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In essence, the process consists in generat-
ing combustible gas containing hydrogen
and carbon monoxide, using one or more hy-
drocarbons of the paraffin series as a fuel for
the generation of at least a part of it; natu-
ral gas being a ready and low priced source
of supply of said hydrocarbons. = An impor-
tant part of the process is based upon the
chemical reactions occurring when the paraf-
fin hydrocarbons are subjected to the action
of heat, i. e., when they are caused to contact
heated surfaces, particularly in the presence
of steam ; the contacting surface may be car-

- bonaceous or other substance. :
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The objects of my invention are:
1. To utilize economically-the paraffin hy-
drocarbons which, in the natural-gas fields

are so frequently wasted.
2. To produce a gas, using said hydrocar-

bons, which will have the right proportional - '

amounts of carbon monoxide (CO) and hy-
drogen (H,) for the synthetic production of
methanol, 1. e., about two parts of H, to one
part of CO, since the methanol reaction is
represented by the equation - :

(1) CO+2H,=CH,0H

3. To provide a flexible means of produc-
ing gas of .standard quality using paraffin
hydrocarbons, in chemical reactions, in the
generation of a part thereof. : S

4. To produce water gas with higher effi-
ciency and at a lower cost than when using

solid fuel alone, by the use of said hydro--

carbons in chemical reactions. ,

5. To utilize - 'and recover in the com-
bustible gas made a large portion of the
volatile combustible matter of a bitumi-
niferous or other solid fuel when the latter is
used as water-gas generator-fuel. ,

6. To increase the gas making capacity of
the generator of a carburetted water-gas set,

" particularly when bituminous or high vola-
* tile solid fuels are used in-the generator.
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It should be noted that with the advent of
the new and improved oil-cracking processes

so much of the low-density hydrocarbons are -

formed that a limit has been put upon the

~amount of the latter which.can be present in

natural-gas gasoline used in blending; and

e

PROCESS FOR MAKING COMBUSTIBLE GAS

e OSUED

this has resulted, in very recent months, in
the availability of large quantities of C,H,,
C,Hg, and C.H,,, which can be obtained
either in a high degree of purity or mixed
with each other or with methane. The
propane (C;H;) and butane (C,H,,) are
now wasted to a large extent by being burned

“in “ pilots ” in:some of the natural-gas fields

even in those fields where the methane and
ethane are piped to centres of consumption..

1 firid it possible to produce hydrogen and
carbon. monoxide, using the paraffin hydro-

1,762,100
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carbons,'at a lower cost-than when using

solid fuel only at nominal prices, and with-
out the formation of free carbon.

- The chemical equations of interest and
which are alluded to hereinafter are as fol-

lows: - , ,
(2) CH, upon heat cracking=C+2H,. .
(8) C.H, upon heat cracking=2C+3H,
(4) C,H, upon heat cracking=3C+4H,
(8) C,H,, gon- heat cracking=4C+5H,
* ; C.H,+2H,0=2CO+5H,
.58 C.H,4+8H,0=3CO+7H,
9) C.H,,+4H,0=4CO+9H,
(10; C+H,0=CO+H,
(11) (64-10) CH,+C+2H,0=2CO+4H,
(12) (7+10) C.H,+C+3H,0=3C0+6H,
(13) (8+10) C,H,+ C+4H,0=4C0O+8H,
(14) (9410) C,H,,+C+5H,0=5CO+10H,

Tn the above there are three classes of reac-
tion; equations 2-to 5 inclusive show the ef-
fect of completely cracking the paraffins by
the application of heat; equations 6 to 9 in-
clusive show the effect of heating them in
the presence of sufficient steam to combine

“with the carbon by the water-gas reaction as

shown in equation 10. - Equations 11 to 14 in-
clusive are respectively combinations of 6, 7,
8-and 9 with equation 10. Tt will be observed
that in each of these “combination equations”

(1]
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‘the volume ratio of H, to CO in the products
of reaction is 2 to 1, which is a desirable :

proportion for the production of synthetic

" methanol by equation 1. It is obvious then

that in the generation of the ideal water-.
gas (CO+H, mixture) using paraffin hy-

drocarbons there is”a  preferred propor-- :
tion of steam and carbon to be . used with -
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the latter, and this proportion is shown
by the combination-equations 11 to 14. In
common practice in generating water-gas a
much larger amount of steam is necessarily
used than enters into the chemical reaction
and this will hold true in this instance.
Therefore in controlling the reactions 11 to
14 it is necessary to use substantially that
quantity of the hydrocarbons which will in-
crease the volume ratio H, to CO above that
of equation 10, in which the ratio is 1 to 1,
and-preferably a sufficient amount to make
the ratio 2 to 1, when making a gas for use in
synthesizing methanol. This ratio can be
varied at will within certain limits; equation
6 shows the conditions for a ratio of 3 to 1
and the other equations show smaller ratios;
that in equation 10 in which no hydrocarbons
enter the reaction, being 1 to 1. The low
limit is about 1 to 1, but .there is practically

‘no upper-limit ratio short of infinity when

reactions 2 to 5 are considered. The latter
reactions do not represent efficient gasifica-
tion and are not of themselves new. The
process of making water gas—(CO and H.,

-mixtures) having a hydrogen-carbon monox-

ide ration of substantially 2 to 1 by the high
temperature reactions represented by -equa-
tions 11, 12, 13 and 14 or combinafions of
them, using a substantially definite propor-
tion of hydrocarbons, steam and carbon in the

_reactions as shown, is believed to be a new
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combination in the art. It will be noted that
propane (C;H;) and butane (C.H,) yield
a gas, by reactions represented in equations
8 and 9, which is quite satisfactory for the
production of methanol (CH,OH)." Thus it
1s apparent that the reaction shown in equa-
tion 10, commonly known as the water-gas re-

“action, need not enter into or become a part

of the reaction producing a mixture of H,
and CO—other than in the conversion of the
carbon of hydrocarbons to CO. In other
words, additional carbon is not necessary.
Also it is to be noted that the gas generated

is substantially free from suspended carbon

50

thereby making it unnecessary to treat the . ] ¢ ] ¢
- one air-blasting -and one steaming period
~making a complete eycle. The cycles are re-

gas for the removal of carbon.

The apparatus in which I am able to:make
gas by my process is shown in Fig. 1. Figure
11is a front elevation of a suitable gas gener-
ator set, with portions of the shells cut away
to show the interior in section for clearness.

. The generator isshown connected with double

checker chambers such as the carburetor and

_ superheater of a carburetted water-gas set,

2

.

re
L.

but obviously it can function without the lat-
ter. ‘

In Figure 1,1 is the generator shell having
charging door 2 for charging solid fuel or
other contact matérial shown at 4 and sup-
ported by grate bars 8. The steam supply
line is shown at 5, having-inlst control valves
for up and down-run steam respectively at 6
and 7. - Hydrocarbon gas is supplied to the

2 ' 1,762,100

generator through supply-line 8, having in-
let control valves 9 and 10. The offtakes for
finished gas are shown at 11, 12 and 12,, and
the respective control valves are shown at 13,
14 and 14,. Air is supplied through inlet 15
and control valve 16. The checker chambers
17 and 18 are so connected that gas from 13

70

and 14 can be passed through them and out .

through offtakes 21 and 22 by controlling
valves 23 and 24. A connection for hydro-
carbon gas is shown at 19 with control valve
20. - Checkerbrick or contact material is
shown at 25 and 26 and a-steam control valve
at 27 for introducing steam into chamber 18.
Secondary air is admitted through 28 and 29,

and enriching oil or other carburetting ma- -

terial, is introduced through 30 and 31. A
steam inlet for ‘cooling back-flow gas and
valves is shown at 35. :

Before describing the operation by my
process I call attention to the fact that in the
manufacture of water gas or carburetted
water-gas the gas making capacity of the
generator is much lower using bituminous
coal ‘than with coke, and this difference is
due to the difficulty in heating the mass of
fuel in the generator to a gas-making tem-
perature; there is a larger percentage of rela-
tively cold fuel in the generator using coal
and 1in attempting to heat it by prolonged
air blasting a large percentage of the com-
bustible volatile matter is lost in the blast gas.
To correct this evil I operate by my process
in the production of water-gas or: carbu-
retted water-gas, in cycles as follows: Re-

“ferring to Figure 1, the ignited fuel 4 is air

blasted to incandescence by opening valve 16
and admitting air through 15, the blast gases
being burned in chambers 17 and 18 by the
air introduced through 28 and 29 and then
discharged: through 11,18, 17, 18, 21 and 23.
The air blasting is discontinued, valve 16 is
closed, cap 23 is closed and valves 6 and 24
are opened, valve 13 remaining open, and a
regular steam run is made. Either alternate
up and down steam-runs are made or split-
runs are made during the steaming periods;

peated. When down steam runs are made,
valyes 6, 13, and 18, are closed and valves 7
and 14 are opened. During the admission
of steam during the up-runs, hydrocarbon
gas is also admitted to the fuel bed by open-
ing valve 10. In this manner less solid fuel
is consumed in the. generator during the
steam-run periods, less is used per thousand
cubic feet of gas made, and therefore the rate
of travel of the generator fuel downwards by
reason of its consumption is decreased. Ac-
cordingly the fuel in the upper zone becomes
hotter than it would without the addition of
the hydrocarbon gas. This effect becomes
more evident upon. comparing equations 6
and 10. With the same quantity of steam,
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twice the volume of gas is made by equation
6 than by equation 10, and more heat is car--
yied from the hot zone to the upper cooler.
_ zone of the generator by this increased volume

of gas. The hydrocarbon gas may be intro-
duced during each up-run, during a pertion
of each run, during both up and down Tuns,
or during a certain, predetermined - per-
centage of the total number of runs. Fur-
thermore, an excess of hydrocarbon gas may
be used, that-is, beyond the normal end of
the steam Tun period. In the latter period
the gas is not appreciably cracked and fune-
tions chiefly as a heat-carrying agent, help-
ing to equalize the temperature in the gen-
erator. fuel-bed, and simultaneously car-

~ buretting the “make gas”. When a mixture

~the generator

of paraffin hydrocarbons are introduced into

members only of the series are appreciably
cracked. In this manner the ‘amount of

cracking and the nature of the finished gas

~can be predetermined. ~Attention is called

e
P

to the fact that the heat absorbed in the gen-

erator according to equation 6 is much less:

than is absorbed by equation 10, hence for a

" definite temperature condition in the gen-
_erator fuel-bed the quantity of gas which can

be made according to: the former is more
than double that which can be made accord-

ing

be made between equation 10" and equations

7, 8-and 9, the volume ratios being slightly
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. vided: for introducing the hydrocarbon gas'
and steam:’ o
through 27, when using coal in the generator. . (

55

- coal as .
raised above that of normal practice, but the

different in each case, but the same ~general
relation exists as a study of the equations will
reveal. It -appears that not only is the ca-
pacity of the generator increased when using
fuel: and - the “gasification efficiency

overall efficiency in making carburetted

water-gas and employing:- hydro-carbon gas

as described is higher than other processes

using hydrocarbons, such as the combined -
oil-gas, reformed-gas process and the like, so -

far as I am aware.

So far,
up-runs-only, has been discussed. It can be
used when desired on the down-runs as well,
but when using coal as generator fuel it
should not be admitted cold to the top-of the

generator fuel, although with -coke fuel this

can be satisfactorily done.” Means are pro-
through valve 20 and inlet 19,

In this manner the gas, and preferably, the
steam also-are preheated before reaching the

“fuel bed. »In fact a considerable amount of

60
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reactions 6,7, 8 and 9 takes place in the check-

er chambers 17 and 18 before reaching the"

generator fuel-bed. To a large extent -the
amount of carbon (

during the run when operating in the man-

ner described above is-controlled by varying

fuel bed, as through 10 during .

. a prolonged part of an up-runm, the higher spect to the steam and hydrocarbon

to equation 10. - Similar comparisons car- »
“carbon gas increases. .

‘because they are

the use of hydroéarbon gas on the "]
“following equations:

gencrator fuel) consumed

the -proportions of steam and hvdrocarbon

gas used.
gas there 18

. When using coke fuel and using a
Targe proportion of hydrocarbon

a tendency for the fuel in the upper part of - i

the fuel bed to become too hot. - Under these

70

conditions the hydrocarbon gas is admitted

to the generator from above the fuel bed, i..e.,
through valve 9, the steam being admitted
through valve 7 and the “make gas” being
removed -through 14 or 14, as desired.

“In the generation of gas for use in manu-
facturing synthetic methanol, when the pro-
portion of

fixed limits and when the latter.gases are

preferred to the exclusion of: other gases:it

is necessary to operate with fuel-bed tem-
peratures well above the dissociation, or re-

5

CO and H, must be held within

80

action temperatures; this is.provided for by -

of air used with re-
, v gas used;
short cycles are used under these conditions:

adjusting the amount

..

85

After the generator is in operation it 'is only*

necessary to analyze the generated. gas to de-
termine whether or not the cycle should. be:
changed and whether the air, steam and
hydrocarbon gas are properly pro ortioned. :
For example, with insuﬂicient'ai'r,b%l_\_t

its equivalent, too much steam and hydrocar-
bon gas, the percentage of CO; ‘and CH,-in

the generated gas increases. “With sufficient

air blasting, the CO content of the generated::
oas increases as the ratio of steam to hydro-

“Should it be desirable-
to materially increas¢ the content of H. be--
yond that shown in equations 6 to14itisonly -
necessary to materially reduce the amount of
steam used and allow Teactions 2 to 5 to take.

-place:according to the hydrocarbon used.

The paraffins are not the onlyhydrocarbon.
gases which can be used in the production
6f mixed CO and H, by chemical reaction
with steam; they are mentioned in particular
large quantities.. Ethylene. (C.H,) a by-
product in the cracking of petroleum in the.

‘manufacture of gasoline is also ‘a suitable
hydrocarbon for the purpose as shown by the .

at cracking=2C+2H, S =

(15) C.H, upon he
"The higher olefin gases react in a similar
manner giving a gas at high teinperatures
comprising two molecules of hvdrogen to one

of carbon monoxide, for example ..

18) C.H,+3H,0=3CO+6H,

(19) CH,+4H,0=4CO+8H,
C.H,

In other words, one way of converting

ing, or:

90

180
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commercially ‘available in -

110 -

15

120

into methanol is shown by equations 16 and. . -

1. "It will be noted that in equation 16 the.
gas formed has the right proportion of CO
and H, for equation 1, hence for the latter .

urpose, when using C.H, in the generator it .-

is desirable to consume as little generator fuel
during the steam run as-possible and to ad-

10
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just the steam and C.H, proportions so that

‘the “make gas” is substantially as shown in

equatiorn 16. One of the fundamentsls of
my process, then, consists in - causing steam
and hydrocarbon gas to be introduced simul-
taneously into an incandescent mass of solids,
which mass may or may not comprise coal,
coke or the like and causing said steam and
gas to react chemically in definite propor-
tions which are substantially and at least
one molecule of H,O for every carbon atom
present in the reacting hydrocarbon gas.
The complete cycle of operation, using a
multiple-shell set, as shown in Figure 1, and
using hydrocarbon: gas on both the up and

OWNn runs- is substantially as follows:
Up blast the ignited fuel in the generator
with air until it ig incandescent, meanwhile
conducting the blast gas into the attached
checker chambers, burning it therein by the

-addition of secondary air admitted through

29 and causing the burned gas to pass out
of said chambers through 23’ discontinuing

the air-blasting and introducing both steam

and hydrocarbon gas from beneath the fuel
bed, removing the reaction products from

~ above the fuel bed and causing them to pass

s

through the checker chambers; discontinuing
this steam run and repeating the cycle, ex-
cept that the subsequent steam run is made
as follows': steam and hydrocarbon gas aré in-
troduced into the top of the superheater in
molecular proportions, caused to react at least
in part in the checker chambers and con-
ducted ‘into the generator fuel-bed from

_above it, the. firished gas being removed

from‘beneath_the fuel ‘bed through 12, and
14,. Obviously, instead of making alternate
up and down runs, split runs can be made
or a combination of split rung and - up and
down runs; this is a common practice in
water-gas generation. Likewise, steam alone
may-be used during some of the runs, omit-
ting the hydrocarbon gas in order to correct
any deviation from the selected or desired
percentages of carbon monoszide and hydro-
gen in the finished gas. : v

When it is intended to use the gas made as

city gas, enricher may be added to the “make

gas” flowing through the checker chambers or
elsewhere. Tf oil is used as enricher it can be
cracked more efficiently in the atmosphere of
CO+H, than in the- oil-gas process; the
efficiency of gasification in the latter process
béing less than 50 per cent, whereas with the
same gas oil the gasification efficiency in the

~cracking of said oil in an atmosphere of

o
L

When

CO+H, is 70 per cent or more.
gas is. available,

sufficient hydrocarbon
I prefer to enrich the C

A special inlet for it is
not shown for simplicity, since about the
same result is obtained by opening valve 9

5 on the up runsand valve 10 on the down runs.

+H, mixture by
introducing the former into the latter in the
“checker chambers.

This method of introducing the enricher
tends to keep valves 13 and 14 cool.
There are conditions and localities in this
country where it ig necessary to alter the
gas making process used in generating city
gas because of a variation in the supply of
natural gas and variation in demand for gas.
I believe T have a “flexible” unit which may
be subjected to considerable variation in op-
eration without materially altering the qual-
ity of the finished gas. For example, in the
apparatus shown in Figure 1, water-gas can
be made in the generator almost entirely
from hydrocarbon gas, such as natural gas,

.and enriched with natural gas when the sup-

ply of the latter is. sufficient to meet the de-

-mand.: On the other hand, when this supply

is low, water gas can be made in the genera-

“tor essentially from solid fuel, using the

natural gas for enriching only; in extreme
cases the enriching can in part be done by
introducing gas oil into the checker cham-
bers, as in the standard carburetted water-
£as process. "It may be done by introducing
hydrocarbon gas through 10 or 9 on up and
down runs respectively during the Iatter part
of the steam runs. ‘

In making straight CO+H, mixtures,
containing only small percentages of other
gases, from hydrocarbon gas as a base raw
material, or from both hydrocarbon gas and
solid generator fuel, the temperature of the
checker bricks in chambers 17 and 18 should
be appreciably higher than is common prac-
tice in making carburetted water-gas. The
temperature

satisfactory. When gas oil is used and a
carburetted gas, such as city gas, is made
lower temperatures are mmore satisfactory,
namely, 1400 to 1550 degrees Fahrenheit,
The latter is also true when carburetting by
introducing hydrocarbon gas into the gas
entering checker chambers 17 and 18 from
the generator. v

Coal, coke, or the like, is a satisfactory
filler for the generator, and is a splendid con-
tact medium for carrying on reactions as rep-
resented by equations 2 o 17 inclusive,

When it is desirable not to completely

crack all of the hydrocarbon gas used in the

process, and yet to maintain high temper-
atures in the chambers 17 and 18, the opera-
tion is so conducted that the gas"procfuced
in the generator does not Pass through cham-
bers 17 and 18. In this manner the checker-
bricks in the latter chambers can be used to
full advantage for producing carbon monox-
ide and hydrogen from steam and hydrocar-
bon gas by admitting the latter materials re-

spectively through 27 and 20, The complete

operation is as follows: First, air-blast fuel

4 with air through 15, conducting blast gas
into checker chambers 17 and 18, through 13,

should be preferably, above
1700 degrees Fahrenheit; average tempera- -
tures of 1750 to 1900 degrees Fahrenheit are -
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simultaneously admitting secondary air to17-

through 28 for combustion of the blast gas,

Q. discharging the products of combustion

“htgp: / / Wy, Pat eng Go
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through 21 and 23. Now dis¢
blasting, close stack 23 and introduce steam
through 6 and hydrocarbon .gas through 10,

taking the resulting product off through 18,

admitting hydrocarbon gas to generator
through 9 also when enriched gas is desired.
A subsequent cycle is made by first air-blast-
ing as-just described and then, when the gen-
erator fuel 4 and
are sufficiently hot,
blasting, closing stack
and hydrocarbon gas simultaneously through
97 and 20 respectively, causing them to re-
act chemically during their passage through
18 and 17, conducting the reaction products
and any excess of either gas or steam or both

discontinuing the air-

out of 17 through the generator fuel-bed 4
and out of generator; the latter step may

consist in passing the gaseous products from
17 through 18 and 11, down through fuel bed
4 and out through 12, and 14y, or, when 13

is closed, through 14, up ‘through fuel bed 4

and out through 18,. When said . gaseous

products from 17 are passing

additional steam is introduced into fuel bed 4
simultaneously Wiﬂ% them by opening respec-
carbon gas is available it-is also introduced
into the fuel bed 4 along with the steam and
the gaseous products from 17 by opening
valve 10 before up runs and valve 9 before

down runs. -Furthermore, when the enrich-

ing is done with hydrocarbon . gas, both
valves 9 and 10 are open during up and down
runs, the extent of enriching in this instance
depending upon the relative amounts of hy-
drocarbon gas used in the reactions and in-
troduced after the products have emerged
from the fuel bed. , )

My gas generating apparatus is'so designed

that a substantially constant quality of gas.
" can be made therein, using varying relative.

amounts of steam and hydrocarbon gas in the
process. The temperatures in the checker
chambers ‘17 and ‘18 are maintained by the

combustion of blast gas therein, but when

necessary or desired additional gas is sup-
plied thereto by opening valve 9 during the
upward air blasting of the generator fuel 4.
Finished gas can be taken from generator
through offtakes and valves at top and bot-
tom (above and below the fuel bed) as shown
at 13, and 14, besides the -offtakes leading
through the checker chambers. =~

* It is common knowledge that both hydro-
gen and carbon monoxide when separately
nixed with air are inflammable over a wide

“range of mixtures and -that the maximum

rate of flame propagation through the
hydrogen-air mixture 1s much greater than
that of mixed air and carbon monoxide.

discontinue the air

the-checkerbricks 25 and 26.

23, introducing steam - ) i )
_respectively, to two -to one -respectively..

through solid
fuel bed, either upwardly or downwardly,

Vhen sufficient hydro--

“without cracking..

For this reason and because of the wide dif-

ference in density between hydrogen and
carbon ‘monoxide, it is preferable that the
gas made for use alone or enriched: as city
gas have a specific gravity. within definite
Limits and burning properties that are not
appreciably ]
gases for which it may be interchangeably.
substituted. Accordingly the gas made by.

teaction . of the hydrocarbon gases with

steam should not only be free from suspended
carbon but the hydrogen. to ¢arbon monoxide

5

70

different. from those of other.

(R

ratio ~should be  confined within certain .

limits as shown, namely, from three to one,

This I accomplish in my process by control-
ling the amount of steam and hydrocarbon
gas used, the duration of the eycle which is
chown to be short, and the temperature of
the contact surface for reaction. = The equa-
tions show substantially the results I obtain.

.. I prefer not to limit myself to the. use

of particular hydrocarbons, since practically

_all hydrocarbons react similarly in an incan-

descent fuel bed in the presence of steam.
An . atomized liquid. hydrocarbon -is: con-

sidered to be a gaseous hydrocarbon.

Attention is called to the fact that it ié not ‘

possible to air-blast a fuel bed to a uniform

temperature thronghout and that in ﬁ(liy proc-;
ess a step toward: this geal is made; the -

temperature - gradient throughout the fuel

80

90 -

95

bed, operating with the introduction of

hydrocarbons with the steam, is smaller than
in normal water-gas generation. Because

100

of the latter I am enabled to quite completely

decompose unsaturated. hydrocarbons and to

generate from steam and hydrocarbons, .
mixed hydrogen and :carbon monoxide of a .

hi%h degree of purity., . -

do not -claim as my own the step com-

prising the carburetion of water-gas by the

addition thereto of cold hydrocarbon gas

- Iclaim: S : .
1. A process of

: R o 110
generating gas which gas

is substantially: free from: suspended carbon -
resulting. from hydrocarbon. decomposition ..

which consists in, igtroducing hydrocarbon
gas into a mass of solid fuel heated to a de-

oree sufficient to decompose the hydrocarbon

gas, simultaneously introducing steam there-

with in amount sufficient to effect substan-
tially complete reaction with the hydrocar-
bon gas, thereby producing a gas comprising,
essentially hydrogen and carbon monoxide
and in which the ratio of hydrogen to carbon
monoxide is substantially from two to one
to three to one. T

9. A process of generating gn~ which gas

120

125

is substantially free from suspended carbon -

resulting from hydrocarbon decomposition

which consists in, introducing hydrocarbon: -

gas into a mass of solid fuel heated to a
degree sufficient to decompose the “hydro- -

.

130
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carbon - gas, simultaneously introducing
steam  therewith in amount sufficient to
effect substantially complete reaction with
the hydrocarbon gas, thereby producing a
gas comprising essentially hydrogen and
carbon monoxide and in which the ratio of
Liydrogen to carbon monoxide is substantially
two to one.:

3. A process of generating gas which gas is-

substantially free from suspended carbon re-
sulting from hydrocarbon  decomposition
which - consists in, introducing hydrocarbon
@as of the paraffin series into a-mass of solid
fuel heated to a degree suflicient to decompose
the hydrocarbon gas, simultancously intro-
ducing steam therewith in amount sufficient
to eilect substantially complete reaction with
the hydrocarbon gas, thereby producing a gas
comprising essentiallv hydrogen and carbon
monoxide and in which the ratio of hydro-
gen to carbon monoxide is substantially from
two to one to three to one.

4. A process of genecrating gas which gas
is substantially free from suspended carbon
resulting from hydrocarbon decomposition
which consists in, introducing hydrocarbon
gas of the paraffin series into a mass of solid
fuel heated to a degrec sufficient to decom-

pose the hydrocarbon gas, simultaneously in--

“roducing steam therewith in-amount suffi-

cient to effect substantially complete reaction

with the hydrocarbon gas, thereby producing

gas comprising essentially hydrogen and’
arbon monoxide and in which the ratio of

hydrogen to carbon monoxide is substantially
two to one. :

5. A process of generating gas which gas
is substantially free from suspended carbon
resulting from hydrocarbon decomposition
which consists in, introducing hydrocarbon
gas into a mass of solid fuel heated to a de-

gree sufficient to decompose the hydrocarbon -

gas and to a temperature sufficient for a water
gas reaction to occur, simnltaneously intro-
ducing steam therewith in amount sufficient
to effect substantially complete reaction with
said hydrocarbon gas and simultaneous reac-
tion with carbon in the said mass of fuel to
the extent that the resulting gas comprises
hydrogen and carbon monoxide in the ratio
of substantially two to one.

6. A process. of generating gas which gas
is substantially free from suspended carbon
resulting from hydrocarbon decomposition

.which consists in, introducing hydrocarbon

gas of the paraffin series into a mass of solid
fuel heated to a degree sufficient to decom-
pose the hydrocarbon gas and to a tempera-
ture sufficient for a water gas reaction to
occur, simultaneously introducing steam
therewith in amount sufficient to effect sub-
stantially complete reaction with said hydro-
carbon gas and simultaneous reaction with
carbon in the said mass of fuel to the extent

that the resulting gas comprizes hydrogen
and carbon monoxide in the ratio of substan-
tially two to one.

7. A process of generating gas which gas
1s substantially free from suspended carbon
resulting from hydrocarbon decomposition
which consists in, introducing hydrocarbon
gas into a mass of solid fuel heated to a de-
gree suflicient to decompose the hydrocar-
bon gas, simultaneously introducing steam
therewith in amount sufficient to effect sub-
stantially complete reaction with the hydro-
carbon gas, thereby producing a gas com-
prising essentially hydrogen and carbon
monoxide and in which-the ratio of hydrogen
to carbon moroxide is substantially from two
to one to three to one, introducing into a
stream of the hot gas thus generated gaseous
hydrocarbons in amount sufficient to produce
an enriched gas being substantially city gas.

8. A process of generating gas which is
substantially free Ifrom suspended carbon
resulting. from hydrocarbon” decoinposition
which consists in, introducing hydrocarbon

-gas into a mass of solid fuel heated to a de-

gree sufficient to decompose the hydrocarbon
gas, simultaneously introducing steam there-
with in amount sufficient to effect substan-
tially complete reaction with the hydrocar-
bon gas, thereby producing a gas compris-
ing essentially hydrogen and carbon monox-

ide and in which the ratio of hydrogen to

carbon monoxide is substantially two to one,
introducing into a stream of the hot gas thus
generated gaseous hydrocarbons in amount
sufficient to produce an enriched gas being

substantially city gas.
: WM. W. ODELL.
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