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Estimation of Lower Limit of Fuel Rate in Blast Furnace
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For the purpose of estimating the fuel rate in case that operating conditions of a blast furnace are given,
a mathematical model has been developed. This model was built based upon the method which was used
by Muchi et al. and the data which were taken from the recent dissection of blast furnaces were adopted,
by taking account of the softening—melting zone, the melts dropping through a dead man, and the reduction

of silicates by gas—metal reactions.

With the aid of this model, the fuel rate was estimated based upon the operating conditions at No. 3

blast furnace of Kimitsu Works in March, 1975.

By comparing the calculated fuel rate and the actual

one, the usefulness of this model has been confirmed. Further, the fuel rate has been estimated making
use of the data set at a boundary condition and compared with the theoretical fuel rate which was derived

by Nakatani et al.
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Table 1. Basic conditions of each zone in mathematical model,

Lumpy zone Softening zone Melting zone Dropping zone
g Surface of burden~start | Start of softening~start | Start of melting~start | Start of dropping~
2 & | of softening (1000°C) of melting (1400°C) of dropping (1400°C tuyere center
E8 unchangeable)
L St
[ Rs)
8 Coke & ore Coke & ore Coke, ore, slag & Coke, slag & pig(metal)
g pig (metal)
=)
Size of coke & ore Size of ore increased As well as the left
o unchangeable by cohesion
3 Bulk density of coke & | Size of coke decreased | As well as the left As well as the left
oo _qg ore increased by solution loss
S5 Slag formation & melting| Dropping of slag &
©.a of slag & metal metal in coke layer
Gas—coke & ore Gas—>coke, ore, slag Gas—coke, slag & metal
Gas—>the wall of funace & metal Gas—the wall of furnace
(heat loss) Gas—the wall of furnace (heat loss)
2 Heat of reaction (heat loss) Heat of reaction
= — {50% gas Heat of reaction — (509, gas
= 509, coke & ore —>{50% gas 259, coke
:E Temperature of coke & As well as the left 509, 8;011:3,‘[ :1re, slag i%g;’//g ﬂfgal
ore equal 9%
Heat of slag formation &
melting of slag & metal
(temperature unchange-
able)
3Fe,05(S) +CO (H,)— | FeO(S) + C (coke) FeO (S) +C (coke) FeO(!) +C(coke, C)—
2Fe;04(S) +CO,(H,0) | —Fe(S) +CO —Fe(S) +CO Fe(l)+CO
. Fe;O4(S) +CO(H,) — FeO (1) +C(coke, C) (Si0,) +2C—-Si+2CO
.8 3FeO (S) +CO, (H,0) —Fe(1)+CO Si0O, (coke) + C (coke) —
g FeO(S) +CO (H,) — Si0+CO
O Fe(S) +CO,(H,0) SiO -+ C—Si+CO
~ SiO + (FeO)—> (SiOy)
+Fe(l)
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Table 2. Operating results of base period, of test period and at boundary condition.

. Estimated results
. Actual results | Actual results [Estimated results
Ttem Unit | "Oct. 1974 | Mar. 1975 | Mar. 1975 at boundary
condition
Blast temperature ° 1275 1316 — 1 350%
Blast humidity g/Nm3-Blast 10.7 7.1 — 0.0*
Coke ash content % 11.7 12.0 — 10.0%*
FeO content in ore 7 6.36 6-54 - 0.00%*
Mean size of ore mm 19.84 18.71 - 18.00%
Melting temperature of ore °C 1 400 1400 — 1 450%*
Reducibility of ore % 67 70 — 75%
Slag volume kg /t-pig 321 323 — 219%
Blast volume Nms3/min 6713 6374 - 7 038
Oxygen enrichment Nms3/h 12735 5476 — 3000
Top gas pressure g/ cm? 2 282 2279 — 2 282
Fuel rate kg /t-pig 454.7 430.5 440.3 396.5
Coke rate 4 379.4 364.7 370.9 326.0
Oil rate 4 75.3 65.8 69.4 70.5
0O/C — 4.297 4.474 4.395 4.754
Production t/day 10 091 9 533 9190 11731
Pig temperature °G 1514 1 508 1514 1514
Si content in pig iron % 0.35 0.30 0.34 0.28
Top gas temperature °C 124 107 118 130
CO gas utilization % 49.8 51.9 51.9 58.8
Solution loss carbon kg /t-pig 91.9 97.7 92.7 95.9
Ratio of C reduction % 31.1 33.0 31.4 31.5
v H, 7 ” 10.7 9.7 10.3 10.2
7 CO 7 4 58.2 57.3 58.3 58.3
Heat loss kcal/t-pig 165 108 117 % 103 154 % 108 110%x 103

* Data set at boundary condition,
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Set initial value; Temperature & composition
of top gas, burden surface & heat transfer
coefficient(HW & HW’)

Calculate temperature of gas & solid by
Runge-Kutta-Gill method(fumpy zone)

Solid temp.; 1,000°C

Hw {

Calculate temperature of gas, solid & melt by
RungeKutta method (softening & melting zone)

Calculate temperature of gas, solid & melt by
Runge-Kutta method(dropping zone)

. Theoretical
Gas temp.3 frame temp.

Fig. 1. Flow chart of calculation (base period).
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Fig. 2. Temperature distribution in blast furnace
(Actual result).

KRB ERD 5.
ncoos (FRMbgk & L CHET HHREAEE) / (M
BRIHIADTL 5 CO #ARE)

NH,*< 7CO
OEErEBEEOF -2 X0 H B0 LDHRDTE
. FEEBRREGE Hwid, FHEHMcR - CBRET
RO L, BRORD 2 HFEEST ARED 0.7 F
BT s E LTREL, —F, O/CoRED itk
%BRIEHOEILIT ERGUN OBV L IV RDT, Hb
2 U ERE LIFERE R LCEREN2E 5.

FHEHA & Ry HFBEARE T, RDIFESY A
HREWIES L, FEFVAREXYBRELT RESh
7o Hw %\ CEMEEE YT, BRRES 1000°C
DL EHAH CO, 750 L7585 L5 FEY ARE T,
T 5. DT oEHERREENEOBS L KT
B0, FovIngisi) s FiggiRE L EERF oM
(LR +50°C) 1w—#35 X 51 O/C L% +5.
ek, Po v _AOFHSEBRE R, FniicE T LT
Xbokt, PHERBLLLDEDEHTHS. oD
HED v e~ 4 — +% Fig. 3 iR7.

4. EFNORYMDEIES & RAMAE
HeEB

EFLORZYEERIET S D, BE 3 ESFE OB
50 £ 3 (BRkHIL 431 kg/t-Pig® ) OREH %
Br\u o B oL (Table 2 ond) MW
TR OREE R FF oI iE R R Table2 iRd. 37
DHEEBREI L 440.3 kg/t-Pig L7gh, 3 HOEEME
(Table 2 ik3) hHHt L T 9.8kg/t-Pig FH\v. 2D
HHII%KO LS EZDNS. Tihhihb, ZODET L

Calcutate volume & composition of top gas, weight ~
of coke & ore by material balance & setting 0/C, #co & 7,
I

Set initial value; Temperature (Tt) & composition of top gas,
burden surface & heat transfer coefficient (HW & H
I
1
Calculate temperature of gas & solid by
Runge-Kutta-Gill method (lumpy zone)
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Fig. 3. Flow chart of calculation (at boundary
condition).
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Fig. 4. Temperature distribution in blast furnace
at boundary condition (Estimated result).
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dt/dz=0

@M T

dT fdz={A,q5+22.4(R¥,,+2R*) A,Cyc T 4-0.5
(34 846R¥*,,,, +150 732R¥) A,+nD,Hy' (T ~tw)}/
Cog-Fg

dto/dz={6(1— &) Hped, (T —t;) /dc+ ¢ +qeCpelc—0.25
(34 846R¥,,+ 150 732R%) A} /Cpe- Fe

dtsfdz={A, AHy (T —ts) — q:Csts—0.125
(34 846R%, . +150 732R¥) A,} /Cs- Fy

dtp/dz= {4, A, Hpp, (T —t,) —qsCptp—0.125(34 846
R¥,.+150732R%) 4,} /Cy- Fy

gs=6(1— s)‘Hpc (T —tc) /de- ¢+ASHPS(T—tS)
+ ApHyp (T — 1)

ge=12(R¥,+2R¥) 4,/Co+ Fp({C1—-0.01) /Ce* Zms

gr=qe%c—71.85R¥,.4,

gs=55.85R%,, A, +28R¥A4,+ ([C1—0.01) Fy/

As=6F;/us- 4,- ps-dy

Ap=6Fp/up-Az- pp-dy

u#s=0.9+0.0012(ts— 1 400)

up="56.0-+0.005 (¢, —1 400)

us, up RM4FLOFGTREC X 030 KD,

#F & I

50BN S L2005 AFIBRRERL Y,

T ODREFERL T, FEFARE, PEHF XM

B, #8H, 22— 7 ADWAEED T DORFBEZRD %

IR D X 5T 5.
TODREFBERIKRDERDTHS.
®Fe X3 :
F,[Fel+ FFeg=F,{Fe} - F Fe,
®CIN :
Fg(x+) X 12/22.4=F,Ce+F1p:C1— F[C]
@HIY -
Fg (u+4v) X 2/22.4=Fy, (60+ ) Wx 2/18-1 000
+F1.01H1+F0Hc '
@O -
Fy(x+2y+v) x 16/22.4=Fy (12.64 §) x 32/22.4
+ Fyy (60+ B) W 16/18-1 000+ aFy x 16/12-1 000
1 Fo{O} +0.4297 F Fe, — FyFe, x 16/55.85
®NII :
Fy(1—x—y—u—1) =60F, X 0.79+ FoNo X 22.4/28
®7nco DEEFE :
Y/ (x+) =k*Fo{O} /Fg- (x+)
@nu, DRE :
v/ (u+v) =r¥y/(x+y)
a =854.1[Si] +218.5[Mn]+967.7[P]
+500[Ti]
.B =Fox/Fb
O~@DDKILIKD X 51 LTHEL.
0 =F,/F,
m = (9{Fe} +Fe.) /([Fel+S§-Fes/1000)
a = (Ce—[C1m) x22.4/12
b =F10,C;x22.4/12
¢ =0.8N,
d =47.4F,
e =11.2H,
f=F,W(60+ ) x22.4/18-1 000+ 11.2F, p,H,
g =amx22.4/12-1000+1.4{0}5+0.6016Fe,
—0.004x.S-mFeg
h =2F;,(12.6+ B) +F,W (60 + 8) x 22.4/18-1 000
i=g—a
j=h—b
k =k*{O} &

Vot rel O

Fo,=0F,
Fe=(a+cte)Fot+b+d+f
J =k*Fo{o}/Fg
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X = (aF,+b)/Fg—y

v =r¥y(eF.+ f)/(aF.+b)

u={(eFe+ f)/Fg—v

Fy=mF,

Fy=S-F,/1000

B 5

4, zOMNEBETOHEFORER (m2)

Ay Ap : BTHITR I B A5 S, Bk XEMR
(m2/m? (bed))

Cpgs Cpxs Cpys Cpus Cpv t &IF 7 2, CO, CO,, H,,
H,O w20 E#gitah (kcal/Nms3-deg)

Cpsa Cpha C'pm, pr> Cpf) Gpca Cs, Cp CER (B, B
FEH), ~RA b, TTEREAL N, TREL L,
AR, T—F R, AFF, Bk EHHE
(kcal/kg-deg)

Co, G, [C1: 2 —7 %, B, %HPOCOBERLR
(=)
1z OMBETOBEFOERE (m)

ddoadcsdobdsad Bl (BLikE, Fh7E W), $KFA, =
—7 A, BAWEPE, 277, H#kOWFE(m)

F,F,, F, Fy, Fp D B (BRIRE, Bh7EH), A, =
-7 A, A7, BkoBEKE (kg/h)

EF S A& (Nms/h)

Fp: 2B E (Nm3/ min)

Fr: #®B@iE (/h)

Fox : BF & (Nm3/h)

{Fe}, Fe, Feg, [Fel : $6FH, =2 -2 %, 25 7, BEgk
Ho Fe oBER&AER (—)

Hy, Hpe, Hyg, Hpp @ 77 A=k (IKE, RBLE%), »
A=A = F R, FA-RTFF, # A-$gM o Z 3%
% (kcal/m?-h-deg)

THRE, BEE, BRPIR 2 PEREEGR
i&: (kcal/m2.h-deg)

DT RS B PR R (keal/m?-h-
deg)

Ho,Hi: 2 -2, EWhoHoEES®E (-)

AdHy, AHp, AdHy : ~< 2 A4 b, = 7% 84 b, W AZK
1 +ro CO BB OFE®L= 51 F (cal/mol)

k*: pco ER D IbHIER (Nm3/ kg)

[Mn] : gigkvho Mn 0F&4HE (—)

Ne: 27 2ZdoNoBEESE (—)

O} : ka0 OnERSE (—)

[Pl:#kekhoPoEESE (—)

r 2 FEEFAFO HO & CO, ot (—)

™ :9m, & nco PHEBRNLC I T HHAEL (—)

R?ohaRﬁomnyow:Rt HES S 4 | ]‘, Vi?‘&’r }‘,
vAZ24 +Fo CO &R, SiO, OBITO K EEE
(kg mol(CO) /m3(bed) -h), kg mol (SiO,)/m?3
(bed) -h)

S : 2578 (kg/t-pig)

[Si]: kb Si DEEHE (—)

SiOyc, SiOyci : = — 7 R, AR 2 — 7 AF DSIO, D
BEENER ()

T, Ty: @FAA, FEFAOEE (°C)

Hﬂ'%%¢@1&@§g%?( )

PR (SRR, mEW), %A,
=T R, AT T, Bgk, BIED, HHAOR
E (°C)

U up P T HICBT 5 R T/, #Bkom FRE (n/
min)

u PRI AR H, ofkfiyx ()

v TFEEF AR 0 HO offEsx (=)

W : 2EEE (g/Nms-Blast)

X! A—JAMODRSOERHFE (—)

x tFEY Z2ho CO oEEsE (<)

Y FHEF Ao CO, hESE (—)

R:AbL w774V 0TA VRANEDDTCOELE
(m)

Zmt P I EDLHBAEE» LT O v E COIELE
(m)

0t EAHAE = — 7 20EL (O/C) (—)

e 1 ERHEE (-)

o1 EWMHE (kg/l)

Oss Pp: AT Y, BEOBE

é R FORIREE (=)

nco> Nu, : CO 72, Hy, #¥ZAOFEAER (—)
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