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Redox Equilibria of Fe and Mn in the Na,O-B,03 Melts

Bong -Hoon PARK and Hideaki SuiTo

Synopsis :

The Fe?* /Fe®* and Mn®" /Mn®* redox equilibria in the Na,0-B,03 melts have been individually mea-
sured as a function of the melt compositions, temperatures, oxygen partial pressures, and dopant element
concentrations. The mutual interaction of these two redox couples has been studied by Electron Spin Res-
onance (ESR) in the Na,O-2B,0; melts.

The redox ratios of Fe and Mn in the Nay,O-B,03; melts tend to decrease with increasing the dopant
concentration. A plot of log [ (M*")/(M?*)] versus -log Py, indicated a straight line of the slope of 8 and
4 for Fe and Mn, respectively. The values for the reduction enthalpy of Fe and Mn in Na,0-B,03 melts
were found to be 80-120 kJ/mol and 40-60 kJ/mol, respectively. The redox ratio of Fe and Mn decreased
with increasing the XNaZO/XB203 ratio. It was shown by ESR spectroscopy that the electron exchange

reaction: Fe?" +Mn®*" =Fe®" +Mn?" proceeded to the right.
Key words : redox ; dopant ;: Fe?* /Fe®* ; Mn®>*/Mn®" ; Na,0-B,0; ; ESR ; mutual interaction.
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Fig. 1. Representative X-band ESR spectrum at

9.16 GHz of the Na,0+2B,0; glass containing Fe
and Mn simultaneously.
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Fig. 2. Calibration of the Fe*™ and Mn®* ESR
peak intensities to the concentrations of each ion
determined by chemical analysis.
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Fig. 3. Attainment of the Fe redox equilibrium
with time of melting at 1 000°C for the Na,0-2B,0;
melt containing 0.3 wt%T. Fe under air.
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Fig. 4. Attainment of the Mn redox equilibrium
with time of melting at 1000°C for the Na,O+2B,0;
melt containing 0.2 wt%T. Mn under air.

Table 1. Equilibrium compositions (wt%).

log Py, (atm) | Temp. (°C) Naz0 B303 Fe?* . T.Fe log Po, (atm) | Temp. ('C) |  NagO B303 Mn®* T. Mn
—0.68 800 27.5 64.6 0.038 5.53 —0.68 800 30.3 68.0 0.56 1.23
22.2 76.0 0.33 1.29
900 26.2 59.7 0.072 9.87
17.2 75.9 0.055 4.88 900 30.7 65.9 0.52 1.84
23.4 75.1 0.25 1.18
1000 2.3 55.8 0.16 13.9 18.3 80.1 0.18 1.27
30.0 64.7 0.055 3.48
30.8 67.4 0.019 1.21 1000 31.7 68.0 0.040 0.21
31.2 67.4 0.013 0.99 31.6 68.1 0.041 0.24
31.7 69.7 0.0093 0.35 31.6 68.2 0.043 0.24
31.2 69.1 0.0092 0.35 30.9 68.8 0.040 0.20
31.4 67.5 0.0085 0.35 29.8 66.9 0.66 2.97
24.2 56.1 0.17 13.8 31.0 68.2 0.12 0.58
31.7 68.1 0.0069 0.16 30.4 65.6 0.73 3.04
31.2 68.3 0.0082 0.37 26.3 57.0 2.83 12.4
30.8 68.7 0.0066 0.36 31.2 68.6 0.037 0.20
30.5 68.4 0.011 0.74 30.1 68.0 0.16 0.75
31.1 68.7 0.0031 0.15 30.6 68.9 0.086 0.41
16.7 72.0 0.14 7.91 30.9 68.4 0.11 0.51
18.7 79.5 0.015 0.71 29.9 66.8 0.57 2.48
18.3 77.5 0.061 3.46 26.1 57.6 2.82 12.3
16.2 69.3 0.18 9.80 22.1 76.3 0.15 1.16
18.5 81.0 0.0064 0.37 18.6 80.9 0.039 0.39
18.5 81.0 0.0069 0.37 18.7 80.8 0.023 0.34
17.9 78.3 0.32 2.91
—4.0 1000 31.2 68.3 0.020 0.36 18.6 81.0 0.030 0.34
30.6 68.3 0.039 0.72 16.2 68.4 1.22 11.8
29.9 65.1 0.17 3.50
30.8 68.7 0.019 0.35 —4.0 1000 25.6 57.7 0.81 12.4
24.6 54.4 0.66 14.5 30.1 66.1 0.16 2.98
30.5 68.8 0.024 0.55
~8.1 1000 30.9 68.0 0.077 0.74 31.2 68.0 0.024 0.59
29.4 65.5 0.25 3.59 30.8 68.8 0.012 0.28
30.7 68.7 0.053 0.37 :
24.9 55.3 0.86 13.8 -8.1 1000 18.5 20.8 0.0016 0.31
30.6 68.7 0.0065 0.56
—0.68 1100 23.1 52.8 0.41 15.9 30.2 68.3 0.028 1.16
15.9 69.7 0.35 10.4 30.0 66.2 0.037 2.97
25.6 58.4 0.82 12.3
25.8 58.3 0.66 12.3
P U He 2 ps o 2. 1)16) —0.68 1100 30.4 65.8 0.23 1.82
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Fig. 5. Effect of T. Fe content on the Fe?" /Fe®™
ratio for the Na,O-B,03 melts at 1 000°C.
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Fig. 6. Effect of T. Mn content on the Mn2* /
Mn®" ratio for the Nay0-B;03 melts at 1 000°C.
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Fig. 9. Temperature dependence of the Mn

2+/

Mn®" equilibrium in the NapO-B;03; melts under
air compared with the previous works.

Table 3. The value of AH® for the various melts.
Dopant AH®
Dopant element Melt conc. (wt%) (kJ/mol) Ref.
NazO'P205 1 47.0-53.3 2)
Boro-silicate 1.03 126 £42 3)
Fe Boro-silicate <0.5 115.5 5;
Lime-silicate 0.2-1.4 97+42 14
Nay0-2Si0; 1.75 115 16)
1 307
Boro-silicate 5 281 19)
10 172
M Nay0+By03 0.3 45-60 15)
" Nay0-25i0; 1.4 57.75 20)
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Table 4. The values of wt% Fe®* and wt% Mn®"
by ESR measurements for the two elements system
compared with the single multivalent ratio deter-
mined by chemical analysis (wt%).

Single system Two elements system

T.Fe | Fe* | T.Mn | Ma2* | T.Fe | T.Mn | Fe3* | Mn®*
1.0 0.98 0.43 0.33 1.0 0.46 1.0 0.43
0.73 | 0.71 1.0 | 0.48 1.0 | 0.42

0.72 | 0.075 | 0.81 | 0.091

& Mn (0.42 wt% T. Mn) 2SEICFHIREETHET 5
BADE Redox bt ZN o HFET AL EOFKROK
WS, KRDA A+ v HEM OB TS AR E
T¥H bbb,

Fe2' )+ Mn*t ;) = Fe** ;) + Mn® "y ooeeeer (9)
LA L, Bifkdc 2 ML ED Redox 4 4 ¥ A5 44§
BEE, A+ Y AHEBOEFEBUSICE L TELTL
b—HLEBBBORT Y. Thbt, Bio/
Redox £ #+ v 2" FET HH{ATH(2) N3 5 2
SR MESE, MAHEICIVETD, % Redox It
HWEWICEE35 22w, LaL, Paw & Doucras®
X AR IS C xRk @ Redox A A4 » B O RIG & KE
WHORGE BRI S EEZTBY, £,
ScureBER & HFEHIFEE &7 1% Redox F#iZBiF 54
WL EBTERF Yy VMICHYST AH(5)5ND Ay HD
Redox & [l ®Z (2 Hepl+ A BB O AL % FERAYIZ
WroTwh, —F, BinMECHEERPELLOT
@<, (9)RXo AH® of, ERFBOEERGFYER
KHELT, BHBRCBVLWTHEERA»PELSEWHE
2 H% B, Russel® (G ELBFRIC BV CEF MR
AHELDLIEIZODVWTHRWIZEEZLTBD, Na0
(10 mol%) -~CaO (10 mol%) -Si0, (74 mol%) A # 7 A Rl
FIZOWTHEFEEIC LD ZOWEHIHH Z L 2RL
TWa., KD Na,0-B,03 AICBIF 5 Redox 1 #
v OWEER R oW EA R Vo, SEIBRIICBY
LETRBCOETICHET % Rossee OERMERE %
BB L TELh T 05T, HHEBEHY
REBERE,S, BECILEA T Y OEBRBOEK
{ESHERIGORER 2 O, GHBRETORELIZX
LENSOBABERZDOPEHOPICTHI EATE
Vi W A

4. % E O

Na,0-B,0; Z@ifkth® Fe & Mn ® Redox ‘P %
Dopant i/, BESE, @E, MAMHERORHEL LT
KO, WTFOX) iERPFELN.

i) Xnayo/Xp0,=1/2 D @AEH O Fe & Mn O
Redox . (M21)/(M®") i3 Dopant /&E 0 ¥fm & $12
WA+ HEME R L.

i) log [(M2%)/(M3")] & —log Po, X EL#BIHRIC
»0, Fe £ Mn ® Redox FH THOMHZXIZEDBND §,
4 ’Gi&)o o

iii) Redox WD BEKEHL S RD BT ¥ ¥ N
¥ — it Fe ® Redox ® & 80~ 120 kJ/mol, Mn O
Redox D54, 40~60kJ/mol TH Y, Xnao/Xp,0, I
AT 5L (M?T)/(M3T) Hizigd L.

iv) Fe & Mn 2S¢ 5K IC BT, ESR HllE %
Folzb s, Fe2t +Mn®*t =Fed" + Mn?* o KIG
PEMICEEIETT ARRIE SN, ZOMESE
BAGHBRECHEL A2V TRERIIOR LD
A k

AW BT ESR HIE S L THIEEE 2w/
BALKFEIEAKEHIZERT, GRIERESE, A BRI
TCRKHLET.
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