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22 Claims.

The present invention relates to the produc-
tion of valuable intermediate partial oxidation
products of gaseous or vaporized carbonaceous
substances sueh as hydrocarbons, mixtures of

--5 these with hydrogen and carbon monoxide such
as are produced in coke oven plants, and similar
mixtures. It is of particular utility in connection
with the homogeneous oxidation of hydrocarbons
of the methane series for the production of alde-

10 hydes and alcohols.

Many processes for the partial oxidation of hy-
drocarbon and the like are well-known, in which
the reacting- materials in the gaseous state are
premixed and passed under atmospheric or super-

.75 atmospheric pressure through an elongated re-
action chamber immersed in a constant temper-
ature heating bath. . The reaction products are
led away, and are subSequently treated to recover
the normally ligquid components thereof by suit-

.20 able condensation and absorption under appro-
* priate conditions. In many instances the reac-
tion chamber contains certain catalysts adapted
to facilitate the desired reactions and to retard
other reactions tending to the production of com-
plete oxidation products. '

In these prior processes in which reaction tubes
of uniform bore are employed, many difficulties
are encountered in the proper control of the re-
actions occurring therein, Especially is this true
where superatmospheric pressures are employed,
zo that as the gaseous mixture is heated to the
reaction temperature, considerable fluctuations
of pressure occur in the system due to the neces-
sity for the employment of a relatively long re-
action tube and to the tendency for the reacticn
to successively propagate backward and forward
in the tube. Under certain conditions these pres-
rure fluctuations may become 50 large as to pre-
vent the proper contrel of the conditions in the
eyatem. As the percentage of oxygen present in
the gas mixture is increased, these pressure fluc-
tuations become more serious; and it has been
found practically impossible to obtain satistac-
tory results employing oxygen concentrations
46 ahove 149 when using a uniform hore tube. Fur-

thermore at the higher oxygen concentrations
the formation of carbon taking place frequently
causes blocking of these reaction tubes.

Amone the more important objects of the pres-

:60 ent invention are to provide in an improved

mannet for controlling the temperature of par-
tial oxidation reactions and for confining the
reaction to a definite. relatively-small zone in the
evstem: to provide in an improved manner for
preventing substantial pressure fluctuations in a
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system for the partial oxidation of hydrocar-
bons and the like; to provide a novel method for
the rapid cooling of the products of such reaction

to instre their preservation; to provide for so
controlling these partial oxidation reactions as 6¢
to assure a smoothly-progressing, uniform reac-
tion irrespective of appreciable variations in the
temperature of the heating bath surrounding the
reaction chamber; and to provide for the partial
oxidation of hydrocarbons such as methane at €5
temperatures substantially below those normally
suitable for the purpose and at which tempera-
tures substantially no thermal decomposition of
the hydrocarbons or produets of reaction would
oceur. ’

The present invention is based in par{ on the
discovery that in the processing of gas mixtures
of the character mentioned above,—the tempera-
ture at which the partizl oxidation reaction is
initiated is lowered as the diameter of the reac- 75
tion tube is incressed, where the total rate of
flow of the gas mixture remains constant. This
may be explained as due to the inhibitory influ-
ence of the wall surface of the tubes which sup-
presses the homogeneous reaction, (which is evi- 8C
dently of the chain type,) by which the desired
partial oxidatlon products are normally pro-
duced: or one may regard the phenomenon as
being due to the difference in rate of heat trans-
fer using tubes of varying diameter, 8a

It has been found possible so to select the di-
ameter and length of tubing conducting the
highly-heated gas mixture to the reaction cham-
ber that all reaction is entirely suppressed dur-
ing its passage theréthrough, although the gas 90
is at & suitable temperature to initiate and sup-
port the desired partial oxidation reaction when
the gas mixture subsequentty flows into a short
reaction chamber of suitably-increased cross sec-
tion and having & larger ratio of volume to heat- 85
transferring wall surfzce than the said tubing.
The reaction chamber may be immersed in a
heating bath maintained at the same tempera-
ture as the gas entering therein, or it inay be
maintained at a substantially lower temperature 100
for cooling the reaction chamber, as will be here-
inafter described. The desired reaction is there-
by limited to the relatively small volume of the
small reaction chamber, and a smooth uniform
reaction is obtained, which prevents pressure 105
fluctuations in the system and gives uniformity
of results. )

In carrying out the invention the hydrocaroon,
or a suitable mixiure thereof with a hydrogen-
containing fluid and/cr a carbon oxide-contain- 119
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ing fluld are vaporized where necessary, after

- which they are mized with air, oxygen, or other
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separated from the permanent gases.

oxyeen-supplying gas in the usuai way. This
gas mixture is then passed through small tubes
jmmersed in a2 constant temperature bath and
maintained at the desired reaction temperature
for a suitable length of time to permit the nec-
essary heat transfer to the gases flowing through
the tubes. The preheated gases then flow into
enlarged chambers which may form part of the
said tube assembly or may be separate therefrom,
in which chambers the velocity of How is low-
ered and the desived reacticn occurs suddenly.
The gaseous reaction products formed then flow
irom these chambers through small metal tubes
stbstantially of the size of those employed In pre-
neating the gas mixture, which effects an imme-
diate extinguishment of the reaction, due in part
to heat transfer from the reacting gases, if such
reaction has not heen completed already. The
reaction gases are then passed through s suit-
shle train of condensers eng separators by wiich
the condensible vapors are condensed and are
The lat-
ter, including any unreacted hydrocarbons, oxv-
zen and the like, may be then mixed with fresi
quantities of reactants and recycled in the proc-
2ss. Where the reaction is to be carried out un-
dar superatmospheric pressure, it is essential that
means be employed for producing in the various
iines, the desired pressure, and that an expan-
sion velve or pressure relief valve be disposed in
ine vapor oftake line leading from the reactlon
chember sither before or after the condensible
vapors nave heen condensed.

In the accompanying drawings which illustrate
sertain wreferred embodiments of the inven-
3108

g, L is a graphic representation of the rels-
tionship vetween reaction tube diameter and the
»paction emperature, involving the principles un-
derlying the invention;

Tig.  snows n somewhat diagrammatic man~
ner an apparatus assembly adapted for carry-
g cut the invention;

Tig. 5 is an apparatus assembly illustrating =
socond modification of the jnvention; and

Fig, 4 is a vertlcal section of one form of cham-
zered reaction tube.

%; 1as been found that when a gaseous mixture
capeble of undergolng homogeneous thermal ex-
plosion (such for example as a mixture of hydro-
earbon and oxygen which can be caused to react
axiremely rapldiy and homogeneously to produce
oreanie oxidation products) is led through a tube
of uniform dlameter which is heated externally,
the temperature of the gas in the tube naturally
increases as it proceeds through the tube, always
tending to approach the temperature of the heat-
ing medlum. It has been demonstrated beyond
veasonable doubt that during the course of this
hegting & small amount of reaction occurs be-
tween the reactants. Since the reactions referred
to are highly exothermic, a small amount of heat
15 liberated so that the temperature existing in
the gas as it proceeds through the tube is slight-
1y higher than would be the case for the same
gases if no reactlon occurred. However, the
amount of this reaction is so small that the or-
dinary analytical methods for gases will detect
no change in the composition of the gas in the
tube. When, however, the gas mixture in the
course of its passage through the tube atfains
a certain temperature, which we may term the
“critical temperature” (T¢), reaction suddenly

oceurs and proceeds to completion slmost insten-
taneously.  In the case of & mixture of hydro-
carbons end oxygen, where hydrocarbons are
in considerable excess, the oxygen content of the
gas mixture which was unchanged in the course
of passage through the tube up to a temperaiure
just below the critical temperature suddenly com-
pletely disappears and is replaced by products
of oxidation.

If we employ & liguid bath with & uniform tem-
perature &s the heating medium and immerse
the heat transferring tube through which the
gas must be passed in the bath end slowly raise
the temperature of the bath while messuring the
oxygen content in the gases lssuing from the tube,
we ind that the oxygen content remeins un-
changed as the temperature of the bath increases
until & certeln temperature 1s reached and then
the oxygen disappesrs entirely., The curve (1)
of Big. 1, representing the variation of ozygen
content with batn iemperature is guite typical
of hundreds of rums of this cheracter that we
have carried out. Now, If we replace the previcus
tube by another tube of exactly the same length
but of larger dismeter, and pass the same total
ouantity of gas mixture of the same initial com-
position through the larger tube at the same rate
as employed In the previous cese, and again nlot
the oxygen content of the issuing gases versus the
temperature of the bath, we obtain s curve simi-
1eT to curve 2 of Fig. 1. The phenomenon in hoth
ceses is identical excent that the use of the
larger tube has lowered the temperature to which
the bath must be raised in order to cause re-

nction to occur. If the dismeter of e tube igj

made still larger, ell other conditions remaining
as just described, a curve similar io curve 2
is ohtained. It will be observed that ss the di-
ameter of the tube incrooses the temperature to
which the heating medis must be breught to cause
resction steadily decreases. It is noteworthy that
successive eousl increments of tube diameter
cause smaller and smeiler reductions in the {em-
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perature o which tie bath must be raised tn

cause reaction,

Now, it mmust be obvious that if we emgloy & i

small diameter tupe, of dizameter (D), we may
heat the bath to a temperature (Te) {(indicated
on the graph) without heving any eppreclable
reaciion ocour.
from the tube I, into the tubs III having a di-
ameter Dz, reaction immediately ensues, because
the baih is at = temperajure in excess of thet
niecessary to ceuse reaction in the tube of di-
ameter Dz, Therefore by building a reaction sys-
tem composed of heat transferring tukes of small
diameter leading into chambers of large diameter
and all maintained at & uniform temperaturs, it
is possible, by proper control of the bath ten-

perature, to preheat the resction mixture in the y

smaller tubes to a temperature in excess of that
required to cause reaction in the larger chember
without having any measurable reactlon in the
smaller tube. It is furthermore & fact that
if the gas is casused o issue from the cham-
bers into tubes of small diameter, either equal
to or smgller than the inlet tubes, the reaction
initlated in the chambers can In most cases be
extinguished. This briefiy describes the phenom-
ena which forms the basis of this patent applica-
tlon. It is sublect to modification, as will be
hereinafter pointed out. For example, it is not
necessary that the chamber be at the same tem-
perature as the preheater tubes; where a suffi-
clently large increase of diemeter is employed in

If we now ceuse the gas te issue 2127
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_separated from the permanent gases.

oxygen-supplying gas in the usual way. This
gas mixture is then passed through small tubes
immersed in a2 constant temperature bath and
maintained at the desired reaction temperature
for a suitable length of time to permit the nec-
assary heat transfer to the gases flowing through
the tubes. The preheated gases then flow into
enlarged chambers which may form pazrt of the
said tube assembly or may be separate therefrom,
in which chambers the veiocity of How is low-
ered and the desived reaction occurs suddenly.
The gaseous reaction products formed then flow
from these chambers through small metal tubes
substantially of the size of those employed in pre-
heating the gas mixture, which effects an Imme-
diate extinguishment of the reaction, due in part
to heat transfer from the reacting gases, if such
reaction has not been completed already. The
reaction gases are then passed throuvgh a suit-
able train of condensers and seperators by which
the condensible vapors are condensed and are
The Iat-
ter, including any unreacted hydrocarbons, oxXv-
zen and the like, may be then mixed with fresn
quantities of reactants and recycled in the proe-
2s3. Where tne reaction is to be earried out un-
ger superatmospheric pressure, it is essential that
means be emyployed for preducing in the various
iimes, the desired pressure, and that an expail-
zion valve or pressure velief valve be disposed in
the vapor offtake line leading from the reaction
chamber sither bhefore or after the condensitle
vapors have been condensad.

Tn the accompanying drawings which illustrate
sartain preferred embodiments of the inven-
L oTL,—

Tig. 1 is & graphic representation of the rela-
tionsbip between resction fube diameter and the
saction temperature, involving the principles un-
derlying the invention;

Tig, 2 snows in somewnat diagrammatic man-
ner an apuarafis assembly adapted for carry-

=g out the invention;

Tz, © is an apparatus assembly illusirating &
sacond modifdcation of the invention; and

Flg. 4 is a vertical section of one form of cham-
hered reaction tube.

T5 has been found that when a gaseous mixture
capeble of undergoing homogeneous thermal ex-
piosion (such for example as & mixture of hydro-
corbon snd oxygen which can be caused to react
exiremely rapldly end homogeneously to produce
organic oxidation products) is led through a tube
of uniform diameter which is heated externally,
the temperature of the gas in the tube naturally
increases ag it proceeds through the tube, always
tending to approach the temperature of the heat-
ing medium. It hss been demonstrated beyond
reasonable doubt that during the course of this
heating a small amount of reaction occurs be-
tween the reactants. Since the reactions referred
to are highly exothermic, & small amount of heat
is liberated so that the temperature existing in
the gas as it proceeds through the tube is slight-
ly higher than would be the case for the same
gases if no reaction occurred. However, the
amount of this reaction is so small that the or-
dinary analytical methods for gases will detect
no change in the composition of the gas in the
tube. When, however, the gas mixture in the
course of its passage through the tube attains
a certain temperature, which we may term the
“eritical temperature” (T¢), reaction suddenly
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occurs and proceeds to eompletion simost insten-
taneously. In the case of g mixture of hydro-
ecarbons and oxygen, where hydrocarbons are
in considerable excess, the oxygen conient of the
gas mixture which was unchanged in the course
of passage through the tube up to a temperature
just below the critical temperature suddenly com-
pletely disappears and is replaced by products
of oxidation.

If we employ a iiquid beth with & uniform tem-
perature &s the heating medium and limmerse
the heat transferring tube through which the
gas must be passed in the bath and slowly ralsa
the temperature of the bath while reasuring the
oxyzen content in the gases issuing from the tube,
we and that the oxygen content remesins un-
changed as the temperature of the bath increases
until & certain temperature is reached and then
the oxygen disappears entirely. The curve (1)
of Fig, 1, representing the variation of oxygen
content with. bath temperature is quite typicel
of hundreds of Tuns of this cheracter that we
heve carried out. Now, Lf we replace the previous
tube by another tubs of exactly the same length
vut of larger dizsmeter, and pass the same total
auzntity of gas mixture of the same initial com-
position through the larger tube at the same rate
as employed in the previous case, end again plot
the oxygen content of the issuing gases versus ihe
temperature of the bath, we obtain a cuive simi-
lar to curve 2 of Fig. 1. ‘The phenomenon in both
cases is identical except thet the use of the
lerger tube has lowered the temperature to whieih
the bath must be raised in order to cause re-

action to occur, If the diesmeter of the tube iz}

made still larger, ell other conditions remeining
a8 just described, a curve similar o curve 2
is obtained. It wil be cbserved that =s the di-
ameter of the tube increases the temperature o
which the heating media must be brought to cause
reacticn steadily decreases. Itis noteworthy that
successive eguael increments of tube dlameter
eause smeiler and smeller reductions in the iem-
perafure to which tlie bsth must be raised to
ceuse reaction.

Now, it must be obvicue that if we empley &
small diameter tube, of diameter (D1}, we mey
neat the bath to a temperature (Te) {indicaied
om the graph) without having any appreciable

vegcilon oceur. If we now cause the gas to issue 1

from the tube I, into the tube III having a di-
ameter D, resction lmmed‘ately ensues, because
the bath is et a temperature In excess of thet
necessary to ceuse reactlon in the {ube of di-
ameter D:. Therefore by building a reaction sys-
tem composed of heat transierring tubes of small
diameter leading into chambers of large diameter
and all meintsined at a uniform temperature, it
is possible, by proper control of the bath tem-
perature, to prehest the reaction mixture in the
smaller tubes to a temperature in excess of that
required to ceuse reaction in the larger chamber
without having any measurable reacilon in the
smaller tube. It is furthermore & fact that
if the gas is caused to issue from the cham-
bers Into tubes of small diameter, elther equal
to or smaller than the inlet tubes, the reaction
initiated in the chambers can in most cases be
extinguished., This briefly descrines the phenom-
ena which forms the basis of this patent applica-
tion. It is subject to modiflcation, as will be
hereinafter pointed out, PFor example, it is not
necessary that the chamber be at the same tem-
perature as the preheater tubes; where a suffi-
clently large increase of diameter is employed in
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passing from the preheater tube to the chamber,
the chamber can actually be surrounded by a
bath at a lower temperature than that sur-
rounding the preheater tubes.

In the drawings, numeral 10 designates an
elongated closed vessel which may have its ex-
terior wall surfaces heat-insulated if desired.
The vessel 10 has a conical bottom 12, and is pro-
vided with partitions 14, 16 which divide the ves-
sel into chambers 18, 20 and 22,

A plurality of elongated hollow metal tubes 24,
which if desired may be made of catalytic ma-
terial such as nickel, are disposed in parallel
longitudinally of the vessel 10, passing through
apertures in the partitions 14, 16—the said tubes
having their open, lower ends disposed within the
chamber 22. | -

Each tube 24 extends through an aperture in
the top of vessel 10, and has its open upper end
associated with a eollection head 26. A mid-por-
tion of each of the tubes 24 positioned within
the chamber 18 is of increased diameter to form
an enlarged reaction chamber 28. )

For heating a heat-transferring fluid and for
cireulating the same around the tubes 24 in
the chambers 18 and 20—a heater 30 is pro-
vided, having a burner 32 and & heating coil 34,
the respective ends of the latter being connected
to the upper and lower ends of chamber 20
through the conduits 36, 38, the last menticned
conduit having & pump ot the like 40 located
therein. A plurality of bafles 39 may if desired
be arranged around the tubes in chamber 20.

A vaporizer 42 is connected with the upper and
the lower portions of chamber 18 respectively by
conduit 44 having therein pump 46, and hy con-
duit 48. A conduit 50 connects conduits 38 and
48 and conduit 52 connects conduits 36 and 44.

For introducing into the reaction vessel the hy-
drocarbons to be processed, a conduit 60,—con-
nected with a source of hydrocarbons, as for ex-
ample natural gas,—is in communication with
ihe chamber 22 through the pipe 62, meter 64,
compressor 66, pipes 68 and 69, mixing valve 70
and conduit 72, :

If desired, the hydrocarbon gas may be pumped,

from the compressor 66 through an absorber 74
to remove excess liguids present in the gas prior
io being sent through the vaporizer,—or the gas
may. be pumped by the compressor direct into
conduit 69 and thence to the vaporizer.

A valved air conduit 76, having a meter there-
in, leads from & source of air or other cxygen-
supplying gas under pressure such as the tank 78,
through the vaporizer 42 and communicates with
the mixine valve 70, Check valves 79 and 81
are preferably placed in conduits 71 and 76 ad-
jacent the valve T0 to prevent back flow through
these condults.

The cotlection head 26 has leading therefrom
a vapor conduit 82 containing an expansion valve
84, connecting the former in series with a con-
denser 86, a receiver 88 and a gas scrubber 90. A
vapor line 92 having therein a flow meter 84
leads from the scrubber to a gas storage tank
g6. A conduit 98 havine therein a series of high
pressure pumps 100, 102, establishes communi-
cation between conduit 22 end a compressed-gas
storage tank 104. A conduit 106 leads from fank
104 to raw gas conduit 69; and a short valve-
controlled connection 108 permits direct com-
munication of conduit 98 with the conduit 106.

In the operation of the apparatus shown in
Fig. 2, the crude hydrocarbon or a mixture con-
taining hydrocarbons such as natural gas is me-

3

tered from line 60 and after suitable compression
15 passed through the absorber 74. The purified
vapors are then passed through the coil in the
vapaorizer 42 where any remaining liquid is va-
porized, and the vapors are given an initial pre-
heat. Just prior to the point of exit of the vapors
from the vaporizer they are mixed with air or
other oxyzen-supplying gas which may have bheen
preheated if desired to the same -femperature,
This gas mixture enters chamber 12 and thence

flaws into and is distributed uniformly within the

relatively narrow preheating tubes 24 throuzh
which it fiows at a predetermined rate, heing
meanwhile heated to a high temperature oy heat
exchange with the heating fluig, such as fused
scdium nitrate, or hat oii flowing around the tubes
within the fuid circuit comprising the heater
30. The flow of vapors within the fubes 24 and
the temperature of the heated fluid surrounding
the tubes is so adjusted that the vapors are heat-
ed and maintained at a temperature below that
at which the partial oxidation reaction is initi-
ated in preheating tubes of the diameter em-
ployed, but above the temperature at which ths
said reaction will be initiated when the hot va-
pors flow into the larger diameter reacticon cham-
bers 28. As the hot vapors enter the latter, the
reaction is instantly initiated, and it progresses
rapidly. The mixed vapors then flow at once
into the upper tube ends of smaller diameter,
which cause the reamction at once fo be extin-
guished. The heat generated by the reaction in
the chambers 28 is conducted away from the
chamber walls by the heat-transferring fluld
flowing in the circuit including chamber 18 and
the vaporizer 42, in the latter of which it is
used to assist in heating indirectly the incoming
gas mixture to be reacted. If desired, the said
fluid flowing through chamber 18 may be heated
by passage through conduits 48, 50, 38, heater 30
and conduits 52 and 44.

The vaporized resction mixture leaving the
upper ends of the tubes 24 passes the expansion
valve 84 where the pressure is reduced fo sub-
stantially atmospheric pressure, and the vapors
then pass through a cooler and condenser in
which portions of the vapors are condensed and

the condensate recovered in a receiver,—the un-

condensed vapors passing into a vessel contain-
ing a scrubbing liguid such as water or glycerine
which absorbs or dissolves certain valuable gas-
eous partial oxidation products, the fixed gases
then passing to gas storage at atmospheric or
superatmospheric pressure; or the mixed gases
may be immediately recycled under appropriate
pressure. Instead of having the expansion valve
84 in the conduit 82, it may be located in the
conduit leading from the condenser to the ab-
sorher 90 and between the latter and the receiver
88: or it may be placed in the gas conduit 92.
According to the modification of the invention
illstrated in Fig. 3, which is adapted especially
for processing the higher hydrocarbons includ-
ing propane, butane and the like, the arrange-
ment of the preheating vessel and tube assem-
bly, is similar to that shown in Fig. 2. In place
of the type of vaporizer shown in Fig. 2, there is
provided & heat insulated column still 43 hav-
in= the usual dephiegmating column 45 equipped
with the perforated metal plates 47. The hydro-
carbon to be vaporized enters the mid-portion
of the column through the pips 89; and the gas-
eous hydrocarbon is withdrawn:through the con-
duit 72 connected to the top of the still. For
heating the contents of the still, a heating coil

80

8

S0

5

100

105

115

120

128

130

135

140

145

150




10

26

A4

b5

(i

(114

70

(L]

4

49 or & jacket 51, or both is provided. If desired,
the ends of the heating coil may be connected
respectively with the conduits 44 and 48. One
large reaction chamber 29 is disposed within
chamber 18, into which each of the tubes 24 ex-
tends,~—in place of the individusal reaction cham-
bers 28 shown in Fig. 2. A plurality of rela-
tively small tubes 25 extend from the reaction
chamber 28 to the collection head 26.

A conduit 82 leads from the collection head 28
through & condenser 86 to & separator chamber
110, having a valve-conirolled draw-off line 112
connected with the bottom thereof. A vapor line
114 leads from the top of the separator chaimber
110 to a series of scrubbing vessels 116, 118, each
having a valved draw-off line in the boftom. A
vepor conduit 120 leading from the top of the
scruhber 118 has therein an expansion valve 122,
edapted for holding the desired pressure on the
system and for permitting escape from the latter
of the scrubbed fixed gases consisting mainly of
nitrogen, hydrogen and carben dioxide. A con-
duit 124 connects a mid-portion of the separator
chamber 110 with & tower 130 provided In iis up-
per end with an aperture 132 normally controlled
by a gas release valve comprising 2 valve seat 134
and = metal foat 138 adapted to foat cn the lig-
uid hydrocarbon within the tower and to seat se-
curely ageinst the said valve seat when in its up-
permost position to seal the interior of the tower
130 from the atmosphere. A condupit 138 leads
from the lower part of the tower 130 through 2
high-pressure pump 140, iato the vipe Hne 82,

The operation of the apparatus of ¥Fig. 5 is
similar in most respects to that of Fig. 2. A con-
trolled wressure is maintained on the fivid hydro-
carbon mixture witkin the portion of the circuit
comprising the line 68, vagorizer 43, vreheater
tubes 22, reaction chamber 29, and the yessels
110, 118, 118, and 130 by means of pumps 66 end
240,

in the farm of the invention showm in Figs.
2 gnd 4, the veaction tube consists of 2 hollow
hody 210 of 2old roiled steel or other suitable me-
terial adapted to withstand high pressures and
temperatures. The body 210 has & ceniral aper-
ture which is enlarged et one end of the said bedy
to house a siouldered head or member 212 hav-
ing a constricted bevelled mid-portion 214 adapt-
ed to seat against a sloping mid-portion 218 of
the inner wall of the body 210. A threaded gland
and pressure-applying member 217 engeges
threads in the body 210 and functlons fo press
the head 212 ageinst the sloping mid-portion 21§
of the kody 210.

& second svertured head 220, having a hev-
elled end portion 222 and & threaded portion ad-
jacent thereto adapted to engage threads on the
inner surface of a sleeve 224 thereon, is adapted
to have its bevelled end 222 pressingly engage &
sloping internal shoulder within the body. 210 by
cooperation with s threaded gland nut 228, the
latter engaging threads in the aperture In the
hody at the end thereof opposite that carrying
the member 217, )

The lower end of the head 212 extends within
the apertured body 210 to a point near but re-
movegd from s second constricted portion 227, so
that an enclosed chamber 228 is formed between
the adjacent ends of the heads 212 and 220 and
the internal wall of the body 210 included there-
between. The chamber 228 is in communication
with tubes 24 through relatively smaill central
apertures 230, 232, in the respective heads, 212
and 220.
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Instead of employing steel as the material of
construction for the reaction tubes, various ofher
metals and alloys may be used, which may or may
not, have catalytic properties with respect to the
partial oxidation reaction. In this manner,
nickel tubes may be utbilized.

In earrying out partial oxidation of hydrocar-
bons in appersfus of the character described
above, it invariably occurs that, while it is neces-
sary to raise the heating bath and the gas mix-
fure flowing therethrough {e a given minimum
temperature {varying with the conditions of op-
eration) in order to iniiiate the desired reaction,
no reection oceurs at such temperature until the
gas mixture flows into the enlarged reaction
chamber &t which point the said reaction occurs
instantly end all or the major part of the oxyger
reacts and is removed from the mixture. As soon
as the desired reaction has been started, the en-
tire system including the hesting bath may be
cooled down from 25° to 100° . or more depend-
ing upon the conditions of the reaction, the gases
usaed, ete., without cavsing the reaction to cease.
Thiz mey be described as & hysteresis efiect, and
it makes passible wninterrupted ogeration, irre-
spective of relatively large fluctuations in ths
femperature of the heating bath surrounding the
reaction chamber end the tubes conveying the gas
mixture to the reaction chamber. Furthermore
it has been found possibie to carry ouf the veac-
tion at appreciably lower temperaiures than
would be possible under similar conditions with
regction tubes of uniform diameter. This is espe-

clally importent where gases such as rethane

which are highly resistent te the partial oxida-
tion trestmeny are being processed, so that tnc
temperatures amployad need not be in the range
of those effecilve for thermally decomposing tie
hydrocarbon to Jorm free carbon 50 as lo seri-
ously reduce the yieids of valuable partial oxide-
tion products chialned.

- Tor the purpose of lustrating certain ambodi-
ments of the invention the following esxamples
are given: bui it is o be understood thst they
are In no way o ve regarded as limiting the scone
of the inveation heyond thsi which is set cut in
the accompanying clains.

& quantity of propane wes vaporized and pre-
hested to & “emperature of approximately 150°

te 160° O, and theresfter was mixed with air heat-

ed to the ssr:e temperature in properticns suf-
fAclent to give the resultani mixture an oxygen
concentration of 6.15%. This zas mixture wes

passed under e pressure of 750 lbs. per square incn

threugh a 51 inch length of Shelby steel tubing of
2’7 inside dimmeter, during which time it wes
brought up to & reaction temperature of 339° C.
No resction whatever occurred under these con-
ditions, From this tubing the mixture flowed
{nto a steel teection chamber of the type de-
scribed above, kaving an inside dlameter of 2",
and en internal length of #3’°. The fluid inlet
end of the chamber was cone-shaped as shown
in Flg. 4. The entering gas flowed threugh the
reaction tube at & rate of 15.4 cubic feet per
hour; and the reaction within the chamber was
completed in epproximately .33 seconds, after
which the reaction mixture passed into an outlet
plpe of Shelby tubing having an internal diameter
Of ‘.!%”-
guished. As soon as the reaction had begun, the
temperature of the heating bath could be reduced
to as low as 291° C. without substantislly affecting
either the rate of the partial oxidation reaction
or the character of the products obiained. A

and the reactlon was promptly extin- -
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49 or a jacket 51, or hoth is provided. Ii desired,
the ends of the heating coil may be connected
respectively with the conduifs 44 and 48. Cne
large reaction chamber 20 is disposed within
chamber 18, into which each of the tubes 24 ex-
tends,—in place of the individual reaction cham-
bers 28 shown in Fig. 2. A plurality of rela-
tively small tubes 25 extend from the reaction
chamber 29 to the collection head 26.

A conduit 82 leads from the collection head 2§
through & condenser 86 {¢ & separator chamber
110, having a valve-controlled draw-off line 112
connected with the bottom thereof. A vapor line
114 leads from the top of the separator chamber
110 to gz series of scrubbing vessels 116, 118, sach
having a valved draw-off line in the bettem. A
vepor conduit 120 leading from the top of the
seruhber 118 has therein an expansion valve 122,
adapted for holding the desired pressure on the
system and for permitting escape from the latter
of the scrubbed fixed gases consisting mainly of
nitrogen, hydrogen and carbon dioxide. A con-
duit 124 connects a mid-portion of the separator
chamber 110 with g tower 130 provided Ia Iis up-
per end with an aperiure 132 normally controlled
by a gas release valve comprising a valve seat 134
and = metal float 1356 adapted to flost on the lig-
nid hydrecarbon within the tower and fo seat se-
curely ageinst the said valve seat when in its up-
permost position to seal the interior of the tower
130 from the atmosphere. A congduil 138 leads
from the lower part of the tower 13C¢ through o
high-pressure pump 140, intc the oipe line §2.

The operation of the apparatus of Fig. 3 is
similar in most respects to that of Fig. 2. A con-
trolleg pressure is rmaintained on the fluid hydro-
earbon mixturs within the portion of the circuit
comprising the line 69, veporizer 43, nrehesier
tubes 24, reaction chamber 28, and the vessels
110, 116, 118, and 130 by means ol pumps 86 and
1e,

in the form of the lnveniion shown in Figs.
2 and 4, the reaction tube consists of 2 hollow
nody 210 of cold Tolled steel or other suitable me~
terial sdapted to withstand high pressures and
temveratures. The body 210 has & central aper-
ture which is enlarged at one end of the said body
tc house a shouldered head or member 212 hav-
ing g constricted bevelled mid-portion 214 adapt~
ed to seat against o sloping mid-portion 216 of
the inner wall of the body 210. A threaded gland
and pressure-applylng member 217 engages
threads in the body 210 and functions to press
the head 212 against the sloping mid-portion 218
of the body 210.

& second svertured head 220, having & bev-
ciied end wortion 222 and a threaded portion ad-
jacent thereto adapted to engage threads on the
inner surface of a sleeve 224 thereon, is adapted
to have its bevelled end 222 pressingly engage &
sloping Internal shoulder within the body 210 by
cooperation with a threaded gland nut 228, the
latter enguging threads in the aperture in the
body at the end thereof opposite that carrying
the mermber 217. )

The lower end of the head 212 extends within
the apertured body 210 to a point near but re-
moved from s second constricted portlon 227, so
that an enclosed chamber 228 is formed between
the adjacent ends of the heads 212 and 220 and
the internal wall of the body 216 included there~
between., The chamber 228 is in communication
with tubes 24 through relatively small central
apertures 230, 232, in the respectlve heads, 212
and 220.
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Instead of employing steel as the material of
construction for the reaction tubes, various other
metals and alloys may be used, which may or may
not have catalytic properties with respect to the
partial oxidation reaction. In this manner,
nickel tubes may be utilized.

In carrying out partisl oxidation of hydrocar-
pons in apparatus of the character described
above, it invariably occurs that, while it is neces-
sary to raise the heabing bath and the gas mix-
ture flowing therethrough te a given minimum
temperature {varying with the conditlons oi op-
eration) in order to Infiiate the desired reaction,
no réection occurs at such femperature until the
gas mixture fiows into the enlarged reaclion
chamber 8t which point the said reaction occurs
instantly end all or the major part of the oxygen
rezcts and is removed from the mixture. As soon
as the desired resction has been started, the en-
{ire system including the heating hath may be
cocled down from 25° o 1006° C. or more depend-
ing upon the conditions of the resction, the gases
used, etc., witiiout causing the reaction to cease.
This mey be described as o hysteresis efiect, and
it malkes possible uninterrupted operation, irre-
spective of relatively large fluctuations in the
tempersture of the heating bath surrounding the
reaction chamber end the tubes conveying toe gas
mixture to the reaction chamber. TFurthermors
it has been found possible to caitTy out the rerc-

ijon &t aporeciably lower temperaiuvres than
waould be possible under similar conditions witi
reaction tubes of ¢niforma diameter. Tiis Is estue-

cially importent where gases such as rcthane

which &re highly resistent te the pariial oxida-
tion trestmeni are being vrocessad, so that the
temnperatures smployed need not be in the range
of these effective jor thermally decomposing the
nydrocerbon e form free carbon so as bo seri-

ously reduce ihe yieids of veluable pariial oxide- -

tion products obtalnad.

For the vurpose of illustrating certain embodi-
ments of the invention the fellowing examples
are given: bui it is to be understood that ihey

are in no wey to be regarded as limiting the scope -

of the invention beyond that which is sot out ia
the accompanying claims.

A gquantity of propane wes vaporized and ore-
heated to a “=mperature of spproximately 159°

to 180° C. and ihereefter was mixed with air heat- -~

ed to the sem:e temperature in proportions suf-
fAclent to glve the resultant mixiure an oxygen
concentration of §.15%. This gas mixture was

passed under 2 pressure of 750 1bs. per square inch

through o 51 ineh length of Shelby steel tubing of
&'* inside dismeter, during which time it wes
brought up to & reaction temperature of 339° C.
No reaction whatever oceurred under these con-
ditions. From this tubing the mixture flowed
into o steel reaction chamber of {he type de-
seribed above, having an inside diameter of 427",
and an internsl length of #3'*. The fluid inlef

8¢

end of the chomber was cone-shaped as shown -

in Fig. 4. The entering gas flowed through the

reaction tube at & rate of 154 cubic feet per i

hour: and the reaction within the chamber was
completed in epproximately .33 seconds, after
which the regction mixture passed into an outlet
pipe of Shelby tubing having an internal diameter
of !‘zn'
guished. As soon as the reaction had begun, the
temperature of the heating bath could be reduced
to as low as 201° C. without substantially affecting
either the rate of the partial oxidation reaction
or the character of the products obtained. A

and the reactlon was promptly extin- -
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temperature of
recorded..

The gases issuing from the reaction chamber
were found to contain 1% of oxygen in instances
where the preheating hath was maintained at a
temperature of 339° C. and below; whereas as the
temperature of the heating bath was increased to
393° €. this oxygen was increasingly consumed
until at the latter temperature all of the oxygen
had heen entirely consumed. At the higher {em-
peratures there was a tendency for the percentage
of unsaturated hydrocarbons in the offgoing gases
to increase, but the percentage of carbon monox-
ide did not vary materially. The acidity of the
drip recovered at the lower temperatures was
somewhat higher than that obtained at the high-
er temperatures,—and very satisfactory yields cf
methanol and aldehydes were recovered at the
various points within the temperature range of
291° £0 300° C. In a similar run in which the re-
action chamber had an internal diameter of
13/64°* and an internal length of 26/64"", a pro-
pane air mixture containing 59% of oxygen,
maintained at 750 lbs. per square inch pressure,
and flowing at 15.5 cubic feet per hour, showed
a temperature of half reaction of 372° C. It was
possihle to lower the temperature of the preheat-
ing bath to 345° C. without extinguishing the re-
action in the rezction ehamber, although in such
instances the off-going gases contained approxi-
mately 1.9% of residual oxygen. 'To effect com-
plete removal of the oxygen a temperature -of
3956° C. was necessary.

Similar gas mixtures containing other per-

%% reaction of 333° C. was

centages of oXygen than that recorded above give’

somewhat similar results. The higher the per-
centage of oxygen present in the orlginal gas
mixture, the lower was the temperature of half
reaction and that of complete reaction, Fur-
thermore, the permissible drop in temperature
of the preheating bath below the temperature
required for initiating the reaction, and which
would still permit maintenance of the reaction,
varled directly with the percentage of oXygen in
the gas mixture being treated.

The temperature spread or range between that
of half-reaction and that of complete reaction de-
creases as the oxygen-content of the gas mixture
increases: and at oxygen percenfages of 14%
and above, these two values were approximately
the same. OxXygen percentages as high as 18%
of the gas mixture,—equivalent to mixtures con-
taining 10% propane and 90% air,—could be ef-

fectively treated in accordance with the present

invention without the formation of carbon in the
system, and with resultant substantial yields of
valuable partial oxidation products including
methanol and formaldehyde, although the most
satisfactory yields of these products were ob-
tained with oxvgen concentrations around 69%.
To illustrate the character of the results ob-
tained when processing an oxidation-resistent
gas norinally requiring high temperatures for its
conversion,—a mixture of methane and air con-
taining 6.4% of oxygen, while under a pressure
of 750 1bs. per square inch, was flowed at a rate
of approximately 15 cubic feet per hour through
a length of Shelby steel tubing having an inside
dizmeter of 4’ and was preheated to a tempera-

. ture of 468° C. This preheated mixture was then

flgwed into an enlarged reactlon chamber of the
type described above, whereupon immediate re-
action occurred, with the production of substan-
tial quantities of partial oxldatton products In-
¢cluding - methanol and formaldehyde. The re-

5

sction was extinguished by lmmediately passing
the offgoing gases through another length of %"
inside diameter steel tubing. These offgoing
gates contained approximately 2% of residual
oxygen, for the removal of which it was neces-
sary to go to a temperature cf around 525° C.
On the other hand, following the initiation of the
reaction a 468° C., the temperature of the re-
action bath could be reduced to as low as 440° C.

without substantially effecting the characier of .

{he¢ reaction or the products formed thereby.
The exitent to which the temperature of the
rzaction bath could be lowered below the tem-
parature of half-reaction (468° C.), without
querching the reaction may be varied by varying
the cxygen content of the gas mixfure being proc-
essed, other conditions remaining unchanged.
Generally the higher the oxygen content of such
mixture, the greater the spread between the tem-

perature of half-reaction and that at which re-

action is extinguished within the reaction cham-
ber.

Reference has been heretofore made in this
case to the temperature of half-reaction, by which
is meant the temperature a{ which half of the
oxygen of the initial reaction mixture has been
used up. This temperature is recorded because of
the fact that it has been found difficult to ac-
curately measure the temperature at which the
reaction s initiated or that at which it is complete,
while an accurate measurement of the tempera-
ture at which half of the oxygen has been con-
sumed can readily be obtained.

In carrying out the process with the apparatus
assembly of Fig. 2, a mixture of hydrocarbons,
such as natural gas may be flowed through the
preheating coil 71 under the desired pressurs in-
duced by the compressor 66, and any condensed
liquids -are removed in the absorber T4. The
netural gas is then mixed in the mixing valve 70
with air which has been preheated to the same
temperature while passing through pipe 76. The
gas mixture then flows into the small steel tubes
24 in vessel 10 around which tubes is circulated a
heating fluid such as a fused salt or the like, and
wherein the gas mixture is brought up to the de-
gired reaction temperature. The gas mixture

80
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then fiows into the reaction chambers 28 which are

immersed in the heat-transferring bath in cham-
ber 18, which bath may be maintained at the same
temperature or at a lower temperature than that
of the heat-transferring fiuid in chamber 20.
The gaseous products of the reaction then flow
through the small tubes 24, header 26 and through
the expansion valve 84 where the pressure is re-
duced substantially to atmospheric pressure, The
gases then flow through the condenser 86 where
condensible vapors are condensed and®low into
the receiving vessel 88, The remaining gases flow
into the separator 90 below the level of the liquid
such as water therein, which absorbs therefrom
the constituents condensible or soluble therein—
the remaining or permanent gases being drawn off
through line 92 to gas storage iank 96, or they
may be pumped direct by means of the booster
pumps 100 and 102 to the pressure storage cyl-
inder 104. These gases containing some unre-
geted hydrocarbons and, in some instances, small
amounts of cxygen may then be recirculated in a
second cycle of operation, after being fortified

with suitable mmounts of natural gas or octher,

hydrocarbons through the line 69. The tempera-
ture of the preheating baths may be maintained in
part by circulation of the preheating fiuid through
one or more heaters 30, and in part by the heat
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of reaction transmitted thereto by the reacting
gases through the walls of the reaction vessels 28.
Other suitable methods for maintaining the de-
sired bath temperatures will readily suggest them-
selves and may be employed.

Instead of using a plurality of relatively small
resction chambers in the manner shown in Fig.
2, g single lerge reaction chamber may be em-
ployed into which the verious smali tubes con-
veying the incoming preheated gas mixtures may
feed the latter. This arrangement does not per-
mit the effective removal of the heat of reaction
of the gas mixture to the same degree as the
arrengement shown in Flg. 2. Fig. 3 illustrates
the preferred arrangement where propane oOr
other gas which is liquefiable under the conditions
of use in the process is to be employed. In the
operation of the process when using the appara-
tus of Flg. 3, the gaseous or vaporized hydro-
carbons and air or other oxygen-supplying gas
are mixed in the vaporizer and ere preheated in
the small tubes 24 before entering this single
lerge reaction chamber 29, The off -coming
vepors flow through the collection head and con-
duit 82 to a condenser, and thence into the
separator 110 in which the condensed liguid is
permitted to settle and stratify, thus forming a
lower agueous layer containing liquid partial
oxidation products, and an upper oily layer com-
posed of unreacted hydrocarbons such as propane
that are liquid at the temperzatures and pressures
meaintained in the separators. This latter layer
contsins some of the agueous products in suspen-
sion therein, and slso some of the gaseous re-
action products which are soluble in the propane
at the pressures used. The aqueous reaction prod-
ucts are withdrewn from the separator and sub-
jected to the usual type of reflning process for
recovering the sldehydes, aicchols, and other
materials therein., The propane is withdrawn
either continucusly or intermitiently through
condnit 124 and led to the tower 130. In the
latter the dissolved gases are permitted to escape
from the hydrocarbons to the atmosphere. The
float valve 136 functions to prevent overflow and
loss of the liguid hydrocarbon should the latter
temporarily fow into the tower 130 at o faster
rate than the degassed liguid is pumped there-
from into the line &9 for recycling in the process.

The fixed gases fow from the separator 110
through conduit- 114 into the scrubber 118 which
contains water or an aqueous solution such as
glycerine, where any occluded agueous partial
oxidation products not recovered in the separa-
tor are removed therefrom, and may be with-
drawn through the valved line in the bottom.
The remaining gases then flow through conduit
117 into the oil scrubber 118 containing an oil
such as kerosene, in which oil, any residual pro-
pane or other hydrocarbon is absorbed and may
be removed therefrom by suitable treatment after
withdrawal of the oil through the bottom valved
conduit. The residual gases flow from the oil
scrubber past the expansion valve 122 to suitable
storage, or it may be discharged to the open air.
In this modification of the invention, the expan-
sion valve is so placed that & major portion of
the heat of reaction is removed from the gases
flowing from the reaction chamber prior to the
reduction of the pressure to atmospheric pres-
sure.

While in the examples given, hydrocarbons and
air have been the respective gases employed, if
will be cbvlous that the process Is adapted for
the treatment of mixtures of hydrocarbons with
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chlorinating agents, oxygen, and various other
oxygen-supplying gases whereby reactions ol the
well-known thermal explosioh type are initiated.
Furthermore 1t 1s possible to operate at atmos-
pheric pressure or at various other pressures
above or below atmospheric instead of at the
pressures specifically mentioned herein. There
is & tendency for the methanol content of the
gases to Increase with increase in pressure, and
particularly at pressurss above 250 lbs. per square
inch.

The invention is well adapted for use in con-
pection with homogeneous catelysts such as the
nitrogen oxides, methyl ether, and the like.
These may be introduced into the gas stream just
pefore the latter enters the reaction chamber, or
at some point within the preheater, In some
instances the reaction chamber may be con-
structed of a particular material having catalytic
properties adapted to promote the desired partial
oxidation reactions. Furthermore the inner sur-
face of the reaction chamber may he cozted with
a suiteble cetalytic material such as nickel. In
the latter case thiz may be dene by infroducing

some of the catalyst into the gas stream before :

it enters the reaction chamber. For instance,
nickel cerbonyl may be introduced inte the gas
mixture and flowed into the reaction chamber
while heating the latter at temperatures suitable

for decomposing the niclkel carbonyl, whereby the :

walls of the chamber are plated cr coaled with
nickel,

The invention is susceptible fo modification
within the scope of the appended claims. -

I claim:

1. The process of controlling homogeneous gas
reactions of the thermal explosion type wiich
comprises preheating {0 a temperature suitable
for producing a gas phase reaction of the thermal

explosion type a gaseous mixture comprising -

ingredients cepable of mutually interacting to
produce such a reaction, while effecting 2 hea!
transfer inhibiting the said reaction, and there-
after flowing the preheated gaseous mixture into

a-yeaction chamber while removing both the said !

reaction-inhibiting influence and the excess head
produced by the ensuing gas phase reaction.
2. The process of producing hydrocarbon par-
tial oxidation reaction products which comprises
preheating a mixture containing a gaseous hy-
drocarbon and an oxygen-supplying gas to a2
temperature capable of producing a hydrocarbon
oxidation reaction while adjusting the heat in
the mixture to suppress the said reaction, and

thereafter flowing the said preheated gas mix- ©

ture into a reaction chamber while removing both
the said resction-lnhibiting influence and the
exeess heat produced by the ensuing partial oxi-
dation reaction.

3. The process of producing valuable oxidation "7

products from hydrocarbons, which comprises
passing along within an enclosed space having &
relatively high ratio of wall surface to veolume,
a mixture contalning a gaseous hydrocarbon and
an oxygen-supplying gas which mixture has been
preheatad to a temperature at which an oxidation
resction is Inhibited due to the high ratio of wall
surface o volume of the said enclosed space, and
then flowing the thus preheated mixture into
a reactlon chamber having & ratio of wall surface
to volume sufficiently less than that of the said
enclosed space to remove such inhibiting influ-
ence, whereupon the reaction immediately ensues.

4. The process of producing valuable oxidation
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passing along within an enclosed space having
a high ratio of wall surface to volume, & mixture
containing a gaseous hydrocarbon and an OXy-
gen-supplying gas whichh has been prehnated
{o a temperature at which an oxidation reaction
is inhibited due to the effect of the wall action,
and then fiowing the thus preheated mixture into
a reaction chamber having a Tatio of wall surface
to volume sufficiently low 1o remove such inhibit-
ing influence, whereupon the reaction immediate-
Iy ensues, and subsequently flowing the resultant
vaporous reaction mixture into an enclosed space
in which the ratio of wall surface to volume is
sufficiently high to extinguish the reaction, and
removithg the reaction products.

5. The process of producing hydrocarbon par-
tial oxidation progducts which comprises passing
g gaseous mixture containing a hydrocarbona-
ceols fluid, a free hydrogen-containing gas, and
an oxygen-supplying fluid thirough a heated zone
of variable cross-section under conditions of tem-
perature and pressure normally adapted to cause
a partial oxidation reaction to occur and inhibit-
ing such partial oxidation reaction by the trans-~
fer of heat until a predetermined point in the said

‘heated zone is reached, and thereafter removing
bath the said reaction inhibiting influence and-

the excess heat produced by the ensuing re-
action. ‘ '

6. The process of producing hydrocarbon par-
tial oxidation products which comprises heating
to a reaction temperature a flowing gaseous mix-
ture containing z hydrocatbon and an oxygen-
supplying fluid under conditions to cause a par-
fial oxidation reaction to be initiated, thereafter
reducing the temperature of the heating medium
while maintaining the other conditions uniform,
and coniinuing the oxidation reaction by the
utilization of heat developed in the course of the
said reaction. )

7. The process of producing liquid partial oxi-
dation products from hydrocarbons, which com-
prises flowing &a preheated gaseous mixture con-
taining a hydrocarbon and an oxygen-supplying
gas through an elongated enclosed space having
o mid-portion thereof of increased cross-section,
initiating and completing the reaction in the said
mid-portion, and subsequently extinguishing the
reaction as the -~-ultant reaction mixture flows
from the said nm° -portion of the enclosed space.

8. The process as defined in claim 7 in which
the gaseous mixture is maintained under super-
atmospheric pressure during the peried in which
it is being preheated and while the various com-
ponents thereof are heing reacted.

9. The process of controlling the period of
reaction of a vaporized mixture comprising a
hydrocarbon and an oxygen-supplylng gas, which
comprises flowing the mixture at a controlled rate
through an elongated tube of relatively smadl
diameter and heating the mixture to a predefer-
mined reaction temperature while suppressing
reaction, thereafter flowing the preheated mix-
ture into an enclosed space of relatively large

- diameter and short length, the ratio of the volume

to wall surface of the said enclosed space being
greater than the ratio of the volume to wall
surface of the sald elongafed tube whereby re-
action occurs between the components of the
gas mixture within the said enclosed space, and
immediateiy cooling the products of reaction by
conduciing them into a second tube of suitably
small diameter adapted to permit-sudden cooling

. of the vapors and suppression of the sald reaction,

10. The process for the preparation of partial

7

oxidation products from vaporized mixtures con-
taining & combustible gas which comprises flowing
a mixture of the combustible gas and an oxygen-
supplying gas along an enclosed path and pre-
heating the sald mixture to a reaction tempera-
ture while suppressing the sajd reaction by ad-
justing the rate
suppressing influence at a selected point in the
path of the fowing gas mixture by varyihg said
rate of heat transfer, whersupon a partial oxi-
dation reacticn suddenly oceurs, and immediately
thereafter cooling the products of the said reac-
tion while the vapors containing the reaction
products are flowing along the said enclosed path.

11. The process as definéd in cleim 10 including
the steps of circulating a heat-transferring me-
dium at least around the portion of the said
enclosed path at which reaction has not yet oc-
curred, and substantially reducing the tempera-
ture of the heat-transferring medium following
the initiation of the reaction in the said enclosed
space while maintaining said reaction. .

12, The process of producing liquid partial oxi-
dation products from hydrocarbons which com-
prises flowing a preheated gaseous mixture con-
taining a hydrocarbon and an oxygen-supplying
gas through an elongated enclosed space having
a mid-portion thereof of increased cross-section,
initiating the reaction in the said mid-portion of
the enclosed -pace, and extinguishing the reac-
tion in the gas mixture as it thereasfter leaves the
said mid-portion, circulating a heat-transferring
fluid around but out of contact with the gas mix-
ture flowing through the said mid-portion of the
enclosed space and reducing the temperature of
the hest-transfefring fluld as soon as the said
reaction has been initiated while continuing to
meaintain the said reaction, and regulating by
means of the percentage of oxygen present in the
mixture the scope of the temperature spread be-
tween that at which the reaction is initiated and
the lower temperature at which the heat-trans-
ferring fluid is maintained during the reaction.

13. The process of producing liquid partial oxl-
dation products from hyérocarbons, which com-
prizes flowing a preheated gaseous mixture con-
taining a hydrocarbon and an oxygen-supplying
fluid under superstmospheric pressure through
an elonzated space having a mid-portion thereof
of increased transverse cross-section, initiating
and substantially completing a partial oxidation
reaction between the hydrecarbon and fluid in the
said mid-portion, and substantially extinguish-
ing the reaction as the resultant reaction mix-
ture flows from the said mid-portion of the en-
closed space.

14. The process of producing hydrocarbon par-
tial oxidation products, which comprises the steps
of preheating & mixture containing & fluid hydro-
carbon and an oxygen-supplying fluid to a reac-
tion temperature while edjusting the rate of heat
transfer between the sald mixture and heating
agency thereby suppressing the said reaction,
thereafter flowing the sald preheated gas mixture
into an enlarged reaction chamber while remov-
ing both the said reaction-suppressing influence
and the excess heat produced by the ensuing par-
tial oxidation reaction, and maintaining super-
atmoespheric pressure upon the mixture through
out the sald steps,
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15. The process as defined in ¢laim 14 in which

the said mixture is maintained under a pressure
of several hundred pounds per square inch.
16. The process of producing hydrocarbon par-

tial oxidation products, which comprises the steps 159
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of passing along within an enclesed space having
a high ratio of wall surface to volume, a pre-
hezted mixture containing s fluld hydrecarbon
and an oxygen-supplying fluld, maintained at a
temperature at which the oxidation reaction is
inhibited due to the said high ratio of wall sur-
face to volume within the said enclosed space,
thereupon flowing the preheated mixture into a
reaction space having & ratio of wall surface to
vojume lower than that of the said enclosed space,
thereby removing the sald inhibiting influence
whereupon & partial oxidation reaction immedi-
ately ensues, end maintaining the said mixturs
under superatmospheric pressure throughout the
said steps.

17. The process of producing liguid partial oxi-
dation products frem hydroecarbons, which com-
prises flowing a preheated fluid mixture contain-
ing 2 hydrocarbon and an oxygen-supplying gas
through an elongated enclosed space having a
mid-portion thereof of increased cross sectlon,
initiating and completing a partial oxidation re-
action in the said mid-portion, subsequently ex-
tinguishing the reaction as the resultent reaction
mixture flows from the seid mid-portion of ths
enclosed space, removing condensible constituents
from the reaction mixture, serubbing the remsain-
ing portion of the said reaction mixture, and re-
cycling the same for use in the process.

18, The process of producing lqutd partial o::i—-
dation products from hydrocerbons, which com-~
prises flowing a heated fluid mixture containing
g, hydrocarbon and an oxyzen-supplying fluid
through an elongated space immersed in & healed
fluid and having 2 mid-poriion thereof of in-
creased eross-section, quickly initlating and com-
pieting a partial oxidation veaction in the sald
mid-portion, subsequenily extinguishing the re-
action as the resultant reaction mixture flows
from the seid mid-portion of the said space, re-
moving ‘condensible constituents from the re-
action mixtore, separating the last-named con-
stituents into an aguecus liguid and an oily liquid,

"and heating and recycling the latter in the

process,

1,678,831

18. The process as deflned in claim 18, accord-
ing to which the preheated flufd mixture is main-
tained under superatmospheric pressure during
the said reaction step.

20, The process as defined In claim 18, aceord-
ing to which the fluid mixture js maintained
under superatmospheric pressure throughoui
each step of the process.

21. The process of producing liquid partial oxi-
dation vroducts from hydrocarbons, which com-
vrises flowing & prehested gaseous mixture con-
taining a hydrecarbon and an oxygen-supplying
gas through an elongated enclosed space having
a mid-portion thereof of increased cross-section
while maintaining & superatmospheric pressure
upon the mixture, initiating and completing 2
peartial oxidation reaction in the said mid-portion,
subsequently extinguishing the reaction as the
resultant reaction mixture flows from the said
mid-poriion of the enclosed space, separating
condensible constituents from the reaction mix-
ture, dividing the condensible constituents info
an aqueous portion and an oily portiocn, racover-
ing the agueous portion, removing dissolved gases
from the said cily portion under superatmos-
pheric pressure, and recycling the degassed oily
meteria) in the process.

22. The process of producing liquid partial oxi-
dation products from hydrocarbons, which com-

prises flowing g preheated geseous mixture con- i

teining a hydrocarbon and not more than 1§
per cent of oxygen under & superatmospheric
pressure of not less than 250 pounds per sq. in.,
through an elengated enclosed space of small

trensverse cross-section having a mid-portion 3

thereof of increased cross-section, Initiating and
completing a partlal oxidation reaction in the
said mid-portion, snd substantially extinguish-
ing the reaction as the resultant reaction mixture
flows from the said mid-portion of the enclesed
space,

STEFHEN P. BURKE.
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