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High-density potassium-magnesium phosphates (PMP), produced by hot isostatic press-
ing (HIP) at temperature of 900°C and pressures of 200 and 400 MPa, are promising
materials for the immobilization of radioactive cesium. The maximum density of PMP
samples was obtained after HIP at pressure of 400 MPa, 900°C and holding time of 1 h,
and PMP + 10 wt. % CsCl samples at 200 MPa, 900°C and 1 h. The resulted materials
possess monophase monoclinic structure of potassium-magnesium monophosphate «-
KMgPQO,. The possibility of PMP materials to incorporate cesium into its structure by substi-
tution with potassium has been studied by X-ray phase analysis and laser mass spectrometry
methods using. The homogeneous fine-crystalline structure of ceramic PMP and PMP +
10 wt.% CsCl samples after HIP was analyzed by scanning electron microscopy method.

Keywords: potassium-magnesium phosphate, cesium, hot isostatic pressing, X-ray
phase analysis, electron microscopy, density.

Bricorkomnoraeie Kaauii-marmueebie docharer (KMP), moaydeHHBIe IOPAYUM H30CTATU-
yeckuM npeccoBanueMm (I'MII) mpu temmeparype 900°C u masmenun 200 m 400 MIla, asasa-
IOTCA TEPCIIEKTUBHBIMU MAaTepHaJaMy A MMMOOMIN3AINN PaIMOaKTUBHOTO 1e3usa. Makcu-
MagbHaa maoTHocTeE KM@ obpasior nmoxyuena mocae I'MII mpu gasmenuu 400 MIla, Temre-
parype 900°C u Bpemenum Boigep:xEu 1 uac, a KM® + 10 Bec.% CsCl obpasmos — npwu
maBieranu 200 MIla, temmepatype 900°C u Bpemenm Boiep:kKUM 1 uac. Ilosmydennblie Mare-
puansl o6gazarT MOHOMAZHON MOHOKJIWHHOHN CTPYKTYpPO# Kanuii-mMaraueBoro MonodocdaTa
0-KMgPO,. MeTosaMu peHTIeHOBCKOTO (DA30BOTO AHANN3A U JIA3€PHOM Macc-CIeKTPOMeTpUN
usyueHa BoaMo:KHOCTE KM® mMarepmasoB II0 BKJIIYEHUIO B CBOIO CTPYKTYPY I€SHS IIYTEM
samellenus UM Kaausa. [[oKkasaHo MeTomaMu CKAHUPYIOIIEH 2JIEKTPOHHON MHUKPOCKOIUM, UTO
kKepamuueckrne KM® u KM® + 10 sec.% CsCl o6pasusr nocie THUIla 061aa10T 0QHOPOAHOI
MEJKOKPUCTANIUUECKON CTPYKTYPOIi.

Tapaue izocraTHuHe mpecyrRaHHA Kadiil-marHii-gochaTHux marepiaxie gaa iMmmoo6i-
mizamii mesir. C.J0.Caenro, BA.Illkyponamenro, I'O.Xonomees, O.B.I1ununenro, I'.B.3uxo-
6a, H.H.Beraw, P.B.Tapacos, O.€.Cypros, K.AYaubxina, K.B.JIo6ax, M.Caswax, M.Kuiey.

Bucoxkomrineai kanifi-marmieri docharun (KMDP), orpumani rapAuynM i3oCTATUYHUM ITIpe-
cysamaaM (I'ITI) mpm rtemmeparypi 900°C i tmcry 200 i 400 MIla, € mepcrneKTUBHUMU

258 Functional materials, 25, 2, 2018



S.Y.Sayenko et al. /| Hot isostatic pressing of...

MarepiajaMu Aad imMMmob6imisarii pagioakTuBHOro 1es3i. MakcuMmanbHa IIijabHicTe KM®
spaskiB orpumana micas Il npu tucky 400 MIla, remneparypi 900°C i wacy BUTPpUMEN
1 roguna, a KM® + 10 Bar.% CsCl spaskis — npu tucky 200 MIIa, remneparypi 900°C i
yacy surpuMku 1 roguHa. Orpumani marepianum MapTh MOHODASHY MOHOKJIIHHY CTPYKTYPY
kayiii-maraiesoro monodochara o-KMgPO,. Merogamu peHTreHischkoro (asoBoro aHamisy i
J1a3epHOl Mac-creKkrpoMmerpii BuBueHo moxkauBicte KM® marepianiB 3 BKJIIOUEHHS B CBOIO
CTPYKTYPY ILe3i0 muisAxoMm 3amimieHHs HuM KaJio. [IoxkasaHo MeTomaMy CKAHYIOUOI eJleK-
TpoHHOI Mikpockomii, mo kepamiuai KM® i KM® + 10 Bar.% CsCl| spaskm micas TI'llla
BOJIOIiIOTE OSHOPiAHOIO APiIOHOKPHCTAJIIUHOIO CTPYKTYPOIO.

1. Introduction

Reliability of radionuclides immobi-
lization into the matrices should be guaran-
teed by a complex of physical and chemical
properties of the matrices [1]. The mechani-
cal characteristics of the resulting matrices
material have significant influence on the
safety of the radionuclides disposal. The
matrices containing radionuclides are ex-
posed to different mechanical loads during
processes of producing, storage, transporta-
tion, and immobilization into the geological
environment. The insufficient mechanical
properties (compressive strength, bending,
etc.) of the matrices materials result in ap-
pearance of cracks and fractures of cured
radioactive waste (RAW) and, as a conse-
quence, to decrease of material chemical re-
sistance [2]. High density of ceramic mate-
rials is one of the most important factors
ensuring high mechanical properties. Simul-
taneously with the increase in density, the
mechanical properties and thermal stability
of ceramics are improved, and the rate of
chemical reactions on the surfaces (dissolu-
tion, interaction with salt solutions) is de-
creased by reducing the specific surface [3].

The most famous methods for producing
of high-density ceramic materials for RAW
immobilization are cold pressing followed by
sintering, hot pressing or hot isostatic
pressing (HIP). To obtain high-density ce-
ramic matrices by sintering in air, in a vac-
uum or an inert medium, higher processing
temperatures and longer holding times are
required. This process leads to the libera-
tion of readily volatile radio nuclides from
the matrices, and cesium in particular. The
application of the hot pressing method in
vacuum allows not only to achieve a reduc-
tion in the synthesis temperature and a de-
crease in the heat treatment time, but also
to produce high density samples of the ma-
terial. However, the process of hot pressing
involves the use of graphite molds and the
pressed material will inevitably be in a me-
dium saturated with carbon. As is known,
carbon is able to enter into the phosphates
structure resulting in a degradation of crys-
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tallinity, increased solubility and decrease
in the thermal stability [4]. Therefore, the
application of the method of hot isostatic
pressing, providing a high density of the
pressed material and avoiding abovemen-
tioned disadvantages is fully justified.

Examples of the production by means of
HIP method (temperature ~ 850°C, pressure
100 MPa) of sodalite-containing glass forms
for the immobilising fission product-bearing
waste KCI-LiCl pyroprocessing salts in the
ANSTO (Australian Nuclear Science and
Technology Organization) are known. The
obtained samples were characterized by high
density and showed high corrosion resis-
tance in the process of conducting leaching
tests in water [5].

There is an experience of successful ap-
plication of the process of hot isostatic
pressing for manufacture of mineral-like ce-
ramic matrices of Synroc composition for
high-level waste immobilization in NSC
KIPT. This experience was used in the de-
velopment of glass-ceramic mineral-like ma-
terials of aluminosilicate composition for
application as protective elements in the en-
capsulation of spent nuclear fuel (SNF) [6].

Recently, potassium-magnesium phos-
phate KMgPO,-6H,O (PMP), which has a
room temperature of synthesis, high corro-
sion properties and radiation resistance, is
proposed for the immobilization of both
separately isolated radionuclides and liquid
radioactive wastes [7—10]. Its anhydrous
form KMgPOQ, is of interest as an inorganic
compound that can reliably hold the '37Cs
radioactive isotope and be used as a source
of gamma radiation for medical purposes
such as cancer treatment and diagnosis of
heart disease. In addition, such a form of
sources after the end of the service life al-
lows to be stored without additional proc-
essing.

The aim of the paper was to study the
hot isostatic pressing method for production
of a high-density fine-grained ceramics
based on potassium magnesium phosphate
KMgPO, needed for immobilization of radio-
active cesium.
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Fig. 1. XRD patterns of the samples: a — PMP, b — PMP + 10 wt. % CsCI.

2. Experimental

Hot isostatic pressing of PMP samples
was carried out at NSC KIPT on a labora-
tory HIP installation GAUS-4/2000-35. The
operating parameters of the installation are
following: working gas — argon, maximum
pressure — 400 MPa, maximum tempera-
ture — 2000°C. The dimensions of inside-
furnace space were following: diameter
35 mm, height 170 mm. The gas pressure
(up to 400 MPa) in the unit is created by
the cryogenic thermocompressor KRIT-4L,
which was designed and manufactured at
the NSC KIPT.

Preliminary heat treatment of potas-
sium-magnesium-phosphate samples was
carried out in air at 700°C for 1 h in a
Nabertherm L5/13/B180 (Germany) furnace.

The phase composition of the PMP mate-
rials was studied by X-ray diffraction
analysis (XRD) (DRON-4-07 in copper Cu—
Ko radiation using a Ni selectively absorb-
ing filter). The ASTM diffraction data base
was used to identify the obtained phases.

Elemental analysis of PMP samples with
the addition of 10 wt. % CsCl was per-
formed on a high-resolution laser mass spec-
trometer EMAL-2.

To determine the processes occurring
during the heating of the PMP samples, a
differential thermal and thermo-gravimetric
analysis (DTA/TG) was performed on the
SDT Q600 thermal analyzer in the tempera-
ture range (20—-1300)°C at a heating rate of
10°C/min.

A study of the structure of the obtained
ceramic materials and X-ray spectrometric
measurements of the composition was car-
ried out on a scanning electron microscope
Zeiss EVO 40 and JEM-7001 F equipped
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with an X-ray EDX microanalyzer Pen-
taFET-x3 (Oxford INCA) at an accelerating
voltage of 20 kV. X-ray spectra were proc-
essed using Oxford Instruments INCA 4.11.

Raman spectra were obtained on the
Raman spectroscopy scientific equipment
"Renishaw in Via". 83D tomography was per-
formed on 8D XRD Tomography (Phoenix
micromex DXR-HD, GE Sensing & Inspec-
tion Technologies GmbH, Germany).

The density of the samples after HIP was
determined by hydrostatic weighing.

The synthesis of potassium-magnesium
phosphate KMgPO,-6H,0 was carried out at
room temperature using the following re-
agents:

— magnesium oxide MgO;
potassium dihydrogen

— distilled water.

PMP was produced as a result of an acid-
alkaline reaction between MgO and KH,PO,
in water [7]:

MgO + KH,PO, + 5H,0 =
= KMgPO, - 6H,0.

phosphate

1)

The simulator of radioisotopes 3’Cs and
134Cs in the synthesis of cesium-containing
PMP samples was Cs*, which was intro-
duced as cesium chloride CsCI.

The PMP phase composition studies by
X-ray phase analysis (XRD) showed that the
PMP samples, both containing cesium and
without cesium, mainly consist of hexahy-
drate of potassium and magnesium double
orthophosphate KMgPO,4-6H,0 of rhombohe-
dral structure (ASTM 35-0812) (Fig. la, b).
On the diffractogram of the PMP sample +
10 wt. % CsCl there were also lines of magne-
sium chloride phosphate Mg,PO,C! (Fig. 1Db).

Functional materials, 25, 2, 2018
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After adding of 10 wt. % CsCIl, a small
shift of the main X-ray lines KMgPO,-6H,0
toward smaller angles was observed. The
shift is explained by the partial substitution
of potassium atoms by cesium atoms with
large ionic radii. According to this fact, the
obtained material of PMP samples with ce-
sium (90 wt. % PMP + 10 wt% CsCl) can
be represented as K,_,Cs,MgPO,.6H,0.

In the HIP technology, cylindrical cap-
sules are usually made of stainless steel
with a thickness of a few tenths of a milli-
meter. To avoid excessive deformation of
the resulting blanks in order to increase the
density of the feed material before the proc-
ess of HIP, preliminary sintering of the in-
itial powders in air is necessary [6]. In the
case of potassium-magnesium phosphate,
which contains bound water, preliminary
heat treatment is also necessary to remove
water. As is known, in the process of heat
treatment dehydration of potassium-magne-
sium phosphate occurs in accordance with
the following reaction [11]:

KMgPO, - 6H,0 — KMgPQ + 6H,0. (2)

Using DTA/TG analysis, it was found
that the endothermic peak at a temperature
of 120°C corresponds to the dehydration of
the PMP sample (Fig. 2a). This fact is con-
firmed by a weight loss (- 40 %) on the TG
curve, which corresponds to the removal of
the stoichiometric amount of bound water.
Above the temperature of ~ 250°C, the
weight of the PMP sample does not change.
In contrast to the PMP sample, a weight
loss of ~ 30 % of the PMP sample with the
addition of cesium chloride up to a tempera-
ture of 700°C is observed (Fig. 2b). Above
the temperature of 700°C, the sample
weight practically does not change. There-
fore, in order to avoid the removal of water
or gas release in the process of HIP, the
thermal treatment of PMP samples with
both cesium chloride addition and without
additives at temperature of 700°C for 1 h
was carried out. After heat treatment, an
elemental analysis of the PMP samples with
the addition of 10 wt. % CsCl was carried
out on an EMAL-2 laser mass spectrometer.
The results of elemental analysis of PMP +
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Fig. 2. DTA/TG analysis of the samples:
a — PMP, b — PMP + 10 wt % CsCI.

10 wt. % CsCl are shown in Table 1. From
the presented data, it can be concluded that
the thermal treatment at 700°C for 1 h does
not lead to a decrease in the cesium amount
in samples of PMP + 10 wt. % CsCl compo-
sition.

Isostatic treatment of PMP and PMP +
10 wt. % CsCl samples was carried out on a
laboratory gas-static unit GAUS-4/2000-35
at temperature of 900°C and pressures of
200 and 400 MPa for 1 hour. Capsules with
samples 50—60 mm in length and 10 mm in
diameter were placed with special equip-
ment in the working zone of the gas-stove
oven. After HIP, the material was extracted
from the steel shell mechanically and the
composition, structure and properties of the
obtained samples were studied (Fig. 3).

3. Results and discussion

After hot isostatic compaction at tem-
perature of 900°C and pressure of 200 MPa
for 1 h, lines of potassium-magnesium mo-

Table 1. Element composition of PMP + 10 wt. % CsCl samples after heat treatment

Temperature, Element composition, wt. %
time of heat .
treatment K Mg P 0 Cl Na Al Si Ca S

700°C, 1 h 9.9 24.1 14.6 | 30.8

10.27 | 5.9 3.5 0.02 | 0.17 | 0.07 | 0.67

Functional materials, 25, 2, 2018
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a) b)

Fig. 3. The view of capsules with PMP sam-
ples: a — after HIP, b — after extraction
from the capsules shell.

nophosphate o-KMgPO, of a monoclinic
structure (ASTM 089-4675) are observed on
the X-ray diffraction pattern of the sample
(Fig. 4a). With an increase in the pressure
of the HIP up to 400 MPa at a temperature
of 900°C, there were no polymorphic trans-
formations in PMP sample (Fig. 4b). How-
ever, as follows from the analysis of the
diffractograms, there are quite noticeable
differences in the magnitudes of the inten-
sities of reflections. Such changes in the
intensity of the reflections, along with the
small broadening, are apparently caused by
the deformation of the PMP particles dur-
ing the HIP processing, which is accompa-
nied by the accumulation of linear defects.

The increase in the distortions of the
crystal structure of the PMP samples with in-
creasing of the HIP pressure is also indicated
by the Raman spectrometry data (Fig. 5). The
main lines of the Raman spectra of samples

* — o — KMgPO,

20 30 40 50 60
260 den

after HIP at the temperature of 900°C and
pressure of 200 MPa (Fig. 5a) are analogous
to the previously published Raman spectra
of KMgPO, samples obtained by solid-phase
synthesis at a temperature of 830°C for
10 h. The highest intensity of the lines is
observed at a Raman shift of 975 and
1000 em ™!, which corresponds to the vs
(PO43‘) oscillation lines in the potassium-
magnesium phosphate spectrum of KMgPO,
[12]. With an increase in the HIP pressure up
to 400 MPa at the same temperature, the
number of lines with a noticeable intensity of
the Raman spectrum decreases sharply up to
two lines: 956 and 981 cm ™! (Fig. 5b).

Photographs of the microstructure of
samples of potassium-magnesium phosphate
KMgPO, obtained after hot isostatic press-
ing at a temperature of 900°C and a pres-
sure of 200 MPa and 400 MPa for 1 h are
shown in Fig. 6. The microstructures of the
samples demonstrate the presence of gener-
ally well-faceted grains in PMP samples
after HIP (pressure of 200 MPa, Fig. 6a)
compared with the absence of a clear grain
faceting in PMP samples after the HIP
(pressure of 400 MPa, Fig. 6b). This is ap-
parently due to the fact that at higher pres-
sures, the grains are brought closer to-
gether and rearranged, leading to an increase
in the intergrain contacts. This process, in
turn, leads to an increase in mass transfer,
change in the shape of the grains, and a more
dense structure formation.

As can be seen from the PMP + 10 wt.%
CsCl diffractograms, the samples after HIP
treatment at the temperature of 900°C
(pressures of 200 and 400 MPa) consist of a
single phase of K;_,Cs,MgPO, (Fig. 7). As
well as in the case of X-ray diffraction pat-
terns of samples without cesium chloride
additions, changes in the intensities of re-
flections are observed with an increase in
pressure from 200 to 400 MPa. However,

500 1
b) . * — . — KMgPO,

20 30 40 50 60
260 dea

Fig. 4. XRD patterns of the PMP samples after HIP: a — 900°C, 200 MPa, b — 900°C, 400 MPa.
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Fig. 5. Raman spectra of KMgPO, samples
after HIP: a — 900°C, 200 MPa, b — 900°C,
400 MPa.

the presence of cesium leads to significant
distortions in the crystal lattice of potas-
sium-magnesium phosphate (Fig. 7b). There
are also significant changes in the Raman

spectra of PMP + 10 wt. % CsCl samples
with an increase in the HIP pressure from
200 to 400 MPa (Fig. 8). The highest inten-
sity of the lines of the Raman spectrum of
samples after HIP at the temperature of
900°C and pressure of 200 MPa is observed
at a Raman shift of 982, 1011 and
1044 em™! (Fig. 8a). With an increase in
the pressure, the Raman spectrum signifi-
cantly changes: the Raman shift lines of
957 and 1064 em ! are characterized by the
maximum intensity values (Fig. 8b).

The presence of cesium atoms in the lat-
tice is evidenced by the fact that the lattice
parameters a and b of PMP + 10 wt.% CsCl
after the HIP (T = 900°C, P = 200 MPa) in-
crease in comparison with the a-KMgPO,
single crystal lattice parameters. The o-
KMgPO, single crystal lattice parameters
data were obtained by the hydrothermal
method under pressure 90 MPa at a tem-
perature of 500°C for 2 days (Table 2) [13].
With an increase in the HIP pressure up to
400 MPa, an insignificant increase in the
parameters a and b and a more substantial
increase in the c¢ lattice parameter of PMP
+ 10 wt. % CsCl were indicated.

The structure of PMP containing cesium
after HIP is homogeneous and fine-crystal-
line (Fig. 9). As well as in the case of PMP

Table 2. Crystalline lattice parameters of the KMgPO, + 10 wt.% CsCl after HIP

Sample

Phase composition

Lattice parameters, A

KMgPO, + 10 wt.% CsCl, HIP:900°C,
200 MPa,1 hour

KMgPO, + 10 wt.% CsCl, HIP:900°C,
400 MPa, 1 hour

o-KMgPO, hydrothermal-grown single
crystal

o-K,_,Cs MgPO,
o-K,_,Cs,MgPO,

0-KMgPO,

a = 8.594, b = 5.097, ¢ = 18,938,

B =91.51°
a=8.602, b = 5.103, ¢ = 19.008,
B =91.76°

a = 8.549(2), b = 5.078(1),
¢ = 18.996(2), B = 91.68(1) [13]

Signal E1

{1 EHT =20.00 kv =
Photo No. = 6692

i Mag= 100KX

Date :15 Jul 2016 |
Time :11:51:13

ignal A = SE1

Mag= 1.00 KX Photo No. = 6697

Time :12:15:34 W

a)

b)

Fig. 6. SEM images of KMgPO, samples after HIP: a — 900°C, 200 MPa, b — 900°C, 400 MPa.
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Fig. 7. Diffractograms of the PMP + 10 wt. % CsCl samples after HIP: a — 900°C, 200 MPa, b —

900°C, 400 MPa.

samples without the addition of CsCl, a
grains of the PMP + 10 wt. % CsCl samples
after the HIP (T = 900°C, P = 200 MPa)
have a clearer faceting than the grains of
the PMP + 10 wt. % CsCl samples after the
HIP with pressure of 400 MPa. The grain
size of the PMP + 10 wt. % CsCl samples
after the HIP (T = 900°C, P = 200 MPa) is
advantageously 2-2.5 um, although the
presence of smaller and larger grains is
noted. Increasing the pressure of the HIP
up to 400 MPa does not lead to a signifi-
cant growth of the grains, and the average
diameter is 2.5—-3 um. At the same time,
denser packing of the grains with a rounded
shape is observed after the HIP (T = 900°C,
P = 400 MPa, Fig. 9).

The increase in the relative density of
the PMP samples was detected with an in-
crease in the HIP pressure at 900°C. The
maximum is 99 % of the theoretical value
(Table 3) at the pressure of 400 MPa. It is
known that the calculated density of mono-
phosphate a-KMgPO, is 2.55 g/ecm3 [13].
For PMP + 10 wt. % CsCl samples after
HIP with a pressure of 200 MPa, an in-
crease in the apparent density is observed
compared with the PMP samples due to the
presence of heavier cesium atoms. The de-
crease in the apparent density of PMP +
10 wt. % . CsCl samples with an increase in
the HIP pressure appears to be due to the
presence of a small amount of chlorine mag-
nesium phosphate Mg,PO,Cl, which is
dechlorinated, decomposed and formed addi-
tional pores at such HIP parameters (T =
900°C, P = 400 MPa).

Confirmation of the decrease in the ap-
parent density of PMP + 10 wt.% CsClI
samples with an increase in the HIP pres-
sure is given by 3D analysis data. In a sin-
gle part (V = 222.7 mm3) of PMP + 10 wt. %
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Fig. 8. Raman spectra of KMgPO, + 10 wt %
CsCl samples after HIP: a — 900°C,

Table 3. Dependences of apparent density
of PMP and PMP + 10 wt. % CsCl sam-
ples on the HIP pressure

Sample Apsparent density,
g/cm® HIP, 900°C, 1 h
200 MPa | 400 MPa
PMP 2.38 2.52
PMP + 10 wt. % CsCl 2.61 2.49

CsCl sample obtained after HIP (T = 900°C,
P =200 MPa) process 3 pores were de-
tected: one large diameter 0.48 mm and two
smaller with diameters of 0.15 and 0.1 mm
(Fig. 10a). At the same time, larger pores
with a diameter >1 mm are present in PMP

Functional materials, 25, 2, 2018
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Fig. 9. SEM images of KMgPO, + 10 wt % CsCl samples after HIP: a — 900°C, 200 MPa, b —

900°C, 400 MPa.

a)

Scene coordinate system
1.13 mm

Fig. 10. 8D images of KMgPO, + 10 wt % CsCl samples after HIP: a — 900°C, 200 MPa, b —

900°C, 400 MPa.

+ 10 wt.% CsCl sample after HIP (T = 900°C,
P = 400 MPa) process (Fig. 10b).

The high-density samples of cesium-con-
taining potassium-magnesium phosphate
were produced by hot isostatic pressing at
pressure of 200 MPa, temperature of 900°C
and holding time of 1 h. The development
of manufacturing methods and new materi-
als capable for cesium retaining is challeng-
ing after the nuclear accident at the
Fukushima nuclear power plant. '37Cs,
characterized by high activity, high solubil-
ity and leaching rate, is one of the main
heat-generating isotopes in radioactively
contaminated wastewaters. Recently, a large
number of materials have been proposed
which are capable of efficiently recovering,
and then, in the cured form, retaining read-
ily volatile cesium [14, 15]. The presented
results on the production of high-density
potassium-magnesium-phosphate materials
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containing cesium can be useful for the fur-
ther development of materials and methods
of radioactive cesium reliable isolation.

4. Conclusions

High-density samples of potassium-mag-
nesium phosphate and potassium-magne-
sium phosphate with cesium were produced
by hot isostatic pressing method. The ob-
tained materials have monophase monoclinic
structure of potassium-magnesium mono-
phosphate o-KMgPO,.

Ceramic PMP and PMP + 10 wt. % CsCl
samples after hot isostatic pressing demon-
strate a homogeneous fine-crystalline struc-
ture. The maximum apparent density of
PMP samples after HIP at the pressure of
400 MPa, temperature of 900°C and holding
time of 1 h was 2.52 g/cm3, and PMP +
10 wt. % CsCl samples after HIP at a pres-
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sure of 200 MPa, 900°C and holding time
1h — 2.61 g/em3.

The obtained high-density ceramic potas-
sium-magnesium-phosphate materials are
promising for use as a material for medical
cesium sources of y radiation and for immo-
bilization of radiocactive cesium.
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