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Manganese Ore Reduction with CO gas or CO-CO, gas Mixture.
" (Studies on properties and reduction of manganese ores—II)

Tetsuo Y AGIHASHI, Kazuo . ASADA,

Koji ATARASHIYA, Shun-ichi IcHINOHE and Hiromichi HANADA

Synop51s ax S

Authors studied on manganese ore reduction with CO gas or CO- C02 gas m1xture by the'
method of thermal balance analysis, and then discussed its reduc1b1hty with mineral ‘c_ompo—
sition. : : ’

(1) Reducibility ' decreases in the next order: i. e. MnQ; ore, burnt ore of MnCO;
(manganese low oxide ores such as a-Mny0O3 or Mn3O, etc.) and manganese silicate ore. It
is plain enough that every ore is reduced to MnO with CO gas.

(2) There is scarcely any difference in reducibility with CO gas among all MnO; phases
i. e. cryptomelane, pyrolusite, y-MnO. and birnessite. Only, MnO; transforms to reduced
state (till MnsO,)through mere thermal decomposition simultaneously with reduction by CO gas.

Therefore, authors support the general reasoning that easily thermal- decomposable and
incomplete crystalline y-MnO is most reactive. ~

(3) Under low temperature reduction, the obtained MnO is unstable: in the air after
cooling in CO gas flow. Meanwhile it is shown that through reduction at above 700°C, the
obtained MnO is rather stable in the air after cooling. X-ray diffraction shows that this
phenomenon is due to crystalline structure.

(4) During manganese ore reduction with CO gas, carbon deposition is observed in
certain ores; especially in high iron-content ores this tendency is remarkable.

(5) On the basis of above results, some discussions are made on refining furnace reaction
and preliminary reduction. (Received 12 Feb. 1963)
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Fig. 4. Thermal balance curves of some
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(CO ca 65%).

bu;é%ﬂ:%% Flg 2 DZ’_T‘? ‘il\., CO- COZ{
W X55R% Fig. 3 5 X Fig. 4 R 732%&)&
F\» CO 9 65%

&L 7.

HAHBEOEML L BERE I~ R FROY 2 &
BRNT, EEAEBESNL Ok, Fig. 2Tk
BEEIT VTR~ R TRy = VICEBH DT
H0, THIEOWTIRERT5.

PRI DR LT, 2 v H U EBIESBICAR
Stz 73 MnO: ROFKE X Wb 150~200
°C TWH LB LWEEFADEIE XN, 270~300°C
CUF X A LD, MngOs & 75 1), 400~500°C. T MnO %
CTETEE S S . M0y OEEEIE Shis ok,
RICKITSED X 57 MnCO; /S 4 B DREET
b1, 400°C Hifgh B AN ERWORH D, 600°C R
BTRISIMEZIC D, 800°C AT MnO % T
TLENTWS

LRBED X 5T 5 ¥ LERTIE 120°C OB R
WA DEAS B 800°C HIRTRIGHT T 75 % T,
EORELEBRBOPEHEINIOPBM CHE. T
NBEBETHEO Mn OFEEIX MnO Th5b.

EERIRELBETTHBEERL TWHY, IR
DX STHETES. MnCO; DR, BILATT
i@am%: <Té%VCﬂD3@%%#&6&%
2565, Fig. 2 TRAI KR FRO Y 2 VB3ERD
Twd. WTFRDEFRICOWTh, SRORSAER
Mz oW T CO G CHIVEXERT 2R L/m & T
5, Mn K2V CTEVFHS MnO D05 25 X

Thermal balance curves of some manganese j,7-. HIEFRKSFTOVTIE SiO: BRHE XN 54 DAt

BHORIETT, MORS OFERRIE XHEHT g
5T T E I h DT, :

ZEgibtwrdra, B, 1, 0LEOYRITHEIIL,
BAZE I VI XN 07208, T HTH B H — F hH
LRLBETLING L, BROHRPD S &3 257k,

Fig. 5 [C V324 MnO; 3438 (7 -MnO;z) %X 5iCO
EEOEWG A TELLSBEOHBEEZRT. CO 2 10
% THXFECHLUSLLVENL BILBFARETHD T
ARSI TWS. ChIATR R DRI AE D B b X
BXN5CLTh5.

TELY N VHRDEA, MnO  ~DREITTRIGIE 450
°C FBETETTECEMRUETRENK. LL, T
DOHAER XS MnO 13 CO AR TEHIL 725, K
KL ESTE, MOTREET, RAREET LD L,
PR IC R KT 513 ETHDH. 1000°0C FTNET D &
CXoC, 2D MnO ZRRHTHIEERSDETHT
LT XTI, 20T, WHWAREBECRSGEILEFT
VERT 5 MnO ORFEFANDL T LM AT



062 | | B & W 49 (193) Be B

0N (
1
5 —a~ 00 100 %
| ~— 0 6%
® —= (0 30 %
< —— () 70 %
X /0
SN
S
SN
g7
3
2
] ‘ B
Bo 0 a0 a0

Jemperature (°C)
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Fig. 8. Free energy change of manganese
oxide reduction with CO gas.
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Table 1. Weight-loss of manganese ore
reduction with CO. gas.

Loss of weight (mg)
Calculated Observed
India, HG I[O1  10°98(%)| 54*90| 80
India, LG . 4 942 47*10 80
‘South Africa, HG | # 1213 60°45 102
South Africa, LG | # 11°02 55°10 88
Brazil 4 1445 72°25 96
Ghana . ' 4 13+ 16 65°80 88
Indonesia N 12°98 | 64*90, - 97
Australia 4 14+08 7040 90
Yakumo, A . 4 374 18°70 38
Oe, special 7 2°89 1445 34
O« [O] 330 :
Oe,‘ commog . [CO,] 935 63°25 70
- Jokoku, B T I[O] 4°90 24*50 75
= [O] 2°43 .
Jokoku, C [CO.] 1474 8585 78
ima ' [O] 477 ..
Osh1ma‘ [COs] 15°07 9920 143
Shibetsu [O] 508 25*40 83

BT D Fe OMAEOELIZGLIMER OBE DBAD
LT LTIV, BB FHED Y 2 VIO
T2 2 EBDETEHRPER SN T D EEZ B 5.
SR S MR Fe £ TEITIN S 1IFTh 5.

Table 1121, VWHWd 2 HEEZED (MnO 2HHEL L
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DYERILE DILESHHE & Dked, Fh [0] TR

5. F72 [CO:]l TRLADIIRIEIEL L THCO: Th
5. Table | TREMEMA & 75TV B BRI O
B, WA R, Bikis E2ZBECAND EWE DETE S
BHTHHS. SHLLEDOKRELRLDIT4 > FLGE,
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< = =
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7z,
IV. SBFAREELOPHET

DL EOMBRRICESE 2, 3 OMEREEL .

WFERO§EEDS CO ITX% MnO % TOETIHEE
THEBICHET 555 MnO % TORTIIMIEBE T 2K
THD. Lrl, EECHEIREE© X OBE % © I

WCRIGHETL 9 5%, Mk, BLE, SILE, HEKR
ERREBL, RES, ¥AMRREBPLLOT, &
LIt L CREREE L. E, AR TRy
= VORI BIR OV TIILT 5 KEMAL B RE
DICDEIRABERRENESE 0 24T, FREETS

RFTr<, MnO ¥ TRImEh 5 2 &k FEICE D

EERTLEOTLEEZILNE. h—RoFRD 2 v
DR BYANE, TOBEBETHEVFEL R,

FIHETLT 554, BRI HF R 2R T 574513 CO
10% ObOTHIFEEBTLT 5T LRI Lo,
FHAESIFHEN 23+ B T AR & U TEHTRECTH B

LHEXDBND. pEOT CORERSE D E RV H R

DBEILFDOH =R FRY Y a V& HE STDITERT
HD. SDEH—FUFEYY 2 VEREBICHSZ S

RN DRERE B RESRT &, F28k

AR COWHOEYE S0 EBRFETH 5.

IR MnO R EEOREIIHE L7580 Th
B9, FHET, kv M F v —DOMEEEZ BB,
B4y L Lt 8 TR AR B X T,

IR AT D ORIFE L L BE SRS,
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(1) CO HAKL CO-COy BAHNRICL DA

¥ VA AR ORI, IR ORI X HH0R
TEEDZALIC DV TIRE L e BB —iib~ v
ks REE= VW PRD A BESE (@-MnpOs, MnsO4 7s:
EDERIRIL~Y v H U 8R), o AB~ > H 2 ONEICT
D EBRENT. WFhO§iad COEITIT X 2T,
MnO 2453 % 2 & 2380 B2 TR Sho 7z,

(2) =@Mt~ 4 §ilix cryptomelane, pyrolu-
site, 7-MnO,;, birnessite 7% 3 & DT 1iTEAE
PERITTEEICIIZ 2RO SNV, 7272, CO I k58T
CAFT LTI B BRI £ 0T HIRITIREE (Mn; 04 &
T) WWEL 5 5bIT, LOHBOESTHDiERED
B 7-MnO: 2SS RIFTH S 5 L O—FHERD
05 LIFRER. | |

(3) ERETETLLES, A% Sz MnO 3%
HB LR TRELETH H23, 700°C DL ETETAR S
Hic MO 3B EVEELHF TLRPEEL 8D T EHR
Shic. ZOZ LIEEREDEMIC XL OTHB T &

Z XEREHTIC X DR L 7.

(4) FABETHREH R UFRY Y 2 VHREIESH
DILDH Y, BT Fe FRDOFH VAT L DA
WHL S L27e. : :

(5)  BlLEOREBRERCESE, 8ESFENES, T8
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Accelerai:ion of Dephosphorization in Oxygen Converter

under Agitation by Blowing of Gas.

'(Studies on preferential dephosphorization———l)

" Takeshi Kato, Junichi IMAI and Kazuhiko FUuIIwARA

Synopsis:

Using a small test L.D. converter, experiments were carrled out on.preferential dephos-
phorization in the period of desiliconization blowing of L.D. converter and especially, the
relation between the rate of dephosphorization and the intensity of agitation of molten bath

was 1nvest1gated
The results obtained are as follows

1) The rate of dephosphorization is given. by the formula, dp/di==~k[ p 1",
where # =1 in the period of desiliconization blowing.

2) Dephosphorization is promoted by hard agitation of molten bath. However, when the
agitation of molten bath is intensified by ‘blowing oxygen itself, decarburization is promoted

simultaneously.

3) By injection of inert gas for agitation into the bath in the period of desiliconization
blowing, dephosphorization is promoted extremely without any promotion of decarburization;
and under the optimum conditions, a very low content of phosphorus can be obtained at high

carbon range.
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