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PATENT OFFICE

2,028,948
GAS GENERATOR

Dimitry Nicoxioﬂ.’, Clarkdale, Arix., assignor, by
mesne assignments, to Phelps Dodge Corpora-
tion, New York, N. Y., a_corporation of New

York

Application November 2, 1928, Serial No. 464,310°
4 Claims. (Cl. 48—862) '

. This invention relates to gas generators and
has for an object the provision of an-efficient
apparatus for generating industrial gases. More
_ particularly the invention contemplates the pro-

5 vision of an improved apparatus for generating -

reducing gases for use in metallurgical and simi-
lar industries. The invention further contem-
-plates. the provision of improved apparatus for
- generating and utilizing gases. ‘
0 The heretofore customary type of gas genera-
tor is relatively complicated in construction and
requires considerable space for its installation.
In view of this fact, it is frequently necessary to
- generate industrial gases at points remote from
. the points at which they are to be used. The
gases are usually stored under slight pressure at
some point between the generator and the point
of use, and when the operations being conducted
require the introduction of the gas under con-
,-siderable pressure it is” necessary to provide an
additional compressor or blower. While indus-
trial gases are usually prodiced at high tempera-
tures, their heat content is dissipated while they
_ are in storage or while they are being conducted
!5 from the storage receptacle to the place at which
-they are to be used. Consequently, not only is
considerable heat wasted, but in some types of,
operations, such, for example, as those involving
" the introduction of reducing gases into a molten
mineral bath, heavy deposition of carbon takes
place in the tuyéres interfering with the proper
operation of the apparatus.
. The present invention contemplates the provi-
.- sion of gas generating apparatus which is highly
35 efficient and of relatively simple construction and
which may be conveniently disposed immediately
. adjacent a receptacle or other type of apparatus
in which the gas:is to be used. The invention
further contemplates the provision of improved
- apparatus for subjecting materials to the action
. of gases at high temperatures in which gas may
. be introduced directly from a generator into a
receptacle containing the material to be sub-
jected to the action of thegas. . = ° .
45 Qas generators constructed in accordance wif
the present invention are adapted to be utilized in
. effecting partial combustion of carbonaceous ma- .
. - terials and are provided with means for preheat-
ing the oxidizing gas. -In the preferred form of
-construction the gas generators are provided with
combustion’ chambers which are surrounded by
- gas chambers so arranged that the oxidizing gas.
may be passed around the combustion chamber
and be heated by the heat radiated theréfrom
55 -quring its passage into the combustion chamber.
The combustion chamber is preferably cylindri-
cal, and it is preferably so mounted that its axis
extends horizontally. An outer casing surrounds
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_the cylindrical combustion chamber and is spaced .
80 therefrom to provide a gas chamber for the in-

. . . . - ’a
troduction and preheating of the oxidizing gas.
A tube may extend axially through the:-combus-
tion chamber to provide means for igniting the
combustible mixture in the first instance, and for
providing an additional hot surface for the con- ]
tinuous ignition of the combustible mixture in-
troduced into the combustion chamber. .
The combustion chamber may be provided with
one or more burners for injecting a mixture of )
carbonaceous material and oxidizing gas. Burn- 10
ers capable of injecting a mixture of any desired"
carbonaceous material and any desired oxidizing
gas may be provided. Thus, burners eapable of

.injecting a mixture of air and any suitable oil,
_or burners capable of injecting & mixture of air 15,

and powdered coal may be employed. - .
The gas generator is preferably provided with
observation tubes having sealed end portions ex-

‘tending into the interior of the combustion cham-

ber and open end portions projecting outwardly 20
beyond the outer casing. Such tubes permiit the

" operator to determine the temperature within the

combustion chamber by inserting a pyrometer
or by observing the color of the heated sealed ends.
The arrangement of gas chamber, combustion 25
chamber, and burners is such that the air supply
to all burners may be controlled by & single valve
and the supply of il or other carbonaceous ma-
terial may be controlled independently at each
burner. 30
In the complete apparatus of the invention the
gas generator is mounted on or closely adjacent
to a receptacle which is adapted to contain the
material to be subjected to the action of the gas.
The gas generator is preferably mounted on a 33
wall of the receptacle in'such a manner that rela-
tively short conduits or tuyéres may be used for .
providing means of communication between the
combustion chamber and the interior of the re-
ceptacle. 'The respectacle may be stationary or 40

‘it may be mounted for rotary movement through

any desired arc, and when the receptacle is
mounted for rofary movement the generator is
preferably movable therewith. The portions of
the tuydres or conduits which are disposed be-
tween the gas generator and the outer- shell of
the receptacle may be covered with insulating
material to prevent heat losses, or the gas gen-
erator may be so mounted that the exposed por-
tions. of the tuyéres or conduits are sufficiently
short that the heat losses are negligible. This ar-
rangement of gas generator and receptacle per-
mits- the introduction of gases into the interior
of the receptacle at temperatures and pressures
substantially ‘equal to those at which the gases
are generated. : :
In one of the preferred forms of the invention,
the apparatus consists of a receptacle adapted to
hold a molten mineral bath and mounted for
movement about a horizontal axis, a reducing gas 80

45

55




2 ,
generator maunted on the receptacle and suitable
tuyéres providing means of communication be-
tween the cembustion chamber of the gas gen-
erator and the interior of the molten bath re-
cepiacle. The fuyéres communicate with the in-
terior. of the molten bath receptacle below the

normal bath level, and additional means may be

- provided for introducing other fluid or solid re-

10.
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20

agents into the interior of the recepiacle at any
desired points.

The apparatus of the invention may be used
to particular advantage in the treatment of siags
and mattes and similar producis resulting from -

the smelting of ores containing zinc. In the treat~ | -

ment of zinc-bearing materials; the receptacle is
preferably a converter similar to those ordinerily
used in copper smelting. - The converter may be
stationary, but it is preferably so mounted that it
may be rotated-or tilted abouf- 2 horizontal axis -
{o permit charging and removal of the gharge.
The gas generator may be mounted on a’wall of

_ the converter or it may be separaiely mounted

25
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‘immediately adjagcent the ccaverter and attached

thereto merely by means of conduits or tuyéres
communicating with the combustion chamber and
the interior of the converier.

_In the treatment of zinc-bearing materials, re-
ducing gas is genersted in the gas generator and
injected directly into a molten bath of the zinc-
bearing msterigl beneath the surface thereof.
The gases are introduced inte the molten bath at
temperatures and-pressures substantially-equal
to those at which fhey are generated since the
hesat loss is negligible. Apparatus for treating
mtc-beanng materials is preferably provided
with auxiliary tuyéres for introducing air or ather
oxidizing gases into the converter at one or more
points above the surface of the bath to oxidize
any metallic zine produced, and means are pro-
vided for collecting the resulting zinc oxide fuumes.

The invention will be better understood from a
consideration of the following description in con-

" junction with the accompanying drawings in

which is sﬁown one of the preferred embodiments ™.
of the invention, and in which -

Fig. 1 is an elevation partly in section of a gas
generator uonstructed in. accordance with the
invention; .

Fig. 2 is a section ta.ken substantially along

Aline 2—2 of Fig. 1;

.Fig. 2a is a section similar to Fig. 2, but show-

- ing & modification in the bumer to permlt use. ot

55

solid fuels; and
Fig. 3 is a sectional elevation of a converter

-having a gas generator mounted thereon. .

The gas generszior shown in the drawings is

“provided with a combustion chamber 0 com-
prising a metal cylinder {1 lined with a lgyer of

" asbestos or other heat insulating and heat re-

‘fractory matérial 12 and having its ends sealed

by means of circular metal closure plates of discs.
13. The longitudinal axis of the combustion
chamber extends horizontally. An.onter cylindri-

* _ cal metal casing (8 surrounds the combustion

85

¢hamber £8. The circular closure plates 12 are of
greater diameter than the combustion chaniber
cylinder {1. The outer casing is provideé at its
ends witk flanges 15 which are sttached to the

. periphere! edge portions of the circular closure

70
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-plates. .

‘The combystion chamber erlinder i and
the outer casing {4 are spaced apsar , and an an-
nular air chamber 18 surrounding $he combustion
‘chamber is thus provided. - -

‘An ignition tube 16 extends. longitudmally
through the combustion chamber in axial align—

‘ed in the opposite end wall of the casing 2{ with :

. nozzle 2% extends downwardly into the casing 2

- points between the burhers.

" sealed.

- modification in the burner assembly to permit

-paratus shown in Fig. 3

‘an opeing 83 in the cover plate 27, and projects
inwardly towsrd the combustion chamber {8

- 2,028,046

ment therewith. The igmi;ion tube {6 extends
through central openings in the closure plates {3
and through stuffing boxes T which permit ex-
pansion and-contraction of the tube. The igni-
tion tube 16 is formed of a suitable heat-resist-

-ing alloy. Brackeis 20 are provided between the

ends of the ignition tube 16 for supporting the
tube and preventing sagging when the tube is
heated to high temperatures. The ighition tube

"6 and the stufing: boxes {1 are removable and )

the -openings in the closure plates {3 are suffi-

iently large to permit easy access to the interior
of the combustion chamber to permit repairs to
the lining.

A number of burners are mounted in the wall )
of the combustion chamber adjacent the top.
Any desired number of burners may be used.
The number of burners provided will depend upon
the size of the gas generator and the capacity
of each burner. Each burner comprises a casing ¢
2{ having an open end portion extending into
the combustion chamber. An air inlet nozzle 22 .
having a restricted discharge opening is mount- :

its restricted discharge end directed toward the 1
interior of the combustion chamber. An oil inlet :

to a point adjacent the restricted discharge open-
ing of the air inlet nozzle 22. The oil inlet nozzle
23 is connected by means of a conduit Z4 to a :
source of supply of oil under pressurs (not -
shown). A valve 25 is provided for conirolling -
the flow of oil to each oil inlet nozzle. The oil

-inlet nozzle is provided with a punching rod 26
-for cleaning purposes. The burners are prefer-

ably so mounted that a fluid stream issuing from
the air inlet nozzle 22.is directed above the ig- -
nition tube against the opposite side of the com- -
bustion chamber. The outer casing (4 is pro-
vided with openings and removable inspection’
plates 27 adjacent the burners to permit the in-
sertion and removal of the burners.

A single air inlet 30 which may be prov1ded
" with a suitable control valve communicates with
the interior of the air chamber 18 nesr the top
therdof and adiacent the burners.. A partition-
31 extends longitudinally of the air chamber 18
in contact with- the outer casing {4, the combus-
tion chamber cylinder {1, and the closure plates
i3. The partition 31 is disposed at the top of
the generator between the air inlet 38 and the
burners, and it serves to-prevent air from pass-
ing frem the air inlet 30 .over the top of the

combustion chamber . to the burners. z

A number of gas discharge outlets 32 communi-
cate with the interior of the combustion chamber

- and pass through the air chamber 18 io points

outside the outer casing {4. Observation tubes |
33 extend through the outer casing and combus-
tion chamber and across the ignition tube to
points intermediate the lining and ignition tube.
‘The observation tubes are preferably disposed at
Hach- observation
tube is sufficiently large to permit the insertion
of a pyrometer The inner-end of each tube is

Fig. 2a, which is similar tc Fig. 2, shows a
the use of solid fuels. In this modification, the
air nozzle 22 and -the oil nozzle 23 of the-ap-

; have been omitted from
the structure. A fuel conduit 52 passes through

through the opening in the combustion chamber
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wall I provided by the casing 21. The fuel con-
duit 52 is supported in the opening 53 of the
cover plate 27 by means of a plug 54, through &,
hole in which the fuel conduit extends, and to
which the fuel conduit may be rigidly fastened,
as by welding. A gas tight joint may thus be

 obtained. The plug 54 may be threaded and
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. the normal bath level.
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" shown).

screwed into corresponding threads on the cover
plate, or may be otherwise attached thereto. .

A plumber’s union 55, or other suitable link,
connects the outer end of the fuel conduit to
one end of an intermediate conduit 56, the other
end of the intermediate conduit being connected
to a header pipe 51. The header pipe is suit-
ably connected to sources of supp'y of powdered
fuel and air (not shown). o,

By uncoupling the union 55 and turning the
intermediate conduit 56 out of the way, the cover
plate 27 may be readily removed for inspection
or other purposes. . )

Fig. 3 shows a combination in which gas gen-
erators, constructed-in accordance with the in-

.vention, may be used to great advantage. In

the apparatus shown in Fig. 3 the gas generator
is rigidly mounted on the side of a receptacle of
the type used as copper converters. The con-
verter comprises an outer metallic shell 34 lined
with & layer of suitable heat insulating brick or
other material 35 and a layer of heat refractory
material, such, for example, as magnesite 36.
The converter is mounted on rollérs 31 for move-
ment gbout a-horizontal axis. The gas producer
is sttached to and movable with the converter.
The converter is provided with a number of
tuyeres, as indicated by the numeral &9, which
extend through the outer shell and the lining
materials and the outer ends of which are at-

‘tached to the gas discharge conduits 82 of the

gas producer. The tuyéres 40 are attached to the
gas discharge conduits 32 by means of T con-
nections &§. The tuyéres 40 enter the converter
at points below the normal bath level. Nipples
42 having valves 42 mounted thereon are attached

to the T connections &1 in axial alignment with .

the tuygres 80. The valves §3 may be manipu-
lated to permit the insertion of punching bars
for cleaning the tuyéres. The air inlet 30 is con-
nected to 2 header 44 which is suitebly connected
to a source of supply of air under pressure (not
shown). Auxiliary air tuyéres 45 extend through
the converter shell and lining and communicate
with the interior of the converter at points above
The tuyeres 48 are con-
neeted fo0 o header 26 which commuuicates with
a source of supply of air under pressure (not
The tuyéres 5 are also provided with
valves 87 which may be manipulated to permit

" the insertion of bars for punching purposes.

69

A pilot burner 58 is removably mounted in the
ignition tube 16 and may be utilized for starting
the operation of the gas generstor. Removable
plugs may be provided for closing the ends of

_ the ignition tube when the gas generator is in

66
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operation.

Tn the operation of the apparatus the converter
may be charged with the materisl to be treated,
such, for example, as a bath of molten matte
containing a zinc compound. For charging and
di$charging purposes the converter may be tilted
to place the charging opening in any desired
position, : )

The operation of the gas generator is started

' by heating the ignition tube 46 by means of the

k(]

pilot burner 58. A pilot burner may be inserted
in the ignition tube at each end. Heati from

the ignition tube is radiated to and heats the
insulating material on the wall of the combustion
chamber. Heating is conducted in’this manner
until the temperature of the combustion cham-
ber wall is at least equal to the ignition tempera-
ture of the air and oil mixture to be introduced.

Air and oil are then admitted in proper propor-’

tions to. provide a reducing gas having the de-
sired quelities. = The air is heated in passing
around the combustion chamber from the air in-
let opening in the gas chamber to the air inlet
nozzles. The burners admit the air and oil in
the form of a mist in which the air and oil are
intimately mized. The intimate mixture of
heated air and oil enters the combustion cham-
ber between the heated walls of the ignition tube
and the combustion chamber and it is imme-
diately ignited. The resulting gas passes through
the tuyéres 40 directly info the converter at &
teniperature substantially equal to that at which
it is generated. Proper control of the quantities
of air and oil will result in partial combustion of
the compounds contained in the oil with the re-
sulting production of a gas mixture containing

components in substantially the following pro-
portions by volume:—
L Percent
Carbon monoxide .o c-ceoimmmm e 15-18
HYArogZen oo m e mm e 4- 6
MeEthaNe e 3-5
THUMINANES oo 2- 4
Carbon dioxide.aee—ceomcm e 4- 5
US4 01050 « SIS T 72-62
Operation of the generator is conducted in sub-

stantially the same manner in case solid fuel
is to be used as in the case where oil is the fuel.

‘In such an event a modified burner such as the

one illustrated in Fig. 2a is employed.

Powdered coal, or- other solid combustible car-
bonaceous material suspended in a current of
air or other oxidizing gas is supplied to the header
pipe 57 from s suitable source and from there
is blown through the intermediate conduit 56
and the fuel conduit 52 into the interior of the
combustion chamber i0. As in the case where
oil is used as a fuel, a pilot burner 58 is inserted
into the interior of the ignition tube, and the
ignition tube, thus heated, causes the ignition
of the powdered fuel in the combustion cham-
ber. Air in insufficient quantity to cause com-
plete combustion of the fuel is admitted. Sub-
stantially all of the air necessary may bhe ad-
mitted with the powdered fuel as a suspension
medium therefor but preferably the least smount
of air capable of efficiently transporting the pow-
dered fuel is introduced in this manner, and ad-
ditional air is admitted through the air ‘inlet
opening 20, passed around the combustion cham-
ber 10, and conducted into the combustion cham-

ber through the annular space between the cas-

ing 21 and the fuel conduit 52. .

The proportion of air and fuel is preferably
so regulated that substantially all of the oxygen
in the air combines with substantially all of the
carbon in the fuel to produce carbon monoxide.
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In addition, the ‘efiuent gas will contain some |

hydrocarbon gases (distilled from the fuel), con-
siderable quantities of nitrogen (if air is used as
the oxidizing gas) and some fine solid particles
of ash. .Since the effluent hot reducing gases
from this generator are primarily intended for
use in reducing metals from molten baths, the
presence of this solid finely divided ash in the
gases will be of no consequence. If, however,

70
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it is desired to produce a clean gas, free from ash
the solid particles may be removed by any con-
ventional apparatus, such as scrubbers, electro-
static precipitators or the like.

The gas reducing compounds of the gas mix~
ture reduce the zinc compounds in the molten
bath to form metallic zinc which is vaporized.

- The metallic zinc vapor is oxidized by means of

- air introduced above the bath through t

10

15

inlet tuyéres 45. The resulting fume contaming
zinc oxide issues from the converter through the
opening at the top a.nd -may be collected in any
suitable manner.

After the operation of the gas genera.tor ‘has
been started, heating by means of pilot burners

.is discontinued and the dpen ends of the ignition

tube. are plugged.
When removal of zinc from a. bath has been

~ completed, the converter is tilted to discharge the

20

25

remaining material and another charge is pro-
vided. During the charging and discharging op-
erations the operation of the gas generator may
be suspended by cutting off the supply of air

and oil. If the discharging and charging opera-
tions are conducted rapidly, the gas generator

" will be sufficiently hot to resume operation with-

out requiring reheating by means of pilot burners.

If desired the temperature of the gas generator .

" may be maintained by means of & pilot burner

30

) through the cobservation tubes.

while the reducing operations-dre suspended. -
The progress of the heating of the interior of
the combustion chamber may be determined

- operation of the gas generator, small amounts of

35

40

.a red heat.

the oil and air mixture may. be introduced when

the inner ends of the observation tubes are at
‘When ‘the observation tubes be-
come brighi red, heating by means of the pilot
burner may be discontinued and the gas generator
may then be operated at full capacity. Since
all.of the air inlet nozzles communicate with the
interior of the air chamber the supply of air to

. the burners is uniform. \The oil is regulated by

5o

means of an individual valve at each burner until'
the desired temperature in the combustion cham-

ber is obtained. This may be determined by

means of a pyrometer inserted in one of the ob-
servation tubes or merely by the appearance of

the inner ends of the observation tubes which.

may be observed through the -outer open ends. -
The oil and air mixture. introduced is ignited
instantly and because of the rapid whirling mo-

- .tion between two highly heated surfaces the oil

.68
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mist is rapidly gasified.
55 -

The provision of an air chamber surrounding
the combustion chamber not only serves to per-

_mit preheating of the oxidizing gas but also per-

mits the use of a relatively thin refractory lin-

‘ing for the combiustion chamber because of the

cobling effect of the gas passmg through the
air chamber.

‘Gas generators constructed in accorda.nce ‘with
the invention -have been successfully operated

with a number of commercial fuel oils includ-
ing some of the relatively heavy oils such, for
example, as 18° Bé, California fuel oil. "Heavy

oils require hlgher ‘temperatures and greater -

amounts of air than the light oils, and the re-
sulting gdses are therefore relatively more dilute.
The operating temperature range for heavy oils
is about 750° C. to 900° C.; and, for light oils, &

. minimum temperature of akout 650° C. is used.

In using heavy oils, the addition of steam at the
rate of about one gallon of water to ten gallons

" of oil is advantageous.

In starting the -

. members so arranged as to provide an outer pre-

_ ers, means for introducing an oxidizing gas into -

2,028,946

. Gas generators constructed in accordance
with the invention are of simple and sturdy
construction and easily operated and controlled.

. Few parts are reguired and the complete struc-

ture is relatively small and requires little space 5
for its installation. -Operations may be quickly
started or discontinued, and.the provision of a
single air control valve permits easy control
of -the operations. Owing to the fact that the
oxidizing gas may be highly preheéated, a high 19
temperature flame of intense reducing power may

be obtained. . .

I claim: :

i. Agas generator comnnsmg‘ annular com-
bustion chamber, an annular prehegting cham- .
ber surrounding said combustion -chamber, cne
or more burners mounted on a wall of the com-~
bustion chamber within the walls of the preheat-
ing chamber and providing means of communica-
tion between the preleating chamber and the

20
combustion chamber, means for introducing -

- combustible carbonaceous material inte the com-

bustion chamber adjacent the burners, and

means for intréducing an oxidizing gas lnto the 95
preheating chamber. - -
. 2. A gas generator comprising three eylin-
drical -members so arranged as fo provide am
outer preheating chamber an intermediate com-
bustion chamber and an inner ignition tube, one
or more burners mounted on a wall of the com-~
bustion chamber within-the walls of the preheat-
ing chamber and providing means of communica-
tion .between the preheating chamber and the

combustion chamber, means for introducing 35

.combustible carbonaceous material into the com-

bustion chamber adjacent {he burners, means
for introducing an oxidizing gas into the pre-
heating chamber, and means for conduciing the
gaseous products of ‘combustion from ‘the in-
terior of the combustion chamber to a point of
use.

3. Agas generator compnsmg three cylindricai

heatmg chamber, an intermediate combustion
chamber and an inner ignition tube, one or more

.burners mounted on a wall of the combustion

chamber within the walls of the preheating
chamber and. providing means of communica-
tion between the preheating chamber and the
combustion chamber, means for introducing oil
into the combustion chamber adjacent the burn-

the preheating chamber, and means for conduct-
ing the gaseous products of combustion from the-
interior of the combustlon chamber to & point of .
use.

4. Agas generator compnsmg three cylindrieal
members so arranged as to provide an outer pre-
heating chamber, an intermediate combustion )
chamber and an inner ignition tube, one or more
burners mounied on a wall of the combustion

53
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‘chamber within the walls of the preheating -

chamber and providing means of communica-
tion between the preheating chamber and the
combustion chamber, means -for introducing
powdered coal into the combustion chamber ad-
jacent the burners, .means for introducing an
oxidizing gas into the preheating chamber, and 70

.means for conducting the gaseous products of

combustion from the interior of the. com- .
bust;mn chamber to a pemt of use.
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