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Sorption characteristics of fine-dispersed magnesium-potassium phosphate ceramics KMgPO4-6H20 for immobiliza-

tion of *"Cs was investigated. The Cs specific capacity 2.97 mg/g at pH=4 was detected. The high selectivity of the

ion exchange of KMgPO4-6H20 out of dilute solutions was caused by various values of hydration radii of potassium

and cesium. There is change in solution pH in dynamics studies toward higher values, apparently due to leaching of

movable potassium out of ceramics. The high chemical and radiation resistance of ceramic are confirmed.

PACS: 82.39.Wj

1. INTRODUCTION

The significant amount of radioactive waste had
accumulated in the world. Radioactive waste was
formed as a result of the operation of nuclear power
plants, reprocessing of spent nuclear fuel, using of
radioactive sources in science, technology, medicine.
Therefore there is necessity of radioactive waste dis-
posal. The total release of radioisotopes into envi-
ronment from nuclear fuel cycle are ~350 thousand
Ci for atmosphere and ~10,000 Ci for hydrosphere
on GW of electric power per year. Among the ra-
dioactive waste generated during reprocessing, the
most widespread are liquid radioactive waste [1,2].
In Ukraine, on the territory of nuclear power plants
(except of the Chernobyl NPP) remains about 31
thousand m? of low-level, 1,786 m3 of intermediate-
level and 166 m?3 high-level radioactive solid wastes,
12,280 m3 of liquid radioactive wastes [3-5]. As a
result of the operation of LWR-1000 1.8 t/year fis-
sion products are being produced. During operation
LWR-1000 transuranium isotopes are being produced
with rate 0.48 t/year. Half-lives of transuranium iso-
topes much more of half-lives of fission products of
uranium. Therefore the activity of transuranium iso-
topes after 1000 years exceeds activity of fission prod-
ucts of uranium in 10° times.

The significant amount of highly concentrated salt
melt with radioactive waste is kept on nuclear power
plants. Salt melt contain considerable quantity iso-
topes of 132:137Cs and 9°Sr. Therefore, processing salt
melt by means of sorbents can essentially decrease
volumes of keeping of radioactive waste.

Long-term storage of HLW in liquid form is ex-

tremely risky, therefore IAEA regulations require to
isolation of waste into special materials [6]. In this
case, for disposal of spent nuclear fuel is used com-
bined protection. Such protection allowing reliably
isolate of waste. One of the components of this pro-
tection are materials on based of phosphate systems
(KMgPO4-6H50) that will prevent release of radioac-
tive isotopes into biosphere. The KMgPO4-6H>0
(Ceramicrete) is formed through an acid-base reac-
tion between calcined magnesium oxide (MgO) and
potassium hydrogen phosphate (KH3PO,4) in aque-
ous solution:

MgO + KH,PO, + 5H,0 — MgKPO,-6H,O.

Matrix of magnesium-potassium phosphate is
used to form composition of waste which simi-
lar concrete.  This composition is very stable.
KMgPQO4:6H20 is a well-defined analogue of Stru-
vite; where cation K* replaces the NH, ammonium
cation. This ion replacement is possible, as ionic radii
K* and NH] are almost identical.

Possibility of sorption of radioactive waste and,
especially, 137Cs and °°Sr, are being researched inten-
sively. Use of Ceramicrete for the immobilization of
137Cs and ?°Sr is economically advantageous as com-
pared with other matrices for of radioactive wastes.

In the present study, we have analyzed an impor-
tant data set of fine-dispersed magnesium-potassium
phosphate ceramics (KMgPO,4-6H50) during ion ex-
change by using '?2Cs isotope. We researched selec-
tivity and ion exchange capacity of ceramics towards
radiocesium and we established kinetic characteris-
tics of ionite.
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2. MATERIALS AND METHODS

The ceramics of KMgPO4-6H2O was milled in a
planetary mill and was in the range about 1 mi-
cron. CsNOj sample (30 mg) was irradiated by
bremsstrahlung with E,,,,=23 MeV, I=700 mA. The
reaction of 133Cs(,n)!32Cs was used to activating of
cesium. The irradiated sample of CsNOjz was dis-
solved in 250 ml of distilled water. The crushed sam-
ples of KMgPO4-6H20 (1 g) was placed in solution
of CsNOj3 (50 ml). Solutions with various pH were
researched. Dissolution of CsNOj3 and ion exchange
were carried out at room temperature. After sorption
of cesium by KMgPQO4-6H>O during 29.5 hours the
132Cs activity of ionite was measured. The sorption
of 132Cs was carried out during 315.5 hours. Activity
of 132Cs was measured by Ge(Li)-detector (volume
50 cm? and energy resolution of 3.2 keV at 1333 keV
line).

3. RESULTS AND DISCUSSION

Caesium content in ceramics after sorption 29.5
and 315.5 hours relatively pH is shown on Fig.1.
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Fig.1. The concentration of cesium in samples of
KMgPOy4-6H5 O after ion exchange for 29.5 and
315.5 hours

Feature of ion exchange of cesium which replaces
the potassium in KMgPO,4-6H50 is small rate of ex-
change in the initial period (29.5 hours) for the high
acidity of a solution. However, high ion exchange ca-
pacity of cesium in KMgPO4-6H2O was detected for
high acidity of a solution after equilibrium establish-
ment. After an ion exchange during 315.5 hours the
acidity of initial solution with pH=4 were changed to
pH=7 and with pH=12 to pH=11.

In order to establish of balance between
KMgPO,4-6H20 and CsNOj the ion exchange is be-
ing realised. In this case, part of the ions A(K) are
being replaced by ions B(Cs) in ionite, and part of
ions B(Cs) is being replaced by A(K) in solution:

A+B+ B+ A. (1)
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Efficiency of use of ion exchange is characterized
by ability of counterions to the separation A and B,
i.e. its selectivity. T4 separation factor is being de-
termined by the following equation:

Th = (ma/mp)/(ma/mp) = (CA/CB)/(CA/CB(),)

2
where T 4, M p — molal concentration of counterions
before contact with the solution; ma4, mp — molal
concentration of counterions after the establishment
of equilibrium; C4, Cz — concentration of counte-
rions before contact with the solution, C'4, Cp —
concentration of counterions A and B after the es-
tablishment of equilibrium. The value of selectivity
for KMgPO,4-6H20 at pH=4 was 174.6. For dilute
solutions (in this case the cesium concentration was
6.1-107* mol/1) at equilibrium the ionite preferably
absorbs counterions [7].

Typically, the ion exchange is the result of stoi-
chiometric process: for each equivalent of counteri-
ons of A which emerges from the ionite into ion ex-
changer enters of the equivalent of counterions. Be-
cause of condition of electrical neutrality the stoichio-
metric exchange means that opposite diffusion fluxes
of counterions A and B are equal at any time and in
any part of the ionite. If one of the two counterions is
more mobile, its flow must first be large, which cause
short-lived space charge and thereby create an elec-
tric field (diffusion potential). Therefore, the rapid
ions were decelerated and slower ions were being ac-
celerated by electric field. Thus, the flow is being
equalized.

The diffusion flux of particles ®; of i-th class, ac-
cording to Fick’s first law is expressed as follows:

b, = —gradC; . (3)

The variation in time of concentration of the i-
element is associated with condition of continuity of
a flux (second Fick’s law):

9C;
5 (4)

For a system with spherical symmetry and for the
case of constant coefficients of diffusion from equa-
tions (3) and (4) we can derive the following equa-

tion:
0C; (820i 2 8C'i)
=-D; + - .

ot or? r or (5)

For gel kinetics chosen solution does not contain
elements of A, and the ion exchanger contain ele-
ment of A with varying concentrations: r>rg, t=0,

CA (1‘)20,
r<rg, t=0, C 4 (r)=C »°(r)=const .

Usually, the neglect of ion concentration in solu-
tion A is impossible for the solution with final vol-
ume. Running water is absent in this volume also.
The condition CV << CV (C- total concentration
of counterions A+B in the equivalent; V — the vol-
ume of ion exchanger; V — volume of solution) in this



case are not executed, so the boundary condition for
the solution are:

r=ro, t>0, Ca(r)=C(t),

— 3ve [t
CA(t) - TOVC 0

(D4(t)dt). (6)
This condition follows from the material balance
-dQ 4=dQ4 and equilibrium conditions at the phase
boundary.
The solution of equation (5) has following analyt-
ical expression [7]:

40 —
_Qa—Qu() 2 exp(—SaT)
= e Tl 2 ,
Qi —Qx Bw = 1+ 57 /9w(w + 1)
o o (7)
where w=CV/CV; 7=Dt/r3; S, — the roots of
the transcendental equation S,ctgS,=1+S,2/3w;

U

Qy :@Zw /(w+1) — number of ions remaining in the
ion exchanger after the establishment of equilibrium,
U — value of transformations achieved at time t to the
transformations that have been established at equi-
librium (Fig.2).
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Fig.2. Ion exchange in a solution of limited volume

in a case of gel kinetics [7]

For the above experimental conditions, the value
of CV/CV is equaled 0.76. In the case of ion ex-
change during 315.5 hours the value of Dt/r3 = 0.18
is correspond to implementing of equilibrium on the
level of 0.95 (see Fig.2). The evaluation of half-
equilibrium time for conditions that were used in the
experiment is 50 hours at room temperature and par-
ticle size of KMgPO,-6H2O 1 micron. The value of
the diffusion coefficient D was used out of [8].

It is known that the hydration radius of cesium
(226 pm) is less than the radius of hydration of potas-
sium (232 pm). Therefore, ionite preferably absorbs
counterions with smaller equivalent volume [9,10].
Elastic grid of a matrix absorbing ions with smaller
hydration radius will occupy a smaller volume. Ow-
ing to it the selectivity is increased with augmenta-
tion of a difference of the equivalent volumes.

Dependence of ion exchange capacitance of Cs in
KMgPQO4:6H20 versus values of pH of solution at

equilibrium, apparently, due to additional release of
potassium into solution that allows greater quantity
of cesium to penetrate into ionite. The additional
release of K cause neutralization of CsNOgz solution
with high acidity. In the initial period of contact of
the solution with an ion exchanger the significant con-
centration of H* ions inhibits the transition of cesium
ions into ionite.

4. CONCLUSIONS

1. The possibilities of fine-dispersed matrix of
KMgPQO4-6H20 for sorption of cesium were studied.
The possibility of its use for the removal of cesium-
137 out of solutions determined.

2. Large ion exchange selectivity towards cesium
out of dilute solutions was detected.

3. Acceptable sorption properties  of
KMgPO4-6H20 matrix for cesium were being caused
by difference of hydration radii of potassium and
cesium.

4. Sufficiently good ion exchange capacity to-
wards cesium of KMgPQO4-6H20 was achieved. The
ion exchange capacity towards cesium in the ionite
was 2.97 mg/g at pH=4.

5. Dependence of ion exchange capacity of Cs
in ionite of KMgPO,4-6H>0O versus pH of solution of
CsNOj3 was determined.
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COPBIIIOHHBIE CBOMICTBA MATHUN-KAJINN-®OCPATHBIX MATPUI]

H. II. /Tuxuii, A. H. /Toebua, IO. B. JIawxo, /. B. Medaeedes, E. II. Medasedesa, C. IO. Caenxo,
B. A. IlTkyponamenxo, P. B. Tapacos, U. /]. ®edopey,

Uccmenopanbl  COpOIMOHHBIE XAPAKTEPUCTUKU MEJIKOAUCIEPCHON MarHuii-kaaunii-pocdaTHoil KepaMuku
KMgPQO,-6H;0 nns mvmobmmusaruu 27Cs. O6HapyKeHa BBICOKA eMKOCTb II0 IE3HI0, KOTOPAs COCTaB-
nser 2.97 mr/r npu pH=4. Bricokas n306nparenbHOCTh HOHHOTO 0OMeHa W3 pa30aBIEHHBIX PACTBOPOB 00Y-
CJIOBJIEHA PA3JUYHON BETUYMHON THIPATAIIMOHHBIX paanycoB Kamus u 1esus B marpuine KMgPO4-6H20.
SapeructpupoBano u3meHenve pH pacTBOpoB B JMHAMEUKE UCCICIOBAHUN B CTOPOHY 60Jjiee BBICOKMX 3HAYE-
HU, TO-BUAMMOMY, 33 CUYET BBIMIEJAUNBAHUS TTOJBUKHOTO KaJusi W3 KepaMuku. [10ATBEPKIEHBI BHICOKUE
XUMUYIECKAS W PAJUAIMOHHAS YCTONIUBOCTH JAHHON KEPAMUKH.

COPBIIIMTHI BJIACTUBOCTI MATHIN-KAJIIN-®OCPATHNX MATPUILH

M. II. Tuxud, A. M. /loebns, FO. B. JIawxo, /1. B. Medsedes, O. II. Medsedesa, C. KO. Caenxo,
B. A. Illxyponamenxo, P. B. Tapacos, 1. /. Pedopeun

Hocmimkeni  copbriiini  XapakTepHCTHKKM  JApiOHOAMCIEPCHOI — MarHiii-kamiii-gpocdarnol  Kepamiku
KMgPO,4-6H;0 mna immobimizamii 137Cs. Bussireno Bucoky emuicTh 1m0 mesiio, aka ckiaagae 2.97 Mr/T
npu pH=4. Bucoka BubipkoBicTh iOHHOrO 0OMiHY 3 PO3BEICHMX PO3UMHIB 0OYMOBJIEHA PI3HOIO BEJTHMINHOIO
rigparanifinux pazgiycis kamito i nesiro B8 marpuni KMgPO4-6H2O. Cnocrepiraerbes 3mina pH po3uunnis y
AuHaMini A0CTiTKeHb y 6K OLIBIT BUCOKWX 3HAYEHD, OYEBUIHO, 33 PAXYHOK BUJIYTYBAHHS PYXJIWBOTO KAJiO
3 kepamiku. [ligTBepaKeHo BUCOKY XiMIUHY 1 pamialiiHy CcTiffKicTh JaHOT KepaMiKu.
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