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Heat Balance of Blast Furnace

by

Nobuji KAWAE*, Toru SHIGECHI*,
Kuniyasu KANEMARU** and Takashi YAMADA*

Heat balance of blast furnace is actively applied in an iron works to save energy or to operate the
blast furnace effectively. The methods used in the heat balance of blast furnace are usually classified
into three kinds according to the object of application. '

Recently, large-sized blast furnaces are making good use of sinter and are being in operation with
all cokes. To meet such situation, it is important to examine the methods employed in the calculation
of the heat balance of blast furnace.

In this study, the authors have discussed in parallel three kinds of methods used in the heat balance
and developed new ones based on the actual situation by adjusting the items to be examined. The flow
of heat in the blast furnace can be easily estimated by applying the present methods. Futhermore, the

validity of the present methods has been testified by calculating the heat balance using data obtained

in actually operating blast furnaces.
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Table 3 Results of heat balance of blast furnace
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(S N R R
.
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395.9
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20.
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19. EAMMTEKRG DR ELEE
20, H A KOS
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22. SOLUTION LOSSKIGE

23, BHIANR LR LBE

24, KFETE

25, % OfOFEK

1628.
45.
8.

5.

5.
325.
145.
64.

Nw o oD~ o|w

1147.4
0.9
44.6
378.3

80.0

104.7

1628.0
45.5
8.7
5.8
5.2
325.6
145.9
64.7
0.3
1.7
56.8

0.9
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104.7

32.
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64.
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(=}
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80.
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10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

"Core (kg/tpig) = ";CORE
"Ccokes (kg/tpig) = ";CCOKES
"H2cokes (kg/tpig) = ";H2COKES
"N2(top) (%) = ";N2(TOP)
"CO(top) (%) = ";CO(TOP)
"Co2(top) (%) = ";CO2(TOP)
"Cpig (kg/tpig) = ";CPIG
"Cg(kg/tpig) = ";CG

"Tblast (K) = ";TBLAST
"Ttop(K) = ";TTOP

"TO(K) = ";TO

"M Yo7999E (kg/m3n) = ";M
"FeOore (kg/tpig) = ";FEOORE
"FeOcokes (kg/tpig) = ";FEOCOKES
"FeOslag (kg/tpig) = ";FEOSLAG
"FeOg (kg/tpig) = ";FEOG
"TFeore (kg/tpig) = ";TFEORE
"TFecokes (kg/tpig) = ";TFECOKES
"TFeslag (kg/tpig) = ";TFESLAG
"TFeg(kg/tpig) = ";TFEG

"PFe (kg/tpig) = ";PFE

"Sipig (kg/tpig) =";SIPIG
"Mnpig (kg/tpig) = ";MNPIG
"Ppig (kg/tpig) = ";PPIG




260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730

BIFOBEIEIZDWNT 4 17

INPUT "Tipig (kg/tpig) = ";TIPIG
INPUT "Qpig (kcal/kg) = ";QPIG
INPUT "Qslag (kcal/kg) = “;QSLAG
INPUT "SV slag/Va¥ (kg/tpig) = ";SV
INPUT "H2(top)(%) = ";H2(TOP)
INPUT "WQ1l(L4¥¥7Z4V=y) (m™3n/tpig)
INPUT "WQ2(LA%v72{Ya¥)(m"3n/tpig) = ";WQ2

INPUT "Tinl(b4¥e74vF" ) (m"3n/tpig) 'S TINL

INPUT "Toutl(bA%v¥4v+")(m"3n/tpig) = *;TOUT1

INPUT "Tin2(lL4%¢74vF ) (m~3n/tpig) = ";TIN2

INPUT "Tout2(VA¥r74vh" )(m~3n/tpig)= ";TOUT2

INPUT "GFE304(kg/tpig)=";GFE304

INPUT "GFe203 (kg/tpig)=";GFE203

INPUT "GTio2 (kg/tpig)=";GTIO2

INPUT "GC (kg/tpig)=";GC

INPUT "GS (kg/tpig)=";GS

INPUT "GCaO (kg/tpig)=";GCAO

INPUT "GSi02 (kg/tpig)=";GSIO2

INPUT "GAL203 (kg/tpig)=";GAL203

INPUT "GMgO (kg/tpig)=";GMGO

INPUT "GMnO (kg/tpig)=";GMNO

INPUT "COKES(kg/tpig)=";COKES

INPUT "H20(C)%/100=";H20(C)

CGAS=CCOKES-CPIG-CG

VTOP=CGAS*22.4/12/(CO(TOP)+CO2(TOP))
VBLAST=VTOP*N2(TOP)/.79

02BLAST=VBLAST/22.4%.21%32

N2TOP=VTOP*N2(TOP)/22.4%28

N2BLAST=N2TOP

H20BLAST=VBLAST*M

FEO=FEOORE+FEOCOKES-FEOSLAG-FEOG

FE1=FE0%*55.9/71.9%3

TFE=TFEORE+TFECOKES-TFESLAG-TFEG

FE2=TFE-FE1

PFE1=FE1*PFE/TFE

PFE2=PFE-PFE1

COTOP=VTOP/22. 4%CO(TOP)*28

CO2TOP=VTOP/22. 4%C02(TOP)*44

H2TOP=VTOP/22. 4%2*H2 (TOP)

H20TOP=H20BLAST+ (H2COKES-H2TOP)*18/2
CCO=CGAS*CO(TOP)/(CO(TOP)+CO2(TOP) )
€C02=CGAS*CO2 (TOP)/ (CO{TOP)+CO2(TOP))
CO2=VBLAST*.21*121%2/22.4

CH20=H20BLAST*12! /18!
CSMPT=(SIPIG*2/28.09+MNPIG/54.9+PPIG*5/31! /2+TIPIG*2/47.9)*12
CSL=CGAS- (CO2+CH20+CSMPT)

HFE304=(3.881+(8.228-3.881)% (TTOP-400)/100)%1000/231.7
HFE203=(2.735+(5.75-2.735)* (TTOP-400)/100)*1000/159.8

" ;le

740 HTIO2=(1.423+(2.928-1.423)%(TTOP-400)/100)%1000/79.9

750 HS=(1.109+(2.047-1.109)%(TTOP-400)/100)%1000/32

760 HC=(.25+(.569-.25)%(TTOP-400)/100)*1000/12

770 CPCAO=(10%(TTOP-T0)+.00242% (TTOP"2-T0"2)+108000!*(1/TTOP-1/T0))/(TTOP-T0)/56
.1

780 CPSI02=(3.65%(TTOP-TO)+.012%(TTOP"2-T0"2))/(TTOP-T0)/60.09

790 CPAL203=(22.08%(TTOP-T0)+.5%.008971%(TTOP"2-T0"2)+522500!% (1/TTOP-1/T0))/(TT
OP-T0)/102!

800 CPMGO=(10.86% (TTOP-TO)+.5%.001197%(TTOP"2-T0"2)+208700!%(1/TTOP-1/T0))/(TTOP
-T0)/40.3

810 CPMNO=(7.43%(TTOP-T0)+.01038%.5% (TTOP"2-T0"2)+3.62E~-06%(1/TTOP-1/T0))/(TTOP-

T0)/70.9 ,
820 CPMO2B=(8.27%(TBLAST-TO)+.5%.000258% (TBLAST"2-T0"2)+187700!% (1/TBLAST-1/T0))
/ (TBLAST-TO)

830

CPMN2B=(6.5%(TBLAST-T0)+.5%.001%(TBLAST"2-T0"2) ) /{TBLAST-TO)
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840 CPMH20B=(8.22%(TBLAST-TO)+.5%. 00015*(TBLAST 2-T0"2)+1/3%1.34E-06%(TBLAST " 3-T
073))/(TBLAST~TO)

850 CPMCOT=(6.6%(TTOP-TO)+.5%.0012%(TTOP"2-T0"2))/(TTOP~TO)

860 CPMCO2T=(10.34%(TTOP-T0)+.5%.00274%(TTOP"2-T0"2)+195500!*(1/TTOP-1/T0))/(TTO
P-T0)

870 CPMN2T=(6.5%(TTOP-T0)+.5%.001%(TTOP"2-T0"2))/(TTOP-TO)

880 CPMH20T=(8.22%(TTOP-TO)+.5%.00015%(TTOP"2-T0"2)+1/3%1.34E-06%(TTOP"3-T0"3))/
(TTOP-TO)

890 CPMH2T=(6.62%(TTOP-TO)+.5%.00081%(TTOP"2-T0"2))/(TTOP-TO)

900 QFE304=GFE304*HFE304

910 QFE203=GFE203*HFE203

920 QTIO2=GTIO2*HTIO2

930 QC=GC*HC

940 QS=GS*HS

950 QCAO=GCAO*CPCAO* (TTOP-TO)

960 QSI02=GSI02%CPSI02%* (TTOP-TO)

970 QAL203=GAL203%CPAL203%* (TTOP-TO)

980 QMGO=GMGO*CPMGO* (TTOP-TO)

990 QMNO=GMNO*CPMNO* ( TTOP-TO)

1000 H20COKES=H20(C)/(1-H20(C) )*COKES

1010 7 skskskskskskskkskkkokkkkkgkrsokrkkkkhhkhkkkkkkdokdhkkkkkrhiohiorkokkkkkkk
1020 QA1=(CORE+CCOKES)/12%97

1030 QA2=H2COKES/2!%57.798

1040 QA3=(02BLAST/32*CPMO2B+N2BLAST/28*CPMN2B)* (TBLAST-T0)/1000

1050 QA4=H20BLAST/18*CPMH20B*(TBLAST-T0)/1000

1060 QA7=PFE2/55.9/2%196.2+PFE1/55.9/3%266.8

1070 QA8=SIPIG/28.09%208.55

1080 QA9=MNPIG/54.9%92.05

1090 QA10=PPIG/31!/2%*360

1100 QA11=TIPIG/47.9%225.75

1110 QA12=QPIG*1000

1120 QA13=SV*QSLAG

1130 QA14=(COTOP/28*xCPMCOT+CO2TOP/44*CPMCO2T+H2TOP/2%CPMH2T+N2TOP/28*%CPMN2T )% ( TT
OP-T0) /1000

1140 QA15=(QFE304+QFE203+QTI02+QC+QS+QCA0+QSI024+QAL203+QMGO+QMNO) /1000
1150 QA16=H20TOP/18%(513+CPMH20T* (TTOP-T0))/1000

1160 QA18=COTOP/28%67.591+H2TOP/2!%57.798

1170 QA19=H20COKES/18% (513+CPMH20T* (TTOP-TO0))/1000

1180 QA20=CG/12%97

1190 QA21=CPIG/12!%97

1200 QA23=ABS(WQ1*(TIN1-TOUT1)+WQ2*(TIN2-TOUT2))

1210 QA25=QA1+QA2+QA3+QA4-(QAT+QAS+QA9+QA10+QA11+QA12+QA13+QA14+QA15+QA16+QA18+Q
A19+QA20+QA21+QA23)

1220 7 kkskskskosksksksksdokskoksksksdoksdkskskskkkk ok skokkok ko kokeskokkkk kK ok ko

1230 QB1=CCO/12!%29.409+CC02/12!%97

1240 QB17=(H2TOP-H2COKES)/2!%57.798

1950 ?kkkkkkkkkkkkkgkkkkk kKK kkkokokokokokokskokskokok kR kKKK

1260 QC1=C02/12!%29.409

1270 QC5=PFE2/55.9/2%6.573+PFE1/55.9/3%3.564

1280 QC8=SIPIG/28.09%150.732

1290 QC9=MNPIG/54.9%62.641

1300 QC10=PPIG/31!/2%212.955

1310 QC11=TIPIG/47.9%166.932

1320 QC17=H20BLAST/18!%28.389

1330 QC22=CSL/12!%38.182

1340 QC24=H20TOP/18!%9.793

1350 QC25=(QC1+QA3+QA4+QC5)- (QCS+Q09+Q010+QC11+QA12+QA13+QA14+QA15+QA16+QA19+Q01
7+QC22+QA23+QC24 )

1360 * kskskskskokskskskokskskskkskskskoskskorakokskokkoskokokkokkodokokskok ok kK sk ok sk skosk sk

1370 LPRINT "QAl= ";QAl

1380 LPRINT "QA2= ";QA2

1390 LPRINT "QA3= ";QA3

1400 LPRINT "QA4= ";QA4



1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690

LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
END

“QA']: ";QAI?

"QA8= ";QA8

"QAQZ ";QAQ

"QA10= ";QA10
"QAll= ";QA1l
"QA12= ";QA12
"QA13= ";QA13
"QAl4= ";QA14
"QA15= ";QAl5 .
"QA16= ";QA16
"QA18= ";QA18
"QA19= ";QA19
"QA20= ";QA20
"QA21= ";QA21
"QA23= ";QA23
"QA25= ";QA25
"QB1= ";QB1

"QB17= ";QB17
"QC].: ";QC].

"QC5 = ";QC5

"QCS - ";QC8

"QCQ - n;ch

"QC10= ";QC10
"chlz ";chl
"QC17= ";QC17
"QC22= ";QC22
"QC24= ";QC24
"QC25= ";QC25
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