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The electroconductivity of iron (III) oxide solutions in the melted lead-boron-barium
fluoride solvent has been studied. The pseudo-binary phase diagram of the Fe,O;—(PbO-
B,0;—Ba0O-BaF,) system has been constructed. The dissociation scheme of iron oxide in the
solution-melt is proposed. The dissociation degrees and constants are determined in the

1123-1373 K temperature range.

Hccnenosana sJIeKTPOIPOBOAHOCTh PACTBOPOB oKcuaa skesesa (III) B pacmiaBe CBHHILOBO-
Gop-0apuii-PTopusHOro pacrBopuTensa. IlocTpoeHa NceBIOOMHApPHAS AMATPAMMA COCTOAHUS
cucremsl cocraBa Fe,0,—(PbO-B,0;,—-BaO-BaF,). IIpennaraercsa cxema AuMCCONMANAN OKCHAA
sKesie3a B pacTBope-paciLiase. OInpesieleHbl CTeIeHM M KOHCTAHTHI JUCCOLUALIMY B JUAIIa30HE

remneparyp 1123+1373 K.

The basic way to prepare the single crys-
tal ferrite garnet films is liquid phase epi-
taxy (LPE) on nonmagnetic garnets single
crystal substrates. For the recent years,
PbO-B,05-BaO-BaF, solvent with low lead
content has been used to produce the garnet
films [1]. The yttrium-iron garnet
(YsFe5045) solutions are obtained by disso-
lution of garnet-forming oxides in a melt-
solvent, therefore, the garnet-forming solu-
tion-melt can be represented as homogene-
ous mixture of the iron (III) and yttrium
oxides solutions. In this paper, presented
are the physico-chemical analysis results of
iron (III) oxide solutions in PbO-B,05-
BaO-BaF, solvent with B,O5 content within
31-35 mol.% range, BaO — 30-35 mol.%,
BaF, — 12-14 mol.%, the remainder being
PbO described. The solvent studied corre-
sponds in qualitative and quantitative com-
position to that described in [2].

The experiments were carried out in a
shaft furnace, platinum equipment was
used. The temperature control system con-
sisted of a precision programmed tempera-
ture controller RIF-101, a platinum-plati-
norhodium thermocouple, and a F-283M1
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digital voltmeter. The resistance of the melt
measured by the multimeter E7-12, the cell
was calibrated on melted potassium chloride
[8]. The experiments were carried out
within temperature range from 1123 to
1373 K.

The research basis of any crystallization
process is the phase diagram. To construct
the diagram in our experiments, three
methods of phase transition temperature de-
termination were used: examination of the
melt conductance [4], thermal analysis, and
microstructure method [5].

Fig. 1 represents the typical temperature
dependences of electrical conductivity of the
iron (IIT) oxide solutions-melts. At the tem-
peratures above crystallization point, the
polytherms of the solution-melt conductance
are linear with a high correlation coeffi-
cient and small temperature gradients. By
the equation:

X = A Cexp(-W}/ R (), 1)

where X is electrical conductivity of the so-

lution-melt; WZ(L, activation energy of the
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Fig. 1. Dependences of specific electric con-
ductivity logarithm on inverse temperature:
1, pure solvent PbO-B,0,-BaO-BaF,; 2,
2.5 mol.% Fey,O5; 3, 6.0 mol.% Fe,O5; 4,
7.0 mol.% Fe,05; 5, 10.0 mol.% Fe,0s.

electrical conductivity; R, gas constant; T,
temperature [6, 7], the activation energy of
electrical conductivity for iron (III) oxide
solutions in the melted solvent was calcu-
lated. The temperature and concentration of
the solution-melt influence considerably the
electric conductivity activation energy val-
ues (Table 1). The determined values of the
electroconductivity activation energy for
the iron (IIT) solutions exceed considerably
the conductivity energy of well dissociated
salt melts (alkali metal chlorides) [3], thus
confirming the weak ionic structure of the
oxide solutions-melts [8].

In pre-eutectic zone, the first line bend
corresponds to the starting temperature of
of multicomponent solvent crystallization
(Fig. 1, curve 2), while in the post-eutectic
area, to the beginning of crystallization of
the iron (III) oxide [4] (Fig. 1, curves 4, 5).
The crystallization temperatures correspond
to liquidus temperatures, T;. The iron (III)
oxide solutions hardened at temperature
10672 K, which corresponds to solidus
temperature, T,. One more bend was ob-
served on the temperature dependences 2-5.
The dependence 3 corresponds to eutectic
composition of the system (Fig.1). The
bend coordinates of the curves were deter-
mined by numerical differentiation. The
phase change temperatures determined from
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Table 1. Phase transition and activa-
tionenergies of electric conductivity in the
Fe,0;—(PbO-B,0,-BaO-BaF,) system

Fe2O3' T;, K Tg, K Wé,
concentration, kJ /mol
mol.%

0 11207 - 47.2
1.0 1113 1067 56.0
1.5 1111 1067 56.0
2.0 1108 1068 55.4
2.5 1106 1067 50.2
3.0 1094 1066 62.8
4.0 1092 1069 63.9
5.0 1079 1066 66.1
6.0 - 1067 60.3
7.0 1085 1069 66.0
8.0 1093 1068 63.4
10.0 1113 1065 59.9
15.0 1187 1067 29.0
20.0 1221 1065 20.2

* melting temperature of the compound

conductance polytherms were confirmed by
thermal and microstructure analysis of the
system (temperature of the phase changes
are presented in Table 1). The conductance
grows considerably with raising the tem-
perature at any composition of the solution-
melt because of reduction of the medium
viscosity [9], increase the mobility of the
ions and the dissociation degrees of the so-
lution-melt components.

Using the experimental data obtained,
the limited pseudobinary phase diagram of
the Fe,03—(PbO-B,0;-BaO-BaF,) system
was constructed (Fig. 2). The studied solu-
tion-melt is represented as a simple eutectic
system with eutectic composition 6 mol.%
Fe,O3 at 1067 K. The system is described
by the equation:

InX = - —"2 4 ¢ @
ROOT
where AH, ,;, is the melting heat; X, con-

centration of the crystallizing component,
mole fraction; R, gas constant; C, a con-
stant [10, 11]. From the slopes of linear de-
pendences of the mole fraction logarithm on
inverse temperature, the melting heats of
the solvent crystals (H = 18 kdJ/mol) and
iron (IIT) oxide ones (H = 75 kdJ/mol) in the
solution-melt were calculated.
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In the solution-melt, the yttrium-iron
garnet is subjected to garnet-forming ox-
ides, hence, the garnet dissociation mecha-
nism should be considered as dissociation of
the oxides. To determine the number of the
new ions — products of the Fe,O5 dissocia-
tion, distinct from products of the solvent
dissociation, the correlation of cryoscopic
constants was used [11]. Theoretical
cryoscopic constant was calculated as:

RT3 (3)

Ktheory = AH 1000 DMA’

melt

where R is the gas constant; T4, melting
temperature of the solvent; AH,,;;, melting
heat of the solvent crystals in the solution;
M, the solvent molar mass. The constant is
82 Klkg/mol. The experimental cryoscopic
constant, as determined by extrapolating
the dependence of the molally reduction of
the solution-melt solidification temperature
on iron oxide molal concentration, equals
152 Klkg/mol. According to calculations,
the number of the new ions practically
equals two. Taking into account that the
mole fraction of boron oxide is much less
than the total one of barium and lead oxides
(the melt basicity calculated in [12] is 10—
27 mol.%), we propose the following oxide
dissociation scheme:

Fe,O; -~ FeO* + FeOy,

in diluted solutions, iron (III) oxide dissoci-
ates into oxygen complexes that contribute
to formation of the ferrite-garnet crystal
lattice.

To determine the dissociation degrees
and formal dissociation constants of the
garnet-forming oxides, it is expedient to
use not specific, but molar conductivity of
the solution. The molar electrical conductiv-
ity of the electrolyte solutions depends on
two factors: degree of the electrolyte disso-
ciation and electrical interaction between
ions. In diluted solutions of weak electro-
lytes, electrostatic interaction between ions

Table 2. Dissociation degrees and constants of
basis of PbO-B,0,-BaO-BaF,
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Fig. 2. Pseudo-binary phase diagram of the
Fe,0,—(PbO-B,0,—BaO-BaF,) system.

is insignificant and the following equation
will be valid:

a=A/ ), (4)

where o is the dissociation degree, A, molar
electric conductivity of the solution, A,
molar electric conductivity of the infinitely
diluted solution. According to the dissocia-
tion scheme presented above, iron oxide is
dissociated into univalent complex ions with
low dissociation degrees, and in the diluted
solution of the weak uni-univalent electro-
lyte, the dissociation constant is expressed as:

_ ¢ [n? (5)

a-a)

The calculated dissociation degrees and
constants of iron oxide in the diluted solu-
tion are presented in Table 2, the wvalues
thereof confirm weak ionic nature of the
investigated solution-melt.

Thus, in this work, the conductance of
iron (IIT) oxide solutions in the melted sol-
vent PbO-B,0;-BaO-BaF, has been stud-
ied. On the basis of the experimental data,
the pseudo-binary phase diagram of Fe,Os—
(PbO-B,03-BaO-BaF,) system has been con-

the ferrum (III) oxide in the melt-solution on the

Dissociation Temperature, K
degrees constants
at c(Fe,03) — 1 mol.% 1123 1173 1223 1273 1323 1373
a 0.588 0.590 0.593 0.597 0.599 0.602
K 0.328 0.329 0.330 0.331 0.332 0.332
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structed, the melting heats of the solvent
and iron (III) oxide crystals in the solution-
melt have been determined. On the basis of

cry

oscopic calculations, the dissociation

scheme of the iron (III) oxide in the used
solvent is proposed, dissociation degrees
and constants in the working temperature
interval are calculated.
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®dizuko-ximiunmii ananiz posunny Fe,O; y posmiasi
pozunnaunka PbO-B,0,-BaO-BaF,

B.B.Mopenkxo, O.B.Binui

HocuimxeHo exekTponpoBigHicTs podunHiB okcuny 3anaisa (III) y posmiasi cBuHIIEBO-00D-
0apiii-pTOPUIHOrO PO3UMHHHNKA, MOOYAOBAHO IICeBAOOIHApHY AiarpamMy CTaHy CHCTEMH CKJIa-
ny Fe,05-(PbO-B,0,—BaO-BaF,). 3ampomonosaro cxemy ammcomianii oxcupy sarmisa y pos-

YMHi-PO3IIAaBi,
1123+1373 K.

BU3HAUYEHO CTYMiHi Ta KOHCTAHTH JAucoIlliamnii y ngiamasoHi TemmepaTyp
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