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Partition of Manganese between a-Fe;03 Crystal and Nay;O-B,03 Melts

Bong-hoon PARK and Hideaki SUITO

Synopsis :

A study has been made of the partition of Mn between a-Fe,0; crystal and sodium borate fluxes at the
temperatures ranging from 800°C to 1 100°C as a function of flux compositions.

The total Mn content in a-Fe,0O5 is linearly related to that in flux in the range of the present T.Mn
contents in both phases. The temperature dependence of the partition coefficient k. mn= (Wt%Mn) go1ia/
(wt%Mn ) iquia Was found to be positive. It was found that Mn is present as Mn®* in e-Fe,0; crystal and
Fe and Mn in flux are present as Fe>" and Mn?", respectively. On the basis of the mutual interaction of
the Mn® " /Mn2™* and Fe3' /Fe2™ redox pairs : Fe®* (s) + Mn?* (1) =Mn®* (s) + Fe? " (1), the partition

between solid and liquid phases with a different valency state has been discussed.
Key words : partition ; sodium borate ; a-Fe,03; manganese ; redox ; Ostwald ripening.
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Table 1. The compositions of @a-Fe,05 crystal and Na,0-B,05 fluxes (wt% ).
Tems) Time Crystal Flux Temg Time Crystal Flux
(h) MnsO3 NagO0  ByO; |T.Mn Fes05 NayO ByO3 (h) MnyO3 Nag0 B0z |T.Mn FesO3 NasO ByOs
24 | W|2.28 0.0035 0.012 |0.37 13.2 26.2 60.1 8 [W|0.8 <0.0005 <0.0005|0.63 18.5 18.8 61.9
E|2.10 — —  |o0.46 13.4 26.2 — El — - - T i e e
200 +0.14 2 | W|1.65 <0.0005 <0.0005|1.23 16.4 14.0 68.1
24 | w187 0.0048  0.021 |0.22 13.0 26.5 60.3 E|2.03 T e 178 149 —
E|1.45 o T loao 133 23 — +0.22 : . :
+0.11 : . - 5| W 1487 <0.0005 <0.0005|1.19 16.3 13.5 68.7
1.93 _ _
48 | wl1.32 0.0020  0.0058 | 0.56 21.3 24.0 53.9 0.22 1.16 17.7 14.4
E|13 o o 0ss a1 o — 19| W13 0.0048  0.0015 | 1.32 16.1 14.7 67.4
$0.15 . . ) 33 -0 - Sse e d e
10 |w|o.72 0.0009  0.0049 | 0.27 20.0 23.8 55.9 24 | W|0.66 0.0070  0.033 |0.62 16.8 15.2 67.2
Bl - - o 10 1m e oo 1000 E|1.]2 — — Jo.s6 17.3 15.7 —
8 | W|1.63 0.0018  0.0010{0.59 10.8 16.8 71.7 o b [ 5010 v o
E|1.82 o o o 4 1.37 0.00 011 {1.20 17.5 14.4 66.5
900 +0.23 0.53 10.8 15.4 E|2.00 - i 67 144 —
9 |W|0.80  <0.0005 <0.0005|0.29 10.3 16.3 73.0 +0.22 : 714
E |0.85 o T ee - 8 | W/ 156 0.0028  0.0005|1.25 16.8 15.3 66.3
+0.06 : e | = = = o T
6 |W|0.49  <0.0005 <0.0005]|0.19 10.4 15.8 73.5 8 | W/o.a 0.0014  0.0008|0.33 15.7 14.9 69.0
E | 0.47 = - o 0.43 _ _ _
+0.14 0.12 +0.08 0.36 17.4 14.5
8 |w| = — — — 9.7 16.0 74.3 8 |w — — — 17.2 14.6 68.2
E| — — - — 97 151 — E| — - — -
48 | W10.90 — 0.030 |0.64 24.2 22.4 52.5 % | W)0.90 0.027  0.097 |1.32 32.6 20.1 45.7
E | 0.96 o o - 1 _ _
S8 o8 0.67 25.0 18.1 B 1.21 34.0 20.1
16 | wl1.9 — — | 1.56 26.6 21.4 50.0 48 | W |0.60 0.053  0.024 [0.68 32.0 20.0 47.1
B0 — |1.56 27.0 24.0 - E1082 & — — |o.57 295 18.2 —
48 | W|1.49 0.046  0.039 |1.23 28.7 21.6 48.2 24 | w029 0.022  0.047 [0.34 31.8 20.2 47.6
E|1.68 — |1.22 285 255 — El - - - e e a7
+0.01 9 |W|1.72 0.0037  0.015 |2.00 30.6 19.8 47.0
48 | W 2.a4 0.017  0.050 |1.89 28.2 21.1 48.3 |00 E|195 e amo 191
1000 E|2.37 - - 2.04 28.9 21.5 — 10.15
¥0.11 : . : 9 | W|o0.46 0.0010  0.016 |0.74 18.7 15.3 65.0
24 | W (0.8 0.0074  0.018 |0.45 27.1 22.0 50.4 Ejog D T ok 233 e
¥0.03 - ]0.39 2.4 210 — 8 |wl1.27 0.0020  0.0077 | 2.13 22.0 14.1 61.2
8wl — - - —  26.8 22.3 50.9 E|[1.36 o o -
El — _ — b8 2 o0, 2 16 1.98 23.6 12.8
# WL 0.0013  0.0036 | 0.93 24.9 21.5 52.4 8 | w|o.79 0.0097 0.016 |1.38 19.6 13.8 64.8
E|1.37 o E|1.01 o
e — — |o0.83 26.1 20.5 28 20 1.24 25.5 13.6
9 (w161 <0.0005 0.0021|1.22 19.7 18.3 60.4 § | W19 0.016  0.023 |0.33 17.8 14.5 67.2
E — o . o . . - . —_— — JE— — — JE—
W : Wet analysis E : EPMA measurement
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Fig. 1. Solubility of Fe,O; in the NayO- TH L & 272 a-Fey,05 # M O FIR? 1& Photo. 1, 2

2B,03-Fe,05 and Nay,0-4B;05-Fe,05 systems.
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Photo. 2. SEM photograph of a-Fe,03 crystals
grown from NayO-+4B,0; flux.

Photo. 3. Mn profile in a-Fe;03 crystal grown at
1000°C for 24h.

Photo. 4. Mn profile in a-Fe;03 crystal grown
for 24h with addition of MnO, 1h after the start of
the experiment.
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Fig. 3. Relation between total Mn content in
a-Fe,03 crystal and that in Nay,0-2B,03 flux
as a function of temperature. Solid and open
marks represent the results obtained by chemical
analysis and EPMA, respectively.
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Fig. 4. Relation between total Mn content in
a-Fe,03 crystal and that in NayO-4B,05 flux
as a function of temperature. Solid and open
marks represent the results obtained by chemical
analysis and EPMA, respectively.
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Fig. 5. Redox equilibria for Mn®"/Mn?" and
Fe®*/Fe?* in the NayO:2B,0; flux as a function
of T. Mn (wt%) and T. Fe (wt%) contents.
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Fig. 7. Temperature dependence of distribution
coefficient k1 p, = (wt%T.Mn),/(wt%T.Mn), for
Na,0-B,0; fluxes.

0
O XNay0/Xpy03 =1/2 o
© 1/3
® 1/4
o =1F 1
'S
-
|
c
=
=
v
£ -2 1
/
®
°
_3 1 1
7 8 9
10/ T(K™)

Fig. 8. Temperature dependence of normalized
distribution coefficient kt mn-T. Fe = (Wt% T. Mn/
wt%T.Fe)./(wt%T.Mn /wt%T.Fe), for Na,O-
B,03 fluxes.
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Fig. 9. Relation between normalized concentration

of Mn,05 in the a-Fe,03 and that of MnO in the
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the flux as a function of temperature for
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