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1. 
This invention relates to an improved method 

of making high antiknock motor fuels from 
charging stocks consisting essentially of gas oils 
and heavier hydrocarbons. 

Heretofore, most motor fuel has been produced 
by thermal cracking and most refineries are, 
therefore, equipped with thermal cracking sys 
tems. Demands for higher octane number gaso 
line have given rise to a new problem because the 
maximum octane number obtainable by commer 
cial thermal cracking is about 65 to 74 CFR-M. 
Furthermore, thermally cracked naphtha is not 
Sufficiently responsive to tetraethyl lead to make 
it commercially feasible to obtain the desired 
higher octane numbers by this route. Hence re 
finers have turned to expensive and complicated 
processes of catalytic cracking, destructive hydro 
genation, hydroforming, aromatization, alkyla 
tion, isomerization, polymerization, etc. We have 
discovered that the problem can be solved most 
advantageously and economically by subjecting 
thermally cracked naphtha, to a simple high tem 
perature contacting with a catalyst to effect what 
we term “isoforming.' 
Isoforming is distinctly different from all prior 

art proceSSes in that it employs thermally cracked 
naphtha, as its charging Stock and in that it pro 
duces 95% to 99% yields based on this charging 
Stock with surprisingly low losses to gas, coke and 
heavier-than-gasoline hydrocarbons. 

In catalytic reforming and cracking processes 
the yield-octane curve tends to flatten out, but it 
does not bend backwards; in isoforming we have 
found that yield-octane curve actually does bend 
backwards, showing a definite optimum octane 
number with a yield of 94 to 99%, the maximum 
in most cases being with a yield of about 96% or 
97%. Also in catalytic reforming, and cracking 
the octane number is gradually lower with in 
creasing space Velocities, while in the isoforming 
reaction there is a definite peak in the curve. At 
atmospheric pressures and with active catalysts 
this peak usually is within the range of 4 to 12 
Volumes of liquid thermally cracked naphtha, per 
volume of catalyst space per hour. 
Thermally cracked naphtha has been contacted 

With clay for improving its stability against gum 
formation, for lowering its Sulphur content, etc., 
but the conditions of these clay contacting proc 
esses. have been such that very little if any in 
provement in octane numbers was accomplished. 
Both thermal and catalytic reforming or isom 
erization have been applied to virgin naphtha, 
but always with yields considerably below 100% 
and with considerable losses to gas, coke and 
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2 . 
heavier-than-gasoline hydrocarbons. Hydrogen 
ation, aromatization and hydroforming have been 
proposed for increasing the octane number of 
naphtha, but experience has shown that ther 
mally cracked naphtha is not particularly respon 
sive to such processes, that only a very small 
improvement is obtained in octane number and 
that losses are much higher than those obtain 
able by isoforming. Innumerable complicated 
and expensive proceSSes have been proposed in an 
effort to solve this problem and since it appeared 
to be practically unsolvable, many refiners are 
electing to change their refining processes, to 
substitute catalytic cracking, destructive hydro 
genation, etc., in order to meet the demands for 
higher octane number gasoline. Our isoforming 
process makes it possible to utilize existing ther 
mal Cracking equipment and to meet Octane re 
quirements with minimum loSSes to gas and car 
bon and with a catalyst holding time, i. e., time 
between regenerations, which far exceeds the 
catalyst holding time possible in catalytic crack 
ing processes. An important feature of the iso 
forming process is the fact that it markedly in 
creases the susceptibility of the finished gasoline, 
which we call isoformate, to tetraethyl lead. In 
addition to obtaining increases of 5 to 15 octane 
numbers at a relatively high octane number level, 
We obtain the advantage of increased responsive 
ness to lead tetraethyl. 

Isoforming has practically no effect on cata 
lytically cracked naphtha. We have discovered, 
however, that the gas oil from a catalytic crack 
ing process may be thermally cracked to give a 
thermally cracked naphtha, which does respond 
to the isoforming treatment. Thermal cracking, 
evidently ruptures the molecules to form a dif 
ferent type of naphtha, than is formed by cata 
lytic processes. The initial thermal cracking step 
is thus an essential element of our combined 
process. The thermal cracking should preferably 
be effected at relatively low pressures and high 
temperatures although pressures of 300 to 750 
pounds or even higher pressures may be advan 
tageously used. The thermal cracking may be 
carried out on a once through or on a recycle 
basis. Our invention is applicable to all types of 
thermally cracked naphtha. The expression 
“thermally cracked naphtha' as used in this 
Specification refers only to naphtha in the gaso 
line boiling range produced by the thermal crack 
ing of gas oil and other hydrocarbon charging 
stocks which boil above the gasoline boiling range. 
The species of the invention hereinafter described 
will be the isoforming of naphthas from conven 
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tional thermal processes, referred to aS continu 
ous pressure stills and as “combination' crack 
ing which latter includes a mixture of thermally 
cracked naphthas from Various parts of the COm 
bination unit. 
The invention Will be more clearly understood 

from the following detailed description and from 
the accompanying drawings which form a part of 
this specification and in which 

Figure 1 is a diagrammatic flow sheet of Our 
process employing fixed bed isoforming. 

Figure 2 is a diagrammatic flow sheet of our 
process employing moving bed isoforming. 
Figure 3 is a chart showing the unusual yield 

octane relationships that are characteristic of the 
isoforming process, and 

Figure 4 is a chart showing the unusual rela 
tionship between octane number and space. Ve 
locity in the catalyst chamber. 
The charging Stock to Our System may be a 

Mid-Continent gas oil although it may comprise 
a gas oil from any other source and it may in 
clude any hydrocarbons heavier than gasoline, 
i. e., reduced crudes, residual stock, etc. Any con 
wentional thermal cracking process Inay be em 
ployed for preparing the feed stock for isoform 
ing. 

In Figure 1, we have diagrammatically illustrat 
ed thernal cracking of the continuous preSSure Still 
type wherein Mid-Continent gas oil is forced by 
pump through line to coils 2 of pipe still 
furnace f3 under a pressure of about 300 pounds 
per square inch and a temperature of about 925 
F. The thermally cracked products are then in 
troduced by transfer line f4 either directly or 
through a conventional soaking drum (not shown) 
to evaporator 5 which is provided with a tar 
drawn-off line f6 at the bottom. Cracked naph 
tha and gases are taken overhead through line 
T. leading to a bubble tower 8. A pressure re 

ducing valve 9 may be employed in line if it is 
desired to obtain the fractionation in the bubble 
tower at lower, than reaction pressures. A re 
boiler 20 at the base of the bubble tower insures 
the removal of all of the naphtha, from the gas 
oil which is Withdrawn from the base of the tower 
through line 2 and which maybe Withdrawn from 
the system through line 22 Or recycled by pump 
23 and line 24 to line for further cracking. 
The naphthas and lighter hydrocarbons are 

taken overhead through line 25 through cooler 
26 and then introduced into a gas separator or 
receiver tank 27 from which gases are vented 
through line 28 and liquid naphtha is withdrawn 
through line 29. A portion of the naphtha, is re 
cycled through line 30 by pump 3 f for reflux in 
top of bubble tower 8. The remainder of the 
naphtha is introduced through line 32 to the iso 
forming step of our process. A feature of our in 
Vention is the fact that the thermally cracked 
naphtha, does not have to be stabilized before it 
is introduced to the isoforming system. In fact 
the total overhead products from tower 8 may be 
introduced directly to line 32 through line 25' 
When no part of it is required for reflux in to Wer 
f8. Alternatively, cooler 26 may condense only 
the liquid required for reflux and all of the naph 
tha, and vapors may pass through lines. 28' and 
25 to line 32 for charging to the isoforming proc 
eSS. 

The thermally cracked naphtha, for our iso 
forming process should have an end point of 400 
to 450 F. It should be substantially free from 
gas oil since Such material tends to foul the cata 
lyst and to interfere With the proper Operation of 
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4. 
the isoforming process. The boiling range of th? 
thermally cracked naphtha, may be relatively wide 
but the greatest improvement is effected on the 
high boiling portions. The lower limit of this 
boiling range may be lower than 100 F. and in 
fact normally gaseous hydrocarbons may be bene 
ficial in reducing the partial pressure of the ther 
mally cracked naphtha, undergoing the isoform 
ing treatment. In other Words, When normally 
gaseous hydrocarbons are employed with the 
naphtha, the Overall pressures may be superat 
mospheric while the effective pressure is only at 
mospheric or even Sub-atmospheric. 
The thermally cracked naphtha produced as 

hereinabove described may have an olefin content 
of about 25-70%, an octane number of about 60 
to 70 CFR-M and an A. P.I. gravity of about 50-60. 
A feature of our process is the octane improve 
ment obtained at this relatively high octane level. 
In the Specific example herein described, this ther 
mally cracked naphtha, had the following inspec 
tion: 

Per cent Olefins.———————————————————. 44 
Initial boiling point.---------------- 1699“ H". 
10% off-------------------------- 204°?? 
50% off--------------------------. 25.2° E. 
90% off--------------------------- 31.9° E. 
End point------------------------ 381 F. 
Octane number-------------------. 65.3 CFRM 
Reid vapor pressure---------------. 1.8 lbs. 
A.F.I. gravity--------------------- 55.2° 

This thermally cracked naphtha, feed stock is 
introduced by pump 33 through coils 34 of pipe 
still furnace 35 and thence through transfer line 
36 and Valved line 37 or valved line 37a into iso 
forming catalyst chamber 38 or 38a. The reac 
tion products are withdrawn through line 39 or 
39a and line 40 to fractionator tower 4 which is 
proVided With Suitable reboiler means 42 at the 
base thereof. The amount of heavier-than-gaso 
line hydrocarbons removed from the base of frac 
tionator 4 through line 43 is extremely small if 
cracked naphtha of 400°F. end point or lower is 
fed to reactor's 38 and 38a and such heavier-than 
gasoline hydrocarbons may, therefore, be re 
moved either continuously or intermittently and 
Withdrawn from the System through line 44 or 
recycled by pump 45 through line 4S to line 
for thermal cracking, 
End point isoformate together with hydrocar 

bon gases is taken overhead from tower 4f through 
line 47 and cooler 48 to receiver 49. Uncon 
densed gases are withdrawn from receiver 49 
through line 50 and they may be compressed or 
absorbed in oil to recover gasoline components by 
procedures familiar to the petroleum industry. A 
part of the liquid from receiver:49 is introduced by 
pump 5 and line. 52 into the top of tower 4 to 
Serve as reflux. The rest of this liquid is intro 
duced into stabilizer system 53 from which pro 
pane and lighter gases are withdrawn through line 
54 and finished isoformate is withdrawn through 
line 55. 
When isoforming is effected at 925° F. and 

atmospheric pressure. With a feed rate of 32 
barrels per hour per ton of catalyst (about four 
Volumes per hour per gross volume catalyst) and 
a cycle time of twelve hours on stream for naph 
tha conversion between regenerations of the cat 
alyst, said catalyst being a synthetic alumina 
Silica catalyst, We obtain as an average for the 
entire twelve hours an isoformate yield of 98.3% 
(by volume), a coke yield of only .1% and a dry 
gas yield of 1.9%, the remainder of about 1% 
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being heavier-than-gasoline materials. The 
knock rating of the isoformate is 70.5 CFR-M 
thus showing an octane number increase of 5.2. 
One co. of tetraethyl lead will increase this 
octane number by about 6.5 and 3 cc. of tetra 
ethyl lead will increase its octane number to 
about 81 or 82. The Reid vapor pressure of our 
isoformate in this example was 4.1 pounds and 
the boiling range of the isoformate Was: 

? F. 
Initial boiling point----------------------- 90 
10% off---------------------------------- 176 
50% off---------------------------------- 245 
90% off---------------------------------- 334 
End point.---------------------------400 ???? 
A similar thermally cracked naphtha of 0.5 

unit lower octane number (64.8 CFR-MI) was 
treated with a somewhat more active catalyst of 
the same type at 950 F. and 2 atmospheres pres 
Sure with a feed rate of 100 barrels per hour per 
ton of catalyst (about 12 volumes per hour per 
gross Volume of catalyst) and cycle times of 24 
and 66 hours on stream for naphtha, conversion 
with the following results (average for the entire 
period of time On stream) : 

Cycle time 

24 66 

Octane No. of isoformate, CFR-M.----------- 69.8 68.8 
Octane No. improvement--------------------- 5.0 4.0 
Coke, wt. percent of ???? feed--- 0.06 0.04 
Gas, wt. percent of naphtha feed------------- 2.2 1.3 
Eleavier-than-gasoline, naphtha feed, percent.--About 2. About 1. 
Isoformate, vol. percent of naphtha feed, per- About 97 About 99 
cent. 

Isoforming is not primarily a cracking reaction 
as evidenced by the 97 to 99% volume percent of 
liquid gasoline yield. The remarkably high yield 
for the octane number improvement obtained 
and the increased susceptibility to tetraethyl lead 
place this process in a class by itself as far as 
isomerization is concerned since such results can 
only be obtained by the isomerization of a ther 
mally cracked naphtha as hereinabove described 
and under operating conditions and With cata 
lysts which will now be described in further de 
tail. 
The catalysts employed for isoforming are 

preferably the type generally employed for crack 
ing virgin gas oils and heavier hydrocarbons to 
obtain high octane numbers. Activated hydro 
silicate of alumina has been found to give ex 
cellent results. Such catalysts may be prepared 
from acid treated bentonite by making a dough 
of such bentonite and Water, forming pellets, and 
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6 
followed by coagulation of the acid solution, 
Washing and drying. Acid treated clay commonly 
marketed as Super Filtrol can be formed into 
catalyst pellets of high activity and long life. 
Applicants are notherein claiming any novelty in 
the catalyst per se but they do not employ cata 
lysts of the dehydrogenation, hydroforming or 
aromatization type. . Generally speaking, cata 
lysts of the dehydrogenation or aromatizing type, 
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thoroughly drying said pellets by heating to a 
temperature of about 850 to 1000° F. The cata 
lyst may also be prepared by depositing alumina, 
or other metal oxides on silica gel by impregna 
tion with appropriate salts of the metals. Ex 
amples of such other metal oxides are copper, 
magnesium, beryllium, and thorium. Cadmium, 
titanium, manganese, zirconium, vanadium and 
cerium have shown slight activity in particular 
catalysts tested. A ball-milled 50-50 mixture of 
magnesium oxide and silica gave less coke and 
less gas than the preferred alumina-On-Silica-gel 
catalyst, but it likewise gave less octane number 
improvement. Catalysts of the natural or Syn 
thetic zeolite type may be employed, preferably 
after sodium is displaced or leached out of the 
catalyst. Catalyst may be obtained by the treat 
ment of blast furnace slag with hydrochloric acid 
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such as bauxite, Activated Alumina, or oxides of 
Certain metals (such as those of chromium, tung 
sten, nickel, or molybdenum) on alumina, are 
inferior and may be detrimental. Likewise, ordi 
nary untreated clays are inferior in the isoform 
ing prOCeSS. . . . 
While ordinary cracking catalysts of the type 

that produce high octane numbers are also good 
isoforming catalysts it does not follow that all 
cracking catalysts are suitable for isoforming or 
Vice versa. Silica, gel is a cracking catalyst, but 
is not effective for isoforming. Boron phosphate 
is a good isoforming catalyst but it is not effec 
tive for catalytic cracking. - 
Any type of catalyst contacting System may be 

employed in the isoforming process, i.e., We may 
use a fixed bed process, a moving bed process, or 
a powdered catalyst process. In the fixed bed 
process, illustrated in Figure 1 the catalyst may 
simply be mounted in one or more beds over 
foraminous supports and conventional heat ex 
change means may be supplied throughout the 
bed either for supplying heat during the isoform 
ing reaction or for abstracting heat during cata 
lyst regeneration. The regeneration of the cata 
lyst is effected in the same way as it is effected 
in catalytic cracking processes. When catalyst 
becomes spent (usually after about 8 to 24 hours 
on stream, i. e. 8 to 24 hours 'holding time') it 
may be purged by an inert gas such as fuel gas, 
or the tail gas from line 28 of the cracking sys 
tem, followed by a hydrocarbon-free gas such as 
flue gas, and after the purging step, the catalyst 
may be regenerated preferably under pressure by 
means of an oxygen-containing gas preferably at 
a temperature of about 900 to 1100 F. After re 
generation the catalyst may be purged. With flue 
gas. The purge and regeneration gases may be 
introduced through line 56 and one of the lines 
56d, or 56b. Enriched purge gases or hot regen 
eration gases may be removed through lines 57 
or 5 a. and thence through line 58. 
The isoforming reaction may be effected at 

pressures ranging from atmospheric to 200 pounds 
or more per square inch but in our preferred 
embodiment it is effected at relatively low pres 
Sures, i.e., about atmospheric to about 50 pounds 
per Square inch. 
The Space Velocity through the catalyst cham 

ber is a function of pressure. In this respect, 
isoforning appears to be radically different from 
catalytic processes such as catalytic isomerization 
of straight run naphtha, catalytic cracking, cat 
alytic aromatization, catalytic hydroforming, etc. 

... The Space velocity to be used in our isoforming 
process when operating with a fixed bed-of cata 
lyst depends on the following factors: 

1. Naphtha, to be treated. - 
2. Activity of catalyst (lower space velocity 

with lower activity). 
3. Temperature (higher space velocity at high 

er temperatures). 
4. Cycle time (higher space velocity at shorter 

cycle time). . . . 
5. Pressure (higher space velocity at higher 

pressures), S S S S 
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We have found that the octane number im 
provement of naphthas goes through a maximum 
at a definite space velocity when space velocity 
is varied with all other conditions remaining con 
stant although the yield of gasoline isoformate 
steadily decreases with decreased space velocity. 
Under atmospheric pressure With ordinary cata 
lysts, 8 hour holding times and temperatures of 
about 925°. F. the Space Velocity may range from 
about 4 to 40, preferably about 8 to 20 volumes 
of liquid feed per volume of catalyst Space per 
hour. With more active catalysts the optimum 
space velocity may be as high as 20 to 40. An 
important feature of our invention is the use of 
space velocities much higher than have been suc 
cessfully used for other catalytic processes such 
as catalytic isomerization of Straight run naph 
thas, catalytic cracking, aromatization, hydro 
forming, etc. 
The optimum space velocity is markedly in 

creased with increased pressure and at 125 
pounds may be four or five times the values above 
stated. Higher temperature also permits the use 
of higher space velocities. The space velocity 
Octane number relationship is radically different 
from that obtained in thermal reforming or de 
hydro-aromatization processes in that there is an 
actual decrease in Octane number improvement 
When Space velocities are lower than the optimum 
as well as when they are higher than the opti 
mum, as is shown in Figure 4. 
The temperatures employed in the isoforming 

Steps may range from about 850 to 1100 F. and 
beneficial resultS may be obtained at even lower 
temperatures. In the preferred example herein 
above set forth, the temperature was 925 F. and 
We have found that temperatures of about this 
order of magnitude, i. e., about 900 to 1025 F. 
or even higher offer extremely important and 
wholly unexpected advantages in the amount of 
charging stock which can be treated by a given 
amount of catalyst between regenerations. In 
previous catalytic processes, catalyst life was pro 
longed by the use of relatively low temperatures 
but in the isoforming process using a synthetic 
Zeolite catalyst and a treating rate of 33 barrels 
per ton per hour the catalyst treated about ten 
to fifteen times as much feed stock between re 
generation of the catalyst without loss of yield 
or octane number in the finished product when 
operating at 925 F. as could be treated at 850°F. 
The distribution of by-products is not the same 
for 50 barrels per ton at 850° F. as for 720 bar 
rels per ton at 925°F. but since the amount of 
by-products is so extremely smail in the isoform 
ing process this matter is not of great importance. 
The important fact is that about ten to fifteen 
times as many regenerations would have to be 
performed for a process at 850 F. as for a proc 
eSS at 925 F. When operated at the same space 
Velocity. Only about one-sixth as much coke 
would have to be burned off per regeneration at 
the lower temperature but about 2.6 times the 
total coke would have to be burned per barrel 
of feed. Our invention contemplates the use of 
a relatively wide temperature range but the ex 
tremely important and unexpected advantages of 
the high temperature isoforming, i. e. tempera 
tures of about 925 to 1025 F., makes this feature 
One of particular importance. 
The yield-octane relationship in the isoforming 

process as shown in Figure 3 is another striking 
feature of the process. The maximum octane 
number is obtained when the yield is about 94 
to 99%, usually about 96 to 97%. - 
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Another feature of the isoforming process is 

the high road octane number as distinguished 
from the motor octane number of the finished iso 
formate particularly when a small amount of lead 
tetraethyl has been added thereto. The product 
produced as hereinabove described had a higher 
road octane number than CFR-MI octane num 
ber. With 3 cc. of lead added to the isoformate 
the road octane number was 4.3 units higher than 
the CFR-M Octane number. Since it is the road 
Octane number Which is of practical importance 
to motoristS, and since tetraethyl lead is now 
added to most motor gasoline, the advantages of 
the isoforming process are even greater tham 
Would be indicated by the improvement in the 
CFR-M octane number. Other features of the 
isoforming process are that the isoformate is rel 
atively stable against gum formation and requires 
little or no further refining to produce finished 
motor fuel. The Surprisingly Small amount of 
gases and heavier-than-gasoline components 
Which have to be removed from the isoformate 
makes the final stabilization process relatively 
simple. 

In Figure 2 We have illustrated the application 
of our invention to a "catalytic gas oil,' i. e., 
a gas oil resulting from catalytic cracking, and 
We have illustrated the use of moving bed cata 
lytic isoforming instead of fixed bed isoforming. 
Virgin gas oil is introduced into the system 
through line 60 and forced through pump 6, 
coil 62 of pipe still furnace 63, thence through 
transfer line 64 to one of the catalytic cracking 
Chambers 65. The catalytic cracking may be ef 

is fected in any one type of process and the re 
generation may be accomplished in any conven 
tional manner. Fixed bed cracking chamber 65 
is shown for illustrative purposes and may be 
replaced by moving bed catalyst chambers or pow 
dered catalyst systems, etc. 

Catalytically cracked products are withdrawn 
from chamber 65 or 65a through line 66 to frac 
tionator 67. Catalytically cracked naphtha and 
lighter hydrocarbons are taken overhead through 
line 68, cooled in cooler 69 and introduced into 
Separato' or reflux drum 70 from Which uncon 
ensed gases are vented through line T. Cata 

lytically cracked naphtha is withdrawn from re 
ceiver 70 through line 72 and may be passed by 
line 73 to a stabilizer such as stabilizer 53. A 
part of the liquid product is returned by pump 
74 through line 75 to serve as reflux in fraction 
ator 67. 
A reboiler 6 at the base of fractionator 67 

insures the removal of cracked gasoline from the 
catalytic gas oil which is withdrawn through 
line 7 and introduced by pump 0 and line 
into Coils 2 of the thermal furnace. The ther 
mal Cracking of this catalytic gas oil may be ac 
Complished in the same manner as the thermal 
Cracking described in connection with Figure 1. 
...PaSSirag on to the isoforming step, the super 
heated thermally cracked naphtha is introduced 
through transfer line 36 under baffle plate 79 at 
the lower part of chamber 89 which contains a 
moving catalyst bed of granular or pelleted cat 
alyst material. The tenniperatures and pressures 
in the moving bed catalyst chamber 8 are sub 
stantially the same as those for the fixed bed 
catalyst process and, therefore, will not be de 
Scribed in further detail. In moving bed opera 
tion a higher octane number product can be pro 
duced than can be obtained in fixed bed opera 
tion by any combination of space velocities and 
time between regenerations and less catalyst need 
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be regenerated for a given amount of naphtha 
treated in moving bed operation than in fixed bed 
operation. The isoformed products leave the top 
of chamber 80 through line 40 and are stabilized 
as hereinabove described in connection. With Fig 
ure 1. 
Spent catalyst from the base of chamber 80 is 

discharged through a vapor sealed discharge 
mechanism 82 either through line 83 to purging 
chamber 84 or through line 83d to purging cham 
ber 84a, one of these chambers being filled while 
the other is being emptied. Purge gases may be 
introduced through line 85 and withdrawn 
through line 86. The catalyst which has been 
freed from oil by purging is then introduced 
through line 8 and vapor tight transfer means 
88 into regeneration chamber 89. It should be 
understood, however, that any conventional re 
generation means may be employed in place of 
the continuous regeneration system illustrated by 
Figure 2, wherein oxygen-containing gas is intro 
duced through line 56 and hot regeneration gases 
are withdrawn throughline 58. 
Regenerated catalyst is withdrawn through va 

portight discharge mechanism 90 through line 9 
and introduced either through line 92 to purge 
tank 93 or through line 92a to purge tank 93.a. 
Oxygen-containing gases are purged by means of 
steam or flue gas introduced through line 94 and 
withdrawn through line 95. Purged catalyst may 
then be re-introduced through line 96 to cham 
ber 80 for reuse. ? 
While countercurrent flow between VaporS aind 

catalysts is illustrated in Figure 2, it should be 
understood that we may use concurrent flow and, 
in fact, concurrent flow is desirable with the large 
space velocities which are permissible in our proc 
eSS, 
Maximum octane improvement in the isoform 

ing step is obtained when the thermal cracking 
is on a once through basis. We prefer, therefore, 
to thermally crack the gas oil or heavier charg 
ing stock under such conditions as to obtain high 
once through yields and to withdraw the heavier 
than-gasoline components of the thermally 
cracked products through line 22 to some other 
conversion system or to storage rather than to 
recycle through line 24. 
Steam may be employed in amounts of from 1 

to 15% or more by weight. If sufficiently Super 
heated, this steam may be introduced directly 
into the transfer line 36 through line 9. Alter 
natively it may be introduced through line 98 
into the charge entering the pipe still. The Steam 
apparently promotes high catalyst activity. 
While We have described in detail a preferred 

embodiment of our invention, it should be under 
stood that the invention is equally applicable to 
other thermally cracked naphthas or mixtures 
thereof and that the invention is applicable to a 
fairly wide range of operating conditions and 
procedural steps. The isoforming step of our in 
vention is applicable only, however, to thermally 
cracked naphthas, preferably having an end point 
of 400 to 450 F. and it is not applicable to cat 
alytically cracked naphtha nor to Virgin naphtha. 
The thermal cracking step is preferably at high 
temperature and low pressure because thermally 
cracked naphtha, so formed gives a much greater 
octane number improvement on isoforming than 
does a naphtha produced by thermal cracking at 
high pressure and high temperature or at low 
pressure and low temperature. 
We claim: - 
1. A method of producing high octane num 
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ber motor fuel from charging stock of the class 
consisting essentially of gas oil and heavier hy 
drocarbons which comprises thermally and non 
catalytically cracking said charging Stock to 
produce a thermally cracked naphtha, having an 
end point below about 450 F. together with 
lighter and heavier products, removing the heav 
ier products from the thermally cracked naph 
tha, heating the thermally cracked naphtha, to 
a temperature of about 850° F. to 1100° F., con 
tacting the heated thermally cracked naphtha, 
with an isoforming catalyst at such Space veloc 
ity within the approximate range of 4 to 40 vol 
umes of naphtha (liquid basis) per volume of 
catalyst space per hour that a volume percent 
liquid yield within the approximate range of 94. 
to 99 and an octane number improvement of at 
least about 5 A. S. T. M. Octane number unitS are 
obtained. 

2. The process of claim 1 wherein the thermal 
cracking step is effected at a pressure of 50 to 
750 pounds per square inch and wherein the cat 
alyst contacting step is effected at a pressure of 
about atmospheric to about 50 pounds per square 
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inch. 
3. The method of claim 1 wherein the catalyst 

contacting temperature is at least about 925 F. 
4. The method of producing high octane num 

ber motor fuel from charging stocks consisting 
substantially of gas oil and heavier hydrocarbons 
which comprises thermally and non-catalytically 
cracking said charging stocks to produce a ther 
mally cracked naphtha, having an end point be 
low about 450° F. together with lighter and heaV 

5 ier products, separating the thermally Cracked 
naphtha from the heavier productS, Superheat 
ing said separated naphtha, to a temperature of 
about 925 F., contacting said Superheated 
naphtha, with an isoforming catalyst and en 
ploying such space velocity in Said contacting. 
step within the approximate range of 4 to 40 
volumes of liquid feed per volume of catalyst 
space per hour at a pressure of about atmospheric 
to 50 pounds per square inch that a Volume per 
cent liquid yield within the approximate range 
of 94 to 99 and an octane number improvement 
of about 5 to 15 A. S. T. M. Octane number units 
are obtained. 

5. The method of claim 4 wherein the catalyst 
consists essentially of silica and alumina with 
the alumina forming the minor component. 

6. The method of obtaining high octane num 
ber motor fuels from charging Stocks consisting 
essentially of gas oils and heavier hydrocarbons 
which comprises catalytically cracking feed gas 
oils to form catalytically cracked gas oil, cata 
lytically cracked gasoline and lighter hydrocar 
bons, separating Said catalytically cracked gasoil 
from said catalytically cracked gasoline, ther 
mally and non-catalytically cracking said cata 
lytically cracked gas oil to produce thermally 
cracked naphtha, having an end point below 
about 450 F., together with lighter and heavier 
products, separating the thermally cracked naph 
tha, from said heavier products, heating said sep 
arated thernally cracked naphtha, to a tempera 
ture of about 850 F. to 1025 F., and contacting 
Said heated naphtha, with a catalyst comprising 
Silica, and an oxide of aluminum, under a pres 
sure of from about atmospheric to about 50 
pounds per Square inch and at Such space ve 
locity Within the approximate range of 4 to 40 
Volumes of liquid thermally cracked naphtha, 
feed per hour per Volume of Catalyst Space that 
a volume percent liquid yield within the approx 
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imate range of 94 to 99 and an octane number 
improvement of about 5 to 15 A. S. T. M. octane 
number units are obtained. 

7. The method of claim 6 wherein the ther 
mally cracked naphtha is heated to a tempera 
ture of at least 925° F. prior to contacting it with 
catalyst. 

8. The method of converting thermally and 
non-catalytically cracked naphtha into a motor 
fuel of higher octane number without suffering 
as much as 5% losses due to the formation of 
gas, coke and heavier-than-gasoline components 
which method comprises fractionating thermally 
cracked products to obtain a thermally cracked 
naphtha, fraction having an end point below 
about 450° F., heating said thermally cracked 
naphtha, to a temperature of about 850 F. to 
1025 F. and contacting said heated naphtha. With 
a synthetic catalyst of the silica-alumina type 
at such space velocity within the approximate 
range of 4 to 40 volumes of liquid feed per Vol 
lume of catalyst Space per hour that a volume 
percent liquid yield within the approximate range 
of 94 to 99 and an octane number improvement 
of at least about 5 A. S. T. M. Octane number units 
are obtained. 

9. The method of claim 1 wherein the thernal 
cracking is on a once through basis at high ten 
perature and low pressure. 

10. The method of claim 4 wherein the thermal 
cracking is on a once through basis at high ten 
perature and low pressure. 

11. The method of clainn i wherein from 1 to 
15% by Weight of steam is admixed With the 
thermally cracked naphtha vapors in the catalyst 
Contacting step. 

12. The method of claim 4 wherein about 1 to 
15% by weight of steam is admixed with the ther 
mally cracked naphtha in the catalyst contact 
ing step. 

13. The method of producing high octane num 
ber motor fuel from charging Stocks consisting 
substantially of gas oil and heavier hydrocar 
bons which method comprises thermally and 
non-catalytically cracking said charging stocks 
to produce a thermally cracked naphtha, heat 
ing said thermally cracked naphtha to a ten 
perature of about 925 F. for effecting vaporiza 
tion and superheating of said naphtha, contact 
ing said superheated naphtha, with a catalyst of 
which the major constituent is silica, and the 
minor constituent is alumina, effecting the con 
tacting step under a preSSure of from atmos 
phelic to 50 pounds per Square inch. With a Space 
velocity of about 8 to 20 volumes of liquid feed 
per volume of catalyst space per hour and with 
a catalyst holding time between regenerations of 
about 8 to 24 hours, removing heavier-than-gas 
oline Components from the products leaving the 
contacting step and stabilizing the products leav 
ing said last-named 'Separation step. 

14. The method of increasing the octane num 
ber of a thermally and non-catalytically cracked 
naphtha having an end point of about 400 to 
about 450 F. which method comprises vaporiz 
ing and heating said thermally cracked naphtha, 
to a temperature within the general vicinity of 
925 F. and contacting said naphtha, vapors with 
an isoforming catalyst at a pressure of about at 
mospheric to about 50 pounds per square inch 
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with a space velocity within the approximate 
range of 8 to 20 volumes of liquid feed per Volume 
of catalyst space per hour and With a catalyst 
holding time between regenerations of about 8 
to 24 hours, and fractionating the resulting prod 
lucts to obtain a high octane number motor fuel 
and a small amount of gases and heavier-than 
gasoline components. 

15. A process for the production of high OC 
tane number motor fuel from hydrocarbon 
charging stocks which boil above the gasoline 
boiling range which process comprises thermally 
and non-catalytically Cracking said charging 
stocks to produce a thermally cracked naphtha. 
of the gasoline boiling range together With lower 
boiling and higher boiling products, Separating 
the cracked naphtha, from the higher boiling 
products, heating Said cracked naphtha to a 
temperature within the approximate range of 
850° F. to 1100 F., contacting said heated cracked 
naphtha, at a temperature Within said range of 
850 to 1100 F. with a catalyst comprising silica 
and alumina at a pressure within the approxi 
mate range of atmospheric to 50 pounds per 
square inch and at such space Velocity within the 
approximate range of 5 to 40 volumes of liquid 
cracked naphtha, per hour per volume of catalyst 
space that a volume percent liquid yield of at 
least 95% is obtained. 

16. The method of converting a thermally and 
non-catalytically cracked naphtha of the gaSo 
line boiling range into a motor fuel of high Oc 
tane number without suffering as much as 5% 
losses due to the formation of gas, coke and 
heavier-than-gasoline components which method 
comprises fractionating thermally cracked prod 
ucts to obtain a thermally cracked naphtha, of 
the gasoline boiling range, heating Said thermally 
cracked naphtha, to a temperature within the 
approximate range of 850 to 1100° F. and con 
tacting said heated naphtha at a temperature 
Within said range of 850 to 1100' F. with a cat 
alyst comprising silica, and alumina at a pres 
sure within the approximate range of atmos 

45 pheric to 50 pounds per Square inch and at a Space 
velocity within the approximate range of 5 to 40 
volumes of liquid thermally cracked naphtha, 
feed per hour per volume of catalyst Space. 

17. The method of converting a thermally and 
50 non-catalytically cracked naphtha of the gas 

55 

oline boiling range into a motor fuel of high OC 
tane number without suffering as much as 5% 
losses due to the formation of gas, coke and heav 
ier-than-gasoline components which method 
comprises fractionating thermally cracked prod 
lucts to obtain a thermally Cracked naphtha of 
the gasoline boiling range, heating said thermally 
cracked naphtha, to a temperature in the ap 
proximate range of 900 to 950 F. and contacting 

60 said heated naphtha at a temperature in the ap 
proximate range of 900 to 950 F. with a catalyst 
comprising silica and alumina at a pressure 
Within the approximate range of atmospheric to 
50 pounds per square inch and at a space velocity 

65 within the approximate range of 5 to 40 vol 
umes of liquid thermally cracked naphtha, feed 
per hour per Volume of catalyst space. 
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