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Synopsis :

A blast furnace plays roles of not only stably producing low-Si hot metal but also
supplying the BF gas which is strategically important in saving energy consumption at
a steel mill. When No.3 New Power Plant at Chiba Works started operation, a great deal
of low-cost BF gas had to be supplied to the power plant. For this purpose, a great
importance was attached to the technique of generating the BF gas efficiently by burning
coke in excess of its amount necessary for reducing and melting iron ore. This report
describes the high coke-ratio operation test conducted under various conditions and the
evaluation result of coke-to-energy recovery efficiency in the blast furnace process. Even
at the high coke-ratio operation, adjustments made on the heat input in front of the
tuyere, on the charging distribution and on the increment bosh gas have proved that
increases in Si content and in heat loss can be prevented, and an energy recovery

efficiency of 70 to 80% can be achieved.
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Synopsis:

A blast furnace plays roles of not only stably producing low-5i hot metal
but also supplying the BF gas which is strategically important in saving energy
When No. 3 New Power Plant at Chiba Works
started operation, a great deal of low-cost BF gas had to be supplied to the

consumption at a steel mill.
power plant.  For this purpose, a great importance was attached to the technique
of generating the BF gas efficiently by burning coke in excess of its amount
necessary for reducing and melting iron ore.

This report describes the high coke-ratio operation test conducted under
various conditions and the evaluation result of coke-to-energy recovery efficiency
in the blast furnace process. Even at the high cole-ratio operation, adjustments
made on the heat input in front of the tuyere, on the charging distribution and
on the increment hosh gas have proved that increases in Si content and in heat
loss can be prevented, and an energy recovery efficiency of 70 to 80% can be

achieved.
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Table 1

Comparison of blast furnace operation between Steel-
making iron and foundry iron

Steelmaking Foundry
iron iron

Coke rate (kg/t) 472.0 547.0
Blast wind rate (Nm3/t) 1032.8 1888.4
Blast temp. (°C) 1151.0 996.0
Blast moisture (g/Nm?®) 27.9 29.8
Top gas temp. (°C) 170,0 180.0
CO gas utilization (%) 51.8 49.7
Hot metal temp. (°C) 1493.0 1553.0
[Si3 (%) 0.27 2.32

Table 2 Comparison of heat balance in blast furnace between
steelmaking and foundry iron smelting processes

{108 keal/t)
Stee!making; Foundry Difference
1ron 17on
Combustion of car- 3363.7 3898.7
bon in coke
Z | Sensible heat of oy -
E« blast 410.0 h20.2
Pr(?dUCtive heat of 42.1 409
slag
Reduction heat of
oxide of Fe 1680.0 1680.0
Reduction heat of N .
oxide of (Si) ete. 39.8 183.6 143.8 22.39%
Latent heat of the - g
top gas 1061.6 1332.2 270.6 42.09%
Sensible heat of the 87.6 122 5 34.9  5.49
top gas
‘a Sensible heat of pig 319.1 331.4 12.3  1.99%
O:: Senlsible heat of 1283 129 6
slag
Lall)enthea‘t of car- 367.6 371.7
o i Pig |
Lallent.heat .Of car- | 3.5 27
hon in dust
Evapolation heat of
moisture in 4.0 4.0
material
Heat loss 124.2 301.6 | 177.4 27.6%
Total 3815.9 ‘44%.2‘ 643.3  100%

Coke

Steam

Air

Blast furnace gas
Coke oven gas

Oxygen
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Fig. 1 Energy flow sheet at blast furnace process
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2CO=C02/CO+CO

FeO 1.5 Mass balance ———= Top gas compositions

Heat balance ————=» Top gas temperature

Thermal reserve zone

H:0+CO:2

PR | -CO2 given
T H: +CO+ 1120+ CO: | €——— a*=F(WER, Iz, QL)

WER : Water cq. ratio between

solid and gas

Hz2  : Hz content in bosh gas
QL ! Heat loss

Oxygen balance
Solution loss carbon > Coke rate
. and wind rate
Fe CO Heat balance

Fig. 3 Image of the calculated heat and material balance model

Table 3 Comparison between calculated operational factors
and operated results at high coke rate operation

Table 4 An example of energy balance in blast furnace process
under high coke rate operation

Base Calculation Operalled
results

Productivity (t/m?+d) ‘ 52.22 59. 44 59.44
Coke rate {kgft) 472.1 491.9 489.2

1067.8 1069.7

Wind rate (+0z) (Nm?¥/t} | 1032. (£10.2) | (+10.2)

Factors Caleulation of change of energy Results
. {491.9—472. 1) kg/t . ,
ACR % 7 200 keal kg 142.6 x 107 kcalft
(1005°C x 1067.8 Nmdjt
4HS —1151°Cx1032,8 Nm#/t) - 40,8 % 107 keal/t

% 0.8 keal/Nm?®**C/0.85

apy | (L067.8-10.2-1032.8)Nmbuft | 4 0 109 yealt

8
Blast temp. (°C) ] 1151.0 | 1005.0 | 1005.0 x 120 keal/Nm?,;,
— (10.2—0) NS/t
Blast moisture (g/Nm?) 27.9 41.5 41.5 40; *x 1760 kcal,l‘l‘(\}zm*‘o2 18.0 % 10% kealft
8 " ; (1067.8 Nmdjt x 41.5g/Nms
Theoret. flame temp. (°C) | 2372 2198 2198 ABM ! 0313 8}Nm“,”t X 27,9 g/Nm®) 11,2 % 108 kealft
- T *x 720 kealf1 000 g
T 5 vol Nmijt 1529.2 1600.0 1599.3
op gas yolume (Nt} 7243 keal /N x 1 600.0 Nmi/t
. R - o4 - . A4BGAS —695.6 kcal/Nm? 95.2 % 108 kealft
B gas calorie (keal/Nm?®} 695.6 724.3 _ 735.0 X159, Nt
CO gas utilization (%) | 51.84| 50.87 49.97 24.5%W-h/tx (1600.0 Nméft/
ATRT 1529.2 Nm3ft—1) 2.8 x 108 kealft
Top gas temp. (°C) 166.6 195.8 189.0 % 2 450 keal/kW - h
[8i] (o) 0.37 0.230 0.27 Energy recovery efficiency;
i _ ABGAS+4TRT 73.19%
Heat loss {108 kealft) 72.9 72.9 75.4 B Nan1= JCRT 415 1 4BV 1 40,7 4BM
Water equiv. ratio 0.820) 0.790 0.795
H: in front of tuyere  {9) 3.39 4.53 4.53 ) o )
- 0.75%104 kealtQL. T3, I CEEEHICLS (5 ok
a* (8) | 26.44 | 27T 27.59

1 Influence coefficient of [Si]
0.15%/10 t/m?-d
0.07%/100°C TFT

~0.04%/1% H:
—0.039%/0.01 WER

2> Correct coefficient of a*
0.82%/1% H.
0.8095/0. 10 WER
0.74%/104 kealjt QL

LERE T A HEMEEAE 2~y xR R, WL TOM
RO A ETANT L AMLPRERE PRA AL 0 Y —F R
%, fol, of ORIEESE, 0.8295/1.0%H,, 0.89%/0.1WER,
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LU, HHEMLLDFHILCE LS,
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EaET &, MRS vEnsasBEdoga- s 2 LRE0T
HIEKIR S SR o il e m 3, SRS (Bi) i3 0.04% &<,
—brzi, 2.5x10keal)t ERLTWHA, a— 7 AojtHE &
D@z ((GHR -8 /9248 1k +0.6%, BAAREROFEELD
HEZT VAN EETHL, JOHEFRYRVCTEFRRIET =
Fo ¥ —EEE Y B Lc#R Y Table 4 (TR, BELREZIE
W 85%, EENH, BELN, BiEEE £ 120keal/Nmd-air, 1760
keal/Nm?-O;, 720 keal/kg & L, HEERE (1 kW -h=2 450 keal)
i, FEAABRCHEATS EEETRERRO I -7 AL 20K~
EEEIEIE, 73.1% THD, RERCETSTAVE-uR,
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Fig. 4 Effect of water equivalent ratio between solid and gas
on heat-loss
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Case(1) Step |
Combustion of Latent heat of 103.3
carbon in coke the top gas = 173.0-27.5
173.0 103.3 )
|Heat loss = 7%
1.2
Sansible heat ((Si] 2.2) Sensible heat of W 2.2
of b:-;; 5 QL 16.4/ | the t;IP & R
~ | - = 1.5%
Case(1) Step2
Combusiion of L.atent heat of 0 216.1
carbon in ccke the iop gas bl = 2584 26.7
4. .
8.4 Heat loss -L) = 93%
ad5.9
Sensible heat (£s'] & 3'2) Sensible heat of [, _ AB.2
of blast QL. A26.2/| the tap gas YT T258.4-26.7
A26.7 5ty = Al.5%

|

Table 5 Comparison of experimentzl eperating plans at Chiba
Nos. 5 and 6 BF

~ "Productivity
(t/d-m?) 1.4%b 1.7%0 2.0%2
Experimental Case 1 Case 2 Case 3
plan (Base)| Step 1!Step 2|(Base) {Base)
Coke rate . - - .
(ke/t) 5001 525| 535 520| 540| 480F 49
Blast moisture or 30~ |30~
ey | 2] 2| a5 0 0% sl g
Blast temp. 900 ~ 50-« . 950'--“
(°C} 1100 950! 050 110G 850| 1100 1000
Blast wind -
(Nomt/amin) | 3000( 3250| 3200| 3750| 4100 | 6600 6 600
Enriched oxygen
(Nm¥h) 0 0 ¢ 0 0 0] 6000

* No. 5BF (2 584 m?)
#2 No. 6BF (4 500 m?)

D2 HEAS D, BIER, BHEIME S (S AR, s,
HEEESE <, FRERRENEVBSICEAT A S 2HAs,

ZOHEE, ME 1) EE, RRERGCHY, BRERETC L
Da—salkd PRI BECHRELT, POMMEER &L,
Si0{e) BADMFIFZE B CHbTHE, TEkE 2)ET
bk, R REERSCREET 2B HC AT RE N raiinios,
Ho ba W ABBIND I BRLET AL CER D LiTh B,

Table 5 (Ziz, (1) (2) HEORFEICEITAE 31— 2@
HHEAP Case (1) (2) 3) ®Rd, B Case (1) @ Step 2 Jif
A (1) L, Case (3) 4 (2) BEic G+ 5,

4 BERBRESIUCER

41 EROBEEEEHFRO TR F—ERYDROLEE

Fig, § 3R EBMoEfAkomisy, Fig. 6 3@FRICHT

Case(2)
Combustion of Latent heat of 7 740
carbon in coke the top gas blast = TAT-2718
164.7 74.0 ) ’
Heat loss = 54%
45.7
Sensible heat ; Sensible heat of AbD
of blast ([S']"‘ ”) the top gas T e T
aors [\ A2 g SOl
- F——> = A44%
Case{3)

Combustion aof Latent heat of » _ 64.6
carbon in coke the top gas T 2.3 -34.4
2.2 Heat loss __...L = 95%

AlLE
Sensible heat (ESi]AD'T) Sensible heat of n, = Al
of blast QL £4.0/ the top gas 102.2-34.4
&34.4 14.8 = A1.0%

unit; 10%keal/t
#pee ;Recovery ratio of latent heat of the top gas
7. ;Reductive heat ratio of (5i)

Fig. 5 Comparison of energy balance at blast furnace
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Case(2)

{unit : 10%kcal:t)

\-_> Energy balance
Coke —__> Input  Cake 164
E Bgas 740 pr ake 1647
667 /| [Ener8Y , HS A4

— e, |{lo55

Case{l) Step!
Energy balance
e Energy||Bgas 1033 ) Input Coks 173.0
- loss HS 4505
Haot stove Blast 38.2
£33 3.1 1.7
Blast TRT 233 Dutput Bgas 103.3
:39-’ TRT  23.3
126.6
Tal 718%
Case(1) Step2
jnput  Coke 258.4
Coke HS  &45 6
E B 261
259.4 I’:g" gas 2151 > Blast 541
DEE———-------— [+]
Hot stove 266.9
£H45.6
24 Output Bgas 216.1
B;:sit TRT 26.7 > TRT 26.7
- 242.8
{unit 1¢'kcal/t) 7 -$1%

Hot stove Blast 17.3
lﬂiﬁ’ 34.0 1317

o LY
Blast TRT a4 ) Output Bgas 740
i3 TRT 8.1
B2.1
7an -~ 60%

Case(3)

Input  Coke 102.2
Coke HS Ad0.7
102.2 » Energy || BEas  64.0 Blast 57

Oxygen 18.1

loss
Hat stove
A40.7

Blast
5.7

4

TRT 29

5
TRT 2.9> Output BPgas 64.0
L4

66.9
Tu =%

Enriched Oxygen 14.1

Fig. 6 Comparisen of energy balance and recovery coke energy efficiency at blast furnace process

A ¥F—EESEo kgt nd, RO — e 2AKHE
i BB L7 Case (2) €, (1) MB2HTERKIRD 90123 1.5%
LEWT b hhb T, BI1EHOB A ABBARAINE gpors 25 54%
FIEC, (2) RTEB Lo 20 F— BRI . 1T 60% 2L
MELTCWEY, —F, BEXREO L~ F e 220RRCET LSS
Hi(Si) DIETF 27z Case (1) @ Step 2 i, BRERLICL DM
o PR CARET AT E oo Case (3) CiE, (1) XTeR
ENBEFERIEDB A ABREINE gpeas 2 93~05% DEIFEY

ER L, Er, (2)XNTEREADEFRFRD =305 — EHEP
B 1, b= PO ADET Ui Case (1) @ Step 2 Y{T 91%,

HBERDOMEY Case (3) 12 78% bLicofs, Shb, B
fAAKD v — b o BBV Case (1) @ Stepl #, LU
Case (3) Ti3, M#iHoBIH LD, BHEROT AL —KH
IR T0~80% QBB THD I Ao, JHUE, EHE
T AEFVCESWTRE U &IFIE-B LT,

4.2 BEIEXREOE—FORO-RO—)

a— 5 A0 H 2 {0 E REE ST - 7o f & H dsit 5 Case (1)
@ Step 1 HEE Cuse (2) i, RERBERIADYRLY, €
i d ddis b Case (2) T, Afid/c b — oz BER &+ Ho
7o, FLTEEIET S = F o 200V TRET S,

421 BESHELEAMATHEEORFR

BED—EMc e — b o 2Ok s LT, BARSHRE.
Hh, ThiZ, - bOADEHERETHLIFy LWV T b
FOEREE, HEWHERAT— THRIKOEIEE & BHKEN DK
BAAF - TRAF®BE L WIS LB E®T 5 kT
Ha, Fip. T3, TERFCBTI A -T2 2FHXTFT
oFETly, BT — 2 2 #McHREE S s L
LCRT, HAPORENLEER I, 0, I OFERGTEADH R
#Hfd Fig. 8 WR LI, {62 — 7 RECREERSO T 5 & HEER
OO~ L BaE, FBED g ¥ LR S J50mMEH
O HF ZTE, = HCIEETCHO B2 — A O IS, 08
D neo HET SRAADMHE (FARME) DX AHHICHEL,

—_ 23

>

v Productivity (t/d-m?®)

—
i
y

83.7~11

| 8413
A

w0 ) 510 >

Coke rate (kg/t)

82.10~'835  15]

Fig. 7 Change of coke rate and productivity at 6BF

AF—THAFOLRMIEFIE - T3,

IOk e BRREEREAYENEECHE T D, a—- s kD
b0, BARBERELF Lo H ABEROMCHEEE AR
E T, Htkorb b, BURHALIOBTFRROBER
P ARPNEE A A B CRE LR Y Fig. 9 T, BERORT
ooy MabEHLCPETO -2 A L BEADEBERY T
B, RALas—-BEA LR, ALy T DER

S Vol. 17 No, 2 1985



116 HFRICKT S 0 - 7 A= 3 ¥ - ORRYR O -

Period Coke rate Productivity
777 1 Low Low
_———— I Low High

i High High

CO gas utilization (%)

1 " 1 " " L i

Wall
Sampling point

Fig. 8 Comparison of typical gas distribution between the re-
spective periods; i.e., period I, I, and II1 in Fig. 7

@ =
£E
‘PE = Lo Le: Layer thickness ratio
= between ore and coke
e 2304 & citleulated by sounding chart
K.H). b g
.59 3%
Blil g Lo 220
0.90 8T Tui3e17g
815 094 R Lo/le at wall=10

078 2,16

084 .82
Water equivalent ratio
between solid and gas in furnace
LofLe at wall=0.90

’ \n-"l,c‘ at wall =040

N LosLe at walt=0.70

Y

Fig. 9 Equal-percentage L,/L, conceptual chart using water
equivalent ratio between solid and gas, and furnace gas
volume as parameters

CEORBIhARETH D, Ea, HHoSEL, REEs s
R L Lofle $#ECH 2,

AN G, FNEEY ABAMEIN L (5, #SEAUETF (8 o
— 2l UBaI, FHORSSHIICRBYE C, FERo%
BB ERT 5 AR CORBIED LR (HORHDE) 24K
THLHEF L bR, £, PHEARRORED Lk B RERE, &
VIO E R 2~ r =, MEZLREOBAE, R
AEEHRENR O ®, Lofle O EFICE D BTy BEC
HHY L ERTRRLTWA,

—FAF— TREMTHE NGRS R, B, R
RE KA LTI O BEHEERTOHE

AT — FHEAM (104 keal/h)

=5400APIHE # 2 ) -11 000 (B ) -380( Lo/Le)

_{_90()()(1\{:9, T:O_g) .................................... (5)

DHEFFD B, AF— THAFOERER, FHL L VEE
B, BERUSUHTECELICL 0 Bless, Ho—» 2k
BEOLIK, 2F-—THAR LI BEHHIE, FHERY
ZEE, MMELBEIED 3E b e — FoxoffivEs o Eat
HEETHS,

JHISRBFER Vol, 17 No. 2 1985

A a1 .
2
A
bl | ¥

. [

= Gdon W
e

. Goon

2" fiy [Pt

S

LG S

__Enriched
oxygen
(10° Nm |

Ore coke

Stave thermal

lnad
(10% keat WY

Period

Fig. 10 Trends of operational variables at increasing produc-
tivity of No. 6 BF

422 FRERHAEBLE—FOADHEE

Fig. 10 (2F% 6 BFE O MENORERT OB LT+, Hice
—PEREBVHEDOSH D R F— FERAT, MEEH 6700 Nmy
min Fig AR LR L, TOBBEREMCEIEFLTCWS, oo
R DT F A 0 2 BT 9 400 Nm¥fmin T 0, BIROMEEIHAER
TR 2,10 NmYminem® ¢ 5, —F, fishe Table s
CEWTEERIADIFEY 2 FAERE, Case (1) 23 1.7~1.8 Nm¥/
min-m?, Case (2} (3 2.25NmYmin-m?, Case (3) {3 2.05 Nm¥
min-m® CH 6, Case (2) i3 Fig. 10 DISERSLC FALEER S
AREEMS L RELT > T D,

BHOFABANE O R BT, RERHY ShTns
& BRTR, ERBCED T,

T LTI E LT

Carman’s equation; AP(L=@puf.p "8 usF -ovevevrnn. {6}
THAWTFHESERY ok EQTERYRRT3, 22T 4P
oy 7 P ETEER LR, X0 RER,  pp t2 o R
THo, (6) R BEHEREF CG=g,-4 ¥HNT

D= (APILY- g/ t? 3GLT oot s (1)
WEEL, Fig. 10250 % 25 — 7#HAF R0 4P/L=0.2328
glem®, p,=1.1252x 10-3 gfem?, G=0.1335 gfem?.s, p=420x 1078
glomes AL, $=0.0828 25,

G APIL=p.=0.5 glem® %Wk RAEFTHE, (7)) Bpe
B G=0.2092¢gfem?-s HBHK, T 5 6 HEOCHOMERY
A S0m?, B7m? L LUk L RA A BT 5600, 9700 Nm¥/
min L, BENAEESA DD FEY 2ARE 2.17, 2,16 NnW/
min-nd® TH5,

AR, EEFRIC A — iR A BT S T o e 2 Ch b,
CORERRCHE, RERTEL TSRV 2 v, B
CEBRAESV TV A Efbh b, 20 kS IRES K EIT
OREHRIGRITCE U, $ATAHARECHE L X oo
PR, Ho— s ALREREO L — bo 2 EHEIET 3 ER
LD o A AR REIC L 5 OEDHLE T T PREey
ZEBOEMAIME LA Case (1) Step 2 O ESTMD BV Case
(3) PBEBLILLD 2~ 20 AN TN CFH THD 202
D Zhid, Fig dlkiEira ey -2 CRAKEDE— o2

— 04 —



PRI BT L T - A F K — ofghERoR - 117

0.60}

(81) (%)

3401

0.30 . . . ,
1460 1 480 1500 1520
Hot metal temperature ('C)

Fig. 11 Relation beiween [Sil and hot metal temperature
under the base and step-2 periods

PP TCHAABETLTVA I LB LFEILERTWS,

4.3 BA-—JALBRETTOE (Si) HRE

Fig. 11 7iz, Case (1) o Step 2 Hlic 313 Higgkd (S} LiF
BEEOMELY TR LA, B -FREE TS [5] £0.1% OET»

WiEths, Eiofio3r—2b4 Fig b o (5] 8mssd i
B g WREBHLRDL IS, KEE S o ERIIEHS LR -
Fr. DRk, BEEEMSN— AT ROBELET LT
BHrev, @ (2) ROEHFPHLCW b iEL RS,
IO LA, Ba— s ARBED LS K HIEHAE B L U
BTh, WlHLoABEERAR TR 28 CE (5] Hms
TEDLIEREIELI,

5 & B

3 B RBEMEEMORBFRA N 2B = - ZTHIET 51
BT 5, 6 BRI EWTEEDR 2 — 7 A B ERS R L,
WO — s AL 7 F—BERPBEOERL L, TORKE,
(1) Eo—~ 72 HEBEFETTL JUMARBO KT L) Hth

(5] o ER¥MILTE 2,

(2) ®AHSHBREC Lo AAFNH L FPEREEOBEI, 6
DEFERL, XEESHENEHATLIIST, B - ALt
FUHS e— box RREARHIETE S,

(3) E—rozx, (81 -—E0d & CiE, gtk 1.4~2.0t/d-m?
DT, =2 vX —REEE 70~80% oA TH D,
2R, EEERECELY,

A L7,

ORI ESE, S9ELALME, HI-s AREEAYLEL
TR L TH Y, 8RO A0 - MBICAKELFS5 LT3,

# £ X ®

1 Ee%E, ASEE Rews, —EmB, EEsE: ke 68
(1982) 15, 2303~2318

2) HDER], REET, FERER, XHEGE BHEME: L@ 68
(1982) 10, A133

3) FERE, LA, BT, FIAFRE, A%, AREE RH
FER: Sk, TO (1984) 4, $93

4) K. Tanaka, K. Okumura, M. Saino, T. Haru and M. Yasuno:

“Rated Down Operation of Blast Furnace", 43rd Ironmaking
Conference 155-AIME, Chicago (USA), April (1584}

5) BEE, AIGTER, FUESBAHL AR, EEEE: gkl W 66
(1980} 13, 19561965

6) FokziE)IR@EE, AEL flR—, LEEE, Y ik
R, 68 (1982) 6, 603~608

NS Ris g Vol. 17 No. 2 1985



