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- To all whom it may conecern: . - -

IO

Be it known that I, J AMESGA'YLEE’", of New "

Yorkcity, inthe county of New York and State
of New York, have invented a new and useful
Method of Extracting Moisture from Air for
Blast-Furnaces and Converters, of which the
following is a full, clear, and exact descrip-
tion, reference being had to the accompany-

ing drawings, forming part of this specifica-

tion, in which—

Kigure 1 shows in elevation a blast-furnace
and converter arranged in accordance with
my invention. Fig. 2 shows the air-refriger-
ating apparatus in elevation, partly in longi-
tudinal section. Fig. 8 is a plan view of the
bottom of the refrigerating-chamber, show-
ing the air-distributing pipe leading from the

 blower.
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The successful conduct of all metallurgical
operations depends to a great extent on the
uniformity of the various materials used. in
the process. In operating blast-furnaces and
steel-converters one of the most disturbing in-
fluences is the varying amount of moisture in

the atmosphere, since in both these processes |

a large amount of air is consumed for the pur-
pose of oxidation or combustion. It requires
approximately seven thousand five hundred
pounds of raw materials—viz., fuel, ore, and
limestone—to produce a ton of pig-iron, and
about twelve thousand pounds of air. It be-
comes, therefore, of greatimportance that the
air should be rendered uniform in respect to
1ts content of moisture, which is the variable
element influencing cost of operations in iron
and steel manufacturing. Raw material has
gained in uniformity, and is now as uniform
as human skill can make it.
of to-day variation in composition of raw ma-
terial 1s within ten per cent., and the tem-
perature and volume of air can be controlled

within a like per cent.; but the humidity of |

the atmosphere varying from twenty to two
hundred per cent. has hitherto been beyond
control. Its presence in metallurgical opera-

‘tlons is injurious, not only because it is de-

composed in the parts of the apparatus where
high heat is required, and thus absorbs heat,

- but the fluctuations-in the quantity of mois-
50 ture carried by the air produce corresponding

In the practice

1rregula,r1tles in Ethé conduct of the process
and in the quality of the product.

the State of Pennsylvania from the months of
April to September, inclusive, the air con-
tains at least fifty per cent. more moisture

Thus in.

55

than the average for the other months of the

year, and often for short periods of time the
ratio of difference is much greater. When it
1s considered that when a blast-furnace uses
per minute one thousand cubic feet of air con-
talning one grain of moisture per cubic foot
one gallon of water enters every hour and
that the smaller blast-furnaces use per min-
ute eight thousand cubic feet of air and the
larger ones thirty to fifty thousand cubic feet,
each cubic foot containing from two to eight
grains of moisture, it becomes apparent that
unless these variations in the moisture are
corrected uniform conduct of the process is
rendered practically unattainable. Inconsum-
ing thirty thousand cubic feet of air per min-
ute, containing two grains of moisture per
cubic foot, sixty gallons of water per hour
are delivered to the furnace, and when the

‘alr contains eight grains of moisture per cubic

foot two hundred and forty callons are de-
livered per hour. As the decomposition of

this large quantity of aqueous vapor is ac-
complished at the expense of heat, the vary-
1ng conditions caused by the atmosphere alone

will be readily appreciated. Thus in the
summer months, because of the greater con-
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tent of moisture in 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-furnace manager to secure uni-
formity of product. Variations in the con-
tent of moisture in the atmosphere produce
irregularity in the operation of the furnace
and affect the quantity of fuel necessary to be
used, and these varying conditions in turn
make irregular the chemical composition of
the pig metal with reference to the non-me-
tallic constituents, carbon, silicon, &ec. The

value of the product is thus often impared,
and the uncertainty of the result which will
be attalned in any given tapping of the fur-
nace 1s a matter of serious inconvenience.

In the operation of the Bessemer converter
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like difficulties arise from the moisture of the
atmosphere and 1ts variations. Its presence
in large quantity causesa cooling of the metal
bath which interferes with the uniform con-
duct of the process and often produces waste-
ful chilled heats. In order to obviate these
bad effects, it is necessary to charge into the
converter a pig-lron containing a sufficiently
large content of silicon to raise the tempera-
ture of the blow, and thus neutralize the chill-
ing eftect of the moisture. Additional fuel
in the blast-furnace is required to produce
such high silicon metal, and at all times a sur-
plus of Theat must be carried to maintain, even
to a limited extent, the equilibrium of the fur-
nace. All these sources of irregularity and
expense 1n metallurgical operations are elimi-
nated by use of my invention, by means of
which I furnish for the furnace or converter
an air-blast practically free from atmospheric
moisture, and that which remains can be main-
tained at a practically uniform percentage.
In order to fully understand the applica-
tion of this device, I would explain that it is
intended to be used with blast-furnaces for
the smelting of oresand with steel-converters
for the conversion of iron into steel. In all
of these the air is used solely for the purpose
of oxidation or combustion. Blast-furnaces
are now constructed with a height of one hun-
dred feet and a diameter of twenty-three feet.
These are kept full continuously with a mix-
ture of fuel, ore, and flux, which offers great
resistance to the penetration of the blast, and
not uncommonlv requires an air-blast hamnﬂ'
a pressure of fifteen to twenty pounds per
square inch. ILikewise in the converter the
air is forced through a bath of metal which
frequently weighs fifteen tons and requires
a blast-pressure of twenty-five pounds per
square inch to penetrate it. The condensa-

- tlon of moisture from air in rapid motion and
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consumed 1n large volumes presents difficul-
ties not found in any other processes, and any
attempt to remove the moisture from the fur-"
nace-blast by the use of chemical agents hav-
ing athnity for water must necessarlly prove
impracticable. .

In the practice of my invention I remove
the moisture from the air and render it dr Vs
or sodry, at least, that the percentage of mois-
ture contained in the air is small fmd practi-
cally uniform, by subjecting it to artificial
refrigeration, whereby the moisture is con-
densed as water or snow and may be collected
and withdrawn, the air being fed to the fur-
nace or converter under compression and be-
ing maintained constantly under compression
from the time it leaves the blowing-engine
until 1t reaches the furnace.

My apparatus which forms the subject of
this specification possesses many advanta-
geous qualities for treating air traveling with

a high Vclomw

Refer ring now to the drawings, 2 is the

756,110

pipe through which the air passes from the re-
frigerator or drying-chamber 3 to the blow-
ing-engine I, and 4 is the pipe conducting the
alr under compression from the blowing-en-
agine to the furnace or converter.

C represents a converter for the manufac-
ture of steel, and F represents a blast-fur-
nace, into the twyers of which the dried air
is delivered from the pipe 4. Air may be
drawn by a blower or fan B through the inlet
5 and fed into the refrigerating-chamber
through the distributing-conduits 6, or the
blower B may be dispensed with and a
blower B’ used instead to aspirate the air
through the refrigerating-chamber.

B and B’ show two locations for the fan, as
it may be preferred either to feed or aspirate
the air through the refrigerating-chamber,
but 1t 1s not necessary to use both. When
the fan B is used, the air enters the pipe 5
and is forced by the fan, which is power-
driven, through the driving-wheel 7, driven
by a motor 12, and preferably into the dis-
tributing-pipes 6, which lead into the refrig-
erating-chamber 3 and open at various points
therein with valve-controlled openings 6, so
that the air shall be evenly distributed under
the refrigerating-pipes 8 and will come into
contact with these pipes, which are cooled
to a low temperature by anhydrous ammonia
or other refrigerant.
preferably anhydrous ammonia, furnished by
an 1ce-making machine of suitable design.
On evaporation it produces a very low tem-
perature, though other refrigerants produc-
ing Intense cold, such as carbonic anhydrid,

may be employed. The moisture in the air
1s deposited on these pipes preferably in the

form of snow, and the dried air passes into a
receiving-chamber 9 and thence through the
pipe 2 to the blowing-engine K, from where
it 1s delivered to the furnace or converter.
1f the blower or fan B’ is used, the fan B is
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The cooling agent 1s -
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dispensed with and the air is aspirated from: .

the inlet-pipe 5 to the blower B’ and then fed
into the high-pressure blowing-engine E.

If for any reason the blower B should be-
come 1noperative, the air would pass through
the hood or air-inlet 14 and opening 5 of the
fan-room and through the open floor 15 of
the fan-room into the cellar and into the fan-
discharge pipe 6 through a door 16, which
must be opened as soon as the fan is not in
operation. A by-pass is thus provided for
the air. If the blower B’ is used, a special
by-pass must be provided to admit air to the
engine when the fan becomes inoperative.

In Fig. 3, 10 is apump for withdrawing the
condensed water or melted snow from the col-
lecting-pit 11. On the pipe 2 1s a valve 13,
which is used when the engine E is not in op-
eration. When this valve is opened, a small
current of air from the blower flows through
the refrigerating-chamber out of the valve-
“thus maintaining the refrigerator

opening,
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appliances in normal working condition and
by the refrigerant absorbing Teat preventing
the frosting of the refrigerant-pipes.

gine K. It is valuable because it reheves the
blowm g-engine of a large amount of work due

‘to the “back pressure or exhaustion of air

through the conduits and lines of refrigerat-
1ing-coil, which obstruct its free passage and
would cause the engine to draw in less air than
if the inlet-valves were freely exposed to the
atmosphere. The pressure developed by the
blower is much smaller than that developed
by the blowing-engine K and need only be
very small—one ounce or less—and even if
only sufficient pressure is developed thereby

In the refrigerating-chamber to give the nor-
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. tracting a portion of the moisture from small .
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mal atmospheric pressure at the engine inlet-
valves the advantage of the auxiliary blower
would still be practically attained.

The air that is propelled by the blower B

or B’ passes into the distributing-pipe 6, then

upward and around the coils of pipe 8, which
are very cold, due to the refrigerating fluid
and on these pipes the moisture is preferably
condensed in the form of frost. Itthen passes

into the receiver 9, then through eondmt 2 to

the blowmﬂ‘—encrme from which it 1s fed un-
der pressure to the furnace or converter either
directly or through a stove and maintained
under pressure from the time 1t Jeaves the en-
gine until it enters the furnace or converter.
When the pipes in the refrigerating-chamber
become covered with frost, the frostis thawed

off by passing the hot ammonia-gas through |
one of the coils or series of coils, and the wa- |

ter melted therefrom will collect in the pit 11
and can be withdrawn. Meanwhile the series
of the coils can be used with refrigerant in the
usual way, and by thus thawing the series
successively instead of thawing all of them at
once the operation of the apparatus is not in-

terrupted and can be made continuous in a
single chamber.

It will be observed that on account of the |

alr being constantly in rapid motion and un-
der pressure and the enormous volume re-
quired the methods usually employed for ex-

volumes of air in applying it to drying grain,
cooling-rooms, &c., are not applicable to blast-
furnaces and converters since In many of
these methods the air is allowed to expand,

“which in 1tself 1s'the most serviceable refrig-

erating process and simplifies the operation
to a great extent, while in my process there
1s no substantial expansion of the air prior to
1ts introduction into the furnace.

Various arrangements of these appliances
will be suggested to those skilled in the art
without affecting my invention, which con-
sists principally in the  1ntroduction of a
blower auxiliary to the main blowing-engine
and malntaining in a single chamber a con-

The -
blower B or B’ is a,umhery to the blowing-en-

tinuous refrigerating operation. Advantage
can also be had In regenerating the air by
causing the dry and cold air proeeedmg from

‘the retrweretor chamber to pass through
pipes, the latter being in contact with the air

led from the atmosphere to the refrigerating-
chamber, and thereby securing a perceptible
reduction in the temperature of inflowing air.

3
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My apparatus can be applied to drying the

air for use in open- hearth furnaces and for

-other purposes in the arts wherein dry air 1s

an important factor:.

The advantages of my invention will be ap-
preciated by those skilled in the art.
rendering the air dry or practically dry by
refrigeration, as described above, before it is
11:1troduced mto the furnece or eonverter and

supplying such dry air in large quentltles

under constant compression, the amount of

moisture i1s 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 conditions and with-

out that close supervision which is necessary

1n furnace practice heretofore in common use.
I claim—

1. The method of Teeding the air-blast to

blast-furnaces or converters, which consists in
cooling the air artificially, thereby causing its
moisture to be recduced to a small percentage,
feeding the dried air to a blowing-engine by

1nitial pressure of relatively small ¢ decrree sut-

ficlient to overcome in whole or in part the fric-

tion of the alr-current in the apparatus, in-
creasing 1ts pressure at the blowing-engine to
a degree above that to which 1t was initially
subjected and feeding the dried air therefrom
under compression into the furnace or con-

verter, and maintaining it under compression

from the time it leaves the blowing-engine
until 1t enters the furnace or converter; sub-
stantially as described. |

2. The method of feedi]iig the air-blast to

blast-furnaces or converters, which consists in
cooling the air artificially, thereby causing its
moilsture to be reduced to a small percentage,

feeding the dried air to the blowing-engine by

means of an auxiliary blower, increasing its
pressure at sald blowing-engine to a degree
above that which 1t was compressed by the

auxiliary blower and delivering it from the

blowing-engine into the furnace or converter,
and maintalning it under compression from
the time 1t leaves the blowing-engine until it

enters the furnaee or.converter; substantlelly |

as described.
In testlmony whereof I have hereuntosetmy

hand.
| JAMES GAYLEY.
Witnesses: .
J. W. ALLEN,
M. S. REED.
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