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Development of Pulverized Coal Burner
with Intense Mixing Coal/Blast under Large Gas Velocity
in Blast Furnace Tuyere
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Synopsis:

Improvement in the combustion efficiency of pulverized coal (PC) is required to secure good permeability and stable
operation in blast furnaces at high PC injection rales. Model simulations and combustion tests in a packed bed were
carried oul 1o develop a high-turbulence burner with intense mixing of pulverized coal flow and hot blast. Simulations of
the PC flow in the tuyere indicated thal expansion of the outer diameter of the injection burncer would enhance the
dispersion and heating of the pulverized coal at the downstream of the burner. Combustion lests in a furnace with a coke
bed then showed that combustion efficiency was improved by approximately 10% with the high-lurbulence burner.
Temperature measurements and gas sampling were carried out to examine the effectivencss of the high-turbulence
burner at a tuyere of Chiba Works No. 5 blasl furnace. The temperature drop in the main coal stream decreased by 100 K
with the highturbulence burner due to effective mixing of the coal and hot blast. A carbon dioxide concentration of 0.06%
was also detected, suggesting fast ignition. Measurements confirmed that better dispersion and faster ignition were
obtained with the high-turbulence burner.
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Fig. 1 Burner geometry for large dispersien of pulverized coal
particles
Table 1 Simulation condition of pulverized coal combustion
“Blast tempcralal:e ' (K) L ,,7 1556 ‘
i _Bla_s_t‘vo_i_ume (Nm’/s) 2.0/[1127_6_‘_&' o
Blast pressure . MPy | 0.35
~ PC rate (kg/t) 200

Table 2 Effect of burner geometry on the combuston efficicncy

Burner Combustion cfficicncey (%%)
Conventional burner 86.8 -
Swirl burner g T
Cone burner i & B

" High-turbulence burner ] P ss 7 B
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Table 3 Simulation condition of pulverized coal dispersion

~ Blast te lemperdtur( () 7- U
B]dst volume __{Nm¥/s) 2.5/tuyere
" Blast pressure (MPa) 035 o
" Blast rate (Nm*/1} o 1050 -
“PC rale L (kg_/_l,__){ 1 o
Inj((llUﬂ gas flow rate  (Nm*/s) 0er
_ Tuyere diameter _(mun S 1
Juyere ~
. 1027K
Burner 827K
D e
()} Temperature distribution
Tuyerw, 3

{b) Particle trajectory

Fig. 4 Temperatare and trajectories of pulverized coal particles
in tuyere in the case of conventional burner
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Fig. 5 Temperature and trajectories of pulverized coal particles
in tuyere in the case of turbulent burner
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Fig. 6 Effect of burner diameter on pulverized coal ignition in
tuyere
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Fig. 7 Effect of burner wall thickness on pulverized coal ignition
in tuyere
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5  Chemical compositions of pulverized coal injected in tuyere

(mass %. dry base)

" Ultimate Kana.lysis i Prb;i’mait;analys'is o Ash dndl\ sis
C H 0 VM FC Ash %10, ‘ _____C_(EO f-Fe _ALO,
~ Qoal | 70O 1.52 '9.2 '34.2 ) 5_6.(] _ ] 98 4‘36 {11 725 20.0
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Table 6  Gas composition in tuyere

0, (%) N, (/0) CQ, (ppm) CO (ppmy) H, (])pm) C,Hy {(ppm) CH, (ppm) i CH, (ppm)
21.3 774 ! 29 =21 <1 <1 =1 <]
Table 7 Chemical compositions of pulverized coal in tuyere
— N - e _ _ (mass %, dry base)
Ultimate analysis | ~_ Proximate analysis o Ash analysis -
) c o O VM | FC_ | Ash | S0, T €Ca0 t-Fe | AL,
Coal 1740 45 i M2 56.0 06 a6 1l 725 200
Coke | 837 | 328 | 96 281 52.8 TN R AR Y 608 | 264
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Fig. 11 Combuslion efficiency of pulverized coal with conven-

tional and turbulent burner
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Fig. 12 Temperature and pulverized coal concentration distribu-
tion in tuyere
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Iig. 13 Comparison of PC rate between conventional and high-
turbulence burner
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