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The partitionings of NiO and of NiO and Ti®etween hematite and p2B,O; melts were studied by the flux

growth method as a function of solute concentration. The substitution mechanisms of NiO andiiFBO;

lattice were discussed based on the concentration dependence of the distribution coefficients. The substitution of
Ni2* ion for Fé* was accompanied by the charge compensating oxygen ion vacancies, while the coupled substi-
tution of NP+ and T#* ions for F&* was accompanied by the formation of‘FHen, which was confirmed by
chemical analysis.

Introduction by distillation and deionization and its resistance was at least
18 MQ. More detailed descriptions are described in the previ-
It is well known that impurities and size distributioncef ~ OUS reports:? S

Fe:Os, main raw material for the ferrite products, show signif- Analysis. The sample (1 g) was washed in boiling HCI (2
icant effects on their magnetic properties. Therefore, thermo20) Solution (100 mL) for 30 min to dissolve the flux. There-
dynamic studies on trace (or minor) elementsFe0; are  after, th_e aqueous solut|_on was separated from the crystals by
indispensable in clarifying the impurity behavior. A series ofPressurized filtration, using a Qn membrane filter. b5Q
experiments on the distribution coefficients of Figtween (1+35) was used with samples containing 2Ti®he flux
a-FeO;s crystals and ND-B,Os flux were reported by Suito  Compositions were determined by analyzing the filtrate.
and coworkers? The studies for manganese angQlparti-  F€0s crystals (0.2 g) were dissolved in 10 mL of hot HCI (1
tions also have been reporfedith this background in mind, 1) solution. _ _
we are interested in elucidating the mechanism of NiO and/or The Fé"ion content ira-Fe,Os crystals was determined by
TiO, distribution ina-Fe:0s. For the measurement of the dis- Potassium dichromate titration after dissolving crystals with
tribution coefficients of NiO and/or TiObetweena-Fe0; ~ HCI (1+1) under dry C®atmosphere. Atomic absorption
crystal and NgO-2B,0; flux, the method of crystal growth by SPectrometry was used for the analysis of Na, and inductively
Ostwald ripening was used in the present work. Here wé&oupled plasma (ICP) emission spectrometry (SEIKO, SPS-
report on the mechanism of the coupled substitution of NiOL200A) for the analysis of the other elements.

and TiQ in a-FeOs lattice. The contents of each element in both thEeO; crystal
and the flux was analyzed by electron probe micro-analysis
Experimental (EPMA,; Hidachi, X650S) at an accelerating voltage of 15 kV

for all elements. The results were in good agreement with

Method. a-FeOs (>99.99 wt.%) was purchased from those obtained by chemical analysis. Homogeneity of Ni and
Rare Metallic Co. and NB4O;, NiO, and TiQ were all  11in crystal grains was confirmed by line analysis of EPMA.
reagent grade (Aldrich Co.). The average sizen-¢fe0O3 . ]
crystals determined by scanning electron microscope (SEM) Results and Discussion
was 0.1 m. A little excess atFeOs powder, about 1.5 times o o
greater than the solubilitywas mixed with the N®-2B0; Crystal growth by Ostwald ripening. The initial a-
flux. Samples (20-30 g) in a Pt crucible were placed in thd €Os crystals with an average size of uh in a saturated
constant temperature zone of a vertical SiC resistance furnag@lution were found to grow to the size of 10420 in a
and stirred with a Pt stirrer (10 rad/sec) to make the liquigPeriod of 6-12 hr. The observed coarsening of crystals was
composition homogeneous. The experiments were corftiributable to the Ostwald ripening mechanism in which the
ducted under a dry air atmosphere at temperature rangieriVing force is the reduction of tqtal mterfaglal energy of the
from 900 to 1100C in the experiments of NiO partitioning larger crystals. The details of this mechanism are discussed
and at 1000C in the coupled substitution of NiO and 7iO  elséwheré. _ -

In most experiments, a solute sampleaifreOs crystals The partitioning of minor elements occurs under equilib-
was obtained from the solution side. rium conditions during Ostwald ripening, due to the low

After standing at room temperature for 6-12 hr, the Smnpkgegree of supersaturation with respect to crystal growth. This
was quenched in water. NoFeQOs crystal was precipitated was confirmed by examining the homogeneity and time
on guenching. The contents of each element in the solid andependence of the solute content in crystal grain. The concen-
liquid phases of the sample were measured by wet chemic#ation of a solute within a crystal was homogeneous and con-
analysis. All the water used in the experiment was preparegtant with time in the present work. In the previous wgtks
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the equilibrium partitioning was confirmed by examining the Kz =[Ni" e[V " o] VA(Y) / Xnio 3)
effect of initial grain size on the distribution coefficient and
Solved fom oyeta o L, was cared out, Theee previou £t and 1 is the respeciive activiy coeficent term,
. ryste ’ o PreVIoUSH o activity of Go remains essentially constant and can be
experimental findings lead to the conclusion that the equmb-,[aken as a unit
rium distribution coefficients can be obtained using the flux ' . -
. Salmon has reported that F8; is oxygen deficient and for
growth method. The contents of &aand BO; in a-Fe03 : . . .
. FeOs in equilibrium with FeO,4, the value of x in F©s; «
were analyzed to be 10-25 and 10-30 wt. ppm, respectively. ranges from 0.0015 at 106G to 0.011 at 145eC. Thus. if
Substitution of NiO by defect formation. The distri- 9 j e : '
we assume that the concentration of thermal oxygen vacancy

but!on coefficient 91‘ NiO between solid and liquid phases IS, negligible, we can write
defined as follows:

knio XSnio / Xnio 1) [V"o] = (1/2)[Ni ¢ @)

where Rio and Xio represent the mole percent of NiO in By substituting Eq. (4) into Eq. (3) and expressing-{Ni
. L . by Xnio, We have
solid and liquid phases, respectively.
The relationships between the distribution coefficient of XSvio = CifK 2/f(y)} Z3(X'nio)?3 (5)

ergssaenddbthrioﬁgmsrncfesi Zrlg Ilgt:er]c? a&giﬁﬁiigwéffg;n ervv_here G is the constant under the present experimental con-
P y P ' P P tions. If a dilute solution behavior (Henry's law) is valid

e o o ort i respec o N i ot phases,  can be expectzd
; sxio IS proportional to 'xio to the power of 2/3. This rela-

When'a'l different valence ion enters the substitutional Slt.e atlonship is shown in Figure 2, demonstrating a good linearity
compositions of greater than thermal defect concentratlonat temperatures examined

lattice defects are produced due to charge neutrality. This The importance of thermal defects in the very low concen-

leads to the.de.cre_a se of a distribution _ coefficiéAt. tration region has been confirmed experimentally by Harrison
Although the distribution coefficient also depends on a solu- . o
o . . ) . and Wood who studied the partitioning of Sm and Tm
tion interaction factor, it seems to be quite sensitive t

. . . . . between garnets and melts. They found that the distribution
changes in solid phase in the present experimental conditions.” .~ :
. S o coefficient becomes constant at very low concentrations of
Incorporation of NiO intoa-FeOs; by the substitution of ; -
o . . rare earth metals. Wagfie@iso discussed the decisive role of
Ni2* ion for Fe* sites leads to charge compensating oxyge

. . . . S r]attice defects on the distribution of Ss®ktween solid and
ion vacancies according to the following equation:

where [i] and xdenote the molar concentration of i com-

. . X . liquid KCI.
Using the Kr ger and Vink notatidnwe obtain Coupled substitution of NiO and TiG.. The charge
NiO(l) = Ni' pe+ O + (1/2)V'o (2) compensating substitutions are termed coupled diadbohy

compensatory solid solutidh."Coupled substitution" is des-
ignated by Nassduvho studied the distribution of various
rare earths in the Czochralski growth of calcium tungstate
crystals from melt. In this study, the designation "coupled

The equilibrium constant, Kfor the reaction given by Eq.
(2) can be expressed by
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Figure 1. Distribution coefficient of NiO plotted against NiO Figure 2. NiO content in crystal plotted against the two-thirds
content in flux as a function of temperature. power of NiO content in flux.
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substitution” is used. The coupled substitution of NiO and
TiO; in -FeO;s is discussed in this section based on results
obtained in the NiO and TiJpartitioning experiments.

The values for o, are plotted against the NiO content in
flux, as a function of Ti@ content in flux in Figure 3, in
which the results at™yio 0 correspond to those obtained at
1000°C in the previous experimérdf TiO, partitioning. It is
shown that ko, increases with increase of NiO content in
flux at constant Ti@content in flux.

In order to explain the mechanism for coupled substitution
the content of Fe ion ina-FeO; was determined by chemi-
cal analysis. The sum of the FeO and NiO contents-in
FexOs is plotted against the Tixontent in crystal in Figure
4, in which a reasonable linearity was obtained. This implies
that 2 mol of F& ion is substituted with x mol of Riiion, (1-

x) mol of Fé*ion, and 1 mol of Ti ion.

The values for ko are plotted against the Ti@ontent in flux
flux as a function of NiO content in flux in Figure 5. The XTi0, (mol% )
result at %0, O corresponds to that obtained at 18600n . ] . )

NiO partitioning experiments mentioned above. This markedigure 5. Effect of TiG; content in flux on koo as a function of
increase of Ko indicates that the coupled substitution, not NIO contentin flux.

accompanied by formation of lattice defectifreOs via the

charge-balanced mechanism, requires less energy than th&us, the increment oful is greater than those foride,
substitution accompanied by oxygen ion vacancy formationsince the latter requires less energy than the former.

As is the result for ¥o2 shown in Figure 3, No increases

with increase of Ti@content in flux at constant NiO content TiOo(l) + Fe%e= Tipe+ Fere + 20% (6)

in flux. It can be demonstrated that the incrementn@f Is

greater than that of tk.. The reason for this may be where the symbol Rgrefers to the Péion.

explained as follows. The substitution accompanied by oxy- Roy and Cobl¥ studied the coupled substitution of MgO
gen ion vacancy according to Eq. (2) occurs in the experimerand TiQ in Al,O; and proposed the defect equilibrium:
of NiO partitioning ina-FeOs. On the other hand, the substi- MgTiOs(s) = Mgai + Tia + 30% in which the electroneutral-
tution accompanied by the Edormation according to Eq. ity is maintained. In the present study, the coupled substitu-
(6) occurs in the experiment of TiQartitioning ina-Fe03.3 tion of TiO, and NiO ina-FeOs; can be written as

knNio

0 1.0 2.0



4 Bull. Korean Chem. Sot999,Vol. 20, No. 2 Bong-Hoon Park and Dong-Su Kim

F6203 04 T T T T T T T
Na,0 -2B,04
1000°C
= o021} ©° 4
IS
5 i i
=
A2
El or
%0
52 |
S
& 02t
0.4 1 ! 1 I 1 1 1
18 2.0 22 2.4 2.6

2
log (knio kTi0, )

FeO NiO

) ) ) ) ] Figure 7. FeO content in crystal plotted againgbkkZrioz term in
Figure 6. Solid solution surface of F®; and Ni_FeTiO3 Eq. (9) on logarithmic scales.
rhombohedral phases in the NiO-FeQ@®£TiO, tetrahedron.

respect to the substitution mechanisrmiRe0s, we reached
NiO(l) + TiO2(l) = Ni" pe + Tige + 30% @) the following conclusions from the composition dependence

) . - of the distribution coefficient.
In the FeOs-FeO-TiQ-NiO tetrahedron shown in Figure 6, . : L .
the substitution given by Eq. (7) corresponds to the solid solu\-/;la'\rl]'geson dissolving ina-Fe&QOs, produces oxygen ion
tion of NiTiO3 in a-Fe0s in the FeOs-NiTiO3 pseudo binary

: . : ii) The coupled substitution of NiO and T@ a-FeOs
system. However, as mentioned previously, the formation of . ; ) .
Y ; ! ccompanied by the formation offF@®ns was explained by
Fe** ion was experimentally confirmed as a result of couple

substitution. Therefore, it appears reasonable that the substltl._t]:zg ollﬂasso;:tlon of the rhombohedral;TiOs anda-
tion according to Eq. (8) which is the combination of Eq.'s (6) 5P
and (7), becomes energetically more favorable.

NiO(l) + 2TiOy(l) + F€%e= Ni're + 2Tire + F€Fe + 50 (8)
1. 1. Park, B.; Suito, HSIJ Int.199Q 30, 426.

The reaction given by Eqg. (8) corresponds to the solid solu- SO
tion of FeTiG and NiTiG in a-FeOs the FeOs-FeTiOs 2. 221.1Todorok|, H.; Suito, HScand. J. Metall1991, 20,
NiTiO3 pseudo ternary system shown in Figure 6, which is )
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