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UNITED STATES PATENT OFFICE 
2,668,792 

SUPPRESSING GAS PRODUCTION IN THE 
WAPOR, PHASE CONVERSION OF HYDRO 
CARBONS 

William W. Holland, Baltimore, Md., assignor to 
The Gyro Process Company, Detroit, Mich., a 
corporation of Michigan 

Application November 1, 1948, Serial No. 57,726 
(C. 196-61) 2 Claims. 

1. 
This invention relates to the conversion of 

hydrocarbons in the vapor phase, and more par 
ticularly to the conversion of heavier hydrocar 
bons into lighter products within the motor fuel 
boiling range. It also relates to the conversion 
or reforming of light virgin hydrocarbons of 
low octane rating into other hydrocarbons of 
high octane rating, without materially changing 
the boiling points of the material under treat 
ment, 
This invention is directed particularly to the 

pyrolytic decomposition of hydrocarbons under 
mass-reaction conditions, the decomposition be 
ing effected in a manner retarding or inhibiting 
the excessive production of fixed gases which 
usually accompanies high temperature opera 
tions of this character. It also is directed to the 
maintenance of Substantially constant tempera 
ture conditions in the decomposition Zone dur 
ing the reaction period, and the avoidance of 
high peak temperatures which contribute ma 
terially to excessive gas production. 
Wapor phase cracking has always been aSSO 

ciated with high gas production because of the 
absence of effective means of controlling the con 
ditions which promote the formation of gaseous 
hydrocarbons; such, for example, as progressive 
ly rising temperatures throughout the conversion 
zone, culminating in high peak temperatures 
which promote the formation of gaseous frac 
tions rather than low-boiling liquid hydrocar 
bons; or the current removal of gaseous frac 
tions from the reaction zone without their re 
placement by products of a similar character 
which, according to the principles of mass reac 
tion, Suppress the further formation of such 
gaseous fractions, 
There is always a tendency in the reaction 

zone toward the establishment of an equilibrium 
between the gaseous and the heavier vaporous 
hydrocarbons present, which is maintained at a 
Substantially constant level as a result of the 
decomposition and polymerization reactions 
which proceed concurrently throughout the reac 
tion period. If this equilibrium becomes unbal 
anced by the removal of either the gaseous or 
vaporous fractions beyond their normal produc 
tion under established operating conditions, the 
further tendency is toward an increased pro 
duction of the removed fraction in order to re 
establish the equilibrium. And conversely, if 
either of Such-fractions is introduced into the 
reaction Zone from an extraneous source, the 
equilibrium is maintained only through the sup 
pressed production of the compounds corre 
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sponding to the added fraction. This principle 
is applicable to all thermal cracking operations, 
and it is particularly adaptable to vapor phase 
cracking because of the normally high operat 
ing temperatures which are conducive to the 
formation of gaseous hydrocarbons. If the add 
ed fraction is of the gaseous variety, the yield of 
motor fuel fractions is increased Since the overall 
degree of conversion remains Substantially un 
changed. : 

In order to suppress the production of fixed 
gas, an exceSS of Such gas should be present in 
the reaction zone. Thus, the production of hy 
drogen, methane and the C2 and C3 compounds 
may be retarded by introducing an excess of 
these gases into the reaction zone from an ex 
traneous source. The products of the process 
itself provides the most suitable Source, since the 
gases may be returned to the reaction Zone in 
the same relative proportions in which they are 
produced. The C4 compounds or any portion or 
fraction thereof may also be handled in a simi 
lar manner, if desired, along with the lighter 
fractions. 

It is therefore an object of this invention to 
provide a method and means whereby all or any 
part of the fixed gases, produced in the process, 
or gases of a similar nature from any other 
Source, may be admitted to the reaction Zone 
Currently for the purpose of suppressing the 
formation of Such gaseous fractions during the 
decomposition reaction. 

It is another object of this invention to pro 
vide method and means employing gases of this 
character for the purpose of checking the pro 
greSSive rise in temperature in the reaction zone 
after it has reached the predetermined degree 
required to effect the desired molecular decom 
position of the hydrocarbons under treatment. 
The gases used in this manner also contribute 
to Suppressing the formation of similar gaseous 
fractions, but to a lesser degree than the gas 
Specifically used for this purpose because of the 
shorter time of contact with the decomposition 
productS. 
Thus the fixed gas fractions produced in the 

proceSS, or otherwise obtained, are circulated 
continuously through the reaction zone, super 
Saturating the hydrocarbon vapors therewith and 
inhibiting the production of like gaseous prod 
uctS. 
Other objects and advantages of this invention 

will become apparent to those skilled in the art 
by reference to the following description of the 
process and the apparatus or equipment in which 
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it may be practiced, the same being shown in 
the accompanying drawing forming a part of 
this specification, and wherein: 

Fig. 1 represents diagrammatically a side ele 
vational view, partly in vertical section, of ap 
paratus and equipment adapted to carrying out 
this invention; 

Fig. 2 is a horizontal sectional view taken 
through the converter unit and showing the con 
tinuous heating element wherein the decompo 
Sition of the hydrocarbon charge is effected. 

Fig. 3 is a fragmentary view of an automatic 
Valve-control for the conversion zone of the ap 
paratus. 
Referring to the drawing, the numeral repre 

Sents a pump which delivers the raw charging 
stock through line 2 to a vaporizing coil 3, lo 
cated preferably in the lower convection section 
of the furnace 4, wherein the liquid hydrocarbon 
charge is heated to its vaporization temperature. 
The vaporized oil then passes through line 5 into 
an evaporator 6 wherein the vapors are sepa 
rated from any heavy unvaporized fractions, 
preferably by the aid of steam introduced into 
the lower Section of the evaporator, the unva 
porized fractions being withdrawn from the bot 
ton of the evaporator through the valved line 7 
and diverted from the system. 
The vapors leaving the top of the evaporator 

through line 8 then pass to a bank of drying and 
preheating tubes 9 located in the upper portion 
of the convection section wherein the vapors are 
preheated to a temperature at about which in 
cipient cracking begins. The dried and preheated 
vapors then pass into the cracking or conversion 
coil 0 where decomposition is effected under 
the influence of heat, in an atmosphere com 
posed primarily of the so-called "fixed' or “per 
manent' gases, that is, hydrogen, methane, and 
the C2 and C3 hydrocarbon compounds, either or 
both the Saturated and unsaturated types. 
While the fixed gases used for this purpose 

are produced initially within the system, they 
are not formed in appreciable amounts as the 
decomposition reaction proceeds. On the con 
trary, being introduced into the reaction zone 
from an extraneous Source by mechanical means, 
they establish a reaction equilibrium with the 
higher molecular weight decomposition products, 
which condition inhibits the production of simi 
lar light gaseous fractions. 
The fixed or permanent gases may be defined 

as those hydrocarbon fractions which remain 
in the gaseous phase under standard conditions 
of temperature and pressure, that is, at 0°C. 
and 760 mm. of mercury pressure. Such gases 
are separated advantageously from the heavier 
decomposition products by well known and gen 
erally practiced means, such as compression, cool 
ing, absorption, etc., and are returned under pres 
Sure to the Zone of decomposition in a continu 
Ous cycle through the lines ff and 2 and the 
flue gas heat eXchanger 3, to the reaction Zone, 
entering the preheating -coil 9 along with the 
Vaporized hydrocarbons from the evaporator 6. 

It is not to be concluded that the continuous 
circulation of these extraneous gases throughout 
the System reduces the motor fuel producing ca 
pacity of the equipment, since they occupy only 
the volumetric space which would otherwise be 
required in the continuous production of similar 
gaseous fractions. The gas is circulated through 
the System virtually in an unchanged condition 
because of the higher temperatures necessary for 
its decomposition than those required for the 
heavier charging stocks. There is, however, a 
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4. 
limited production of fixed gases in the decom 
position reaction. Which is evidenced by the ne 
ceSSity of venting a Small amount of excess gas 
from the absorber through the line 55, but it is 
Only a negligible quantity, not to be compared 
with the total gas production when fixed gas 
is not recycled through the system. It is diffi 
cult, if not impossible, to suppress completely the 
formation of such gaseous fractions, but the 
amount is so Small that it may be neglected for 
all intents and purposes. 
The gas returning to the system through line 
is divided into two streams, controlled by 

Valves 4 and 5, respectively, the portion pass 
ing through valve 4 being conducted to the heat 
exchanger 3; while, the portion passing through 
valve 5 is introduced into the cracking coil ?o 
as a temperature control medium, preferably at 
a plurality of points as indicated in Fig. 2. 

Heretofore vapor phase cracking operations 
have been conducted under progressively rising 
temperature conditions throughout the decom 
position Zone, reaching the maximum tempera 
ture only at the end of the reaction period. Such 
conditions are known to cause overcracking and 
high gas production in the final stages of the 
reaction. It is therefore another object of this 
invention to provide means whereby relatively 
constant temperatures are maintained in the 
Cracking Zone throughout the reaction interval. 
To this end a portion of the recycle gas is di 
rected through the line 5’, controlled by valve 
5, to a manifold header 6 which is connected at 

One or more points with the conversion coil. 0. 
Such connections are shown by the lines 7, 18 
and 9, provided with the valves 20, 2 and 22. 
respectively. These valves may be manually 
Operated or automatically controlled, the con 
trollers 23, 24 and 25 being actuated by tem 
perature Sensitive devices inserted into the re 
spective sections of the conversion coil. As the 
temperatures in the coil exceed the predetermined 
reaction temperature, the controllers actuate the 
Valves 29, 2 and 22, admitting small quantities 
of relatively cool recycle gas into the coil as a 
tempering agent, thereby maintaining a substan 
tially constant temperature throughout the con 
Version coil. 

It is a further object of this invention to com 
bine the aforesaid features of inhibiting the pro 
duction of fixed gases by continuously circulating 
gases of a similar character through the reaction 
ZOne in Sufficient quantities to maintain a reac 
tion equilibrium between the light and heavy 
decomposition products; and of injecting rela 
tively cool recycle gas into the hydrocarbon vapor 
stream undergoing decomposition at suitable 
points and in Snail but sufficient amounts to ar 
rest the progressively rising temperature, and 
to maintain a substantially constant tempera 
ture level throughout the reaction zone. 

Leaving the reaction zone through line 26, the 
mixture of decomposed hydrocarbon-vapors and 
recycle gas enters a conventional temperature 
arrester 2. Wherein the temperature of the mix 
ture is Substantially instantaneously reduced to 
a degree below that at which further cracking 
can take place, that is, about 600°F., by direct 
and intimate contact With a clean, carbon-free 
cooling agent, preferably produced within the 
System, which is delivered to the top of the ar 
rester. The mixture of cooled vapors, gas and 
unvaporized liquid fractions leaving the bottom 
of the arrester through line 28 then passes into 
a Separator 29 where separation is effected by 
the aid of steam, the volatile overhead fractions 
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being conducted to a fractionating column 30 
through the line 3, while the heavy tarry ma 
terials, consisting largely of polymers produced 
in the cracking operation, are withdrawn from 
the bottom of the separator through the valved 
line 32 and diverted from the System. 
The fractionating column, which is preferably 

of the bubble tower type, is provided with a suit 
able number of trays to effect the desired separa 
tion between the notor fuel fractions and the 
heavier products, the latter being withdrawn 
from the bottom of the tower through the line 
33, controlled by the valve 34, and further refined 
for fuel oil or other desired products. This frac 
tion also may be returned to the system for re 
cracking along with the fresh charge, if desired, 
in Order to increase the gasoline yield. Because 
of its refractory nature, however, this practice 
is not generally followed, its disposition being 
subject to market demands. 
The fractionating column furnishes a conven 

ient and altogether satisfactory Source of Supply 
for the quenching oil used in the temperature 
arrester. For this purpose a side stream is with 
drawn from the mid-Section of the tower through 
the line 35 and cooler 36, into a service tank 
37, from which it is delivered by pump 38 through 
the line 39 to the top of the arrester where it 
contacts the highly heated decomposition prod 
lucts leaving the conversion coil, abruptly check 
ing the decomposition reaction. This oil frac 
tion is admirably Suited for the purpose, having 
a rather narrow range of bciling points and not 
readily given to vaporization or coking. 
The overhead vapors leaving the top of the 

fractionating column through line. 40 pass 
through the condenser 4 and the products are 
collected in a gas-liquid separator 42 from the 
bottom of which the raw motor fuel is withdrawn 
through the valved line 43 and sent to the treat 
ing and finishing system (not shown). A por 
tion of the condensate is returned to the top of 
the fractionator by pump 44 through the line 
45 as a temperature-control refluxing medium. 
The relatively wet gaseous fractions leaving the 

top of the separator through line 46, controlled 
by valve 47, are sent to a compression plant 48, 
operated preferably in a plurality of Successively 
higher compression states, with intermediate 
cooling between the individual stages, for the 
recovery of the higher molecular weight lique 
fiable fractions, the uncondensed gas leaving the 
compressors through the line 49. This gas is 
then sent to an absorption tower 50, also pref 
erably of the bubble tower type, which is main 
tained at approximately the same pressure as 
that employed in the last and highest compres 
Sion stage, usually between 250 and 450 pounds 
per Square inch gage. The gas entering the 
bottom of the absorber still contains some C 
and higher fractions which are largely removed 
as it flows upWardly through the tower in coun 
ter-current direction to a descending absorption 
medium, Such as heavy naphtha, or a light gas 
oil, which is delivered to the top of the absorber 
from the lean oil tank 50' by the pump 5 through 
the line 52. The rich oil leaving the bottom of 
the absorber through the valved line 53 is then 
processed for the recovery of the motor fuel frac 
tions, the lean oil being returned to the tank 
5 for reuse. 
The now comparatively dry gas leaving the top 

of the absorber through the line is returned 
to the System under its own pressure for the 
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6 
above recited purposes, while the condensed liq 
uid hydrocarbons leaving the compression plant 
through the line 54 are sent to the motor fuel 
treating and finishing system along with the con 
densate from the separator 42. The Small 
amount of excess gas formed in the operation 
is released through the line 55, usually going to 
the plant fuel System. 
I claim: 
1. A process for the vapor phase conversion of 

relatively high-boiling hydrocarbons into low 
boiling hydrocarbons, the steps which comprise: 
continuously advancing a stream of vaporized 
hydrocarbons through an elongated conversion 
ZOne of restricted cross section disposed in a 
heat-confining structure, heating the vapors dur 
ing their passage through said Zone by the pas 
Sage of hot furnace gases thereover to conver 
Sion-producing temperatures, fractionating and 
condensing the products of Such conversion to 
obtain in a separate state gaseous and liquid 
hydrocarbon fractions, returning a portion at 
east of said gaseous fraction to said conversion 
Zone for direct admixture with the hydrocarbon 
vapors passing therethrough, regulating volu 
metrically the introduction of the gaseous hy 
drocarbons into admixture with the hydrocar 
bon vapors in limited amounts Sufficient to main 
tain the hydrocarbon vapors at substantially uni 
form conversion temperatures during the travel 
of the vapors throughout the length of Said ZOne 
in which conversion temperatures are produced. 

2. A process for the vapor phase conversion of 
relatively high-boiling hydrocarbons into low 
boiling hydrocarbons, the steps which comprise: 
passing continuously a stream of vaporized hy 
drocarbons through an elongated externally 
heated conversion Zone of restricted CrOSS Sec 
tion to bring said vapors to conversion temper 
atures, fractionating and condensing the prod 
lucts of Such conversion following their discharge 
from said Zone to obtain in a separated State 
low-boiling liquid hydrocarbons Suitable for use 
as motor fuel and a fraction composed of nor 
mally gaseous hydrocarbons, returning a portion 
at least of Said gaseous hydrocarbons to said 
conversion zone, directly introducing said gas 
eous hydrocarbons into said conversion zone at 
a plurality of spaced positions in the length of 
Said Zone, maintaining the gaseous hydrocarbons 
at a temperature sufficiently low so that when 
the same enter into direct admixture with the 
vapors undergoing conversion in said Zone, the 
said hydrocarbon gases exercise a cooling effect 
On the vapors to maintain the same at Substan 
tially uniform temperatures in which the process 
produces a maximum yield of low-boiling hydro 
carbons of motor fuel boiling range and a mini 
mum of gaseous hydrocarbons. 

WILLIAM W. HOLAND. 
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