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The processes of Eu2O3 solubilization in molten KBr-2SrBr2 at 973 K were studied from the 
viewpoint of introducing rare-earth dopants in melts in situ for obtaining activated halide scin-
tillators. The control of the solubilization was performed on the basis of current oxide-ion mo-
lality (m

O2- ) which was detected by the potentiometric method. A membrane oxygen electrode 
Pt(O2)|YSZ was used as an  indicator one. The process of Eu2O3 solubilization in KBr-2SrBr2 melt 
with the formation of Eu2+ does not occur due to slight solubility of EuO or EuOBr. The solubil-
ity product of EuO in the studied melt is estimated as 2.8·10–7 mol2·kg–2. The carbohalogenation 
process (treatment with ‘C+Br2’ red-ox couple) provides not only the dissolution of oxide, but also 
complete Eu3+-Eu2+ reduction. The kinetic study of the carbohalogenation process in KBr-2SrBr2 
melt containing suspension of Eu oxocompounds show that in this case the plateau-like section 
arises in ‘pO-time’ dependences due to participation of two solid substances (carbon and Eu oxo-
compounds) in the reaction. The data corresponding to the end of this plateau-like section give 
another option to estimate the solubility product of EuO as 1.6·10–7 mol2·kg–2 that is in a good 
agreement with the above value (taking into account the experimental errors). The dissolution 
of Eu2O3 (at the addition of mEu O2 3

 = 5·10–3 mol·kg–1) is finished in 40 min and the total deoxi-
dization process is finished in 90 min whereas in the reference experiment the duration of the 
deoxidization of ‘pure’ melt is 50 min.

Keywords: potassium bromide, strontium bromide, europium oxide, melts, solubility, car-
bohalogenation.

Особливості допування розплаву KBr-2SrBr2 європієм (ІІ) при 973 К. В.Л. Чергинець, 
О.Л. Ребров, Т.П. Реброва, Т.В. Пономаренко, Ю.М. Дацько, А.Г. Варич, О.І. Юрченко, 
В.В. Соловйов

Процеси розчинення Eu2O3 у розтопі KBr-2SrBr2 при 973 K були досліджені з точки зору 
введення in situ рідкісноземельних допантів в ростові розтопи для одержання галогенідних 
сцинтиляторів. Контроль процесу розчинення проводили, виходячи з  поточної концентрації 
of оксид-іонів (..), яку визначали потенціометричним методом. У якості індикаторного 
використовували мембранний оксигеновий електрод Pt(O2)|YSZ. На противагу йодидним 
розтопам процес прямого розчинення Eu2O3 в розтопі KBr-2SrBr2 з утворенням Eu2+ не 
протікає повністю внаслідок значно нижчих відновних властивостей іонів Br– у порівнянні з 
іонами I–. Добуток розчинності EuO у досліджуваному розтопі оцінено, як 2,8·10–7 моль2·кг–2. 
Процес карбогалогенування (обробка окиснювально-відновною парою ‘C+Br2’) забезпечує не 
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1. Introduction
The processes of rare-earth (RE) oxide solu-

bilization in ionic melts attract attention of spe-
cialists working in different branches of science 
and industry due to several reasons:
•	 these processes can be used for the extrac-

tion of RE compounds from ores and for the 
preparation of electrolytes for electrowin-
ning free RE [1];

•	 it is well-known that several RE are non-
radioactive analogs of actinides (La-Ac, Eu-
Am), therefore, RE compounds and their 
solutions in different media are used as 
safe model objects for studying processes of 
radioactive pollutants extraction from solu-
tions [2];

•	 the results on RE oxide dissolution are im-
portant for treatment of used nuclear fuel 
[3, 4];

•	 these processes can be used for the prepara-
tion of RE-halide containing charge for the 
growth of RE-activated optical materials 
[5].

First three items can be referred to direc-
tions developing for a relatively long time while 
the last one originates from the beginning of 
‘new era’ of scintillation materials, i.e., the de-
velopment of new halide materials containing 
Ce3+ and Eu2+ as activators [6–8].

The purpose of the present work is to investi-
gate processes of Eu2O3 dissolution in KBr‑2SrBr2 
melt corresponding to the K(Sr1–xEux)2Br5 scintil-
lation material [9] with and without the action 
of reactive gas medium.

2. Experimental 
The treatment of the obtained results was 

performed on the basis of current or equilib-
rium molalities of oxide ions in the melt which 
was determined by the potentiometric method 
with the use of the indicator electrode revers-
ible to oxide ions.

Chemicals and gases for the performing of 
the experiments were prepared as it was de-
scribed in [10]. Ar+Br2 gas mixture was ob-
tained by passing the dry argon through the 
saturator with bromine thermostated at 0 °C 
(vapor pressure of Br2 at this temperature was 
8.6 kPa).

The construction of the potentiometric cell 
was as follows. Its shell was quartz test tube of 
65 mm diameter (∅) and height (h) of 125 mm 
with chamotte cover. In the cover there were 
holes for reference and indicator electrodes, 
thermocouple, alundum tubes for gas and sol-
ids (KOH or Eu2O3) supply. Alundum crucible-
container for KBr-2SrBr2 melt of ∅=25 mm (bot-
tom), ∅=55 mm (top) and h=55 mm was filled 
with 50 g of the KBr-2SrBr2 melt charge (9.7 g 
of KBr and 40.3 g of SrBr2) and placed in the 
shell.

The reference electrode itself was silver 
wire immersed in the bromide melt contain-
ing 0.1 mol·kg–1 of Ag+. Alundum test-tube of 
∅=8 mm (outer), ∅=5 mm (inner) and h=160 mm 
was used as a container for the reference elec-
trode.

The indicator oxygen electrode Pt(O2)|YSZ 
was platinum foil attached to platinum wire 
placed inside the YSZ test-tube of ∅=8mm 
(outer) and h=160 mm. YSZ was sintered solid 
electrolyte ceramics ZrO2(Y2O3) with the yttria 
content of 10 mol. %. The partial pressure of 
oxygen in the electrode was 21.3 kPa (air).

The electrochemical scheme of the cell can 
be presented by such a manner:

	
Ag | Ag KBr 2SrBr KBr

2SrBr O O Pt .

+
2

2
2-

2

||

( , . )

+ - -

- + YSZ kPa21 3
	 (1)

After assembling the shell the supply of ar-
gon was switched on and it was placed in tube 
furnace (∅=75 mm) and heated to provide the 
necessary temperature. The temperature con-
trol was performed with the use of Pt-Pt(Rh) 
thermocouple.

When the necessary temperature was 
achieved the melt was deoxidized using ammo-
nium bromide:

2NH Br O 2NH 2H O 4Br4
2-

3 2
-+ ® ­ + ­ + .	 (2)

Before the carbohalogenation investigations 
the potentiometric cell (1) was calibrated with 
KOH of reagent grade. Its dissociation in melts 
occurs according to the equation:

 	 2KOH K O O H O2
2-

2® º +( )  	 (3)

тільки розчинення оксиду, але й повне відновлення Eu3+ до Eu2+. Кінетичне дослідження 
процесу карбогалогенування розтову KBr-2SrBr2, що містить суспензію оксосполук Eu 
показує, що в цьому випадку на залежностях «рО-час» виникає платоподібна дільниця, 
а дані, що відносяться до кінцевої частини цієї дільниці, дають іншу можливість оцінити 
добуток розчинності EuO як 1,6·10–7 моль2·кг. Розчинення останнього (при добавці Eu2O3 
5·10–3 mol·kg–1) закінчується через 40 хв, а повний процес розкислення займає 90 хв в той час, 
як у холостому експерименті (без Eu2O3) тривалість процесу розкислення складає 50 хв.
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Then series of KOH weights were recalcu-
lated in oxide ion molalities (m

O2- , 2КОН≡О2–) 
and in рО values (where pO m

O
º - -log 2 ). Af-

ter addition of each weight the equilibrium emf 
value (E, V) was measured. The measurements 
were performed by the Poggendorff method 
with the use of P-309 potentiometer. The emf 
value was considered as equilibrium one if its os-
cillations within 10 min did not exceed 0.001 V 
and the directed emf drift was absent.

The dissolution of Eu2O3 in KBr-2SrBr2 melt 
was studied by sequential addition method 
(SAM) similar to the calibration one. Before the 
beginning of this experiment oxide ions entered 
in the melt by additions of KOH were removed 
by NH4Br according to Eq. (2). After the satura-
tion the weight of Eu2O3 corresponding to Eu2O3 
total concentration of 5·10–3 mol·kg–1 was added 
to the melt together with graphite powder.

The addition of Eu2O3 powder to the melt re-
sulted in the emf shift. The bubbling of argon 
saturated with bromine vapor was started after 
this shift ended. The rate of the gas mixture 
passing through the melt was 150 cm3⋅min–1 
that provided the constant concentration of 
bromine in the atmosphere over the studied 
melt. The emf measurements were performed 
each 30 sec for first 10 min, each minute in 10 
to 20 min range and each 2 min after 20 min-
utes of the carbobromination process.

Before the carbobromination of Eu2O3 the 
process of the carbobromination of KBr-SrBr2 
containing ca. 10–2 mol·kg–1 of O2– was studied. 
Its conditions were similar to the carbobromi-
nation of Eu2O3.

3. Results and discussion

3.1. The calibration plot and processes 
accompanying Eu2O3 dissolution in KBr-
2SrBr2 melt

The calibration ‘emf (E)-pO’ plot is presented 
in Fig.1, plot 1, 1′. It can be conditionally divided 
in two sections. The point 1′ corresponds to add-
ed oxide ion molality (m

O2

0
- ) comparable with 

residual molality of O2– after the deoxidization 
with NH4Br (m

O
' 2- ), i.e., m m

O O2 2

0
- -~ ' whereas 

the points belonging to plot 1 correspond to ox-
ide ion concentrations considerably exceeding 
the residual O2– molality, m m

O O2 2

0
- -º ' .

The plot 1 was treated by least squares 
method to obtain the ‘E-pO’ dependence in the 
form:
 	 E E pO= + ×0 q ,	 (4)
(where E and E0 the measured and the stan-
dard emf values of cell (1), V, θ the slope, V), 
namely:

E pO= ± + ± ×0 345 0 018 0 085 0 008. ( . ) . ( . ) , V, 
		  (5)
here and after the standard deviations are used 
for the statistical estimations of the results.

Since emf value of cell (1) for the KBr-2SrBr2 
melt purified with NH4Br is equal to 0.610 V 
the pO value obtained using dependence (5) 
is equal to 3,19 and m

O
' 2-  =6.5·10–4 mol·kg–1. 

For point 1′ m
O2

0
-  =5.2·10–4 mol·kg–1 and for the 

first point of plot 1 m
O2

0
-  =2.2·10–3 mol·kg–1 that 

principally agrees with the said above.
Now let us consider the process of Eu2O3 dis-

solution in the studied melt. The dissolution 
process can be described by the following se-
quence of equations:
	 Eu O Eu O2 3,   solid 2 3,  dissolved® .	 (6)

 	 Eu O 2Br 2EuOBr O2 3,  solid
-

solid
2-+ ® + . 	(7)

	  EuOBr Eu + O + 0.5Brsolid
2+ 2-

2® ­  	 (8)
Processes similar to Eq. 6 are proper for 

all oxides dissolved in molten salts, however, 
usually they cannot be detected due to slight 
solubility and difficulties with the detection of 
non‑dissociated oxide.

Rare-earth oxides are quantitatively or par-
tially transformed into oxy-halides in halide 
melts [11]. The data of [11] were obtained 
for KCl-LiCl eutectic at 723 K, therefore, the 
transformation of Eu2O3 into EuOBr in KBr-
2SrBr2 seems very probable since the oxoacid-
ic properties of both melts are close and the 
temperature is 250 K higher. The data of plot 
2 (Fig. 1) give us the possibility to calculate 
the degree of this transformation. Indeed, the 
addition of 3.02·10–4 mol·kg–1 of Eu2O3 to the 
studied melt results in the increase of O2– mo-
lality by 7.08·10–4 mol·kg–1 (the second from 
the right point in plot 2, Fig. 1). The latter 
value means that the transformation of Eu2O3 

Fig. 1. The dependences of emf of cell (1) vs. pO 
(1, 1′, pX pOº ) and vs. negative logarithm 
of E2O3 molality ( pX mEu Oº -log

2 3

0 ) in KBr-
2SrBr2 melt at 973 K.
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into EuOBr is complete and 6.04·10–4 mol·kg–1 
of the latter is formed. This explains the forma-
tion of 3.02·10–4 mol·kg–1 oxide ions in the melt. 
Remaining 4.06·10–4 mol·kg–1 should be as-
cribed to process (8), i.e. from 6.04·10–4 mol·kg–1 
of EuOBr 4.06·10–4 mol·kg–1 are dissolved with 
dissociation and ca. 2·10–4 mol·kg–1 of EuOBr re-
mains undissolved. The dissociation process is 
accompanied with Eu3+ reduction to Eu2+ since 
the existence of unbounded Eu3+ ion is impossi-
ble under the experimental conditions, accord-
ing to [12] the process:
 	  2EuBr 2EuBr + Br3 2 2® ­ 	 (8)
occurs at 300 °C (573 K).

This means that the solubility product of 
EuO can be estimated as 2.8·10–7 (molality 
scale). The said fact is confirmed by the sta-
bility of emf at the following Eu2O3 additions 
which do not results in the emf changes since 
the achieved molality of O2– in the melt com-
pletely suppresses process (8). Plot 2′ in Fig.2 
corresponds to the case when amount of Eu2O3 
in the melt increases considerably so that the 
equilibrium of reaction (7) shifts to the right ac-
cording to Le Chatelier-Shreder rule. However, 
this process occurs too slow and the observed 
changes of emf corresponds to time interval of 
2 h.

3.2. The carbobromination of Eu2O3 in 
KBr-2SrBr2 melt

The results of the carbobromination of the 
reference KBr-2SrBr2 melt and of the melt con-
taining suspension of 5·10–3 mol·kg–1 Eu2O3 at 
973 K are presented in Fig. 2.

It is seen that at the beginning of carbobro-
mination (0–3 min range) the dependences 1 
and 2 (Fig.2) are practically coincident. This 
means that in this section the rate of O2– sup-

ply into solution from the suspension is not the 
limiting process. After 3 min a plateau-like 
section arises within the curve 2 (Fig.2) since 
the process of Eu2O3 (or EuOBr) dissolution ac-
cording to reactions (7) and (8) become rate-
defining. This means that there are two solid 
participants in this process (a solid particle to 
supply O2– into the melt and solid C particle to 
remove it into the atmosphere) that makes its 
rate especially slow.

The said is confirmed by the data from the 
Vant Hoff diagram (Fig. 3) where the depen-
dences of the rate of the carbobromination pro-
cess vs. oxide ion concentration are presented. 
In dependence 2 at -logm ~–5 we observe a 
‘peak’ arising due to a sharp decrease of the car-
bobromination process rate. Several points are 
not presented since for them neighboring emf 
values (and, hence m

O2

0
-  values) are the same 

and, hence, for these points logw = -¥ .
From Fig. 2 it also can be seen that the run-

ning of the process of solid Eu oxocompound 
dissolution slows down the total carbobromina-
tion process by ca. 40 min. Due to this reason 
the carbobromination of KBr-2SrBr2 melt with 
Eu2O3 addition is finished after 90 min whereas 
the melt containing only own oxide ions is puri-
fied within 50 min.

Fig. 2 also gives the possibility to estimate 
the solubility products of EuO:
	 EuOBr Eu Osolid

2+ 2-® +  	 (9)
Indeed, at the end of the plateau section pO 

value is 4.8 (m
O2

0
- =1.6·10–5) and Eu3+ is com-

pletely reduced to Eu2+ (10–2 mol·kg–1). This 
gives Ks,EuO=1.6·10–7 mol2·kg–2 and pKs,EuO=6.8, 
whereas pKs,EuO estimated on the basis of SAM 
method data (see description to Fig. 1) is equal 
to 6.56. Taking into account that usual accuracy 

Fig. 3. The dependencies of reaction rate  
(-logw ) vs. O2– molality (-logm ) for the 
carbobromination process of KBr-2SrBr2 melt 
containing ca. 10–2 mol·kg–1 of O2– (1) and carbo-
bromination of KBr-2SrBr2 melt with addition of 
5·10–3 mol·kg–1 of Eu2O3 (2) at 973 K.

Fig. 2. The dependences of pO vs. time for pro-
cesses of carbobromination of KBr-2SrBr2 melt 
containing ca. 10–2 mol·kg–1 of O2– (1) and carbo-
bromination of KBr-2SrBr2 melt with addition of 
5·10–3 mol·kg–1 of Eu2O3 (2) at 973 K.
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of pO determination is ca. 0.2 the data should 
be considered as being in a good agreement.

Performing the carbobromination of KBr-
2SrBr2 melt with addition of Eu2O3 in the trans-
parent quartz ampule gave us the possibility to 
obtain visually homogeneous solution contain-
ing Eu2+ (as EuBr2). Such routine can be recom-
mended for the direct doping of bromide melts 
used for the growth of Eu2+-activated bromide 
scintillators.

4. Conclusions
The processes of Eu2O3 solubilization in  

KBr-2SrBr2 melt and the carbobromination of 
KBr-2SrBr2 melt containing suspension of Eu 
oxocompounds were studied.

The solubility product of EuO was estimat-
ed as 1.6·10–7 mol2·kg–2 (pKs,EuO=6.8) using the 
data on Eu2O3 solubilization and the transfor-
mation of small additions of Eu2O3 in EuOBr is 
complete.

The features of the carbobromination pro-
cess in KBr-2SrBr2 melt with addition of Eu2O3 
are found, the main of them is the existence of 
a plateau-like section in ‘pO-time’ dependences 
due to participation in the reaction of two solid 
substances: carbon and one of the Eu oxo-com-
pounds. The carbobromination data gave the 
possibility to estimate the solubility product of 
EuO as 1.6·10–7 mol2·kg–2 (pKs,EuO=6.56) that is 
in a good agreement with the data obtained at 
the Eu2O3 solubilization (experimental accura-
cy of pO determination is ±0.2).

The dissolution of Eu2O3 (5·10–3 mol·kg–1) in 
50 g of the studied melt is finished in 40 min 
and the total deoxidization process is finished 
in 90 min whereas in the reference experiment 
(without Eu2O3) the duration of the deoxidiza-
tion is 50 min.

The studied carbobromination routine can 
be recommended for direct dissolution of Eu2O3 
in bromide melts with the formation of soluble 
Eu2+ species.
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