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Simulation of Burdens in Blast Furnace Using On-line
Mathematical Simulator

X

Kuniyoshi IsHI, Yoshiaki KASHIWAYA, Hideyoshi YAMAGUTI and Shin-ichi KONDO

Synopsis:

A hybrid blast furnace simulator has been developed on the basis of mathematical model and
experiments by combining differential fixed-bed reactor and micro computers. Assuming that the burden
and gas phase moved counter-currently in the blast furnace, the experimental conditions were calculated in
real time by putting in situ measured rates of reduction and solution loss to the differential equations of
mass and heat balance, and the new experimental conditions were set at next stage. The simulation was
performed by repeating the sequence.

(1) If simulation conditions were set up so as to fit the burdens, the simulation successfully proceeded
and the longitudinal distribution of process variables in B.F. could be expected precisely according to the

© 1986 ISI]

reactivity of burdens.

(2) When the operations with pellet and sinter were simulated, thermal reserve zone was longer and
smelting reduction began at lower temperatures for the former than for the latter.

(3) With lower coke rate, reduction hardly proceeded and burden was heated up during short
descending. On the other hand, with higher coke rate, although reduction proceeded fast, burdens

remained at low temperatures.
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i, FEMCBT 5 BT R TH 5.

d(0sCpC,Ty) Jdz=hpAp (T;—Ty) +Q
fided, Ap IR TFHEMFE (m2/mi-bed), CI1LRE
(kmol/m3-bed), Cp 121t#h (kcal/kmol-K), hp 114
FHARIESER (keal/m2-min-K), Q (XK X%
s 4 i E B (kcal/min-m3-bed), R X KL EE
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67 Il
Fig. 1. Illustration of distances, steps, reaction

rates and fluxes in the simulation model.

FICEHT S, DL, Ry=—R,, Tho. £ n X
FINT—EE R ENBBEICEE Rlo LV V) a—va
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SR ERZTCAE L, KENTORE—E & A& k2
g, ()RR TES. Thbb, z KF
FaEEY Tr Tr L3hE, zy+ TOREXETO
RTEIhS.
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Fig. 2. Predicted and measured rates of reduction.

REBCANLCEKFHHEL, BHEREYEHIE
72. (9) ROKHERE KRB OREHFco LA
2-3 RUSEEDTFRAE
RIGHEEOFRKEE X, FERO 7 ARk E EE
THLDEETHDH. RRIGHE T Vis £ OBERCES
CTFHNIHEHETH HH, < 2 —x —DORDE L FHHER
EHELETS. rokcd, HitWFEEERALE. T
e, BEWCRT 2 RIGEEORMAZEKE LT,
¥ CORKERE, REGE, 728K (» =CO/(CO+
CO,)) D=2"EY, A5 o 7 n KRIT ARG 10 #
DF =z BWTEBRBINEZT, SERYHEERY
HEDe. BLIOWTULA0OK, vV a—vavrA
RiGeownwTiz(IhXth 5.
R} =a+bTDR"+cT+dy*
RI‘;’=a’+b’TCS"+c’T§‘+d’y”------~-~--~--

ZZC, TDR #&uHE (%), TCS 3V V) a—vav
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24 L32L—2arvEHEORE

2-4-1 #AGHE

BiFeiErncy, BERRRET R L OLFRET
2Bh, £ CcoRM SHOREERZIEFFELL, BT
LEHLTY AR A FPEEZ O TWE30ET 5. [
Bl BEIRro RisT 0 %5 19 Lo CTEIE S AR
D5, KiGBE LT, CO X bMERTE, v
a— a2 VR ARIGE, RFEDMPER L G DIEREL
BIOAT 70 ERE TR BECVh, KEETL,
Si0;, MnO /g & 0BG EH Uic. BBIEE,
Wk, A5 /OZEoRFE L. Ei, BERIFLT

Wt T 8% —FE L. ZDE %, =2 —7 AL
vy 7 PEIER 90~99% O#IFANTHEINL, BRI
RELT.

E AR 200°C % ERRBAEE & L. chic
R 5 A ARER, BREF L) LBTor A LEHED
REEEZ T2 02X ORAGREHCTHRE L.

TRZ TRZ TRZ
W Tz~ f WoT gdz+ f 0dz wenee (12)
t t

IR (t) O8RS (TRZ) ¥ ToOlELBETED
FABR A% D L UDHFREL, EXE2RERS L TH
Wi ABELRHE L. OB, #RTBRE~OBTR
BRENCHZ B DL L. HERRIGEL JANAF ©
BT — 2 O RRED S RACER L CHV.
2:4-2 RGEENEE & FFHE L OBR

BERRSL & 2 — 7 ADREYH A L+ 5 BilmFc
F\ T, ore/coke Ty % 5 EABOE KR 1m® »H#
ET5. BERBROSRO BELALT, TS HHKI
Fe-5%C & L3+5%. BGHBIHD BFER IO KRR
BL, AERNHRE D PEHE MR TEE (—E & RE)
OFELTREHMED 75y 724 (050C) & EHETA.
W REE LT, EBrbBbhbRTEE RDR (%/

min) ¢ VY . —vaveARIGEE RCS (%/min)
, (4), (O)RNELOKIGEE LF585. 4tk 4z
B+ %R (min) TH 5.
Reg-4z=RDR- dt-;-Csg/100-++-+s s vox (13-2)
Rsgr d2=RCS- 4t-5-Cso/100 «eervvvveeer (13-b)
3. E -]
3-1 REHIEEAZIIN

BILE VY a—¥a v e ARG BENEST 5o
X, FAPPC L BRIEERDPATNRTHD. £RIGE
FEE, RISHISOMEE L, b X b iHE S

RDR=1600{([CO]+2[CO,1) ,u4:— ([CO]
+2[CO,1) in} /Mo
RCS=1200{(CO] + [CO,1) out— ([CO]
+[COL1) in} /Mg wovvvereeeenenneeee (14-2, b)
zowe, [ BERSDE ViR Mo,
Mo g ARB IV 2 —7 AthoERTHBFERE (g) LR
FEE (g), F in & ot ZRIGBAREHnxERT.
RIGEABflOREE, &80 ECHRE LYy —<v
= A7 n —RHEHER MFC) oifitkiriEs AfiE
() oBEMENLS Entc. —F, Haflo CO
L CO, Wilix, HIVE» ANWat CHMTEE L BE
L, ERPCHEBZEE LR Ny 77 ADRELN L
BHHL .

(mol /min) ,
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Table 1. Chemical composition and physical properties of samples.
Chemical composition (wt%) Apparent Void
T.Fe  FeO  Si0,  ALO;  CaO  MgO s Fixed  Vola- ket frection

i | o6 o045 3o L3 54 ot | —  — - 370 050

Coke L1 —_ 6. 04 3.25 0.29 0.16 0.7 87.5 0.9 1050 0.57
R atyzors AR Fe s 2 FRIOEBC KT, BTl NzIEE
Erectronic feUre< 70, FIRHFCR: 2000 Nems/min (4253 13

Long (Dt cm/s STP) %80 7 AR L Lic

. _— (LARAERIC I\ T, 0.05% /min BECETT5 &
Trensducer | |1631 FHESh D REEE L ERT 5B, &7 AOTHE
purp [O) | (2 1omt/min (RIS 0.05%) bl koW CGE X
L RABERDD. HAHRT D, HBRE LT
2 OFI B abit OFICEREE L. &, WL EHTHIE L
ey e P AR O WA IR L 45, MFC ~0EE
— REEES LOTERAC LOTH, & ORARES
jlm XU MFC offREBEEHEY BREL, Thth=
T.C, ROBIEIBEE L DB, FIHE» ASPEHIEE T A
"~ Power Control Unit THREL TREMBAES. X5, ERo ¥ AMRE
N | lcol Icoz EEEE:E&?:“ Gas {bigic &4 T, CO : 400~900 cm3/min (?q~i¥5%),
—— Signal CO, : 400~0 cm3/min (20~0%) ofE-T, HEMNEE

Fig. 3. Scheme of facilities for simulation

experiment.
Gas Outlet
T (oad T
4 3
t——=Silica Rod
(to Dial Gauge)
23 —Coke Plate

F——Alumina Crucible

‘ 12 Ore

& Ds—Alumina Cement

r—Alumina Tube

Alumina Ball

-—Thermocouple

T T
Gas Inlet
Fig. 4. Crucible assembly and packing of samples.

BlEx Y 2 V= b TRMEN LIRS AREETED
R Licvs. —F, # AR EEOEERKE) I
HAMBEER VI LT, KIGHEROBEEY K& LA
TENEE L. WHOMRAVN D, 10°C/min —5E

HANHRERD B LT, TAN—FKTHZ LRl
T, FEERBABE L.
3.2 EREBEFIE

RSB X B R A & H -+ 5 T R Tk L A
BBED T, RN L BAEEYNET 5@, R
HoBTriEmEZRTx 5. Fig 3 EBOHKNY,
Fig. 4 BRIGAE R LORBOTHRNEZRT.

RISA SRR o miE 7 v 78 (W RE
23 mm, %% 12mm, X 100mm) ©, KT AR%
RIS cs X5 L. ZoFERY 11.5
mm  (BERESEERI N T) OB E 6, 2713 B
CFRT 5. BERESLOEAR 13g, SLvy, rTH 18g
i d. 2 —27 AXARREIIL, Yiav—YaV
%Mt ore/coke A ICERED S DHPAD LI
WU FOREEREEF2 -7 2 LIERLCE AT
#5. kabix, BRIy 0.5kegf/om? D —EMEY
. '

SRR ERBHE Tieid A Lic JIS-B (PR 6-30) #h

u|

BRHTHEL, Zhh > o v—a VIHEOREGKRE
E—HTH X5, EZHF (max 1550°C) 5+ EE
L.

VAT ADMEIRICIE, WHFWCHEE AT, & A b
F (CPU 16bit) »#m4l#m (CPU 8bit) o—&n

— 55 —



2206 B oL W

72 4 (1986) #16%

=g 7may.—x—%Hui. MFC 524545t
DIREE, RIGEBERER X OCEHERE, REOE
TR% LIRIEE, WRMEZT ORI ERR & 7 A
BE, K&ERE, #7 —x OIUE L SFEbid i B4
A~A47vav.—x2—2175. Zhe lmin &k
CARANIVYEL =2 =R, RIGEEDHE &G
MEZIT, REDEEELXFHTZ. b, =7
AMRESCTH AR EREDORREEIFEINS.
CHEBEOHAEEA< A 7rav . —% — 2%}
T, FlRE T AMBEOHIHEET> v—r v AL L.

H¥HL 200°C FCEFEHF AR THBHALTEL. DO
THIRE CRE SN CFEY ARROBAE Y A%, N
CHBALUTERMGET 2. SEYEELOORICHEE
UEL, BEIRHI BIELHET, ERE BT
fo.
3-3 ERHH

AR L LT, #HEE (B=CaO/Si0,) »UziEFE Ly,
RESREREE (B=1.44) L MgO Hino BEME~< L
b (B=1.38) %\ i, = — 2 ARKRHH 1Yy, EE
IR 87.5% ThH%. {LEHRELEZ=ZDH'E% Table 1
BT 7.

4. BRLEER

141 BREGEANVEY IV —YavER

PR IRELY OE DL TY I av—va v L.

2 — 7 A M : 480 kg/t-pig

BRERE : 1000°C

B - Fe-5%C &4

WgEiREE : 1530°C

B (k%) R EE 1000°C, BITR 30%

B AR T ®EE : 0.09 m/min
Tk ¥, EB&Mz Table 2 0 X 51t s, EHEE
B 200°C i3 580 7 AR, 412°C LERE
Ric. chiz, FRCRT AN © AREE, 200
~800°C 3. 10°C/min, 800~1200°C 3 2°C/min,
1200°C L) kix 5°C/min @ X 5 c#iBT 50 Lick
&, BERSgLS 500°C CRITHBAL T b BRER %
T, BRECHTLRTEERRNZEI=ZAR LRI &
RELT, (12ROBEFGALH EDLLDTHS.

BORCHERY ALy 2754 v (8. L) n bt
OHAFE LT Fig. b iRLic. BeRERRETS 7 r
L AEREAR (a) &, KIGCET2E8% (b) ©
F L.

BRI 430°C (S. L. F Im, PIF EMARFIE S
L. Tl £3) »bihEs. BILEE, 855°C

Table 2. Hypothetical conditions for the simulation
of blast furnace operations.

Pellet
Sinter
A B C

Coke rate kg/t-pig 480 467 | 480 | 493
Slag rate kg/t-pig 320 | 254 | 255 | 257
Blast temp. C 1000 | 1000 | 1000 | 1000
Direct reduction % 36.5 | 35.5 | 36.9 | 38.5
Descending speed m/min 0.09 | 0.09 | 0.09 | 0.09
of solid

Hot metal

carbon % 5 5 5 5
temp. T 1530 | 1530 | 1530 | 1530
productivity kg-pig/m?min | 40.5 | 49.7 | 48.9 | 48,1

At top
solid temp. C 200 200 200 200
gas temp. C 412 414 422 430
CO utilization %o 50.2 | 53.3 | 50.5 | 47.7
bed volume m?¥/t-pig 2,22 | 1.81 | 1.84 | 1.87
At TRZ
temp. C 1000 | 1000 | 1000 | 1000
reduction % 30 30 30 30
gas speed m/min at STP| 67.5 | 80.0 | 81.1 | 82.2
T T T T 1 115
(a)
1400 | Heat Flow Ratlo -
S Ll
= ol k£
£ 1000 | 8| S
2 155108
%,_ Heat by Reactions E z
L - -
~ 600 Heat Transfer from Gas 3| 8
Sol Id (Temp.)
200 L L " I 0 4-15
(b) Gas Comp.
= 8 -7 1150
= A - -
12 € o
~ o Fe-C-0 Equilib. § &
T -
= 7\ TOR =110
§ ok (Fex0) X
P s~ " g
§ (o™=l . =8 50 .52
S 20F oA
S ROR N
s,
0 " T . Iy

Distance from S.L.[m]
(a) Thermal variables (b) Variables concerning reactions

Fig. 5. Longitudinal distribution of process vari-
ables in the simulated blast furnace operation
with sinter.

(4m), BLE 11% O & XfHA(E 0.8%/min ZRLL
DHETL, 1000°C (8.8m) TIXHRIESE 0.12% /min
(BLK 30.3%) L7gof. Kk, TZTHLRLET
EE-REO BRI, HERH “HIA=AF LiE
FRD. Lol, ThbEMECZRERRICHEET
ANBT 49T 4V IR, bEDIAT AR —%ED
THEE Loy ARET, REMIL H#0.4°C
NG TH O
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BITHEEE 0.29 /min L) FoMikiz 960~1060°C, 7
~13m OEGEIFRICh DT A, ST, O
oA AL RS LS. V) o — Y a Ve ARG
# 950°C mbilas b, e b0y, {LFERIES
AT BETETEED 10~20% & L E> T\
7.

Fig. 5 (b) o, ELET VY4 L% v=
CO/(CO+CO,) TXL, FEMIRE ¥Rl LTHE
LEFRRTEERTHS. v BT E L b
Hicsin LT 940°C (6.3m) T Fe REHMCAS. b
FREHENTRETEES NIV E, DMETEH DY
)a—vave ARIGSRABCEE 5, vid FeO-
Fe s in-> TR Mm%,

—7, REEE, Fig. 5 (a) WRLALIOE, K
850°C (4m) ¥ ToHO EHEENKE L, ToOMFHARE
HEE 15.4°C/min 3 L. FIHIC BT 5 Bttt
¥ 0.7 THHN, Fe,0p 3 LORTLTER L FeOf
DHBOBEIEAKE VWD, KD X 3BT S.
Lo, kBg, 0.8 L 1L/ ST, #o 212
°C pHot-ZEOEEE %L 850°C ik 70°C % T
MLt BT Fe,05-FeOf D RBLEMITH Y,
Ak, ¥AREVETI®RL TTAR, BBBEORED
ELTECIRTTHA. Linl, REEIPIVDL,
SEOBEENELFELLRE VD, Z0RRED
V. Ficbh, BesiaitiaiE 850°C F To HHIR & HE
EIN5b.

BE® 119 bkt #ELE FeO-FeO i #h
i~ B350, RGBS /NS0T B
(Thebb, EMAEREER) ~0F5xbiwv. LK,
SEOREERE N L bis>T, BBENEITHO
<, BELFRAECEL o) BREFRFCA L. FE
g 2°C/min LT o S8 & 8RS & S ER T L,
C OB, 980~1130°C (EHARERE 1.4°C/min),
7.2~16.5m OBV BCh -2 Tk ), BRI
BESYZEEUDIOCERLTVS. BREHICE:
T, SEOREZ 10°C YT Ly, RIGED BB
BB TOEACIAEES. L, KERRBKE
THBHVY a—va v e AREHBMEER O EARE B
A (FAREOET) ¥EATHIORCeS. FihLi
IO, (LHEBREHEVCZELRLPY ) o~V avn
ARIGAHEFT L TR D, b oREL MM 5. |
EORINII bIL, HEITEEDOHK— vy OBIMOKRL
Lo THh, BERTHREIND. O, V) .
—vave ARG, CO, BENXTHD ¥ X RELK
WOT, BECHHSh, RELy g EAT

B 0P T, VY a—va Ve ARGEESETICLA
niu, ALERIE, BRI DD S

# 1230°C %@ X % G HBEREHL 23 BRILIGE L, =
— 7 AL OEMEE L. BRELT, BEENRE
WwrbEBEbRS, V) a—vave ARG TEFREL
L, BUVEBTEHE R SR Rk, RE 2B
ERL, SE0BEEELEATS. 1310°C (20.3m) T
CO, EEMNErICDON. DLE, BLRK 8%, 5
HEERTRIL 64% (E#ERLR 22%) T, Rt 27
A BLRE S W R TR 63.5% L—HTHRRL
oot

Xgsrve kT, bBgh A5 7 0 &I M 1453°C
(21.1m, JEEK 98%) hbbIncEEsh, T
1486°C (21.3m) Tx g ANEREL 7. D X 5T,
AR AT ED, AT 7DD A 2 VETED D
LDOTHDOT. £ 2 AEEEE O H AEEX 1798°C L
HE R
42 NPy bEAWIYIaV—2a ViR

AR O BEfE S & A — iR ELMOBAETH, gADF
AR L ORFOFREMEROMHERLD, v Iabv—Ya
VER oWt (FESE) R0 TL 5. B
PrrRUL, = —7 Ak 480 kg/t-pig, M THE 0.09
m/min & L7k ¥ OEREM% Table 2(~ vy, + (B)
W) iBF . AFEROBE, PEKGELL R U TEEY
RELIcDT, REFEENKRT, BRETIVvy b
DOPBEREMD 20% KE\. Fi, WA AR HE
MEFOBE L B 10°C Bt b 53, EHEO
B (BBEERME) HNEFELIHEL, FREEMET LA
(Fig. 6 (a)). T7cbb, BABFHKTIL 4.7m (850
°C) & 0.7m TFhofe. Fie, {LERFEHT 9.5~17
m (970~1 060°C), #Efpaid 7.2~20.7 m (930~
1110°C) kBefsgs & v @AEDY, FEFE RVWARRH
O PUIREE & oo,

<V, rORECET BT — s % Fig. 6(b) Rl
fo. HAHM MgO HELHEBW X vy b THEIDN
BILERHOKE HDRE,NEL, 1250°C T, B
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