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This invention relates to an improved method and 
u ' apparatus for preparing powdered coal for injection into a 

blast furnace.  « 

l The most common practice in operating a blast furnac 
is to supply all the necessary fuel in the form of coke 
charged with the burden. However, it is known that part 
of the coke usually required can be replaced with fuel in 
jected with the blast at the tuyeres. This fuel can be 
either solid (e.g., powdered coal), liquid or gaseous, and 
its combustion supplies at least part of the heat required 
to operate the furnace. Coke charged with the burden 
has other functions, such as furnishing carbon for reduc 
in-g ore and physically supporting the burden. Fuel in 
jected at the tuyeres cannot serve such purposes, but any 
replacement of the more costly coke with cheaper fuels 
leads to worthwhile savings. When powdered coal is' used 
as the injected fuel, it must íirstlbe carefully prepared by 
drying and sizing. 
An object of the present invention is to provide an 

improved method and apparatus for drying and sizing 
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powdered coal >to enable it to be injected into the tuyeres ' 
of a blast furnace as replacement for coke. 
A further object is t-o provide an improved method and i 

apparatus for preparing powdered coal in which sensible 
heat in the top gas from a blast furnace is utilized for 
drying the coal in a fluidized bed. 
A further object is to provide a method and apparatus 

which offer the foregoing advantages, and in which the 
gas used for drying the coal subsequently is cleaned and 
u-sed for injecting the coal into the furnace. 

In the drawing: ’ 
The single figure is a schematic flowsheet of my method 

and apparatus. 
My apparatus includes a conventional fluidized bed 

dryer 10 whi-ch contains a perforate partition 12 in its 
lower portion for supporting a bed B ofrninus 1/2 inch 

` or smaller coal particles. A screw conveyor 13 continu 
ously feeds coal fines to the dryer from a storage bin 14. 
In accordance with my invention, I introduce -top gas 
from a blast furnace (not shown) via a line 15 to the 
bottom of the dryer, where the gas acts to fluidize the 
bed. This gas commonly is at a temperature within the 
range of about 350 to 600 F. and a pressure of about 
2 to 30 p.s.i.g. Sensible heat in the gas serves to main 
tain coal in the bed at a temperature of about 250 to 350 
F. and thus dri-ves off moisture, leaving the coal with a 
maximum moisture content of about 4 percent. y I prefer 
ably control the temperature automatically with a tem 
perature-sensing element 16 in the dryer, a controller 17 
connected to said element and an adju-stable valve 18 
which is connected to line 15 and operated by said con 
troller, all which per se are of conventional construction. 
Valve 18 routes excess top gas through a bypass 19. 
Alternatively, I can measure the bed temperature and ad 
just valve 18 manually. 

Dried coal discharges from bed B via a line 20 which 
leads‘to a fractionating screen 21. Preferably line 20 is 
equipped with an automatic mechanism 22 for controlling 
the bed level in the dryer, as known in the art. Screen 
21 has openings of a size to pass particles suit-able for 
injection into the furnace, commonly minus 1A; inch or 
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minus 1/16 inch. Undersize particles from the screen go 
to a storage vessel 23. Oversize particles from the screen 
go to a pulverizer 24 and thence back to the screen in a 
closed circuit arrangement. Contaminated and moisture 
laden olf-gas discharges from the top of the dryer via 
a line 25 which leads to a dust collector 26, for example a 
cyclone. A line 27 carries dust recovered from the gas 
in the dust collector to screen 21, where it joins the dried 
coal from line 20. 
Gas from the dust collector 26 and from the bypass 19 

goes to a conventional venturi scrubber 28 to which Water 
is introduced via a line 29. The scrubber is connected to 
a conventional entrainment separator 30. Waste slurry 
from the separator goes to a thickener (not shown), while 
the gas goes to a cooler 31 where it is cooled to a tem 
perature of about 100 F. A line 32, which contains a 
conventional automatic flow controller 33, carries a por 
tion of the gas from the cooler to a compressor V34, where 
it is compressed -to approximately 150 p.s.~i.g. A line 35 
carries the remainder of the gas from the cooler to blast 
furnace stoves (not shown) or other equipment where the 
gas is consumed in the usual way. _ A line 36, which 
contains a conventional automatic pressure regulator 37, 
carries gas from the compressor 34 to a conventional gas 
dryer 38, where it is dried to a dew point of about 0 to v 
20 F. VA line 39 carries gas from the dryer 38 to a gas 
holder 40. A line 41 carries gas from the holder 40 to 
the coal storage vessel 23. Gas in the last-named line 
picks up dried powdered coal from the vessel and trans 
ports it to the blast furnace tuyeres (not shown) where it 
is injected into the furnace. In this manner the hydrogen 
«and carbon monoxide remaining in the top gas likewise 
`are utilized effectively in the fu-rnace. I use approximate 
ly 1/2 to 3 cu. ft. of gas for injecting each pound of coal. 
My invention may be modified by heating the com 

pressed and dried gas from the dryer 38 to a temperature 
up to about 800 F. to eliminate excessiveheat load on the 
blast furnace. In addition, the compressed top gas can 
be purified by any conventional method to eliminate car 
bon dioxide. 'The removal of carbon dioxide improves 
the efficiency of the blast furnace, because carbon is re 
quired to reduce the carbon dioxide to carbon monoxide. 
«The drawing schematically indicates lconventional devices 
42 and 43 for preheating the gas and removing carbon 
dioxide. Also, conventionally compressed and dried air 

' instead of blast-furnace top gas may be used to convey the 
coal particles to the blast furnace. 
A specific example of the practice of my invention is 

as follows: 
I operated a blast furnace having a 23-ft. hearth vdi 

ameter with a hot blast at 65,000 cu. ft./_min` having a tern 
perature of approximately 1650 F. vI produced approxi 
mately 1600 tons/day of hot metal with a coke rate of 
approximately 1260 lb./THM. During this operation, I 
obtained approximately 90,000 cu. ft./min. of top gas at 
a pressure of approximately 9 p.s.i.g. I used minus 1/z-in. 
Maple Creek coal for injection, and dried this coal from a 
10 percent to a 3 percent moisture content at a rate of 10 
tons/ hr. in a fluidized-bed dryer. I maintained the drying 
atmosphere at 250 F. by regulating the amount of top 
gas introduced to the dryer. The top gas leaving the blast 
furnace was at a temperature of 410 F. I controlled the 
gas flow to the dryer so that approximately 17,500 cu. ft./ 
min. of top gas passed through it. The remainder of the 
top gas bypassed the dryer and combined with the 
moisture-ladened top gas leaving the cyclone. I took ap 
proximately 400 cu. ft./min. of this top gas, compressed 
it to approximately 100 p.s.i.g., and then dried it in a 
conventional silica-gel dryer to a dew point of 10 F. I 
used this gas to inject 9.28 ton's/ hr. of dried and pulverized 
coal into the blast furnace.  '  
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The advantages of my Ámethod are apparent from the 
above description of the operation. By using the blast 
furnace top gas as the drying medium, the need for an 
external heat source is eliminated. Also, additional equip 
ment is not required to clean the gas leaving the dryer, 
since it may be combined With the top gas bypassing the 
dryer and thus processed by the equipment conventional 
to blast-furnace installations. The explosion hazard usual 
ly associated with storing dried and pulverized coal is 
eliminated by employing an atmosphere of top gas in the 
coal-storage vessels. In addition, the gas used for injec 
tion is compatible with the blast-furnace process. 

While I have shown and described only a single em 
bodiment of my invention, it is apparent that modifica 
tions may arise. Therefore, I do not wish to be limited 
to the disclosure set forth but only by the scope of the 
appended claims. ' 

I claim: 
1. A method of preparing coal for injection into the 

tuyeres of a blast furnace comprising feeding coal íines to 
a fluidized bed dryer, introducing top gas from a blast 
furnace to the dryer to iiuidize the coal fines, utilizingy 
sensible heat in this gas to drive moisture from the coal, 
discharging dried coal from the dryer, screen-sizing the 
dried coal to separate out undersize coal particles having a 
maximum size of about lÁs-in. and suitable for injection, 
pulverizing the oversize coal particles for further screen 
sizing, cleaning, compressing and drying the oit-gas from 
the dryer, and utilizing this olf-gas for injecting the under 
size particles. 

2. A method of preparing coal for injection into the 
tuyeres of a blast furnace comprising feeding coal iines to 
a iluidized bed dryer, introducing top gas from a blast 
furnace to the dryer to lluidize the coal lines, said gas 
being at a temperature of about 350 to 600 F. and a pres 
sure of about 2 to 30 p.s'.i.g., utilizing sensible heat in this 
gas to drive moisture from the coal and thus lower its 
moisture content to a maximum of about 4 percent, dis 
charging dried coal from the dryer, screen-sizing the dried 
coal to separate out coal particles having a maximum size 
of about 1Ás-in. and suitable for injection, pulverizing thel 
oversize coal particles, and again screen-sizing the pul 
verized coal in a closed circuit arrangement. 

3. A method as defined in claim 2 in which off-gas 
from the dryer is cleaned, compressed, dried and utilized 
in part for injecting the undersize coal particles. 

4. A method of preparing and injecting coal into the 
tuyeres of a blast furnace comprising feeding coal ñnes to 
a tluidized bed dryer, introducing a portion of the top 
gas from a blast furnace to the dryer to rluidize the coal 
íines, said gas being at a temperature of about 350 to 600 
F. and a pressure of about 2 to 30 p.s.i.g., utilizing 
sensible heat in this gas to drive moisture from the coal 
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and thus lower its moisture content to a maximum of about 
4 percent, discharging dried coal and off-gas from the 
dryer, screen-sizing the dried coal to separate out coal 
particles having a maximum size of about 1Ás-in. and 
suitable for injection, pulverizing the oversize coal parti 
cles, again screen-sizing the pulverized coal in a closed 
circuit arrangement, collecting dust from said off-gas, 
combining another portion of the top gas with said off-gas, 
cleaning and cooling the resulting combined gas, compress 
ing and drying a portion of the cleaned and cooled gas, 
and utilizing the last-named portion for injecting the dried 
and sized coal particles into the tuyeres. 

5. A method as deñned in claim 4 in which the last 
named portion of the cleaned and cooled gas is pre 
heated »to a maximum temperature of about 800 F. 

6. A method as defined in claim 4 in which the last 
named portion of the cleaned and cooled gas is puriûed to 
eliminate carbon dioxide. 

7. An apparatus for preparing coal for injection into 
the tuyeres of a blast furnace comprising a liuidized bed 
dryer, means operatively connected With said dryer for 
feeding coal fines thereto, means operatively connected 
with said dryer for introducing blast furnace top gas there 
to to fluidize the coal lines and supply sensible heat for 
driving ofr’ moisture, a fractionating screen, means for 
transferring dried coal fines from said dryer to said screen, 
means for collecting undersize particles from said screen 
suitable for injection, a pulverizer, means for transferring 
oversize particles from said screen to said pulverizer and 
pulverized particles back to said screen in a closed circuit 
arrangement, means operatively connected with said dryer 
for cleaning, compressing and drying off-gas therefrom, 
and means for utilizing this off-gas for injecting under 
size coalparticles into the blast furnace tuyeres. 
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