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This application is a continuation-in-part application 
of application Serial No. 73,435,- ?led December 2, 1960, 
entitled “Selective Pyrolysis-o?Methane to Acetylene and 
>Hydrogen”, now issued as US. Patent No. 3,156,733. 

This invention relates generally to the pyrolysis of 
hydrocarbons preferably diluted or admixed with hy 
drogen to give relatively uncontaminatedmixtures of acet 
ylene and hydrogen as the sole gaseous products. More 
particularly, the present invention relates to an improved 
pyrolytic method of obtaining acetylene and hydrogen as 
essentially the only products of pyrolysis of non-aromatic 
hydrocarbons having from two to ten carbon atoms by 
employing a combination of carefully controlled and criti 
cal operating conditions. 
The pyrolysis of the higher hydrocarbons to acetylene, 

hydrogen and other products by other methods is well 
known to the art. Heretofore, however, the. isolation of 
acetylene and/ or hydrogen in a relatively pure state from 
gaseous products prepared by pyrolytic procedures,‘ has 
required elaborate separation and product recovery tech 
niques. Thus,‘ previously known straight pyrolytic pro 
cedures such as the Wulif and Ruhrchemie processes have 
yielded from these hydrocarbons, in addition to acetylene 
and hydrogen, the full range of products theoretically ob 
tainable by the. pyrolytic decomposition of the hydro 
carbon. The extraneous products are produced in 
amounts su?icient to require laborious isolation and re 
covery procedures in order to make the process com 
mercially practical. Thus, for example, the pyrolysis of 
propane yields substantial amounts of propylene and 
ethylene inaddition to methane, hydrogen, acetylene and 
the higher acetylenes. 

- Modi?ed processes, such as the partial combustion of 
the hydrocarbons yield, in addition to the aforementioned 
organic by-products such as ole?ns, methane and higher 
molecular weight hydrocarbons of a saturated, ole?nic 
or acetylenic nature, substantial amounts of the undesir 
ables, carbon monoxide, water and carbon dioxide. 
A process employing electrical energy has been in 

commercial operation at the acetylene plant of Chemische 
'Werke Huls in Germany. 'This process employs an elec 
tric are for heating the gaseous hydrocarbon feed. In 
this reactor, it isnot precisely known at What temperature 
the acetylene. actually forms from the hydrocarbon; how 
ever, it is known that the core of the arc burns at about 
3000” C. while at the end of'the reactor tube the tempera 
ture is between 1600 and 2000° C. It is readily apparent 
that whileta portion of, the reacting feed gases is sub 
jected to are temperature, i.e., around 3000“ C., a 
substantial portion bypasses this hottest part of .the arc 
and is pyrolyzed at substantially lower temperatures. 
Consequently, the over-all process involves an- essentially 
uncontrolled time-temperature pyrolysis. On the one 
hand the high temperatures leads to. the production of 
higher acetylenichydrocarbons such asvdiacetylene and 
other alkynes in substantial amounts, and atthe same time, 
the lower temperatures leave a considerable portion of 
incompletely pyrolyzed hydrocarbon feedrin the e?luent 
gases. 
The presence of ‘these contaminates andthe elaborate 

procedures required for their effective separation from the 
acetylene and hydrogen products, makes isolation and re 
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. covery the, most, expensive phases of the presently known 
pyrolytic processes. 

Although ,it has been reported that ,atltelmperatures 
above 1500° C., pressures well below 100 mm.‘ Hg. abs. are 
necessary for satisfactory operation with methane, it has 
been found ‘that pyrolysis processes performed at partial 
pressures of methane of 100 mm. Hg abs. and higher were 
operable and useful up to and exceeding 1900", C.; also 
if. practiced according to certain critical and controlled 
conditions, there results substantial improvements in both 
selectivity and yield of acetylene. _As an improvement, it 
has also been found that mixtures of methane and hy 
drogen also give high yields of acetylene. 
However, a gas containing substantially pure methane is 

sometime-s not available as a feed stock. In addition, _it 
may be desired to crack non-aromatichydrocarbons other 
than those consisting mostly of methane either as pure 
.feed or in admixture with each other and/or with meth 
ane. It was therefore believed desirable to study the 
.reaction of higher hydrocarbon pyrolysis in an effort to 
achieve advantageous yields and conversionfaznd at the 
same time to extend the process to the pyrolysis of satu 
rated hydrocarbons other than methane. 
For example, such non-aromatic hydrocarbons . as 

ethane, propane, the butanes, the heptanes, and the like, 
ethylene, propylene, butenes, and higher ole?ns and cyclo 
hexane, and mixtures thereof can be advantageously 
used in this newly discovered process. 

In the past it was found di?icult to operate a reactor 
for the cracking of. hydrocarbons of molecular weights 
greater than methane to give acetylene. Further, under 
conditions whereby such reactions were operable, large 
amounts of methane and hydrocarbons both saturated and 
unsaturated other than acetylene, were obtained. 

In order tomake the reaction easier to operate,_it.was 
decided to try the addition of hydrogen to feedin order 
to suppress coke formation. Unexpectedly, the cracking 
process became operable over a much wider range of 
operating conditions, and also, very unexpectedly, the 
yield of by-product hydrocarbons such as methane, ole?ns 
and the like decreased to the point of disappearance. 

Thus, it has now been discovered that, under the con 
trolled conditions of the pyrolysis of methane ormethane 
hydrogen mixtures the use of hydrogen as a diluent can 
be extended to the pyrolysis of heavier hydrocarbons using 
controlled time-temperature relations. .The heavier .hy 
drocarbons used must be volatile or capable of being 
volatized. It has further been foundthat in addition to 
.the required critical reactor zone hold up time and tem 
perature limits, the overall hydrogen to carbon ratio of the 
feed hydrocarbons is critical and must be closely con 
trolled to achieve the desired results. 
While it is not intended in anyway to limit thead 

vantages of- the invention to a theory, one explanation 
of the e?ectiveness of hydrogen, may be that, duringthe 
initial stage of hydrocarbon pyrolysis, the formation of 
coke is suppressed by the presence of hydrogen, which is 
of course not present at the start of the reaction when pure 
hydrocarbons are used as feed. ‘However, there .may 
be other better explanations such as increasedheattrans 
fer rates or other changes in the physical nature of the 
system. ‘Also,.the effect ‘of hydrogen on free radical ‘re 
actions yielding vcoke may be the reason for the surpris 
ing improvements observed when hydrogen rather than 
other inert diluents is used. At present there is, no 
theory to account for the disappearance of the by-prod 
ucts by use ofhydrogendilution. 
When used in the selective, high temperature process, 

the control of the hydrogen to carbon ratio has another 
unique advantage; i.e., the process itself produces acety 
lene and - essentially pure hydrogen containing small 
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amounts of methane; methane is also hydrogen rich rela 
tive to other hydrocarbons. Thus, after the removal of 
acetylene from the process e?luent gas, no elaborate sepa 
ration procedure is necessary for the removal of acetylene 
from the process e?luent gas, no elaborate separation pro 
cedure is necessary for the removal or recovery of any 
other hydrocarbons from this gas. That is, can be re 
cycled directly to dilute the hydrocarbon feed in an 
amount necessary to give a hydrogen to carbon ratio which 
is within the limits required to yield the outstanding re 
sults of this invention. 

It is considered that the process of the invention can 
be operated under conditions in which the limits of the 
effective ratio of hydrogen to carbon are from 6 to 30. 
This critical ratio is de?ned in greater detail hereinafter. 
The process of the invention can also be operated so 

that the effluent gases from the reactor, after removal of 
acetylenes, will consist of essentially pure hydrogen. For 
example, if the hydrogen to carbon ratio is chosen in the 
upper ranges of the limits, that is from 15 to 30, then the 
e?luent gas, after removal of acetylenes consists of up to 
98% hydrogen with methane as the only principal con 
taminant. Another alternate method is to ?rst pyrolyze 
a stream wherein the hydrogen to carbon ratio is in the 
lower ranges of the limit, that is, from 6 to 20. This will 
yield an e?’luent which, after the removal of acetylene 
hydrocarbons has a hydrogen to carbon ratio in the upper 
ranges of the limits. This product stream, after acetylene 
removal, can if desired, be further processed in a second 
reactor to yield a second e?luent stream consisting of 
essentially pure hydrogen and acetylene. 

However, it is not necessary to restrict the operation 
of the process to use of pure hydrogen as a diluent. For 
example, if it is desired to use the hydrogen produced 
by this process in the manufacture of ammonia, a mixture 
containing up to one part nitrogen, either free or com 
bined, for every three parts of hydrogen (the total hydro 
gen in the feed plus that expected from pyrolysis) can 
be employed. Such a mixture has obvious advantages, if 
the feed to the ammonia process is puri?ed from trace 
impurities by means of a liquid nitrogen wash, since 
e?luent hydrogen from such a wash step would naturally 
contain some nitrogen. In a similar fashion, if the hydro 
gen were to be used for methanol manufacture, carbon 
monoxide, carbon dioxide, or other gases containing oxy 
gen or their mixtures or compounds with each other 
would be operable. If pure hydrogen is not a desired by 
product of the pyrolysis process, relatively large amounts 
of diluents, up to about 35% can be tolerated. These 
diluents could be nitrogen, carbon monoxide, carbon di 
oxide, water and the like. In one mode of operation a 
hydrocarbon-hydrogen mixture can be partially burned 
to bring the gas up to required temperature and then the 
mixture further heated so that the pyrolysis process is 
essentially isothermal rather than adiabatic. Since a large 
proportion of the heat requirement is consumed by the 
pyrolysis reactions, if additional heat is not added after 
pyrolysis begins, the temperature of the reaction zone will 
fall rapidly as, for example, is the case in the Sachsse 
process. 
The process of this invention comprises introducing a 

mixture of at least one non-aromatic hydrocarbon and 
hydrogen preferably continuously into a reaction zone 
wherein the maximum temperature within the effective 
reaction zone is above 1400° C.; withdrawing the effluent 
from said reaction zone and, at the point of withdrawal, 
quenching the e?luent to a temperature of 600° C. or 
less; lower quench temperatures are operable, e.g., 350° C. 
or less. The hydrocarbon used may have two to ten car 
bon atoms. Since the gas is primarily being heated dur 
ing its passage through the reactor, and is being heated 
and cracked during its passage through the effective re 
action zone, the temperature of the gas reaches a maxi— 
mum temperature during its passage through the reaction 
zone at a point prior to the quench. It is this maximum 
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temperature which is said to characterize the reaction 
and which is referred to as the maximum reaction zone 
temperature. Maximum temperatures within the reaction 
zone of 1450° C. to 2000" C. are generally preferred 
while a carefully controlled maximum temperature with 
in the range of about 1500° C. to 1800° C. affords opti 
mum yields of desired products in addition to relative 
freedom from contaminants. 
The space velocity, Sv, is stated as: 

S V: Vf/ V; 
where, 
Vf=flow rate of feed gases, ft?/sec. measured at 0° C. 

and 760 mm. Hg abs. and 
Vr=reaction zone volume, ft.3 
However, in this improved process since the feed gas 

is not a pure hydrocarbon or mixture of hydrocarbons, 
but a mixture of hydrocarbons with hydrogen, a new 
term hereafter referred to as effective space velocity has 
been de?ned as follows: 

Effective space velocity 

wherein P is the total reactor pressure in atmosphere 
absolute. For purposes of this application, including the 
claims, the foregoing formula for e?fective space velocity 
is the de?nition of the effective space velocity for the re 
action zone. 
The range of effective space velocity which can be em 

ployed over the temperature and hydrogen to carbon 
ratio, as de?ned above is 1.0 to 400 S€C.—1 atm.-1, and is 
preferably in the range 2.5 to 300 sec?1 atm.—1. 

It is especially necessary in this selective pyrolysis to 
de?ne carefully the reaction zone in which the principal 
part of the pyrolysis reaction occurs, and to which de 
?ned zone it is in fact desired to con?ne the pyrolysis re 
action. The beginning of the reaction zone is taken to 
be that point at which the temperature of the reacting 
gases ?rst reaches a level of about 250° C. below the 
maximum temperature in the reactor; the end of the re 
action zone is considered to be the point of quenching or 
start of quenching. In the reaction zone as so de?ned, 
the gas temperature is estimated to be within 100° C. of 
the wall temperature. Thus a substantially isothermal 
pyrolysis reaction zone is obtained considering the rela 
tively high temperature level of the zone. 

This “isothermal reaction zone” is very important. If 
substantial amounts of decomposition of the feed occur 
prior to this reaction zone, a tenacious carbon deposit 
forms in this part of the reactor causing increased pres 
sure drop and decreased acetylene yields. In fact, opera 
tion may be stopped entirely because of blockage. On 
the other hand, if substantial reaction occurs within the 
quench zone, soot will form due to acetylene degrada 
tion. This carbon, which is soft, represents a loss in 
yield. It does not necessarily produce blockage of the 
reactor and is usually carried out of the reactor zone with 
the gas as soot. 

It will be evident from the relatively short time at 
forded the reacting gas within the reaction zone that the 
aforesaid maximum temperatures must be attained in a 
very abbreviated and critical time period. It will also 
be apparent that descent of the gas to temperatures sub 
stantially below the maximum involves rapid quenching 
in time periods commensurate with the abbreviated time: 
in the reaction zone. Such quenching or cooling should‘ 
be effected instantaneously and preferably to a tempera 
ture of 300° C. or less. Normally, however, rapid cool 
ing to a temperature of at least 600° C. or less is desir 
able. By virtue of such cooling, undesirable reactions 
such as decomposition, hydrogenation or polymerization 
of the product acetylene is avoided. Cooling of the prod 
ucts to ambient temperatures may then, if desired, proceed 
at a somewhat slower and more conventional rate. To 
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achieve the high rate of initial cooling, injection of cold 
gas or liquid into the product gas is normally employed. 
It is, of course, preferred that the gas or liquid entrained 
or admixed with the hot product gases for cooling be of 
such a nature that it does not contaminate the product 
stream with gases which are di?icult to remove, which 

' di?iculty would thus negate certain advantages of the in 
vention. This is especially true in cases where pure 
hydrogen is a desired by-product. The e?'luent can be 
quenched for instance through a De Laval nozzle so as 
to secure a rapid drop in temperature. The high velocity 
e?iuent gases thus attained can then be mixed with water 
or another quenching medium, or, they can be passed 
through a turbine to extract a portion of their energy. 
The pressure employed within the reaction zone is 

essentially atmospheric, but pressures from 130 mm. Hg. 
abs. up to ?ve atmospheres abs. can be employed, ?ve 
atmospheres being a convenient pressure level in com 
mercial recovery operations. Yields will vary with hy 
drogen dilution. Where reaction zone pressures, other 
than atmospheric are employed, an effective hydrogen to 
carbon ratio as previously described, can be used to de 
?ne the elfect of pressures on the extent of hydrogen dilu 
tion desired. 
The feed material to the reactor for the production of 

acetylene need not be any one pure hydrocarbon, i.e., 
prior to hydrogen dilution. Commercial sources of hy 
drocarbons of 2 to 10 carbon atoms and containing mix 
tures of para?’inic, alicyclic, ole?nic and other types of 
non-aromatic hydrocarbons are suitable as feedstocks as 
long as they can be volatilized into a hydrogen stream 
under the conditions of the process. If pure hydrocarbons 
of this type are available these would also be suitable 
feedstocks. Varying amounts of gases such as nitrogen 
can also be present in the feed stream and/or in the 
hydrogen dilution stream. Small amounts of gases such 
as for example, oxygen, carbon monoxide and carbon 
dioxide may also be present. The aforementioned con 
taminants will show up in the product stream as nitrogen 
and/ or carbon monoxide and water. Although these can 
not be used to advantage in subsequent reactions with 
hydrogen, they have little or no effect on the yields of 
acetylene and affect only the purity of the hydrogen ob 
tained. 
When hydrocarbons of higher molecular weight than 

methane, i.e., of 2 to 10 carbon atoms content, are sub 
jected to temperatures within the range of the process 
of this invention, the products of such pyrolysis normally 
include methane as is well known. In the process of this 
cracking of methane itself, and the decomposition of 
methane so formed proceeds to the formation of acetylene 
and hydrogen when carried out under the herein de 
scribed conditions. The decomposition of hydrocarbons 
heavier than methane proceeds more rapidly than the 
cracking of methane itself, and the decomposition of 
methane is in fact the rate controlling step in the overall 
decomposition of the heavier hydrocarbons to acetylene 
and hydrogen. Thus, at effective space velocities, Se, 
nearer the lower end of the operable range, i.e., near 0.5 
atmf1 sec. -1, complete decomposition of the feed hy 
drocarbon to hydrogen and acetylene is approached. 
However, it has been found that if conditions are such 
that there is complete decomposition to acetylene of the 
methane produced the process is accompanied by the 
simultaneous decomposition of acetylene already pro 
duced with resultant more or less sacri?ce in the overall 
yields of acetylene. Thus it has been found necessary 
to operate in the upper levels of the temperature range and 
nearer the upper levels of the effective space velocity range 
to achieve high acetylene yields while simultaneously 
limiting methane production to relatively small amounts. 
This is the preferred method of operation for the process 
using the higher hydrocarbons as feed. 

Further, in the past, it has been found that at desirable 
levels of reactor pressure, it is very di?icult to operate 
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6 
with hydrocarbon feeds of higher molecular weight than 
methane, because the rate of coke and tar formation is 
relatively very high with these feeds. This has not been 
found to be the case in this process. Even hydrocarbons 
which are normally liquid can be successfully employed 
without undue formations of tar. 
One embodiment of the invention is described herein 

below. 
In carrying out the process a carefully metered hydro 

carbon feed, suitably diluted with hydrogen, is caused to 
pass through an electrically heated reaction chamber 
and is rapidly quenched. Thus, for example, the maxi 
mum temperature within the reaction zone will be for 
example, about 1750° C. The hydrocarbon feed and the 
hydrogen diluent are withdrawn from storage, metered, 
and passed through suitable control valves. At this point, 
the desired concentration of the hydrogen diluent is pro 
vided by a metered amount of hydrogen being incorporated 
into the feed stream of hydrocarbon. The pressure of 
the feed material is measured and the feed stream proceeds 
to the electrically heated reactor. Alternately, the hy 
drocarbon stream and hydrogen diluent would be metered 
separately and passed as separate streams into the reac 
tor, i.e., the gas feed entering the furnace can be a pre 
mixed stream of hydrogen and hydrocarbon or the 
components can be fed separately. The latter is more 
desirable where the hydrocarbon is of high molecular 
'weight so that it must be vaporized by the addition of 
heat to bring it to the gaseous state at the temperature 
and pressure conditions at the reactor inlet. 
The hydrocarbon containing feed passes through the 

length of the reactor zone and thereby into contact with 
the themocouple which measures temperatures within the 
reactor. The thermocouple arrangement is for example 
composed of an alumina thermocouple protection tube 
and a platinum-platinum-10% rhodium thermocouple 
protection tube. This thermocouple protection tube is 
disposed within and along the length of the larger reac 
tor tube. The thermocouple is employed to measure 
a longitudinal temperature pro?le. This profile can be 
measured in two ways i.e., with the thermocouple and/ or 
with the pyrometer. However, above 1650“ C., only the 
pyrometer is used. The pro?les, so obtained establish the 
extent of the reaction zone. The thermocouple protec 
tion tube is maintained within the reactor tube is made of 
alumina and positioned within the graphite resistance ele 
ment designed to use a low voltage electrical current up 
to 3 k.v.a., thus providing sufficient heat to effect the 
maximum temperature within the reactor tube. The ad 
nulus positioned between the large diameter reactor tube 
and the smaller diameter thermocouple protection tube 
thus constitutes the reactor cross section. 

Successive cylindrical walls of insulation material are 
positioned about the graphite heating element. Thus, 

' for example refractory walls of zirconia and aluminum 
silicate, together with an intermediate radiation shield of 
stainless steel and a furnace wall of copper, are desirably 
employed. The outer wall of the reactor is desirably 
water cooled. A window is preferably positioned in the 
outer wall of the reactor to permit, if desired, observation 
by an optical pyrometer sighting on the reactor tube 
(through a slit in the graphite resistance element), thus 
providing means for determining the temperature thereof. 
Upon leaving the reaction zone, the gaseous e?luent 

“ stream enters the quenching chamber where rapid cooling 
of the hot product gas to a temperature in the range of 
at least 600° C. down to 300° C. or less is caused to oc 
cur as described above. As noted earlier, quenching is 
effected most desirably at this point by cold ?uid injec 
tion, either gaseous or liquid. In this particular system, 
using hydrocarbon and hydrogen as a feed mixture the 
hot e?iuent product gases are quenched with a portion 
of the effluent which has been withdrawn, cooled and 
recycled by the recycle pumps to the quench chamber. 
This is one preferred method for cooling. Additional 



3,227,771 
7 

cooling may be achieved by water cooling of the outer 
metallic surface of the quenching chamber. Analysis of 
the gaseous components in the product e?luent is ac 
complished by gas chromatograph and/ or mass spec 
troscopy. 

It will be evident, that any suitable systems and reac 
tors may be employed for the practice of this invention so 
long as they provide for adequate heat transfer rates into 
the gaseous feed phase for controlling the temperatures 
in the reaction zone, and adequate and immediate quench 
ing of the reaction following the reaction zone of the 
reactor. 

Suitable devices may include among others those con 
taining a reactor formed of: a space between narrow, 
heated channels of high temperature refractories; a space 
between regularly disposed heated rods of carbon or high 
temperature refractory; or a space between previously 
heated small particles in a moving stream, as well as 
the type of annulus reactor employed in the present 
description of the invention. 
The decomposition of hydrocarbons higher than 

methane within the temperature range speci?ed occurs 
very fast relative to the rate of decomposition of methane. 
This is true whether it results from the decomposition of 
the higher hydrocarbons or their subsequent decomposi 
tion products or whether it is the initial feed. Therefore, 
higher hydrocarbons can be cracked to a product gas 
which consists substantially of methane, acetylene and 
hydrogen. However, within the range of hydrogen to car 
bon ratios useful in this process, it is only at the low end 
of the temperature range and/or as the higher values of 
the effective space velocity, Se, are approached that sub 
stantial amounts of methane are obtained. Even under 
these conditions, by-products other than methane are 
minimal. 
By operating within the appropriate hydrogen to carbon 

ratio and toward the lower end of the range speci?ed 
for Se, or toward the upper range speci?ed for the tem 
peratures, it is possible to crack the methane in the feed 
or that formed as a decomposition product of the heavier 
hydrocarbons. Thus, a product gas can be obtained con 
sisting substantially of acetylene and hydrogen, with the 
total of all other hydrocarbons, including methane gen 
erally less than 5% to 7% (volume). 

It has been found that, for instance, at 1650“, the con 
version of methane to acetylene per pass reaches a maxi_ 
mum at about 90% methane conversion. Also, it was 
shown that this maximum occurred at lower methane con 
version as the temperature decreased below 1650° C. and 
at higher methane conversions as the temperature in-‘ ' 
creased above 1650° C. 
Under the conditions of hydrogen to carbon ratio, Se 

and temperature as disclosed, feed disappearance, inclu 
sive of any methane present in the feed, is in a range of 
95 to 100%. In fact, with practically all feed mixtures 
within the range of hydrogen to carbon ratios, the maxi 
mum in feed conversion to acetylene occurs as Se sub 
stantially lower than that required to give 100% feed dis 
appearance. To achieve the maximum conversion of 
feed hydrocarbon to acetylene per pass, it is necessary to 
pyrolyze a substantial portion of the methane present 
whether this methane is present in the feed or from the 
pyrolysis of heavier hydrocarbons. Thus the maximum 
conversion of hydrocarbon to acetylene per pass will oc-' 
cur at values of Se substantially lower than those required 
to give complete hydrocarbon feed disappearance, exclu 
sive of methane in the feed. An example illustrative of, 
but not intended to be limitative thereof of the concen 
trations of methane attainable is at a hydrogen to carbon 
ratio of 8.21 at 1750° C., this maximum will occur when 
the methane concentration is in the range of 0.2 to 2.5 
volume percent. In general, increasing the maximum 
reaction temperature will move this maximum to even 
lower ranges of methane concentration, and conversely, 
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decreasing the temperature below 1750“ C. will move this 
maximum into a higher methane concentration range. 
Also, increasing the hydrogen to carbon ratio will, at a 
given temperature, decrease the methane concentration 
at which this peak occurs. 
The most common solid substance to be removed from 

the product effluent by a solids trap, is carbon in the 
form of small ?akes formed in the reactor as a product 
of the pyrolysis. Soot in the e?luent gas is trapped in 
the oil system of the compressors. Only minute amounts 
of condensible liquid product have been found and there 
fore no provision for handling such product has been con 
sidered necessary. 
Any suitable pumping system may be employed. Thus, 

a main pump may be employed to draw the feed and hy 
drogen diluent and product gases through the reactor and 
the quenching chamber. A recycle pump may be em 
ployed to recycle a part of the product through a cooler 
and back to the quenching chamber for the rapid and 
immediate cooling of the newly produced effluent product 
leaving the reactor. In addition, if desired, a gas sam 
pling system may be provided downstream of the main 
pump and will include a volumetric gas meter and gas 
sample valve. 

Considerable data was obtained in the many experi 
mental runs carried out to study the operating conditions 
using hydrogen as a diluent for the heavier hydrocarbon 
fees. In these runs, it is to be noted that the hydrocarbon 
disappearance is affected by the “effective space velocity,” 
S2, for a given temperature. The conversion to acetylene 
will vary somewhat depending upon the rate of tempera 
ture increase prior to the maximum temperature and the 
rate of temperature decrease in the quenching zone. In 
every instance, the examples represent conditions easily 
attainable by conventional techniques of operating within 
the conditions of the process. 
The following examples taken from the large number 

of aforementioned runs are intended only to be illustra 
tive of the invention but not in any way limitative thereof. 
In each example, the term CO, CA, CE, CM and YA which 
appear are de?ned as follows: 

Equivalent hydrocarbon is that single hydrocarbon 
which at the same mole percent in the feed as the sum 
mation of all percentages of hydrocarbons present in the 
feed would yield, per 100 mols of feed, the same number 
of atoms of hydrogen and of carbon as are present in the 
feed (exclusive of hydrogen molecules present in the gas). 
For complicated mixtures of hydrocarbons such as the 
commercial naphthas, it is only necessary to know the 
empirical formula and the average molecular weight of 
the mixture. Then for pure hydrocarbon diluted with 
hydrogen: 
Cozmoles of hydrocarbon disappearing per 100 moles of 

hydrocarbon fed per pass, called “Disappearance.” 

If more than one hydrocarbon is present in the feed, 
then 

Cozdisappearance of lowest molecular weight hydrocar 
bon, CO1 is for next highest molecular weight, C02 is 
for the next highest, etc. 

CAzmoles of equivalent hydrocarbon converted to 
acetylene, per 100 moles of equivalent hydrocarbon 
fed, per pass, called “Once Thru Acetylene Yield” 

CEIIHOI€S equivalent hydrocarbon converted to ethylene 
per 100 moles of equivalent hydrocarbon fed, per pass, 
called “Once Thru Ethylene Yield” 

CMzmoles of equivalent hydrocarbon converted to 
methane per 100 moles equivalent hydrocarbon fed, 
per pass, called “Once Thru Methane Yield” 

moles of equivalent hydrocarbon converted 
: to acetylene, per pass 
100 moles of equivalent hydrocarbon converted, 

per pass, called “Acetylene Selectivity” 
YA 
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When pure hydrocarbons are fed, the word, “hydro 
carbon” should be substituted for the words, “equivalent 
hydrocarbon.” 

Further, the product analyses do not include other by 
drocarbons some of which appeared in all runs, but to 
the extent generally of less than 0.5% (mole) each, and 
which, in total, are generally about 1% (mole) or less. 
Dilueuts, other than hydrogen, and ‘solid carbon are also 
not shown. 

It should be noted that as long as some hydrogen is 
used 'to dilute the feed, pressure reduction is feasible along 
with hydrogen dilution, but only to the extent er the about 
77% of the total hydrogen dilution. Further, the 
vacuum is not as effective as hydrogen dilution. For 
purposes of calculating an effective H/C ratio only, gen 
erally, 2 mm. Hg of vacuum are taken as being equiva 
lent to 1 mm. Hg hydrogen dilution. Thus, at pressures 
other than atmospheric, an effective hydrogen to carbon 
ratio (H/C)e?_ is employed when the vacuum dilution 
of the hydrocarbon is used with hydrogen dilution. For, 
example, for mixtures of para?inic hydrocarbons 

where X=rne1e fraction ‘or a particular hydrocarbon 
species ‘in the reed 

n='carbon atoms per molecule for that’ species 
P=reactor pressure in atmospheres ( abs.) 

At 1.0 atm. labs. pressure, the actual and effective hydrogen 
to carbon ratios are identical since (1"—P)_'=0. For hy 
drocarbons other than para?ins, the ratio of hydrogen to 
carbon in the particular hydrocarbon is substituted for the 
term (2n+2), in the equation. For example, for ole 
?ns, Czn, I-I—2n; therefore, in the summation, use 
[Xe (2n)] for ole?n terms. 
For complicated mixtures of hydrocarbons, the aver 

age molecule weight and hydrogen to carbon ratio of an 
equivalent hydrocarbon, as previously de?ned, are used; 
thus, 

(H/CkfL: P[X (C atoms/mole equiv. HC)] 

The range of C')e?_ for the conditions of tempera 
ture, pressure and Se of the process, is from 6 to 30; 
and preferably, from 7 to 25. v e _ _ _ 

The temperature stated in each of the following exam 
ples is the maximum temperature observed in the reac 
tion zone, in each case, and all analyses presented are 
given in mole percents. 

Example 1 

A gas mixture wherein the H/C is 7.3/1 consisting of 
81.2% hydrogen, 18.6% ethane and about 0.2% methane 
was passed continuously through a pyrolysis reactor of 
the type described hereinabove. The reaction zone is 
taken as’ that zone which starts at a temperature about 
250° C. below the maximum temperature observed in the 
reaction zone, and ends at the point of quench. The 
volume of the reaction zone is Vf; the space velocity, 
Se, is taken as the total ?ow of gas measured at 0° C., 
7360 ‘mm. Hg abs. pressure in cubic feet/sec, fed to this 
de?ned reaction zone, divided by the reaction zone vol 
ume in cubic feet. “Effective space velocity,” Se is taken 
as: 

Se=%=secf1 atmfl 
where P is the total reactor pressure in atmospheres. In 
this example, P=1 atr'n, abs. 
The maximum temperature ob'se'fved in the reactor is 
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1766° C. Se=10.6 sec.—1 atmrl. Under these operating 
conditions, the effluent gas had the following analysis: 
Component: Percent 

Hydrogen ___________________________ __ 86.17 

Methane ____________________________ _._ 0.81 

Ethylene 0.94 
Acetylene ___________________________ __ 11.03 

98.95 

Under these conditions, therefore, the once through re 
sults are: 

Co=99.06 Disappearance 
C A=79.32 Once Thru Acetylene Yield 
CE=6.76 Once Thru Ethylene Yield 
CM=2.49 Once Thru Methane Yield 
YA=80.07 Acetylene Selectively 

Example 2 
A ‘gas mixture wherein the I-l/C ratio was 11.2/1 con~ 

sisting of 89.65% H2, 10.35% {121-16 and no methane was 
passed through the reactor. The maximum temperature 
in the reaction zone was 1635 ° C. The pressure was 
substantially atmospheric. Se=52 sec?1 atm.'-1. Un 
der these conditions, the e?iuent gas had the following 
analysis: 

Hydrogen 90.46 
Methane __ _____ ‘1.87 

Ethylene __ ____ 0.24 

Acetylene ____ _ 7. 17 

99.74 
corresponding to: 

Co=100 Disappearance 
CA=81.85 Once Thru Acetylene Yield 
CE=2.70 Once Thru Ethylene Yield 
CM=10.65 Once Thru Methane Yield 
YA=81.85 Acetylene Selectivity 

Example 3 

A gas mixture wherein the H/ C ratio was 3.86/1 con 
sisting of ‘46.3% ‘hydrogen, 53.6% ethane, and a trace 
of methane was passed through the reactor at 204 mm. 

' Hg absolute pressure (0.269 atm. absolute). The effec 
tive H/ C ratio is 6.139. 
The maximum temperature in the reaction zone was 

1750° C. Se, 48.4 sec._1 atmrl. Under these conditions, 
the e?luent gas had :the following analysis: 

Hydrogen ______ _:_ ___________________ _-__;a_ 73.21 

Methane ___ > . -___ »~ _ 2.65 

Ethylene _~__ 7 - i -» 4.05 

Acetylene _______________________________ __ 18.25 

98.16 
which corresponds to: 
CO=I1O0 Disappearance 
61:65.8 Once Thru Acetylene Yield 
CE'=14.60 Once Thru Ethylene Yield 
CM=4.67 Once Thru Methane Yield 
YA=65.8 Acetylene Selectivity 

Example 4 

A gas mixture wherein the H/C ratio was 9.43 con 
sisting of 82.28% hydrogen, 8.50% methane and 9.21% 
ethane, was passed through the reactor at 784.3 mm. Hg 
abs. (1.032 atm. abs.) The effective hydrogen to carbon 
ratio is: 

_ (1—P) +P[2X(2n+2) +(1—EX)2]_ (H/C)eif._ ’_ 

(1 —1.032) +1.032[0.085 (4) + 
0.0921(6) +(1——0.085—‘-0.9021)2] 

1.032[0.085 (1) +0.092l (2)] 
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The maximum reaction zone temperature was 1643 ° C., 
and Se, 18.0 S€C._1 atm.—1. Under these conditions, the 
product gas had the following analysis: 
Hydrogen __ ____ __ 88.79 

Methane __ 2.03 

Ethylene 0.39 
Acetylene 8.41 

99. 62 
which corresponds to: 

Co=70.43 (Methane Disappearance) 
CO1=100 (Ethane Disappearance) 
C A=77 .37 Once Thru Acetylene Yields 
CE='3.59 Once Thru Ethylene Yields 
YA=87.19 Acetylene Selectivity 

Example 4.4 

Under otherwise the same conditions as described in 
Example 4, but with the maximum temperature in the 
reaction zone at 1775 ° C., and Se=32.4 sec?1 atm.—1, 
the product gas has the following analysis: 

Hydrogen ________________________________ __ 89.83 

Methane _________________________________ .._ 0.65 

Ethylene ___ 0.3 0 
Acetylene __ _ 8.84 

99.62 
which corresponds to: 

Cor-‘90.34 Methane Disappearance 
C01: 100 Ethane Disappearance 
C 5:82.53 % Once Thru Acetylene Yield 
CE=2.77% Once Thru Ethylene Yield 
YA‘='85.68% Acetylene Selectivity 

Example 4B 
Under otherwise the same conditions as in Example 

4A, but with the maximum temperature in the reaction 
zone at 1790° C., and with Se=1.8.7 sec.-1 atm.-1, the 
product gas had the following analysis: 
Hydrogen ___- _ 90.34 

Methane __ _____ __ ..___ 0.23 

Ethylene ___- 0.40 

Acetylene ________________________________ .._ 8.09 

99.06 
which corresponds to: 

C0='96.54 (Methane Disappearance) 
Co1=100 (Ethane Disappearance) 
CA=|75.82 Once Thru Acetylene Yield 
CE=3.72 Once Thru Ethylene Yield 
YA=76.83 Acetylene Selectivity 

Example 5 

A gas mixture wherein the H/C ratio was 7.00 con 
sisting of 67.76% hydrogen, 24.42% CH; and 7.80% eth 
ane was passed through the reactor at about 140 mm. Hg 
absolute (0.185); the (H/C)eff_ is 19.1. The maximum 
reaction zone temperature was 1715“ C., and Se=48.5 
sec.“1 atrn.-1. Under these conditions, the product gas 
had the following analysis: 
Hydrogen _ 83.25 
Methane _________________________________ __ 5.42 

Ethylene 0.33 
Acetylene ________________________________ __ 10.48 

99.48 
which corresponds to: 
CO=70.69 Methan'e Disappearance 
CO1=100 Ethane Disappearance 
CA=69.‘18 Once Thru Acetylene Yield 
CE=2.18 Once Thru Ethylene Yield 
YA=|86.28 Acetylene Selectivity 
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Example 5A 

Under otherwise the same conditions as in Example 
5, but with the maximum reaction zone temperature at 
1750° C., the product gas analyzed as follows: 

Hydrogen 84.50 
Methane .._ ____ __ 3 .77 

Ethylene 0.23 
Acetylene ________________________________ __ 10.92 

99.42 
which cor-responds to: 

C0=79.25 Methane Disappearance 
C01=100 Ethane Disappearance 
C 5:73.35 Once Thru Acetylene Yield 
CE=l.54 Once Thru Ethylene Yield 
YA=85.32 Acetylene Selectivity 

Example 5B 

As in Example 5A, but with the maximum reaction 
‘zone temperature at 1795 ° C., the product gas analyzed 
as follows: 

Hydrogen ___ _ ___- ___ 85.40 

Methane _________________________________ __ 2.09 

Ethylene _________________________________ __ 0.19 

Acetylene ___ _ _ _ _ _ _ _ _ _ _ _ __ l!1.65 

99.33 
which corresponds to: 

Co='88.30 Methane Disappearance 
CQ1=100 Ethane Disappearance 
C A=79.60 Once Thru Acetylene Yield 
CE=1.30 Once Thru Ethylene Yield 
YA=‘86.43 Acetylene Selectivity 

Example 6 
With the gas mixture of Example 5, but at about 165 

mm. Hg abs. (0.217 vatm. abs.) the (H/.C)eff,=l5.9. The 
maximum reaction zone temperatures was 1680° C. and 
Se=101 see-1 atmrl. Under these conditions, the prod— 
uct gas analyzed as follows: 

Hydrogen _ 75.60 
Methane _ ___ 14.00 

Ethylene _ 0.54 
Acetylene ________________________________ __ 9.37 

99.51 
which corresponds to: 

CO'=-30.4 Methane Disappearance 
Co1=l00 Ethane Disappearance 
C A=56.8 Once Thru Acetylene Yield 
CE==3.3 Once Thru Ethylene Yield 
YA=93.2 Acetylene Selectivity 

Example 6A 

With the gas mixture of Example 5, but at 785 mm. Hg 
abs. (11.032 atm. abs.), the (H/‘C)eff_=6-90. The maxi 
mum reaction zone temperature was 1700° C. and Se 
=28.3 sec.-1 atm.—1. Under these conditions, the prod 
uct gas had the following analysis: 

Hydrogen _ _ 84.92 

Methane _________________________________ __ 3 .64 

Ethylene ___- 0.42 
Acetylene _ _____ __ 10.58 

99.56 
which corresponds to: 

C0=80 Methane Disappearance 
CO1=100 Ethane Disappearance 
C A='70.96 Once Thru Acetylene Yield 
CE=2.82 Once Thru Ethylene Yield 

I YA=82.06 Acetylene Selectivity ' 
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Example 7 
A gas mixture with a (H/C) ratio of 7.88 consisting 

of 88.56% hydrogen, 11.18% propane and 0.26% ethane 
was passed through the reaction zone. The maximum 
temperature in the reaction zone was 1780° C., and 
Se=43.0 secr1 atm.—1. The pressure was 722 mm. Hg 
abs. (095 :atm. abs.) corresponding to (H/C)m_=8.l4. 
Under these conditions, the product .gas analyzed as fol 
lows: 

which corresponds to: 

CO=98.0O Propane Disappearance 
C ‘1:65.95 Once Thru Acetylene Yield 
CE=2.39 Once Thru Ethylene Yield 
CM=4.40 Once Thru Methane Yield 
YA=67.27 Acetylene Selectivity 

Example 8 
A gas mixture with a (H/C) ratio of 6:74 consisting 

of 85.92% hydrogen and 14.08% propane was passed 
through the reaction zone. The maximum temperature 
in the reaction zone was l56l° C., and Se=l22 sec."1 
atm.-1. The pressure was 204 mm. Hg abs. (0.269) cor 
responding to ('H/C)eff_=1-3.2. Under these conditions, 
the product gas analyzed as follows: 

Hydrogen 79.78 
Methane 6.76 
Ethylene ___ __ 0.72 

Acetylene _______________________________ __ 11.81 

99.07 
which corresponds to: 

CO=98.97 Propane Disappearance 
CA=73.49' Once Thru Acetylene Yield 
CE=4.48 Once Thru Ethylene Yield 
CM=21.03 Once Thru Methane Yield 
YA=74.25 Acetylene Selectivity 

Example 8A 

A substantially the same condition as Example 8, but 
with the maximum temperature at 1604° C. and Se 64.9 
sec-1 atmrl, the product gas analyzed as follows: 

Hydrogen _______________________________ __ 83.48 

Methane 2.46 
Ethylene __ __ 0.16 

Acetylene ___ 13.03 

99.13 
which corresponds to: 

COL-98.73 Propane Disappearance 
CA=85.00 Once Thru Acetylene Yield 
CE=1.04 Once Thru Ethylene Yield 
CM=8.02 Once Thru Methane Yield 
YA=86.09 Acetylene Selectivity 

Example 9 

A gas mixture with a (H/C) ratio of 11.25 consisting 
of 92.8% hydrogen and 7.2% propane was passed through 
the reaction zone. The maximum temperature in the re 
action zone was 1670° C. and Se=62.5 seer1 atmfl. 
The pressure in the reaction zone was 79.9 mm. Hg abs. 
(1.048 atm. abs.) corresponding to (H/C)eff_=10.t3'8. 
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Under these conditions, the product gas analyzed as fol 
lows: ‘ 

Hydrogen 90.30 
Methane > ~ -__ 2.28 

Ethylene ;" » > - - - . - ~ ~ 0.29 

Acetylene ____ __ a 2;; 6.75 

7 99.62 

which corresponds to: > 

(102100 Propane Disappearance 
CA=74.0 Once Thru Acetylene Yield 
Cg='3.2 Once Thru Ethylene Yield 
CM=12.5 Once Thru Methane Yield 
YA=74.0 Acetylene Selectivity 

Example 10 
‘A gas ‘mixture with a QH/ C) ratio of 21.15 consisting 

of 98.51% hydrogen and 1.49% heptane was passed 
through the reaction zone. The maximum temperature in 
the reaction zone was 1638° C. and Se=42.3 sec?l atm.-1. 
The pressure in the reaction zone was 770 mm. Hg abs. 
(1.017 atm. a'bs.) corresponding to \(-H/C)eff_=20.‘8. 
Under these conditions, the product gas analyzed as fol 
lows: 

Hydrogen 94.48 
Methane ___ ___ 1.18 

Ethylene ________________________________ __ 0.22 

Acetylene _______________________________ __ 4.03 

99.91 
which corresponds to: 

C0=10O Heptane Disappearance 
CA: 84.17 Once Thru Acetylene Yield 
CE=4.59 Once Thru Ethylene Yield 
CM=l2.32 Once Thru Methane Yield 
YA=84.17 Acetylene Selectivity 
While there are above disclosed but a limited number 

of embodiments of the invention herein presented, it is 
possible to produce still other embodiments without de 
parting from the inventive concept herein disclosed. 
What is claimed is: 
1. A process for the pyrolysis of mixtures containing 

substantially non-aromatic hydrocarbons having 2 to 10 
carbon atoms admixed with hydrogen which comprises 
heating said mixture of hydrocarbons and hydrogen with 
in a substantially isothermal pyrolysis reactor zone at a 
maximum temperature within said reaction zone of at 
least 1450“ C. up to 2000° C., the effective space velocity 
of said mixture through said reaction zone being within 
the range 1.0 to 400 sec:-1 atm.-1. 

2. A process for the pyrolysis of mixtures containing 
at least 65 mole percent of at least one non-aromatic 
hydrocarbon having from 2 to 10 carbon atoms and hy 
drogen to produce acetylene and hydrogen which com 
prises heating the mixture of hydrocarbon and hydrogen 
within a substantially isothermal pyrolysis reactor zone 
at a maximum temperature within said reaction zone of at 
least 1450“ C. up to 2000“ C., the e?ective space velocity 
of said mixture through said reaction zone being within the 
range 1.0 to 400 sec."1 atm.-1', the effective hydrogen to 
carbon ratio in said mixture of hydrocarbon and hydrogen 
being from 6.0 to 30.0. 

3. A process for the pyrolysis of a mixture of non 
aromatic hydrocarbons having from 2 to 10 carbon atoms 
and hydrogen to produce acetylene and hydrogen which 
.comprises heating said mixture of hydrocarbons and hy 
drogen within a pyrolysis reactor zone at a maximum tem 
perature within the reaction zone of said reactor of at 
least 1450° C. up to 2000° C., the etfective space veloc 
ity of said mixture through said reaction zone being with 
in the range 1.0 to 400 sec.-1 atm.-1, the beginning of the 
pyrolysis reactor zone being de?ned as that point at which 
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the temperature of the reacting gases ?rst reaches a tem 
perature level of about 250° C. below the maximum tem 
perature and the end of said zone being de?ned as the 
point of quenching of the product gases. > ' 

4. The process de?ned in claim 3,'in which the prod 
uct gases are rapidly quenched to a temperature of at 
least600° C. Y -- > ~ <- > 

5. A process for the pyrolysis of mixtures of hydrogen 
and non-aromatic hydrocarbons having from 2 to 10 car 
bon atoms to produce acetylene which comprises heating 
a mixture of hydrogen and said hydrocarbons having an 
effective hydrogen to carbon atomic ratio in the range 6.0 
to 30.0, within a substantially isothermal pyrolysis re 
actor at a maximum temperature within said reaction 
zone of at least 14500 C. to 2000° C., the e?ective' space 
velocity through said reaction zone being in the range 
of 2.5 to 300 sec.“1 atrnrl. 

6. A process for the isothermal pyrolysis of non-aro 
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matic hydrocarbons having 2 to 10 carbon atoms, to pro 
duce acetylene and hydrogen which comprises heating a 
mixture of hydrogen, hydrocarbons and inert gases with 
in a pyrolysis reactor at a maximum temperature within 
the reaction zone of said reactor of at least 1450° C. up 
to 2000" C., the effective space velocity of said mixture 
through said reaction zone being in the range of 2.5 to 
300 sec.-1 atm.—1, and thereafter rapidly quenching the 
product gases to a temperature of at least 600° C.> 

_ References Cited by the Examiner 

UNITED STATES PATENTS 
2,739,994 3/1956 _ Bills _____________ ___ 260-679 

2,751,424 6/1956 Hasche _~_________,__ 260—679 
2,920,123 1/ 1960 Oldershan et a1 _____ __ 260—679 
3,156,733 11/1964 Hannel et a1 _______ __ 260—679 

ALPHONSO D. SULLIVAN, Primary Examiner. 


