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3UB3LE CAP. . 

Charles F. Ramseyer, old Greenwich, Conn., and 
Fredrik W. de Jahi, New York, N. Y., assign 
ors to H. A. Brassert & Company, New York, 
N. Y., a corporation of Illinois : 
Application July 30, 1943, serial No. 496,732 

5 Clains. (Cl. 34-57) 
Tilds invention relates to bubble caps for use 

in an apparatus for effecting contact between gas 
es and fincly divided Solids, for example, between 
catalyst particles and reactive vapors or, for the 
reduction of finely-divided metallic oces or other 
oxides or sulphides, such as iron ore, pyrites, mill 
scale, and other ferrous oxides, and more particu 
larly to a bubble cap for use in an apparatus of 
the type set forth in an application of F3rassert & 
Ranseyer for the Production of metals, Serizil No. 
481.968, fled April 6, 1943, which discloses a fur 
ace having a hearth provided with a pertures for 

supplying preheated reducing gas under pressure 
to a bed of granular in laterial on the hcarth under 
conditions; to susped the particles of the material 
in the gas and thus impart a fluid-like state to the 
bed. : 
An object. of this invention is; to provide a means 

for irthoducing gels of relatively low pressure and 
Velocity directly, it to. and bereath a bed of loose, 
finely granular material in an apparatus of the 
above type, in such a way that the gas: will rise-up. 
through the bed a tad activate and keep the graiau 
Jar material is a state of partial suspensior ol'. 
inciplerit susperision, so that it behaves iike... a. 
fluid and flows from one end of the hearth to the 
othief. . . . . 
When a flat horizontal surface-area is covered with a bed of finely powdered raterfall from:4% to . 

possibly 20 (Sri 30::" in depth it can belaiifocrily 
aetaad, 6nly if the air or gas.is: introdice into it. 
at-rinerous poilts along the bottefri', of:the bed 
and at velocities, which do not cause the:g, E.S. to...; 
blaw through the ked or chara Fre at points of gas, 
intribduction... It is 'gccording yaing ther oluject.cf. 
the present, invention to provide a .btatible: cap:: 
which is construoted to irasure this unifornigtrc). 
duction; of gas throughout the elitre: bed without.' 
any excessive annount of gas being ini:'Odix (ed 2Lt. 
any:ont point as compared with any other polist. 
"In order to accomplist this tille.bubble cap' is . 

provided with a sin all cential bore, the: in terrial. 
diameter of which is; sufficiently senall...to insure a . 
reiatively. large pressure drop when the volune of 
gas for: whicia. It is designed- is: passed 
through. When a plurality of such bibbie' caps is 
inserted into the top member C. f a hollow hearth. 
they will ail ass.egua) arnourts (if gas citie tc).. the 
high pressure drop, thereby ii) Shring a lifer in 
gas distribution throughout he eitire area of the 
heartli. 

It Eccordale. with the pr::sent rve) tic); the 
bubble tabs are arranged so that the high veloC 
ity through the central bore oi' channel, White) 
nay arr (unt to as nich as 400 l. gir SCC(in d 3' 

tsetes : 

() 

more, is broken down by in pact, first against tie 
top of the cap, and Secondly against the Sides or 
periphery theredf, before it finally makes a fur 
ther right angle turn and passes out through the 
gas exit slots of the cap into the bed of material. 
The velocity through the exit slots directly in con 
tact with the material is thus reduced to the or 
der of from 4:0 to : velocity through the central 
channel itself. - , , 
Another feature of the it ventiur l'esiles in so 

arranging the cap that if the gas pressure should 
be shut off at any time while the caps are still 
covered with the bed of Inaterial, the particles 
will not readily force: their way into the central 
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bore of the cap which "rnight, otherwise easily be. 
corne plugged up. This is accomplished by locat 
ing the top of the bore at a level higher than the 
top of the peripheral gas exit openings which are 

... in egatact with the material: 
these features may be eribodiid in caps of 

various designs and isliapes. A specific embodi 
ment is disclosed herein for purposes of illusträ 
tion-only. 
For a more complcite understanding of tie 

vention reference may be had to the accomparis 
irig drawing ih whicfia Specific emibodifierit there 
of is set forth for purposes of illustration only. 
in the drawing: Fig. 1 is a longitudinal section' th'ough one type 

of reducing furnace to which the present aven 
tion is applicable; 

Fig. 2 is a horizontal section taken along the 
line 2-2 of Fig. t. Fig. 3 is a vertical section through a "bubble clip 
erritaoaying the present laveh tin; and 

Fig. 4 is a transyerse section through the cap. 
taken on the line 4-A of Fig. 3. In the following descriptunn certain Specufic 
teruns are used for convenience in referring to 
various iefaiis of the invention. These terms 
however, are to be given an interpretation con 
sistent with the state of the act Reierfing to the drawing ir detail the furs. 
race to (Figs. 1 and 2) cofit prises, a rectangular 
housing preterably for unedo welded 4% to 6% 
chrotrie steal or other suitable heaviesistant 
t I provic?ed with a double bottom formed by a 

ai upper. Ceck 5)aced above, a lower 
seek or bottorn 2 so as to (orra a seatie: chanber 

! in to wit: in a resilici (1g gas supply pipe 3 leads. 
;'e la; per deck ?om: the horizontai ht:3rti: 
(): the furnace and is perfor aied, th: jié forations 
it:it: spacet; for two io six jackies apai, and eas: cuitaring a piug $4 (Fig. 3) prefraily 

  



2 2,878,157 
threaded into the perforation in the hearth , 
as shown, or it may be force-fitted therein. 
Each plug f{ is provided with a relatively small 

central axial bore or channel U, for example, 
of to 4 inch diameter, or of a suitable dil ameter determined by the capacity for which the 
particular furnace is designed. A pair of cross 
channels are formed in the top of the plug 4 
in comimunication with the central bore S. A 
plate f is secured by suitable means, as by weld 
ing, to the top of the plug 4 and forms, a top 
closure for the cross channels . The plate 
extends laterally beyond the plug ld and carries 
a sleeve f which is shown as threaded thereto. 
The sleeve is of a larger diameter than the 
plug 4 to provide an annular gas chamber 9 
therebetween. The sleeve extends downward 
ly to engage the hearth and is provided at its 
lower portion with a plurality of gas exit slots 20. 
The slots 20 extend upwardly from the hearth 
and terminate short of the cross passages 6 so as 
to prevent direct passage of gas therethrough 
without change in direction. 
The gas which passes through the central pas 

sage is at high velocity first inpinges against the 
plate and is then caused to make a right angle 
turn and to pass outwardly through the cross pas 
sages 6 from which it impinges upon the inner 
surface of the sleeve 8. The gas then makes a 
second right angle turn and flows downwardly 
to the slots 29, making a third right angle turn 
and passing outwardly through the slots and into 
the bed of material on the hearth fl. As the 
slots 20 are below the level of the cross passages 
is any material which night pass through these 
slots from the bed would be prevented from en 
tering clogging the cross passages or the axial bore f. 

The plug 4, plates T and sleeve 8 constitute 
a bubble cap designated at 50 in Figs. 1 and 2. 
The entire hearth is studded with these bubble 
caps for supplying gas from a gas chamber 2 beneath the hearth f. 

In the embodiment disclosed the upper surface 
of the hearth is divided by several parallel 
vertical partitions 22, 28 and 24. Partition 22 
extends from the lefthand end of hearth , as 
shown in Fig. 2, but stops short of the righthand 
end thereof so as to leave an end passage 2. The 
center partition 23 extends from the righth and 
end of hearth but stops short of the lefthand 
end thereof, leaving an end passage 2. Parti 
tion 24, like partition 22, extends from the left 
hand end of hearth but stops short of the 
righth and end thereof, leaving the end passage 27. 
It will be observed that these partitions provide 
a zig-zag channel of substantial length within a 
Small space, equivalent to a long tunnel-like fur 
nace. The effective hearth begins with a channel 
2 between the partition 22 and the side wall 29 
of the furnace, leading through end passage 25 
to channel 3 between partitions 22 and 2, lead 
ing through end passage 2 to channel between 
partitions 23 and 2, leading through end passage 
2 to channel 2 between partition 28 and side 
wall . It will be understood that this zig-zag 
channel is supplied through its entire extent by 
reducing gas from gas chamber 2 through the 
bubble-caps 50. The partitions 22, 2 and 24 stop 
short of the top O of the furnace and may be 
welded or otherwise secured to the upper surface of the hearth 
Discharging into the closed end of channel 28 

ls a Supply pipe 3 for charging the furnace 0 
with the finely-divided oxides to be reduced Pipe 
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4 is preferably welded to top 40 of the furnace 
fe and its lower end is threaded and carries an 
adjustable collar 85 which may be raised and 
lowered and serves the purpose of determining 
the depth of the oxide bed at the feed end of 
the hearth f. By screwing collar 35 upwardly 
or downwardly on pipe 34, this level may be ad justed. r 

At the discharge end of the zig-zag channel on 
hearth f is a discharge pipe 36 welded to the 
botton 2 of the furnace and extending through 
the gas chamber 2 above the surface of the 
hearth . The upper end of discharge pipe 3 
is also threaded for the reception of one or more 
collars, whereby the level of the bed at the dis 
charge end of the zig-zag passage may be ad 
justed. The height of the collars 38 may be ad 
justed to obtain the desired depth of bed at dis 
charge, which is always lower than the depth of 
the bed at the feed end, so that a head of material 
is maintained in order that it may flow along the 
zig-zag channel. The discharge pipe may lead 
directly to a briquetting machine, not shown, for 
compacting the reduced material into briquettes. 

Leading from the upper end of the furnace 0 
is a spent gas discharge pipe 38 which may con 
duct the gas to a reforning or recovering plant 
for effecting reuse of the gas. A perforated plate 
39 is preferably suspended in spaced relation to 
the top 40 of the furnace, so that the spent reduc 
ing gas diffuses unifornly therethrough and its 
velocity is retarded so that it does not carry out of 
the furnace any substantial annount of fines that 
may result from dusting. Peep tubes 42 and 3 
are provided in the two ends of the furnace for observing the operation thereof. 

In operation the furnace iO is supplied with 
iron ore or other oxide through supply pipe 34, 
the material being previously ground to 20 to 150 
mesh, for example, and concentrated to substan 
tially remove the gangue according to known 
methods. The depth of the bed at the feed end 
is determined by the position of the collar 5 on 
the feed pipe i? and the depth of the bed at the 
discharge end is deternined by the height of the 
ring 37 on the discharge pipe S6. A sufficient 
head of the finely-divided material is maintained 
between the inlet pipe and the discharge pipe to 
cause the suspended bed to flow along the zig-zag passage as above specified. 
The reducing gas, preferably preheated to have 

a temperature in the bed of from 100 F. to 1500 
F., is supplied by pipe 2 to the chamber 2, below 
the hearth f. At this temperature the gas read 
ily reduces the oxide but is not high enough to 
cause the particles to agglomerate and frit to 
gether, so that they remain separate and distinct 
throughout the operation and hence retain the 
aforementioned fluid-like flow when permeated by the gas. 
The pressure of the gas supplied to chamber 

2 may be about thirty pounds per square inch 
above the internal furnace pressure, although 
pressures as high as one-hundred pounds and 
even higher may be employed, depending upon 
requirements, such as when the entre operation 
is under superatinospheric pressure of the order 
of pressures given, as described in said copending 
application. For example, if the entire furnace 
is operated under pressure of say one-hundred 
pounds per square inch, the pressure of the gas 
Supplied to gas chamber 2 will be sufficiently 
higher to obtain the desired fluid-like flow of the 
oxide bed. Thus the gas pressure may be about 
One-hundred thirty pounds in that case. 
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The gas flows at high velocity through the 

passage 5 and impinges against the plate 7 and 
then against the sleeve 8 as above described, so 
that the velocity is greatly reduced before the 
gas passes through the exit slots into the bed of 
material. Because of the high pressure drop in 
each of the passages 5 the volume and velocity 
of the gas flowing into the bed from each bubble 
cap is substantially the same. Hence the gas is 
supplied in a uniform manner to the entire bed 
of material. The gas is supplied in adequate vol 
lume to effect reduction at the operating tempera 
ture and to produce the desired fluidity of the 
bed. At the beginning of the operation all of 
the finely-divided material is located at the feed 
end of the channel under the feed pipe 3d. The 
luidity imparted thereto by the gas, however, 
causes it to flow rapidly along the hearth all be 
tween the partitions and to level out until it 
begins to flow Out of the discharge pipe 36. 

Because of the uniform gas distribution from 
the bubble caps 50, the entire bed if maintained 
in a fluid-like state and each particle is suspended 
in the gas which reduces it while maintaining it 
so suspended, the spent reducing gas rising to 
the top of the bed and being immediately replaced 
by fresh reducing gas entering the bed from be 
low, so that reduction is rapid and continuous. 
The construction of the bubble cap disclosed 

herein, in which the plug 4 is threaded into the 
hearth and the sleeve 8 is threaded onto the 
plate 7, provides a locking means for firmly 
securing the same in place. It is to be under 
stood, however, that the sleeve 8 may be formed 
as a part of the plate 7, if desired, and that 
the parts may be secured together by any suitable 
e8s. Although the invention has been illustrated in 

connection with a specific furnace, it is to be 
understood that it is capable of various uses and 
that the invention is only to be limited in ac 
cordance with the scope of the following claims: 
We can: 
1. A bubble cap comprising a Central plug hav 

ing an internal bore extending therethrough, 
cross channels at the top of said plug communi 
cating with said bore, a top plate secured to said 
plug for closing said cross-channels, a sleeve 
spaced radially from said plug to form an outer 
chamber, said sleeve being secured to said top 
plate and extending downwardly therefrom and 
having a plurality of peripherally spaced dis 
charge openings displaced below said cross chan 
nels and out of registration therewith, whereby 
the gases change in direction in passing from 
said bore to said cross channels, from said cross 
channels to said chamber, and from said cham 
berthrough said discharge openings. 

2. A bubble cap comprising a central plug hav 
ing an axial bore extending therethrough, cross 
channels at the top of said plug communicating 
with said bore, a top plate secured to said plug 
for closing said cross-channels, a sleeve concen 
tric with said plug and spaced therefrom to form 
a conceatric annular chamber, said sleeve being 
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secured to said top plate and extending down 
wardly therefrom and having a plurality of pe 
ripherally spaced discharge openings displaced be 
low said cross channels and out of registration 
therewith, whereby the gases change in direction 
in passing from said axial bore to said cross chan 
nels, from said cross channels to said annular 
chamber, and from said annular chamber through 
Said discharge openings. 

3. In combination with a hearth containing 
finely-divided material, a plurality of openings in 
Said hearth, bubble caps disposed in registration 
With each of said openings for supplying gases 
beneath said material, each of said bubble caps 
comprising a central plug threaded onto an open 
ing in Said hearth and having an inner bore and 
transverse passages at the upper end of said plug 
communicating there with, a top plate secured to 
Said plug in registration with said bore against 
Which time upwardly passing gases impinge, an 
external sleeve threaded onto said plate and ex 
tending downwardly around said plug into en 
gagement with said hearth to torm a substan 
tially closed outer chamber in communication 
With Sald bore, and a plurality of peripnerally 
Spaced CSCA large Openings in said sleeve adjacent 
Said hearth for discnarging tine gases trom said 
Caller Oeneatn the Layer of granular maternal 
On Said leart. 4. In companation with a hearth containing 
finely-divided material, a pluauty of openungs 

Silic hearun, Oui Oie CapS uSposed in registra 
tion With each of said openings or supplying gases 
beneatn sala nauerla, eacIl or salu oupoue caps 
Comprising a central plug threaded onto an open 
3 la Sald neartin arc ABVling an internal Oore 

communicating thereWith, a top plate secured to 
Said plug in reglSuratlon Witn Saud oore against 
WalCIl tine upWardly passing gases inpunge, an 
external sleeve t1 areaded onto said plate and ex 
tending aoWinWacuy around sala plug into en 
gagement. With Sala heartin to torn a substantially 
Closed outer Cnanoer, transverse passages in said 
plug connecting Sald OOle With said chamber tor 
CSClaging the gases laterally into said chan 
ber, Sald sleeve having walls in registration with 
Said transverse passages against winch gases im 
pinge and having a plurality of perpnerally 
Spaced discharge openings displaced axlay from 
Sald transverse passages or alscharging gases into 
the bed of material on said heartn alter tine gases 
have reversed their axial direction of flow in said 
chamber. b. A bubble cap comprising a plug having a 
plate at one end extending laterally beyond the 
periphery of said plug, transverse passages in said 
plug adjacent to said plate and a bore extending 
lengthwise from the other end of said plug into 
communication with said transverse passages, a 
sleeve secured at one end to said plate and having 
a plurality of peripherally spaced discharge open 
ings disposed below said transverse passages and 
out of registration therewith. 

CHARLES P. RAMSEYER. 
Rai) W. DE JABN. 


