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Improvements on Calculation Model of Theoretical Combustion
Temperature in the Tuyere Raceway of BF
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Abstract; Based on the original modified model for -calculating theoretical combustion
temperature (7;), the calculation methods for the combustion efficiency of pulverized coal, the
decomposition heat of pulverized coal and the heat consumption of SiO, in ash which was reduced
at high temperature, were modified and improved in order to propose a more comprehensive model
for calculating 7. The effects of oxygen enrichment rate, blast temperature, blast humidity and
coal rate on 7T, were analyzed and compared among the traditional model, the original modified
model and the present parameters model under different blast respectively. The results showed that
compared with the traditional model and original modified model, the calculation value of 7} using
the present model under different blast parameters tends to be flatter and the thermal state of hearth
is relatively stable. Actually, according to two kinds of smooth operation conditions existing in the
practical production which are “high oxygen enrichment rate, low coal injection rate” and “low
oxygen enrichment rate, high coal injection rate” with suitable T}, it was verified that this model
could appropriately reflect the actual thermal state of hearth in blast furnace(BF).

Key words: theoretical combustion temperature in BF; hearth; calculation model; combustion
ratio of PCI; PCI decomposition
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Fig. 1 Schematic diagram for calculating decomposition
heat value of pulverized coal based on law of
Hess
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Table 1 Compositions of coal and coke in blast furnace
in model calculation ( mass fraction) %
ZFR % C Koy . Yix Ry
jos 75. 86 1.87 9. 06 13.21
IR 84.27 0. 00 14. 42 1. 31

T BB AN DR KA oF ST - w (810, ) =51.64%
w(ALO;) =41.22% ,w(Ca0) =4.71% ,w(MgO) =2.43% , 1
Wy SRR RISy w (C) =25.76% ,w(H) =28.28% ,
w(0) =16.77% ,w(N +8) =29.19% .
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Table 2 Relevant operating parameters of blast furnace in model calculation

BOAEY/ (' min ') BXIREE/ (gem ) SRR/ C AR/ % L/ (kg-t™)
6 800 11.2 1252 3.52 294

A/ (m’ min ™) BEBITILRE (kg-min ™) MR/ C WL/ (kg-t™") HAURE/C
102.2 1435 193.8 76
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Fig. 2 Influence of oxygen enrichment rate on T;
in different models
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Fig. 3 Influence of blast temperature on T,
in different models
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Fig. 4 Influence of blast humidity on T; in
different models
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Fig. 5 Influence of coal rate on T; in different models

FT LA T, BRI 45 2R LK A5 T
TEFE I XF Tp E A 82 W e, 20 A7 45 00, BERE LE i
170 kg/t 34K F 220 kg/t 1y # v, 2 S SORA
IABE R A RRAR , EUR 5 IR I B RUAH LE , A A
PeRHIFEIE AL/, HAEAYERF1E 70% DL, Bk
BB 5 4, AR T KA [ ie X B R it A
HINRE R (38 KA M AR R IE ARG 1Y T, i
JE B T, 3t A ) XU T [ DX P A WA Y
S, DR, A B AL G T e TR R, AR
PEAUI) T, AR R A2

L5 BRTIR BT AR AT 45 R vl i, A L
ARG I i Ak ARSI | A B v o 45 R 5
JRGHELIEE S IR J3E 2L R A B 25 S R 58 2 Mokt
T, {ELR RE MR BE AR X5 , B AR BE IR 5 1) A2 1k
R RS T 22 T S B AR 7™ Hh e AR R 6%
IS fe AP AT B BT KA L J3E o v R S ) R
SRR B LR I 220 ke - ¢ LA
TEHRBEL R i AR A Y TR, X — B BAE —
FERE_F T WAL B S A 0 S WA (G 52 P etk
PO NI SN TE L (e S AN R ) S T S
SR T IR R B R R AR, 22 4E T
WK A 7 R R

3 4k 1w

1) BTEA T, iy B IE M oe 8 11
B RRBESAE IR I3 it FA L B 53 38 D R A A S
SN SR, A P ST R B R A A TR
TURVREAR 0 it B IEAR T R 55 % 18 T K g
Si0, HyIRJEAEIA, SRt T BN Ay T TR,

2) fEHE AR B SR DL R
WSO T A LB AE SRR L R T it
PR AR R T, SRR, B s b i),
S AP ST A BCIR A BN RRE L X5 SR PR e A

% 36 %
17 B0 ST 3
S 3k

[1] Abdel HK S, Andronov V N, Nasr M 1. Blast furnace
operation with natural gas injection and minimum theoretical
flame temperature [ J]. Ironmaking and Steelmaking ,2009 ,
36(1) .12 -19.

(2] SRMER, AL, BRME, 55, b BEe MR B L BE i3 [ 7).

AR BT KR4 41,2008 ,30(12) 1432 - 1436.
(Wu Sheng-li, Yu Xiao-bo, Chen Hui, et al. Calculation of
theoretical flame temperature in a blast furnace [ J]. Journal
of University of Science and Technology Beijing, 2008, 30
(12) :1432 - 1436. )

(3] SRMER, B, AIGEIE, 55, o b BELE RRpe I BE 3 S A BT 50
[J]. 98,2008 ,43(9) .16 - 19.

(Wu Sheng-li, Chen Hui, Yu Xiao-bo, et al. Study on
calculation of theoretical combustion temperature of BF [J].
Iron and Steel ,2008 ,43(9) :16 - 19.)

[4] Ohno Y,Furukawa T,Matsu-ura M. Combustion behavior of
pulverized coal in a raceway cavity of blast furnace and its
application to a large amount injection [ J ]. ISIJ
International ,1994 ,34(8) .641 —648.

[5] SKEER,BHRE, SR, 55 w5 B #0040 fif S

SERIH L] AL R R 244 4, 2001, 23 (4) 308 -
314.
(Zhang Jian-liang, Yang Tian-jun, Gao Zheng-kai, et al. A
new method to determine the decomposition heat of coal
during PCI for BF [ J]. Journal of University of Science and
Technology Beijing ,2001,23(4) :308 -314.)

[6] Douglas L S,Philip J S. Coal combustion and gasification
[M]. New York:Plenum Press, 1985124 —125.

[7] GuoHW,Su B X, Zhang J L, et al. Extracting the core
indicators of pulverized coal for blast furnace injection based
on principal component analysis [ J]. International Journal of
Minerals ,Metallurgy , and Materials,2013,20 (3) 246 -
251.

[ 8] Sushil G, Veena S, Yaser A, et al. Influence of carbon
structure and mineral association of coals on their combustion
characteristics for pulverized coal injection (PCI) application
[J]. Metallurgical and Materials Transactions B, 2006 ,37
(3):457 -463.

[ 9] Ishii K. Advanced pulverized coal injection technology [ M ].
Eastbourne ; Antony Rowe Ltd,2000:45 -50.

[10] Biswas A K. Principles of blast furnace ironmaking: theory
and practice [ M |. Brisbane ; Cootha, 1981 ;234 —-242.

[11] Nobuo T, Masanori T, Masayasu O. The transfer of silicon
from the gas phase to molten iron in the blast furnace [J].
Metallurgical and Materials Transactions B,1976,7 (3) .
315 -320.

[12] Wu K,Ding R C,Han Q, et al. Research on unconsumed fine
coke and pulverized coal of BF dust under different PCI rates
in BF at Capital Steel Co. [ J]. ISIJ International ,2010 ,50
(3):390 -395.



