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The Calculation of Reduction Rate on an Ore Bed

Synopsis

Tanekazu SOMA

To analyze reaction in a blast furnace shaft and other reducing furnaces, a reduction rate of an ore
bed must be calculated. Recently many mathematical models to describe a kinetics of iron ore reduction
have been proposed by £l- Menary, W. M. McKewan, K. Mori, W. 0. PHILBROOK and others.

The ore bed was divided into several unit layers. The reduction of unit layer was divided into three steps,

those were wustite, magnetite and hematite reductions.

The mathematical model that was proposed by K.

Mori with mixed controlling step by both chemical reaction and gas diffusion, was used for each reduction

step.

The calculation for the first unit time was done step by step until reaching to desired heap. Then the
calculation for the second unit time was done in the same way using the degree of reduction thet had been

calculated at first unit time, and so on.

The calculated data was compared with the experimental data, and these data arrived at an essential

agreement.
both interface reaction and diffusion.

The reduction by H; was controlled by interface reaction, but that by CO was controlled by

(Received June 15, 1968)

1. #%

WAESIEOEITTIT 3 DOBERICL 0Txb R Tw
H. B R 1 EORFOET T, SRR LTk DifllsE

|

N, FOEIGEEE EI-MerAIRYD, W. M. KcKEe-

* W43 4 AASHERSITTRESE
FEFn434 6 B 158 &+
ORI OKFILEE i



1432 s r @ @ 54 & (1968) Hl4T
WAND, ‘#x®, W. 0. PHILBROOK®/L FIT X W Th s L, #NFN Ry, Ry, Ry 55

MOBHERTREINT VS,

B 2 VI EREEA B OB IR T IR A SR SR TR
BREED 213U filbh, &L 10 ERELX DK
PR 2 % TFFR DT & 729,

HIREEOBRETH VEFEIILDSL DY v 7 b
FC4E DR IR TT AT T b, E BNk L
L CEER, REEL ik 5BESARE 5RTVS.

Ll ZhbD 3 DOHEDORTTEE % EEMTHR T
SV BRITEE O BN L. BoopanDy!®, #1D, 5
CEDREONTWHERERLFHF LTV,

T I EORFORTEEREE 2 OSKIAFOHR
WBCHAL, ThEEREOFHCHA TS LX)
W1 LE2OBRTEERERUOY, FHICES X
OIFETOEMEINEZ D T & X U FEREDOFITITIRILT
P & BV, FURAZE T R & e BFRHEE
HIPAC 103 %L, SHELTrL ) XWREEBx
DTHETS. '

2. B B A

2.1 BMUEORTLEER

SHEIX CO B I Hy BIEOMEIC OV TTRDR
2%, CO BILOBAITOWTHAT 5. 1 {EOURGR D
BILEEROE QIF AR FSHL, BT HAFD
R 2 (CO.) DIBENDE DE K DL WERTTT
froTB. LieasoT FeO-Fe RERIGE X UMD
b ORILNEEHEZAERE L TV ERBES .

L L GEROETEREVW TR AFAREELTS
iR, BIEELZEDS L LFARCERGEELR
D, FIREZELTELDTEFRAEPDLIRTI L
BUECHD. TORDHAETHWT LD RUFIL
RTEEF, WA ABNFEHCET B L L bEFICANRA
s b, C

L7-282C W. 0. PHILBROOK® #%B~"TW5H X 51T
Fe-FeO, FeO-Fe30,, FesO,4-FeO4 O IREIEITS
RS2 ZE LR IR b, 20 3 FIEHSHADE
TR OWTELEINIC, #AFBELCDOWTIRESIO/S
F.v9)—X .- 2FNVELTEELK.

1 PR BGREL b B RES S, FIGHEEOBIE
B S ER R D 2w TEIEL TWwWH DT, FILH
B Lot LA LEEAERSHEL, Thicd e
SCTEBRETRL D LD EDTHD, HHRDTR
ISR OZEEEZ LW EB2TWnD.

Fe-FeO, FeO-FesO,, FeO4-Fe,03 RE % TN LN
WGBTS EL LT, BTE (NERR) RE3 S

&

8

Ry+Ru+R,=R
ELETIN L XOBRTREINLN Ry, Ra,
RS, rFhiE

Ry+Ry+ R =1
ANENOBTEOETEEZ Ru, Rn, R
(%4

ETh

Ry=Ru/Ry, Ru/=Rm/Roy Rn=Ri/Ry
LD, EERTOBERENENL L85,
ANFNOBRTERE KT BRITEERXIRD OFHE
LERERGE XU RIBEORSEEORE, ThL
NOBITERIEC 1T 2 EHCERX TERL

dRy __ 3K, (C§'—Cu)

dt r9dq

1
X0 —Rp) 4 (0K w/ D) [(1—Ru) ~ /31

dt rodo
% 1
(1 —Rp) =22+ (10K m/Dm) X [(1 —Rp)~1/3-1]
e (2))
dRy__ 3K (C ;' —Ch)
at 7odo

1
X %) 2+ (roKn /D) X [(1— ) -3 —11

2 2C Ky, Km, Kn 1 3FNnFh FeO, FeyO4 FexOy
FTOBORERGEE (g/cm?- min), €54 CF,
Ctl i3 4nEn FeO, FeaO,, FeO; BITOKED P4
CO; 433, Cu, Cp, Chi¥th i Fe, FeO, FesO4
EHE BT BHFARD CO; HE, r A DFHAE
(cm), Dus D, D V3ZNZH FeO, FesOy, FesOp T
E% TET 5% TO RS EOTHERE g/ cm- min),
do ESLEO R, IHE (g/cm?) THS. '
r 3 :
Fu=1Ku/Dy
Fu=1Kn/Dn
Fp=r1Kp /D
L3¢ L, Fu, Fm, Fy iZhZh FeO,Fe0,,Fe:0q
DEFTOBOREEIS AT B HABBOMRES X5
HFTH5.
# AR RO BARA, BAIERWK O

AU =1 4gW ARy JQT g wsvveresresessesneses (4)
AUy =1 4ngWydRy QT --eeeemmemenviersee(5)
AUh——__‘l '4"0WaARh/QTu -..........4............(6)
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22T AUy, AUm, AUy 2%FnFh FeO, FeO,,
Fe,0p BILOIED M A FIFHERD 8, W. WHEHETS
LEDENPAROER(G, T 35tHET 5 L EOHA
#f (min) Q 1X CO FEWI/ min), ny FLGEEHD
Fe a#A-faﬁ&‘ﬂa_obﬁﬁrx)fm..

FoH A (CO) IFHFDI LD AD FeO, FeO,,
Fe;O3 DIBITEITCL , BICAERHF 2 (CO:) I HDIER
THTWL . E— 5 RIEF 2 20EADIRIZL 7ot
v FeO, FesO4, FeO3 ONEICEIH T 558X H 5. L
L ZOEBETIE FesOs FeOs ZEITL TAERKRL
CO; 7?5 FeO RBILOIFEDFH CO, HEE XIS,
T DHEEH AE FeO BamoTRFM it Ehsic
%, FeO OBTEINHTH1EREZ ¥5 &FExbhb.
T T TH2OFEEL GRLAERT AORHOIEFIZL
72250, FeOy, FeyOu FeO OIEIEIET 2 2 kst
H5.

uLb%lmﬁ&TJE%LTbt# F2IDHET
ERELACEOIBIDVEAVEETERES XD I v—F%
T5IENbr2l 0T, BARCE T 25TEIEFZ
Fe,O;, Fe;O,, FeO %ﬁ@lllﬁﬁf‘%ﬁ‘%%ﬁﬁ’)_t.
22 FHEIEF ' '
BMATEBE LTI 12°5g %&b, BARRIEMEI
BT O ESNAFBEORED 30% % AN CIEED
A SHEATHERD 1 ~3 mink L7z,
EFAORSORITTH A (i CO) DHEARH DD
DOWMESHELIBAD, (1)RT Fe.05 DOETLER,
(4)RTHAFIAR (COHRDMEM) ZFHETD. X
D CO; HRDOH AN FesOp DEEETLTHLELT,
(HRTETR, (5)RTCRBREHFHETSH. &RRERTL
D CO; £ ((4)L(5)DEED) OH AT FeO D
TETHELT, (3)RTERLE, (6)XTHABLE
B THMBOHERHKS. (1), (2), (3)DEEH»
BRBICETHBTROMMELS.
YLBEEMBOOAREREAT, F1BIETLN
AFIERSE2EOAD CO, H5EEK D, AT 8~16
JB (100~200g) FTHVELFEL, FARIHEEL

T L. FEETRIIFE 1B h4&FB (25 50, 100,
200g) ¥ TOLBABTHIT DETRDOFHE Lok,
SEDOHUARLE ITEX Y bR RO E2TA
525, 51 BAREICERE L 7-F—B® Ry, Rm, Ra
;D(U,(D,(%ﬁ%ﬁﬁTé Z LTCRTE S
Ry, Rp, Ry V358 | BAIRFEICETE S W2 —BD Ru,
Ru, Ry WENFRBEINT, B3 BARMOHER
R 5.

Fiebb, BELBEO 2 KTTHEELT 52, FIA
REREEQHD ! WILT, BILRERHOZD 1 RITT
ﬁﬁ%HKVOoﬁﬁ%ﬁbfmot

3. d‘%ﬁ%tﬁlﬁf CDI:I:EZ

ﬁEﬁF®EﬁHT%6WFﬁ&AV/FKEEL,
BENLE TR DT X RBRTEROEEML 0 FHE
EHDID Ky, Kn, Kn WEGEEZFIAL T, #AF|
FARMSEIEEC T2 X 5 RS ¥ TRD, Fu,
Fm, Fr 135 ML >0 DT, {FEDHEEZ AN
TEHE L CHIEE L thigx U, TR X v BlEE L
—HTBERRkd. TOKR, BlEEE Iv—FET
L EEK S Table 1 TR .
3-1 JBEEHEOETT
co&ikowfuﬂibt%Wk®bﬁ@ 900°C,
CO | NI/ min, FHHERFE HEZTRV, A
AFIFRR LBRITEEZHEIC & o7 H AR AR TR
#L Fig. | @F7T. MK TEHEBRIIERT, HIZEE
VAT TR

50 g DEIEEIC dHio® TFHE L2, 25, 12.5g TlX
e X < —FK L Twv 5. 100, 200giT/n BT Lch D
TFhTw5bss, 200g THIHETE 30% TR IV—
s LT EH, 40%FHEOM D A XU 50~80% @
FeO OBETHMAICEV TR LT, HBECFIV TR
FREXETEE X VKL LD TV 5. g_mi(B)*W B
WOETGEER (CEHT—Cu) WHHIT 52 L TER
Fois, SEHHECD L DL v:@&tbfnsz%_@
HARETS 1 RE GHAKILL T E2WEE> T

4mm (2T

Table 1. Decided constants for calculation of reduction speed (at 900°C).
Ore Mean . K K Ky F F Fy Dy, Dy Dy
dia. Rgcsiucmg g/(l:um2 g/?rn2 g/ cm? ! " g/cm | g/cm | g/cm
mm g min min min min min min
Sinter 4 CcO 0°03 | 0-01 0-006 0-1 2 2 0-06 0-001 | 0-0006
Sinter 3 H, 0-05 | 0009 |0-005¢4 | O-1% 0-1* 0-1* | 0-075 | 0°0135 | 0-0081
Pellet 12 cO 0-035 | 0-019 | 0-019 2- 2 2 0-0105 | 0-0057 | 0-0057
Pellet 12 H, 0-13 [ 0°0384 [ 0-0384 | 0O-1%* 0-1* 0'1*% (078 0-23 0-23

¥ The value of 01 means no effect on the reduction speed.

— 9
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100
Self fluxing Sinter
90 —— mean dio. 4mm
Temperature 900 °C
CO flow rote- INI/min
80 N
. m Lines : Calculoted
= e Q E Dofs : Measured
3 70 \ Q < ofs : Measure
~ N Ne & H |
L‘) 60 x -~ \d o (.D’
o
S \ O a
3 ' .
i o L\
£ 40 |+ S NC*
8 \ \ \ XN *
6 |55 \\x '&__
E 30 . - X ()
Z-_—E_ ‘ \\ a A\XT x*x‘:\.
3
\
3 N&S =4 : T
(4 20 ° \ +
\
N\o; —]
~~———l ‘
0 ‘0\4
¢} ;
o} 10 20 30 40 50 60
' Degree of reduction (%)
Fig. 1. Comparison between calculated and measured data (sinter, CO),
90 : :
. Self-fluxing Sinter
80 N mean dia. 2mm
\ Temperature SO0 °C
\ He flow rate INI/min
_ 70 :
2 \
. \ Q Lines : Colculated
Q \ ®©
L+ 60 t 4y Dots : Measured
+ P ’94
é ) \ \OO /9
S 50
Q \
: .\ \Jo\
§ N
g % NS h\k'
§ N \x-\ L d ".\.\
5 30 [ ———pa 125 X el S
2 — = —— s N
2 4 .\\A 4 \\\.\
= i X
& 20 a \
10 =
o
0 10 20 30 40 "~ 50 60 70 80 SO 100

Degree of reduction (%)

Fig. 2. Comparison between calculated and measured data (sinter, Hp).
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HRUEFERCRIIETEEOHE 1435
S0
Marcona pellet
80 \ Mean did.” [2mm
° Temperature -900°C
CO flow rate INI/min
—_ 70 o
32
* Lines : Colculated
g’ 60 Dots : Measured
: \ ;
Q
et Q
: 50 \ @i T
o] O/O %
? \ o
£ 40 ° —
S \ O \ -
5 N
g * NS I 2 : — -
c
2 \ A x Slee, .\
3 20 NG AN ~_ L I
x .
P + o\\x .x\x\ ~ . .k
(O] Ny — ®gfe
. \ A\Q A "\x,ﬁ‘x o
|10 e < s - u"—AT—’QA = NG
\\. +\+_ . a AN \
I : Tl A
° 0] 10 20 30 40 50 60 70 80 90 100
Degree of reduction (%)

Fig. 3. Comparison between calculated and measured data (pellet, CO).

100
Marcona pellat
N Mean dia. 12mm
o T
90 * Temperature SO0 °C
[ ]
i \ \ H: flow rate |NI/min
L J
80 N N
X ® Q.
®
2 70 x % Lines * Calculated
- N \ \ ‘%,.- Dots : Measured
Q 5 °
SN A\
+ 60
= \M
< 2 o}
Q \
£ S0 \Y
- a A N \x \
b=
I§ 40 \\ \ \,
§ + + /es \A‘ \. X‘Eﬂ-_—. P ——
S +\A\ N X ‘ghﬂ\x. ° ° R
T 30 \\ s %
:'_::_, . \\ =
2 D— ° N
© 20 — \ X lg
[y N
\ ” \\x{
\A
%
10 NG
2
]
0 10 20 30 40 50 60 70 80 90 100

Fig. 4. Comparison between calculated and measured data (pellet, H»).

Degree of reduction
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5. D&br%EL%kAﬁwﬁﬁw
X5 @Rz R 0T, XL I VIR XE BT,

PACIbOLTHATOIFNRALEETILENRDS. 1T

PO 7THINECELTERL X SRERSH 5.
H, 585TCW, FHEFE 3mm, 900°C, H, & 1
Nl/min & UCTERAED L O#% Fig. 2 Wid.
Table 1 IZRT XTI EATRABEERE»T, RE
BUSEEREZRL TS, HRFIERMEIT 50g 25—
THXOIR UL, 258 THEPE DAV, 12°5g Tkl
EEDREDKTHEBELTHRTVS. BTEIO%E
TRWINDHBIZEHSE L KELIRD TV B, Thit
M%@ﬁNleHrﬂ@E@#?%VﬁﬁbhﬁVﬁ
¥, Hp %Uﬁ$7§> Hzo/(H2+H2O) %EEEG&.TLT\/ i
WieHThD.
3.2 ~xLv bO®T ' o
T FARNV oy FOFHERE 12mm DD D% 900°C
T CO X H. lNl/mm kT]&jﬁLk;‘&iEUfﬁ”
LEtREL 2L, Fig. 3, F1g 4R,
EgSk%wrmg®Mﬁmc

g LHREITER 30% AT TS AFh, 30%L ECRE
BRODDORIEHELD AL, POBOIK DT
w5, t%%ﬂﬁ@lzsg@%@uxmﬂx¢®cm
3 0°5% RITHDIfdE VWilikRL TW5. FeO,
FeaOs;, FerOp & LIAEES E VTV H DM TH S .
Fig. 4 © Hy @50 CH 50g DEIEEICEbEFHEL
100g THERTR T&Lﬁﬁk&oiwé.%g,
12°5g TP v b s, H @BTTRESI/N

BEBEDLFL

B oA, ARt
EEBWTESAE Y X —F LTV 525,125, 25, 100

W5 LBENENTHIL L, 12°5gTlECL o b 3
HETHY, DRV/FBLVSFUEBBRINTVWERWT &
2 X AbEnE XE—FHLTWBE 2 voTh s b
5. Fiz Hp @U CRIBEUER E W Tk,

4. §=

FeO, FeO4, Fe05 RO 3 FERGDAF]E 7 v
ZHEAL, EFTEBC I VEARETOBEORITERE
ZEHEL, ZEEE: X VW—FE B

3~4 mmOEE§E 12mm OXRL v b% CO ks
X HRlit ORTT 5802, CO BTTRREER &5
PRI DIRARIE & 7 545, Ho B CRAERGENE
ERD.

il
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