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Theoretical Investigation on the Blast Furnace Operations

with the Aid of Mathematical Model

Jun-ichiro YAGI, Keiichi SASAKI and fwao MUCHI

Synopsis:

In order to obtain the fundamental informations on the characteristics of blast furnace operations,
the longitudinal distributions of process variables, the production rate of pig iron, and the carbon ratio
were calculated numerically by the use of 2 mathematical model involving overall reaction rates of indi-
rect reduction of iron ore by CO and H,, carbon solution, direct reduction of moltén wustite by coke,
decomposition of limestone, and reaction between coke and steam.

And these calculations were performed with the aid of digital computer under arbitrary data of
operating conditions such as top gas pressure, size of charge ore, volume rate of flow of blast, blast

temperature, steam ratio and enrichment of oxygen.
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Table 1. Calculated and observed values of volume rate of flow of top gas, molar fractions
of CO, CO;, N; and Hj, and production rate of pig iron and slag in B.F. (A)
X Yo 20 wo Wy, x10-3 Wsx10-8 Fyx 103
Value — — — — kg /hr Skg/hr Nm3/hr
Calculated 0-2418 0-1791 0.5236 0-0555 145-0 412 2-684
Observed 0-236 0-184 0-536 0.044 145.6 417
o Plvg /vm] r:s |*f2 |-Ts r?o 34 5.
N (¢ N4 : X o Yl HADENPEFEROECERS, ThbbRIEMEE
i TAFHE CARRELETL, PR CRELEL»RE
voo\E KEFLTWS.
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Fig. 3. Longitudinal distributions of process variables b bk, Rk

in the blast furnace (A), under the actual
operating conditions of F;=2942'2 Nm?/min,
Py=1"433x10¢ Kg/m?, d, =19-35mm, T=
1366°K, ws;=232g/Nm?, xg,=0.
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Fig. 4. Longitudinal distributions of process variables

in the blast furnace (A), under the operating
conditions of F;=2942:2Nm3/min, Py;=>5"033
x 104 Kg/m?, dP;=19°35mm, 7T,=1366"K,
wg=232g/Nm3, x0,=0.
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Table 2. Operating conditions and calculated results of B. F. (A)
No | B P, Ty | wy | x| W |We Wy || ¢ | % | 5 | To
\Nm3/min Kg/m? °K. | g/Nm?® | — | t/hr | t/hr | t/br | t/hr [kg/tpig| — — °K
1 | 2042:2 | 1-433%10¢ | 1366 | 23-2 0 | 230-5| 68-49{145.00 41-23| 467'8 [0-2418|0°1791/| 5868
2 ¢ 200000 |2-033%10¢ | 1366 | 232 0 | 168-9| 44-99/106°30| 29:83| 4223 |0-1923|0°2225| 516°6
3 2500°0 | 2-033% 104 | 1366 | 23-2 0 | 206-9| 57-18/130-20| 36-69] 437:0 |0-2125/0°2069| 5502
4 2942:2 | 2:033x10¢ | 1366 | 23-2 0 | 240-5| 68-26(151-01| 42-71] 443-0 |0-2286]0°1946| 559°1
5 3122:2 | 2:033x10¢ | 1366 | 23-2 0 | 258-0| 72-25(162-35| 45-83| 442-2 |0-2219(0-2004| 5662
6  3500-0 | 2-033x10+ | 1366 | 23-2 0 | 285-7| 81-66[179-77| 50-87| 4507 |0°2326|0°1920| 574°5
7 4000-0 | 2:033x10¢ | 1366 | 23-2 0 | 320-0| 94:00/201 33| 57-16| 4624 |0-2453(0-1814| 593-9
8  2500.0 |5°033x10¢ | 1366 | 23-2 0 | 220°0| 56-48138-47| 38:70| 407-7 |0-1793|0°2357| 522-4
9  2942-2 | 5-033x10* | 1366 | 23-2 0 | 256-0| 67-25/161-12} 45-14| 4165 {0°1927|0°2254| 537-3
10 35000 |{5°033x10¢ | 1366 | 232 0 |305-0 80-47/191-96| 53-80] 418-0 |0°1965|0-2229| 5518
11 4000-0 | 5:033% 104 | 1366 | 232 0 | 347-0 92-32218-39| 61-27| 421-2 |0°2013|0°2192| 567-1
12 2942-2 | 1°433%10¢ | 1416 | 232 0 | 241-0 69-10[15160] 42-81| 454°3 |0:2390|0°1875| 5760
13 2942-2 | 1-433% 10+ | 1436 | 23:2 0 | 245-0] 69-80[154°20] 43-61| 449-1 |0:2380[0°1903| 5530
14 2942-2 | 1-433x10% | 1466 | 232 0 | 25001 70°50157°30) 4444/ 4444 |0°2378/0°1924| 539-0
15 2942-2 | 1-433x10¢ | 1366 | 23:2 | 0°01 | 242-0 71-601152-26| 43-27| 464-2 [0-2490|0-1859| 5650
16 2942°2 | 1-433%x10¢ | 1366 | 23°2 | 0:03 | 264-0 77-80/166-10| 47-18| 464-3 |0°2605|0°1935| 540°0
17 2042°2 | 1-433%10¢ | 1436 | 320 0 | 250-0| 70-00(157-30} 44-41| 441-6 |0-2237(0-2018| 549°0
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and carbon ratio for the elevation of the top-
gas pressure, under the operating conditions:
of Fy=2942-2 Nm?/min, dy,=19-35mm, T,
=1366°K, ws=23'2g/Nm3, xo,=0.
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Fig. 7. Longitudinal distributions of process variables
in the blast furnace (A), under the operating
conditions of F;=4000-0 Nm3/min, Py=2'033
X 100 Kg/m?, dy,=19°35mm, T,=1366°K,
wg=232g/Nm3, x,,=0,
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in the blast furnace (A), under the opera-
ting conditions of Fyp=2942-2Nm?/min, P,=
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Fig. 11. Longitudinal distributions of process variables
in the blast furnace (A), under the. opera-
ting conditions of F;=2942'2 Nm3/ min,
Py=1'433x10¢Kg/m?, dp =19'35mm, Ts=
1366°K, ws =232 g/Nm3, x,=0'03.
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D EFIVHEFE OEWFHEOWRICHH TS S - L2k
Hed7z.

W, BOERE TR ox0 T, BIEE, BRORT
e, kEE, REGRE, JE, MEE(L SoR¥Es
Ea LS G a DB R & — K Dbk X
FAAIRIL O ZE (LA sked, G ORI 2 i 5 FEE TR
pog

Tk, BFIIRERMOZITH LT, JERICEET
HDHOT, FEEMN, B ALMEZ EMEICRD, wHiE

IAFELE R RO RTNEER KL R A LW £2%
F Y/ fal

ERES

Ao, AL Az BTE, POL~RAEBIO 2 ORETOR
{7 DM [m?]

aeer: RISHZNMHEFE [m2/md3(bed)]

w.ci,e: JETH, B LA, BRNEED fGETOH
AFH#EA [keal/ kg - °K]

cp: FA b DFHLHEL [keal/ kg -°K]

creo: ABMAFRTO FeO DiRpE [ kgmol/m?]

ChesCly: SEARHD FeO3 & CaCOs DOFIREL
[ kgmol/m3(bed)]

CspsCsst TAEE & TRIED LB [keal/ kg -°K]

Cso: TETETOIEAN DS [keal/kg-°K]

cw: IV ER OISR [keal/ kg-°K]

Csy0s,0 FLFDOFHIE, PO LAV TO RFO Fig
ek (keal/ kg - °K]

D: BiFOERZE [m]

Dy,D,,D5,Dg: BIF A AT CO,COz, He, H,O @
S FHREL % [m?/hr]

Dy, Dp: JFREEE, PFRE [m]

Ds,,Ds,, Ds,, D5y, Dsg: ETTEAHTD CO @, 3—7
2t CO: @, Cap #HTOD CO:; @, EIT
GATO He @, 3 — 27 2hToH HO DR
PEEPREL [m?/hr]

deyd;y: BB LIOPOLANAMTOI— 7 2ORTFE
[m]

dp: BT OFEFFE [m]

dpsdps: BRTOYRR EQKGORFE [m]

EfEpr =Ky - Y=y VRIS EH— K LK
ERDOREDRIGHRE [—]

F,Fo,Fi: BN, BEBIVPMOLANVTOHARE
[Nm3/hr]

Fy, Fo: 5% BE, 8 0:%AE [Nm3/ min]

Fco,Fu,Fn: T v~ tod CO, H,, N, O
& [Nmd/hr]

Fp: A ho FerngXTAnvwa24 bzt
EDONTEZA FDOENFE [kgmol(Fe,O3) /hr]

Funao,Fmpo: [REFEIVFEA RO O, O E VK.
i# [kg mol(Oy) /hr]

Fucc: 22— 20 CoE i [kgmol(C)/hr]

Fupc: 52 b COENE [ kgmol(C) /hr]

Furc: BEBARDOCDELFHE [ kg mol(C)/hr]

Fusnem: LD Z 4 PDOEIVIRE
[ kg mol (Fe;Oy) /hr]
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Fos,mag: AEHRD TS 2524 bOENKE
[ kg mol (Fe;O,) /br}
Fus.pt AREDE VR [ kg mol(CaGOg) /hr]
Fus,wus,i>Fms,wus,a: BEHBETENS FeO, HEEE
TTENS FeO D ENiHE [ kg mol (FeO)/hr)
(Fp: 72— F¥ [—]
Fo: WF DR E [m3(bed)/br]
Jo: fi: A ERIRTDORIGER [—]
G: HADEREE [ keg/m?2-hr]
G0 Gsy: [ETRSB X UTA L~V TORF OB REE
[ kg/m?2-hr] _
g HLifR¥k [Kg-m/ kg hr]
H: BE LPIOL~LECOEE [m]
4HT, 4H;, AH3, AHS, AHS, AHS: 456 ORI,
H—=F - I~ RIG, FEOOEBERITE, A
KA DHBEIG, $iA® He iIT X BETT, #—F ek
ERDORIEDRSH, [keal/ kg mol]
bpsbposhp: JER, JBIE, TAE L~V TORF—ifbk
RS [keal/m2. hr-°K]
Ky, Ks, Ko SR OffiEEE T, $iR @ H: &, COX
H.O oRJSOFEES [—]
K BIKE Q5B EEOFHiELK [atm]
Kisko ka, kosks, ke: QLR OMBERETT, H—K2 - Vv
=Yl BV R E24 FOEEET, RREOE,
SAaD He 58T, H— K EKEADKS DR IGHEEE
%% [m/hr], [m3/ kghr], [m*/ kg mol(CO) -hr], [ kg
mol(CO;)/m2-hr], [m/hr], [m3/hr- kg]
kpiskposkrokys kye: SRR OMBSETEG, #— K-
V== RIS, BREOSBEIE, G0 H, &
TCRG, H—K & KEKRD KICOEBEDE %ahiRik
[m/hr]
L: TInOERE [m]
Ls,Lyp: %7 FEE,
FERE [m]
by K~ov LD F/EEm S [m]
Ny, No, Ny BENEI YD DR,
KB OEE [1/m3(bed)]
Ne: Ry (-]
P,P': HREN [kg/m?], [atm]
Po; REERBTOH RET) [atm]
Pr: 35 b [-]
0, BIRBDHRAES [atm]
Qs: A7 FAEREL [keal/hr]
Qu: FEEND OBUESL [keal/hr]
R,R': #AEF [cal/mol°C],

A by 074 o LIFREEERR

:"_923 E

[atm-m3/kgmol-°C]

R;: TIRvRATOI— 7 A 0L0%E [m]

RY,RY,RY,RY, RE,RY, RY: LR ORERETTHRIG, &1 —
K V== VRIS, BT RS 4 - OEEETR
&, BIKBOZRRIG, $i7A0 He @G, 2—72A
& HO oRJ&, CO & HO OGO RIGHEE
[ kg mol (CO)/m3(bed) -hr], [ kg mol(CO;z)/m3(bed)
-hr)], [ kg mol(FeO)/m3(bed) -hr], [ kgmol(CO:)/
m3(bed) -hr], [ kg mol (H,O)/m3(bed)-hr], [ kg mol
(H;0) /m8(bed) -hr], [ kg mol(CO)/m3(bed) -hr]

Repy: W4 VX [—]

Tre: ¥ 2 D Fe OREHR [—]

Se: T =23 v b [-]

Sh: vy~ v F¥[-]

seet EASHOD Fe ODUEHE [—]

T,T% #ZRE, BERETOHARE [°K]

To: JEIRTOH ARE [°K]

Ty, Tse: SERBURE, KESKIRE [°K]

T, T, Tw's B KERE, Touvx VAT
HABE, PAvLova—2 2.0 NETE FH 5 2 IRE

[°K]

Tw: & 0%EERE [°K]

tei 23— I RAHDRGFOERBHTE [—]

tt: BANR XURBIHTORFREE [°K)

te: P LARATHa— 7 2 Gk IEE [°K)

tp: HERIRE [°K]

ts,: AR TFIREE [°K]

ts: HERE [°K]

tw: WEKIRE [°K]

U: #FEZEREC [kcal/me-hr-°K]

ure: URIFIEFD Fe OEESE [—]

2,7, BN, BETOKXKELZDENGE [—]

vpe: PAEHD Fe DHREHR [—]

Weys Weinder: 3 — 7 235 X ORI EOE AKE
[ kg /hr]

Wp: & A MEEHGERE [ kg/br]

Wir: &B#DEAEE [ kg/hr]

Wo: SR AEE [ kg/br]

Woir: EIHRAEEE [ kg /hr]

Wiyt £RTEAGHE [ kg/br]

Wy, Ws: IELEEE, HEREE [ kg/hr]

w,wo, wy, w*: BN, FIE, TAA v~k XUFEFHTD
H; e 5% [-]

wse: IRERKARNME [/ Nm?)

X, %0, %1, %% BR, BIE, TIoviarksXCRETO
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CO o vHER [—]
Yoot [BR, JERTO CO: DENMHE [—]
Ji: E{AINLE [g/Nm?]
z: BIRP LR LAOVAmEH»DTOERE [m]
20,210 BEBICTIALANLTO N O VHR
(-1

o BAREL{REL [m?/hr]

@c, are; amn, asi: PP D C,Fe, Mn, Si 0EESH
R[]

a', 8,70, ¢, 0" EROMIBEITKIG, H—F -
V= a VRIG, FIRADOHRRIG, A0 He BT
E)G, #—F2& HO OJE, CO & HO ORED
RICBOR TIREE [-]

Bc,Bu: BEMAHAOCLHOHEESE [—]

€61 BARIOEO LRV TOERE [—]

epysepyt REUGHLA & RKADORILE [—]

uys€o,t IRICERAR & 2 F L7z CaO HHOKRILE [—]

g: I— T ZADKHE [—]

Go: RLFRAMR (br]

u: HADKE [ kg/m.hr]

§1:60:6c: BITERME, CaO #H, 13— 27 2ADOKEE

(-1

o HADEE [kg/Nm?3]

po: BIFONSERE [ kg /m?(bed)]

posp1: JETH, TIO LRV TOHAEE [ kg/Nm?]

pci A~V ADHMTERE [ kg/md(bed)]

P pst VEEREFIFORE [ kg/m¥]

Pp: BEANTFOFEEE [ kg/m3]

pw: I DEAOEE [ kg/Nm?]

Ops P10, s BT, $H, 23— 2 X, F[IKADEIK
R -]

o,z (FRE & BERSA [rad]
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