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This invention relates to the cracking of hy 
drocarbon oils and pertains more particularly to 
a method of pretreating the oils to be cracked to 
improve the cracking characteristics thereof. 
One of the objects of the present invention is 

to provide an improved method of treating oils, 
which are to be subjected to cracking, which 
would improve the yield and quality of the motor 
fuel resulting from the cracking operation. 
Another related object of the invention is to 

provide an improved method for selectively re 
moving from the oil to be cracked, coke forming 
constituents while at the same time retaining in 
the oil a greater. amount of constituents which 
can be cracked to advantage into lower boiling 
motor fuel constituents. 
Other more speci?c objects and advantages 

of the invention will be apparent from the de 
tailed description hereinafter taken in connec 
tion with the accompanying drawings. In the 
drawings Figure l is a ‘diagrammatic illustration 
of an apparatus suitable for carrying the inven 
tion into e?ect and Figure 2 is a graphic chart 
showing the relative amounts of di?erent types of 
hydrocarbons present in'two typical oils as deter 
mined by the speci?c dispersion of various frac 
tions. 
While the invention in its broader phases has 

a more general application to the cracking and 
conversion of hydrocarbon oils, it ?nds particu 
lar application to the cracking of oils in the 
presence of a catalyst wherein the presence of 
coke-forming constituents rapidly contaminates 
the catalyst and reduces the activity thereof. 

It is more or less commonly known that aro 
matic hydrocarbons are less suitable for crack 
ing than non-aromatic oils in that there is more 
degradation of oil into low grade products, such 
as coke and gas, for a given yield or conversion 
into gasoline when cracking aromatic oils than 
when cracking non-aromatic oils, such as paraf 
?ns' and naphthenes. In other words the ratio of 
gasoline to coke or gas for any given conversion, 
is higher when cracking non-aromatic oils than 
when cracking aromatic oils. In view of the 
above, it has been proposed to pretreat the oil to 
be converted to remove the aromatic constituents 
before subjecting the oil to cracking. This treat 
ment may be accomplished for example, by the 
use of selective solvents having a higher solvent 
power for aromatic constituents than for non 
aromatic constituents. This type of treatment is 
of particular advantage when the oils are to be 
cracked in the presence of a catalyst since the 
coke which forms during the cracking operation 
collects on the surface of the catalyst and rapidly 
reduces its activity. Any hydrocarbon oil which 
contains a high percentage of coke-forming con 
stituents, which give a low ratio of gasoline to 
coke, is therefore particularly objectionable when 
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cracking in the presence of a catalyst although it 
is objectionable to a lesser extent in thermal 
cracking since it reduces the yield of gasoline 
obtained and introduces coking di?iculties in the 
cracking unit. 
Heretofore it was generally believed that all 

aromatic constituents were objectionable and 
should be removed from the oil before cracking in 
order to obtain a high ratio of gasoline to low 
grade products. 

It has been found after extensive research that 
alkylated simple ring aromatics are not objec 
tionable and can be employed to advantage in the 
feed stock passing through the cracking unit. It 
has been further found that the coke forming 
constituents are the condensed ring aromatics 
such as those of the naphthalene and anthracene 
type. 
In accordance with the present invention the 

oil to be cracked is treated under conditions 
which will segregate the condensed ring aromat 
ics but which will retain in the oil to be cracked, 
at least a major portion of the simple aromatic 
hydrocarbons. The segregation of the condensed 
ring aromatics from the remainder of the feed 
stock is preferably accomplished, according to 
the present invention, by solvent extraction un 
der controlled conditions. 
Any of the numerous known types of solvents 

having a higher ‘selective solvent power for aro 
matics than for non-aromatic constituents may 
be employed in carrying out the present inven 
tion. Among such solvents may be mentioned’ 
for example, sulfur dioxide, dichlordiethylether, 
furfural, phenol, chlorinated hydrocarbons such 
as carbon tetrachloride, nitrated hydrocarbons, 
oxygenated hydrocarbons such as ethers, alco 
hols, and the alcohol ethers such as methyl Cel 
losolve and many others. It is important in the 
present invention to control the solvent extrac 
tion conditions, such as the temperature, the 
amount of solvent, and other factors, to remove 
substantially all of the condensed ring aromatics. 
One convenient method of insuring removal 01' 

, the condensed ring aromatics is to employ the 
speci?c dispersion properties of the extract as- a 
measure of the amount of extraction necessary. 
The speci?c dispersion property of an oil is a 
value expressing the di?erence in refractive index 
of two different wave lengths divided by the 
density of the oil. It may be expressed by the 
formula ~ g . 

where m is the refractive index at one wave 
length, m is the refractive index at another wave 
length and d is the density of the oil. (See for 
example Science of Petroleum vol. 2 page 1174 
published by Oxford University Press of London, . 



. analytical edition, 1938, page 559.) 

2 
New York and Toronto: also Ward and Kurtz, 
Journal of Industrial and Engineering Chemistry, 

All of the 
condensed ring aromatics normally present in hy 
drocarbon oils have a value as determined by the 
equation above 200, when determined according 
to a method used by Ward and Kurtz whereas 
the simple ring aromatics have values below 189 
and above 100 and the naphthenes and para?ins 
have values below 100. By controlling condi 
tions under which the solvent extraction is car 
ried out, so that all of constituents in the ex 
tracted oil have a speci?c dispersion below 200, 
it is possible to remove all of the condensed ring 
aromatics which are the objectionable coke 
forming constituents, while at the same time re= 
taining in the oil the simple uncondensed aro 
matics many of which can be cracked to advan 
tase. 
In practical operations it is not possible to. 

obtain a sharp division 'between the condensed 
and uncondensed ring aromatics. As a result 
even when carefully controlling the solvent ex 
traction the extract may contain some uncon~ 
densed ring aromatics. However, by controlling 
‘the degree of extraction, so that substantially all 
constituents in the extracted oil have speci?c 
dispersions below 200, substantially all of the con 
densed ring coke forming constituents can be 
removed while retaining within the oil a con-r 
siderable amount of single ring aromatics. 
The solvent extraction may be carried out in 

any suitable equipment designed for the purpose. . 
One convenient type of apparatus ,suitable for 
carrying out the invention is illustrated in Figure 
1 of the drawings. , 
Referring to the drawings, the reference char 

acter l0 designates a charge line through which 
the oil to be treated is introduced into the sol 
vent extraction equipment. The oil is prefer 
ably-a condensate stock containing condensed 
ring aromatics and may-comprise a virgin oil or 
a cycle stock from either a thermal or catalytic 
cracking process. ' 

The oil is passed through a line H! to a mixing 
chamber i I wherein it is intimately admixed with 
a solvent having a relatively high solvent power 
for aromatic constituents. The solvent may be 
introduced into the mixing tank through line I2. 
For illustrative purpose methyl Cellosolve will be 
employed as the solvent. The relative propor 
tions ‘of solvent and oil will depend upon the 
selectivity of solvent, nature of the oil, tempera 
ture and other factors. , < 
Thev solvent and oil after being thoroughly 

mixed in chamber H, are passed through line l3 
to a settling tank I‘ wherein the mixture sepa 
rates into a ra?‘inate phase having a relatively 
higher concentration of non-aromatic hydrocar 
bons than the original oil treated and an“ extract 
ph'ase comprising the solvent and an oil-ifraction 
rich in aromatics. The ra?lnate phase is passed 
through line 15 to a solvent distilling chamber I6, 
wherein it is heated in any suitable manner such 
as by heating coil II to vaporize any solvent con 
tained therein. The vaporized solvent passes 
overhead through line l8 to a condenser I9 
wherein it. is condensed.‘ The condensed solvent 
may be returned to the mixing tank ll through 
line 20 which merges with line l2. 
The oil after being freed of solvent in distilling 

7 chamber I6 is removed therefrom through line 2| 
and is passed to'a cracking unit (not shown). 
The extract phase separated in the bottom_ of 

the settling tank I4 is withdrawn through hne 
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22 and passed to a re?ux separator 23, wherein 
additional oil may be removed from the extract. 
This can be accomplished by decreasing the tem 
perature in the chamber 23 or by adding water 
through line 24. Additional oil separated from 
the extract may be removed from chamber 23 
through line 25 and returned to mixing cham 
ber II. The extract,- after removal of additional 
oil in the separator 22, is removed therefrom 
through line 26 and passed to a second stage re 
?ux separator 21 wherein further 011 is separated 
in the same manner as in separator 22. Oil ' 
separated from the extract in the second re?ux 
separator 21 may be passed through line 28 to the 
?rst re?ux separator 23 and combined with‘ oil 
separated therein for return through line 24 to 
the mixing tank ll. - 
Extract from the second re?ux‘ separator 21 

may be passed through line 2! to a third stage re 
?ux separator 30 wherein it is subjected to fur 
ther separation in the sme manner as in the re 
?ux separator 23, such as, by the introduction or 
water or by decrease in temperature or both. 
Water may be introduced into the second and 
third re?ux separators through lines 3| and 32. 
Oil separated in the third re?ux separator may 
be passed to the second stage re?ux separator 
through line 33 and therein admixed with oil and 
extract contained therein. By passing the oil 
phase in countercurrent to the. extract phase 
through the successive re?ux separators, as be 
fore described, a more effective separation can be 
obtained. Extract separated in the third stage 
re?ux separator 3|! is withdrawn therefrom 
through line 34 and may be passed to a solvent 
still 35 which may be heated in anysuitable 
manner such as by heating coil 36 to vaporize 
solvent from the extract. The solvent so vapor- ‘ 
ized may be passed through line 31 and com 
bined with solvent recovered from the solvent 
still I6. The extract may be removed from the 
solvent still 35 through line 38 and rejected from 
the system. This extract will contain the con— 
densed ring aromatics. ‘ 

While three re?ux separators have been shown, 
it will be understood that more or less may be pro 
vided as conditions may dictate. The use of a 
plurality of_ such re?ux separators results in 
more e?’ective separation of the condensed ring 
aromatics from oil. 
As hereinbefore described the volume of arc 

matic extracts removed from the oil can be readily 
‘controlled by regulating the amount of water in 
troduced into the re?ux separator or by varying 
the temperature in the separators or both. 

In accordance with the present invention, the 
amount of extract removed is preferably con 
trolled so that all constituents having a speci?c 
dispersion above about 200 are removed. In some ' 
cases it may be desirable to remove all constitu 
ents having a speci?c'dispersion above 150 since 
constituents having speci?c dispersions above 150 
are less suitable for cracking than others. If the 
speci?c dispersion drops below these values, it 
means that simple uncondensed ring aromatics 
having good cracking characteristics are being 
rejected in the extract with the consequent un 
necessary sacri?ce in volume of feed passing 
through the cracking unit. If the speci?c dis 
persions of any portion of the ra?lnate exceeds _ 
these values it means that coke forming con-_ 
stituents are being retained therein. 

It will also be understood that the present in 
vention is not con?ned to the particular method 
of extraction with solvents described and illus 



trated above but has application to other conven 
tional methods of separation. As a guide to a 
better understanding of the invention the follow 

_ ing examples may be helpful, it being understood 
that the values and conditions given in the ex 
amples are illustrative rather than limited. 

7 Two types of oils were selected for determining 
cracking characteristics. One oil was a cycle gas 
oil obtained from a catalytic cracking process 
operating on a 33.4° A. P. I. gravity East Texas 
gas oil and employing activated clay as a catalyst 
suspended in ?nely-divided form in the oil to be 
cracked. The catalytic cracking conditions, such 
as temperature, time of contact and catalyst to 
oil ratio were controlled to obtain about 40% con 
version into gasoline. ' The second 011 was a cycle 
stock from a thermal‘cracking unit processing 
East Texas gas oil at 1000pounds pressure and 
880° F. Inspections of the oils are given below: 

, Cat. 01'. Th. Cr. 
C. G. 0. C. G. 0. 

Gravity, A. P. I ________________________ -_ 32. 5 27. 6 
Aniline point ______ __ 158 136 
Speci?c dispersion 136 161 ‘ 

Distlilolationz 6 4 ___________ _- 51 so 

50% ____________ -. --_ 558 568 
9073 _________________________________ __ 636 682 

Each of the above oils was subjected to solvent 
extraction using methyl Cellosolve as a solvent in 
a batch treater of the type described in the body 
of the speci?cation under controlled conditions 
and the speci?c dispersions of spot samples corre 
sponding to certain volumes of extract were deter 
mined as previously described. The results of 
these determinations are graphically represented 
in Figure 2, wherein the speci?c dispersion is 
plotted against the per cent extracted. 
From‘ these curves it will be noted that the 

cycle stock from the catalytic cracking process 
contains between 20% and 25% of condensed ring 
aromatics having a speci?c dispersion about 200. 
The thermal cycle gas oil, on the other hand, con 
tained between 30% and 40% of condensed ring 
aromatics having a speci?c dispersion above 200. 
Various ra?inate and extract‘fractions of these 

two types of oil were subjected to catalytic crack 
ing to determine their cracking-characteristics 
under the following conditions; The ‘oil to be 
cracked in the form of superheated vapors was 
passed through a cracking zone containing acti 
vated clay known as "Super Filtrol” maintained at 
850° F. The oil was fed at a rate of 0.6 volume 
of liquid-feed per volume of catalyst per hour and 
the length of the cracking cycle was two hours. 
The results obtained are tabulated below: 

Wt. per . 

cent 400 Wt. per- Wt'ITat‘é) 
E. P.1 cent coke gm ‘112° ° 
gasoline 0° 6 

East Texas Cat. Cr. C. G. 0.: 
7 ram 34. 0 4. 2 8. 

39. 5 3. 7 10. 
49.0 2. 6 18. 
48. 8 2. 2 22. 
16.7 6. 0 2. 
17. 7 5. 6 3. 

27 4. 2 6. 
37. 5 4. 0 9. 
49. 7 3. 9 12. 
11. 3 7. 3 1. 

_ 15.6 6. 9 2. 

I Unstabilized liquid distillate. 

Comparing ?rst the cracking characteristics of 
the various ra?lnate fractions of the catalytically 
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3 
cracked cycle oil with respect to the vuriextracted 
oil it will be seen from the table that the removal 
of a 20% extract fraction results in a material 
improvement both in yield of gasoline and weight 
ratio of gasoline to coke but that the improv‘re 
ment is not as striking as that obtained by the 
removal of an additional 10% of extract. Re-' 
ferring to Figure 2, it will be noted that the 80% 
raf?nate still contains some condensed ring aro 
matics having a speci?c dispersion above 200. 
Comparing the 80% ra?lnate with the 70% 

ra?lnate, it will be seen that the removal of an 
additional 10% of aromatic constituents from the 
ra?inate results in 9.5% increase in gasoline 
yield, with an actual decrease in amount of coke 
formed. As a result the ratio of gasoline to coke 
is increased from 10.7 to 18.8. Referring to Fig 
ure 2, it will be noted that the-70% rai?nate (30% 
extract) is substantially free of condensed ring 
aromatics but still contains substantial amounts 
of single ring aromatics since this fraction has a 
speci?c dispersion of 150. 
In the particular stock treated according to 

this example, it would be necessary to remove 
about 50% of the oil as extract to insure com 
plete removal of aromatics. However, from the 
table it will be observed that the removal of an 
additional 20% of extract does not materially im 
prove the cracking characteristics of the result 
ing ramnate. 
Referring now to the thermally cracked cycle 

gas .oil, it will be noted that the 70% ra?inate 
fraction gives only 37.5% conversion as 4 com 
pared to 49% of a similar ra?inate from a cata 
lytically cracked gas oil. From Figure 2, it will 
be seen that the 70% ramnate fraction from the 
thermal cycle oil still contains condensed ring 
aromatics since the 30% extract fraction con 
tains constituents having a speci?c dispersion 
above 200. On the other hand, if the 50% raf 
?nate is used as cracking stock, the yield jumps 
from 37.5 to 49.7 or an increase of 12% with an 
actual‘ decrease in amount of coke formed. As a 
result the gasoline to coke ratio increased from v 
8.5 to 19.0. ‘When 50% of the stock has been re 
jected as extract, the ra?'inate is substantially 
free of constituents having a speci?c dispersion 
above 200 and consequently is relatively free of 
condensed ring aromatics. It will be further ap 
parent from the curve that it is not necessary to ' 
remove 50% as extract in order to bring the 
speci?c dispersion below 200. 

a It will be understood that the curve in Figure 
2 holds true only for the particular type of stocks 
treated and that the relative amounts of con 
densed and single ring aromatics present will de 
pend upon the source of the oil treated and in 
case of cycle oils, the nature of the cracking to 
which it has been subjected and other factors. 
Having described the embodiment of the in 

vention and given a speci?c example thereof, it 
will be understood that it embraces such other 
variations and modi?cations as come within the 
spirit and scope thereof. 
What is desired to be protected by Letters Pat~ 

ent is: _ 

1. In a process for cracking hydrocarbon oils, 
the improvement which comprises treating the oil 
to be cracked with a. selective solvent capable of 
removing aromatic constituents, controlling the 
degree of treatment to separate a solvent extract 
phase consisting principally of condensed ring 
aromatics having a speci?c dispersion above 190 
‘and a raf?nate phase substantially free of con 
densed ring aromatics but containingysubstan 
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tial amountspoi single ring aromatics, separating 
the extract phase from the ramnate phase and 
subjecting said ra?inate phase to cracking treat 
ment to form lower boiling hydrocarbons. 

2. The process de?ned by claim 1, wherein the 
ra?inate phase which is subjected to cracking 
treatment contains substantial amounts of con 

‘ ' 2,804,289 

stituents having a speci?c dispersion ‘between 
100 and 190., 

3. The process de?ned by claim 1, wherein the 
ra?inate phase is cracked in the presence of an 

5 active cracking catalyst. 

CARL O. TQNGBERG. 


