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{o all whom it may concermn:

Be it known that I, PAUL NAEF, a citizen
of the Republic-of Sw1tzerland re%dmﬂ' ab

New York, in the county of New York and

State of New York, have invented new and
useful Im provements in Apparatus for Treat-

ing Solid Matverials with Gas, of which the fol-

lowing 1s a specification.
T'his invention relates to an apparatus for
treating solid materials with gas, and has for

its object to provide an apparatus adapted

foruse in the production of carbonate of soda
from bicarbonate and which shall be also ap-
plicable to other purposes.

[n the annexed drawings, illustrating the
invention, KFigure 1 is a part-sectional eleva-
tion of one form of my improved apparatus
for treating solid material with gas—as, for
Instance, hot carbonic-acid gas when the ap-

paratus is employed in the conversion of bi-
a part-
sectional elevation of a modlﬁed form of the

carbonate to monocarbonate. HKig. 21s 4

apparatus as especially constructed for the

treatment of various materials with gases of:

combustion which are rich in carbonie acid.

Ifig. 3 18 a part-sectional elevation of another
form of the apparatus constracted for the

continuous circulation of gas through a gas-
heater and thr‘mwh a portion of the appara-
tus, Bigs. 4,

Views, helenmtter referred to, illustrating

forms of agitating and lifting devices thab'

may be employed in the rotary eylinders: of
the apparatus for facilitating intimate con-

tact of the gasand the matenal treated Lhere-‘:

with.

Referring first to Fig. 1, the numeral 1 des-:
ignates an upper rotary cylinder or furnace
that 1s preferably arranged in a horizontally-

inclined position. As shown, the eylinder 1

may be mounted on rollers 2 and 2* of any
suitable eharacter, and for this purpose it is

preferably provided with annular bands 3
and 3* to engage or bear on said rollers.
the purpose of rotating the said ylinder it
may be provided at any suitable point with
a worm-gealr 4, meshing with a worm-shaft 5,
10 which power can be leadlly applied. The
upper end of the cylinder 1 is provided with
a head or cover 6, having a central opening

provided with an annular flange 7, that is

constructed to fit rotatably against or around

{ upper cylinder.

6 and 7 are cross-sectional’

For ;

a stationary plate 8 on one end of a conveyer-

casing 9, in which there is a screw conveyer

10 for feed of solid material into the c¢ylinder.
A hopper 11 communicates with the conveyer-
casing forsupply of the material to be treated.

The conveyer may be operated through a pul-

ley 12 on the conveyer-shaft or by any other

convenient means. | |
At the lower end of the rotary cylinder 1

there 1s located a hopper 13 to receive the
material that has been treated 1in said eylin-

der. On the inlet end of this hopper 13 there
is a flange or plate that forms stationary
cover 14 for the lower end of the cylinder,

~which is arranged to rotate in contact with
sald cover. -

The bottom of the hOppel 13 is ar ranged to
communicate, through sliding doors or gates
15, with the upper end of a chute 16, the dis-
charge end of which supports a flange or plate
that constitutes a stationary cover 17 for the
upper or elevated end of a lower rovary cyl-

inder18, thatisshown as horizontally inclined

in a reverse direction to the inclination of the
It is preferable to arrange
a pair of rotatable and longitundinally-corru-
oated rollers 19 above the doors 15 and a simi-
lar pair of rollers 20 below said doors to assist
in controlling the discharge of material to the

lower cylinder uniformly and without clog-

oing, The lower cylinder 18 1s rotatably
mounted, as shown in Fig. 1, by means of de-
vices similar to those employed with the up-
per cylinder 1 and deslgnahed by like refer-
ence characters.

At its lower end the cylinder 18 is prm"lded
with a stationary cover 21, that is supported
by the inlet portion of a hOpper 22, which re-
celves the treated or finished material from
sald ¢ylinder. 'The discharge portion of this

‘hopper 22 may be provided with doors 23 and

longitudinally-corrugated rollers 24 to control
the delivery of matelml
In Fig. 1 I haveshown a gas- heater 25, that
may be arranged to receive GcLl"bOIllc acid gas
through a fan 26 and plpe 27 from any suit-

able source.

Hot gas from the heater 25 may be passed
at will into the upper rotary cylinder or fur-
nace 1 through a pipe 28, as controllied by a
valve 29 1n S%Lid pipe. Ol,le end of this pipe
28 1s connected with the stationary cover 14
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at that end of the upper cylinder I' through
which the material under treatmenft 1s dis-
charged to the passages that lead to the lower
cylinder., Gas from the gas-heater 25 is thus
passed through the rotary upper cylinder 1in
a reverse direetion to the passage through
sald cylinderof the material under treatment.

When bicarbonateissubjected to treatment
for effecting its conversion into monocarbon-
ate in thisapparatus, the action of the hot gas
on the material contained in the upper eyliti-
der 1 will first drive off all ammonia and
moisture. Gascoatainingammoniawillleave
the cylinder 1 through a pipe 30, Fig. 1, one
end of which is connected with the stationary
cover §, while its other end connects with a
cooler 31, that delivers the gas through a pipe
92 1nto an ammonia-absorber 33 of any suit-
able construction. The washed gas may be
withdrawn from the washer or absorber 33 by
means of a fan 34 and can be utilized for any

suitable purpose—as, for instance, in an am-

monia-soda process when this apparatus is
employed in that connection.

The pipe 28, Fig. 1, that leads from the gas-
heater 25, 18 provided with a branch pipe 35,
leading into the lower end of the lower rotary
cylinder 18, and this branch pipe 35 may be
provided with a hand-valve 36 for controlling
the flow of gas into and through said lower

cylinder in a reverse direction to the passage
of the material to be treated therein as the
same is received from the uppercylinder. A

portion of the hot gas conducted into and

through the lower ¢y linder 18 will pass there-

from th ough the chute 16 and hopper 13, and
thereby enter the upper cylinder. When_ bi-
carbonate 1s under treatment, the contact of
the hot gas with the material passing through
the upper c¢ylinder 1, hopper 13, and chute
16 will drive off any ammonia and moisture
contained in the bicarbonate, and the mate-
rial thustreated will be delivered to the lower
cylinder 18in adry and heated condition. In
the lower cylinder 18 the material is still

further heated and bicarbonate is converted

1into carbonate, excess of carbonic acid being
driven off. A pipe 37 may be connected with
the stationary cover 17 at the upper end of
thelower ¢ylinder 18 to carry away any excess
of gas.

In IFig. 2 T have shown an apparatus simi-

lar to thab already described, but which is

particularly adapted to the hedtmﬂ' of the
material under treatment by means of a hot
combustion-gas. The upper rotary cylinder
1 in this construction has at its lower end a
discharge-hopper 13* and a farnace or fire-
box 33, that is preferably supported on or car-
ried by said hopper. This fire-box 38 may
pe arranged for combustion of solid, liquid,
or gaseous fuel. (zasmay be admitted to the
fire-box through a pipe 39, and an inlet 40 is
provided for admission of air to support com-
bustion, the inlets for gasand air being pref-
erably concentrie. In the furnace orfire-box
33 there is a perforated wall41,through which

‘sage of the cylinder 18 into
cylinder, (notshown,) where it can be brought

| the hot products of combustion will readily

pass into the upper rotary cylinder.

The gases that leave the upper cylinder 1
may be conducted through a dust-chamber 42,
Fig. 2, from which the gas may pass through
pipe 30* to a washer or absorber such as here-
inbefore described. As before, the material
that is treated in the upper rotary cylinder 1
passes thence through the hopper 13%, rollers
19, and gates 15 to a chute 16*, which com-
municates with the lower rotary cylinder.
This chute 16* carries a flange or plate 172,

- which serves as a stationary cover for the

lower ¢ylinder and supports a pipe 37, as be-
fore, for carrying away any excess of gas.

As shown in FKig. 2, it is sometimes prefer-
able to mount the hopper 13* on rollers 43 to
run on tracks 44, thereby permitting said
hopperand attached parts tobereadily moved
away from the ends of the cylinders 1 and
18 to give easy access to the interior of said
cylinders.

Atthe lowerend of thecylinder 18 and com-

municating therewith there is a discharge-
hopper 45, Iig. 2, having its upper part con-
structed with or supporting a fire-box 46 for
soiid, liquid, or gaseous fuel. As shown, a
pipe 47 is provided for conducting gas into
this fire-box, which is also provided with an
air-inlet 48, as before. 'The hot products of
combustion pass over and through a perfo-

rated bridge-wall 49 in the fire-box and thus
enter the lower cylinder, passing through

sald eylinder in intimate contact with the ma-
terial therein, and thence finding an exit, in
part, through the chute 16* and hopper 13*
to the upper ceylinder, while any excess of gas
may pass off through the pipe 37. In the
lower end portion of the ¢ylinder 18 and com-
municating with the bottom part of the fire-
box 46 there is a pipe or flue 50, Fig. 2, which
18 supported concentrically within said eyl-
inder by means of arms 51 and may be ex-
tended into the c¢ylinder for any suitable or
desired distance. The hot combustion-gases
will enter the cylinder through this flne 50
and partly above the same, while the treated
material will pass out beneath said flue and
into the discharge-hopper 54, which may be
provided with a valved inlet-pipe 52 for ad-
mission of cold air from any suitable source
to cool the finished material during its dis-
charge. To further cool the material, it may
be passed, if desired, from the discharge-pas-
another rotary

into contact with cold air.

In Fig. 8 I haveshown another form of this
apparatus, wherein provision is made for the
continuous circulation of gas through the cyl-
inder 18 and the gas- hearel 25, wheteby the

oas is heated repeatedly alter ndtely with its

passage through the rotary c¢ylinder. A dis-
charge hopper or chute 13°, Fig. 3, is arranged
to conduct partly-treated material from the
upper rotary eylinder 1 into the lower rotary
cylinder 18, a grate 15 or other regulating de-
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vice being provided to control the flow of the
material. A discharge-hopper22?isarranged
to communicate with the lowerend of the ¢yl-
inder 18, as shown. Hot gasfrom the heater
25 is conducted through a pipe 53 into the
lower end of the cylinder 18 to be brought
therein in intimate contact with the material

under treatment and which passes through |

said cylinder in a reverse direction. From
the cylinder 18 a portion of the hot gas may
be allowed to pass upward through the chute
13° into the upper cylinder 1.to act on ma-
terial passing through the same, as before de-
scribed. Another portion of gas from the
lower ¢ylinder 18 passes out at the upper end
of said cylinder into a dust-chamber 54, Fig.
3, and thence throngh a pipe 55 to the fan
26, by which the gas is forced through pipe
27 into the gas-heater, thus completing a cir-
cuit of gas through said heater and the lower
rotary cylinder. The pipe 55, between the
dust-chamber 54 and fan 26, communicates
with an inlet-pipe 56, having a valve 57 for
controlling the supply of fresh gas to the
heater. The pipe 53, that conducts gas from

the heater, is shown as being provided with-
a branch pipe 58, Fig. 3, having a valve 59
for controlling the supply of gas direct from

the gas-heater to the upper rotary cylinder.

The gas that leaves theupper ceylinder may be

passed through a dust-chamber 42, and thence
to a washer or absorber, as before described.
The form of apparatus shown in Fig. 3 is

very economical in the use of gas by reason

of its continuous circulation through the gas-
heater and the lower cylinder. Ineach form

of apparatus only the gas that passes through

the upper cylinder will need washing, as when
the apparatus is employed for the conversion
of bicarbonate into monocarbonate, if the gas
is to be used again. The gas that leaves the
lower cylinder through the pipe 37, Figs. 1
and 2, or through the dust-chamber 54, Fig.
3, does not require washing and may be used
continuously—as, for instance, in the employ-
ment of this apparatus in connection with the

ammonia-soda process.
- Inordertoinsureintimate contact between

the gasand the material under treatment pass-
ing through the rotary cylinders in opposite
directions, it is preferable to provide suitable
agitating devices in the interior of each cyl-

'mder

In Figs. 1, 2, and 4 I have shown agitating
devices consmtmﬂ' of parallel longitudinally-
extended partitions 60, having series of ribs
or shelves 61 thereon projecting at right an-
ogles from said partitions. The ribs 61 on ad-
joining parallel partitions 60 preferably al-
ternate with each other and may overlap to
some extent, as shown in Fig. 4. 'The parti-
tions 60 and their ribs or shelves 61 are pref-

‘erably provided with perforations 62 to effect

a finer subdivision and more intimate.con-

tact of the gas and the material under treat-

ment in the rotary cylinders. The partition

or agitating devices in the several cylinders

| with advantage.

e g

may be grouped 1n sections throughout each

cylinder, with spaces between the several
groups or sections, as at 63, Figs. 1 and 2,and
with spaces 64 at the ends of the cylinder or
beyond the groups of agitating devices there-
in. Vertical cross-partitions 65 may be ar-
ranged in each eylinder at the head of each
oroup of longitudinally-arranged partitions
as shown in Kigs. 1-and 2. These cross-par-
titions 65 are provided with openings 66 for
passage of material and gas, and, as shown
in Figs.1,2,and 7, the qmd openings in some
of these eroqq-partmons are located near the
periphery of the c¢ylinder, while alternating
partitions are each provided with a single

larger opening, located at the center of the
partition, the purpose being to break the cur-

rent of gas through the cylinder and compel
it to take a tortuous or zigzag course.

In place of the form of partitions shown in
Fig. 4 T may employ parallel-arranged corru-
gated partitions 67, Fig. 5, provided with per-
fora,tlons 68, the eorruwatlonq serving the
same purpose as the ribs or shelves 61 to agl-
tate the material and gas passing through
the cylinder, and thereby secure intimate con-
tact and a thorough reaction. The ribs 61,
as well as the corrugations, algso serve as lift-
ors to raise the material under treatment and
shower it through the gas during the whole
revolution of the cylmder

Another form of agitating or lifting device
is shown in Kig. 6, consishing of longitudi-
nally and radially extended partitions 69, ar-
ranged at right angles to each other. Be-

tween these radial partitions 69 there may be

arranged one or more series of corrugated
partitions 70,preferably in inclined positions.

‘All these partitions 69 and 70 may be pro-

vided with perforations.

When the material to be treated is of such
nature as to incur risk of clogging, it 1s pret-
erable to employ only an arrangement of ra-
dially and longitudinally extended partitions
71, such as shown in Figs. 1, 2, and 7, with
perforations 72 therein, or the parallel and

1 longitudinally arranged partitions 60, Fig. 4,

may be used with narrow ribs thereon. Other
lifting devices in the form of perforated tubes
73, Fig.
v dntaﬂ'e 1u each cylinder, a,d;]a,eenb to its pe-
npher'y, and either alone or in connection
with other forms of agitating and lifting de-
vices., Doors 74 are preferably provided in
each cylinder, opposite the spaces 63, to fa-
cilitate celeaning out the cylinder when nec-
essary. | -

It will be understood that the arrangement
of the agitating devices may be varied, ac-
cording to the material to be treated, the pur-
pose being to secnre the most intlmate con-
tact of the material and the gas without clog-
ging the cylinder. In cases where the tem-

perature is not very high, as in the upper ro-
tary cylinder, the pdmllel longitudinally-ar-
ranged partitions, Figs. 4 or 5, may be used
These par tw_mns are pref-
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erably arranged in sections or
ally offset from each other to incerease the
contact of the material and gas and secure a
more perfect agitation. The distanee of one
partition from another and also the dimen-
sions of the perforated ribs or shelves on the
partitions will be varied, acecording to the na-
ture of the material to be treated.
terial that clogs easily the partitions are set
farther apart and the ribs are made smaller.
With other materials that are not likely to
clog the ribs or shelves may be made wirder
and arranged so as tooverlap, thus providing
extensive surfaces over and through which
the material will glide and by meauns of which
it 18 exposed constantly to the gas in a state
of finedivision. Wire-gauze and corrugated
wire-gauze can be sometimes used to advan-
tage 1in the construction of the different forms
of partitions. In the lower cylinder where

groups radi-

the temperatureis high the partitions may be |

made of fireproof material.

The apparatus is adapted for the treatment
of various materials with gas and can be nsed
for the production of by-products from fuel
and for other purposes. It can be also used
for the treatment of liquors.

Instead of placing one partition between
each setof longitudinal partitions for the pur-
pese of guiding the flow of gas it is of great
advantage to use the fullowing arrangement
with materials which do not easily clog the
apparatus. There are then arranged sec-
tions of longitudinal perforated partitions
and atterward sections of vertical perforated
cross-partitions with spaces between the two.
The gas and material has alternately to pass
sections of longitudinal and afterward of ver-
tical cross-partitions. The arrangement in-
creases the contact of material and gas and
prevents material and gas from passing in
places through the apparatus too quickly.
The perforated vertical partitions are adapted
to the material and are often with advantage
made corrugated and of wire-gauze.

The pipe 60, Fig. 2, leading into the cylin-
der 1s often with advantage connected di-
rectly to a gas-main. Combustion then takes
place at the end of said pipe, and the first
partof the eylinder near the discharge end is
used for the purpose of heating the air. If
the apparatus is used for the treatment of
fuel, 16 18 often of advantage to mix the ma-
terial before entrance into the second cylin-
der. The fuel is then distilled by itself in

the upper cylinder, and the material to be .

calcined or otherwise treated is introduced
through conveyers 75, Figs. 1, 2, and 3.
What I elaim as my invention is—
1. In apparatus for treating material with
gas, the combination of a rotary cylinder
mounted in a horizontally-inclined position,

agitating devices arranged in said cylinder |

fo effect intimate contact of the material and
gas passed through said cylinder in reverse
directions, conveyer devices for feeding the

With ma-

T

means for conducting gas into the lower end
of said cylinder, a discharge-hopper in comn-
munication with the lower end of the cylin-
der, for discharge of the treated material, a
washer or absorber, and means for conduct-
Iing gas from the upper end of the eylinder to
sald washer or absorber.

2. In apparatus for treating material with

gas, the combination of a rctary cylinder
motunted in a horizontaliy-inclined position,

rollers on which said cylinder is mounted,
gearing for rotating said cylinder, agitating
devices arranged 1n said cylinder to effect in-

timate contact throughout the entire revolu-

tion of the cylinder between the material and
the gas that are passed through the same in
reverse directions, conveyer mechanism for
feeding the material into the upper end of the
cylinder, a discharge-hopper communicating
with thelowerend of the evlinderand through
which the treated material is to be discharged,
means for conducting gas into the lower end
of the cylinder, a washer or absorber, and
means for conducting gas from the upper end
of said cylinder to the absorber or washer.

3. In apparatus for treating material with
gas, the combination of an upper rotary cyl-
inder, a lower rotary cylinder, means for
mountiung said ecylindersin reversely-inclined
positions with relation to each other, gearing
for rotating said cylinders, agitating devices
arranged in each cylinder to effect intimate
contact between the material and the gas
passed throughsaid eyvlindersin reverse direc-
tions, a discharge hopper and chute through
which the lower end of the upper cylinder is
adapted to communicate with the upper end
of the lower cylinder, means for controlling
the discharge of material through said hopper
from the upper eylinder to the lower cylinder,
a discharge-hopper communicating with the
lower end of the lower ¢ylinder and provided
with means for controlling the discharge of
finished material, a gas-heater, and means for
conducting gas therefrom into the lower end
of each cylinder, respectively.

4. In apparatus for treating material with
gas, the combination of an upper rotary cyl-
inder, a lower rotary cylinder, said cylinders
being arranged in horizontally-inclined posi-
tionsand in relatively-reverse directions,con-
veyer mechanism forfeeding material into the
upper end of the upper cylinder, discharge
deviges through which the lower end of the
upper cylinder is adapted to communicate
with the upper end of the lower cylinder, a
discharge-hopper in communication with the
lower end of the lower cylinder, for discharge
therefrom of finished material, a gas-heater
having a pipe for conducting hot gas into the
lower end of the upper cylinder to pass there-
through in a reverse direction to the passage
through said cylinder of the material under
treatment, sald heater having also a branch
pipe for condueting hot gasinto the lower end
of the lower c¢ylinder, to pass therethrough in

material into the upper end of said cylinder, | areversedirection to the passage through said
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cylinder of the material under treatment, a]

pipe leading from the lower ¢ylinder to ¢on-
veyaway excess of gas,an absorber or washer,
and means for conduecting gas from the upper
end of the upper cyhnder to sald absorber or
washer. _

5. In apparatus for treating material with
oas, the combination of one or more horizon-
tally - inelined rotary eyvlinders, conveyer
mechanism for couducting the material to be
treated into the upper end of the cylinder, a
gas-heater, means for conducting gas from
sald heater into the other end of the ¢ylinder
to pass therethrough in a reverse direction to
the passage through said cylinder of the ma-
terial undertreatment, an absorber or washer,
means for conducting gas from said cylinder
to the absorber or washer, and series of per-
forated partitions extended longitudinally in
the cyvlinder and radially offset from each
other to effect agitation and intimate contact,
between the material and the gas that are
pa,%ed through the ¢ylinder in reverse direc-
lmn'-,

. In apparatus for treatmﬂ' material with
oas The combination of a rotary horizontally-
inclined cylinder, conveyer mechanism for
feeding material into one end of said eylinder,
a discharge-hopperincommunication with the
other end of said eylinder, for the discharge
of treated material, a furnace or fire - box
mounted on said dl‘%GhdI‘ﬂ'e hopper and pro-
vided with means for the eombustlon of fuel,
means for movably mounting said dlSGhdl‘ﬂ'e-
hopper and furnace, whéreby the same may
be moved away from the cylinder end to give
access to the eylinder, and agitating devices
arranged in the c¢ylinder to effect intimate
contact between the material and the gas that
are passed through said cylinder in reverse
directions.

7. In apparatus for treating material wmh
gas, the combination of an upper rotary cyl-
inder, alowerrotarycylinder, conveyer.mech-

anism for feeding the material to be treated .

into one end of the upper cylinder, a hopper
and discharge devices through which one end
of the said upper cylinder is adapted to com-
municate with the adjacent end of the lower
cylinder, a furnace or fire-box mounted on
sald discharge-hopper, means for movably
mounting sald dlSGh&I‘Ue hopper and fire-box,
whereby bhey can be moved away from Lhe
cylinders to give access to the interior of the
same, a discharge-h(}pper in communication
with one end of the lower cylinder, a fire-box
mounted on said discharge-hopper and hav-
ing a flue extended into said cylinder, means
for introducing eold air into said discharge-
hopper below the said fire-box and its flue,
and agitating devices arranged in the cylin-
ders to effect intimate contact of the material

and the gas that are passed through said cyl-

inders.

8. In apparatus for treating material with
gas, the combination of an upper rotary cyl-

anism for feeding the material to be treated,
intoone endof the uppercylinder,adischarge-
hopper.through which one end of the upper
cylinder 18 adapted to communicate with the

adjacent end of the lower cvlinder, a dis-

70

charge-hopper in communication with the

other end of the lower cylinder, for discharge
of finished material therefrom, a gas-heater
means for causing a continuous circulation
of gas through said gas-heater and the said
lower cylinder, whereby the gas is repeatedly
heated in alternation with its passage through
the mmaterial in the said lower ¢ylinder, means
for introducing gas into the upper eylinder,
and means for conducting gas from said up-
per cylinder.

9. In apparatus for treating material with
gas, the combination of an upper rotary cyl-
inder mounted in a horizontally-inclined po-
sition, a lower rotary cylinder mounted in a
horizontally-inclined position and in areverse
direction to the upper eylinder, agitating de-
vices arranged in said cylinders to effect in-

timate contact of material and gas to be passed
through the same in reverse directions, con-

veyer mechanism for feeding the material to
be treated into the upper end of the upper
rotary c¢ylinder, a discharge-hopper provided
with means for eontrolllng the passage of ma-
terial from the lower end of the upper cylin-
der to the upper-end of the lower cevlinder, a
discharge-hopper in communication with the

| lower end of the lower cylinder for discharge

of finished material therefrom, a gas-heater,
means for conducting gas into said heater,
means for causing a continuous circulation
of gas through the gas-heater and the said
lower cylinder, whereby gas is repeatedly
heated in alternation with its passage through
the materialinsaid lowercylinder, and means
for passing gas through the upper cylinder.

y 13

80

go

| g le;

ol

10. In apparatus for treating material with

gas, the combination of a rotary horizontally-
inclined cylinder, series of perforated agitat-
ing devices arranged in said eylinder in sev-
eral groups or sections, radially offset from
each other, with spaces between the several
groups or sections of said agitating devices
and with spaces beyond the same at the ends
of the cylinder, means for feeding into one
end of said cylinder the material to be treated,
and means for conducting hot gas into the
other end of said cylinder, to pass through
the same in intimate contact with the mate-
rial that is passed through said eyhnder 1n &
reverse direction.

11. The combination of several super posed
rotary fuma,ees, combustion-chambers com-
municating with said furnaces, means for con-
ducting material suceessuely through said
furnace and means for separately collecting
and washin othe gas from the furnaece through
which the material first passes.

. 12. The combination of several furnaces,
combustion-chamberson each furnace, means
for conducting material into one furnace and

mder alowerrotary cylinder, conveyer mech- | successively through the other furnaces,
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means forecollecting and washing the gasfrom -
the first furnace separately, and means for
introducing another material in the second
furnace. |

13. The combination of several furnaces,
means for passing material successively
through them, means for heating and collect-
ing the gas from the first furnace separately,
means for continuously circulating the same
gas a number of times through the lower fur-

nace, and means for heating said gas before
each entrance into the lower ¢ylinder.

In testimony whereof I have hereunto set
my hand in presence of two subscribing wit-
nesses. | -

PAUL NAEF.

Witnesses:
C. E. LANGDON,
GERRIT SMITH.
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