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1. 
This invention relates to distillate fuel manu 

facture and it pertains more specifically to the 
manufacture of high quality distillate fuels, Such 
as heater oil, furnace oil and Diesel fuel from 
high sulfur crudes such, for example, as West 
Texas Crude oil. - 

Heretofore distillate fuels have been produced 
as by-products in the manufacture of gasoline 
and such fuels of relatively high quality could be 
obtained from fractions of the virgin crude oil 
or from the cracking of virgin crude oil or from 
mixtures of virgin and cracked products. The 
phenomenal increase in demand for distillate 
fuels brought about by increased use of oil burn 
ers, replacement of steam locomotives by Diesel 
engines on railways, etc., coupled With the fact 
that high quality crude oils, such as Mid-Con 
tinent crude, are insufficient to meet demands 
and hence must be replaced by high sulfur crude 
oils has presented a serious problem to the oil 
refining industry. An object of this invention is 
to provide an improved method and means for 
obtaining the necessary amounts of high quality 
distillate without Sacrificing yields or quality of 
gaSoline and other products produced when high 
Sulfur crude oil is employed as a charging Stock. 
An important characteristic of an acceptable 

distillate fuel is that it have a low Sulfur con 
tent. Generally Speaking, the Sulfur. Content 
should not exceed about .5% and even a lower 
Sulfur limit is desirable (although for Some pur 
poses a sulfur content as high as 1% may be 
tolerated). Distillate fuel fractions from Mid 
Continent virgin gas oil contain only about .1 to 
.2% sulfur and even the cycle stock from the 
cracking of Such gas oil has a sulfur, content not 
Substantially higher than about .2%. West Texas 
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gas oil, however, is characterized by a sulfur con 
tent of the order of about 2% and the cycle stock 
from the cracking of such gas oil has sulfur con 
tents upwards of 1%, e.g. approximately 1.5% 
or more. An object of the invention is to provide 
distillate fuels from high Sulfur crudes Without 
interfering with maximum gasoline, production, 
Said distillate fuels having a Sulfur content not 
Substantially higher than about .5%. 

Another desired characteristic of a distillate 

45 

fuel is its freedom from tendencies toward coke. 
and soot deposits. Extensive tests have shown 
that a virgin or cracked distillate fuel can be 
rated in this respect by a burning quality index 
which will be hereinafter referred to as BQI and 

50 

which will be hereinafter defined or characterized 

2. 
by setting forth the precise test for its determi 
nation. The BQI of a distiliate fuel is an index 
of its quality for its intended use which is com 
parable to "octane number' as a quality index 
for gasoline. For satisfactory burning qualities, 
i. e. Sufficient freedom from coke formation and 
Soot depositing tendencies, a distillate fuel should 
have a BQI of at least about 60. Thus a dis 
tillate fuel fraction of an M-C virgin gas oil hav 
ing an API gravity of 34.6, a 10% distillation 
point of 490° F., a 50% point at 564°F. and a 
90% point at 619 F. has a BQI of about 80. The 
cycle stock produced by cracking such gas oil 
and characterized by a gravity of 36.0 API, a 
10% point of 368 F., a 50% point of 414 F. and 
a 90% point of 470 F. has a BQI of about 71. 
However, a distillate fuel produced by the crack 
ing or coking of West Texas gas oil may have a 
BQI of only about 20, the BQI of some fractions 
being as low as -10. An object of the invention 
is to provide distillate fuels from high Sulfur 
crudes Without interfering - with maximum gaSo 
line production, Said distillate fuels having a 
BQI of at least about 60. - 

Distillate fuels usually boil in the range of 
about 350 to 750° F., the so-called heater, oils 
(for pot type and sleeve type burners) boiling 
chiefly in the range of 350 to about 550 F. or 
more (some having end points as high as up to . 
about 700°F.) and Diesel fuels boiling chiefly in 
the range of about 400 to 650°F. or more. It is 
desirable to manufacture furnace oils of suffi 
ciently low sulfur content and high cetane number 
that they can also be utilized as Diesel fuels. For 
such use the cetane number of the fuel should be 
at least about 40 and preferably about 50 or more. 
Mid-Continent light virgin gas oil Diesel fuels are 
characterized by a cetane number upwards of 50 
and the cycle stock produced by the cracking of 
gas oils have a cetane number upwards of 40. 
However, Diesel fuel fractions produced by 
cracking or coking of high sulfur crudes, such 
as crudes from West Texas, have a cetane num 
ber of only about 35 although it varies with con 
version. An object of the invention is to provide 
distillate fuels from high sulfur crudes without interfering with maximum gasoline production, 
said distillate fuels having a cetane number of at 
least about 40 and preferably about 50 or more. 
An important object of the invention, is to ac- ; : 

complish each of the above objects simultaneous 
ly and at the same time to produce, in addition 
to maximum yields of gasoline, a marketable 
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coke and a valuable by-product extract which 
may find important utilization in the agricul 
tural and construction industries. 

In practicing the invention a high sulfur Crude 
oil or a charging stock consisting essentially of 
high sulfur crude oil, may be processed primarily 
for production of maximum gasoline yields by 
the catalytic cracking of the gas oil fraction and 
the coking of the residual fraction under condi 
tions which are now well known in the art. The 
gas oils produced in such operations are then ex 
tracted with HF at a temperature in the range 
of about 50 to 150 F. and with an amount of 
HF in the range of about .05 to 2 volumes, pref 
erably about 5 volume, per Volume of gas Oil 
charged. The extraction is preferably effected 
in a countercurrent system designed to provide 
intimate contact and adequate time of contact 
which may be in the range of about 10 to 60 
minutes, e. g. about 30 minutes but which will 
depend somewhat upon the intimacy of contact. 
Particularly in the case of coke Still gas oil, which 
may constitute one of the largest refinery streams 
and which constitutes the most difficult problem, 
the contacting and/or separation of HF and gas 
oil may be effected in the presence of a Small 
amount of a light paraffinic hydrocarbon Such 
as normal hexane or a pentaine or similar cut 
of light naphthal; Such hydrocarbon is not pri 
marily for the purpose of reducing viscosity but it 
has been found to minimize emulsion difficulties 
and to facilitate phase separation as well as to 
facilitate solvent removal after the extraction 
step. Yields of gas oil raffinate obtainable in Such 
extraction processes range from about 75% to 
90% and the extract obtained has unique prop 
erties which may make it useful for impregnat 
ing compositions for the protection of wood and 
other fibrous materials against the action of ter 
mites, marine borers, etc. 
The extraction effects a Surprising in prove 
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ment, in the characteristics of the Oil which are 
of such importance in the distillate fuel field 
without substantially changing the distillation 
temperature of the various boiling range frac 
tions, particularly those fractions which are de 
sired in the distillate fuel field. The resulting 
fuel oil fractions are thus characterized by sul 
fur content mot Substantially eXceeding about 
5%, usually in the range of about . to about : 
.3%, a BQI of upwards of about 60 and a cetane 
number upwards of about 40 or 50. In addition 
to these important improvements the fuel oil 
fractions are further improved by having a lower 
bromine number, density, refractive index and 
specific dispersion. The improved BQI means 
that it has a remarkably lower tendency to de 
posit carbon on burning. 
The invention will be more clearly understood 

from the following detailed description read in 
conjunction with the accompanying drawing 
which forms a part of this Specification and 
which schematically illustrates a flow diagram 
of the improved process. 

Referring to the drawing, a high sulfur crude 
Oil or a crude oil mixture consisting chiefly of 
high sulfur crude from Source is fractionated 
in a conventional manner Schematically repre 
sented by crude fractionator into a residual 
fraction which is withdrawn through line S2 to 
coker 3, a virgin gas oil fraction which may be 
withdrawn through line 4 to catalytic cracking 
Systern 5 and a lighter-than-gas-oil fraction 
which is withdrawn through line S and sub 
jected to known processes for the production of 
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4 
high quality motor fuel. The virgin gas oil frac 
tion may, if desired, be withdrawn with the re 
sidual fraction as a part of the reduced Crude. 
The coking of the reduced crude or residual 

fraction is essential for obtaining maximum gaS 
oline and distillate fuel oils from the crude oil. 
No novelty is claimed in the coking operation per 
se since it is well known to those skilled in the 
art and it, Will not be described in great detail. 
Briefly, the process comprises the Subjecting of 
the reduced crude to temperatures of the Order' 
of about 850 to about 1000 F., e.g. 900 F., at a. 
pressure of about atmospheric to 100 p.S. i., USul 
ally about 50 p. S. i., for sufficient time of con 
tact to convert the charge into solid coke, coke 
still gas oil and coke still naphtha with some for 
mation of lighter hydrocarbons. The coke is re 
moved at 7 and marketed as such. The coke 
still naphtha, is removed at line 8 and may be 
catalytically reformed for effecting desulfuriza 
tion and octane number improvement by conven 
tional methods. The coke still gas oil, however, 
has presented the most difficult problem for pe 
troleum refiners because it is not particularly 
desirable as a charging stock for thermal and 
catalytic cracking and because it possesses none 
of the essential characteristics required for meet 
ing distiilate fuel SpecificationS. 
The coke still gas oil is withdrawn through 

line 9 and if it contains any moisture it should 
be dried by passage through drying towers or 
other conventional drying equipment. Fron line 
i 9 the coke Stili gaS oil is introduced into HF 
extraction tower 2 (which may be packed With 
1-inch carbon rings 2 supported on grid Sup 
port 22) where it is intimately and countercur 
rently contacted with liquid HF introduced 
through line 23. The extraction may be effected 
in a batch or multiple batch system or in a con 
tinuous tower type reactor or in any other known 

It has been found however that best 
results are obtained when a Small annount, for 
example. about 2 to 20% or approximately 10%, 
of a light hydrocarbon or mixture of hydrocar 
bons of the butane to heptane boiling range, for 
example hexane, is introduced either by line 24 
below the coke still gas oil inlet or by line 25 
With the gas oil charge, the former giving the 
best resultS. 
The amount of Solvent, may be waiied within 

the fairly Wide range of about .05 volune to 2 
VolUmes Or IMOre Of HF per volume Of Coke Still 
gas oil charged but from a quality yield Stand 
point it has been found that good results are og 
tained. With from about .2 to about .5 wouine of 
HF per volume of gas oil cha: ged. Thus using 
approximately .3 voliume of HF per volume of 
gas oil charged, a rafiinate yield of about 81.5% 
has been obtained with a sulfur content of .48. 
The extraction may be effected at ordinary at 
Inospheric temperature or Within the range of 
about 50 to 150 F. and the time of contact may 
be about 10 to 60-minutes, e. g. about 30 rain 
utes, although shorter times may be employed 
if greater intimacy of contact is obtained. 
The extract from the countercurrent extrac 

tion System is withdrawn through line 28 to ex 
tract Stripper 2, which may be provided with 
Suitable top cooling or reflux means such for 
example as introduction of condensed HF at the 
upper part thereof. The extract stripper is pro 
Vided With conventional heating means 2E which 
may be supplemented by the use of an inert strip 
ping gas Such as propane, butane, etc. The strip 
ping gas and removed HF are withdrawn through 
line 29 and the extract material through line 



5 
30. The final extract may be contacted with bauxite for decomposing any alkyl fluorides in 
accordance with conventional practice in the HF 
alkylation art. This material has unique proper 
ties which may prove to be of importance in wood 
impregnating compounds and the manufacture 
of resins and plasticizers. Such extract may con 
tain 5 or 6% by weight of sulfur and it may be 
characterized by an A. P.I. gravity of about 6 to 
8 with a boiling range higher than that of the 
charging stock. The extract itself may be sub 
jected to a coking operation and when coked at 
about 1000 F. yields about 63% liquid product, 
13% coke, and 24% gas, the total liquid product 
containing about 6% and the coke about 3% 
Of Sulfur. 
The raffinate from the extraction system 20 

is withdrawn through line 3 to raffinate strip 
per 32 which is provided with conventional re 
boiler or heating means 33 and also with Suitable 
top cooling or reflux means. A cooler and acid 
settler may be interposed in 3f for the separation 
and direct recycling of any HF that may be 
separated from the raftinate by such procedure 
and an inert Stripping gas Such as propane, bu 
tane or the like may supplement heat as a means 
for removing the HF from the rafiinate mate 
rial. The HF and stripping gas leave Stripper 
32 through line 34 and may be combined With 
materials from line 29, the combined materials 
being cooled in cooler 35 and introduced into 
Settler 36. The separated HF may be with 
draw from the settler through line 37, Supple 
mented when necessary by makeup HF from 
line 38 for introduction through line 23 to ex 
traction system. 20. The upper hydrocarbon lay 
er may be withdrawn from Settler 36 through 
line 39 and at least a part of it may be withdrawn 
through line 40 or returned to low points in the 
Stripping towers. At least a part of the hydro 
carbons may be passed by lines 4 and 24 to a low 
point in the extraction tower 23 in place of or in 
addition to makeup hexane or light paraffinic 
hydrocarbon introduced through line 42. 
The gas which may contain H2S, vented from 

the top of settler 36 through line 40d and/or the 
stream from line 40 may be processed in any 
known manner for recovering residual HF there 
from. For example, the gas stream from line 
40 a maybe Scrubbed With a lean oil under con 
ditions for dissolving HF, the undisSolved i ma 
terial may be vented from the top of the Scrub 
ber, the rich oil from the base of the scrubber 
may be heated to release the dissolved HF, the 
liberated HF may be returned to the system, 
and the denuded lean oil may be cooled and re 
turned to the top of the Scrubber (not shown). 
The stripped rafiinate passes from the base of 
Stripper 32 through line 43 to fuel oil fractional 
tor 44 which is diagrammatically illustrated as 
a simple tower but which may consist of any 
conventional or known fractionation System pro 
vided With conventional reboiling and reflux 
means. Any remaining dissolved HF may be 
removed from the stripped raffinate by passing 
it through line 45 to scrubber 46 into which a 
caustic solution is introduced by line. 47 and 
withdrawn through line 48. Conditions will be 
employed in fractionator 44 for obtaining dis 
tillate fuel of the described boiling range which, 
in the case of heater oil, may be about 350 to : 
500 F., in the case of furnace oil may be about 
350 to 550°F, or more and in the case of Diesel 
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fuel may be in the range of about 400 to 650 F. 
or more. Distillate fuels of such boiling ranges 
may be withdrawn through line 49. The lighter 
fractions withdrawn through line 50 may be em 
ployed as a component of kerosene or naphtha, 
and the heavier fractions may either be with 
drawn for special use through line 5 or re 
turned by line 52 to the catalytic cracking unit 
5. The extraction step makes these heavy ends 

particularly suitable as a charging stock for the 
catalytic cracking step. At least a part of the 
distillate fuel boiling range fraction may also 
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be introduced through lines 53 and 52 to cat 
alytic cracking unit 5. . 
As a Specific example, a West Texas crude was 

fractionated to give a 55% reduced crude chair 
acterized by an API gravity of 19.3, a sulfur con 
tent of 2.3% and a boiling range upwards of 
about 500°F. The reduced crude was subjected 
to a coking which operation resulted in wet gas 
yield of 6.3 wt. percent, a coke yield of 13.3%, 
a gasoline yield of about 10 volume percent and 
a coke still gas oil yield of about 75 volume per 
cent, the latter having an API gravity of about 
27.5, a wt. percent sulfur of about 1.8 and a 
boiling range of about 400 to about 750. F. 
Representative inspections on, coke still gas oil 
as charged to an HF = extraction unit and on 'a, 
total raffinate therefrom as charged to a frac 
tionator are as follows: 

- Coke Still 
gas oil 

Volume Per Cent on Original--------------- 100.0 81.5 
API Gravity------------------ .-32.3 . . . .:27.1 ?. ? 
Weight Per Cent Sulfur 164: 0.5 
BQL…---------- 46 , 77 
Bromine Number 24 5 
Specific Dispersion.-- --- 147 129 
Refractive Index---------------------------- ?.4983 1.4814 
Cetane Number-...--------------------------- 
ASTM Distillation: 

Initial Boiling Point.------------------- 
45 

370 
490 
566 
625 
684 
746 

------------- ? 750 
SSSS LS S LSLSSS LSS S S 0.005 

" Less than .05% 

Maximum------------------------------- 
Weight Per Cent Fluorine------------------- 
Per Cent Sin heateroil boiling range-------- 

From the above inspections it will be noted 
that the total raffinate is characterized by a 
Sulfur content of only .5, a BQI of 77 and a cetane 
number of 51. It Will also be noted that the 
bromine number, Specific dispersion and refrac 
tive index are markedly lower than on the coke 
still gas oil and the API gravity is materially 
higher although the distillation temperature of 
the 10% to 90% fractions, is not materially 
changed. ...". 

Heretofore it was believed that HF would re 
act with the olefins of such charging stocks to 
form alkyl fluorides; the extremely small amount 
of alkyl fluoride formation was surprising and 
although the raffinate may sometimes contain 
aS much as .02% fluorine, a caustic Wash is 
usually all that is required. Stripped extract 
may be contacted with bauxite for decomposing 
any residual alkyl fluorides and stripped rafiinate 
may simply be scrubbed with a solution of sodi 

, um hydroxide or the like. ?" 
Since most distillate fuels are of narrower 

boiling range than the total raftinate it is im 
portants to know the properties of the compo 
nents of different boiling range in the total rafi 
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nate. Inspections on seven fractions of a rep 
resentative raffinate are as follows: 
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the solution of more non-sulfur compounds into 
the extract phase. 

Cut----------------------------------- Raf- 1. 2 3 4 5 6 7 Bottoms 
finat? - - 

Volume percenton total Raffinate-- 5.0 5.0 5, 1 5.0 5.2 5.2. 5.2 
Weight per cent S.------------------ 0.039 0.039 0.058 0.084 0.122 0.172 0.217 
API.-------------- 59.2 42. O 39, 5 37.9 36.4 35.6 34.7 

100-- 96.6 89.0 85.0 82.4 81.2 79.2 
140 370 434 460 482 496 514 
160 404 456 481 504 524 . 536 
220 428 474 502 .526 546 560 

-- - - - - 412 454 496 528 554 576 586 
486 520 548 580 582 598 614? 

- - - - - - - 12.9 23.3 27.1. 28.2 29.2 30.5 

The above information shows that the low boil 
ing fractions are remarkably low in sulfur content 
containing only about .04%. The last line of the 
above tabulation shows the increase in BQI over 
that of the corresponding fractions in the unex 
tracted coke Still gaS oil. 
The remarkable results accomplished by HF 

extraction of coke still gas oil are not obtained 
by processes heretofore known to the art. When 
distillate fuel fractions of coke still gas oil are 
treated with sulfuric acid, desulfurization is dis 
appointingly low even at treats with as much as 
15 pounds of 98% sulfuric acid per barrel (which 
is about ten times the amount of acid currently 
used for stabilizing furnace oils). The unique 
character of coke still gas oil is shown by the 
fact that HF extracts from Virgin gas oils and 
even from cycle gas oils produced by thermal or 
catalytic cracking can be almost completely (99% 
or more) desulfurized by hydrogenation over 
cobalt molybdate catalyst at 750 F. and 300 
p.s. i. g. pressure with a space velocity of about 
.5 and with 24,000 cubic feet per barrel of added 
hydrogen; only about 80% of the sulfur could 
thus be removed from HF extract from coke still 
gas oil. Apparently the coking proceSS changes 
the nature of at least a part of the Sulfur com 
pounds in a high sulfur charge and creates a 
sulfur removal problem which is not encountered 
with virgin or cycle gas oils. It appears that the 
sulfur compounds in the 500° or 600 to 700° F. 
boiling range are most difficult to remove by 
hydrogenation (hydrodesulfurization) and the 
invention is particularly applicable to Such coke 
still gas oil fractions. 
My HF extraction is surprisingly more effective 

on coke Still gas oil than On Virgin gas oil, as 
shown by the following comparative data on ex 
tractions with 30 weight percent HIE'; 

Virgin Gas Oil Coke Still Gas Oil 

Feed Raff. Extr. Feed Raff. Extr. 

API.------------ 27.2 30.3 9.8 27.1 32.4 6.1 
ASTM 50% °F- 625??? - - - - ??? - - - - - -? 625 --------?-??- ?? ? ?? ?--? - 
Weight Per Cent 

S-------------- 1.71 0.70 7.5 1.64 Q?4& 5.8 
V 0 Ulme. Per 
Cent Yields--------- 87.6 12.4 -------- 8.5 18.5 

Weight Per Cent 
- Desulfuriza 

59 - - - - - - - - - - - - - - - - 71 ------- 

The sulfur and aromatics in coke still gas oil ap 
pear to be more soluble in HF than the corre 
sponding compounds in virgin gas oil of similar 
boiling point. There appears to be a loss of Selec 
tivity when the amount of Solvent is less than 
10% or more than about 60 to 80% because of 
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A striking example of the unpredictable results 
obtainable by the invention is shown by a com 
parison of BQ1 in provement obtainable by ex 
traction of M-C virgin heavy gas oil as compared 
with BQI improvement obtainable with coke still 
gas oil. Extraction of M-C heavy virgin gas 
oil with 28% HF solvent gave the following 
resuits: 

Volume Per A. S. T. M. 
i | Për Cent i Cent | CAPI - BQ 

Yield | Sulfur O 50 90 

Feed------------ 73 748 || 656 || 574 || 30.3 ... || 0.45 - - - - - - ??? 
Raffinate------ ... 94.3 0.24 || 31.2 584 i 658 || 742 72 
Extract-------- - 5.7 || 2.1 || ' 1.7 ??----------||----- ?------------ 

Extraction of coke still gas oil chiefly of West 
Texas origin with 33 volume percent HF gave 
the following results: 

Volume i Per A. S. T. M. BQI 
Per CentCent API Yield Sulfur 10 50 90 

Feed----------- 100.0 1. 64 27. 490 625 746 48 
Raffinate------ 8.5 0.48 32.6 482 63 748 84 
Extract.-------- .18.5 |:5.80 ????????- - - - -||-??? -||---???? !! 6.1 ?--- 

The raffinate of the M-C gas oil showed an actual 
decrease in BQI by the extraction step while in 
the case of high sulfur coke still gas oil the BQI 
was increased from 48 to 84, the coke still 
raffinate. BQI being materially higher than that 
of virgin M.C. oils. 
Now with regard to the significance of the BQI, 

it is Well known that the various refinery stocks 
in the distillate fuel boiling range are by no means 
of the same quality. Some highly refined Stocks 
give trouble-free performance in the most critical 
type burners while others are wholly unsatisfac 
tory giving large deposits in relatively short 
periods of time. The need for a test method to 
rate the performance of a furnace oil in a 
burner is not unlike the earlier need of the in 
dustry for a device to measure the performance 
of gasolines in internal combustion engines. In 
this latter case the conventional Octane Scale has 
proven of great utility. With this thought in 
mind Successful efforts were made to set up a 
somewhat similar Scale for rating the perform 
ance of distillate fuels in burners. The “test 
burner' selected was a Coleman Model 821B 
Space Heater. This burner was chosen because 
it is typical of the most sensitive class of burners 
used commercially. The standard burner test 
involves determining the weight of the total 

  





of 5 to 15 pounds per square inch and with a 
weight space velocity in the range of .2 to 20 
pounds of oil charged per hour per pound of 
catalyst in the reactor. The charging stock 
passes upwardly through the reactor at a velocity 
in the range of about 1 to 3 feet per second and 
sufficiently low to maintain the catalyst in dense 
phase turbulent suspension, a portion of the cata 
lyst being continuously withdrawn to a separate 
regenerator from which regenerated catalyst is 
constantly returned to the reactor. Since no in 
vention is claimed in the catalytic cracking step 
per se, no further descrinition of it is necessary. 
Gasoline is withdrawn from the catalytic 

cracking System through line 54 and lighter 
than-gasoline products through line 55. The 
heavier-than-gasoline components, usually re 
ferred to as catalytic cycle oil, are withdrawn 
through line 56 and at least a portion thereof 
may be withdrawn from the system through line 
57 for separate utilization. Such catalytic cycle 
oil may however be markedly improved by pass 
ing it through lines 58 and 9 to the HF extrac 
tion system 20 and extracting it with HF under 
Substantially the same conditions as hereinabove 
described in the case of coke still gas oil. Here 

- again the optimum HF to oil ratio for the ex 
traction step appears to be in the general vicinity 
of .5 volume of HF per volume of oil undergoing 
extraction. Under such conditions the rafiinate 
yield is about 80 to 85% and representative in 
spections of the total cycle gas oil, raftinate and 
extract respectively are as hereina hove tabulated. 
As herein above pointed out, at least a portion 

of the HF extracted coke still gas oil may be 
charged to the catalytic cracking step. It has 
been found that when unextracted coke still gas 
oil (from West Texas crude) is charged to the 
catalytic Cracking step employing an activated 
clay or natural cracking catalyst, the activity of 
the catalyst decreases quite rapidly, the amount 
of conversion correspondingly decreases and the 
weight percent of coke based on charge rapidly 
increases. However, when such coke still gas 
oil is extracted with HF to give about 81.5% 
raffinate as hereinabove described and the ex 
tracted gas oil is charged to catalytic cracking, 
the initial conversion is considerably greater. 
The effect of the extraction step on catalyst de 
terioration in the cracking step is shown by the 
following tabulated results of an experimental 
program: 

Feed, Per Cent Carbo Weight Hours on St FaceOS Catalyst Feed Stock Conver. Deposit, ', Per gent Stream sion Weight Activity 
Per Cent 

C??? Still Gas 1.66 1. 50.0 8.2 2.4 
.14 9.2 43.4 60 66 --------- ? ???? --11 

F???ta???? | 10 57.6 5.0 ?ke Stil 0.50 106 55.3 4.3 25.3 Gas Oil--- 

... “Catalyst activity' as herein employed means the 
unber of parts by weight of a fresh reference catalyst that. Would be required fo obtain the same extent of 

Yersion as is effected by 100 parts by weight of the catalyst beingrafed under the samé operating conditions.“ (?ibe 
terrination of Activity and Selectivity of Cracking Cata lystpresented by Shankland andschmitkonsat Novem 19, 1947. meeting of American Petroleum institute.) The decline of catalyst activity with coke still gas oil 
Somously decreases the conversion which can be effected in a given catalytic cracking unit, and said decline in 
activity can be substantially avoid * R *n tion of the charge. ?. ed by proper HF extrac 

The product distribution in the catalytic crack 
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12 
HF" extraction step as shown by the following re 
Sults: 

epos- le -----------T--------------------- 
Feed Stock its volute | Per 
: Perºnt Clear 1 ce.3 ce. BQI C???t 

Coke Still Gas 
Oil----------- 5.3 37 79.7 8,883.5 O 1.3 

HF Extracted 
Coke Still 
Gas Oil------ 2.4 43 78.3 82,085.2 55 0.6 

Although the light cycle oil from the catalytic 
Cracking of HF extracted gas oil is of somewhat 
lower quality for distillate fuel oil preparation 
than extracted coke still gas oil itself, certain 
fractions thereof will meet BQI and sulfur speci 
fications and the BQI improvement in particu 
lar is remarkable. It should be noted that the 
HF extraction lowers the coke yield to less than 
half of its original value, markedly increases the 
gaSoline yield and produces a gasoline which, 
With the addition of tetraethyl lead in amounts 
of 1 cc. and 3 cc. respectively, is even Superior to 
the gasoline produced from unextracted coke still 
gaS oil. 

It should be emphasized that the HF extraction 
in all cases is effected without the necessity of em 
ploying BF3 or other additives which so greatly 
increase the cost and difficulty of refining. 
While preferred examples of the invention have 

been described in considerable detail it should be 
understood that the invention is not limited 
thereto Since numerous alternative procedures 
and Operating conditions will be apparent from 
the above description to those skilled in the art. 

I claim: 
1. A method of obtaining a high quality dis 

tillate fuel, which method comprises coking a 
virgin high boiling fraction of a high sulfur crude 
oil, effecting said coking at a temperature be 
tween about 850 F. and about 1000°F. at a pres 
Sure between about 15 and about 100 p. s. i. to pro 
duce principally a coke still gas oil having an 
A. P. I. gravity below 30, more than 1 weight per 
cent of Sulfur and a burning quality index less 
than 50, extracting said coke still gas oil with liq 
luid hydrogen fluoride in an amount between 
about 20 and about 50 percent by volume, based 
On Said coke still gas oil, at a temperature be 
tween about 50° F. and about 150°F. to produce a 
raffinate, fractionally distilling said raffinate to 
obtain a distillate fuel oil fraction boiling between 
about 350° F. and about 650° F., the last-named 
fraction having a sulfur content not in excess of 
about 0.3 weight percent and a burning quality 
index of at least 75. 

2. The method of producing high quality dis 
tillate fuel from a coke still gas oil obtained by 
the coking of a high boiling fraction of a high sul 
fur crude oil at a temperature in the range of 
about 850 F. to about 1000 F. at a pressure be 
tween about 15 and about 100 pounds per square 
inch to produce principally a coke still gas oil 
having more than one weight per cent of sulfur 
and a burning quality index not higher than 
about 50, which method comprises contacting said 
Coke Still gas oil with liquid hydrogen fluoride at 
a temperature in the range of about 50° F. to 150° 
F. With a hydrogen fluoride to oil volume ratio 
Which is greater than .1:1 and less than .6:1. With 
a time of contact less than 60 minutes but sufi 
cient to produce a raffinate haying a sulfur con 
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tent not substantially in excess of about 0.5 
Weight per cent, Separately removing hydrogen 
fluoride from the raffinate and extract produced 
in the contacting Step, and fractionating the hy 
drogen iuoride-free rafiinate to obtain a distii 
late fuel oil fraction boiling chiefly in the range 
of 350° E. to 650 F., said distillate fuel oil fraction 
having a sulfur content not in excess of about 
0.3 Weight per cent and a burning quality indeX 
of at least about 75. 

3. The method of producing high quality dis 
tilate fuel from a coke Still gas oi produced by 
coking a high boiling fraction of a high Sulfur 
crude oil at a temperature in the range of about 
850 F. to about iO00 F. and a preSSure in the 
range of about 15 to 100 pounds per Square inch 
to produce principally a coke Still gas oil con 
taining more than One Weight per cent of Sulfur 
and having a burning quality index not higher 
than about 50, which method compriseS eXtract 
ing Said coke Still gaS oil with liquid hydrogen 
fuoride in an amount between about 20 and 
about 50 per cent by volume, based on Said coke 
still gas oil, at a temperature between about 50 F. 
and 150° F., employing in the extraction Step a 
contact time which is leSS than 60 minutes and 
sufficient with the intimacy of contact employed 
to produce a yield in the range of 75% to 90% of 
a raffinate which when freed from hydrogen 
fluoride is characterized by a Sulfur content not 
higher than about .5 weight per cent and a burn 

O 

15 

20 

25 

30 

ing quality index of at least about 60, and Sepa- - 
rately removing hydrogen fluoride from the raf 
finate and extract produced in the extraction 
Step. 35 

4. The method of producing, from a high Sul 
fur crude petroleum, a hydrocarbon oil boiling 
chiefly in the range of 350 F. to 700. F. and 
having a sulfur content leSS than about 0.5 Weight 
per cent and a burning quality index of at least 
about 60, which method comprises coking a high 
boiling fraction of said high sulfur crude oil at a 
temperature in the range of about 850 F. to 1000 
F. under a pressure in the range of about atmos 
pheric to 100 pounds per square inch for a time 
of contact sufficient to effect production of coke 
still gas oil, components lower boiling than gas 
oil and coke, said coke still gas oil having a Sul 
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14 
fur content higher than one , weight per cerit 
and a burning quality index not substantially 
higher than about 50, extracting said coke still 
gaS oil With liquid hydrogen fluoride at a tem 
perature in the range of about 50°F. to 150°F., 
at a preSSure Sufficient to maintain liquid phase 
eXtraction conditions with an amount of liquid 
hydrogen fluoride between about 20 and about 
50 per cent by volume based on said coke still gas 
oil and with a contact time in the extraction step 
of leSS than 60 minutes but Sufficient with the 
intinacy of contact employed to produce a yield 
in the range of 75% to 90% of a rafiinate having 
a Sulfur content not Substantially, in excess of 
about 0.5 weight per cent and a burning quality 
index of at least about 60, and separately remov 
ing hydrogen fiuoride from extract and raffinate 
produced in the extraction step. 

5. The method of claim 4 which includes the 
further Step of diluting the coke still gas oil in 
the extraction Step with about 2 to 20 per cent, 
of a light hydrocarbon of the butane to heptane 
boiling range. 

- 6. The method of claim 4 which includes the 
further step of coking the extract after removal 
of hydrogen fluoride therefrom. 

7. The method of claim 4 ... which includes the 
further Step of catalytically cracking the raf 
finate after removal of hydrogen fluoride there 
from by contacting Said raffinate with a solid 
Cracking catalyst of the class consisting of acid 
treated clay, Synthetic silica alumina and silica, 
magnesia at a temperature in the range of about 
800° F. to about 1000 E. 
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