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1 
This ‘invention-relates to the re?ning of low 

boiling oil'with a‘selective solvent for the produc 
tion of valuable products such as Diesel oil. 
'iThe present application is a continuation-in 

part 01' my pending application Serial No. 778,833, 
?led October 9, 1947, now Patent No. 2,475,147, 
for improvements in Solvent re?ning of light‘oils. 
'In the pending application, I have disclosed 

extracting a feedoil such‘as'gas‘ oil'derived from 
the catalytic cracking of'gas'oil' from California 
crude‘ oil with a selective solvent such as furfural 
underconditions effective "'to'form extract and 
ra?inate phase "mixtures. "The ra?inate phase 
mixture comprises non-aromatic:or relatively in 
solubleconstituents'of the-oil mixed with a small 
proportion of the solvent. ‘The extract phase 
mixture: comprises‘ relatively aromatic, non-par 
a?inic and more soluble constituents of " the oil 
dissolved in the main body of solventliquid. 
These extract and rai‘finate mixtures are‘ sepa 

rately subjected to fractional distillation with the 
aid of steam, the distillation being azeotropic or 
partially azeotropic in characteriso as to ‘strip 
the solvent completely or substantially. completely 
from the oil while "avoiding excessive carrying 
over of low-boiling constituents of the oil in the 
'di'stillates. The resulting distillates are either 
separately condensed-"or condensed-in the pres 
ence of each other. The resulting condensed 
liquid or liquids comp-rising solvent and relatively 
small amounts of oil and-water are thereafter sub 
vjected to a primary settling ' wherein soil-rich, 
water-rich and solvent-rich liquid .layersare ob 
tained. These layers are separately .drawn off 
for further treatment. 
Thus the .major portion of the solvent-rich 

liquid is recycleddi-rectly to the initial extraction 
step while a minor portion thereof is cooled to .a 
temperature substantially ibelownormal room 
[temperature and, subjected to a secondary. settling 
to form secondary. oil-rich and- solvent-rich'liquid 
layers respectively. :This secondary solvent-rich 
liquid is recycled. and commingled .withi.lthe-./pri 
.mary ‘solvent-rich- liquid layer. 
The secondary oil-rich liquid as well asthepri 

maryyoil-rich liquid. is subjected to washing by 
contactewith. a relatively largeproportionof water 
v.at- av temperature sufficiently elevated ' to .effect 
extraction by the water of residualsolvent .re 
emaining in the-secondary oil. ...'I‘he resulting 
washedoilis discharged from the system. 
The resulting solution of residuaLsolventand 

wateris subjected .toa tertiary settlingata' low 
temperature, for example,v in the. range. of‘ about 

solvent-rich layers respectively. .The tertiary 
solventg-rich- liquid recycled. and ,commingled 
with thecondensatepassing to the primary settl 
eingazone, while the. tertiary. water-rich .liquid .as 
well as the primary water-rich liquid is subjected ’ 
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2 
to a secondary fractionating stepvwhereinthe-wet 
solvent is concentrated and from which‘solvent 
‘free water is discharged asa- residual liquid frac 
tion. The'secondary ‘distillate of increased-‘sol 
“vent content is'condensediand recycled tothe ter 
tiary-‘settling zone. 
The present invention is particularly concerned 

with the "production of-a desulfurized (‘oil suitable 
"for'Diesel fuel from a-highvsulfuricontent gas-oil 
by ?rst subjecting the feed oil to the action-of a 
cracking catalyst under ~ cracking conditions. 
The resulting cracked gas oil orportion of'the 
'crackedproduct boiling vin'the range *ofgasoil is 
‘then subjected to solvent re?ning withla solvent 
such as furfural to remove sulfur and ‘nitrogen 
“bodies and-relatively’ aromatic hydrocarbons leav 
ingxa ‘re?ned oil~of ~ paraf?nic character and " of 
'materially'reduced sulfur and nitrogencontents. 
The invention 'is particularly applicable 'to-the 

treatment of high sulfur content gas oils'such‘as 
derived from California crudes. This typeof gas 
oil is‘relatively high'in'sulfur content-and‘the ‘sul 
fur compounds are difficult to removebysolvent 
extraction. 
‘I have discovered that by subjecting high sul 

fur, content gas -0i1.of the type inxquestion: to ‘the 
action of an alumina-silica .. cracking :catalyst 
maintained under cracking conditions, the refrac 
tory sulfur compounds undergo conversion so that 
they are more susceptible to removal byvsolvent 
:extraction with a solvent such as furfural. 

For aexamplaa residual crude obtained from 
‘California petroleum was subjected to viscosity 
breaking by passage through a pipe still at a tem 
perature ofabout'SOO to850° F. and under a pres 
sureof about .40 to 60 lbs. gauge. ‘The pipe still 
:ei?uent was. fractionated to produce a gas oil hav 
ing the following.characteristics: 

Gravity, ‘fAJP. I ________________________ __ 23.0 
Nitrogemper cent by‘weight ____________ __-' 0.25 
ZSulfur, per cent by'weight _______________ __ 1:29 
\Neut. Number _________________________ __ '~0-".62 

11A.'TS...T..M..distiilation: 
I...B..P _________________________ .__-‘»F_._ '- 462 

10% _________________________ "PF" ‘.590 
20% _________________________ __°F'__ 632 
50% _________________________ _‘_‘PF__ ‘#706 
90% ________________________ __;°F__ 760+ 
"Endpoint ________________________ __ —— 

‘.This:gas~oil"was thenssubjected to ‘liquid-liquid 
extraction 'witn'furfural' saturated ‘with water, 
the extraction ‘being ‘ eilected vat ' a temperature of 

about 100° F. employing xone-halfvvolume; of- sol 
:vent per-volume‘ of gas oil. .The. resulting extract 
and raf?natephaseswere separatediand thegsol 
ventv'removed therefrom. Theusolvent-iree. raf 
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to the solvent extraction step and this re?ned 
oil had the following characteristics: " 

Gravity, °A. P. I _______________________ __ 26.6 

Nitrogen, per cent ______________________ __ 0.09 

Sulfur, per cent ________________________ __ 1.08 

Neut. number __________________________ __ 0.52 

When another sample of this gas oil was’ ex 
tracted under similar conditions with the same 
type of solvent but employing one volume of sol 
vent per volume of gas oil the re?ned oil yield 
amounted to 85.2% of the gas oil and the sulfur 
content of this re?ned oil was 1.06% or substan 
tially similar to the sulfur content of the re?ned 
oil previously obtained. 
The signi?cant fact is that the solvent re?ning 

of this gas oil even though it had been exposed 
to thermal decomposition in the pipe stilling oper 
ation did not materially reduce the sulfur con 
tent. That is to say, the sulfur content was 
around 1.06 to 1.08% as compared with 1.29% 
for the feed oil. 
By contrast, gas oil approximately similar to 

that obtained in the pipe still operation was sub 
jected to catalytic cracking in vapor phase by 
contact with a ?uidized alumina-silica catalyst 
at a temperature of about 960° F. and under at 
mospheric pressure employing a space velocity of 
about 1.65 volumes of liquid hydrocarbon feed 
per volume of catalyst per hour. Under these 
conditions a substantial proportion of the feed 
oil was converted to gasoline hydrocarbons. 
Thus the gasoline and lighter material obtained 
amounted to about 50% by volume of the gas 
oil feed. 
The products of this catalytic cracking were 

fractionated to obtain therefrom a cracked‘ gas 
oil fraction of the following characteristics: 

Gravity, °A. P. I ________________________ __ 26.8 

Sulfur, per cent ________________________ __ 0.54 

Cetane number ________________________ __ 33.4 

A. S. T. M. distillation: 
I. B. P _________________________ __°F__ 430 
10% ___________________________ __°F__ 474 
20% ___________________________ __°F__ 486 
50% ___________________________ __°F__ 513 
90% ___________________________ __°F__ 584 
End point ______________________ __°F__ 662 

This cracked gas oil was subjected to solvent 
extraction with furfural saturated with water, 
the extraction being e?ected at a. temperature of 
about 77 to 90° F. employing about 0.66 volume of 
solvent per volume of cracked gas oil feed. The 
resulting extract and raifmate phase mixtures 
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were separated and the solvent recovered there 
from. The resulting solvent-free ra?inate oil 
amounted to 60% by volume of the cracked gas 
oil feed and had the following characteristics: 

Gravity, °A. P. I ________________________ __ 38.0 

Sulfur, per cent _ 0.16 
Cetane number _________________________ __ 54.7 

A. S. T. M. distillation: 
I. B. P _________________________ __°F__ 436 
10% ___________________________ __°F__ 466 
20% ___________________________ __°F__ 480 
50% _ °F__ 514 
90% ___________________________ __°F__ 584 
End point ______________________ __°F__ 640 

Thus it is seen that the solvent extraction of the 
catalytically cracked oil resulted in a very much 
greater reduction in the sulfur-content. Thus 
the sulfur-content of the re?ned oil was 0.16% 
as compared with 0.54 for the cracked feed, oil. 

60 
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4 
It appears that the catalytic cracking action not 
only very greatly reduces the sulfur content, for 
example, from 1.29% down to about 0.54%, but 
also renders the remaining sulfur compounds in 
the catalytically cracked oil more susceptible to 
removal by solvent extraction. The re?ned oil 
product obtained is also characterized by a rela 
tively high cetane number. It is very suitable for 
the manufacture of Diesel fuel oil. 

Furthermore, the sulfur removal with solvent 
extraction is enhanced by a more drastic cata~ 
lytic cracking treatment. Thus, the same feed 
stock when cracked to a conversion of about 60% 
produces a catalytic cycle gas oil even more sus~ 
ceptible to solvent treatment. 
A catalytic cycle gas oil of the following char 

acteristics resulted from deeper crackingz. ' 

Gravity, °A. P. I ________________________ __ 25.1 

Sulfur ________________________________ __' 0.55 
Cetane number __________________ _‘_ _____ __" 31 

A. S. T. M. distillation: . 
I. B. P _________________________ __°F__ 430 
10% __________________________ __°F__ 480 
20% __________________________ __°F_,__ 496 
50% __________________________ __°F__ 526 
90% __________________________ ___.°F'___ 598 
End point _____________________ __°F__ 672 

Using approximately the same volume of 
solvent at similar conditions of counter?ow ex 
traction the re?ned oil yield amounted to 47% 
by volume of the cracked gas oil feed and had 
the following characteristics: - 

Gravity, °A.'P. I _____________ _______._v______ 38.7 
Percent Sulfur __________________ _,__ _____ __ 0.08 

Cetane number _________________________ __ 56 

A. S. T. M. distillation: 
I. B. P _________________________ __°F__ 414 
10% ___________________________ __°F__ 456 
20% ___________________________ __°F__ 4'72 
50% ___________________________ __°F__ 515 
90% ___________________________ __°F__ 596 
End point ______________________ __°F__ 644 

It “will be noted that although the re?ned oil 
yield is lower the cetane number increase and 
the sulfur reduction are both greater than with 
the product representing a lower conversion of 
the virgin gas oil. 
The catalytic cracking operation decomposes 

the nitrogen compounds and hence the amount 
of nitrogen remaining in the cracked gas oil'is 
negligible. ‘ 

Thermally cracked gas oil is inferior for Diesel 
manufacture for the further reason that it has a 
much heavier A. P. I. gravity and contains less 
material of high cetane value. 

Effective catalytic cracking catalysts are those 
comprising from about 5 to 20 mols of silica to 

Either naturally occurring 
or synthetic alumina-silica catalysts may be em 
ployed, the catalyst being substantially free from 
alkali metal compounds. An effective synthetic 
catalyst comprises essentially a calcined mixture 
of hydrated silica-alumina gels. The hydrated 
silica gel may be mixed while in a wet condition 
with separately prepared hydrated alumina, or 
the gels may be coprecipitated. The mixture 
may also contain a small amount of zirconium 
oxide or other metal oxides within the range of 
about 2 to 6 mol per cent of the silica. 
The cracking reaction may be carried out at 

a temperature ranging from about 800 to 1000’ 
F. using the fluidized'solids techniquewherein 
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the vaporized feed oil is passed upwardly through 
a ?uidized mass of the catalyst in solid particle 
form. In other words, a conventional ?uidized 
catalyst cracking operation may be employed 
such as disclosed for example, in U. S. 2,425,482, 
granted to C. E. Moser on August 12, 1947. 
Other high boiling organic solvent liquids be 

sides furfural may be employed including deriva 
tives of the furan group as well as other com 
pounds such as benzaldehyde, nitrobenzene, 

The solvent extraction 
may be carried out in a conventional manner 
employing liquid-liquid extraction with counter 
current flow between oil and solvent, or extrac 
tive distillation may be employed. Liquid-liquid 
extraction with furfural or with furfural con 
taining a small amount of water is usually car 
ried out at substantially amospheric pressure 
and at a temperature within the range of about 
70 to 150° F. 
Although mention has been made of applying 

the process to the treatment of gas oils obtained 
from California crudes nevertheless it is contem 
plated that it may be applied to other feed stocks 
having high sulfur and also high nitrogen con 
tents for the production of Diesel oils and other 
products of low sulfur and nitrogen contents. 

Obviously many modi?cations and variations 
of the invention as above set forth may be made 
without departing from the spirit and scope 
thereof, and, therefore, only such limitations 
should be imposed as are indicated in the ap 
pended claim. 
I claim: 
A method of producing Diesel fuel oil from re- 3 

sidual crude oil relatively high in sulfur and 
nitrogen-containing compounds, said sulfur con 
tent being in excess of 1% by weight, which com 
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prises subjecting said reduced crude to heating 
at a temperature of about 800 to 850° F. while 
under super atmospheric pressure such that the 
feed oil undergoes thermal cracking su?icient 
to reduce substantially its viscosity, distilling 
from the thermally cracked crude a fraction boil 
ing in the range of gas oil, subjecting said gas 
oil fraction While in vapor phase to contact with 
a ?uidized alumina-silica cracking catalyst at a 
temperature of about 960° F. and under about 
atmospheric pressure such that at least about 
50% by volume of the gas oil is converted into 
gasoline and lower boiling material, fractionating 
from the products of catalytic cracking a second 
gas oil fraction, subjecting this second gas oil 
fraction to solvent extraction with furfural satu 
rated With Water at a temperature of about 
77-90” R, such that raf?nate oil and extract oil 
fractions are formed, withdrawing said raf?nate 
oil fraction and stripping residual solvent from 
the withdrawn fraction thereby obtaining sol 
vent-free raf?nate oil substantially free from 
nitrogen, containing not in excess of about 016% 
sulfur and having a relatively high octane num 
ber. 

ROBERT E. MANLEY. 
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