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Investigation of the Reactions in the Shaft Type Ferromanganese

Smelting Furnace

Haruo KokUBU, Toshihiro INATANI, Tsutomu NOZzAKI,
Hirotoshi FUIIMORL, Masanobu MASUKAWA and Yasuaki QOOMORI

Synopsis :

The reactions in the shaft type Ferromanganese smelting furnace operated in stream on 24 June 1985 at

Mizushima Ferro Alloy Co. were investigated by use of vertical sonde and shaft gas sampler.

The results

obtained are as follows ; 1) High coke ratio of high carbon ferromanganese operation is attributable to
high direct reduction ratio, high amount of heat of MnO reduction, high heat loss and low blast temperature.
2) The Boudouard reaction is nearly in equilibrium in the temperature above 700°C. 3) Mn, K,0 and
Si0Oy are enriched in fume dust and its diameter is 0.3~ 0.7 um. 4) 10~ 30% of fume dust generated at
hearth is discharged from the top of the furnace and the rest is trapped by charged materials and circulates
in the furnace. 5) Fume dust trap mainly occurs when the dust is melt in the temperature above 1 200°C.
Key words : shaft furnace ; ferromanganese ; operation ; vertical sonde ; dust ; gas sampler.
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Table 1. Typical operational data for FMn-H and
SiMn production. : .

i Operation
Items
FMn-H | SiMrn
Blast volume (Nm®/min) . 520 470
Oxygen enrichment (%) 4.6 9.5
Blast temperature (°C 830 790
Blast moisture (g/Nm*) 13.0 10.0
Theoretical flame temperature ("C) 2440 2700
Coke rate (kg/t) . 1472 | 2288
Slag rate (kg/t) . 610 690
Top gas temperature ("C)

- Calculated 470 690
Measured <370 <370
Production (t/d) 240 140

Metal composition (%) '
[Mn] 74.5 65—~70
[Si] 0.3 16~20
[C] 7.0 ~<2.0

0
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- Fig. 1. Standard free energies reaction related to
Mn oxides. :
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Heat of coke Sensible heat

combustion  of bltast
70.7% |29.5$

Heg?l?f.d 0.7% 3068Mcal/t
metatloi AN
reduction 14.5% |Heat loss
Heat of 5.2% Heat of
indirect 55% carbonate
reduction of decomposition

Mn and Fe oxides

Heat of
solution loss| 23.5%

reaction

nax% Heat of water
1 vapourization

Sensible heat
18.8%  |of top gas
20.4%
Sensible heat
of metal and
slag

Fig. 2. Heat balance of SF.
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Fig. 3. Allocation of vertical sonde and shaft gas
sampler.
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Fig. 4. Schematic view of the head side of verti-
cal sonde.
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Fig. 5. Change of CO gas utilization ratio with
temperature.
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Fig. 6. Temperature profile in SF.
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Fig. 7. Pressure distribution in SF.

Ta YO AR K BRBNBMIINT R THDE
Zibhb.

b7 A2 MngOy A*5 MnO ~® CO BICEL, —12.23
keal/mol-0% & v Ya— 3 v 0 X KIG#, 41.21
keal/mol-0® DHADINT ¥ 2% #E  hiE, CO BILTH
KEND CO, D 29.7% AV Y a—aryd AR
BXAbNLIEICXDBMCINT Y RATHI LR A.
%8B, SiMn BRERORETA 3B B % A
MR % 2%, FMn-H B¥BICHERD LB LAV
BH S 2 ICE V. ,

4-2:3 EHHA

FMn-H, SiMn W #3800 45 E 1 546 Il E 45 5 %
Fig. 7 2R $. FOXENDREDHRER S4 72 FO
Fimd D 100 mm NME T THRALEMNL-dOT, %
BUES & 045 0.3 kgf/cm? K.

FAEN FE»HFO% T TERIFERYICELLT



606

$_r @ %754 (1989) B 4 B

BY, EHOLVANVERBRIGIEEEER CBEE L2
HHRE,

4-2-4 T HHEE

FMn-H,  SiMn Bi#EROEE Y ¥ 7FORTEEDH
EER % Fig. 8 \ORT. APy I 7ic
;DM%éﬂtﬁl%§ﬁf®ﬁTbﬁ§%mwf(M
T & D HERE LT T 0 S b BE¢ R L7z,

RD 2 )
v=( Rot+{ls— l)tand | R (6)

27T
Vo : #i T DEE (m/h)
Ro: A (m)

1 EMn—H ; SiMn

N
T

W
¥

| Calculated

»

Measured

(¢
1

Distance from stockline (m)

o
T

] V l’ 1 i
6 O05 76 15 20 25

lated burden descending speed.

ls;: SL 25D (m)
lo: SL 75>+ 7 b Ling TOHE (m)

O FEHNIT AT v 7 POMEE (deg)

Vo ¥y Yy 7 X0 lE ST 0 ERE (m/h)

EMBRUBEOH T EESMTITIE—HLTS
D, WITHHEELNS v 7 POWLKIZHESOTEL BT L
FRLTWAS,

B AWEE T O T O EE & FREAEED S, HIR
HWTOBEELZREL(7), (8)RUTLHEELLH
% Table 2 12777,

,oK=(Zile)/(Vs'S) .......... Fereeeeee s (7)
e=1—(2(G:/0))/ (Vs S)

T
Ok iﬂ’ﬂi'ﬂ?@ﬁ&. & (t/m?)

G:: BH i 0FARE (t/h)

S:FOWEE (m®)

e IRW O Z=RE (—)

o ER i O RBNIEE (¢/m®)

SMnR%ﬁ@ﬁ#FMnHR%%L%«T%&EH
NS, ZREEAKEWY, Thida— 2 X
FMn-H #B#E o 15 FLmni-vtEILON5.

425 T a1—Ah¥RPOFEBKE

FMn-H, SiMn Wi#e3812, JHPN 1200~1300°C @

Table 2. Estimated bulk density and void fraction
of lumpy zone.

Bulk density Void fraction

Burden descending speed (m/h) Operation (t/md) (—)
Fig. 8. Comparison between measured and calcu- FMn-H - 1.165 ©0.337
' SiMn 0.877 0.463

FMn—H SiMn

3.9m from SL 1 300°C
(S L : Stock line) :

Photo. 1.

3.6m from SL 1230°C

Scanning electron micrographs of fume dust sampled by vertical sonde.
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Table 3. Chemical composition of dust sampled\ by vertical sonde.
Chemical composition (wt%)
Operation 2;‘"91("&3) g
P T.Mn T.Fe T.C Ca0 Si0 Al;03 MgO Naz0 K20
FMn-H 1300 22.5 1.3 0.6 13.5 24.2 6.6 10.7 1.3 5.3
SiMn 1230 8.3 0.2 - 0.7 ) 20.3 33.0 13.6 5.0 1.4 8.7
3.5
® : Slag
O : Dust sampled by
vertical sonde
5 30
Ca0+Si02+Al203+Mg0=100% JE:
£
FMn-H =~
40p § 2.5
0 wﬂ_
=
g 20 2.0
_
[+
o
+~ 0 1 1 1 1 1 1
£ o SiMn 2400 2500 2600 2700
g 40k N ‘ Theoretical flame temperature (°c)
Fig. 10. Relation between theoretical flame
20p .
temperature and estimated Mn vapor pressure at
hearth.
0

1 1 1 A
Ca0 Si0z Al203 MgO

W,
Win = 2 10(’) [(MD), = K (F@)| seveeeressneens (10)
Fig. 9. Comparison between gangue composition '
of dust sampled by vertical sonde and slag. ZZT
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um 2% 95 % A 5D) O b —44pm KT OEER
EFHEMBEEE% Photo. 1 IZRT. ¥ A MIXKELE

L, 72— AL¥FAFTHBIEERZRLTVS, Tk T
#13 0.3~0.7um THOXBREOF SiMn HERFOD
FAMDFHMHKEL, POETOEIEF @V IZE
Ta—AbFAMIHEILTHLEEZOLND

bz # k% Table 3 I2/RT 2%, ZERENPHE Y Mn B
XU K0 DiFENFRD SR, »o Flg 9IRT LI,
WEFhDF X Mb AT FHEE B LT CaO 254 7%
{, Si0, HilMEL TV 5.

FRTT 2—LFAMD LT v THEVLEL G
A0, FHICHER SN 72— L F A Mn B0 D
HE L FTEO Mn ZSRE P, (mmHg) & (9),
(10)XcHEx2ons. 28 (10)RF7a—LF A+
12 Fe MEFEL 2V EREL THRONLEATH S %, i
ZALE T ERIBEE & LT 1600°C TOH Mn & 4l Fe 7
KELTHET S &, #i Fe 0ZRKE M Mn OERED

Py: BUESH (kgf/cm?)

Vg: Ky ¥ a#AE (Nm®/min)

Wy, : RS ICHER SN A2 7a— LA F XA P Mn B
(t/d)

W,: EEH i OWES X & (t/d)

(Mn)i, (Fe)ii EER | CTHESNAYA D Mn,
Fe &H & (%) o
K:%ﬁl%@$ﬁhhﬁbiﬁm(—)

. CTRERBRBERE L O MR % Fig 10 KR

m,m T2 LY ENL T 2a— A5 R b
Mn BRBERBREREDO LR L EHITHEMT A, 42
DA S FMn-H #$EEIC Mn B2XRE T 2~2.5 mmHg
FBD Mn 257 2a—AF R FELTHEIHHREINT
WBHI ENDbNS

-, rﬁTiBfw(e%Ezmﬁmﬁwt%x 5h5 1500,
1600°C T FMn-H & P+ %5 Mn BSE % (11),
(12)% X VEHE T2 & 22N 10,2, 23.7mmHg &5
BRI, 7a—ALFAMELTHENCHEE SN/ Mn & (2
~2.5mmHg HE) & V) bEWENE LS.

#1/1000 THH LFRERIRLLELOND. "
’ : Pyn = Gun* Pin = Nun* exp(qut’ > 0., - (11)
- W 1 000X24 1.03+ P;—0.3 _ 760 ‘ )
" 24X60X54.94 Vs 1.03 “log Pgn=— 14520/ T— 3.0210g T+19.24° -+ (12)
.......................................... ( 9 ) T
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Pun, P$y,: FMn-H 3 X 0% Mn O#ESE (mmHg)

Nun : FMn-H ¥ Mn O E V45E (—)

AHY,:Mn DR A0S EL T ¥ ¥ L E=D
(cal/mol)

R: 8% (cal'mol "1-K™1)

T: #xdiamE (K)

COMn NG Y APLIETHTEELLEET 2— A
T2 D5, 10~30 % HFESICHEH S Y 70~90
% XFNELRTHBRCEADIICLS » TERTE

L O:FMn-H
A: SiMn

- = N
[« &) O
T T

Dust amount (g/Nm®)

(6]
T

400 700 1000 1300
Temperature (°c)

Fig. 11. Relation between temperature and dust
amount sampled by vertical sonde.
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Fig. 12. Relation between temperature and — 44
um dust amount sampled by shaft gas sampler.
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B S 2 PEWE Fig. 11, 12 1S5/ L7 & 512 1200°C
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Fig. 11 IZ/R$ X912 SiMn ¥ 2 + O F2MKEMIZY 7
FLTWS.

FHEHY YT TRL2 7 2—2F A 2T 7 v bR
CHEEIL 7 VT FER, FREE 10°C/min O&MGT
TEHRILEMBE L R ~7. &R % Photo. 2 II/RY. @
At FMn-H % 2 b %% 1250°C, SiMn % 2 b %5
1200°C LMFRT Y 2 MBEEATK & < BALT 2 REESIC
HW, COZEDPLEAPICELDEZT2a—LFZ D}
7y TR FHEREEETHEMD B VI LERR
ROICEEICETT S EHBERD,

5 #&

72O BRBGIF O, YWHEINT v RIS
EOBRERWNT, 2 5IRE, FRAHEEL & oKER
DHBLE 72— ¥ 2 FORERBORHAYHIE L
BB VT, 7 NHAY YT T -1 X BIFREE,
M5 S LT DR R %1570,

1) BRE7 ca~w o BEROBa—2 2L (¥
1500 kg/t) # REMNIT B ELBER & LT, BEEETE,
MnO 7*5 Mn ~® CO BIUKIGSk, BEIEL, HEE
BESETFONS.

Il

FMnFH‘
dust

- SiMn
dust

11?0 °c

1100 °c

Photo. 2. Softening and melt-
ing behavior of fume dust sam-
pled by vertical sonde.
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