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| _'Pennsylvam& have invented certain new and |
useful Improvements in Furnaces for the Man-
ufacture of Iron a;nd Steel, and for other pur-

To aZZ whom it ma&y conce’rn

JAMES HDNDERSON or* BDLL]]I‘ONTD PENNSYLVANIA L

FURNACE FOR THE MANUFACTURE OF IRON AND STEEL AND FOR OTHER PURPOSES

' - SPECIFIGATION formmg Part of Lettels Pa,tent No 282 315 dated Jl‘ll}?' 31, 1883 L
- | Apphcatwn ﬁled .T une 29 1883 ' | I

(Nﬂ mudel )

‘Be it known that I, JAMES HDNDERSON of
Bellefonte -county of Centre, and State of

eatwn as wﬂl enftble those slzzllled 111 the m:'t to .;

understand and practice the same, being a

E 10 division of apphmtlon N 0. 87, 393 ﬁled M(u eh
Lo 12,1883,

This my mventlon eonsmts 0f :novel comb1- ';

S natlons of elements in appamtuses for meétal-

~ lurgical and other uses, as shown in dmwmgs,;
In which—

20

g 25

Figure 1 1s a 10]10 11311(:1111&1 sectlon
Flﬂ 5 is a longi-

9 is a plan of the same.

The same letters 1efer to the S’lﬂlle pfu ts in

'the different figures. o
.o 7 The. plmclpml parts- of the fmnace repm~”f
. sented in the said drawings are the gas-pro--
o . ducer A, from which the ﬂue B .of the inlet-

- " néck of the furnace is the outlet for the result-

ing gases, aswell as the inlet into the heating-
~chamber C, the movable revolving hearth: V
‘the flue:D of the outlet-neck -of the furlnce ’m_'

e - a second heating-chamber, E, the flue F of the

s

outlet-neck of the second. heatmﬂ' elnmbel Gr
“beneath the boiler O, and the.nce throucrh 1‘rsi
-~ flues to the chimney to the external air.: -

- The hearth or bottom of the furnfme, V,is

! o ‘moved vertically by being mounted on 2 table

PR 1) & platform v, raised. zmd lowered. by the up-
j_'§Q:'.j__-|{;;';;:_;'._"§?--150 per end of a hydrmﬂlc ram, YV 'md also lmsi,

by means of a

| I‘10' 2.
SR ahomzont&lsectlon of the apparatus through |
. the line z z of Fig. 1.

. tramsverse section on the line Y 'Y, on an en-
larged scale, of Fig. 2. Fig. 4 isa pl'ul view
- of the cast- 11'011 truck, ShOWlIlﬂ‘ the ribs upon |-
“ .t which the -hearth V- I'ests

. tudinal section of the gas and air passage in -
"+ the outlet-neck of the producer
Tplfm view,and Fig.7 atransverse vertical cross-
‘section, of thesame on an-enlargedscale. Fig.
“8isa Vertlcal cross-section of the hydmuhc
~ram, and Fig.
10is a plan view of the cast-iron pla,te sup-
- porting the roof of the reverberatory chamber
C. Fig. 11 is asectional view of the seal-joint
~which closes the space between the roof *md_
'hem:‘th of the reverberator y chamber C.: -

~ Fig. 3 is a vertical | wheel revolves.-

g 6 18 a

| through it.
Fig. | cannot be-any passage of heat or gases from 113 .
to the external air, by an annular open box, a’,

at the t0p, filled with. sand or water, in Wth]l

, With wheels upon the top,.

plate m and the four guide-rods o , passing

fitted in
-braokets carries the hearth when it revolves
| track corresponding to :the
| wheels, cast on the under side of the hearth.
The: surface of the wheels i is beveled or inclined
| .to corr esp ond tothe bevel or inclination of the
track., The brackets are arranged, as. shown,
with hollow space for water, in whleh the o
| “Wooden dlsks may be placed
| between the wheels zmd the 011ts:1de bracLet to
take up the friction. -

- PATE N'T FFI CE. o e

r Wheels on the bottom of Lhe £ uck upon Whlchf R
it sets, so that it may be moved aWay from*.-*- S
'undel the arch after being lowered. S
‘The top of the hydrauhc ram is Sp]leucal :
':Whlch fits into a corresponding socket in the
bottom of the- truck, and thus forms a pivot =
1 and a ball-and- socket joint, so that the hearth
‘may revolve around it and be keptinitsplace -
‘when tlpped to pour its contents. A
form,

55

plat-- - -
60

_, | 70
The health 18 revolvedby means of the Spm-j I
.. Wheel u, working in corresponding teeth in
the rim: of the hearth. The- heamth 18 main- -
tained in its vertical position by the oguide- IR
75
The hearth when in Jlts raised

1)051131011 in the furnace, is sealed, so thatthere

a ring, 7, on the bottom plate;, Z, I‘]o 3, SuUp-

porting the chamber C, dips nearly ’m the bot- .

| tom. . The plate is 1310v1dec1 near -its inner
| edge Wlth an’ ron- pipe or. passage, [, cast
| therein, in ‘which water or air 011(3111&1368 to
¢ool the. plate and 1J1event 1113u13r fl()l]l the _'
heat of the furnace. | B
- Fig. 10-is a plan view Of the plate Z ShOW -
"1110* the cooling-chamber in dotted . lmes and -
| Flﬂ‘ 1lis a sectmnful view of the sealed Jomt |
mfxde by the ring 7' on the b0tt0m dlppnw--_ o

into the annular bc}:x: @, o

;_85 |

90.

The hearth V ig plefembly d1v1ded in two o

-'P‘LI'tS The hearth proper, in which the ironis .

treated 1S .pr efembly made of rolled plate of 95 .

pure soft steel low in carbon and having great
‘extension under pulling stress, (say under 0.10
per cent, of carbon, with. twenty-ﬁve per cent.

extension under str ain,) to enable it to e:ipand

.'md contraet Wlﬂl heatmﬂ* fmd eoolmwwmhout mo' | ;. _' |



liability of bursting. This pan or hearth rests
in the cast-iron platfmm upon raised ribs or

" projections &', (shown in Fig. 4,) and the plat-

IO

15

form, having the sides 1e:zhch1nc-‘ to the under
side of the 10wer spout or tap -hole of the
hearth, forms a shallow dish, which enables

the use of water or air therem for cooling the
If desired, there 18 a

bottom of the hearth.
narrow open space about one inch wide, sur-
rounding the hearth, and between it zmd the
sides of the pan, which enables the Ingress or
egress of alr for 00011110 the hearth, 1f air 18
used
- The air or water 1s 1111310(111(36{:1 through the
opening in middle of the hydraulic ram, as
hereinafter described.

The movable hG&lth or bottom V is Pro-

 vided with a lining, ¢, of refractory material,

20

which may be coke 01 plumbmgo and ﬁre-clay,
(such as is used for steel-melting crucibles,)
oxide of iron, lime, magnegian 111ne magne-
sia, sand, or sﬂlclous linings, dependmﬂ upon

. the amount of heat required and the kind of

- operation performed therein.

30

‘When reagents
are used they are generally spread over this
lining by introducing them through the door
d, or by lowering the hearth from the cham-
ber O for that purpose. The iron used or
treated may be placed in the hearth In the
same way, or the roof may be made movable

and. removed for these purposes.

The gases employed to heat the reverbera-

- tory chamber C and convert the charge enter

35
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50

55

60

through the flue B. The combustible gases

pass from flue B, descending thence, by the

vertical flues f f, to chamber C. In the flues

f f these gases are mixed with renul&ted quan-

tities of EhtmOSphel ¢ air, prefembly heated
to from 700° to 1200° Fahlenhelt whereby
the gases are inflamed and perfect combustion

produced. ~ From thechamber C the products

of combustion are conveyed away by the flue
D. The heated air passes into such flues or
passages f f from the tuyeres 1/, Figs. 5, 6, and
7, which commummte at their rear Wlﬂl a1r-

, paﬁsaﬂ es to aflue, m/, and thence by the pipe T,

Figs. 1 and 2, to the cast-iron air- -heating plpes
S, placed at each side of the boiler-chamber
G, where the air is heated by the spent gases
from the furnace, (or the air may be heated
in any other suitable air-heating apparatus,
either attached to or detached from the fur-
nace,) which is connected with a pipe, L, lead-
ing from the blast-receiver K.

The cas-producer A is constructed at one
end of thereverberatory turnace. Theinterior
of the gas- pr oducer 1s formed of two fuel-
chambers; 7 7, the former, "y being beneath the
1ron reservoir or hoppel 7, " ani bemo there-
fore designated the “lower fuel- ehamber,”
while the hopper or reservoir 7 is a distinct
fuel-chamber, where a different gas process is
carried on. It is ther efore deswnated as the
“‘upper fuel-chamber.”” It is. deswned that

fuel to evolve gases.

282,383

fuel that will fall automatlea,lly as - it bmns o

&Wa,y at the bottom, thus supplying the fire,

while the fuel becomes gradually heated, de-

creasing in temperature to the top. « is the
top of the fuel- -hopper; b, a weighted lever to

close the hopper air- twht by raising the cone

¢ when charging the fuel at a. d 18 a port or

opening at the bottom of the fras_ -producer, for

removing the contents and igniting the fuel.
In operating the apparatus kindling is in-
serted at d and the fuel at ¢. 'The klIldllll‘T
being ignited, the fuel-blower N isbrought into
action. The air from it passes by a 1)1136 to a
reservoir, P, to equalize the pressure, and
thence by 2 pipe surroundingthe gas-producer.

From this circular pipetheair enters the lower

/6

75

SO0

fuel-chamber, 7, through the air- -passages or
tuyeres < <, and acts upon the fuel 1n the gas-

producer, decomposing the fuel. The oases
resultmg from the decomposition, rising’ up

through the interstices of the fuel, escape by

the gas-flue B and gas-channels ff into the re-
verberatory chamber. The heat incident to
the decomposition of fuel in the lower fuel-
chamber, r, acts upon the fuel 1n the coal-res-
ervoir or upper fuel-chamber, #/, effecting a dis-
tillation of the fuel therein and causing the
These gases are forecd

| by the pressure made by thelr dlstlllatlon

| ter,

1

down and into contact with the mcandescent

90

95

fuel in the chamber », whereby the tarry mat- |
| terstherein become decomposed and pass with

the other gases through the annular space be-
tween the retort and the wall of the gas-pro-

100

ducer, and pass thence into the space about .

the upper retort to the flue B. As perfect
combustion of carbonic oxide is effected when

mixed with one-third of its volume of hydro-
gen, I use, preferably, superheated steam
in regular measured .pr oportions, injected
throuﬂh one or more tuyeres, £, 1n the g oas8-Pro-

ducer from twelve to twenty mches above
the air- -tuyeres ¢ 7, when cold air is used and the

105

fuel is of small sme, (if coke or anthracite, of 110

size of walnuts.) A pump.-,isattachedto the
crank-shaft of the blast- enﬂ*me 8, which pumps

at each revolution a cert&in regulated required.

amount of water. Therevolution of the blast-
engine s pumps a certain amount of air, and
2130 pumps a certain required amount of wa-
The water passes through a pipe, Q)
placed in the front end of the boiler- flue, to the
rear end, and thence under the boiler back to

1 the front in zigzag vertical torm, and near the
end terminates in a coil, Q. Thls arrange-
“ment enables all of the water to be gradually
converted into steam and to become highly-

superheated steam by the time it reaches the
end of the coil. The superheated steam then
passes through a covered pipe (not showninthe
drawings)to the tuyereina highiy-superheat-

ed state, or at a temperature of 600° to 800°

IIIS_

120

125

I‘ahrenhelt and thence into the gas-producer

aImong the mcandescent fuel, where 1t deconi-

65 the interior of the gas-producer A shall at all | poses to hydrogen and oxygen the latter com-
times when wor Lmﬂ be charged to the top with | bining with partofthe car bon of the fuel to form

130




R _2_'8'2;3[57._-5_' “

‘hearth V of the furnace. The head of theram
07718 spherical and fits into a socket in the .

platform v, Fig. 3. . The socket is preferably N
‘made of hard wood when water is used in-the 7o .

.. carbonic.oxide. The carbonic oxide and hy-
. .drogen thus produced mix with the carbonic
- oxide formed Dby the combustion of the fuel

. with the air from the tuyeres, and pass from | 1 , 1sed in
R TR f__the;;;p:roduc(‘:‘irf'thmu'gll_ the flue Bto the flues £, ' table v, or when air is used Babbitt or other
e ".:.Where-ﬂ?‘:-eyMe-b‘llfﬂeFI:Withh@ﬂuﬁﬁd air.. About | metal or iron 18 used, care being taken to o
. three-fourths ofa cubicinch of waterreduced to | make either air or water tight joints. The
. superheated steamisthe proportion that I have | ram is recessed slightly below the head to al- =
. found—with’ four feet of cubie air introduced | low it to turn in the socket and keep thejoint 75
v 10 in'the lower part of the gas-producer », with tight. 7’ is a central passage in the ram, .
. anthracite to give the required proportions of | through which the air or water passes in or
. hydrogen ancl'cm?boniqﬁqxide%—eto'prcidu'cetper-_- out of the table or platform ». The air or wa-
- fect combustion when burned with sufficient | ter.is pumped through the passage f” of the
L e | ram. to the space bemeath the wrought-iron 8o
hearth 'V and cools it.as far as the table ex- =
tends up its sides.  The platform rests upon
‘the top of the ram, which fits in its socketand
on the shoulder z. 'When it is desired topour

- 15 Inorder to increase the durability of the su- |
..~ Derheating apparatus, the part where the su-
. Dperheatingtakes place,and from thence leading
e tothe gas-producer, should bemadeof cast-iron.

. The part where steam is formed shoald be of |

-wrought-iron, as the superheated steamn Tap-
o idly oxidizes wrought-iron and “has but: little
. effect on castriron, ¢ _
... noappreciable pressure used, cast-iron is bet-
- ter than wrought-iron for thi$ purpose,
B Lo

and as there is practically

- 1 preferably effect the combustion of the

. gases passing through the outlet B by air sup-

e - plied-by a distinct ‘blast-machine, of which I
SRR ig:the_'I':steame_'cylimler; and J the 1in
. . thepistons being connected by a cross-head. |
30 O |

-+ anair-conduit system, as follows: K is an alr-

air-cylinder,

The air passes from the blast-cylinder through

.. receiver, into which the air is delivered from'

~ theDlast-machine J ina measured qu
. Thepipe L delivers the air, when perfect com-
bustion with a neutral - or oxidizing flame is

“owo o required, to vertical ecast-iron pipes S, Fig. 1,

| m’eaSﬁr,edﬂ (iilé":l#ﬂtitY-]

- ' I‘Ebnged undertheboﬂe]jal()]lg th@Slde WELHS, |
o ~as shown in the plan in Fig. 2. The

blast en-

. _ters the rear end and passes up and down

L4000

through these pipes, which are heated by the:

. waste or spent gases of the furnace. The air

. . thus heated passes from the

- T, thence to the channel o, Fig. 5, in the out.

o tiealfluesfA o
. When the fuel used in the gas-producer is
.+ anthracite and the greatest intensity of heatis |

-~ Jet-neck of the gas-producer, tothe tuyeres 7/, -
A | CS-upon -t
. gases passing through. the flue B and the ver-

Figs. 5, 6, and 7, where it impinges: upon the

-

required, the blast-machine should deliver to

. the cast-iron air-heating apparatus about four

- oxide inthe producer by the oxygen of the air |
. and of the decomposed superheated steam

 “ L “hundred and forty-five cubic feet of air to burn

" - each pound of hydrogen in the anthracite and
.~ that produced by the decomposition of the su-

s

perheated steam, and 72.5 cubic feet of air for

- each pound of carbon converted into carbonic:

therein acting upon the incandescent fuel s and

r

= 1sreducedto about two-thirds of that realized

.. 1from the use of the above proportions. .
.65 - Fig. 8 shows the hydraulic ram of Fig. 1 on | -
. an enlarged scale for raising and lowering the

pipes to the pipe !

the contents of the pan or hearth, if water is

used, the water is run out of the table through

openings 7, and the ram lowered by discharg-

1ng the water from the chambers ¢’ and g, the >
platform and hearth restin g on the shoulderz |
| and the head o”. -Thé side oppcsite the spout
18 then raised enough to give proper inclina- ~ o
tion to the hearth to pour the metal. When - S
the hearth is again ready for use, the wateris -
‘again pumped into the- ram, and thus raises
the hearth to its required place in the fur- g5

ters Patent, is—

‘nace.

‘substantially as described.

boiler, the hot-blast

- What I'daim, -' :-.m_cl "desire to Se(mra by Let- o

1. The combination of a movable hearth, =
guide-plate m, their intermediate connecting
mechanism, and the guide-rods o, substantially - -
asspeeified. -~ T T
2. The'combination of a hydraulic ram with =
‘ball top and hollow center and a table and hol-
low socket communicating with a cooling-
~chamber beneath the hearth of the furnace, .

.
. 1 -

5. The hydraulic ram with ball top, in com-

substantially as described.

3. The combination, in a gas-furnace, ofthe -
| pipe, and the superheater =
‘both beneath said boiler, as specified. =
4. The hearth provided with means for ro-
tating the same, and the rollers and recessed S
| brackets, in combination with the platform«”,

-substantially as deseribed. -+ IR

I;DS.; - B

6. The hydraulic ram with b;*ll't_dp, incom-
bination with a socket-joint, with the platform

-’ and table and hearth, Substantially as speci-
7. In combination with the hearth of a met-

120 -

allui*gicaljfumace' and Eb"31'11313orting'-.table,' the

hydraulic ram with ball top and hollow cen- -
| es _ ter, as deseribed. - o . T
“when an oxidizing-flame with less h cat is re- |
‘quired a greater quantity of air should be used.
It one-half more air is used, the temperature

116

90

100

115
bination with table ,31’1(1-'3001;(3{3' 'and-.]1eartl'1,- o

S. In combination with the hearth of amet-
| allurgical furnace and a supporting-table, the -
duplex hydraulic ram with: ball top and hol- ~~
low center and two water-chambers, substan- =~ o
| tlally as described. 7 130
9. The seal-joint formed by the ring-plate =

~on which the walls of the reverberatory ch am-



A - | . 982,315

ber rest, in which is a cooling-chamber, and
the upper edge of the hearth pr 0V1ded w1t11 an

~annular groove containing a seahnﬂ materml

Subst&ntlally as specified.
10. The seal-joint formed by the ring plate

on which the walls of the reverberatory cham—_

ber rest, in which is a cooling-chamber, and
the upper edﬂ ¢ of the hearth pr owded with an

_aauular oroOVe contalmnﬂ a sealing m&terml
Anto which a circular downwardly projecting 10

lip on the ring- platp dips; substantmllv as
'Speclﬁed - |

J AM.Ea HENDERS ON.

1V1tnesses |
JosEPH J. SULLIVAN,
- JOoHN E. DLMENDORI‘
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