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Production Test of High-carbon Ferromanganese Using a Shaft Type Furnace with Coke Packed Bed Injected

with Highly Oxygen Enriched Air and a Large Quantity of Pulverized Coal
Yasuo Kawme, Tomio Mivazaxi and Hideyuki Y amaoka

Synopsis :

High-carbon ferromanganese has been produced by electric arc furnace in Japan. But its production cost has increased
because of a speedy rising of electricity cost and Japanese ferromanganese has lost competitiveness in the international
market. So, for the purpose of decreasing its production cost, high-carbon ferromanganese production tests (production
rate=1. 9-4. 3t/d) were performed using a melting test furnace with coke packed bed injected with highly oxygen enriched
air and a large quantity of pulverized coal. Moreover the operation indices of a commercial plant of 170t/d in production

capacity were estimated by heat and mass balance model, and following results were obtained.

1) In this test, high-carbon ferromanganese of [Mn]=75% was produced stably using the coke blended with 56%
non-coking coal, with coal rate of 1502kg/t, coke rate of 1087kg/t and productivity of 3.11t/(d-m?).

2) The total coal consumption of the commiercial plant of this method is estimated to be less than that of the blast furnace
in spite of higher fuel rate because a large quantity of pulverized coal is used in this process. Through these investigations,
this process seems to have a prospect of being available as a ferromanganese production process instead of electric furnace

method.

Key words : ferromanganese ; ferroalloy ; smelting reduction process ; pulverized coal injection ;_oxygeny enrichment ; blast furnace ;

ironmaking ; coke packed bed.
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Fig. 1. Concept of production method of high-car-
bon ferromanganese using a shaft type fur-
nace with coke packed bed injected with
highly oxygen enriched air and a large quan-
tity of pulverized coal.

PR AH 4R 3RS CPR4AHI2A 8 BEE

(Received on Apr. 3, 1992 ; Accepted on Dec. 8, 1992)

% (Hb) BARERSHEY (EASRB T MK & b i) (The Japan Iron & Steel Federation, on leave from Sumitomo Metal Industries, Ltd., Kudan Plaza

Building 2-2-3 Kudan-minami Chiyoda-ku Tokyo 102)

* 2 A AR T3 (B SkERH AT ZEAT (Iron & Steel Research Laboratories, Sumitomo Metal Industries, Ltd. )

449 R



M 450 $%>$BVol.79 No 4

2. BRGE
2-1 ERBRERMA
SITHERLLEBRFER Yy 7 FRERFEXF 2R 5K
BIRIF 2 AR DY BRI OB EIERBR R 3 e
ARRBRIFCH v, ARDORERIZ I 5HER % Fig. 2 (IR
T BRFE, 22— 27 AREBRRAIFT, BEEH &
2 2.96X10°PaTh b, B O9% 3AHF L, IFIEIZIE
JEPREL D 2 A B0, FIEMEE SO RE SN TV 5,
3 7: Fig. 3 RT T L, FFRZ0.9me, AXNF& (PA
~RBTEH) 32.1mTdh v, FNEHERIINL. 4Am*TD 5,
¥, Rpo” " QBAR, FEFEOREFEERL
Twb,
2.2 HEBEAHZE
ARBCHERLLCEBREOER RS TERBRRMST
Table 1 127”7, BEEHI 5 ~20mmi ¥R L, 3EHEOEA
LIEREFEEROARAGRIREA L THEHLE, 2—2 2L
LTk, BEFET7on~2 b o BERCHHES 05 IER

Pressure Q
Ore . Coke Max. =2.96x%10° Pa

T

=
= _
Soot
sampler

Melting
furnace

—_— o

ﬁ L

Dust catcher

Pressure
confrol valve
Tuyere

Gas cleaner

Fig. 2. Schematic diagram of the test plant.
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Fig. 3. Profile of the melting furnace.
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Table 1. Compositions and grain sizes of ore, fuels
and flux, and operation condition of the

test plant.
a) Ore

‘ Chemical compositions (%) Size |Blending

T-MnMnO [MnO,{ T-Fe Fe,04Ca0 | Si Oz |AL04Mg O|dp (mml| ratio(%)
A-Ore|49.5/3.8 [736/3.0|4.3|0.1 [62]40|0.1| 113 |36~47
B-Ore |314(132|335[237[339|0.5|48(80|02|13.9 |i12~21
C-Ore {514(42.729.0/3.2 {46 (3.7 |[69|3.7!22]| 126 |31~32
Limestone| tr trlotr | otr tr |545| tr tr |1 1] 13.8 8~13
b} Fuel

Proximate onaiysi;” Ultimate analysis (%) | Size DI3g

FC [VM |Ash[Mois| C | H [N | O | S [dptmm)| (%)
Coke [87.8/0.9 [10.7/0.6|967[02|14| 10065 322 | 86.3
Coal [51.1[35.3104|3.2 85945 | 1.8|700.71 [0 —

¢) Operation

Items Conditions
Bosh gas (Nm¥h) 898 ~ 903
Tf (°C) 2093 ~ 2514
O2 (Nm¥h) 240 ~ 270
Blast Nz (Nm¥h) 150 ~ 170
Steam (kg/h) o -~ 36
Pulverized coal (kg/h) 240 ~ 267
PC /02 (kg/Nm?3) o.9€ ~ 1.00
Top pressure (Pa) 2.48 x 10°
Ca0/Si0z of burden (=) 097 ~ |5
Tapping 6 ~ 10 times/d
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REBOFyr—2R LTI, 5r—2%&REL, Casel,
2, 3RTOMERLFAET 2100, EAYOEREL. 705
HTFT T # 2 1L &4 2100, 2300, 2500°C & L 72, 2 72, Case
3,4, 5 BAIZEEEORERFET /00, Tr=2500°C
DEGTRIMBOEAMDERE X 2LF 1.7, 1.4, 1.242
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Fig. 4. Operational variations of test cases.
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Table 2. Operation results of the test plant.

Case of operation Case 1 Case 2 Case 3 Case 4 |. Case 5
Ore Rate (kg/t) 3219 2546 2421 2567 2678
0z (Nm¥h)| 241 255 272 270 271
N2 (Nm¥h) 151 151 170 170 170
Steam (kg/h 36 21 [} [) <]
Blost
PC (kg/h)| 237 256 267 263 266
Tt c) 2109 2292 2509 2513 2508
Bosh gas (Nm¥h) 887 899 908 902 903
Temp. “c) 650 | 694 722 720 729
Top gas | Pressure (Pa) 2.48x10° | 2.48x10° | 2.48x10° | 2,48x10% | 2.48x 10°
Dust conc (g/Nm¥)|  35.8 47.8 69.7 69.8 71.9
Coke (kg/1)| 2580 1692 1087 1099 117
Fuel rate | PC (kg/t) 2964 2032 1502 1514 1598
Fuel (kg/1)| 5544 3724 2589 2613 2715
Production (t/df 1.91 3.03 4.26 4.17 3.99
Productivity {t4dm¥ 1. 39 2.21 301 3.04 2.9l
Temp of hor mefgl [ 1395 1423 1380 1369 1377
(% Mn] %) 66.5 71.3 76.2 75.1 75.1
(% C1 (%) 6.6 68 | 6.9 6.8 6.6
(% Sil %) 0.13 0.23 .17 0.37 0.22
proauer L% P1 (%] 0.44 0.35 0.3t 0.32 0 34
(% MnO) )| 32.1 26.4 23.3 30.0 32,1
% A1203) (%) 15.0 16.7 7.8 15.7 15.8
Slag Ca0/Si0z ()] 1.77 1.79 1.70 1.40 1.29
Nmn/Nmeo  (—)[ |.82 2.33 2.73 2.1 1.94
Mn yield %) 84.4 87.3 84.9 85.6 79.3
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0.6 <550, Ve hd
cefslag T Y /

e s | ee |

2100%_ -9 /

[2300C @

2500°C A @} /

{=)

1og (Nmn /Nmno )
\\a
\o;\:

_ 15090'%
T

!
1500

Slag temperature (°C)

Fig. 7. Influence of slag temperature on the Mn
partition ratio between slag and metal.

22

WIEMEZEC D E 2T VA Ldibhs, RITL, K
FAFNDEEEL 3I~1.50F7— XD FPOMDIEHKE
1.7~1.907—&2 L b b Fuesrhctb L kb, (3)RDEME
L, fbly, Fig. 8Tk, aBElIbix T
RFEL, (4)RTEREINB L E L, MnaED Ty ~D
REEEEECHHES N, (3)XOBMFRE b —FLTw
%, T¢d Nun/Nuno (2328 2B L LTIk, MnB{tY
DBV IRBIIGT D 5 129, TiD FHZ & b BEHEEE
DL, Z DR, B MEEI NS Le-SETHES
LTLB3DEHFEZLGND,
dlog(Nwn/Nwmno) 543X 10~

| aT ........................... (4)
Fig. 7 R Y, WEELCUTERLULCHERE(IIRLD
A—HEE T FEREINT RO EHEZLNE  Tb

b, Fig 707 =X %, EHTRT L5 T EHBETH

T 2L, (H)RDLHICBATEI,
3108((1;11‘%:&/gNMn0) = 146X 103 cereerreneeareaaaaas (5)

(3)~ (5)RTHRE, Ty Toneg PWHILEEE L TIRD
"z dECEL TS L, MnO+C=Mn+CO O CO57 /1
Po DB HE L T, £ D MnD 45 I log(Nun/
Nuno)experimentar & O HERIZ & b Fi5r E $ % 3K 5 L MnD 5y
BRI (6)RD & 5 12 H 3 113 ,10g(Nwmn/Nuno)experimentat
L(6)XTEHE 3 15 log(Nun/Nuno)catcuwatea & D B 1R %
Fig. Q2R T, WA DML BIF L AR RILT 5,

10g(Nuyn/Numo) =0.382(Ca0/Si0,) +5.43 X 10T
+1_46x10*3 Tslag_logpco+ 1.545 ..................... ( 6 )

4-2 MnRU SO, DULE

Mn 43t Ve O B REZ2 AHBEBIAR 1215 6 L e 2o 12,
:ﬂaﬁnkﬂu;b\&%@T%@fv%t@ﬁnLﬂ
L AXE A NMEE FSED, VRIETIZ X XA N RER
ﬁﬁw%zibm panreetFions, 22T, 0
ZABCX A MR (=R MREXYTAE) L) BRPHE

0.6
Ca0/Si02
o 1.6~1.9 °
* 1315
~ 05
|
L o oo s
- o8
£
= 04} S} o
~ (o)
z
g I
o S o
03 I
o | " &Ko
oo 15.43x10 K
S i °
ST e
2 0D 1 i 1 i
2100 2300 2500

Theoretical flame temperature (°C)

Fig. 8. Influence of T: on the Mn partition ratio
between slag and metal.



B ERIRE AL PUHAL L EBREELERKSBEFIZS 2 8RET7 2 v <07y ORGERER

0.8
L ]
-~ 0.7
1 .
5 0.6t »
5 s
E 0.5
g ® e 0ed
w . .
'g 0.4
ee o
2 *y o
<
0.3 S ®
Zg . 'l’ *
= °
S ozt ¢
(o] . - L
01 02 03 04 05 06 07 08

log ( Nmn/ Nmno) Calculated (—)

Fig. 9. Comparison of Mn partition ratio between
test plant results and calculation results by
Eq. (7).

AL TUTFCERZSH L7,

(1)Mn RUFSiQ, v AR L& 2 b EDOBE
BIRIFREX 2 MR E, Mn XU SiO; v A& &L DR %

Fig. 10 i27R$4 22T, Mn R Si0: v A& E LTI,

AP EINABRLBER IS NIBLDOETRAL

720 XA DMDOEERI, FAMFryFr—lHiiEdhicE

BB LIEBEOME LT(7)RTRENS,

Waust = Wa.a+ 107 3Wi.g Vigrreorrerrmrmrorammn. (7)

Waust - IfRIFFEL 2 b & (kg/tap)

Waa : &2 M F ¥ v Fr—dfifex 2 bE (kg/tap)

Wea : XA b ¥Fx v Fv—ilf@ s AP &2 MEE (g/Nm®)
Ve BRIFRAEY 28 (Nm®/tap)

Fig. 10 * 6, & & b Mn R SiO: 1L, 7 RED
FAMRICHT A E L TR ARTRS LCFEH O
izt st, 20nZFN45%, 25%\2 5, —K, Table3 i
SR & AN SNRERTIE, MBI 12#130%, Si0, B 1313
%THY, FIHMEEENHONED, X2 MEOIEMLET
WHHEETH LI L LDY, HBOB - PWEINKEF VT
BEIHOMPERHAT 22 L E LTS
(2) % A MEE~DOMERT

KAMREZERE LTI, PTIHEEHEEL LT TR

150
Tf Tf
o 2100°C o 2100°C
o 2300°C soL o 2300°C
— ® 2500°C ® 2500°C /
S // a 7
2 100} , 3 , V%
g2 ] ~ 4 (1
= - o Ve } o/
- 0o e® -/ = a0} /o
8 e e ® a iy al o
g A Ny Y
o *® ) .
s sof s, S 2%38 o 9
[ » 20 7
@ 0 7/
[ Yd s
» 2 s
/1048 /3% 1‘025 V2
l‘j 4 | o \L‘ 7 )
OO 100 200 (o] 100 200

Dust (kg/tap) Dust  (kg/tap)

Fig. 10. Relationship between Mn-loss, SiO:-loss
and dust.

Table 3. Properties of dust in the top gas.

a) Size disfribution (%)
“—mesh iy 32

32 160 |00 [I50 200 |_: T
~60w|00-|50%2,oq 35325 de bm)
Dust carcher| 20 (8374 (56137 56674 310

il it
Outlet of DC| tr | tr |0.02(004/008(035895! 22.1

Total 1250|4433 (23|34 804 274

b) Chemical composition (%}

T~ T-MAS.O:}Aws]cw \MqolT Fe NuinKlO[T s |T~C
Dust carcneq30.1[113leslealos|28]os]19]09 264
Outlet of D.C|308)15.1|7.9 (64 [ 1.4 1.1 | 1.1 [38 1.7 14.3

Total 30.4{i2.8/7.2 |64 | 1.1 {2.1 |07 |27|1.2{21.§9
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Photo. 1. Photograph of the dust sampled from the

off gas.
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2T b, ->T, Te ¥ EHAT 2L, PO DEED
FRT 2, Mn ZEEPEHS L Mn e 25 AkT 52 L
DHEEES N D,

4-3 MnBgEINZETFIL

D FEO#RPERIZCNT, B PENEEF v E2IEK
L7ze AREFNVTIL, MnEEid 1000°CLIFT CO 2 &
b MnO & T&iL 3, 2D%CIZL Y MnO BT3B
EIRGE L T 3, Fig. 4, stEHKEREZ2OMTRT., @
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DEMME L T 5 L, BEHC AT 3 FRNEEIXIZIE
METSIE2LDTHBI Db 5B,
44 170t/d MENTS5 > FFBITLOEE

ko Mn 88U EF vz L b, b — b 2 BPRE
THhE, a=—sxnvS5 b (C.P) OBEFETLYEHE
TAIEYTE%, 2ZTIRC P. OAEEMRBER 170t/d &
LT, e—btuxg, a4 vy ron= s Frosl
SEFEE LTS L RABFOI L 23T D ET )
EARRBAER L OB AD G Tabled Z/RT 28 (RE
L, Table5 (2" TIRBEALZHE L2, Tabled FO7 V&
— 4, BROC.P.OFn 7 4 VEERTL— PR
BRECHEALICBRIEZRLICADTH B, 12, Tables H
D“Hot”, “Cold” ik # nFNBARL, HiIEXEPET,
()R w7 4 v

ARERIFIZ 3 5 kLI 3.11t/(d'm®) TEF LA
o EE 5, FEH L2 — 2 2% 4 X1320~50mm, §.7
F A XWE5~20mmTH Y, EifLRERXLCDOT, (BB
R#EEE (J/(m®-h), kmol/(m®+h)) DIFETH % sk
WRERAFr—n7 o7 LT MRS N2 D LE L LA,

Table 4. Profile comparison between the blast fur-
nace and this process.

"
Blast furnace

1 Blast furnace'” | This process
Case A [Case B*| T.P.*| c.P.*
Production (t/d) 280 336 4.26 170
Production [Productivity (t/dm®) | 0.622 {0.746 311 3.1
£ Productivity (t/d-m?) 13.2 158 6.7 158
E Volume {m3) 450 1.37 55
C.P. Profile Hearth dia. (m2) 5.2 0.9 3.7
Height (m) 21.2 2.15 5.11
A Wall surface area (m?) 364.3 6.08 | 59.4
m/ Heat loss(MJ/h) | 30995 | 29522 | 870 497
t Heat loss | Heat flux (MJArmd) | 84.9 81.2 143.1 84
Hearth dia. Rate  (MJ/1} 2657 2109 | 4904 703

% Case B : Oz enriched biast condition
T.P. . This test plant
C.P. . Commerciail plant

Table 5. Comparison of operation indices between
the blast furnace and this process.

" This Process
Blast Furnace Test Piant | Commercial Plant
Case A |Cose B*| Basic Acid Basic
Material | Ore rate (kg/1)| 2035 [ 1968 2421 2497 1981
Coke rate (kg/t) 1420 1374 1087 664 711
Fuel PC rate (kg/t) O [¢] 1502 1063 826
Fuel rate (kg/1) 1420 1374 2589 V727 1537 ]
Total coal consumption (kg/1) | 2130 | 2120 | 3179 2087 1923
Air (Nm3/1) |Hot 4053 |Hot 3153 0 O |Cold 575
Oz (Nm¥1) ¢} 154 | 1530 886 705
N2 (Nm¥1) 0 ] 926 0o o
Blast Steam (kg/t) [¢] (@] 0] 66 8]
Tf (°C}| 2190 2420 2509 2500 2500
Bosh gas (Nm¥1) [ 4902 3963 5115 2800 2766
Top pressure (Pa) {2.04x10%|2.08 x10%/248x10° [2.48x10%[2.48x10°
Temp. of metal (°C) 1450 1470 1380 1400 1450
(% Mn] (%) 76.9 766 76.2 745 74.5
Product | (% MnO) (%) 12.0 [ 233 44.5 138 |
Slag Ca0/SiOz(-) .54 1.56 .70 0.77 1.85
Mn yield (%) 89.5 90.8 84.9 91.6 92.2

% Case B : Oz enriched blast condition
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roT, C.P. Okttt # 3.11t/(d-m® E L, 2Dk
B 170t/d » LA ARIE5m L L7,

F 72, FPIRELAIWTmEAE M 1 b OB R ARRBIFOSA
6.7t/(d*m?® Th Y, EFOFFTD 2%, BEAED LA
TRy P aHRARBEREH D DT, &I WD 15.8t/(d-
m) IR LARE L 12, e T, Thd bR 3. Tme
L7z,

(2)e—buxig

EIPIZI U 5 e — b e 1, 29522~30995M]/h TH b 4P
BEMECHR L TEWIRY S ET 5 £H84M]/(m®*-h) £ %
5, Zhizx L, AEBRFETIZ 143M]/(m®+ h) LR
VA, CoP. T REMLIC & 0 P DE» I LS b5
A, JPREBMH K 84MJ/(m*-h) IR LI, ZOR, C.
P.De— b v 2id497IMJ/h L5 5,

(3) xF @R IR BT HeeR

BEIFELRICL AT ZHMICMnO 25 L, vV a=v
CHIERNE UTHERT 5 BEERE (B3 L, &Pk
LRIC K 25 210D MnO #RUERNIIR T3¢, 2 5 212K
BT AR GEIEMRE) o THE L, Tableb
1D Acid”, “Basic”id 2 & N MR & CHE R
oRT o B WIS VEIE I S E, o3k
FRET &, BRELLL, St » 6 T V¥ EFITH B,
LU, HEMBETII - 2525200 MnO 2K
S B ArHICE ARy o A CO LT
MBI TH B2 Edbdotc, 22T, BMERFICIERE
BE XL, Table 5 VIR TRMGFEIESEMGE L TREL,
HHEEE PROEIR IR,

Mn UL, $i RO HE T, BiE LAE LIREMTH 2 275,
AETRERIR (—HR) KO IR 56 % Bl A KRR 2 —
ZARMEHATEZ I E20, BMEHERKOHETHES LHELO
Nbd, 212, a— 27 ABBRHOLRD GI2— 27 A~DHF
O %65% LIRE LIcHE, stk (Case B) D AR 2114
kg/t oxf L, Ak (Basic) DRI 1920kg/t & & 5,
o T, NEOBEIILIZEFTE L ILE L TRR&E s b
DD, WY ZEHEMNT 2 12D AR T EET

25

Hy, BEHhr LRt LTRLT 3 RBLIRLNT,

5. &

BB D ZBIRS AARAT 2 BBRRIREEAQR S &
BRI 2L TERE7 o n o U BERBR Y
L, UTOKR?HEG NI,

1. REIFTW, BomIt=1502kg/t, 2—2 Akt (GE
MER56%ECA) =1087kg/tT [Mn] =75%DERET7 = »
2 AR RELTRET A LTS, Mgtk 3.11t/(d-
m®) DOEEXHI,

2. RREBRAEREL b Lo, MnBlgilEe7 v 2R, =
2= 732 b (170t/d BEE) #Hoc% THl L 7CRE,
BREFIGIZ SRR L R L TReeml 3 b ODOMHRE £
BIMHHT 21D ARIEDIKFVRRETH Y, BHE ST 0
2L LTHRILL S % R LIRS NI,
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