% Sheets—Sheet 1.

_ J. F. BENNETT.
BLAST FURNACE PLANT FOR USING GAS.

- (Hﬁ Model)

1884,

5

Patented Aug

_r

o

A&

G oo

=y
_.._.l:.:.

e e s bR P R el L A P WA

e w— N mal - v A m . om smirs e eelelebe—— [FESS T E ST U TR A R
— — —tt - p
T A e L
l..u.l il Ty’ —

=

P I 1
Rdd R 6 S

. . ‘ "
b ) O i ] TP M§fr f-._ll-l..1.d. p

ST TN

B 17T A N R AT

' o VoA
Py, on

hingten. D. C.

M. PETERS. Fhsto-Lithographer. Was




(Ko Model.) 9 Sheets—Sheet 2.

~ J. F. BENNETT.
. BLAST FURNACE PLANT FOR USING GAS.
No. 303,207. Patented Aug. b, 188

= ==
= -
2 |
R 2 I
YW o

2 ~°F D7

- ! j__—i | \ ’
] e =7
. l ~& 1 |
) . i - ‘;? . |/ O
I NN I 5§-o / l
! X 2
A I _ i
- | - * — - \T}‘: i
% V7 N hﬂ‘“ﬂ? - ’

9 |
HE ' i )

ﬂ- 1 = : - = _ 'qﬁmﬂ _]‘!!_,,j:_""-—.,-

D — B !' Z

—S==\-Z

L T

AN

f
F/ ﬂ
| o9
A%

r el
pipeiiiin e sl — S TP T

i .

b e e e e e e —_———

N1 R FIEGTT AW

&
ﬂ*j \;5- 3t

(e
N
N

.

N
\

2

T O e
e Krenees Bpuritt
A~
"

N

N\
1

N. PETERS, Pholo-lRhographer, Waahingten, 0. C.




3

o

15

“the plant shown in the accompanying draw-

t\j.
N

- tion through the iron-pipe stove. Fig.3 18an
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to a gas-holder, 6. A pressure-regulator, 4,

- UNITED STATES

PateNT OFFICE,

 JOHN FRANCIS BENNETT, OF
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PITTSBURG, PENNSYLVANTA.

BLAST-FURNACE PLANT FOR USING GAS.

SPECIFIC&TION ¢f0i'mi_11g, part of Letters Patent No. 303,207, dated August 5, 1884.

Application filed December 12, 1883, (No modcl.)

To all whom 1t may concermn: |
Beit knownthat I, JOEN FRANCIS BENNETT,
of Pittsburg, in the county of Allegheny and
State of Pennsylvania, have invented certain
new and useful Improvements in Blast-Fuar-
nace Plant for Using Gas; and I do hereby
deeclare that the following is a full; clear, and

‘exact deseription thereof, reference being had

to the accompanying drawings, and to the let-
ters of reference marked thereon, which form
part of this specification.

My invention relates to the art of smelfing |

ore in a blast-furnace; and the objects thereof
are, first, to economize the cost of smelting by
using wholly or partially natural or artificial
oas as fuel; second, to effect a more rapid and
less expensive reduction of the ore by im-
proved means of securing approximately all
the heabing-power stored in the fuel; and,
third, to accomplish these objects with sim-
plicity of plant. I attain these objects by

ings, in which—
Figure 1is a plan view of my invention,

showing the relative location and juxtaposi-
Fig. 2 is a vertical sec- ! _
| enrrent from the stove 16 to the bustle-pipe

tion of the elements.

| drawn through the flue 43 by
‘I draft of the chimney 49, and discharged to

| ference of the holder, starting from thestean-

pipe 9, which respectively connect with the
upper drum, 11, and the lower drum, 12, of the
steam-boilers 10. A pipe, 13, connects the
‘top of the gas-holder 6 with the bottom of the
iron-pipe stove 16, where the gaseous current
is heated in transit to the blast-furnace. While
this current traverses a vertically-increasing
path through tubes enlarged, as shown ab 61,
and rounded, as shown at 62, to obviate ob-
struction to the passage, the waste gases {from
the blast-furnace, coming through downcom-
er 44, flue 45, and combustion - chamber 59,

L

decreasing vertieal path, thus heating the
tubes, enter the passage 60, flues 47, part with
remaining heat under the boilers 10, arethence
the natural

the atmospherec. |
14 is a pressure-regulator in the pipe 15,

1 and 15 is a valve therein,operated by a chain,

27, whose ring 65 Is normally held on the

hoolts 66. | ] |
17 is a pipe condueting the heated gaseous

 elevation, partlyin section, showing the rela- | 18, whenece it is delivered by tuyeres 19, 20, 21,
tion subsisting between the receiver, the boil-

ers, the blowers, and the exhaust-shatt; and
Tig. 4 is an elevation, partly insection, show-
ing the relative location of the gas-well, the
reservoir, the iron-pipe stove, the fire-brieck

stove, the blast-furnace, and its downcomer.

The same designations indicate correspond-

ing parts.

1 is a pipe inserted in a natural-gas well,
having its delivery end ‘enlarged, as shown
by 52. o I |

2 is 9 reservoir collecting the gas. 1t 1s of
such temperature as to assist the liguefaction
of agueous moisture suspended therein, anda
tap, 3. is provided for its eduction. A press-

| and 22 to the blast-furnace, meeting ab that
| point a heated-air eurrent injected through

bustle-pipe 36 and tuyeres 37, 38, 39, and 40,
thus producing an intense heat. .

23 and 23" are blowers to compress atmos-
pheric air. They are operated by steam trom
| the boilers 10, delivered through pipe 68. The
air is forced through pipes 24 26 28 into the
fire-brick stoves 30 30 30”7. A wvalve, 25, in
the pipe 26 controls the feeding, and 1s oper-

| ated, together with the gas-inlet valve 15, by

the chain 27, so that the closure of the one is
simultaneous with the opening of the other.
Phis operation of the chain 27 is accomplished

% by changing the direction of applied force

ure-regulator, 54, is connected with the reser- | through pulleys 41 42. |

voir., An exib, 51, connects the reservoir with
the pipe 3, permitting the passage of the gas

is placed in the pipe, and ifs enfrance 5 into
the holder enlarged to facilitate the passage
of the current. o

46 is an underground main, which conduets
“the blast-furnace waste gases, atter utilization,
from the fire-brick stoves 30 30" 30" to the

Thege waste gases are received from the biast-
' furnace through downcomer 44, flue 45, and

7 isa foraminous floor;composed, preferably,

pipes 32 82’ 32”7, which have two-way valves

inlet pipe 8§ and terminating In the eduction- -

shaft 49, after passage through flues 47 48.

3
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cross the stove in an opposite direction in a
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of coils of pipe, which radiate to the circum- | 33 33" 33" therein, so that they may traverse

,“v'{,_:hh-l‘,.Jf,“ R T S S o T I S S
AT A gl e g g e T e TR 0 e et e i i e BB N e B

e m L FE——— ., . e . e EW - TR T e R



IO

the stoves 30 30" 30" entirely, depositing in
transit their heat uponthe hexagonal tubes 50,
rounded, ag shown abt 55, whenece it is after-
ward taken up by the atmospheric current,
subsequently passing in a reverse direction
from the pipe 28 through the two-way valves
29 29') and discharged in a heated condition
through the two-way valves 33 33’ 33" into the

hot-blast main 34, thence by connecting-pipe

35 t0 the bustle-pipe 36, and injected through
tuyeres 37 38 39 40 into the blast-furnace 43,
where the heated gaseous current is met, as
betore described. Brackets 58 are attached to
the eolumns 57 to support the bustle-pipes,
and the furnace is provided with suitable
tuyere-holes and a slag tap-hole, 56.

59 18 an entrance or combustion chamber to
the iron-pipestove 16, where the blast-furnace

- waste gases meet an air-current from a com-

20
25
30

35

mon regulator on the outside of the stove,(not

shown in the drawings,) and thus intensify

the heat they already possessed.

60 is an exit for the waste produets of com-
bustion, conducting them under the boilers
through flues 47. | |

64 1s a chamber receiving the heated gase-
ous current after passage throngh the stove
16, whence they are conducted to the furnace
by main 17. - S

Thenatural gas rising from wells in the Pitts-
burg, Pennsylvania, district consists, chiefly,
of one equivalent of carbon combined with
four equivalents of hydrogen, a smaller por-
tion consisting of two equivalents of carbon
with six equivalents of hydrogen, and of a
still smaller portion of free hydrogen, consti-

tuting together a percentage, by weight, of

carbon sixty-five and of hydrogen thirty-five,

-1t the aqueous moisture infinitesimally com-

40

45

50

mixed therewith is not considered. The
liquefied moisture varies according to the
pressure and velocity of the gas, and averages
six per cent., by weight. The carbonic-acid
gas, belng less than one per cent., isnot sought
to be removed, because of its comparative un-
importance in this connection. The natural
gas, being of the same temperature as its sur-
rounding subterranean bed, approximates 75°

Fahrenheit at a depth of fifteen hundred feet,

and issues from the surface of the earth at
about 50° Fahrenheit when at one hundred
and fifty pounds pressure on the square inch.

- 1f 16 ‘were then permitted to expand to a

55

6o

pressure of five pounds, its temperature would
be lowered below the freezing-point of water,
when any contained moisture would be con-
verfed into snow and check the progress of
the gas from the reservoir; hence to obviate
this the first step in my improvements is to
reduce the pressure and remove the moisture.
I cause the rising gas to flow from the well
Into a wrooght-iron receiver, where a great
part of the saline moisture over andabove the
SIX per cent. mentionedis deposited, liquefied,
and whence it is educted. I convey the gas
by suitable pipes into the vicinity of a blast-

furnace, and thence by main or branch pipe | ratus I at-once secure efficiency of the gas in

303,207

Jinto a teservoir or gas-holder, which I con-

struct of sufficient capacity to contain a thirty
minutes’ supply for the blast-furnace of the
usual type, which heretofore required twenty
thousand cubic feet of air per minute.
make the gas-holder of about forty feet in

70

1-

diameter and thirty-two feet high, having

a capacity of forty thousand cubic feet, or
of such different size or shape as conduces

most elfectively to cause the deposition of

moisture, and of sufficient strength to with-
stand the maximum expansion pressure of the
gas. I make all the straight pipes to and
from -the receivers, gas-holders, stoves, and
blast-furnaces bell-mouthed, as and for the
reason explained in my Patent No. 298,657,
granted May 13,1884;and I constructall curved
pipes with enlargement at the point of curva-
ture, as and for the reason explained in my
Patent No. 298,059, granted May 6, 1884.

In the branch pipe 3, which enters the gas-
holder near the bottom, I place a regulator, 4,
just before entrance to the gas-holder 6, so
that the gas entering the holder is invariably
of that presSure at which the regulator is set,

I

SO

QO

whatever may bethat on the other side thereof, -

The pipe 13 18 attached near the top of the
holder. A regulator, 14, is placed in this
main to render more certain the pressure of
the gas-blast. -

Inside the gas-holder 6, I place at distances
of six to eight feet foraminous floors, prefer-
ably of sheet-copper, suitably supported by
the iron rods, which hold together and brace
the walls of the gas-holder, so that the gasen-
tering at the bottom may in its asecension come
in contact therewith and prevent freezing,due
to expansion, by heating these floors with
steam;.or 1t may be preferable, as shown in

‘the drawings, to attain a sufficient temperature

by torming these floors 7 of coiled steam-pipes

05
I_OO

105

8 9, connected with the steam-boilers 10. This

may be a pipe of one and one-half inch inside
diameter, wall one-eighth inch thick, with a
distance one-fourth inch between each layer,
which would require seven thousand lineal
feet to make one floor. The object is to par-
tially obstruct the gas in the gas-holder dur-
Ing its ascension, and thus assist the liquefac-
tion of the moisture mechanically suspended
therein, thereby preventing its freezing into
snow by the expansion from the volume due
to the pressure in the pipe to the volume due
to its emersion therefrom into the gas-holder,
when 1t approximately has a pressure of five

pounds, and is suitable to enter the furnace.

- I attach thermometers to the gas-holders to
indicate the temperature of the gas. . To the
bottom of the gas-holder a one-inch perpen-

1I0

115

120

125

dicular pipe 1s attached, containing a press-

ure-regulator,(not shown on the drawings,) to
tap water of condensation. A regulator ad-
mirable for this purpose, because its valve
can be set to respond to any pressure, is de-
scribed 1n Patent No. 209,602, granted to me
November 5, 1878. DBy operating this appa-

130
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the blast-furnace and attain equability of

pressure. lhe desirable pressure of air-blast

for the furnace being determined and indicat-
ed by pressure-gages (not illustrated) near the
blowers, 1 set the two pressure-regulators 4
and 14 to correspond therewith. The blast-

- furnace 43 1s provided with downcomer 44

1C

30 &

33

and flue 45, conveying 1ts waste gases to the
stoves 30 30" 30" 16 and the boilers 10, as
morefully described in my Patent No. 294,003,

granted February 26, 1884, and application
No. 107,253, to be patented August 5, 1834,

and having all the pipes connecting the biast-
furnace and blower constructed 1n accordance

with the prineiple covered in my application

No. 107,252, to be patented August b, 18584.
The blower is made to accord with the plan
described in my application No. 107,250, to

“be patented August 5, 1884.

The fire-brick stoves are preferably con-
structed as described in my application No.
107,251, to' be patented August 5, 1884, with

hex‘wmml tubes. . These tubes have bell-

mouthed entrances and exits, as described in
my Patent No. 297,663,granted Aprit 29,1884.

The cast-iron-pipe stoves are de&wned after
the principie shown in my apphcatwn NoO.
107,256, to be patented August b, 1884. It is
desirable to preheat the stock before admis-
sion to the furnace, as explained in my appli-
cation No. 107,254, to be patented August b,
1884.

The air is blown into the furnace thr{mgh

‘suitable tuyeres, 37 38 39 40, and is heated

mediately by passage through the fire-brick
hot stoves, taking up the heat previously de-
posited in the subes by the waste-gas current.

~ The natural gas is heated in transit from the

40

435

reservoir 6 to the furnace by traversing the
iron-pipe stove 16, whereby simultaneously
with its passage in one direction a waste-gas
current crosses in an opposite direction, and
is injected throngh tuyeres 19 20 21 22. The
tuyeres admitting atmospheric air may be of
any desirable area at the nozzles, which should
extend so far beyond the inner wall of the

{furnace that the area of the furnace in that

plane shall be equally divided—one part in

- front of the nozzles and the other between

50

AT
f 1

60

them and the wall. The tuyeres admitting
the gas are of the same nnmber ONne- twelfbh
the area, and extended to the same circumfer-

_ence of the horizontal plane. The air and gas

tuyeres are disposed i1n equidistant location

on the circumference of the horizontal plane.
‘Thus, if there are four tuyeres admitting air,

having a nozzle diameter of eightinches ri,r.id an
area of 50.2656 square mches those admit-
tmn‘ the gas are four in number with nozzle
diameter 2 .3 mche{-. and area of 4.19 ‘square

inches.

To heat the air the Swmens fire-brick re-
cenerative stoves are preferable, and for the
eas-the iron-pipe stoves, care being exercised

to prevenut leakage, not for fear of eapl(}smn |

" but on account of the disproportionate weights
of air and gas fed under such circumstances. | of the natural gasliguefies instantly upon com-

“When for any reason the blast is shut off from
the furnace, it is necessary there should be a
Slmultaneous Stcrppage of the air and gas, 7c

“which is effected by valves 2b and 15, reslzreet |
ively, in the pipes 26 and 14, which are 50 seb
that they are closed by the same operation of
the chain 27, and opened automatically when
the stress on the chain is released. The equiv- 75
alents by volume of gas and atmospheric air,

| at a common temperature and pressure, re-

spectively, in the gas-holder and at the biow-
ers, are one of gas Sto 11.44 of air; but i or-
der to secure complete ('Gll}bustwn I prefer 8c
to force an excess of ten per cent. of air info
the furnace. Throughout this specification 1
have calculated on this basis, taking also in
account that the respective wewhts of air and
natural gas are one and fifty-six. For exam- 83
ple, in one hundred pounds 56.813 per cent.

of the whole volume of air blown into the tur-
nace will combine with the hydrogen of the
natural gas, generate intense heat at the zone

of fusion, form steam, and bhe useless for go
heating thestoves. 34.095 per cent. will cont-
bine with the carbon of the natural gas and
constitute carbonic-acid gas, generate heatb
with increased rapidity, and therefore with
greater intensity, at the zone of fusion than if g5
it combined with solid carbon,and then trans-
form into carbonic-oxide gas, which ishighly
useful to deposit heat In the stoves, and 9.092
per cent. will combine with .844 per cent.
solid carbon fuel, form¢arboni¢ acid, generate 1coe
heat, and change into carbonic-oxide gas,
which is atilized 1n heating the stoves. The
43.187 per cent., by weight, of the atr, having
become carbonic-acid gas,consumes 3.722 per
cent. of the solid carbon doring deoxidation 1os -
into carbonic-oxide gas. The total weight of
the solid carbon transformed 18 4.566 pounds.

If solid fuel alone were used, the consumption
thereof would be 17.47 pounds; hence, In
proportion to the weight of air blown into the 110
furnace, natural gas replaces 73.364 per ecent.
ofsolid carbon fuel, and itis therefore economsi-
cal' to use them jointly, 1n the manner stated,
for the operation of the furnace.

Blast-furnaces that heretofore required two 115
thousand five hundred pounds of earbon to
produce a ton of pig-iron need now only 6.53
pounds thereof and a remainder of natural
gas. This calculation omits consideration of

‘the ashes, which vary with the proportion 120
of impurities in the solid fuel of different
districts, and also allowance for the extra
deposmlon of carbon in the pig-iron, which
may, however,*be added fo the weight of
solid carbon char ged, if necessary. Ifromthe 123
oreat increase of lllt(%l]Slt} of heat in the zone
of fusion there results a less welght (per ton
of pig-iron) of fuel and a hwgr product of
pig-iron. The eurrents of alr and gas forced
into the furnace mingle sufiiciently to attain 130
combustion before arrival at the ceiling of the
zone of fusion, especially because assisted by
the ten per cent. surplusofair, Thebydrogen




for deposmon of heat when traversing the
- stoves subsequently; but this disadvantage is

IO

“more than counterbalanced by the beneficial -
effect. of the concentrated intensity of heat |

303,207

‘bination with its equivalent of the air-blast, | induces the congelation of the moisture anﬂ
~and,transforming into steam, is not serviceable

the formation of snow, which, because of light-

‘ness, does not _5p0ntaneously isolate, but re-

m’ﬁins in the current until liqueﬁed- in the
proximity of the stoves and furnace.

55
It will
be observed that: my apparatus is addressed

generated upon combination in the zone of | to the careful manipulation of the gas so that

fusion, where such instant intensity of heat is
of far greater importance than the same num-
ber of caloric units continued for alongertime.

~If by additional improvements in operating

25

18 requisite to generate heat for the stovesand

boilers, or the necessity for preheating the

15 gaseous current vanishes, or it becomes de-

sirable to charge both the air and gas in a cold

‘state to the furnace, it should be observed to
retain a constant pr()portlon of wewhb and

pressure of the air and gas.
1 do not restrict myself to the use of sepa-

rately-placed tuyeres for the air and natural
gas, as the gas may enter the furnace through'

a pipe or tuyeres placed in the middle of the

air-blast tuyere; nor to the sole use of natu-
ral gas for this purpose, as it may be found |
-economical elther to use the natural and arti-
ficial gases jointly or entirely substitute the
latter for the former without material changes

- 1n tne effect produced.

20

33

40

45

50

of atmospherie air with dry gas.

By the term ‘‘artificial gas’? is compl ehend-

ed illuminating, producer and water gases as |

obtained by the numerous processes zmd vari-
ous means known in the art.

Heretotore natural gas has been utﬂlzed as
| “Anin-
terposed reservoir or boiler "between-the oas-
well and the furnace served to deposit the

a fuel in the reduetion of iron ores.

moisture therein, either because of direct con-
tact with the 10w or high temperature of the
reservoir or boiler ’Ll‘blﬁ(}l‘b]]y induced, or be-
cause of the natural expansion of the g’as due
to 1ts passage from a contracted to an en-
larged area. These means have been ineffi-
‘eient in securing the end to be attained—the

continuous, 11]St&nt‘lHBOLIS prolonged, and in--

tense he&ting-power develc_}ped in thé union
Any sus-

pended moisture in the gas, when 1t reaches
the furnace, proportionately delays and di-
minishes its effectiveness; also, the customary
method of precipitating the aqueous moisture

blast-furnaces a greater weight of solid carbon |

these results shall be obviated.

a heated medium for the segregation of the
moisture between the gas-well and furnace or
preheating-stoves.
tact of the gas with a heat-generator—as a

‘boiler—there is a premature and sudden com-

bustion induced which - is unnecessary, and

in that ratio.
voir interposed between the well and the fur-

nace in communication with boilers, so that
there shall only be sufficient increment of heat

imparted to prevent the formation of snow
and crystals and secure rapid liguefaction

without detracting from the efﬁclency of the

ogas in the furnace

Having thus fully described my lmprove-
‘ments, what I claim, and desire to secure by -
| Letters Patent of the United States, 1s—

1. In combination with the tapping-pipe
and holder, communicating boiiers and pipe-
flooring for diffusing the heat gradually.

2. The tapping - pipe, hclder containing

plpe flooring, and boilers, in combination with

-This 1 ac-
complish by indirect contact of the gas with

Where there is direct con-

60

impairs its subsequent utility in the furnace
Therefore I place the reser-

70

75

30

the blast-furnace and mtermedmte preheating-

stoves. |
3. The---blowers, regenerative .-stOVes,*-a,nd .

blast-furnace, in combination with the tap-
ping-pipe, reservolr, holder containing pipe-
flooring, and commummtmo boilers.

4. The tapping - pipe, accumulating—resexh
voir, holder containing pipe-flooring for dit-
fusing a gradual and indireet increment of
heat to the gas, and communicafing boilers, in
combination with preheatmﬂ-stove, blast-fur-
nace, regenerative stoves, and shaftt.

own I atfix my signature in presence of two
witnesses. |
JOHN FRANCIS BENNETT.
Witnesses:
- J. J. McCorMICK,
J. V. McCORMICK.

e

| 95
Tn testim ony that I claim theforegoing asmy
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