. Taking the appropriate conditions for the number of
cations of the samples 1 and 2, the equilibrium can be
shifted to one or another phase. However, since both
structural types are technically, thermally, and nuclear
stable, a presence of one type along with another does not
lower the characteristics of the ceramics.

Table 1. Mole fractions of components in the produced orthophosphate phases.

Sample Ca2+ Gd3+ Cd2+ Hf4+ Ti4+ U4+ Ce4+ Pu4+ (PO4)3

1 0.525 0.130 - 0.150 1.329 0.273 0.138 - 3

2 0.525 0.130 - 0.150 1.329 0.273 - 0.138 3

3 0.304 0.044 0.174 - - 0.116 0.362 - 1

4 0.304 0.044 0.174 - - 0.116 0.304 0.058 1

Table 2. Unit-cell parameters of dominating phosphate phases.

Sample a, Е b, Е c,  Е β, grad. V, Е3

1 8.427±0.003 - 22.20± 0.01 - 1365.6



2 6.667± 0.005 6.828± 0.004 6.347± 0.004 103.64± 0.05 280.8

3 6.775± 0.008 7.031± 0.008 6.46± 0.01 103.6± 0.1 299.2

4 6.72± 0.01 6.965± 0.007 6.42± 0.01 103.5± 0.1 292.3
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