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Effect of the Change in Parameters on the Longitudinal
Distributions of Process Variables, the Production Rate
and the Carbon Ratio in Blast Furnace

. Jun-ichiro Yac1 and Jwae MUCHI

Synopsis: :

Rate constants of indirect reduction of iron ores by CO and of solution loss, heat transfer coefficient bet-
ween gas and solid particles, over-all heat transfer coefficient for heat loss from furnace wall and fractional
prereduction of iron ores are considered as the parameters in this work. On the basis of the mathematical
model of blast furnace process reported previously, the variations of the production rate of pig iron, the
carbon ratio and the longitudinal distributions of process variables caused by the changes of the parameters
mentioned above are calculated with the aid of a digital computer (HITAGC 5020 E).

According to the calculated results, the reduction of iron ores proceeded rapidly in a lower part of fur-
nace when the value of activation energy relating to the rate constant of indirect reduction was large, and the
production rate of pig iron, W, increased and the carbon ratio, C,, decreased with the increase in this acti-
vation energy.

Both W, and C, were not affected so much by the rate constant of solution loss, but the longitudinal distri-
butions of process variables in a lower part of furnace were influenced considerably by the change of this con-
stant.

The value of heat transfer coefficient between gas and solid particles, 4, influenced remarkably on the tem-
perature distributions and the rates of reduction and melting of iron ores. And, W, increased and C, decreas-
ed with the increase in the value of A;.

It was found that the linear variations of W, and C, were caused by the change in the value of over-all heat
transfer coefficient for heat loss-from furnace wall, and that W, proliferated and C, decreased exceedingly with,
the increase in fractional prereduction of iron ores.

(Received June 16, 1969)

ol

1. #&

2k, BIFOFEE - PIAETO 7 o 2 2B DHk
Flisydh, L0, WEEE B — K AR E T
FAEOTHEE Lo R e 3 TiosmE>® L.

BIEERTIRE DM LR H D IR ZHL
CEEAEESETERFELT BKEHEO CO F R
I AREEETRE RS IO v—v = - ARG, 5
Wi, BF - M oEE, FE» SOBERPE AL
no.

IR ORI E F B VT, IS MG &R
ERL B XU, AEEMRENROMEL T, AT, —
EEERL T WS, 22T, chb4BoRFO!
Py DI, EASAOTRETLRSY, Thiih, /F

PTR

i

2= 2 LTI gaT oW, HtE, 7 —F
S, BIOC, FRERT ST 0 X EHOES SR
OLEL AT F AR E O THRET LR, 6/87 X
— AP EREOHNETIC LET REZNDL LD TE
fo. feds, BOEFTEICIIRWEFEIERE GRURERTE
HEMW 2 4 — HITACS020E) & {dHMH L 72
2. $EAEM CO HRIZKD BBEBETRIE
EETE

TR REDD L BP0 HIRHE O R S0

* EAN434 9 A FAMEALICTRE WBE6
Al6R Z 4t
*x bR 8 L R T AR PR

ok ZEBRAFTEH L

95 —



170 g &

% 65 4 (1970) 2=

T, (DXTRTHEED CO H 2RI X HBEETEIED
SBFER R (2) A R L 7. '

(1/3)Fe, O3+ CO — (2/3) Fe+COq
. wd3, $7 N, 273P' (x— x*) /22 4t

"Wk * @p/2) (= J) - 1A—1} D ¥
{A=fQ¥%k 1+ 1/K)) 1

e (2)
(DDXPZEENDEETE &b 1, FEREBESNT
WHEEECE SN TELNAKRDO(3)RD »HEEL
7z.
ki=exp(6-3586—6 880/R¢) [cm/ min]
ky BB L 2T, (ER»L D EE TR T WSS,
T OEHRIL 2 v F — E; O ~25keal/ mol 0 X
S D ARBEIC DTV, ZOMBIREREY
DiEV, ELTHABOMEOHMBT LD LBEESN
5. Co
ky oW T, MREMEEEZ R kR L, 1300°C
T 1.5 AR L T oK DL v FRERAL T, 400
°C ~900°C EERHTERLTELLh (4) KD
MBI TWS.
ki=exp(12-8846— 18 510/Rt) [cm/ min] ---(4)

R,

BHREMA)XE27v=292 - Fov bT5& Fig. 1l
DEEBPESN, WMEMIX 901°K THZhoTw5b.

TOREAEY E 3, FnFh, 10, 13, 16 kcal/
mol Lig% XOMEME KDDL E (5)~(7) RHBES
o

ki=exp (8°1108—10000/R¢) cerenneeen (5)
fky=exp (9-7944—13 000/R¢) cerrerneeea (6)
ky=exp(11-5279—16 000/ Rt) e (7)

CNODOEEERKY, T TRRE L -BFORENE
FARNCERL B LN ETERERE s Table | lTRL
fo. ZOROHERZHEL /o H3EMZ, P=2033x
10* kg /m?2, F3—=2942'2Nm3/ mol, yu,=0°3, dp,=1935
cm, Ts=1366°K, Wy=23'2g/Nmd T 5.

Table 11z kg, EEERELT(3), (4)XB&
O Fig. VIZR LA TERD I (5)~(7) REEHAT
5&, E OEIENT L ONTHESEERASLI LD,
B = F N E L T B D B.

ke ELT(3)RE(4) RERAL B EDOEFRIK
Uiz Fig. 2R L7z. Fig. 2 5 Ey K EWIE S A
V7 P ENTREAOBBERITEIGCDETSRE L K
D, fss %y OFALINEL L BH, ¥ x7 FTERD

4 ; LIFIR, BAERRNIC )T, BRI B IO T AT
1901 °K <
N : LB BT 5.
3 i
\ | b (3), (4), (6)R&RALIHa ORFERICH
3 RN N ; B R* OSFAWEL R Fig. 3TH5. Fig. 3
T “:‘:@M P, By BNEWEAIIEY 7 b BT £,<0 1110
S — BT R* pABCHEML, f 230 111 2z 5 L
RS N L), SULTVBD, B 5B E R* DY — 213/
- 0 S~ <~ T G 2 bz &=
s N Iz, fo #0111 2HX BRERTFHCHHT 5.
~ N8~ . N
£ NN el 8915 m 20 THOR, IR AR ELORE
Q!rq/ \\\\\ SH R* DEBRELKRD, BRLRIIFILAERUA
-2 < BT LIGELTWS. %7, 21 m (18 THH OREA
#Z D, TRELTTIE R* 13 Ry* DTS,
-3
(O35} 10 I'S 20
(1/77) x10° (k") .
3. VY=Y av - 0RRISEETEH
Fig. 1. Rate constants for a reduction of iron
ore by Co. BIHD® T, (8)RDOVM—v s - o ARIEDE
Table 1. Calculated results on the basis of the different equations for ;.
No ky W, W, Fy X0 Yo Wy Yo T Wy W; C,
c¢m/ min| t/hr | t/hr | Nm3/hr — - - — °K t/hr t/hr kg/t
1 Eq.(3) “242°0| 67-6 [2-671x 105 0-2353 | 0-1849 | 004040 0017321 587-9 | 152:28 | 42°97 | 441-3
2 Eq.(5) | 246-0; 67-9 |2-676 0-2326 | 0-1883 | 0-04056| 0-01738, 5580 | 154-81 43-62 | 436-2
3 Eq.(6) | 248°0| 67°8 |2°675 0-2285 | 0-1919 | 0-04070] 0-01745; 554-1 | 15606 | 43-93 | 432-3
4 Eq.(7) | 250°0, 67-8 |2:675 0-2254 | 0-1948 | 0-04082( 0-01749 545-6 | 157:33 | 44-24 | 429'0
5 Eq.(4) | 2520, 677 [2:673 0-2213 | 0-1984 | 0-04097| 0°01756, 541°7 | 158:39 | 44-55 | 425'3
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Fig. 2. Longitudinal distributions of process variables obtained by making

use of the different equations for k.
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Fig. 3. Longitudinal distributions of the frac-
tional reduction of iron ores and the
over-all reduction rates of iron ores by
CO and of FeO in slag by C
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BOWDICHDTRE 5 HBEROMN L 1= F L OB
i, T, RIFERINCELT 505, EREUCGES
<&, HEtEOMMEIPLPLREL LY, H—K ko
WAORERR/NS I HEMR D DT LMD,

BEAGFADOFIETOSE DWW, BAMFD4E
BEkOBALERBEEIEE I, BIEETOREZRL
P BT, CO % COy O MFROLLA/N
XM, HEREARICHEAL, »-FUTARC
BAT 5. 4k, FiEETlsdHgotmnEE n—
R DB PRIC OV THERAE TE S BHFRE, 3R
F— WL A, MELEELERHEDS
MR RKE I B, THLOBERITEEL TWw5 2 &8
D7z,

o

i =
C, Cs: F=x, FrFott#h, keal/kg-°C
Cr: h—F_H, kg/t(pig)
Dy, Dy : JFRERE, HFIRE, m
D, : BTEAETO CO DR L EUER, m2/hr
dpy, de: BAGFHEI— 7 ADRFE, m
Ef : ﬁ’t‘;ﬁﬁgﬁiﬁ’ - .
F, Fo: B, BIEHTONADH &, Nm3/hr
Fj: 325, Nm?/ min ‘
Fs : @R FoEHKE, m3/hr

Jeo f1: A= 0, ARADRIGE, —
So foo: RADRETE, EALROTMETE, —
fs' i~z 4 FOETER, —
Hrr : Bifttb =F,Cs/FC, —
hp 2 BLF- - GEARR DZEMREL, keal/m2-hr-°C
K, : FiEfH, —
ky, ke giA OREESETT,
¥, m/hr
kry, kpot §ICE O MR,
WEBEIRE, m/br
Ny, Np: BESAERYYOUR E I — o 20,
1/m3(bed)
Nu: 2y 2, —
P, P':BNTOHADES, Kg/m?, atm
Py: BIHTOH ZADES, Kg/m?
Pr: 75 bvlk, —
Qw : JHEED D OBAIES, keal/hr
R : Ktk5ESK, cal/mol.-°C "’
R*, Ry*, Ry*: IR ORI, ;Y v—vay -
CHERLY R 2 4 b OEERITOMIERIGEE,
" [ kg mol (CO)/m?3(bed) -hr], [ kg mol(CO,)/
m3(bed) -hr], [ kg mol(CO)/m3(bed) -hr]
Rep : RiFv A4 /v X%, —
T, To: [N, BIARTOH REE, °K
Ty : 35 BUEREE, °K
to BFREE, °K
U : 8B z8%F, kcal/m?-hr-°C
u : A AGOHE,
v : [EIRTDAKELRDENGE, —
Wo, We: & a— o ZDENEE, t/hr
Wy, Ws: HHEEE, HiERE, t/hr
wo: [EATDKEDENFER, —
ws  JKZERR E A2 5, g/Nm?
x, xo, x*: B, JER, FHTo CO oevymE, —
¥, yo: BN, BIHTO CO; EfHE, —
z : BIE» LT HmA~OEH, m
nH, ¢ KEOFIAE, —
o HADEE, kg/Nm?
oo : FLF- D ZFE, kg/m3(bed)

V— = 0 ADEEE

J—a - u ZADOEE

a3z,

m/ sec

Po: T — Z ADHZPTEE, kg/md(coke)
¢: ¢C : @—ZE’ a—7 X@ﬂzﬂiﬁiﬁ, -
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