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On the Carbon and Heat Consumption in Blast Furnace.

(Studies on carbon and heat consumption in blast furnace—I)

Takeo Yatsuzuka, Jun

Synopsis:

Sawamura, Susumu Ot@ and Takahire Fukuda

.The consumptlon of carbon and the heat in an operating blast furnace const1tutes a basic

factor for a theoretical evaluation of the pig-iron manufacturing operation,

the material consumption.

together with

This report gives the result of studying how the carbon consumption is performed in each
part of a blast furnace, how the calory thus generated is distributed and to what extent the

calory consumption of charged materials will amount,

referring also to the application of

those results to the blast furnace operation based on the studies from both theoretical and

practical aspects.
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Tabie 1. Calculation method of carbon balance.
No Item Calculation mothod
i Coke rate (kg /t-pig) Coke ratex 1,000
2 Carbon rate « 7 ) (1) xFixed carbon in cokeXx1/100
3 : Carbon into flue dust « 7 ) ¢ C% in flue dustx flue dust (kg /t-pig)
4 + Carbon into blast furnace ( ” ) (2)—(3)
5 | Blast volume (Nm?3/t-pig) |
6 i Combustion C by O at the tuyere (kg /t-pig) ¢ 0°225X (5)
7 | H.O in blast (g H;O/Nm3) |
g8 i Combustion C by H:O (kg /t-pig) | (5) X (7) X0+007
9 Total combustion C at the tuyere ( v o) (6)+(8)
10 | C into pig iron ( 7 ) C% in pig ironXx10
i1 C for reduction of P:0; ( 7 ) P% in pig ironXx 9687
12 ” SiQO, ( ” ) Si% in p1g iron X 8544
23 ” MnO ( g ) Mn% in pig ironx2- 185,
14 C for reduction of P:0s5,Si0O2,MnO ( 4 ) a4+ Q2)y+(13)
15 Combustion C in blast furnace ( “ ) (4)—0)
16 Combustion C upper the tuyere ( 4 ) (15)—(9)
17 C as solution loss 4 ) (16)— (14)
. . Furnace-top gas volume (Nm3/t-pig) X CO:%
o 3 - -
18 O: in CO; of top gas (Nm?/t-pig) in furnace top gasx1/100
Pl A . .
19 O, in CO, from lime stone ( ” ) C(%Qk/;‘ /1tr}p%1gr§1e stone X 22°4/44 xlime ratio
20 Q. corried away by indirect reduction ( 7 ) {(1e—(19)}/2
21 | ” direct reduction ( 7 )| (16)x0°9333
22 | Indirect reduction ( % ) £(20)/(20) + (21)} X 100
23 Direct reduction ( % ) {(21)/(20)+(21)} x 100
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Table 2. Formula for calculating the volume and chemical composmons of blast-
furnace gases from C' balance.
Bosh gas Upper bosh gas Shaft gas Furnace-top gas
- 1
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Fig. 5. Mechanism of heat balance based on
the 1st method.
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Table 3. Comparison of various methods for heat balance

: i st method ! 2 nd method 3 rd method
- . (a+b+ct+d+e+l) a; X 8, 100+a2Xx 2,430
Total heat input X8, 100+ Qq 2 430(b+d-+e) + Qo ax2,430+ (a1 +e)qs+ Qo

2 X 2,430+ (a;+e)gs—d X qo'
~ —eX3,240—b X 2,390+ 4Qq!

Radiation loss

ax 2,430+ (a;+e)qs—d X qs'
—ex3,240—bx 2,390+ 4Qy

ax2,430+ (a;+e)gz—d Xqq'
—eX3,240—bX 2,390+ 4Q,
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Table 4. Calculation method of heat balance.
No. | Item Calculation method
(1) | Calorific heat of C burnt by O, before the tuyere] Blast ’Qolume (Nms3/t-pig) X0°225X2, 430
(2) | Reduction heat of iron oxide Total Fe in charge(kg /t-pig) X437
(3) |Sensible heat of the blast 'Blast volume X blast temp. (°C) xXspecific heat
(4) | Sensible heat of moisture in blast Blast volume X H;O(g/Nms?) X Blast tgmp.
. Total charge(kg/t.pig) X mean specific heat
{5) | Sensible heat of charge X mean temp. (°C)
{6) | Heat of slag formation . Slag volume (kg/t-pig) X140 .
(7) | Sensible heat of moisture in charges | H2O in charge(kg/t-pig) X mean temp,
Total heat input
(1)" | Reduction heat of MnO C for reduction of MnO (kg /t-pig) X5, 742
)’ p of SiO, N 7 of SiO; (kg /t-pig) X 6,333
{3)' 4 of P20; v 4 of P-O; (kg /t-pig) X 3,673
{4)" | Solution loss - C as solution loss(k(k/g /t-pig) X 37240
, L ces { Lime stone ratio (kg /t-pig) x Ca0% in lime
{5)' | Heat of lime-stone decomposition stone X 760,100
{6)' | Sensible heat of molten pig Temp. of m(()lter> pig(%) X021 X 1,000
Slag volume(kg /t-pig) Xtemp. of molten
1 /.
{7) ) 4 of molten slag slag(°C) X 0°287
(8)" | Heat of decomposition of moisture in blast Combustion C by H:0 in blast (kg /t-pig) X2, 390
, . . H;O in charge(kg /t-pig) Xtop gas temp. (°C)
(9)' | Enthalpy of steam in the furnace top gas xEnthalpy of that temp. .
' . Top gas volume(Nm3/t.pig) X top gas temp.
{10)" | Sensible heat of furnace top gas X specific heat '-
. . Cooling water volume(kg/t-pig)
{11)" | Heat brought away by cooling water X (waste water temp.-supply water temp.)
(12)'" | Sensible heat of flue dust Flue dust(kg/t-pig) X0*18Xtop gas temp.
Total heat output ’
radiation loss Heat input-heat output
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(1) $hekhiciEm s oRER

Pegkrh Fe% % 100/1°07%, kb C% % 4°4% &
T5& ’

Pt bRERIT

(& FE#ldh Fe%) X 1°07xX4°4/100
(2) Si,Mn,P oEkETAC
H) Si0;+2C=Si+2CO DFJET Si MBI nek
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VIS TR, LOBEEFO Si% & 0°5% 75 L
(£ 58 Fe%) X1°07X0°5X1/100X24°00/28°09
E LD B LE[RFIR Fe% X 000457
(@ Mn I DoWTERERFS Mn%
YDrTHE
(B8 Mn%) X 0762 X 12+00/54°93
= (4B Mn%) X0°1355
Y PizowTix
(4 EFith P %) X 60°00/61°94
= (& B P %) X 0°9687
L7532 Si, Mn, P @THCIE
(#F#h Fe%) X 0100457+ (£ 5+ Mn%)
X 0°1355+ (&Rt P 96) X 0°9687
(3) Fe oEEETAC(VVv— g2 -8 2DC)
£ BB OB LSO IR E WiE M T TR £ & il
FHT ERTER. L LERMbEkOETTEVIER LERD
Fic XD, TOERKBIVNEVSOTH DR L, T
BERE B bk DT 2 E L, TR XD GETICE T
5CE, MAZELEZITHETS. .
£ Ffith 0% metalic Fe, FeO, Fe0; - FesOy
(FeO+Fe03) L{RETHE
EEETCHERAEN5CI
{(FERh FeO%) X 12/71°85+ (Fex03%)
X 36/159°70} X4p. R
ZZT yp-r WEEETETH S o BEE LR
HAME A DHBCOEHETH T LR TH . B
DEMERAVD E 7p.r VX 30°0% TH 5. '
(4) EERFREEEHRRE
T THEERZEIVHS OROED X S BEKREF DT
Wb, bbb, FRTHERINLRFCIZILTSD
L OEELLIEWR D EBH D, BELETDHLOELT
BEIZADC, ¥R FRIEASCARHD.  F2 FRITA
% CRTHR BT 5 0 THEREEGRLRVW DO EL
T, SETERZRERTIALEY. fiLT2d 00
T Si, Mn, P RTACEHF AMDOC (CO) TR,
BEikpE T < T binyv. i bekoBEEETH
C(VW—VEV'UX®C)%ﬁZ¢®CTMK<@
o CRIERT B2 LT/ D, T OBERTREMERE
REEE ()+@)+3) k5B,
(5) @ibgkofEETAC
Mg R B CRPAETRIELAZCO XD BB DT
B Y EHORERERER L LT (4) OREHRER
ERE L CORMEETAREEZMATCDDOTHS.
FEmTTE % 7/.=100—p.r & 5 & ZORIEE

DBEF DA 620

FERACE
{(FEih Fe09,) X 12/71°85+ (Fe:03)
X36/159°70} X77. R
2D,
(6) REFERFZR
(6)=(4)+(5)
PhbETEF AR O RKAERERIVRE Zh,
NIEESVWTRHEAESREXHET 5.
EE AR O R R PR EEE
(7) Si, Mn, P Oi&5TEA
«) Si oETTEL: %k Si% 0°5% T HnO
FREREZE R (Bl Fe%) X0°00457 L7z DTRIT
T 6,333 X0°00457 X (Fe%) o
@ Mn oEIcH: FREREER (Mn%) X0°1355
YEICET 5,742%x 01355 X (Mn%)
Y PoOETE:  FRERZEIE (P%)Xx0°9687
EIEBENG 3,673X079687 X ( P %)
L72232C Si, Mn, P 0358z .
289 % (Fe%) +778°0X (Mn%) + 3,558 X (P %)
(8) Viw—vzr- aADEE
C+C0,=2C0=3'240 keal/kg -C TH B & Vi
U ADENE 3240 (3) LigB.
() CaCOy Doy fiFEA .
CaCO;y=Ca0+ CO:— 760 kcal/ kg -CaO
S fEE I CaO(kg/100kg 3 A M) X 760
(10) Vet DBAZL _
WESRIRE X b3k (0°21) keal/kg-pig Th b5

0

.—-:‘/a“/.

RSN

YSEEIRLRE X Hegh (0°21) X FUkish Fe%

(11) TS

YEIEIEEE X HEBR (0°287) X 4 FORgkised: &

kg /100 kg 2 A1)

(12)  EAM ORI TEFEEN

K5y (kg /100kg 3 AM) X MR T DRI
T ORI h DT Hh 5 LIFTHIRE IR —E
LU (200°C) 3ERBUE 620keal kL7, LipsoT
K% (kg /100kg 3EA4)) X620

(13) REBBHEE

ZOfiEh & LT

) JFTEN AR O bR B

@ JFIEHA A OFEZA

¢y EBEARIES D5 R

O BHKOEbLELEE

@ # A AR (
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7 E5d B BRI ORI X DT H ARG 02 ke
E7TINNT, HABITEZELERRVD S, o) @ IR
BT BT 28ig Tk <, a3 -7 2ef4ET5d
DTHY, O @ N BFCNBETIEEXRTHL» L,
INLIEIEFR OFTEREICIIZD L.

L7t D TR O SEEREE 1T
(13)=(7)+(8)+(92)+(10)+(11) &is5.

B AR O A B

lﬁ&bf@&k%@éﬁﬁ SILEAE R,

T EHSD D,

(14) #EILE (Fe:03)
Fex0;+3CO0=2Fe+3C0.+71 kcal/kg-Fe
(Fes0:%) x 71 % (Fe D% T8 /Fe:0s OHFFB)

= (Feg03%) X 50

(18) @juEL (FeO)

FeO+ CO=Fe+ CO.+24 kcal/ kg -Fe

L7zp3DT FeO 7 b D@l
(Fe0%) x24% (Fe O4%4 F5/FeO Doy F&)

= (FeO%) x 19
SIS AR
PLiEE pk i (kg /100kg 32 A ) X 140

He A I THER '

1WX$wﬁmPChd%M0w)

I

- (16)

(17)

(18) AZhHER
(14) + (15) + (16) + (17)

EIFLE A BV 100ke % 0 OFFESER

(19) FRERUARFZEOFEEFR \

LAFERZE L5E, b L ZoEBoEms#E T
VETI S5 TIABE L REI L 72 8L E 23 R o BN D 7 30 S
FEBERREZECELITIES T LITED, X DTIo
XTRULT DROREREZETELD L. L2 TC

DIRFZOREEG 2,430X (4) 2[R OFRERERICE
REE B
(20) 1§ 100kg ¥ b OFFEELE

Ll >CEE 100kg ¥ 0 M BB (13)+(19)
Linh, AEOL (18) R EB|W{(13)+(19)—(18)} .
X (100—Hz0%) /100 1T (12) D7k%D 3K 5 Bh & hox fe.

{(13)+ (19) — (18)} x (100—H:0%)
: 100

+ (H:0%) X 620

23 100kg Y » OFFEEE L7185,

. Table 51Tl LAY 100kg ) OFFEEE @.,Jr

BERAEBET LERINPTVWIOLE LD T .
Z OFFESAEVIIRERSIT OIS, {LEHKS XU

ek IER, RSRASERL & TESH T.Fe 60% #i

%Iz 100kg ¥ 9 60, 000~70,000 keal DEE A LI

LT 5.

BRBGFA T ZOFREFEDFH, EHLETE2HT

Hedty3 4 Bk X 0 %585 25, ?%@ZFusf% \\%#ﬁ%m%b SFREBEOT 7 v 5 v E I HE

HDT g_ﬂ’bz)fﬁb\?:.

Table 5.

U7 S RERBHIREF WD TV 5.

The method of calculation of the blast consumption required for burden per 100kg.

No. | Item || ‘Calculation method for basic pig iron

1 Carbon in pig iron 0°04708 %X (Fe%)

0, ()

2 C for reduction of SiOz, MnO, P;0; 0 2?[(}51373/( )(Feﬁ’)_FO 1355 (Mn%) +0°9687

3 C for direct reduction of iron oxide {0167 X (FeO%) +0°225(Fe;03%)} X7p.r

4 Minimum solid corbon consumption (D+ @)+ (3)

5 | C for indirect reduction of iron oxide {0167 x (FeO%)+0* 225(Fe203%)} X9r-R

6 Minimum carbon consumption (4)+ (5)

7 Reduction heat of SiO; MnO and P.0; 1289 X% (Fe%)+778"0X (Mn%) + 3, 558* 0 X (P%)
8 | Heat of solution loss - £3,240% (3)

9 Heat of lime-stone decomposition 760XCaO(kg/lOOkg burden)

10 | Sensible heat of molten pig Temp. of molten plg(°OC) X 0°2247 X (Fe%)

11 |Sensible heat of molten slag | Temp. of molten slag(°C) x0°287 X slag weight

12 | Evaporation heat of HpO in the charge
13 | Minimum heat consumption

14 | Indirect reduction heat of iron oxide (Feq0;)

15 7 7
16 | Heat of slag formation

17 | Sensible heat of the charge
Heat supplied by burden

19 | Calorific heat of solid carbon

20 | Heat requirement of burden per 100kg

(FeO)

[
(o]

(kg /100kg burden)
H>O(kg/100kg burden) X 620
(7)+ (8)+(9) + (10) + (11)
50 X (Fea03%)
19X (FeO%)
140 slag weight( kg /100 kg burden)
18X mean temp. (°C)
(14) + (15) + (16) + (17)
2,430x(4)
{(13) + (19) — (18)} X (100— H;0) /100+ (H:0%)
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On the Sulphurization of Cast Iron at High Temperatures.

Synopsis:

Hiroshi Nakai

Experiments on the sulphurization of cast iron in HoS gas current at high temperatures
‘were conducted and the following results were obtained.

(1)

product,
-silicon did a little.
(2)

formula was obtained:

W2=1°15% 10"%

The sulphurization product of cast iron was composed of pyrrhotite Fe,_;S and pyrite
FeS:, which ‘were the same as those of iron and steel.
carbon and phosphor didn’t diffuse,

In the outer layer of sulphurization

on the contrary manganese diffused freely,
The sulphurization rate was controlled by the parabolic rate law, and the following

W: sulphurization rate, g/cm?
t : sulphurization time, s

(3) Between the sulphurization rate and temperature, the exponent1a1 law was found

‘and the following formula was obtained.

K: sulphurization rate constant, (g/cm°)2/s )

K=10"2.2—33500/RT R:

gas constant

. T: sulphurization temperature, °K
(4) The structure of cast iron did not affect the sulphurization rate.
(5) Carbon expedited the sulphurization rate of cast iron, on the contrary s111con and

manganese did not expedite it.
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