A 4 S

&

v‘

N

ol g

e

3

b

BETHY « 7 MRoRENET L 315

%

UDC 669.162.263.23 : 669.046.46

14
¢

BRI AETH Y » 7 NFEOBEFENE LT

=

TTH™ - RERIEEA™ - R

Mathematical Model of the Shaft Furnace for Reduction of Iron-Ore Pellet

Yukiaki HARA, Mitsuhiro SAXAWA, and Shin-ichi Konpd

Synopsis:

A mathematical model of the shaft furnace is developed for gaseous reduction of iron-ore pellet. In
the model, the reduction of iron—oxide is defined as the multi-stage successive reaction and the reduction
rate equations are derived from the multi—interface core model in a single pellet.

This model is applied to the simulation for the changes .of reduction degree in an experimental shaft

furnace which has 0.1 m in diameter and 4.0 m in height.

It has been found that the model is able to

simulate well the reduction behavior in the furnace and the rate constants obtained from the simulation
calculation of the experimental data are nearly close to those of the former literature about the fundamental

research of the reduction of iron-ore pellets.
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Fig. 1. Three-interface reaction model.
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Fig. 2. Variations in a small height of bed.
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Fig. 3. Calculation flow—chart (H,-CO reduction).

SRHDELTHD.

Fig. 2ItRT & 5, ¥+ 7 MENOZERPENT
WS GRITHRE HAREOMIT, Bl XOEREI
X BIREEESOEDL DB, HEOFTRITEN L
Foo FRBEHBTAHX SCERERWRATEERT — 2%
Bres v 7 MESEZEO. lm T, FEMELTE Y,
FENOE I FEMOEBE ST XKRFICERLS A Tw5
DOTEBFHOSEII T bNT, FROHEE, F¥2Ed
CCDBETCHDE L. $RARAENOELTOWT
Xy v 7 MEAEROENRK I KSR 10em BITHT
HotDT, THIEFIIEENA{LT ot liic b
STHERLEERMUTHD & L.

2.3 HEHREEENSTA—Z

4m(7), (8)ROMHHE X Runge-Kutta phg
B/HAL, Y7 MNFESOAS 4Z v, THEIEXDY
0.02m & L. SHEOEMTRFEL b FERIC@E» DT
BRFHEZ RS HFRC L

HEDOERZ Ko > TIIEM T 5EE T 4 — 2 D=
ENETH L. ETRIGCOWTIIERD L HR L v
FOETLERT — 4 EEEICLTCKRDOX ST L

TSRS EREL De WK TEIRE T S

I THEE 6 Ol D EBRMICILETLRE T X O TE

6

tTBX5THHMBY, ¥y 7 MNEETOSLEALBR
DRITTITI D, O DIRELLEEET D2ORBENET
VEEMC LBESDT, Tk EirRE T —E
EMiz s & L. F LT du=0.15, dw=0.20, dr
=0.20 & L7 om 13 FeOp B CimE iz
v FORFRIGEERT, {EEEETOHECIV &
FEXTRE LIz 0w, 0r BT FeO, Fe EXPEIC
MITEXNAEETCHEOT, SGERERRETCDPDT — 4
M BEE L. 7272 L FeO—Fe y@mTii: 2 ofliflo
L i LR F-P 0 3 2R R b3 i W S RE L
Twb. k(49RO D¢ v& Hp-HO FE /i3 CO-
CO, FDHFIRELD PRI RS .

(L2 R B ke WIRA T T 5

kC’x-_-kO-x exp (—AHa-x/RGT) .................. (15)
(x=M, MF, W, F)

LT, b= Fov¥— 4H, OfEL LT, dHam=
16.0 kcal/ mol, 4H;pyr=16.0kcal/ mol, dH,y=
18.0 kcal/ mol, AH, r=28.0kcal/ mol & UL-C,#HEK
T kor BERBEICEATS L SCHTHELLRKDS
Tl lLiz. Ebi, Hy-CO BREHTRADEE, Hy &
CO Tk DEEEER M A2 ITd s 2 2k, T
HHECRET NEERDPBEITALDHDT, iBTKREL
3 Hy ¢ CODILERIGEEERI—EHTHD L L,
PEEOHRKE®SD R SHEIT LT, TDRITHI 5:1 T

.



-y

A

-

.

“

g4

SRR THY vy 7 VO EREFT A 319

B5ERELL.

TRYE A ALK GO FEFERIC DWW T h, TEELT &
A —% 9.72kcal/ mol } 29, HERFESTSY
B

3. HEFMETALOERGSIUER

31 L+ 7 b FRRET—4

BB SR E DB E 7 VO I 2 T 5 72
DERT — £ & LTk, BERSKMGS, FEFiksrnit
FBIFE & U, WBFN 45 4FE, 46 SECEELOMET
DR G B A IIEk®, ZEREWIFERT) RV TEGL
7oy v 7 MERITTERWO T — 59 H{HR L.

EETHER Lz v 7 MRS & ~Tik% Fig. 4
RU7z. PR 0.1mé, Bz 4.0m Ths. BT
HAVEFREIREC FEAL T, FE»S 0.5m RiED 50
mm? YGALEP LA EN, FRE LR T AMcEn
EITTS. FEOC.2mEEE S5/ oTHE D,
ZONEEIESmm D2 Y » FIROFLA S < BT
¥0, BILHARZZ o0 bHHE L TRIRETED S,
Tk osns.

A O EHERRI BRI 7o D BB A A X L, IR
RABIZTCH A DFPERD B CRIERRF ST 5 X 578
EBRRTHEwDT, NEZERE ~ 2~ X2 Tl
7o, INEAORREV FIGE NEFEALE £ THA L /2B
0% BB UOEE LIREMIC 45 X 5wl L.
F LTCHEEMEF Vv OFIE TRIFRE2RN S X %k L7
R & DI ZOFRENEDCIRECSE LW EEEL, BE
K& BB O mfio B BHREERTELTES L L
oo MBEALLNL Yy POBEEXFEEL Y 0.25m {7
BEEXTRERTHS & L. MEICIIIFEOBZHE
EITHICDH L <ETT 58T, F2ERFRLT
WCIRBEE DIREX TP DAL D DD EE L LB,
PFEEZSE L COBEMEOHESSEO THIEECTHED
TERDO X SIEE LK.

FROPRDTRNIZ DWTIE, F~TEOBIRS S 2+
v 7 BTV ERRVCR TRKEZHE LR X 5L
LRNREW LB E TS, MFHLORGRREZ 5
EZ Wi e H ok,

BEME T VOREEZEATHO0OERT—2 & L
T, ¥+ 7 MPFROBTESABLETHS. Z0H
HID 72 DIV, EHEWNOER L TV B REBIC B WT, &
TCHADHH E HADRALZREIEL, »OTRTD
MEAEFEZTID, FELD N, 2% 1 Nm$/ min 2
TRASL, FHNIREZ 30min BET 200°C LITRA
W5 TOBLED N, 25 Ui 2 EERE LT

7

HIRECTHAL LD, FRNEAEE2GLACRELT, &
BSMECHEY TR RRE L, chab®o4 L
BITR & k1. «

ERICHEA LS nR S ERER & LT X hTw
ALV v FERERS LT, + 10 mm~—14 mm DR
LLbDTHE. BENEFNVOFE T LR s
12mme U7e. [REGOETHRR, KILE, HHEN
FIERL EE LN ENERMERFER L. v+ 7 MAH
ARDH AT H,O HaBEWTizTo vz - 224
o M TREVAIEL, HO REEEIN S LHEE
L7z B %R L. _

SEERERFAVY, BT A AIREE ¢ 700~950°C, §i A3 A
16~50 kg /hr  (BFEFRY 7z b 4E EE#E 35~105 t-Fe/m2.
day), SLESRIGE : 70~100%, H 2R :0.50~1.0
Nm3/ min, # Z$A% : Hs, H-CO(0~40%), H,-CO-
CH,(0~5%), #RAFIFH®E : 20~48%Thot. 77 L
H,-CO 7T CO » 30% Z#ix 5 L IFERNTHRETES
Hbhic. FFERTO CH, 4pEETH 2 dhic 4]
»bH CHy 25V 1% LLFTh ot

FRRBEEI O EFE D% Photo. 1 [&7& L7
FTED> 53 &E 0. 4m [HFF TR L 230k C b % AR D

Pellet
)
N
o
i —
o] |
E |
] )
~
o
Q E
s ) [}
K = 3 o
/3 ™
| el = \
o 1 P a
pp— 0.1¢ Q
T "!\, H =
r—\a $
Y o
Y =
=Y : E I
T s Gas

Fig. 4. Size of the experimental shaft furnace,



320 g & € % 62 £ (1976) B3 =

(b) Exp. No. 418 W.-26.3 kg/hr, 6
Photo. 1.
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T5=800°C, Rp=88.5%

Crossections of the pellets taken from the various positions of the quenched beds

(the leftside corresponds to the top side of bed).
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Fig. 5. Simulation example for a H, reduction.
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Fig. 7. Simulation example for a H,-CO reduction.
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