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Several Changes in the Reduction of Manganese
Ore for Ferro-alloy Production.

Takahiro MORIMUNE - Masao IKEDA - Toshiharu SHIMAZAKI
Kenji TAKABATAKE - Takeshi SUGIYAMA

In producing ferro-manganese we reduce Mn ore in electric furnace or high temperature blast
furnace, the path of their chemical change of manganese oxide is not clearly known in raising the
temperature. We tried to reduce them in the presence of CO or solid carbon in small muffle
furnace from the temperature of 700°C to 1500°C. And every 100°C the sample were extracted

and examined by X-ray. In these tests, the sample ores were pyrolusite (MnO,) and contained

small amount of braunite (MnO-3Mn;0,°Si0O,) and Mn,;O,

Next results were known in reducing heating. At 700°C; Mn,0O.and MnO appeared. At 800°C; No
change. At 900°C; MnO increased, 7-Mn,0, appeared. At 1000°C; MnO a little increased. At
1100°C; Almost all structure were MnO, Mn;O, dicreased. At 1200°C; MnO increased. At 1300

~1400°C;

No change. At 1500°C; Mn,;0, desappeared, MnO decreased and Fe-Mn solid solution

appeared, but Mn carbides (Mn,C, Mn,C,) were not formed.
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(1) MnSi04(s) =MnO(s) +Si0,(s)

AG*=95,400—19.7T

AGY k% 3R K
AG*=5,920—3.1T
(2) MnO(s)=Mn(1)+150,(g)

(3) MnO(s)=Mn(s)+250,(g)

AG°=91,950—17.4T
(4) 4Mn02(5) =2Mn, 03(5) +02(g)

AG°=38,880 —50.40T
(5) 6Mn, O4(s) =4Mn; O,(s) +0,(g)
AG*=49,440—31.60T
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(6) 3Mn02(5) :Mna 04(5) +Oz(g)

NGy=41,520—45.40T 915°
(7) 2Mn, O,(s) =6MnO(s) +0,(g)
) AG°=109,920—62.56T 1757°
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(8) 2MnO,(s) +CO(g)=Mn,04(s) +CO,(g)
AGH EIC % iR °K
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(9) 2sMnO,(s) +CO(g) =2%4Mn, 0,(s) +CO,(g)
AGY=—46,740—2.14T
(10 Mn, O,(s) +CO(g) =3MnO(s) +CO,(g)
AG'=—12,540—10.57T
(1) MnO(s)+CO(g)=Mn(s)+CO,g)
AG*=24,480 +3.23T
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no reaction.

AG'=—7,200—46.39T any temp.
19 4MnO,+C=2Mn,0,+CO,
AG*=—55,320—50.60T any temp.

(14 Mn, O,+C=2Mn0O+CO
AG°=18,180 —47.07T 386"
(15 2Mn,0,+C=4MnO +CO,

AG=—4,440—52.44T any temp.
(1® MnO(s) +C(s)=Mn(s)+CO(g)

AG*=65,250—38.35T 1701°
(17 MnO(s)+C(s)=Mn(1) +CO(g)

AG®=68,700 —40.65T 1690°
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Sample. NO. 1

Fe—Ka; 30KV—10mA
Mn —filter

Slit; T, T, 0.4am

Chart speed; 10mm/min
Scanning speed; 1°/min
Rate meter; 8

Full count scale; 6009
Multi. 0.8

Time const. 4
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Sample. NO. 4
Fe—Ka; 30KV—10mA
Mn —filter

Slit; T, T, 0.4nm

Chart speed; 10mm/min
Scanning speed; 1°/min
Rate meter; 8

Full count scale; 600%
Multi. 0.8

Time const. 4
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Sample. NO. 7
Fe—Ka; 30KV —10mA
Mn —filter
Slit; T, T, O.4nm
Chart speed; 10mm/min
Scanning speed; 1°/min
Rate meter; 8
Full count scale; 60054
Multi. 0.8
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Sample. NO.-10
Fe—Ka; 30KV—10mA
Mn —filter

Slit; T, T, 0.4om

Chart speed; 10mm/min
Scanning speed; 1°/min
Rate meter; 8

Full count scale; 600%
Multi. 0.8
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Sample. NO. 13

Fe—Ka; 30KV —10mA
Mn —filter

Slit I, T, 0.4nm

Chart speed; 10mm/min
Scanning speed; 1°/min
Rate meter; 8

Full count scale; 600%%
Multi. 0.8
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Sample. NO. 15

Fe—Ka; 30KV—10mA
Mn —filter

Slit T, T, 0.4mm

Chart speed; 10mm/min
Scanning speed; 1°/min
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Sample. NO. 16
Fe—Ka; 30KV —10mA
Mn —filter
Slit T, T, 0.4nm
Chart speed; 10mm/min
Scanning speed; 1°/min
b Rate meter; 8
& Full count scale; 6009
Multi. 0.8
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Sample. NO. 17

Fe—Ka; 30KV—10mA

Mn —filter

Slit; I, T, 0.4om

Chart speed; 10mm/min
Scanning speed; 1°/min
Rate meter; 8
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Sample. NO. 18

Fe—Ka; 30KV—10mA
Mn —filter

Slit T, I', 0.4nm

Chart speed; 10mm/min
Scanning speed; 1°/min
Rate meter; 8

Full count scale; 600%%
Multi. 0.8
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