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UNITED STATES PATENT of FICE 
, 2,383,72 

PRODUCTION OF WALUABLE 
Eb(OCAREGORS 

Newcomb K. Chaney, Moyiaz, Pa., and Edwig E. 
Rail, Manchester, N.H., assignors to The United 
Gas approvernet Congpany, a corporatiosa of 
EPer Easylvania, 

Applicationa Becernber 28, 1949, Seria No. 372,034 
(CS. 260-669) 17 CEalias. 

This invention pertains generally to the pro 
duction of valuable hydrocarbons from petroleum. 
oil by pyrolysis and pertains particularly to the 
manufacture of relatively large quantities of al 
sylated and/or alkenated aromatic hyfrocar 
Ons and particularly aromatic resin-forming 

hydrocarbons by such petroleum oil pyrolysis. 
3y aromatic resin-forming hydrocarbons it is 

reant to include such compounds as styrene, 
methyl styrenes, and indene, and by alkylated 
and/or alkenated aromatic hydrocarbons it is 
meant to include in addition to aromatic resin 
forming hydrocarbons, such compounds as tolu 
ene and xylenes. The invention also involves 
the production of non-aromatic resin-forming 
hydrocarbons such as isobutylene; the dienes, 
butadiene, cyclopentadiene, dicyclopentadiene, 
isoprene and piperylene, non-alkylated aromatic 
hydrocarbons such as benzene, naphthalene and 
anthracene, as well as other aromatic hydrocar 

appliance valve orifices, causing the extinction 
of burners such as pilot burners and the Yi al 

... functioning of automatic appliances. 
likewise in the CBSe of motor fuels, the pres 

ence of resin-forming hydrocarbons is highly un 
desirable because of their interference with the 
proper operation of internal coabustion engines. 
This invention as distinguished from the proc 

esses of the prior art is directed to the production 
0. 

5 

of a relatively larger total quantity of the resin 
forming hydrocarbons, particularly aromatic 
resin-forming hydrocarbons. 

fore particularly stated the invention come 
prises (1) the selection of a petroleum oil ca 
pable on controlled pyrolysis of producing rel8 
tively large yields of alkylated and/or alkenated 
aromatic hydrocarbons including relatively large 
yields of aromatic resin formers, and (2) the 

20 
bons boiling above 200° C. at atmospheric pres 
Sure and comprising dead oil and heavy tars. 

Normally in the manufacture of oil gas, pe 
troleum oil is pyrolytically decomposed at high. 
temperatures and frequently under conditions of 
reduced partial pressures resulting from the 
presence of large volumes of other gases such as 
steam or water gas, the latter being a mixture 
of carbon monoxide and hydrogen. The products 
range all the way from hydrogen and normally 
gaseous hydrocarbons which are condensible with 
difficulty to materials of extremely low vapor 
pressure, such as the less volatile constituents 
of tar, for example, pitch. A considerable quan 
ity of carbon may also be produced. . . 
These prior art processes are conducted with 

either of two purposes in mind, namely, (1) the 
production of large volumes of combustible gas 
E. be distributed as city gas, or (2) the produc 
ion of notor fuel. 
In both instances, the desideratum is to con 

duct the decomposition of the petroleum oil so 
as to avoid the production of large quantities of 
resin-forming hydrocarbons. 

In the case of combustible gas for distribution, 
the presence of relatively large quantities of 
resin-forming hydrocarbons is highly undesir 
able since these hydrocarbons have a propensity 
to form resins throughout the gas distribution 

25 

30 

pyrolysis of said selected oil or a desired cut or 
cuts therefrom under controlled conditions to be 
Set forth hereinafter. 

It is found that the quantitative production of 
the individual above-mentioned alkylated and/or 
alkenated aromatic hydrocarbons including aro 
matic resin-forming hydrocarbons varies widely 
with the use of different petroleum oils, and that 
certain physical and chemical characteristics of 
a petroleum oil, or combinations of these chair 
acteristics, may be employed as indices to meas 
ure the ability of said petroleum oil to quanti 
tatively produce these compounds under care 
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; System and are responsible for the stoppage of gas 60 

fully controlled conditions of pyrolysis. . 
Still more particularly, a petroleum oil is se 

lected which may be classed as predominantly 
naphthenic as determined by any One or more of 
a number of chosen methods of classification to 
be hereinafter more particularly set forth, for 
instance, by the method of classification de 
scribed in Bureau of Mines Report of Investiga 
tions R.I. 3279, 

In carrying out the invention the selected oil 
is pyrolytically decomposed in vapor phase and 
in an atmosphere diluted preferably with a read 
fly condensible gas, such as steam, which is 
preferably present in sufficient quantity to ina 
terially reduce the partial pressures of the oil 
Vapors. Preferably the steam is supplied in ratio 
of at least 2 parts of steam to 3 parts of oil by 
Weight. 
The use of water gas in large quantities as a 
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diluent is preferably avoided among other rea 
sons, because of its relatively high concentra 
tion of hydrogen. Thus, we prefer to restrict he 
presence of any blue water gas to below 30 cubic 
feet per gallon of oil pyrolyzed and more prefer 
ably to below 20 cubic feet per gallon of oil py 
rolized, said cubic feet being taken as if measured 
at a pressure of 760 mm. and a temperature of 
60° F. 
Generally speaking, the preferred operating 

conditions are of a cyclic character such as is 
characterized by the conventional cyclic gas 
making processes, although other types of oper 
ation including continuous are within the broad 
concept of the invention. 
Also the process is preferably conducted with 

total pressures at atmospheric or near atmos 
pheric pressure. 

Additionally the environment of the oil py 

5 
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rolysis is arranged so as to provide for "relatively 20 
homogeneous cracking." Homogeneous cracking 
is defined herein to embrace conditions Such, 
for instance, as concentration of oil vapors, Space 
velocity, turbulence, surface-volume relation 
ships of the interior of the cracking vessel or 25 
vessels and character of heated Surfaces which 
are such that in any given plane normal to the 
flow of materials, the materials throughout the 
plane have previously had substantially the same 
opportunity to be heated and to undergo the al- 30 
ternate decompositions and synthesis which 
comprises cracking and which progress toward 
products of greater thermal stability under the 
environment obtaining. 
Other conditions being fixed, variation of any 

one of the following factors in the direction cited 
is considered to tend toward less homogeneity 
in the cracking operation: (1) decreased Sur 
face/volume ratio of the cracking vessels beyond 
the vaporizing zone; (2) reduced atomization of 
the oil; (3) increased impingement of oil on high 
ly heated surfaces prior to vaporization; (4) in 
creased concentration of the oil vapors; (5) de 
creased turbulence; and (6) increased space 
velocity except as effecting turbulence. 
In addition to relative homogeneity of Crack 

ing which as defined Would permit Wide changes 
in cracking conditions during a cycle, it is pre 
ferred that the cracking conditions also be what 
is termed herein “relatively uniform" during the 50 
cycle. 

In a cyclic operation in which oil Cracking 
chambers are heated during a heating period and 
the stored heat utilized during the cracking pe 
riod, the quantity of oil gas produced (and the 55 
yields of the desired products) per gallion of oil 
during any individual oil-cracking run will vary 
somewhat as the temperature of the cracking 
chambers decreases during said run. The degree 
of variation will depend among other factors, .60 
upon the length of the oil-cracking run, the 
oil and steam input rates, the presence or ab 
sence of supplementary heating during the runi, 
the quantity of heat stored during the heating 
period and the character of the heat storage 65 
material. 
Very large swings in oil gas production during 

a cycle are not preferred as any swing in oil gas 
production during a cycle necessitates a depar 
ture from the optimum conditions within the 70 
range of the swing and makes the cracking less 
uniform over the cycle. 

In cyclic operation, other conditions being 
equal, swings in oil gas production during the 

35 

5 

swings during the cycle which is favored by use 
of a relatively short cycle and/or by the em 
ployment of highly conductive heat storage ma 
terial. 

Therefore, the environment of oil pyrolysis 
hereunder is advantageously arranged to provide 
not only relatively homogeneous cracking but 
also relatively uniform cracking. 
A convenient measure of the homogeneity and 

unifornity of the cracking operation is the rela 
tion between the sulfonation residue and the free 
carbon in the condensate from the gas, as will 
hereinafter appear. 
Sulfonation residue is a measure of the nor 

mally non-gaseous paraffines and naphthenes 
surviving the cracking operation, and hence, high 
sulfonation residue is an indication of light 
cracking. Free carbon, on the other hand, is an 
end product in the pyrolysis of hydrocarbons and, 
hence, high free carbon indicates severe cracking. 
High sulfonation residue together with high 

free carbon indicates that both light and severe 
cracking have taken place during the cycle and, 
hence, is an indication either of great lack of 
honogeneity of cracking, or of great lack of uni 
formity of cracking, or both. 
Inasmuch as the determinations of sulfonation 

residue and free carbon depend upon the meth 
ods of analysis employed, detailed descriptions 
of the analyses used herein will be given herein 
after and herein when the terms "sulfonation 
residue' and "free carbon' are employed, they 
refer to the determinations obtained by said 
methods of analysis or by equivalent methods. 
The present invention includes in addition to 

relatively homogeneous cracking and relatively 
uniform cracking the adjustment of the oil 
pyrolyzing environment including such factors as 
(1) temperature, and (2) effective time of con 
tact to obtain a desired intensity of cracking. 
"Intensity of cracking' is conveniently measured 
by the volume of “residual oil gas' produced per 
gallon of oil pyrolyzed, although any other suit 
able method may be employed or devised, 

In accordance with this invention the oil 
pyrolyzing environment is such that per gallon 
of oil pyrolyzed the volume of "residual oil gas' 
produced is maintained between 40 and 65 cubic 
feet taken as if measured at a pressure of 760 
mm. and a temperature of 60° F., and preferably 
between 45 and 60 cubic feet under the same 
conditions of pressure and temperature. 
Other conditions being the same, increase in 

either (1) temperature or (2) effective time of 
contact, or both, increases the volume of “residual 
oil gas' per gallon of oil, and vice versa. w 

"Residual oil gas' is defined as the uncon 
densed final gas after removal of substantially 
all water vapor or after correction for the pres 
ence of water vapor, and after the removal of 
Substantially all hydrogen sulfide or after the 
correction for the presence of hydrogen sulfide 
(unless the oil is low in sulfur content in which 
case the hydrogen sulfide is...negligible for calcu 
lation of residual oil gas), and after removal of 
Substantially all hydrocarbons having more than 
three carbon atoms, or after correction for the 
presence of such hydrocarbons having more than 
three carbon atoms, and after correction for the 
presence of gas not derived from the oil cracked 
Such as air and combustion gases from fuel used 
for heating, and after correction for any water 
gas which may be present. Procedure for mak 
ing such corrections will be set forth in detail 

cycle may be reduced by reducing temperature 75 hereinafter, - 
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. The oil gas remaining after the above removal 
of or correction for hydrocarbons having more 
than three Carbon atoms and after correcting for 
the presence of gases other than oil gas will be 
referred to herein and in claims as "residual oil gas.' 
Warious procedures for the control of tempera 

ture in cyclic gas-making sets are well under- . 
stood by the skilled gas-maker. 
(1) adjustment of the length of the blast run; 

These include 
10 

(2) adjustment of the rate of fuel consumption 
during the blast run; (3) adjustment of the 
length of the blast run with respect to the gas 
making run or runs; (4) adjustment of the 
length of the purge or purges; (5) adjustment 
of the volume of steam or other gas used for 
purging; (6) adjustment of the length of the 
cycle; (7) the use of a reverse run or runs and 
the adjustment of their length; (8) the use of 
a reverse purge Or purges; (9) the use of aux 

3 
stance, as true temperature of the oil vapors 
and gas, the effective time of contact, the con 
centration of oil vapors, the presence of catalysts 
and possibly other environmental conditions, it 
is extremely difficult of measurement by any 
means available at the present time other than 
based upon te oil-gas produced. The true tem 
perature, for example, may vary from the ob 
served temperature according to some function 
of the factors influencing effective time of con 
tact, which in turn may vary from calculated 
time of contact depending on functions of space 
velocity, turbulence and the surface-volume rela 
tionships of the cracking vessels. True tempera 

$20 
illery heating aneans; (i,0) adjustEnent of the 
point of entry of secondary air and any tertiary 
air during the blast; and so forth. 

fire of contact may be controlled by various 
factors, One of which is, of course, the discensions 
including cross-sectional area, free space 22nd 
iength of the gas-Salking p3th of the set. Era 8. 
given set the length of the gas-making path is 
Shore or less fixed and the same applies to 2e 
diameters of the various parts thereof such as : 
the diameter of the interior of the carburetter, 
the diametes of the connection between the care 
bretter and the superheater, and the diameter 
of the superheater. With a given oil and steam 
rate the time of contact may be increased and 
decreased with increase and decrease respec 
tively of the free space through which the vapors 
flow, for example, by adjusting the quantity and 
arrangement of the checkerbrick employed. 
Time of contact may also be adjusted by ad 

justing the oil rate or the steam rate, or both 85 
will be obvious since the larger the combined 
volume of the gases passing through the set the 
shorter the time of contact and vice versa. 
The rate at which the oil is vaporized in the 

set, the rate at which the oil is cracked, and the 
degree to which the oil is cracked are also in 
portant factors. w 
Then too, the point or points of oil admission 

and the point, or points of steam admission are 
to be considered. 
Thus it will be seen that, although any exact 

mathematical determination of time of COratact 
would be extremely involved, the control of the 
oil snd steam rates, the control of the point or 
points of entry of oil and steam, snd the control 
of the amount and arrangernent of checkerbrick, 
each alone or in combination, affords to the 
skilled gas-maker a fairly flexible control of time 
of contact, - 
A such factors will be well understood by the 

skilled gas-naker, making it possible for hire, 
upon becoming familiar with this invention, to 
readily adjust the operation of his set to yield 
“residual oil gas' within the ranges in Volugine 
specifically set forth above. - 

Provided conditions of (1) relatively homo 
geneous cracking, and (2) relatively uniforn 

ture may also vary from observed temperature 
because of factors involving the pyrometers er-, 
ployed and their positions in relationship to the 
lining or other heat storage materials in the 
cracking vesses. It is obvious that many pegali 
tations of these factors may be made. 

owever, if the cracking is () relatively horro 
geneous and (2) relatively uniforn, the volume 
of "resides oil gas' as Exove defined, is a meas 
are Which correlates these environmental factors 
and gives a convenient and accurate index of 
(3) the intensity of cracking. 

It is as Such an index that it is employed herein. 
The specific volumes of residual dil gas per gal 
on of oil recited have no utility per se except 
as & measure of a range of 'intensity of crack 
ing,' just as certains heights of mercury in. 8. 
thermometer, may have no utility except as a 
measure of 32, range of terraperetires. 

If the cracking is not (1) "relatively horro 
geneous' and Ehot (2) "relatively uniforn,' the 
Vote of residual oil gas per gallon of oil pyro 
lyzed is not an accurate measure of (3) the "in 
tensity of cracking” as the gas may then be com 
posed of large portions of highly cracked mate 

AB rial and large portions of lightly cracked ma 
iterial. 
To sugamarize, broadly speaking our invention 

Comprises pyrolyzing () a "selected oil' under 
conditions of (2) "relatively homogeneous crack 
ing' and (3) "relatively uniform cracking,' and 
with (4) the "intensity of cracking' such that 
(5) the "residual oil gas' falls within the range 
above gives. 
The 'selected oil' is predominately naphthenia: 

as defined by one or more of the means to be 
hereinafter Enore particularly described. 'Rela 
tively homogeneous cracking' conditions and 
"relatively uniform cracking' conditions are de 
fined by the relationship between 'sulfonation 
residue' and 'free carbon,” which relationship 
will also be hereinafter more particularly, de 
scribed and illustrated in the drawings. "Resid 
ula oil gas' determines the "intensity of crack 
ing' and means for determining “residual oil 
gas” will also be hereinafter more particularly 
described. 

cracking are maintained, the volume of "residual 
oil gas,' as above defined per gallon of oil pyro 
lyzed is a dependable, convenient and substan 
tially accurate yardstick of (3) the "intensity 
of cracking.' - 
since the intensity (or depth or degree) of 

cracking depends on many factors, such for in 

f 

For convenience, the invention will be further illugated in connection with the drawings which 
form a part of this specification and which show 
a chart useful for determining the relationship 
between sulfonation residue and free carbon, and 
illustrate apperatus in which the invention may 
be conveniently performed, and in which: 

Figure shows an elevation partly in section, 
diagrammatically illustrating a cyclic gas-mak 
ing set; 

Figure 2 shows curves defining sulfonation 
residue-free carbon relationships; and 

78 
Figures 3 and 4 show a flow sheet illustrating 

the recovery of materials from the gas. 



4. 
Referring to Figure 1-this figure illustrates 

diagrammatically apparatus in which the inven 
tion may be performed and comprises a cyclic 
gas-making set which may be conventional. 

indicates a generator, 2 is a carburetter, 3 is 
a Superheater, and 4 a wash box. The generator 

is provided with a burner generally indicated at 
5, with means for supplying fluid fuel such as 
tar, generally indicated at 6, and with means 
for supplying air for combustion of the fuel gen 
erally indicated at 7. The generator may be pro 
vided with secondary air supply means as at 8. 
9 indicates checkerbrick arranged above the com 
bustion space O. , 
Supply pipes. 
The generator is connected at its upper por 

tion to the upper portion of the carburetter 2 
by connection f4. The carburetter is illustrated 
as devoid of checkerbrick and is provided with oil 
supply means 5 provided with a nozzle 6 ca 
pable of finely atomizing the oil. 
The carburetter 2 is connected at its base with 

the base of the superheater 3 by connection T. 
The superheater S is shown provided with the 

checkerbrick indicated conventionally at 8. Off 
take 9 provided with valve 20 leads from the top 
of the superheater to the wash box ?, from 
whence connection 20a, provided with valve 2 
leads to condensate recovery equipment and a gas 
reliefholder (not shown). 
The superheater is further provided with a 

stack valve 22 and may be provided with a steam 
supply means such as steam pipe 23. Air Supply 
means such as 24 may be provided for admitting 
tertiary air to the superheater. 
The generator may be provided with the g 

offtake 25, provided with valve 26, and leading 
from the lower portion of the generator to the 
wash box 4. 
The refractory linings of the carburetter chann 

ber and the superheater indicated at 2 and 28 
respectively, as well as the checkerbrick such as 
in the superheater may if desired be of car 
borundum or other highly heat conductive nate 
rial instead of the clay fire brick custorinarily 
employed for this purpose. The use of relative 
ly highly heat conductive refractory material, a 
outstanding example of which is carborundum or 
silicon carbide, is especially advantageous from 
the standpoint of obtaining uniformity of crack 
ing since among other things the Swing in tem 
perature during any given cycle is thus consider 

0. 

2, and 3 are steam . 
5 

20 

25 

30 

35 

40 

ably reduced as compared to the swing when clay 
fire brick is used. 
The carburetter may be provided with check 

erbrick as well as the superheater. Checkerbrick 
in the carburetter if employed are preferably 
fued rather than staggered to decrease the per 
centage of liquid oil coming into contact with 
heated surfaces prior to vaporization. An empty 
carburetter functions very Satisfactorily in this 
respect. 
On the other hand, checkerbrick or its equiva 

lent is definitely preferred in the superheater. 
Thus it is preferred to provide a relatively low 

surface/volume ratio in the oil vaporizing Zone 

80 

65 

and a relatively high surface/volume ratio in the 
cracking Zone. . . . . -- 
Other fluid fuel than tar may be employed for 

heating the generator , such for instance, as oil 
or gas. Further, the generator may be provided 
with a grate and solid fuel burned thereon for 
heating instead offiuld fuel, if desired. Thermocouples such as the shielded thermo 
couples. 29, 30, 3i, 32 and 8 may be provided 

O 

75 

2,888,772 
at spaced intervals through the vaporizing and 
cracking chambers, their connections leading to 
temperature recorders (not shown). V 
An illustrative cycle of operation of the appara 

tus of Figure 1 will be given. 
In operation of the apparatus of Figure 1, fluid 

fuel such as tar, oil or gas is admitted to the gen 
erator burner 5 and burned in the generator, with 
air supplied through pipe . Secondary air may 
be supplied through air supply pipe 8. The burn 
ing products pass from the generator to the car 
buretter 2 by way of connection 4 and thence 
through the carburetter to the Superheater by 
way of connection . Tertiary air may be sup 
plied through air supply means 24, if desired. 
The combustion products pass through the super 
heater and through the stack valve 22 to atmos 
phere or to a waste heat boiler (not shown). 
During this operation, the stack valve 22 is ope 
and valve 26 is closed. 
This operation, termed the blow, heats and 

stores heat in the checkerbrick and lining of the 
generator, the lining of the carburetter and the 
checkerbrick and lining of the superheater. 
The tar may then be shut off and a short air 

purge made by air admitted through air supply 
means , followed by a short steam purge with 
steam supplied to the base of the generator as at 
3. The purged products pass out of the set 

through the stack valve 22. 
After the set is purged, and with the stack 

valve 22 closed, valve 26 closed, and valves 20 
and 2 open, petroleum oil selected as previously 
and hereinafter further described, is admitted to 
the carburetter top and finely atomized by the 
nozzle 6 into the void space of the carburetter. 
Simultaneously, steam is adrinitted to the gener 
ator through the steam supply 3 in the gener 
ator base, heated in passage through the gener 
8tor checkerbrick and passed into the carburetter 
top by way of connection 8. A portion or all of 
the steam may be admitted through the steam 
supply means 2 at the generator top above the 
checkerbrick, instead of through 3 at the bot 
tom, and/or the temperature of the steam may 
be controlled by proportioning the quantities ad 
Initted to the two politions of the generator, 
The oil is vaporized in the curburetter in the 

presence of the Superheated steam from the gen 
erator, the quantity of steam being sufficient to 
naterially reduce the partial pressure of the oil 
Vapors. 
The vaporized oil and steam pass down through 

the carburetter and into the superheater through 
connection . Some cracking may take place 
in the carburetter. 
From the base of the superheater the vaporized 

oil, steam and partially cracked vapors pass up 
ward through 'the superheater checkerbrick in 
which the desired pyrolysis is completed. 
The reaction products and steam pass through 

connection f3, the wash box 8, and connection 
28 to a relief holder (not shown) and thence 
through condensing or other apparatus (not 
shown) for the removal of the desired products 
from the gas. 
After this operation, termed the run, the oil 

admission may be discontinued and the reaction 
products purged from the set by steam admitted 
to the generator, the reaction products being 
Eged into the relief holder through the wash 
OX. 

The cycle may then be repeated. The above 
cycle is merely illustrative, it may be very greatly 
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modified. For instance, a back run with steam 
Or steam and oil may be made during the cycle, 
with steam or steam and oil supplied through 
Supply means 23. In such case, the stack valve 
22 is closed, valve.20 is closed and valve 26 open. 
The steam or steam and oil vapors and reaction 
products pass reversely through the superheater, 
carburetter and generator and through connec 
tion 26 to the wash box and to the relief holder 
(not shown). 
The fluid fuel burner as a means of providing 

heat during the blow is preferred, but recourse 
might be made to the use of a solid fuel bed as 
in the conventional water gas generator, with 
the difference that it is preferred not to pass 
any large quantity of water gas through the 
carburetter and superheater during the oil crack 
ing period. Other means for superheating steam 
for the process might be then employed or sat 
urated steam employed. The use of superheated 
steam, however, is preferred as it reduces the 
heating load on the carburetter. 
During the blow, the operation is conducted 

to obtain the desired distribution of heat through 
out the Carburetter and superheater. 
The following table will illustrate a typical 

SWing in temperature at various points in a given 
Set during a typical blow in the process of the 
invention. The temperatures were determined 
by the standard shielded type of thermocouple. 

5 

5 
when the principal object is gas making, or when 
the principal object is the production of motor 
fuel. 
The temperatures given above are purely illus 

trative in character and the temperature condi 
tions as well as other conditions governing pyroly 
sis of the oil will wary with different types of 
operation or equipment. 

0. 

15 

As previously pointed out, having selected a pre 
dominantly naphthenic oil, its pyrolysis is con 
trolled by the gas maker, (modifying the interior 
of his set in accordance with the above observa 
tions if he finds it necessary or desirable), such 
that (1) the relationship between sulfonation re 
sidue and free carbon does not exceed certain 
maxima and (2) the residual oil gas falls within 
the range given. The relationship between sul 
fonation residue and free carbon determines (a) 

20 

25 

30 

35 

Table 

Temperature Temperature 
Point in set F, start of sy, of 

- blow blow 

Carburetter top---------------------. 1,405 1,685 
Carburetter Kiaie 1, 45 i. 665 
Superheater base --- - 1,455 1,545 
Superheater middle- - 1,460 i,500 
Superheater top------------------- 1,458 1,472 

The temperature gradient throughout the set 
will vary with operating conditions and the nature 
and size of the set and the set lining and checker 
brick or other heat storage material. 

In the case of set lining and other refractory 
material present, this is in a measure associated 
With the relative heat conductivity thereof. For 
instance, the substitution of refractory brick 
made of silicon carbide for refractory brick made. 
of ordinary fire clay will shift the temperature. 
gradient of the set and other conditions being 
equal will reduce the temperature swing through 
Out the cycle. 
The temperature gradient naturally set up by 

the blow may be modified prior to the run by 
the injection of steam or other fluids to the top 
of the carburetter and/or the base and/or top 
of the Superheater and/or to the generator. It 
may be employed to remove peak temperatures. 
Reference is made to copending application Serial 
Number 191,441, filed February 19, 1938, by Edwin 

relatively homogeneous and (b) relatively uniform 
cracking conditions and the residual oil gas de 
termines (c) the intensity of cracking. 

Since determinations of sulfonation residue and 
free carbon may vary somewhat with the methods 
of analysis employed, detailed procedures of 
analyses for these respective factors will be given 
herein, it being understood that values for Sull 
fonation residue and for free carbon as expressed 
in the claims are to be determined by these de 
tailed procedures, or their equivalents for defini 
tive purposes, and that other yardsticks might be 
devised for the same purpose without departing 
from the invention. 
An overall sample of the tar (wet) resulting 

from the pyrolysis of a known quantity of oil and 
obtained by condensation from the resulting gas 
by bringing the gas down to a temperature of 
approximately 90°F. is heated in a batch in a still 
pot with stirring and with some reflux of the 
heavier distillate until a dry residual tar having a 

40 viscosity of 1000 S. S.U. at 210°F. is obtained. It 

4. 
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L. Hall, now Patent 2,372,197, dated March 27, 
1945. 
The point or points of introduction of the oil 

may vary in different gas making equipment, from 
those chosen for illustration. 
A carburetter devoid of checkerbrick is pre 

ferred for use in vaporizing the oil, but checker 
brick may be employed therein. The oil whether 
coming into contact with refractory surfaces in 
significant quantity or not is subjected to the tem 
peratures of the carburetter and superheater with 

(55 
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the steam and is decomposed in a manner essen- c 
stially different from the decomposition of oil 15 nel into 200 mls, of ice water contained in a 

usually requires several hours to remove the wa 
ter from the tar. 

After separation of the Water layer, if water is 
present, sulfonation residue is determined upon 
the hydrocarbon distillate obtained, and is ex 
pressed as per cent of the original oil by volume. 
Free carbon is determined upon the dry resid 

ual tar and is expressed in per cent of the Origi 
nal oil by weight. 
Free carbon determination is as follows. 

Determination of free carbon 
Free carbon is determined in the manner de 

scribed in The Gas Chemists Handbook, 3rd edi 
tion, 1929, a publication of the American Gas As 
sociation, pages 425 and 426. 

Sulfonation residue determination is as follows. 
Determination of sulfonation residue 

250 ml, sample of the above hydrocarbon dis 
tillate is shaken with 5% by volume (12.5 mls.) 
of 94% HaSO4 in a 500 ml. separatory funnel. 
The acid is gradually and cautiously added and 

the temperature kept below 25 C. by immersing 
the funnel in ice water when necessary. 

After the reaction is completed the contents of 
the flask are transferred in approximately equal . 
portions to each of two small separatory funnels 
(150 ml. Squibb separatory funnels). 
The acid-washed oil is then centrifuged in the 

Smaller funnels for approximately five minutes at 
500-600 R. P. M. using a laboratory centrifuge 
adapted to accommodate these funnels. 
The acid sludge is run of slowly from each fun 

  



6 
beaker. The acid sludge will sink to the botton 
of the beaker and disperse into the water when , 
stirred. The first drop of oil will spread over the 
surface of the Water showing that the end of 
sludge separation has been reached. 
The contents remaining in the funnels are then 

washed with two successive portions of about 5% 
by volume of water, followed by centrifuging for 
two minutes at 500-600R. P. M. and the separated 
wash Water run off. 
The oil is then washed with two successive por 

tions of 5% by volume of 20% KOH solution foll 
lowed by centrifuging for two minutes at 500-600 
R. P. M. and separation of the alkaline solution. 
A final wash of 5% by volume of water is made 

followed by centrifuging for two minutes at 500 
600 R. P. M. and separation of the wash water. 
The oil is dried by adding a few granules of 4 

mesh anhydrous calcium chloride, and filtering, 
and the volume of dry oil measured. 

100 mls. of the washed and dried oil are distilled 
in the following manner. The oil is put in a 200 
ml. round bottom Pyrex boiling flask. The flask 
is then connected with a small Hempel distilling 
tube. using a cork stopper. The top of the distill 
ing tube is fitted with a two-hole cork stopper 
containing a thermometer (-5° C. to -360° C. in 
1 C. intervals, 75 mm. immersion) and a drawn 
out capillary tube extending to the bottom of the 
flask. The purpose of the capillary tube is to 
admit a small stream of air during vacuum dis 
tillation for the purpose of preventing bumping. 
The Outlet of the Hempel distilling tube is con 

nected to a Liebig condenser. The outlet of the 
condenser is connected to a Bogert distilling re 
ceiver. The pressure at which the vacuum dis 
tillation is conducted is regulated at the outlet of 
the Bogert receiver by means of a suitable type 
needle valve, 
Any suitable vacuum pump may be used to re 

duce the pressure to 30 mm. mercury for the final 
distillation. 

Distillation is made at two pressures-(a) oil 
boiling up to 160° C. is distilled off at atmospheric 
pressure, and (b) higher boiling fractions are dis 
tilled at 30 mm. mercury pressure and the distill 
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lation stopped when the temperature reaches 270° C. 
If the material being distilled shows any of the 

characteristic signs of decomposition before the 
temperature of 270° C. is reached, the distilla 
tion is discontinued. The oil boiling up to 160° C. 
at atmospheric pressure is removed from the 
Bogert receiver before starting the vacuum dis 
tillation. Low pressure steam should be available 
for use in melting any naphthalene accumulations 
which may cause stoppages in the condenser 
tube. 
The two distiliates are mixed and the total 

volume recorded. Sulfonation residue tests are 
made on 10 ml, portions of the mixture in a Bab 
cock milk testing bottle with 30 mis. of 100% 
HaSO4 added, followed by heating and shaking 
periods (six ten-minute heating periods at 98-100 
C., each of which is followed by a two-minute 
shaking period). Any unsulfonated oil is floated 
into the neck of the Babcock bottle with 94% 
HSO4 where its volume is measured. This quian 
tity of material expressed as a percentage by vo 
ume of the original oil is the per cent sulfonation 
residue employed herein. 

Referring to Figure 2. 
In this figure, per cent sulfonation residue as 

above determined and defined is plotted against 

() 
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per cent free carbon as above determined and 
defined. 
The area to the left and below curve Aembraces 

the relations between Sulfonation residule and free 
carbon defining relatively homogeneous and rela 
tively uniform cracking conditions hereunder. 
More preferably cracking conditions are select 

ed to produce relationships between sulfonation 
residue and free carbon falling within the area to 
the left and below curve B. 

Still more preferably cracking conditions are 
selected to produce relationships between sulfona 
tion residue and free carbon falling within the 
area, to the left and below curve C. 
The area to the right and above curve A en 

braces relationships between sulfonation residue 
and free carbon which define relatively non 
homogeneous and/or relatively non-uniform 
cracking conditions hereunder. 
The formulae for curves A, B and C are as 

follows: 

Curve A ------------------- X2.3(y-0.03) -0.05 
Curve B----------- -------- X2.3(y-0.03)=0.03 
Curve C------------------- X2.3(y-0.03) =0.01 . 
in which - 

ac=per cent free carbon as above described and 
defined 

g=per cent sulfonation residue as above described 
and defined. . 

Moving to the right from the area to the left 
and below curve C, to the area between curves C 
and B and thence to the area between curves B 
and A, relationships of sulfonation residue and 
free carbon are encountered which progressively 
define less homogeneous and/or less uniform 
cracking conditions. To the right and above curve 
A, these relationships are such as to no longer 
define relatively homogeneous and relatively uni 
form cracking hereunder. 
As previously stated the present invention in 

cludes adjusting the oil pyrolyzing environment 
including such factors as temperature, effective 
time of contact and concentration of oil vapors 
so that per gallon of oil the total volume of oil 
gas produced after the removal of substantially 
all water vapor, or after correction for the pres 
ence of water vapor; and after the removal of 
substantially all hydrogen sulfide, or after the 
correction for the presence of hydrogen sulfide 
(unless the oil is low in sulfur content, in which 
case the hydrogen sulfide is negligible for calcu 
lation of residual oil gas); and after removal of 
substantially all hydrocarbons having more than 
three carbon atoms, or after correction for the 
presence of hydrocarbons having more than three 
carbon atoms; and after correction for the pres 
sence of gas not derived from the oil cracked such 
as air, combustion gases from fuel used for heat 
ing and any water gas which may be present, is 
maintained between 40 and 65 cubic feet taken 
as if measured at a pressure of 760 mm. and a 
temperature of 60° F., and preferably between 45 
and 60 cubic feet under the same conditions of 
pressure and temperature. 
The volume of residual oil gas may be calcul 

lated as follows: 

Determination of residual oil gas 
The gas may be metered and Sampled at any 

convenient stage in its condensation and purifi 
cation, preferably however after purification from 
Has. Water vapor is removed from a measured 
portion of the sample and the water vapor con 
tent of the gas calculated in percent of the gas 
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by volume, according to methods set forth in the 
Gas Chemists Handbook, 3rd edition, 1929, a pub 
lication of the American Gas Association, or their 
equivalent. The dried portion of the sample may 
be analyzed by low temperature fractionation as 
by means of the well known Podbelniak gas 
analysis apparatus or its equivalent. This appa 
ratus has been described in Industrial and Engi 
neering Chemistry, analytical edition, March 15, 
April 15, and May 15, 1933, and its use in hydro 
carbon gas analysis is very well known to those 
skilled in the art, 
By the above means, the dried sample may be 

divided into four portions: (1) containing Ha, Na, 
Oa, CO, CO2, CH4, and any HaS, CS2, HCN, SO2 
NH3 present, (2) containing C2 hydrocarbons such 
as CE4 and C2H6, (3) containing C3 hydrocar 
bons such as C3H6 and C3Hs, and (4) containing 
C. hydrocarbons and hydrocarbons of higher car 
bon content. The per cent by volume relation 
ship of these portions to the original undried gas 
may be readily calculated. 
Another measured portion of the original Sam 

ple may be analyzed for HaS according to meth 
ods described in the above mentioned Gas Chem 
ists Handbook. From the analysis the percent 
age of HaS by volume in the gas as metered may be 
readily calculated. 

Portion 1 may be analyzed for H, N, O2, CO 
and CO2, by means of the well known Hempel 

' apparatus or its equivalent by methods described 
in the above mentioned Gas Chemists Handbook 
or their equivalents which methods include the 
initial removal of H2S and the percentage by 
Volume of these constituents in the gas as metered 3 
calculated. 

All of the N2, O2 and a portion of the CO2 are 
considered to be derived from air and combus 
tion gases. The CO, the remainder of the CO2 
and a portion of the H are considered to be de 
rived from any water gas present. The remain 
der of the H2 is considered to be part of the oil 

S. 

Ha between water gas and oil gas is as follows: 
S-(% Na+O)=% Co. in combustion gases=% Co. (C.G.) 

% air and combustion gases=% N% O2, CO (C. G.) 
%co-% Co. (C. G.)=% co, in water gas-% CO, (W. G.) 
2X% CO (W. G.)--% CO e2, H in water gass, H. (W. G.). 

% water gas-% Co+%H, (W. G.)+%.Cos(W. G.) 
The above apportionment of CO2 and Ha is 

known to be approximate as the percentages of 
CO and CO2 in water gas vary with the tem 
perature of its generation. The approximation 
is however sufficiently accurate for the purpose 
of calculating the residual oil gas. 
The CS, SO, HCN, and NH3 contents of the 

gas may be assumed to be negligible in the cal 

7 
to approximately .08% by volume, which would 
be insignificant. 

If a high sulfur oil is employed the HS con 
tent of the gas prior to Has removal might not 
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be negligible in the calculation of residual oil gas 
and therefore if the gas be metered and sampled 
prior to HS purification, the HaS content should 
be determined and the volume of HaS deducted 
in calculating the residual oil gas. !. 
From the volume of total gas in cubic feet as 

metered and the volume of oil pyrolyzed in its 
manufacture, in gallons, the cubic feet of total 
gas per gallon of oil under the pressure and tem 
perature conditions of metering may be readily 
calculated. The volume of total gas per gallon 
of oil is for convenience called V1. 
Vix% air and combustion gases sectible feet of air and combustio 

gases per gallon of oa V 
a. 

VX% of water gas scubie feet of water gas per gallon of oila V 
VX% C. hydrocarbons and higher recubic feet of C. hydrocarbons 

and higher per gallon of oils V, 
Vix% water vapora cubic feet of water vapor per gallon of ois Vs 

VX% HSecubic feet of HS per gallon of oils V's 
V-(VV-V-V-V) =cubic feet of residual oil gas per gallon 
of oil under the pressure and temperature conditions of meterings V, 

..If P=gas pressure as metered in mm. Hg and 
T=gas temperature as metered in F. absolute. 

P519.6 residual oil gas in cubic feet per gallon of oil at a 
V,XX, F- pressure of 760 mm. and a temperature of 60 F. 

If the gas is metered and analyzed after the 
usual HS purification. We need not be deducted 
or calculated. 

If the gas be metered and analyzed after con 
densation of substantially all of the C4 hydrocar 
bons, the volume WA will be very small and the 
volume of water vapor, Vs will be negligible, aná 
both may, under such circumstances, be neglected 
without introducing Substantial error., 

For purposes of calculating residual oil gas, a 
sharp separation between hydrocarbons of three 

The method of apportionment of the CO2 . 
between combustion gas and water gas and of the 
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culation of the residual oil gas unless these ma 
terials are known to be present in significant 
quantities which is usually not the case. r 

If the gas be metered and sampled after the 
usual HaS purification, the H2S may be assumed 
to be negligible for this calculation also, as the 
usual HaS purification removes practically all of 
the HaS as well as HCN and SO2. 

If the oil employed is not high in sulphur con 
tent, the HaS may be negligible for the calculation 

- of-residual oil gas even before Has purification. 
When employing low sulphur oils the H2S con 

carbon atoms and hydrocarbons of four carbon 
atoms is not found to be essential, since even if 
a fair percentage of the hydrocarbons of four 
carbon atoms is left in the gas the total volume 
of residual oil gas is not greatly increased. 
Due to the difficulty of condensing hydrocar 

bons, of three carbon atoms or lower, no large 
portions of these hydrocarbons will ordinarily 
condense along. With the hydrocarbons of four 
carbon atoms and higher. 
As an example of homogeneous and uniform 

Cracking the following is given:- 
m Ecample 1 

A cyclic cracking operation was carried on in 
a three shell set connected in series similar to 
that diagrammatically illustrated in Figure 1. 
The carburetter and superheater were 2 9' in 
internal diameter. The carburetter was approxi 
mately 9' 5' long inside and the superheater 
was approximately 16' 9" long inside, they were 
connected at their bases by a connection 1 0' 
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tent of the gas prior to HaS purification may be 
of the order of 50 grains per 100 cu. ft, equivalent 5 

internal diameter and 2' 6' long. Both car 
buretter and superheater were lined with Car-". 
borundum refractory brick... The carburetter 
was devoid of checkerbrick. The superheater 
was provided with 29, courses of Carbortandum 
checkerbrick of standard size 4%’ x 9’ x 2%' 
set edgewise 3' apart with alternate courses in 
staggered relationship. . . . . . . . . . 
The cycle length was 3 minutes, 45% of which . 

was occupied in heating and 33% by the oil ad 
mission period, the remaining portions of the 
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cycle were devoted to purges of combustion 
products and of oil gas, 
The oil selected in accordance with this in 

vention, was a Texas coastal crude oil from the 
Placedo field, a number 7 oil according to the 
Bureau of Mines Index to be hereinafter more 
particularly described, and having a Conradson. 
carbon content below 4%. The oil was admitted 
to the carburetter top during the run at a rate 
of 4.02 gals. per minute with steam (heated in 
the generator) at a rate of 30.6 lbs. per minute. 
The maximum and minimum and average 

temperatures as observed by shielded thermo 
couples at spaced intervals through the set were 
as follows: 

Maximum Minimum Swing Average 

F. F. op. of. 
Carburetter top------- l, 685 1,405 280 1,545 
Carburetter middle---- 1,665 1,415 250 1,540 
Superheater base------- 1,535 1,465 70 1,500 
Superheater middle- 1,500 1,460 40 1,480 
Superheater top-------. 1,472.5 1,457.5 5 : 
Ave. Set temp------------------------------------------ 

The yield of residual oil gas per gallon of oil 
was 52.1 cubic feet. The sulfonation residue, 
determined as above described was less than 
0.03%. The free carbon, determined as above 
described, was 0.19%. 
The relationship between sulfonation residue 

and free carbon is expressed by the poii F in 
Figure 2. 
As an example of non-homogeneous cracking 

the following may be given: 

Ecample 2 
A cyclic cracking operation was carried on in 

a three shell set, connected in series in a similar 
manner as the shells of a three shell carburetted 
water gas set. The carburetter and superheater 
were 2' 9' in internal diameter lined with Car 
borundum brick and both were devoid of checker 
brick. The carburetter was approximately 9' 5' 
long inside and the superheater approximately 
23' 6' long inside. The surface/volume ratio 
of the superheater in sq. ft./cu. ft. was approxi 
mately 1.6 as compared to 12.4 in the checkered 
portion of the superheater in Example 1. M 
The carburetter and superheater were heated 

during the heating period by tar burned in the 
generator, the resultant products passing through 
the carburetter and superheater. 

During the cracking period oil was atomized 
into the top of the carburetter in the presence of 
steam which was heated in the generator and 
passed thence into the carburetter top. The oil 
was vaporized in the carburetter and the crack 
ing of the oil vapors initiated therein. The mix 
ture of steam, oil vapors and some oil gas re 
sulting from the cracking passed from the car 
buretter to the superheater for further crack 
ing of the oil constituents and thence to appa 
ratus for the condensation of hydrocarbons of 
4 carbon atoms and higher. 
The cycle length was 3 minutes of which 45% 

was occupied in heating, 33% in the oil admis 
sion period and the remainder in purges of the 
apparatus of blast products and of oil gas. 
The oil was a Texas Coastal Crude oil from 

the Placedo field, a No. 7 oil according to the 
Bureau of Mines Classification, to be hereinafter 
more particularly described, and having a Con 
radison carbon content of less than 4%. It was 
admitted at a rate of 3.96 gals. per minute, and 
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steam was admitted with the oil at a rate of 30.6 
lbS. per minute. 
The maximum and minimum temperatures 

through the cycle as observed by shielded ther 
mocouples at spaced intervals through the car 
buretter, and superheater were as follows: 

Maximum Minimum Swing Average 

or. or. O. 0. 
garburetter top----- 1,925 i,595 350 1,760 
Carburetter middle---- 1,895 1,505 390 1,700 
Superheater base------- 1,670 i,480 190 1,575 
Superheater middle----. 1,602.5 1,497.5 04 1,550 
Superheater ext-------- 1,537.5 1,512.5 65 1,550 
Ave. Set temp------------------------------------------ 1,615 

The residual oil gas yield was 57 cubic feet per 
gallon of oil. The Sulfonation residue determined 
as above described was 0.18. The percent free 
carbon determined as above described was .19. 
This relationship of sulfonation residue and free 
carbon is expressed by the point D in Figure 2. 

Eacample 3 
An operation sinflar to that of Example 2 was 

performed at lower temperatures, with set con 
ditions other than temperature, oil and steam in 
put, cycle length and subdivision remaining the 
S88. 
The observed temperatures at the same por 

tions of the set were as follows: 

Maximum Minimum Swing Average 

8:SEPaig: 1,862.5 1,557.5 305 1,710 Carburetter ruddle---- 1,832.5 1,467.5 365 1,650 
SES from 65 1,435 180 1,525 uperheater t 
E.- - - - - - 582.5 i., 437.5 45 1,50 

8 ter11 from 
Ea rar -- a-- - - - - - 540 450 100 1,490 

Superheater top-------- 1517.5 1,452.5 65 1,485 
Average set tempera 
ture-------------------------------------------------- 56. 

The yield of residual oil gas was 50.3 cubic 
ft/gal. of oil. The sulfonation residue, deter 
mined as above described, was 0.36%. The free 
carbon, determined as above described, was 0.65%. 
The relationship between sulfonation residue 

and free carbon is expressed by the point E in Fig 
ure 2. 
In Example 1 the total yield of the more desir 

able products was not only higher than in Ex 
amples 2 and 3 but individual products were of 
markedly higher quality. 
For example, the total yield of certain very de 

sirable aromatic resin-forming hydrocarbons, 
namely, styrene, methyl styrene, and indene, was 
27.7 pounds per 100 gallons of oil in Example 1: 
20 pounds per 100 gallons of oil in Example 2 and 
19.1 pounds per 100 gallons of oil in Example 3. 
In Example 1 these materials were in a form in 
which they could be readily purified for the pro 
duction of high quality resins, whereas in Exam 
ples 2 and 3 considerable contamination of an ex 
tremely difficultly removable nature was present 
which destroyed the quality of the resins pro 
duced particularly in the case of styrene. 
The total recovery of certain very desirable 

non-aromatic resin-forming hydrocarbons. name 
ly, cyclopentadiene, butadiene, isoprene and pi 
perylene, was 26.4 pounds per 100 gallons of ol 
in the case of Example 1; 12.9 pounds per 100 gal 
lons of oil in the case of Example 2; and 24.2 
pounds per 100 gallons of oil in the case of Ex 
ample 3. Thus the yield in Example 1 was Sub 
stantially twice that in Example 2 and somewhat 
larger than that in Example 3. In Examples 2 
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and 3 these materials were obtained in consid 
erably lower concentration in the condensate, 
there being present a considerably larger quantity 
of similarly boiling materials. This introduced a 
problem of separation of a magnitude much 
greater than that in the case of Example 1. 
Thus the recovery of indene, methyl styrene, 

styrene, cyclopentadiene, piperylene, isoprene and 
outadiene totaled 54.1 pounds per 100 gallons of 
oil in Example 1 as against 32.9 pounds in Exam 
ple 2 and 43.3 pounds in Example 3. Furthermore, 
the products in Example 1 were generally of very 
much higher quality which is an extremely lim 
portant cOnsideration. When dealing with raw 
materials to be employed in resin production. 

Referring now to the lower boiling saturated 
aromatics, namely, benzene, toluene and solvent 
naphtha, the total yield in Example 1 was 105.9 
pounds per 100 gallons of oil; 04.6 pounds per 100 
gallons of oil in Example 2 and 101.5 pounds per 
100 gallons of oil in Example 3. While the yield 
in Example i was not particularly greater, these 
materials were considerably less contaminated. 
For example, the toluene obtained in Example 1 
Was readily purified for nitration purposes, where 
as the toluene obtained in Examples 2 and 3 was 
industrially unsuitable for nitration purposes. 
From the foregoing comparisons the outstand 

ing advantages of the invention become readily 
apparent. 
Due at least in part to the different thermal sta 

bilities of the various products, it has not been 
found that any one set of operating conditions re 
Sults in maximum production of all of the several 
products. 
However, within the range of residual oil gas set 

forth, will be found the peak yields of styrene, the 
peak yield of toluene, the peak sum of the yields 
of toluene, solvent naphtha, styrene, methyl sty 
renes and indene, the peak sum of the yields of 
styrene, methyl styrenes and indene, the peak 
Sum of the yields of styrene and cyclopentadiene. 
Within the preferred range of residual oil gas 

set forth good yields of benzene, naphthalene, 
other saturated and unsaturated aromatic com 
pounds contained in dead oil and residual tar, 
and of butadiene, isoprene, and piperylene may 
also be secured. 

Higher yields of benzene and naphthalene and 
residual tar may be secured beyond the range of 
residual oil gas set forth on the high side, but ac 
companied by reduced yields of styrene, indene 
and toluene, low yields of methylstyrene, solvent 
naphtha, and dead oil, and very low yields of the 
dienes particularly butadiene, isoprene and pi 
perylene. The styrene may also be contaminated 
by relatively large quantities of phenyl acetylene. 

Higher yields of solvent naphtha, methyl sty 
rene, the dienes, and dead oil may be secured be 
yond the range of residual oil gas set forth on the 
low side. The Solvent naphtha, benzene and tol 
uene in such case are contaminated with rela 
tively large quantities of olefines boiling within 
their boiling ranges and the dienes are in rela 
tively low concentration among other C4 and Cs 
products. 
Referring now more particularly to the charace 

ter of the oil pyrolyzed, as previously stated, this 
comprises crude petroleum oils or a suitable cut or 
cuts from crude petroleum oils which may be 
classed as predominately naphthenic as deter 
mined by any one or more or a number of chosen 
methods of classification which will now be more 
particularly set forth. 
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In the classification of a crude oil in accord 

ance with the Bureau of Mines method disclosed 
in Bureau of Mines Report of Investigations R.I. 
3279, previously referred to, a given petroleum oil 
is subjected to fractional distillatlu, and two cuts 
are collected, the first having a boiling range 
between 250' and 25 C. at atmospheric preSSure, 
and the Second having a boiling range between 
275 and 300° C. at 40 mm. absolute pressure, 
For convenience of identification, the lower 

boiling fraction is referred to as key fraction 1 
and the higher boiling fraction is referred to as 
key fraction 2. 
From the API gravities of these key fractions, 

the classification of the original oil is made as 
follows: 

If the API gravity of key fraction l is 33 or be 
low 33, the fraction is classified as naphthenic; if 
it is between 33 and 40 tine fraction is classifled as 
intermediate; and if it is 40 or above 40 the frac 
tion is classified as parafiinic. 

If the API gravity of key fraction 2 is 20 or be 
low 20, the fraction is classified as naphthenic; if 
it is between 20 and 30 the fraction is classinied as 
intermediate; and if it is 30 or above 30 the frac 
tion is classified as paraffinic. 
As a result of the foregoing classifications of 

the key fractions, the original oil is given one of 
seven classifications as follows: 

If both key fractions are paraffinic, the original 
oil falls in class 1... if key fraction l is parallinic 
and key fraction 2 is intermediate, the original oil 
falls in class 2. 

If key fraction is intermediate and key frac 
tion 2 is parafiinic the original oil falls in class 3. 

If both key fractions are intermediate, the Orig 
inal oil falls in class 4. 

If key fraction l is intermediate and key frac tion2 is naphthenic the original oil falls inclass 5. 

45 

If key fraction 1 is naphthenic and key fraction 
2 is intermediate the original oil falls in class 6. 

If both key fractions are naphthenic, the orig 
inal oil falls in class. 

Based upon the foregoing classification in ac 
cordance with the present invention, we employ 
oils falling within the classes 5 to 7 inclusive, or 

50 

55 

60 

desired cuts from such oils; with class oils or a 
desired cut or cuts therefrom preferred, provided, 
however, that in the case of any oil selected 
whether a crude or a cut, the Conradson carbon 
of the oil does not exceed approximately 7% and 
preferably does not exceed approximately 4%. 
The test for Conradson carbon has been stand 

ardized under the American Society of Testing 
Materials Designation D189-36 and "Conradson 
carbon' as used herein is that Conradson carbon 
(determined under such procedure. 
The percentage of Conradson carbon is an in 

direct measure of the tendency of an oil to form. 
carbon and hydrogen on pyrolysis instead of the 
-valuable hydrocarbons desired. 
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Other things being equal in the pyrolysis of a 
crude oil, it is sometimes preferred to employ a 
crude oil haw (g a relatively narrow boiling range 
for the bulk of the oil being pyrolyzed with con 
siderable material boiling between and/or close to 
key fractions 1 and 2 of said crude oil. 
A further method of selecting the petroleum 

oil for pyrolysis hereunder is by means of an 
..evaluation factor which we term “evaluation fac 
tor B. P. D." and which is a function of the aver 
age boiling point, the density and the mean dis 
persion of theol. 



1o 
Specifically, this evaluation factor is a product 

function of two factors-factor I and factor II. 
Average boiling point ;F-11) 

2014X102-70.7 

Average boiling point 2P-1) -908 
HF-cx10-65 

Evaluation factor B. D. D. Factor X Factor IX10-2s 

- Average boiling point F-11) 156 402(oglog 204x10-707 J. 
Average boiling point F-1) O - 

Hr-cX104-85 906 x102 

Factor salt-492 (oglog 

Factoral.004 (sin are Tan 

104(sin are Tan 
The "Average boiling point' employed is deter 

mined by making a modified straight run Engler 
distillation of the oil and observing the tempera 
tures at which 15%, 30%, 50%, 70% and 85% by 
volume of the oil is taken off as vapor. The 
arithmetical average of these temperatures in F. 
is the average boiling point. 
The general distillation procedure is that de 

scribed in Gas Chemists Handbook 3rd edition 
1929-pages 74 to 78 with the following excep 
tions. 
The apparatus described is employed except 

that for the thermometer described there is Sub-. 
stituted an A. S. T. M. general purpose ther 
mometer (20-60 F) 3 inches immersion. 

products on pyrolysis. 
5 

O 

s 

20 

25 

The procedure described is modified so that 
the determinations are made on a volume basis 
and temperatures are read at which 15%, 30%, 
50%, 70% and 85% of the material is distilled 
over. Separation of cuts, determinations of their 
specific gravity, and coking determinations are 
unnecessary. r 

The preheating period should be not less than 
10 minutes nor more than 20 minutes, higher 
boiling oils having the longer preheating. 

. The rate of distillation is carefully adjusted, 
by the needle valve on the burner, to 4 cc. per 
minute and this rate is maintained unless a 
slight drop in temperature accompanies a rate 
increase. (This will not usually occur below 500 

n 

F. and its occurrence indicates undesirable liquid 
phase cracking.) In this event, the heating is 
increased so that the thermometer is returned 
to its previous reading regardless of the rate. If 
the rate then decreases with constant increase in 
temperature, it is permitted to do so until a rate 
of 4. cc./min. is again reached. If the rate does 
not so decrease, the distillation is continued in 
such manner that the temperature constan 
rises. - 

As before stated the arithmetical average of 
the five temperature readings is employed as the 
average boiling point. - 
The density d 20/4 is determined by employing 

30 
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residuums too heavy to permit the above deter 
mination of the average boiling point. Such 
residiums give very low. yields of the desired 

This factor has been found to correlate very 
well the yields of styrene, aromatic resin formers, 
and aromatic resin formers plus toluene plus sol 
vent naphtha, obtained in a large number of 
pyrolyses of petroleum crudes ranging from 
Bureau of Mines class 1 to Bureau of Mines class 
7 oils inclusive, and also yields of such products 
and product groups obtained in the pyrolysis of 
cuts of such oils. 
When (HF-cx10) is less than 65 it is assumed 

to be '65, so that the maximum value of factor II 
is 98.0 and so that negative values do not occur. 
Evaluation factor B. D. D. may be calculated 
directly from the formula...or if desired it may be 
calculated by . constructing nonograms (not 
shown) expressing the equations of factors 
and II. 
A large number of crude oils ranging from 

Bureau of Mines class 1 oils to Bureau of Mines 
class 7 oils inclusive and cuts from certain of 
the crudes on examination gave evaluation fac- . 
tors B. D. D. ranging from 49.5 to 87.7, with 
factor I ranging from 39.0 to 93.0 and factor II 
ranging from 573 to 98.0. 
The formulae for evalution B. D. D. were em- . 

pirically derived from petroleum oil characteris 
tics and the results of petroleum oil pyrolysis. 
They are not intended to apply to the pyrolysis 
of individual pure hydrocarbons. However, a fair 
relation between the yields of certain alkylated 
aromatic Compounds is obtained even when the 
petroleum oil has had added to its quantities of 
benzene, for example 25% by volume, 

In accordance with the present invention, 
there is selected for pyrolysis hereunder, crude 

40 petroleum oils or cuts from such oils having 
evaluation factors B. D. D. above 68 and prefer 
ably above 4. 

If a given set is operated to crack (1) a petro 
leum oil selected as herein set forth, (2) rela 

45 tively homogeneously, and (3) relatively und 

50 

formly as herein defined, and (4) if the produc 
tion of residual oil gas is held between the ap 
proximate limits above given, a substantially 
larger quantity of alkylated and alkenated aro 
natic hydrocarbons, including a substantially 
larger quantity of aromatic resin-forming hydro 
carbons, together with substantial quantities of 
other unsaturated resin-forming hydrocarbons 
and of saturated aromatic hydrocarbons are pro 

65 duced, and with a substantial reduction of par 
a Sprengel pycnometer. It is defined as the ratio 
of the weight in air of 5 cc. of oil at 20' C. to the . 
weight in air of 5 cc. of water at 4'', C. 
The mean dispersion Bylo is defined as the 

difference between the refractive index of the ot 
as determined with the spectral line and the 
refractive index of the oil as determined with 

...the C spectral line, employing a refractometer of 
the Abbe type. m . 

Evaluation factor B. D. D. is a convenient 
measure of the ability of a petroleum oil to pro 
duce alkylated aromatic hydrocarbons such as 

affines and non-aromatic olefines boiling with the 
ranges of the saturated aromatic hydrocarbons. 

in discussing the selection of petroleum oil. 
for pyrolysis, it has been stated that a crude 
oil having the desired characteristics or a de 
sired cut therefrom is employed. Heavy resid 
uums unmixed with lighter cuts are preferably 
excluded. 
The removal from the gas of hydrocarbons by 

condensation may be accomplished by any suit 
able means. 

. . . Generally speaking, there are four tools avail 
solvent naphtha and toluene and aromatic resin . 
formers such as 
indene. - 

It has the advantage of applying:to cuts from 
crude petroleum oils as well as the crudes, ex 
cept. Such cuts as residuurns too dark to permit 

styrene, methyl styrene and 70 
able for this purpose, namely, refrigeration, com-. 
pression, absorption, such as in a scrubbing oil, 
and adsorption, such as on activated carbon. 
These may be used singly, or in any desired 
combination. tra 

Means for recovering valuable hydrocarbons 
the determination of the mean dispersion, and 75 from the gas produced is illustrated in Figures 
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3 and 4 which figures when arranged end to end 
comprise a continuous flow sheet. 
At the extreme left of Figure 3 is shown lin 

(9 and wash box 3 together with gas outlet 20a 
and valve 2 f of Figure 1. n 
As illustrated, outlet 20a, leads to a multi-pass 

condenser 8 which may be of any suitable de 
sign. Condenser is shown with a gas outlet 
42 which leads to a gas cleaner $3 of any suit 
able design for the removal of entrained tar. 
Outlet & 8 from gas cleaner 43 leads through drip 
pot 45 of any suitable design and into relief 
holder (3S through vertical pipe 87. 
Wash box 6 is provided with a water supply 

43 and tar overflow 49 which leads to tar seal 
pot 5 to which as illustrated is connected a va 
por outlet 5 leading to a condenser 52 for the 
recovery of any vaporized material. 
Tar flows from seal pot 50 through outlet (53 

and may be drawn off separately through line 56 
or may be combined through line 55 with the tar 
from the first vertical pass of condenser & which 
latter tar drains through line 56 into seal pot 
5 with which line 55 connects. Seal pot 5 is 
provided with a vapor outlet 58 which may lead 
to a condenser (not shown) and with a tar out 
et 58. 
Additional seal pots 8, 6.2, 63, 68, 65 and 66 

have been illustrated, each connected to a sepa 
rate Vertical pass of condenser & for the with 
drawal of tar. Each of the seal pots may be con 
structed similarly to seal pot 5 including a va 
por Outlet with a condenser (not shown) and 
a tar outlet. . 
Gas cleaner 43 is also shown with a tar outlet 

68 leading to seal pot 69 which also may be sim 
ilar to Seal pot 5. 
The particular arrangement of seal pots. 56, 

5, 6, 62, S3, S6, S5, 68 and 69, each of which 
is provided With a separate tar Outlet makes it 
possible to separately process the tar condensed 
at various points, if desired, or to combine the 
Separate bodies of tar in any desired manner 
prior to processing. For example, the tar flow 
ing from seal pots 50, 57 and 6 might be com 
bined to form heavy tar, and the tar flowing from 
seal pots 62, 63, 6-3, 65, and 66 might be com 
bined to form light tar. 

It will be understood, of course, that any other 
suitable construction or arrangement or method 
of collecting tar night be substituted. 
As illustrated, the condensate collected in drip 

pot 35 is drawn off through outlet T and since 
it is usually non-tarry in nature, if desired, it 
may be combined with the light oil or otherwise 
processed, as desired. 

Hydrocarbons also may condense within the 
relief holder 46 and if so are skimmed off of the 
top of the Water through drain 2. This con 
densate is usually non-tarry in nature and is of 
the nature of light oil. Therefore, if desired, it 
may be combined, for example, with similar or 
lighter condensate and processed therewith. 

Relief holder 46 is illustrated with the con 
ventional water inlet 73 for replacing water 
loSSes from the tank thereof. 

Relief holder 6 is shown with gas outlet 75 
which leads through drip pot 76 and line 77 to 
the gas purifier System illustrated generally at 
78 and more specifically as containing iron oxide 
boxes 79 and 80, although it is to be understood 
that any suitable gas purifier system. may be 
substituted. The connections to the purifier 
boxes 79 and 80 are conventional and will, there 
fore, not be more particularly described. 
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Purifier boxes 9 and 86 are illustrated with 
drip pots 8 and 82 respectively for the collec 
tion and removal of condensate. 

Outlet 88 from the purifier system 8 leads 
throughi gas meter 85 and past thermocouple 
junction 86 which is connected to pyrometer 8 
for measuring the gas temperature. Gas pres 
sure gauge 88 is also provided. 
The purpose of meter 85, pyrometer 8 and 

pressure gauge 88 is to furnish data for calcu 
sing the Volume of gas flowing through outlet 

If "residual oil gas' is to be calculated from 
this data a Sample of the gas for analysis should 
be taken at this point. 

Since condensation may occur in outlet 34, 
a drip pot 89 is illustrated in this outlet. It is 
to be understood that a drip pot or drip pots 
may be placed at any other point or points in 
the System for the collection and removal of 
condensate. 
As illustrated, outlet 86 leads to compressor 

9 driven by a prine mover 92, the gas passing 
through compressor 9, then through after-cooler 
93, through a second compressor 98, after-cooler 
95, a third compressor 96, after-cooler 9, and 
through line 98 to a scrubbing tower 99. Each 
of the after-coolers 93, 95 and 97 is illustrated 
as provided with condensate drains , 62, 
and 3 respectively which as illustrated are con 
nected to a common line & to be referred to 
again hereinafter. The after-coolers may be of 
any suitable design and operation. 
Each of the compressors S8 and 95 is also ill 

lustrated as driven by a prime mover 92. 
Any other means may be provided for raising 

the pressure of the gas and for abstracting heat 
therefrom for the purpose of producing conden 
Sate. 
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Generally speaking, the pressure in the sys 
ten from Wash box 3 to and through outlet 83 
is conveniently slightly above atmospheric. The 
pressure in outlet 98 may be as desired, for ex 
annple, in the particular System illustrated con 
veniently of the order of from 200 to 225 lbs. per 
square inch absolute. 
The temperature of the gas in outlet 84 may be 

conveniently maintained at any desired level such 
as between 85 and 100 F. Reference is made to - 
copending application, Serial No. 301,330, filed 
October 26, 1939, now Patent 2,379,518, dated 
July 3, 1945. The temperature of the gas in out 
let 98 may also be as desired, for example, con 
veniently of the order of from 85 to 100 F. 
As illustrated outlet 98 is connected to the bot 

tom of scrubber 99, the gas passing up through 
scrubber 99 countercurrently to a liquid gas 
scrubbing medium of considerably lower vapor 
pressure such as a scrubbing oil. The scrubbing 
medium enters scrubber 99 through line 05 
which leads from the bottom of Stripping tower 

8 through cooler 06 to the top of scrubber 99. 
The proportion of scrubbing oil to gas and the 
temperature of the scrubbing oil is conveniently 
regulated so that the effluent gas leaving scrubber 
99 through outlet O7 contains for the most part 
only those hydrocarbons and other gas constitu 
ents which it is not desired to condense. For 
example, the effluent gas may contain hydrocar 
bons for the most part of less than 4 carbon 
atoms. However, as previously pointed out a 
sharp separation between hydrocarbons of 3 and 
4 carbon atoms for the purpose of calculating 
"residual oil gas' using as a sample this effluent 
gas is not an indispensible essential. 
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The effluent gas is led through gas meter O8, 

past thermocouple junction 109 leading to py 
rometer 0, and past pressure gauge if f. A 
purpose of meter f08, pyrometer f 10 and pressure 
gauge t if is to determine the volume of effluent 
gas for purposes of calculating “residual oil gas,' 
provided "residual oil gas' is calculated from the 
analysis of gas sampled at this point, 

It will of course be understood that even 
though a substantial portion of hydrocarbons of 
less than 4 carbon atons were Condensed it 
would, nevertheless, be possible to calculate "re 
sidual oil gas' as herein defined, by adding to the 
"residual oil gas' as determined from the sample 
a volume to compensate for such condensation. 

Returning to scrubber 99, scrubbing medium 
containing condensate is Withdrawa through line 

3, through heater 25, and fed to the top of 
stripper in which condensate scrubbed from 
the gas in scrubber 99 is stripped from the scrub 
bing medium such as With the aid of live Super 
heated steam introduced through line 2. The 
stripped naterial is taken overhead through line 

5 to and through condenser f6 which leads to 
decanter. T and the scrubbing medium is re 
turned through line 05 and cooler 06 to scrubber 
99, any makeup being added as required. 

Decanter is conveniently provided for the 
separation of condensed water and of any gas 
remaining uncondensed after passing through 
condenser 6. Uncondensed gas is led through 
line 8 back to line 26 and is thius recycled 
through the CompreSSOrS. m 
Line 04 conveniently leads to decanter in 

which condensate from after-coolers 93, 95 and 
97 is combined with condensate from condenser 

6. 
Any water collecting in decanter is drained 

off through line 9, and hydrocarbon condensate 
is drained off through line 20 into fractionating 
tower 2i. A separation is made between higher 
and lower boiling hydrocarbon components in 
tower 21, for example, between hydrocarbons of 
6 carbon atoms and higher which are taken of 
in the liquid phase at the bottom through line 
22, and hydrocarbons of less than 6 carbon 
atoms which are taken off in the vapor phase 
through line 23. The latter are condensed, a 
part returned to tower 2 as reflux, and the 
rest lead to fractionating tower 24 in which a 
separation is made between hydrocarbons of 5 
carbon atoms and higher which are taken off in 
the liquid phase through line 26, and hydro 
carbons of less than 5 carbon atoms which are 
taken off in the vapor phase through line 2. 
The latter are condensed, a part returned to 
tower 24 as reflux, and the rest lead to suitable 
apparatus for the recovery of hydrocarbCns with 
4 carbon atoms (not shown). 
The unsaturated hydrocarbons of 5 carbon 

atoms, namely, isoprene, piperylene, and cyclo 
pentadiene may be separated from each other, 
by any available means such as by the processes 
described and claimed in Patent 2,211,038 granted 
August 13, 1940, to Alger L. Ward and in Copend 
ing application Serial Number 342,910, filed June 
28, 1940, by Alger L. Ward. 
The unsaturated hydrocarbons of 4 carbon 

atoms, namely, butadiene and the butylenes may 
also be separated from each other by any avail 
able means such as by the processes described in 
the literature including granted patents. 
The tar is processed for the recovery of light 

oil, dead oil and residual tar therefron, either 
in a single combined body or 
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tions according to the method of collection. Since 
steam is usually used in the pyrolysis of the oil, 
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and since the resulting gas passes through the 
wash box which contains water, the tar is 
usually collected in the form of an emulsion. 
This emulsion is usually broken during the treat 
ment for the recovery of light oil, dead oil and 
residual tar. a 
Any means may be employed for the recovery 

of light oil, dead oil and residual tar from the 
original tar, such as the conventional tar dehy 
diration procedure using batch distillation foll 
lowed by fractionation of the distillate into light 
oil and dead oil. However, it is preferred to use 
more refined processes such as the process de 
scribed in copending application Serial Number 
342,735, filed June 27, 1940, by Edwin L. Hall and 
Howard R. Batchelder, now Patent 2,366,899 
dated January 9, 1945, and Serial Number 353,034, 
filed August 17, 1940, by Howard R. Batchelder. 
The condensate collected from the various drip 

pots and from the holder 66 is usually not in the 
form of an emulsion, and the various valuable 
hydrocarbons are recovered therefrom usually by 
distillation. If desired, the condensate drained 
from the various drip pots and from holder 6 
may be combined with the condensate fed to 
tower 2. On the other hand, this material may 
be combined with the light oil separated from the 
original tar and processed therewith. 

Light oil recovered from the tar, and the con 
densate from the drip pots, and the holder, and 
the heavier hydrocarbon material separated in 
tower 2 are sources for benzene, alkylated 
benzenes such as toluene and the Xylenes, for 
resin forming unsaturated hydrocarbons such 
as styrene, the methyl styrenes, dicyclopenta 
diene and indene as well as other valuable 
hydrocarbon material. Separations between 

40 these various hydrocarbons may be made by 
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resorting to fractional distillation or other . 
means to obtain relatively pure products or frac 
tions in which the individual hydrocarbons 
specifically mentioned are concentrated. 
Thus styrene may be separated in relatively 

pure form by special processing or by distillation . 
into concentrated fractions which are preferably 
of at least approximately 30% concentration, 
since below this concentration serious contami 
nation is present. Concentrations as high as ap 
proximately 60% or higher are obtainable by 
distillation and are especially preferred. 
With indene the lower concentration is prefer 

ably at least approximately 50% and the higher 
concentration is at least approximately 80%. 
With the methylstyrenes as a group the respec 

tive percentages are approximately the same as 
with styrene, and with dicyclopentadiene the 
respective percentages are approximately the 
same as With indene. 
In addition to high quality resin-forming un 

saturated hydrocarbons, the light oil produced 
by the process described and claimed herein 
yields high quality benzene, toluene and solvent 
naphtha especially within the preferred range of 
“residual oil gas' production. 

Butadiene is concentrated in a fraction pref 
erably of at least approximately 35% and espe 
cially of at least 50%. 
The Cs diolefines, namely, isoprene, piperylene 

and cyclopentadiene, some of the latter in the 
form of its dimer dicyclopentadiene, which may 

in any selected por- 7s be formed in the separation, are preferably sep 
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arated by fractional distillation or otherwise, in 
a 'fraction of at least 30% concentration. 

Benzene, a substantial quantity of toluene, some 
styrene and xylenes are recovered from the ma 
terial removed through line 122. There is also 
some material of 5 carbon atoms and some di 
cyclopentadiene recovered from this material. 
A substantial quantity of isoprene, piperylene, 

cyclopentadiene and dicyclopentadiene (the lat 
terformed during the processing), and SOme ben 
zene and a small quantity of C4 hydrocarbons 
are removed from the material withdrawn 
through line 26. 
A substantial quantity of C4 hydrocarbons some 

C3 and C2 hydrocarbons and a Small quantity 
of C5 and C1 hydrocarbons are recovered from 
the material withdrawn through line 27. The 
quantity of hydrocarbons present of less than 4 
carbon atoms in this material should be cons 
sidered in the calculation of "residual oil gas.' 
The dead oil depending upon the method of 

separation from the original tar may contain 
an unusually high percentage of very valuable 
aromatic resin-forming material which is ex 
tremely unusual. The dead oil also contains a 
large number of saturated hydrocarbons for ex 
ample naphthalene, substituted naphthalene, an 
thracene, etc. 
A high grade of residual tar is obtained, useful 

for the various purposes to which material of this 
type is put. " . 

It will be understood, however, that the par 
ticular description with respect to the removal 
of valuable hydrocarbons from the gas and their 
Separation is for the purposes of illustration and 
that any other suitable system for this purpose 
might be substituted. 

It is to be understood that if desired other 
materials may be added to the oil pyrolyzing 
environment in addition to the selected petroleum 
oil. 
such as benzene, toluene, xylene, and solvent 
naphtha, may be added. 
As an illustration the addition of benzene to 

the oil cracking environment as described and 
claimed in copending application Serial Number 
220,649, filed July 22, 1938, by Newcomb K. 

For example, other-hydrocarbon materials 
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Chaney (now Patent Number 2,226,531, dated 
December 31, 1940), is particularly beneficial 
when relatively large yields of certain resin 
forming unsaturated hydrocarbons such as 
styrene is desired. 

Materials of this character may be added to 
the oil cracking environment at any desired 
point such as at the point of introduction of the 
petroleum oil, or at any other desired point or 
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Any suitable quantity of such material may be 

. added as for example, up to 25% to 50% of 
benzene by volume of oil pyrolyzed. 
When making any such aromatic hydrocarbon 

additions which preferably are restricted to ma 
terials which for the most part boil below 200 
C, "residual oil gas" for convenience may be cal 
culated as previously described, namely on the 
basis of petroleum oil pyrolyzed, with no deduc 
tion being made for any material of less than 
four carbon atoms which might be derived from 
the additive. 

However, to the top of the range of residual 
oil gas is added 1 cubic foot of gas for each 3% 
of additive by volume of petroleum oil pyrolyzed 
with 75 cubic feet of residual oil gas per gallon 
of petroleum oil pyrolyzed as a top limit regard 
less of the amount of additive employed. 
Thus the widest range when using aromatic 

hydrocarbon additive and this method of calcu 
lation is from 40 to 75 cubic feet of "residual oil gas' per gallon of petroleum oil pyrolyzed, 
with from 45 to 65 cubic feet of 'residual oil 
gas' preferred. A. 

According to another method of calculation 
designed to bring these operations within the 
broad range of residual oil gas employed as limits 
when no additive is employed, namely 40 to 65 
cubic feet per gallon of petroleum oil pyrolyzed 
no subtraction is made for the presence of aro 
matic hydrocarbon additive when the "residual 
oil gas' calculated as herein described is between 
40 and 65 cubic feet per gallon of petroleum oil 
pyrolyzed, but a substraction up to 10 cubic feet 
is made from the residual oil gas to bring the 
residual oil gas within the limits of from 40 to 65 
cubic feet if on Calculation as herein set forth 
the "residual oil gas' exceeds 65 cubic feet, 
While the invention has been more particularly 

described in connection with more or less con 
ventional apparatus, it is to be understood that 
this is by Way of illustration and that in its 
broad phases the invention may be employed 
with any suitable type of apparatus. 

Additionally, while, the invention has been de 
scribed primarily in connection with the decomin 
position of a selected petroleum oil by pyrolysis, 
it is conceivable that pyrolysis may be supple 
mented by other means for decomposing the oil 
of which catalysis is an example. In fact even 
in conventional gas making processes catalysis 
may unavoidably play a part in view of the 
heterogeneous character of the reactions involved 

55 

points such as directly into the zone of major cracking. 
The additive need not be a pure substance but 

may comprise for example benzol, toluol, xylol, 60 
Solvent naphtha, or any other portion of light oil 
or even overall light oil itself. 
However particularly advantageous results are 

obtained when benzene itself or a fraction con 
taining a substantial quantity of benzene such 
as a fraction preponderantly of benzene is used. 

In view of equilibrium considerations there is a 
particular advantage in separating these prod 
lucts from the condensate produced and recycling 
them to the oil pyrolyzing environment in which 
they were produced. Thus for example, benzol 
may be separated from the condensate and re 
cycled back to the set in which the benzol was 
originally produced. 
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and the possibility of many different materials 
being present. Thus, a combination of tempera 
ture and catalyst is within the purview of the 
invention in its broadest aspects. w 

Therefore, changes, omissions, additions, sub 
stitutions, and/or modifications might be made. 
within the scope of the claims without departing 
from the spirit of the invention. 
We claim: 
1. A process for the production in, relatively 

high proportion and in good quality of resin 
forming unsaturated aromatic hydrocarbons in 
cluding resin-forming unsaturated aromatic hy 
drocarbons boiling above 200° C. and of other 
aromatic hydrocarbons in good quality, which 
comprises pyrolyzing a petroleum oil selected 
from the group consisting of petroleum oils of 
below 7% in Conradson carbon and falling with 
in the Classifications of from 5 to 7 inclusive as 
determined by the Bureau of Mines Index and 
fractions from said petroleum oils, and conduct 
ing said pyrolysis in vapor phase with an inten 
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sity of cracking such that the volume of residual 
oil gas produced per gallon of petroleum oil py 
rolyzed falls within the range of from 40 to 65 
cubic feet taken as if measured at a pressure 
of 760 mm. and at a temperature of 60° F., and 
under conditions such that the relationship be 
tween the sulfonation residue and the free carbori 
obtained is within the sulfonation residue-free 
carbon relationships lying to the left of and be 
low the curve defined by the equation 

(Y-003) 0.05 
in which X and Y are respectively rectangu 
lar coordinates of free carbon expressed in 
percent by weight of the original oil pyrolyzed 
and of Sulfonation residue expressed in percent 
by volume of the original oil pyrolyzed. 

2. A process for the production in relatively 
high proportion and in good quality of resin 
forming unsaturated aromatic hydrocarbons in 
cluding resin-forning unsaturated aromatic hy 
drocarbons boiling above 200° C. and of other aro 
matic hydrocarbons in good quality, which con 
prises pyrolyzing a crude petroleum oil of below 
4% in Conradson carbon and falling within the 
classification 7 as determined by the Bureau of 
Mines Index, and conducting said pyrolysis in 
vapor phase in the presence of a substantial pro 
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portion of steam and with an intensity of cracking 
Such that the volume of residual oil gas produced 
per gallon of petroleum oil pyrolyzed falls within 
the range of from 40 to 65 cubic feet taken as if 
measured at a pressure of 60 mm. and at a tem 
perature of 60 F, and under conditions such that 
the relationship between the sulfonation residue 
and the free carbon obtained is within the st 
fonation residue-free carbon relationships lying 
to the left of and below the curve defined by the 
equation X(Y-0.03) so,05 in which X and Y 
are respectively rectangular coordinates of free 
carbon expressed in percent by weight of the orig 
inal oil pyrolyzed and of sulfonation residue ex 
pressed in percent by volume of the original oil 
pyrolyzed. 

3. A process for the production in relatively 
high proportion and in good quality of resin 
forming unsaturated aromatic hydrocarbons in 
cluding resin-forming unsaturated aromatic hy 
drocarbons boiling above 200 C. and of other aro 
matic hydrocarbons in good quality which com 
prises pyrolyzing a fraction separated from a pe 
troleum oil of less than 4% in Conradson carbon 
and falling within the classification 7 as deter 
mined by the Bureau of Mines index, and conduc 
ing said pyrolysis in vapor phase in the presence 
of a substantial proportion of steam and with an 
intensity of cracking such that the Volume of re 
sidual oil gas produced per gallon of petroleum oil 
pyrolyzed falls within the range of from 40 to 65 
cubic feet taken as if measured at a pressure of 
760 mm. and at a temperature of 60°F, and under 
conditions such that the relationship between the 
sulfonation residue and the free carbon obtained 

3. 

O 
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60 

, is within the sulfonation residue-free carbon rela 
tionships lying to the left of and below the curve 
defined by the equation X.CY-0.03) =0.05 in 
which X and Y are respectively rectangular co 
ordinates of free carbon expressed in percent by 
weight of the original oil pyrolyzed and of sul 
fonation residue expressed in percent by volume 
of the original oil pyrolyzed. . 

. . . 4. A process for the production in relatively 
high proportion and in good quality of resin 
forming unsaturated aromatic hydrocarbons in 
cluding resin-forming unsaturated aromatic hy 

5 
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drocarbons boiling above 200 C. and of other 
aromatic hydrocarbons in good quality which 
comprises pyrolyzing a petroleum oil of below 7% 
in Conradson carbon and falling within the classi 
fication of from 5 to inclusive as determined by 
the Bureau of Mines Index, and conducting said 
pyrolysis in vapor phase in the presence of a Sub 
stantial proportion of steam and at a total pres 
sure near atmospheric and with an intensity of 
cracking such that the volume of residual oil gas 
produced per gallon of petroleum oil pyrolyzed 
falls within the range of from 40 to 65 cubic feet 
taken as if neaStred at a pressure of 760 mm. and 
at a temperature of 60' F., and under conditions 
such that the relationship between the sulfona 
tion residue and the free carbon obtained is with 
in the sulfonation residue-free carbon relation 
ships lying to the left of and below the curve de 
fined by the equationX(Y-0.03) =0.05 in which 
X and Y are respectively rectangular coordinates 
of free carbon expressed in percent by weight of 
the original oil pyrolyzed and of sulfonation 
residue expressed in percent by volume of the 
original oil pyrolyzed. 

5. A process for the production in relatively 
high proportion and in good quality of resin 
forming unsaturated aromatic hydrocarbons in 
cluding resin-forning unsaturated aromatic hy 
drocarbons boiling above 200. C. and of other aro 
natic hydrocarbons in good quality which com 
prises pyrolyzing in vapo phase a petroleum oil 
having an average boiling point-density-mean 
dispersion evaluation factor above 68 as deter 
Enied by the ornia: . - 
Evaluation factors= 

Average boiling point F-4 156-492 (loglog d24X10-70.7 . ) 
Average boiling point 2F-16) io94 (sin. ar Tanassista, anF-X10-65 -906 X10-2 

in which d 20/4 is the density of the oil at 20 C. 
as compared with water at 4 C. and HF-c is the 
mean dispersion of the oil employing the F and C 
spectral lines, conducting said pyrolysis in the 
presence of a substantial proportion of diluent gas 
under conditions such that the volume of residual 
oil gas produced per gallor of petroleum oil pyro 
lyzed falls within the range of from 40 to 65 cubic 
feet taken as if measured at a pressure of 760 mm. 
and at a temperature of 60 F, and such that the 
relationship between the sulfonation residue and 
the free carbon obtained is within the sulfonation 
residue-free carbon relationships lying to the left 
of and below the curve defined by the equation 
X(Y-0.03) =0.05 in which X and Y are respec 
tively rectangular coordinates of free carbon ex 
pressed in percent by weight of the original oil 
pyrolyzed and of sulfonation residue expressed in 
percent by volume of the original oil pyrolyzed. 

6. A process for the production in relatively 
high proportion and in good quality of resin 
forming unsaturated aromatic hydrocarbons in 
cluding resin-forming unsaturated aromatic hy 
drocarbons boiling above 200 C. and of other aro 
natic hydrocarbons in good quality which com 
prises pyrolyzing in vapor phase a pertoleum oil 
having an average boiling point-density-mean 

O 
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Evaluation factors 

dispersion evaluation factor above 68 as deter 
mined by the formula: 

fia-a?, Average boiling point F-11) (i. -492(oglogi d 2014x101-707 
Average boiling point F-1)- (to (sin, are Tanavenesigging-te -906 Xort 
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in which d 20/4 is the density of the oil at 20 
C. as compared with water at 4' C. and HF-c is 
the mean dispersion of the oil employing the F 
and C spectral lines, conducting said pyrolysis in 
the presence of a substantial proportion of steam 
and in the absence of more than 30 cubic feet of 
blue water gas per gallon of petroleum oil pyro 
lyzed, said cubic feet of blue water gas taken as 
if measured at a pressure of 760 mm. and at a 
temperature of 60° F., said pyrolysis also being 
conducted under conditions such that the volume 
of residual oil gas produced per gallon of petro 
leum oil pyrolyzed falls within the range of from 
40 to 65 cubic feet taken as if measured at a pres 
sure of 760 mm. and at a temperature of 60 F, 
and such that the relationship between the sul 
fonation residue and the free carbon obtained is 
within the sulfonation residue-free carbon rela 
tionships lying to the left of and below the curve 
defined by the equation X2.3 (Y-0.03)=0.03 in 
which X and Y are respectively rectangular co 
ordinates of free carbon expressed in percent by 
weight of the Original oil pyrolyzed and of Sul 
fonation-residue expressed in percent by volume 
of the Original oil pyrolyzed. 

7. A process for the production in relatively high 
proportion and in good quality of resin-forming 
unsaturated aromatic hydrocarbons including 
resin-forming unsaturated aromatic hydrocar 
bons boiling above 200° C. and of other aromatic 
hydrocarbons in good quality which comprises 
pyrolyzing in vapor phase a petroleum oil having 
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3) 

an average boiling point-density-mean dispersion . 
evaluation factor above 74 as determined by the 
formula: 
Evaluation factors 

Average boiling point F-114 158-492 (loglog d2014x102-70.7 ) 
Average boiling point pr-ie) 100s (sin. arc Tan.rssssss-HF-cx10-65 -906 X10-2 

in which d 20/4 is the density of the oil at 20° C. 
as compared with Water at 4 C. and HF-c is the 
mean dispersion of the oil employing the F and C 
spectral lines, conducting said pyrolysis in the 
presence of a substantial proportion of steam 
while restricting any blue water gas present to less 
than approximately 20 cubic feet per gallon of pe 
troleum oil pyrolyzed, said cubic feet of blue water 
gas taken as if measured at a pressure of 760 mm. 
and at a temperature of 60°F, and also conduct 
ing said pyrolysis under conditions such that the 
volume of residual oil gas produced per gallon 
of petroleum oil pyrolyzed falls within the range 
of from 45 to 65 cubic feet taken as if measured 
at a pressure of 760 mm. and at a temperature of 
60° F., and such that the relationship between the 
sulfonation residue and the free carbon obtained 
is within the sulfonation residue-free carbon re 
lationships lying to the left of and below the curve 
defined by the equation X3 (Y-0.03)=0.01 in 
which X and Y are respectively rectangular coor 
dinates of free carbon expressed in percent by 
weight, of the original oil pyrolyzed and of sul 
fonation residue expressed in percent by volume 
of the original oil pyrolyzed. . 

8. In a cyclic process for the manufacture in rel 
atively high proportion and in good quality of 
resin-forming unsaturated aromatic hydrocar 
bons including resin-forming unsaturated aro 
matic hydrocarbons boiling above 200° C. and of 
other aromatic hydrocarbons in good quality in 
which in one portion of the cycle heat is stored in 
a gas-making path by the passage of hotblast gas 
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therethrough in contact with the surface of heat 
storage material arranged therein and in another 
portion of the cycle the stored heat is employed 
to pyrolyze petroleum oil passed through said gas 
making path and over said heated surface, the 
steps of pyrolyzing in said gas-making path a 
petroleum oil, having an average boiling point 
density-mean dispersion evaluation factor above 
68 as determined by the formula: 
Evaluation factors 

Average boiling point F-114 156-492(oglog versey, ) 
100s (sin. ac tan Average giggins. F-10) -906x10 

in which d 20/4 is the density of the oil at 20° C. 
as compared with water at 4° C. and HF-c is the 
mean dispersion of the oil employing the F and C 
spectral lines, and conducting said pyrolysis un 
der conditions such that the volume of residual oil 
gas produced per gallon of petroleum oil pyrolyzed 
falls within the range of from 40 to 65 cubic feet 
taken as if measured at a pressure of 760 mm, and 
at a temperature of 60° F., and Such that the re 
lationship between the sulfonation residue and 
the free carbon obtained is within the sulfona 
tion residue-free carbon relationships lying to 
the left of and below the curve defined by the 
equation X3 (Y-0.03)=0.05 in which X and Y 
are respectively rectangular coordinates of free 
carbon expressed in percent by weight of the 
original oil pyrolyzed and of sulfonation residue 
expressed in percent...by volume of the original oil 
pyrolyzed. 

9. In a cyclic process for the manufacture in 
relatively high proportion and in good quality of 
resin-forming unsaturated aromatic hydrocar 
bons including resin-forming unsaturated aro 
matic hydrocarbons boiling above 200°C, and of 
other aromatic hydrocarbons in good quality in 
which in one portion of the cycle heat is stored in 
a gas-making path by the passage of hot blast gas 
therethrough in contact with the surface of heat 
storage material arranged therein and in another 
portion of the cycle the stored heat is employed 
in the vapor. phase pyrolysis of petroleum oil 
passed through said gas-making path, the steps 
of pyrolyzing in said gas-making path a petroleum 
oil having an average boiling point-density-mean 
dispersion evaluation factor above 68 as deter 
mined by the formula: 
Evaluation factors 

- Average boiling point F-114) 156-492 (oglog d2014x102-70.7 
1994 (sin. arc tan Averaggly plar-looF =le) -90 x10 

in which d 20/4 is the density of the oil at 20° C. 
as compared with water at 4 C. and HF-o is the 
mean dispersion of the oil employing the F and C 
spectral lines, conducting said pyrolysis in the 
presence of a substantial proportion of the steam 
while restricting the presence of any blue Water 
gas to less than 30 cubic feet per gallon of oil 
pyrolyzed, said cubic feet of blue water gas taken 
as if measured at a pressure of 760 mm. and at a 
temperature of 60 F., and also conducting said 
pyrolysis under conditions such that the volume 
of residual oil gas produced per gallon of petro 
leum oil pyrolyzed falls within the range of from 
40 to 65 cubic feet taken as if measured at a pres 
sure of 760 mim, and at a temperature of 60° F., . 
and Such that the relationship between the sul 
fonation residue and the free carbon obtained is 



6 
within the sulfonation residue-free carbon rela 
tionships lying to the left of and below the curve 
defined by the equation X.3(Y-0.03)=0.05 in 
which X and Y are respectively rectangular coor 
dinates of free carbon expressed in percent by 
weight of the original oil pyrolyzed and of sul 
fonation residue expressed in percent by volume 
of the original oil pyrolyzed. 

10. In a cyclic process for the manufacture in 
relatively high proportion and in good quality O 
of resin-forming unsaturated aromatic hydrocar 
bons including resin-forming unsaturated aro 

' matic hydrocarbons boiling above 200 C. and of 
other aromatic hydrocarbons in good quality in 
which in one portion of the cycle heat is stored 
in a gas-making path by the passage of burning 
blast gas therethrough in contact with the surface 
of heat storage material of silicon carbide ar 
ranged therein. and in another portion of the 
cycle the stored heat is employed in the vapor 

5 

phase pyrolysis of petroleum oil passed through 
said gas-making path and over said heated sur 
face, the steps of pyrolyzing in said gas-making 
path a petroleum oil having an average, boiling . 
point-density-means dispersion evaluation factor 
above 68 as determined by the formula: 
Evaluation factor= 

156-492(oglogáveragEEE-II) 
1004 (sin. arC Tanaverage sign. F-10) -90x10 

in which d. 20/4 is the density of the oil at 20° C. 
as Compared with water at 4 C. and HF-o is the 
mean dispersion of the oil employing the F and C 
Spectral lines, conducting said pyrolysis at a tota 
pressure near atmospheric in the presence of at 
least 2 parts of steam to 3 parts of oil pyrolyzed 
by weight while restricting the presence of any 
blue water gas to less than 30 cubic feet per gallion 
of oil pyrolyzed, said cubic feet of blue water gas 
taken as if measured at a pressure of 760 mm. 
and at a temperature of 60° F., and also con 
ducting said pyrolysis under conditions such that 
the volume of residual oil gas produced per gallon 
of petroleum oil pyrolyzed falls within the range 
of from 40 to 65 cubic feet taken as if measured 
at a pressure of 760 mm. and at a temperature of 
60° F., and such that the relationship between the 
sulfonation residue and the free carbon obtained 
is within the sulfonation residue-free carbon rela 
tionships lying to the left of and below the curve 
defined by the equation X3 (Y-0.03)=0.03 in 
which X and Y are respectively rectangular co 
ordinates of free carbon expressed in percent by 
weight of the original oil pyrolyzed and of sul 
fonation residue expressed in percent by volume 
of the original oil pyrolyzed. . . 

11. In a cyclic process for the manufacture in 
relatively high proportion and in good quality. 
of resin-forming unsaturated aromatic hydrocar 
bons including resin-forming unsaturated aro 
matic hydrocarbons boiling above 200 C. and of 
other aromatic hydrocarbons in good quality in 
which in one portion of the cycle heat is stored 
in a gas-making path by the passage of hot blast 
gas therethrough in contact with the surface of 
heat storage material arranged therein of con 
siderably higher heat conductivity than fire.clay 
brick and in another portion of the cycle the 
stored heat is employed in the vapor phase pyrol 
ysis of petroleum oil passed through said gas 
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said gas-making path a petroleum oil having an 
average boiling point-density-mean dispersion 
evaluation factor above 74 as determined by the 
formula: 

Evaluation factorms 

Average boiling point F-114) 156-492 (oglog d20,4x102-70.7 
too.(sin, are Tanaverage Enfo)-poexio 

in which d 20/4 is the density of the oil at 20 C. 
as compared with water at 4 C. and HF-G is the 
mean dispersion of the oil employing the F and C 
spectral lines, conducting said pyrolysis in the 
presence of at least 2 parts of steam to 3 parts 
by weight of petroleum oil pyrolyzed while re 
stricting the presence of any blue water gas to 
less than 20 cubic feet per gallon of oil pyrolyzed, 
said cubic feet of blue water gas taken as if meas 
ured at a pressure of 760 mm. and at a tem 
perature of 60°F, and also conducting said pyrol 
ysis under conditions such that the volume of 
residual oil gas produced per gallon of petroleum 
oil pyrolyzed falls within the range of from 45 
to 65 cubic feet taken as if measured at a pres 
sure of 760 mm. and at a temperature of 60° S., 
and such that the relationship between the sul 
fonation residue and the free carbon obtained 
is within the sulfonation residue-free carbon rela 
tionships lying to the left of and below the curve 
defined by the equation X2.3 (Y-0.03)=0.01 in 
which ic and Y are respectively rectangular co 
ordinates of free carbon expressed in percent by 
weight of the original oil pyrolyzed and of sul 
fonation residue expressed in percent by volume 
of the original oil pyrolyzed. 

12. In a cyclic process for the manufacture in 
relatively high proportion and in good quality of 
resin-forming unsaturated aromatic hydrocar 
bons including resin-forming unsaturated aro 
matic hydrocarbons boiling above 200 C. and of 
other aromatic hydrocarbons in good quality in 
which in one portion of the cycle heat is stored 
in a gas-making path by the passage of hotblast 
gas therethrough in contact with the surface of 
heat storage material' arranged therein of con 
siderably higher heat conductivity than that of 

50 
fire clay brick and in another portion of the 
cycle the stored heat is employed in the vapor 
phase pyrolysis of petroleum oil passed through 

55 

said gas-making path, the steps of vaporizing in 
atomized condition in a portion of said gas-mak 
ing path having a relatively high ratio of volume 
to surface and thereafter pyrolyzing, in a suc 
ceeding portion of said gas-making path having 
a considerably lower ratio of volume to surface 
a petroleum oil having an average boiling point 
density-mean dispersion evaluation factor above 
68 as determined by the formula: 

, Evaluation factors 

70 

Average boiling point F.-114 18-492(oglog d20,4x101-707 ) 
too.(sin, are Tanaverage sign-o)-oxo 

in which d 20/4 is the density of the oil at 20 c. 
as compared with Water at 4' C. and Ero is the 
mean dispersion of the oil employing the F and C 
spectral lines, conducting said pyrolysis in the 
presence of at least 2 parts of steam to 3 parts 
by weight of petroleum oil pyrolyzed while re 

making path, the steps comprising pyrolyzing in 7s stricting the presence of any blue water gas to 
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less than 30 cubic feet per gallon of oil pyrolyzed, 
said cubic feet of blue water gas taken as if meas 
ured at a pressure of 760 mm. and at a tempera 
ture of 60, and also conducting said pyrolysis 
under conditions such that the volume of residual 
oil gas produced per gallon of petroleum oil pyro 
lyzed falls within the range of from 40 to 65 cubic 
feet taken as if measured at a pressure of 760 mm. 
and at a temperature of 60° F, and such that 
the relationship between the sulfonation residue 
and the free carbon obtained is within the sul 
fonation residue-free carbon relationships lying 
to the left of and below the curve defined by the 
equation (Y-003) =0.03 in which X and Y 
are respectively rectangular coordinates of free 
carbon expressed in percent by weight of the orig 
inal oil pyrolyzed and of sulfonation residue ex 
pressed in percent, by volume of the original oil 
pyrolyzed. 

13. in a cyclic process for the manufacture in 
relatively high proportion and in good quality 
of resin-forming unsaturated aromatic hydrocar 
bons including resin-forming unsaturated aro 
natic hydrocarbons boiling above 200° C. and of 
other aromatic hydrocarbons in good quality in 

in a gas-making path by the passage of hot blast 
gas therethrough in contact with the surface of 
heat storage raterial of silicon carbide arranged 

5 158-402 (oglog 

O 
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25 
which in one portion of the cycle heat is stored . oil pyrolyzed. 

17. 
mean dispersion evaluation factor above 68 as 
determined by the formula: s 
Evaluation factor 

Average boiling point ;F-11) 
d20,4x10-707 

Average boiling Bour-lo) 1004 (sin. arc Tai. Hexio-gs -908x104 
in which d20, 4 is the density of the oil at 20° C. 
as Compared with water at 4.C. and HF-o is the 
mean dispersion of the oil employing the F and 
C spectral lines, conducting said pyrolysis under 
conditions such that the volume of residual oil 
gas produced per gallon of petroleum oil pyro 
lyzed falls within the range of from 40 to 65 cubic 
feet taken as if measured at a pressure of 760 mm. 
and a temperature of 60 F., and such that the 
relationship between the sulfonation residue and 
the free carbon obtained is within the sulfoa 
tion residue-free carbon relationships lying to 
the left of and below the curve defined by the 
equation 3(Y-0.03) al-0.05 in which 2, and Y 
are respectively rectangular coordinates of free 
carbon expressed in percent by weight of the 
original oil pyrolyzed aid sulfonation residue 
expressed in percent by volume of the original 

5. A process for the production in relatively 
high proportion and in good quality of resin 

therein an in another of forting unsatlate onlyd. 
stored heat is enployed in the vapor phase py 
rolysis of petroleum oil passed through said gas 
making path and over said heated surface, the 
steps of pyrolyzing in said gas-making path a 
petroleum oil heaving an average boiling point- 85 
density-rinean dispersion evaluation factor above. 
4 as deteranined by the formula: 

Evaluation factors - 
Average boiling point 'F-114 l 158 402(oglog 2014X10-70. . ) 

... Average boiling point F.-160 100 (sin. are tanAvere giggins P-10 )-90s x108 
in which d 20/4 is the density of the oil at 20 c. as 
as compared with water at 4 C. and Hy-c is the 
mean dispersion of the oil employing the F and 
C spectral lines, conducting said pyrolysis in the 
presence of a substantial proportion of steam 
under conditions such that the volume of residual oil gas produced per gallon of petroleum oil py 
rolyzed falls within the range of from 45 to 65 
cubic feet taken as if measured at a pressure of 
60 mm. and at a temperature of 60°F, and such 
that the relationship between the sulfonation 
residue and the free carbon obtained is within 
the sulfonation residue-free carbon relationships 
lying to the left of and below the curve defined 
by the equation X(Y-0.03)=0.03 in which X 
and Y are respectively rectangular coordinates 
of free carbon expressed in percent by weight of 
the original oil pyrolyzed and of sulfonation resi 
due expressed in percent by volume of the original 
pil pyrolyzed. . . . . 
a 14. A process for the production in relative 
high proportion and in good quality of resin 
forming unsaturated aromatic hydrocarbons in 

: cluding resin-forming unsaturated aromatic hy 
drocarbons boiling above 200 C, and non-resin 
forming aromatic hydrocarbons in good quality 
which comprises pyrolyzing in vapor phase in . 
the presence of added benzene and in the pres ence of a substantial proportion of steam a petro 

w 

• - 

cluding resin-forming aromatic hydrocarbons 
boiling above 200° C. and of other aromatic hy 
drocarbons in good quality, which comprises 
pyrolyzing a petroleum oil selected from the 
group consisting of petroleum oils of below % 
in Conradsota carbon and falling within the class 
sifications of from 5 to 7 inclusive as determined 
by the Bureau of Mines Index and fractions from 
said petroleum oils, conducting said pyrolysis in 
vapor phase with an intensity of cracing such 
that the volume of residual oil gas produced per 
gallon of petroleum oil pyrolyzed falls within the 
range of from 45 to 85 cubic feet takea as if neaS 
ured at a pressure of 69 garga, and 8te terrapers. 
ture of 60° E, and under conditions such that 
the relationship between the sulfonation residue 
and the free carbon obtained is within the Sui 
fonation residue-free carbon relationships lying 
to the left of and below the curve defited by the 
equation (Y-0.03)=005 in which X and Y are respectively rectangular coordinates of free 
carbon expressed in percent by weight of the 
original oil pyrolyzed and of sulfonation residue 
expressed in percent by volume of the original 

55 oil pyrolyzed, condensing hydrocarbons include 
ing said resin-forming aromatic hydrocarora 
material boiling above.200 C. from the gas re 
sulting from said pyrolysis, and recovering from 
the resulting condensate a dead oil fraction in 

60 which said resin-forning aromatic hydrocarbon 
material boiling above 200° C. is concentrated. 

16. A process for the production in relatively 
high proportion and in good quality of resin 
forming unsaturated aromatic hydrocarbons in 

65 cluding resin-forming unsaturated aromatic hy 
drocarbons boiling above 200', C. and alkenated 
aromatic hydrocarbons and of other aromatichy 
drocarbons in good quality, which comprises pyro 
lying a petroleum oil selected from the group 

70 consisting of petroleum oils of below 7% in Con 
radison carbon and falling within the classifica 
tions of from 5 to inclusive as determined by the 
Bureau of Mines Index and fractions from said 
petroleum oils, conducting said pyrolysis in vapor 

leum on having an average boiling point-density- as phase with an intensity of cracing such that the 
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volume of residual oil gas produced per gallon of 
petroleum oil pyrolyzed falls within the range of 
from 45 to 65 cubic feet taken as if measured at 
a pressure of 760 mm. and at a temperature of 60' 
F., and under conditions such that the relation 
ship between the sulfonation residue and the free 
carbon obtained is within the sulfonation residue 
free carbon relationships lying to the left of and 
below the curve defined by the equation 

X23 (Y-0.03) = 0.05 
in which X and Y are respectively rectangular 
coordinates of free carbon expressed in percent 
by weight of the original oil pyrolyzed and of 
sulfonation residue expressed in percent by 
volume of the original oil pyrolyzed, condensing 
hydrocarbons including said alkenated aromatic 
hydrocarbons from the gas resulting from said py 
rolysis, and recovering from the resulting conden 
sate a fraction in which alkenated aromatic hy 
drocarbon material is concentrated. 

17. In a cyclic process for the manufacture in 
relatively high proportion and in good quality of 
resin-forming unsaturated aromatic hydrocar 
bons including resin-forming unsaturated aromat 
ic hydrocarbons boiling above 200 C. and alken 
ated aromatic hydrocarbons and of other aromat 
ic hydrocarbons in good quality in which in One 
portion of the cycle heat is stored in a gas-making 
path by the passage of hot blast gas therethrough 
in contact with the surface of heat storage ma 
terial arranged therein of considerably greater 
heat conductivity than fire clay brick and in an 
other portion of the cycle the stored heat is emi 
ployed in the vapor phase pyrolysis of petroleum 
oil passed through said gas-making path and over 
said heated surface, the steps of pyrolyzing in 
-said gas-making path a petroleum oil having an 
average boiling point-density-mean dispersion 

2,888,772 
evaluation factor above 68 as determined by the 

5 

formula: 
Evaluation factor 

- Average boiling point F.-11 158-402(oglogaveral Earl4) 
Average boiling point :F-10) 1004 (sin. BC Tan.sces itsiris as 96 x10 

in which d 20/4 is the density of the oil at 20° C. 
0. 
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as compared with water at 4 C. and HF-o is the 
mean dispersion of the oil employing the F and 
C spectral lines, conducting said pyrolysis at a 
total pressure near atmospheric in the presence of 
a substantial proportion of steam under condi 
tions such that the volume of residual oil gas pro 
duced per gallon of petroleum oil pyrolyzed falls 
within the range of from 40 to 65 cubic feet taken 
as if measured at a pressure of 760 mm. and at a 
temperature of 60 F., and such that the relation 
ship between the sulfonation residue and the free 
carbon obtained is within the sulfonation residue 
free carbon relationships lying to the left of and 
below the curve defined by the equation 

X23(Y-0.03) = 0.05 
in which X and Y are respectively rectangular 
coordinates of free carbon expressed in percent 
by weight of the original oil pyrolyzed and of 
sulfonation residue expressed in percent by 
volume of the original oil pyrolyzed, condensing 
hydrocarbons including alkenated aromatic hy 
drocarbons from the gas resulting from said pyrol 
ysis, and recovering from the resulting conden 
sate a fraction in which resin-forming alkenated 
aromatic hydrocarbon material is concentrated. 
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