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UNITED STATES

PAaTENT OFFICE.

JAMES GAYLEY, OF BRADDOOK, PENNSYLVANIA.

METHOD OF AND APPARATUS FOR EXTRACTING MOISTURE FROM AIR FOR BLAST-FURNACES.

SPECIFICATION forming part of Letters Patent No. 527,844, dated October 33,1894,
' Application filed January 6, 1894, - Serial No. 406,894, (No modelJ ‘

To all whom it may concern:

Beit known that I, JAMES GAYLEY, of Brad-
dock, in the county of Allegheny and State
of Pennsylvania, have invented a new and
useful Improvement in Methods of and Appa-
ratus for Extracting Moisture from Air for
Blast-Furnaces and Converters, of which the

- following is a full, clear, and exact descrip-
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tion, reference being had to the accompany-
ing drawings, forming part of this specifica-
tion, in which—

Figure 1shows in elevation a blast furnace
and a converter arranged in accordance with
my invention., Fig.2 shows the air-refriger-
ating apparatus in elevation, partly in longi-
tudinalsection. Fig.3isaplan view thereof,

-partly in horizontal section on theline IIT—III

of Fig. 2; and Figs. 4 and 5 show, in vertical
longitndinal section and in vertical cross-sec-
tion respectively, a modified construetion of
the refrigerating apparatus.

The suceessful conduct of all metallurgical
operations depends to a great extent on the
uniformity of the various materials used in
the process. Inoperating blast furnaces and
steel converters, one of the most disturbing
influences is the varying amount of moisture
in the atmosphere, since in both these pro-
cesses a large amount of air is consumed for
the purpose of oxidation or combustion.
The atmosphere holds in suspension quan-
tities of aqueous vapor varying from .20 to
1.6 per cent. and its presence in these metal-

lurgical operations is injurious, not only be--

cause it is decomposed in the parts of the
apparatus where high heat is required, and
thus absorbs heat, but the fluctuations in
the quantity of moisture carried by the air,
produce corresponding irregularities in the
conduct of the process, and in the quality of
the product. Thus, in the State of Pennsyl-
vania, from the months of April to Septem-
ber, inclusive, the air contains at least fifty
per cent. more moisture than the average for
the other months of the year, and often for
short periods of time the ratio of difference
isvery muchgreater. When it is considered

that when-a blast furnace uses per minate
one thousand cubic feet of air containing one
grain of moisture per cubic foot, one gallon
of water enters every hour, and that the
.smaller blast furnaces use per minute eight

thousand ecubie feet of air;and the larger ones
thirty thousand cubie feet, each cubie foot

ure, it becomes apparent that uniform con-
duct of the process is rendered practically
unattainable.. Inconsuming thirty thousand
cubie feet of air per minute, containing two

‘containing from two to eight grains of moist- 55

grains of moisture per cubic foot, sixty gal- 6o

lons of water per hour are delivered to the
furnace, and when the air contains eight
grains of moisture per cubic foot, two hun-
dred and forty gallons are delivered perhour:

As the decomposition of this large quantity. 65

of aqueous vapor is accomplished at the ex-
pense of heat, the varying conditions caused
by the atmosphere alone will be readily ap-
preciated. Thus,in the summer months, be-

cause of the greater content of moisture in yo

the air, two hundred more pounds of fuel,on

an average, are required to produce a ton of __

pig iron than in the winter months. These
facts make it very difficult for the blast-fur-.

i - .

nace manager to secure uniformity of pro- 75

duct. Variationsin the content of moisture
in the atmosphere produce irregularity in the
operation of the furnace, and affect the quan-
tity of fuel necessary to be used, and these.

varying conditions in turn make irregular 8o

the chemical composition of the pig metal
with reference to their non metallic constitu-
ents; carbon, silicon, &e. The value of the
product is thus often impaired, and the un-

certainty of the result which will be attained 85

in any given tapping of the furnace is amat-
ter of most serious inconvenience. - .

In the operation of the Bessemer convert-
ers, the moisture of the atmosphere and its

variations in amount are just as troublesome. go

Its presence in large quantity causes a cool-
ing of the metal bath, which interferes with
the uniform conduct of the process and often
produces wasteful chilled heats. In order to .

i
. ¢

obviate these bad effects, it is necessary to g3

charge into the converter a pig iron contain-
ing a sufficiently large content of silicon to
raise the temperature of the blow and thus
neutralize the chilling effect of the moisture,

Additional fuel in the blast furnace is re- ico

quired to produce such high silicon metal.

All these sources of irregularity and expense

in metallurgical operations are eliminated by
use of my invention, by means of which Ifur-
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nish for the furnace or converter an air-blast
practically free from atmospheric moisture.

In order to fully understand the application
of this device, I would explain that it is in-
tended to be used with blast furnaces for the
smelting of ores, with steel converters for the
conversion of iron intosteel. In all of these
the air is used solely for the purpose of oxi-
dation or combustion. Blast furnaces are
now constructed with a height of ninety feet
and a diameter of twenty-two feet. These
are kept full continuously with a mixture of
fuel, ore and flux, and these offer great re-
sistance to the penetration of the blast, which
is admitted at the bottom. It not uncom-
monly requires a pressure of fifteen to twenty
pounds per square inch in the air-blast to
penetrate this column of material. Likewise
in the converter the air is forced through a
bath of metal which frequently weighs fifteen
tons, and requires a pressure of twenty-five
pounds per square inch in the blast to pene-
trate it. The eondensation of moisture from
air in rapid motion and consumed in such
large volumes, presents an entirely new set
of difficnlties not found in any other pro-
cesses, and any attempt to remove the moist-
ure from the furnace blast by the use of
chemical agentshaving affinity for water must
necessarily prove impracticable.

In the practice of my invention I remove
the moisture from the air and render it dry,
orsodry at least that the percentage of moist-
ure contained in the air is small and prac-
tically uniform, by subjecting it to artificial
refrigeration so that its temperature shall be
reduced to zero centigrade, whereby the moist-
ure is condensed and may be collected and
withdrawn in the form of water, the air being
fed to the furnace or converter under com-
pression, and being maintained constantly
under compression from the time it leaves the
blowing-engine until it reaches the furnace.

Many forms of apparatus suitable to the
practice of the invention may be employed.
I have, however, devised a special apparatus
for the purpose, which possesses many ad-
vantageous qualities for treating air travel-
ing with a high velocity and isclaimed specifi-
cally by me herein, although the broader
claims of the application are not restricted to
its use.

Referring now tothe drawings, 2 is the pipe
from which the air passes under high press-
ure from the air-eylinder of the blast-engine.

_This pipe, for a suitable portion of its length,

is surrounded by a casing or chamber 3, hav-
ing inlet and outlet pipes 4, 5, so that water
may be caused to circulate through the cham-
ber in order to cool the air which has been
heated by compression of the blast-engine.
From the pipe 2 the air passes into a cham-
ber 6, which is made larger to give a greater
area of contact, in which is a series of pipes
7, which extend across the chamber and at
theiv ends open into chambers 8, 9. By rea-

son of its greater conduetivity of heat, the

pipes 7 should preferably be made of copper.
The water or other fluid for eooling the cham-
ber G is admitted by a pipe 10 into the cham-
ber 8, aud thence it passes through the pipes
7 from one sub-chamber to the other until it
emerges at an outlet pipe 11 which may con-
veniently be connected with theinlet pipe 4 of
the chamber 3,soasto deliverthe cooling fluids
into the latter. The air being under a back
pressure, does not expand on entering the
chamber 6. A partial deposition of its con-
tained moisture takes place, which is reduced
to0 a mist by contact with the refrigerating sur-
face of the pipes. After the air has passed
through the chamber 6 it may enter a second
chamber 12 similarly constructed, except that
in this chamber I prefer toobtain a better chill-
ing action by the use of ammonia as the cool-
ing agent, and therefore construet the pipes
7 of iron. The cooling agent is preferably
anhydrous ammonia, furnished by an ice-
making machine of suitable design, which,
on evaporation, produces a very low temper-
ature, about 70 degrees below zero centigrade,
though other refrigerants producing intense
cold, such as carbonic anhydride, may be em-
ployed. I may,however,use in place of these
refrigerants, in cases where a still lower tem-
perature is required, cold air from any dry
cold air compressor of suitable design, which,
on expanding, will produce a temperature of

100° below zero centigrade. It enters thesub--

chamber 13, and after passing through the
pipes 7, in the manner above deseribed, to
the other sub-chamber 14, is taken away
through the outlet pipe 15. The entering air
is first cooled by the chamber 3. Its tem-
perature is still more reduced by passing
through the chamber 6 among the pipes 7,
and in the chamber 12 under the intense cold
produced by the ammonia, the temperature
of the airis reduced below the freezing point,
so that its contained moisture is precipitated
on the outer surface of the pipes 7 and col-
lects at the bottom of the chamber from which
it may be drawn off through a pipe 16.

In order to provide against any of the pre-
cipitated moisture being carried along in
suspension by the refrigerated air, I prefer
to employ a chamber 17 containing a series
of grids 18 with small metal ribs, and prefer-
ably placed in slanting position. These grids
catch the suspended moisture or water, which
runs down the ribs and is carried off by the
drain pipes 19. The chamber 17 is made so
much larger than the chamber 2 that there
will be no retardation due to space oceupied
by the grids. I may also use a cooling cham-
ber of construction shown in vertical section
in Figs. 4 and 5, in which the air passes
through a series of pipes 20, with the cooling
agent surrounding them.

Taving been cooled in the manner above
described and its moisture extracted, the air
is delivered totheblast furnace or converter,
through the various pipes and passages usual
to the operation.
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In Fig. 1, F represents a blast furnace,
into the tuveres of which the delivery pipe
from the desiccating apparatus delivers the
dried air. Gisthe blast pipe connected with
the blast furnace, as shown. The air being
compressed by the blast engine E, passes
through the refrigerating apparatus J (which
is the same in constructlon as that shown in
the figures on the second sheet of the draw-
ings), and is delivered to the blast furnace
through the tuyeres. In similar manner it
is delivered to the eonverter C.

‘When the air is cooled subsequently to its
compression, the air-cylinder of the engine
should, preferably, be jacketed, and cooled
by ﬂ0w1n0‘ water in order to reduce the great
increase of temperature of theair which the
compression causes.

It will be readily observed that on ‘account
of the air being constantly in rapid motion
and under pressure, and the enormous vol-
ume required, the methods usually employed
for extracting a portion of the moisture from
small volumes of air in applying it to drying
grain, cooling rooms, &e¢., are not applicable
to blast fnrnaces and converters, since in
many of these methods the air is allowed to
expand, which in itself is'the most service-
able refrigerating process, and simplifies the
operation to a great extent, while in my pro-
cess there is no substantial expansion of the
air prior to its introduetion into the furnace.

The mechaniecal retardation of the current
by partitions and grids is avoided in my de-
vice, the grid-chamber being of such area
that the space between ribs is sufficient to
allow the volume to pass through without re-
tardation.

In my apparatus the current of cooling
fluids passing through a series of pipes, is
directly across that of the air currents, by
which I maintain in this short travel a much
lower temperature than in such appliances
where the carrents of air and cooling fluid
are longitudinal.

The advantages of myinvention will be ap-
preciated by those skilled in the art.
renderlnw the air dry or practically dry by
refrweratlon as described above before it is
mtrodnced into the furnace or converter and
supplying such dry air in large quantities
under constant compression, the amount of
moisture is made practically uniform from
day to day and from year to year. Itisthus
made easy for the blast-furnace manager to
secure uniformity in the character of metal
produced by the furnace notwithstanding
varying meteorological L conditions, and w1th-
out that close supervision which is necessary
in furnace practice heretofore in common use.
I believe I am the first to make this result
possible.

I claim— .

1. The method of feeding the air-blast to

blast furnaces or converters, which consists |

in cooling the air artificially to 0° centigrade,
thereby causing its moisture to be eliminated

By.

w

or reduced to a small and practically uniform
percentage, feeding the dried air under com-
pression into the furnace or converter, and
maintaining it constantly under compression

from the time it leaves the blowing-engine

until it enters the furnace; snbstantially as
deseribed.

2. The method of feeding the alr-blast to
blast furnaces or converters, which consists
in compressing the air, passing it under com-
pression into an enlarged chamber, but with-
out substantial expansion therein, and cool-
ing it in said chamber to at least 0°: centi-
grade, thereby causing its moisture to be
eliminated or reduced to a small and practi-
eally uniformn percentage, feeding the dried
air into the furnace or converter, and main-
taining it constantly under compression from
the t1me it leaves the blowing engine until it
enters thefurnace; substantlauy asdescribed.

. The combination with a biast furnace or
converter of a refrigerating chamber, an air
outlet Whlch leads therefrom to the furuace
or converter and is of smaller diameter than
the chamber, and an air compressor, con-
nected to the chamber whereby the air is
maintained under compression during its
passage from the compressor to the furnace
or converter; substantially as described.

4. The combination with a blast farnace or
converter, of a refrigerating chamber having
a series of pipes arranged to conduet the re-

frigerating fluid across the direction of the 100

air current an air outlet which leads there-
from to the furnace or converter and is of
smallerdiameter than thechamber,and an air-
compressor leading to the chamber whereby

ing its passage from the compressor to the

70

75

8o

85

Qo

95

. the air is maintained under compression dur- 1oj

furnace or converter, substantially as de- °

scribed.
5. The comblnatlon of a blast-furnace or

converter, a pipe for delivering compressed rro

air thereto, a refrigerating chamber in the
line of said pipe, means for cooling the air
therein by a liquid refrigerant, and an air
compressor, leading to the chamber, whereby

the air is compressed and maintained under 115

compression until it enters the furnace or
converter; substantially as described.

6. The combination with a blast farnace or
converter, of a pipe for delivering compressed

air thereto, a refrigerating chamber of larger 120

diameter than the pipe, a moisture-preecipi-_
tating chamber also of larger diameter than
the pipe and into which the air passes from
the refrigerating chamber, and having grids

over Whlch the air passes, and a pipe leading 125

from the moisture-precipitating chamber to

the furnace or converter; substantially as de-
scribed.

In testimony whereof I have hereunto set

my hand.
JAMES GAYLEY.
‘Witnesses:
C. C. TEETER,
J. E. MITCHELL,




