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It has been known for many years that hydroearbon
gases and vapors may be orackad by exposurs to a high
temperature. Many processes exist and have been the subject

of patont, in which hydrocarbons are made to yield carbon

and hydrogen, according to'the,equation (assuming methane

to ba_the hydrocarbon employed), CH4 plus heat equals C plus

2 Hp. A practice somewhat earlier in point of time, used

when candle powsr wag the chief desideratium in gas, and

‘before the advent of the Wolsbach mantle, was the conversion

of natural'gas to a product résambling water gas obitained
from coke ag a preliminary to carburetting it with oil by
passing natural gas with steam'through a‘body of.carbon
bronght to ineandasdenoe‘by precedent ﬁlasting,_aCcording
to fha equatiop, CH, plus HEO equals CO plug 3 Ho. A study

of these processes and of such patents as were issued thereon,

_wiil revesl the fact that under the conditions created,

digsociation was not complete. While adequate temperatures
may have been stated in some patents, means of maintenance of

the temperatures are not. shown. _A substantial fraction of

‘undscomposed Hydrocarbons remained in the product. This,

howevaer, wa's Hot a seriously ohjectionahlé matter, aﬂd no
efforts appear to have bsen made to effect a complete

dissociation, or 1f made were not suecessful.

More recently a use for mixtdres of carbon
monexide and hydrogen in the catalytic synthesis of alcohols
and liquid hydrooarhbns,has come into eiiétanca, of which the

mora important is for the synthasié of methanol, accbrding to
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the equation CO plus 2 H2 plus heat and pressure, equals
CHOE. Here a complete disgociatlon is very important. Ny
process embodies precedure by which natural gas, %11l gasas,
by-produet coke oven gag, ete., composed largely of gaseous
hydrocarbons, may be made to yleld mixtures of carbon monoxids
and hydrogen in controlled proportiions, but more generally
in the volumetric rate of one and two for the synthesis of
mathanol. Where the ecarbon is oiidized with steam, according
to equations:

CH4 plus EZO plus heat, equala CO plus 3 H2°

GEHG plus 2 HBO plus heat, equals 2C0O plus BHB' eto.
Thera is a preponderance of hydrogen above this ratio.

A pure oxygen may be wgsed., Using oxygsn with
methane, CH4 plus 0 equals CO plus 2H2, giving the omne to two
ratic, but when gases richer in earbon ralative to hydrogen
forms part of the mixture processed, there is an excess of
carbon monoxide relative to hydrogen in the product. This
may be prevented by using oxygen an@ gteam in determined
proportions. But oxygen obtained in the most economio way
by the liquefaction :and Practioning of air is rather high
in cost relative to the cost of the other gases used; and’
can only with extreme difficulty be obtained free from any
substantial percentage of niltrogen. 1 prefer for this
yeason to use as s source of oxygen along with steam,
carbon dioxide gas (C02). “ssuming again for simpliclty of
illustration, that the hydrocarbon gas treated 1s a pure
methane, a mixturs of one volume of ocarbon monoxide to two
of hydrogen may readlly be obtained according to the

aquations:

=3B



309664

\9

GH4 plus CO0 plus heat, eguals 2C0 plus 2HZ
2

2 CH4 plus BHEO, plug heat, equals  2C0 plus B6HZ
4C0 plus BH2.

If a large proportion of carﬁdn monoxida be desired to secure
the synthesis of higher alcdhols or liguid hydfocarbons
cogtaiging a greater proportion of carbon, this may raadily
be brought about by wsing a larger proportion of.GDE rolative
ta sféaﬁ. While the use of cbz_rather than oxygen in my

' prodésa is pew and not shown’or'gmployed in recent patents

- directed tqwardAfhe prepsration of gaseous mixturas'éuitable
fdr-éynthasis._there are other fea£ures in my procedure whieh
afe;new and which-may be employad in connection with the use
of oxygen derivad from,tha air ag a means of cuhverting the
oarbon of the hydrocarbons to monoxide,

At 1100? C., the equilibrium between hydrocarbons
and hydrogen has prooseded in the d%reption of increased
hydfogan t@ the point where the hydrocarbons are practically
elimingtqd;_ Eut*evdn where_a catalyst is smployed to
aoceierﬁte_dissooiatidn, the rate at which 1t proceeds,

: ﬁaspaoxallq‘iqnthe”caSe of methane, the more.stable of the
hydrocarbons, is .quite slow. I nave found that to bring
diasoeiéﬁidn by heat to cahplétibn within a practicable
time-space interval, it'is~nsces§ary to employ higher
temperafures than hava‘béén-suggésted or eﬁployed by others
in fhe,past. I operate within a range of 2100°F. to 3,0000F.,
employing in practice a maximum determined by'the rasiatance

to0 heat of the refractories.obtainable for use in the con-

;.
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struetion of the apparatus. Thg manner in which I proceed
and the means by which the high temperaturss required are
created and maintained may be better understood by reference
to the seccompanying drawings in which

Figure 1 shows a vertleal cross-gection cut
along the center line of the conversion chamber from end
to end, and

- Figure 2 a vertical cross-section taken on line
II-II of Pigure 1,

A and B are sections of the conversion ehamber
or conduit, filled for the most part with refractory heat-
absorbing surfaces, either chacker brick or preferably a
multiplicity of small flues having enclosiﬁg walls of
refractory material. These ssotions are separated at an
intermediate interval by an open space C, 5-H indicate
brick flues. At the outer extremity of B 1s an alr inlet
1: a steam inlet 2, and a gas outlet 3, glozgeable by damper
4. There 1g a fuel gas inlet 6 into C, the gas being
digtributed through 7a, 7h, 7e, eto. Al the outer extremity
of A4, are inlets for oxygen or COZ, 9; for steam, 10; for
' nydrocarbon gases, 11; through main pipe, 8; and gas outlet
12, closeable by damper 13.

In operation, outlet 12 being open, ountlet 3 closed,
air is admitted through 1, and a combustible fuel gas through
6. This mixture is ignited and an activeée combustion maintained
in the flues b between space C and outlet 12. The hot com-

bustion gases passing out through 12 will preferably be passgd

~5m
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into a waste heat boiler for the production of steam.
Céﬁbustion is contlnued until a high temperaturs well in
exoess of BIOODF. has been created in the flue walls,

The air and gas arve pot shut off, and sufficient
steam admitted through 2 to purge the alir and combustion
products from A-B, Outlet 12 ls now closed. Outlet 3
opened. Hydrocarbon gases, steam, and oxygen or (02
are admitted in controlled proportions throﬁgh 11, 10, and
9, under sufflcient pressure to oausé their passage through
the highly heatea_flu&s of A. It is apparent that the
higher temperature iﬁ the flues is at the extremity adjacent
to ¢ wﬁere active combustion took place. The counter current

"flow of the gaseous mixture 1= an iﬁportant factor in securing
the greatest efficiency in the absorbtion of the heat from

the flue. surfaeces. The gaseous mixture is brought 1o contact
with incréaéinglﬁ hot surfaces, and when passing into ¢, is

at a temﬁératura not much below the maximum temperature
attain@d‘in the-flueé during the preceding cycle of operation.
As these hot gasaéipass through the flues in B toward outlet
3; muoh of their sensible heat is imparted to the walls of
these fluas. They are brought to a high temperature. Sirce
all of the reactions where CO2 and steam are used are
endothermie, to say nothing of the heat losses through the
ezcape of sensible heat in fhe exit gases, the temparaturs of
 tne flues in A will shortly be lowered to a lsvel at which
the desired reactions are not completed. 9 and 11 are c1osed,
12 kept open until sufficient;sﬁaamlhas baen intro@udad to

drive the conserved gases from A-B. Outlet 3 is clased.
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Outlet 12 is opened., Alr ig admitted through 1; fuel gas
through 6, and the condult reheated. Sinece in the preceding
cycle the flues in B were brought to a2 high temperature, the
alr entering ¢ will now be highly preheated, and the flame
temperature reaultihg from combustlon greatly incressed, 8o
that the high temperature desired in the flues of A will

be much more quickly attained. The COR preferably employed
may be meost readily secured dy washing the combustion gases
vagsling from 12 with water under pregsure, or with an slksline
golution, metheds of CO2 recovery welleknown in the art.
Caleculatione of the volume of combustion gas relative to the
volame of oonserved gasesa lndicate an adequate supply of Q02
from thie source, While the use of catalysts does not change
equilibrium relations or reduce materially the maximum
temperature necessary to secure complete dissooiation, they
are eﬁaotive in spae_ding up the chengs toward egullibrium.
The refractory surfaces with which the gaseous mixture is
dontaotéd. exerolae a ocatalytic effect, but niokel, of a
conglderablie group of catalysts, has been found moat ef-

ficlent o6 2 ostalyst in the dissocistion of hydrocarbons.
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WHAT I CLAIM IS:~ .

1, The improvemant in the pfbcess of obtaining a
mixture of quyggmggggxide and hydrogen in controlled
proportions by the dissociation of hydrocarbon gases and
vapofs, which comprises heating a conéduit, the interior
of which is'filled with a multiplicity of refractory hsab-
absorbing gurfaces, to & temperature substantially in
excess of 2100°F. by meintaining an actlve combustlon tlierein,
then passing through the conduit é'mixturq of hydroecarbon |
gasas and vapors wilith oxidizing gases, so proportioned that
'tha.oarbon an@ oxygen atoms in the mixture are substantially
- egual and the carbon and hydrogen atoms in such proportion

ag desired,

Ze The improvement in the ﬁrocass of obtaining a
nixture of oarbon.monaxide and hydrogen in contrelled
proportions by the dissociation of hydrocarbon gases and
. vgpurs,‘which coﬁpriaeé heating a_condgit, the interior of
which is filled with a multiplicity of refractory heat-
abéprbing surfeces, to a temperature substantially in excess
‘qf_ZlOOOF. by maintaining an active combustlon therein; then

passing through the condult, in e, direction ‘contrary to the

traval of the oombustion gasas, a mixture of hydrocarhon .
g;;es and vapors with oxidizing gasea go proportionad that
the carbon and oxygan atoms in the mixture are substantlally
gqual, and the 6arbon and hydrogen atdms in sueh proportion

as desired.
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Se The improvement in the proceass of obtaining a
mixture of carbon monoxide and hydrogen in conirolled
proportions by the dissociamtion of hydrocarbon gases and
vapora, whioh comprises heating a conduit, the interior
of which 1s filled with & multiplicity of refractory heat-
abaorbing surfaces, to a temperature substantially in exceas
of 2100°F. by maintaining an aotive combustion therein,
‘uging'highly preheated air to support the combustion; then
pasaing throngh-the_conduit & mixfure of hydrocarbon gases
and vapura'with oxidiking*gaaes.ISD prbportldnad that the
oarbon and oxygen atoms in the mixture are substantially
~ equal, and the carbon and hyirogen atoms in suoh proportions
aB desired.
de In apparatus for the thermal dissbciation of
hydrocarbon gases and vepors,. the combination of a conduls,
8 multiplicity of refraetory heat-absorbing surfaces within
the interior of the conduit; means for introdnoing air and
fuel gas into the conduit; mesns for withdrawing the products
of eombﬁation from the conﬂuit: means for passing hydrocerbon
ga860 and vspora through the conduit; means for adding oxidig=-
ing gasea to the hydrooarbon ged; metns for withdrawing the
_resultant produots. _ _
8 In apparatus f£or the thermal dissoolation of
hydrooarbon gafes and vapors. the oombination of a oonduit,
a muitiplioity of refraotory heat-absorbing surfaces within
the interior of the‘oondﬁit- means for introducing alr end
fuel gas into the oon&uit- meana for prehaatingmthe‘gir
within the oon&uit- means for withdrawing the proig;ta of
combuation from the oonduit- means for passing hydrocarbon
gagep and vapors through the conduit; means for adding
oxidising gases to the hydrocarbon gasea; means for withw

drawing the resultant products.
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Ge In apparatus £for the thermal dissocistion of
hydrosarbon gases and vapors, the combination of a conduit,
& multiplicity of refreotory heat-absorbimg aurfaces within
the Interior of the condult; means for introducing air snd
fusel gas inbo the condult; means :or withdrawing the
products of combustion from the conduit; means for pasging
hydrooarbon gases and vapors through the conduit, in a
directlon counter-current to the passage of the combustion
gases through the oconduit; means for adding oxildizing gasen
to the hydrocarbon gases; means for withdrewing the resultant

productsa.
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Process of and Spperatus for ODbtaining 30 ééﬁ/
a Gascous Mixture of Carbon Monoxide dand

Hydrogen in ControiLied Proportions by the :
Oirssociation of Hydrocarbon Gases and Vapors.

8 e &L
3
B . fooesxsen
[ TnnavaLtLALRY B
. P f\ %
AN peeyriare \
L L el o] O B AL RRARRARLY
it b - W T
s -
508 s ERAA LR LAY i ]3
i e

T ILETTIOFECOAIE T HITTETI TN,

AT

v
i
| -
t
6—1 1 .7/;5? 2
Fag
78
I
72 NNV :
X/ 2
: 7 . -
‘ i k\\ <] AR D N
7€ \/
N =7
WA A SN P X
4 / /////)’///7/////////4
DU TIFED O BE THE DRAWINGES ' MVENMTOR

S0 T N THE SPECIFICATION //,é{ /f?[ '
REAELTEY D RRE R, //JLM . a ; »é
:grwxﬁmglfz<ymﬂa zﬁéﬁﬂio. Yy ACTORNEYS





