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To all whom it may concern:

Be it known that 1,CarLETON ELLIS, 8 citi-

zen of the United States, and a resident of
New York city, in the county of New York
and State of New York, have invented cer-

tain new and useful Improvements in the Art

of Generating Gas, of which the following is
a specification. |

This invention relates to processes of mak-
Ing gas; and 1t consists in a method, of pro-
ducing a complete partial combustion of the
fuel 1n & gas-producer of the ordinary type,
converting the fuel wholly into gaseous fuel
without the generation of comlllaletely-burned
products, all as more fully hereinafter set
forth, matters of novelty being particularly
pointed out in the appended claims.

The invention relates more especially to
that branch of the art wherein the gas-gener-
ator is functionally remote from the gas-con-
suming apparatus, although independence of
structure is not absolutely necessary to the
practice of my method, it being possible to
unite gas-producing and gas-consuming
paratus into a single structure, provided

cation of the principles hereinafterlaid down.
(Gas-producers are structures wherein va-

' rious mixtures of gases are led through a bed
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of hot or glowing fuel and the combustible
gaseous products formed are collected and
delivered for consumption. In the ordina

operation of a gas-producer containing g sut-

ficiently thick bed of fuel to insure normal re-

actions upon the gases going therethrough,
there 1s a certain balance obtaining between
the carbon dioxid and the other bodies in the
gaseous products obtained. Under the phase
rule or law of mass action its concentration
or partial pressure relative to other gaseous
and vaporous bodies will always be a certain
definite amount in the normal running of a

oiven producer at given temperatures and

under other given conditions. This amount

is independent of the composition of the gases -

fed to the producer. In one such producer

I have found, for instance, that the gas de-

livered contains about five per cent. of car-
bon dioxid. While the producer is running
at the same temperatures, &e., this five per
cent. will be produced whether the entering
air used to support combustion in the pro-

the

~ orgamization is such as to permit the appli-

| done away with.

steam, or mixtures.

steam or does not, so long as the body of re-

acting fuel in the producer is sufficiently deep

to insure completeness of contact of the gases

passing through or is brought into thorough
‘contact with said gases in any other way.
In the complete combustion of carbon,

speaking broadly, of every one hundred units
of heat generated about thirty are due to the
partial combustion to carbon monoxid and
the remaining seventy to the further combus-
‘tion of the monoxid to the dioxid. Itis evi-
dent that the heat of formation of dioxid in
the producer is wasted, as it appears as sen-
sible heat in the gas produced and must gen-
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erally be removed before use, and it is fur- -

ther detrimental in that it embarrasses the
‘working of the producer by causing undue
temperatures, chinkering, &c. It is also evi-

70

dent that the carbon the dioxid contains is

also wasted so far as any useful effect in the
gas 1s concerned, and therefore represents
so much fuel thrown away. In the prior
practice of this art there has been an effort

‘to control theundue temperatures mentioned

by an addition of steam fo the entering gases,
though I believe it has never heretofore been
sought to obviate the wastes mentioned.
Steam reduces the temperature, its reaction
with glowing carbon being endothermic; but it
does not obviate the waste of heat from the
formation of carbon dioxid nor the waste of
fuel to which it corresponds.
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The heat of -

formation of the dioxid 18 merely diluted, not -

Producers are ordinarily run with air or

| With steam alone it is
necessary to blow up the producer with air

oecasionally to restore the temperature of
“the carbon, this being the well-known water-

gas process. With air alone at the high tem-
peratures prevailling in a pure-air blow the

~oxygen 1s converted into carbon dioxid by
‘the undermost layers of glowing fuel, thereby
liberating a great deal of heat on the grate,
where it 18 very detrimental, and the carbon

‘dioxad in its upward passage through the fuel
1s converted partly into the monoxid—the
usetul ingredient in the gas produced. This
conversion, however, asstated, is never com-

plete, a certain proportion of dioxid inevita-

bly remaining in the gas. With steam a cer-

tain amount decomposes with the hot carbon, -

ducer contains five per cent. of carbondioxid, t forming carbon monoxid. Another portion

ten per cent., or none, or whether it eontains | forms dioxid, and still another portion goes
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through unchanged, the relative propoftions |
in the gas of monoxid, dioxid, hydrogen, and

steam depending on the laws of mass action.

It has never hitherto been possible to burn

the coal in the producer to carbon monoxid

“without production of carbon dioxid.
It is the object of my invention to achieve

this resuit. |

The reaction between carbon dioxid and
carbon to form carbon monoxid 1s 8 reversi-

ble one and is expressed by—
COx+C22CO0,
in which the arrows indicate that the réac-

tion may progress in elther direction aceord-
ing to circamstances. I determine this con-

ditton of reversibility from the following re- |

actions:

(1) C—[—‘OEZCOE

The principal reaction

in the lower part of

 the producer.

The reaction of reduc-
tion occurring ab
800° centigrade and
upward. |

The dissociation reac-

(2) {U@z‘l— G ~ 2@@

(3) 200=20C+0Cs
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My invention consists in the institution by
external means of the desired partial pres-
sure of carbon dioxid in the gas-producer—
that 1s to say, the normal balance. 1 aim fo
secure an equilibrium between carbon mon-

{-oxid and carbon dioxid 1n an artificial man-

ner, and I thus suppress the natural tendency
of a portion of the coal to depart from the
producer as carbon dioxid. The net result
is complete combustion of the coal to carbon
monoxid. | .

In the accompanying drawing I have 1llus-
trated more ‘or less diagiammatically one
form of appatatus of the many adapted to be

In the 1l
producers of identical structure to be used
independentlyor alternately, according bo the
modification of my process adopted. Kach
producer 1s provided with the usual ¢oal-
mlets 3 ‘and gas“outlets 4. (Showh broken
away.) Tipe 5 communicabes with the twy-
ers. This pipe 1s 1p’r(ra‘V-i(':l‘f:zd with & brant¢h
pipe 6, kaving a valve 7 and an mducter 8.
Into 8 opens steam-pipe 9 with walve 10 and
aiso another pipe 11 with valve 12, Pipe 11
joms pipe 13.  Pipe 13 1s provided with vaive
14 and 1s connected with pipe 5 through fan
15. Into it ‘'opems an alr-inlet pipe 16, pro-
vided with walve 17. DBeyond the arr-inlet
is anvther valve 18 and & comrrection wrth a
pipe 19 leading to a soubce 68 products of
coabustion, (WNot chown.) Pipe 19 1s Tur-
ther conmected with a pipe 20, leadmg fiom

G
{31

. +

_ the produocst and provided
with valve 29, Said gas-outief 418 provided
with walve 22.

in operation, where a muxtere of steam,
nrequcts of combustion, and aitis desited for
the drefi-current, steasm from 9 is used 1o

draw n & mixbure of proaucts of ¢embustion

N AT

from 18 and eir ¥rom 18, vaives i, 12, 17,
and 18 being property adjusted 4o dontrol the
proportions and valve 14 closec to throw tire

Wl

b

tan out of cwewlt, or with vaive 14 ope

and valve 12 closed the draft mav be dause
by the fan and sHeht smounts of steamaadsd
by ovening 10, When the sleam is not to be
usad, valve 7 is closed and a muxiurs of prod-
ucts of combpustion Trom 19:and sir Thoim 16 4s
CR G howy DY the Tan.
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steam,1n case the latter is desired.) Striking
the lower part of the fuel-bed, the oxygen is
burned .to carbon dioxid, and the nuxture
passes up through the incandescent fuel,
where reduction to carbon monoxid takes

place, down to that point where t} - partisl
pressure p, 1s realized. Thenceforth no fur-

ther reduction occurs, and the gas departs
with its complement of carbon dioxid repre-
sented by the partial pressure or concentra-
tion p.. Inso Ear as the object of this inven-

tion 1s concerned, any possible interreactions |

occurring beiore the concentration p, in the
2as 1s reached to the carbon dioxid intro-
duced from exterual sources need not be con-
sidered. The final or net result of the process
1s the combustion of carbon entirely to carbon
monoxid. For example, a gas-producer af-
fords a gas of the average composition—

Carbon dioxid........ 5 per cent.
Carbon monoxid...... 20 per cent.
Hydrogen ........... 15 per cent.
-Hydrocarbons. .. 3 per cent.
Nitrogen ............ 52 per .cent.
Steam ........... 5 per cent.

The partial pressures of these constituents
will be denoted hereinafter by the expression
Pas Pi; P2y D3y Ps, and p;, respectively. The
artial pressure of carbon dioxid, or p,, I call
the ““partial-pressure cfficiency factor” of
the generator. The total pressure of the gas

s P and the partial-pressure equation for the

aseous constituents is

Py D1+t v+ Pt ps=P.

Now 7., the partial préssure of carbon di-
oxud, provided no reaction-producing carbon
dioxia other than that embraced in these

partial-pressure considerations exists, is Tep--
resénted by {ive per cent. in the above state-.
ment, or five per cent. CO, represents the par-

tial-pressure factor of efficiency of the pro-
ducer. The combustible matter of the gas,
consisting of earbon monoxid, hydrogen, and
hydrocarbons, heretofore shown and amount-
ing to thirty-eight parts of the total, will, if

calculated i thermal value into terms of car-

pon monoxid, be equivalent to about forty-
five parts of the latter. The thirty-eight
purts of the total combustible matter inone
wndrea parts of the gas may therefore be
expressed as forty-five parts carbon mon-
oxid. The carbon completely burned, as

shown by the carbon dioxid, is five parts, and

this, expressed in téerms of carbon monoxid,
remains the same numerically—namely, five

parts. 'The total fuel value i1s therefore rep-
resented by fifty parts carbon monoxid,

and the fuel allowed to go to waste in this |

manner 1s five-fiftieths, or ten per cent., of
the total. By my process this fuel is saved.

Kndothermic reactions conducted in the pro-
ducer with steam or otherwise do not succeed

'

the formation of this carbon dioxid inte
latent gaseous energy, as shown by the fact,

hereinbefore mentioned, that hydrogen does
proportion as carbon dioxid

not 1merease in
Imcreases. |

8

,7. 0

It will be understood that the éxa,mplde set -

forth above is considered only for the pur-
pose of élucidating the points which I desire
to make.evident—namely, that the percent-

age of carbon dioxid.stands as a measure of

efliciency of a gas-generator intended for the
production of a gas rich in combustible
matter and that a very substantial economy
may be effected by means which tend to re-
duce the amount of carbon dioxid formed
from the fuel. I have therefore shown
theoretically why it is that the institution by
external means of the desired partial pres-
sure of carbon dioxid will result in economy
owing to the production of the maximum
quantity of earbon monoxid. o

In certain cases where the generator is

efliciently designed, so as to largely complete -

75
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8.5 .

reactions within the thick uniform fuel-bed,

particularly where no steam is used or where

the amount of steam is not too large, the par-

tial pressure of carbon dioxid required in op-

90

erating by my process may be obtained by

the introduction of an amount of carbon
95

dioxid which may be determined with ap-
proximate accuracy by making it equal in
welght to the amount of carbon dioxid nor-

mally. present in the combustible gaseous

product. _
of the amount of carbon dioxid required may
be found approximately by making a deter-

In other cases the determination

100

mination of the percentage of carbon dioxid .

in the gas produced by an air-blast contain-
ing no endothermically-reacting agent, care
being taken that the bed of fuel during this

determination is of such depth that prac-

tically no free oxygen passes through the fire
unchanged. Under such conditions the per-
centage of carbon dioxid represents fairly
well the partial-pressure requirement of the

105
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oas tor this constituent. For the precise de-

termination of the normal partial pressure
P. 0f carbon dioxid scientific measurements
of a high degree of refinement and com-
plexity must be resorted to. So'exact an ad-
justment 1s unnecessary and, in fact, in
practice 1s scarcely possible. When steam
1n considerable quantity passes unchanged
through the fueti-bed and the gas is not
cooled 1mmediately on evolution, the follow-

ing reaction occurs: CO+ H.O'= 0.+ H,

This reaction gives rise to carbon dioxid in
greater or less de%ree,_ and 1f not taken into
consideration misleading data are obtsined.

Carbon dioxid arising from this reaction

should be corrected and allowed for in ac-

115
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cordance with the theoretical part of the

present disclosure. . o _
It 1s the object of my invention, as hereto-

65 1n converting the excess of heat developed in | fore stated, to produce from a given amount 130
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of fuel a maximum of combustible gas, and

therefore my process is scarcely a%piicable 10

such gas-making operations as those which
normally give rise to a by-product gas very
low in combustible matter and whicn have
primarily as their object the production of
distillation or decomposition products—sueh,
for instance, as ammonia. '

As a source of carbon dioxid the products
of combustion or waste gases from any suit-
sble furnace may be employed. These econ-
tain, beside earbon dioxid, ordinarily oxygen,
nitrogen, water-vaper, and, in small amount,
carbon menoxid. The products of combus-
tion of producer-gas generaily are the most

‘convenient sources of carbon dioxid for pro-

ducer operation, as the gas is usually burned
in furnaces located near ihe 7producer.
When the presence of nitrogen is not objec-
tionable, water-gas generators may citen e
supplied with carbon dioxid from the * air-
blow,” weste gases, or irom a steam-boiler
furnace. The waste gases evolved in the
caleination of ime or cement are especially
suited for this purpese, owing to thewr high
content of carbon diexid. V/aste gases con-~

. taining large quantities of dust msy be hl-

f..a-'h} T

6o

£

producer temperature 1s lowerec.

Jower pertion or the 1ue

tere¢ pafore use. YVhen the generator 1s
used for the operation of internal-expiosion
engines, the products of _ex?}osieﬁ of the
engine mey be entered into the producer n
such an amour
compustion in the desired menner. In the
meanufacture of producer-gss a cooling me-
dium, sueh as steam, may de introduced mio
the fuel-bed, whereby on contact with ignited
carbon an endothermic action occurs and the

; i 1t fur-
thermers often desirable when the procucts
of combustion are derived from a furnace at
s high temperature to subject these to & co0l-

ing influense prior to introductionr inlc the

cenerator, for at high temperatures the
velocify of reaction of oxygen with carbon is

creatly accelerated over that at normal em-

neratures, and the oxygen may combine 80

F

i' . - 'J,_-.Ei- _! _ . A P . . \
rapidly with carpon &8s 0 roduce exces-
A =y '-';. "-4;3.
temneratures 1 the
1 i - el
~bed.

: AP i
ively high or ehnkering
TS
‘s TNEeNU-
16 OT-

In applying my new process 10 1ne
s 5 - & J-?"*’. T —1‘ - -: . o i
focture of water-gas Iise in general t
dinary msthods, sucn 28 £a2 O o

FIx
8¢

5C
hs plasting
fael with mixtures of alr and steam, with ¥
former in amounts suflicient to *
heat, or the aliernate olasting wita steam
and with air; but in sach case 1 inject, i
cether with the steam, an amouny oI carpon
dioxid or of products of combustion ¢o '
ing the same that will sufiice to supply
smount of carbon dioxid normal to-the gas
formed in the vproducer. With the mixed
sir-steam blow the amount of steam
e

=

ot

B

course be as great or as lithie 2as

though whers if exceeds & certain amount
" “' i ‘ o, -

sccosional interruntion of tne Nrecess i«

4 a8 will suffice to reguiate the

' pletely the formation of such dioxid or eom-

385,508

store heat to the fuel by an air-blow will be
necessary. Where the alternating blast 1s
employed, the products of combustion to be
supplied with the steam can be very conven-
iently derived from the air-blow.

' In the manufacture of water-gas by my
process the loss of fuel ordinarily incurred by
the formation of carbon dioxid i the pro-
ducer is obviated, the inevitable amount of
carbon dioxid in the gas being supplied from
products of combustion which cost practically
nothing. The gasisricherin combustible ele-
ments, and it is far more uniform in quality
than prior water-ges, for the reason that one
variable reaction in its formation is eluni-
nated.

T regard my process as generally applicable
to any producer-gas method blowing gases 6t
vapors or mixtures of both through giowing
fuel for the manufacture of combustibie gas.

I have found it particularly applicable to

making water-gas by the described method
and also to making producer-gas by airinjec-
tion alone; though the latter speciiic process
I do not herein claim, as it forms the subject-
matter of Patent No. 785,790, granted me
July 25, 1905, upon a copending sppiication,
Serial MNo. 240,628, filed January 11, 1900.
Briefly stated, my invention consists,
broedly, in the art of semi-oxidizing carbon
in a gas-producer without production of car-
bon dioxid therein or the complete oxida-
tion of the carbon by supplying to the dratt-
currents sent through sueh a producer the
amount of carbon dioxid normal 6 gas issu-
ing therefrom, thereby suppressing com-

ducer 1tself,

e

nietelv-oxidized carbonin the pr

£=

These draft-currents may De oxygen, Sif,
steam, or mixtures thereol Wwilhin DUIVIEW

of mv broad invention.

1. The process of making gas which con-
sigts in contacting with » bed of hot Tuei a
carbon-oxidizing draft-current containing
an

amount of carbon dioxid equal to that nor-
mally present in the gas from saia fusi.
£

2. The process of making ges which con-

sists in contecting with & ned of hot fuel a
carbon - oX141ZIng

-IF' Eae A - 1'I- --- - '
o draft-current coniaining
. . 4 ] LY
nroduets ol cormosusiion !

quanity sui
cient to furnish an smount of carbon dioxid
equal to that normally present in the gasirom
said fuel. ’

3. The wprocess of semi-oxidizing carbon
without formation of carbon dioxid there-
from which consists In contacting with said
csrbon in o heated state a drafi-current of
sir containing endothermic agents 1n guan-
titv sufficlent to repress undue rise m tem-
perature, said endothermic agents compris-
ing 5 quantity of carbon dioxid equal to that

-
-
ill

7C

15
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normally found in the gas resuiting from the

contact of carpon and sald drais-current.
4, The processs of manutaciuring gas
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which consists in contacting with a bed of hot |

fuel a draft-current containing air, steam and

carbon dioxid, the carbon dioxid being equal-
1n amount to that normally present in the gas

from said fuel.

5. The process of manufacturing gas which
consists 1n contacting-with a bed of hot fuel

a draft-current containing

contained therein in amount sufficient to fur-

normally present in the gas from said fuel. .
6. The process of manufacturing gas which

consists 1n contacting with a bed of hot fuel a |
draft-current comprising steam and carbon |.
dioxid, the carbon dioxid being equal in |

alr, steam and’
‘products of combustion, said products being

- 10
‘nish an amount of carbon dioxid equal to that

S

amount to that ,normally present in the gas |

from said fuel.

7. The process of, Iﬂanufactui'ing as which

. consists In contacting with a bed of hot fuel 2
- draft-current comprising steam and products

of combustion, said products.being contained

20

therein in quantity sufficient to furnish an
amount of carbon dioxid equal to that nor-

mally present in the gas from said fuel. _
Signed at' New York city, in the county of
New York and State of New.York, this 29th

day of June, A. D. 1905. - o
. CARLETON ELLIS.
Witnesses: | .

WarreN E. DIX’ON;" _
| JAS. K. Crazx.
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