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SHALE OLL REFINING: 
Robert C. Castner and Raymond C. Archibald, 
Berkeley, Calif., assignors to Shell Development 
Company, Emeryville, Calif., a corporation of 
Delaware 

Application May 25, 1951, Seria No. 228,302 
(Ct. 196-143) 4. Claims. 

This invention relates to the refining of shale 
oil. More particularly, the invention relates to a 
method for improving the characteristics of 
charging stocks from shale oil for use in cata 
lytic cracking processes while minimizing the 
loss of suitable. cracking material. 
Shale oil as produced from oil shale contains 

only a minor proportion of materials which are 
suitable for use directly in notor fuels without 
prior chemical conversion thereof. It is essen 
tial, therefore, that the shale oil, for the most 
part, be subjected to conversion processes of the 
general character used for increasing the yield 
and quality of motor fuels derivable from heavy. 
crude oils. However, a serious drawback to the 
use of shale oil for the production of motor fuels 
therefrom by catalytic processing is the large 
amount of coke formed when the oil is Subjected 
to catalytic cracking. 

Shale oil as produced from Colorado oil shale 
by the usual retorting processes, such as the so 
called N-T-U retorting process, is a black heavy 
waxy oil with an API gravity of about 20 and, a 
pour point of around 90° F., containing about 
2% by weight nitrogen, 1% Sulfur and i% oxy 
gen, and having a low naphtha content, usually 
less than 3%. Only 20-25% of the oil is ali 
phatic and perhaps alicyclic as well and probably 
at least 25% is aromatic in character; the re 
mainder is accounted for by conpounds coni 
taining nitrogen, Sulfur, and OXygen. A repre 
sentative sample of N-1-U shale oil produced at 
the Rifle, Colorado, demonstration plant of the 
J. S. Bureau of Mines had the following approxi 
inate analysis expressed as weight per cent: 
C-845, H-11.5, N-l.9, S-0.8, and O-1.3. 
From this analysis, it will be noted that the shale 
oil contains more nitrogen and oxygen than 
most petroleum and has an H: Catom ratio corre 
sponding approximately to a California Straight 
run long residue. 
Many of the problems associated with the re 

fining of shale oils, and various methods pro 
posed and used, have been discussed in consid 
erable detailin a report of the Bureau of Mines, 
Report of Investigations 4652, Synthetic Liquid 
Fuels, Part II-Oil from Oil Shale, February 
1950. Thus, it is stated therein that gasoline 
of good octane rating can be made by catalytic 
cracking of shale-oil fractions, but coke forma 
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tion on the catalyst causes a short catalyst, life. 
Attributing the high: coke formation to the pres 
ence of Organic nitrogen compounds; and obsery 
ing that the heavy gas-oil fraction, from shale 
oil educted in an N-T-U.retort was found-to-con 
tain more... than 40 percent nitrogen compounds, 
it was indicated that solution to the problem: 
should be. Sought for in the development of cata 
lysis Winich are more Suitable for this application 

It has already been pointed out that it is ad 
vantageous to Subject the shale oil, because of its: 
high. Viscosity, to a thermal treatment.for reduc 
tion of pour point prior to any refining thereof. 
Thus, far, large-scale operations on refining of 
Shale oil have been directed primarily to thermal 
processing, including Wisbreaking, thermal coking, 
and the like, Separation of distillate fractions and 
removing tar acids from the distillate fractions 
by caustic extraction and removing tar, bases 
from the caustic-treated distillate fractions by 
sulfuric acid extraction. It will be clear from the 
results of previous work on the refining of shale. 
oil that many problems. Still exist and require so 
lution before... the most economical. utilization of 
shale oil can be made. 

Considerable work has been done in an at 
tempt to separate undesirable from desirable 
components of shale-oil by extraction with liquid 
solvents. However, in general, those which re 
moved undesirable substances were not sufficient 
ly, selective and removed desirable substances, 
such as aromatics, as well. Thus, liquid sulfur 
dioxide, as well as the usual well known organic 
Selective, solvents, lacks the required selectivity, 
Liquefied ammonia had, too low, a Solubility for 
the nitrogen compounds, Certain Strong; acids, 
for example, 96% wt. H2SO4 to the amount of 100: 
lbs. EiSO4/bbl. of shale gas. oil yielded... a raf 
finate, Containing only 0.1%. Wit. nitrogen. The 
yield of raffinate was about 54% wt. of the gas-oil; 
but the extract could only be recovered by spring 
ing the nitrogen compounds with caustic. Weak 
acids Such as Sulfurous and carbonic acids have 
been found to be only slightly more effective than 
Water. Anhydrous hydrofluoric acid, although 
a relatively Weak acid, has been found to yield. 
a rafiinate containing only 0.13% nitrogen; how 
ever, other substances were also extracted to such 
an extent that the raffinate yield was low. Fur 
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thermore, removal of all of the fluorine from the 
Oil is difficult. 

It is a principal object of this invention to pro 
vide an improved method for the production of 
improved products fron shale Oil. 
Another object of the invention is to produce 

from shale oil, feed stocks of improved quality 
for conversion thereof into motor fuels. 

Still another object is to produce from Shale 
oil, feed stocks of improved quality for catalytic 
conversion thereof into motor fuels while mini 
mizing the loss of suitable cracking material. 
The foregoing objects will be better under 

stood, and other objects will become apparent, 
from the description of the invention, which will 
be made with reference in part to the accompany 
ing drawing, the sole figure of which is a proceSS 
diagram representing a preferred method of cal 
rying out the invention. 
Now, in accordance with the present invention, 

it has b3en found that shale oil, preferably after 
having been mildly thermally cracked to lower 
the viscosity and pour-point Substantially, aS 
by a mild visbreaking operation, is effectively 
separated by solvent extraction with formic acid 
under certain conditions, as Will be discussed 
hereinafter, whereby substantially a minimum of 
the nitrogen-containing compounds, yet repre 
senting essentially all of the more undesirable 
coke-forming nitrogen-containing compounds, 
are separated in the extract and a maximum 
amount of good quality cracking Stock is Separat 
ed as raftinate. 
In accordance with the invention, there is no 

attempt made to extract all, or even substantially 
all, of the nitrogen-containing compounds. To 
do so would unnecessarily greatly lower the quan 
tity of material obtainable as feed stock for Crack 
ing operations for the production of motor fuel. 
Thus, the method of this invention effectS a Selec 
tive removal of the undesirable colke-forming Ina 
terials. 

In the removal of the deleterious and undesir 
able materials from the Shale oil, including cer 
tain nitrogen-containing compounds, in the prac 
tice of the present invention, it is not known to 
What extent those compounds are removed simply 
by physical solution in the formic acid and to 
What extent they are removed by chemical re 
action with formic acid and the dissolving of the 
resulting thermally unstable reaction product in 
the formic acid. Thus, it has been found that as 
the proportion of formic acid used is increased 
up to the amount corresponding to about two 
stoichiometric equivalents of formic acid for each 
atomic proportion of nitrogen in the oil (about 
0.1 volume of 90% fonic acid per Volume of oil, 
i.e., about 10% by volume), the proportion of Sep 
arated afiinate oil phase and the pei'Centage 
of nitrogen renaining in Said rafiinate decrease 
together. But, as the amount of formic acid 
used for the extraction is increased further, the 
amount of rafiinate oil remains eSSentially CO 
stant, whereas the nitrogen content of the raffin 
ate oil continues to decrease and at the Sane time 
the quality of the raffinate oil as catalytic cracking 
feed stock is improved still further. It has been 
found further, however, that the quality of the 
rafiinate oil as cracking feed Stock is not in 
proved still further to any appreciable extent by 7 
extracting with a Still larger proportion of formic 
acid after the nitrogen content of the rafiinate 
has been reduced to a Value of about 0.4-0.5% by 
weight, which is obtainable by extraction of the 
wisbroken shale oil With about all equal Volume of 
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4. 
90% formic acid, The same reduction in nitrogen 
content can also be obtained by extraction. With 
only one-half volume of 90% formic acid per Vol 
unne of visbroken shale oil, corresponding to a 
latio of stoichiometric equivalients of formic acid 
to nitrogen atoms in the oil of about 8 to 12. The 
reduction in the nitrogen content of the raffinate 
oil is illustrated by the results shown in Table I. 

TABLE 

Eactraction of therinally treated, filtered glds flou) 
Shale oil pith 90% formic acid 

vol. Ratio:Acid foil. 47100 6/100 8/100 10/100 20/100 40/100 
Percent N in Raf 
finate Layer------ 1.80 .45 1, 28 ... 09 1.03 - 0, 4 

Rafflinate Layer, 
percent y Oil----- 70 6. 58 54 53 | 53 

To determine the suitability of the 1raffinate as 
a catalytic clacking stock, a representative forinic 
acid raftinate from therinally treated N-T-U oil, 
which had a nitrogen content of 0.74% by Weight, 
was subjected to laboratory catalytic Cracking at 
549° C. at a liquid hourly space Velocity of 0.74, 
over a commercial silica-aluinina catalyst of 84 
square meters per gram Surface area, with the 
production of products in the following Weight 
percentages, based on the Weight of feed: gas 
27%; gasoline-32%; gas oil-29%; Coke-12.2%. 
For comparison, a raffilinate was prepared fl'Oin the 
same therinally treated N-T-U oil, having a ni 
trogen content of cnly 0.14% Wt. When this 
rafiinate is subjected to the Sane catalytic Crack 
ing conditions the results are essentially the Sane, 
with no advantage being gained for the additional 
expense of reducing the nitrogen content to the 
lower value. 
The nitrogen content of the raftinate oil ob 

tained in the extraction depends not only On 
the proportion of formic acid used, eXpressed 
as 100% formic acid, but also on the ratio of 
formic acid to water in the formic acid Solu 
tion. Thus, whereas an equal volume of 90% 
formic acid extracts a Visbroken shale oil to 
a raffinate having a nitrogen content of 0.4-0.5% 
by weight, extraction with an equal volume of 
52% aqueous formic acid yields a raftinate 
oil having a nitrogen content of 0.8-0.9% by 
weight. Nevertheless, the raftinate oil having a 
nitrogen content of 0.8-0.9% is a suitable Stock 
as feed to a catalytic cracking operation. EX 
traction. With about six-tenths of a volume of 
90% forminic acid (Sale hydrogen formate pro 
portion as in one Volure of 52% for nic acid) pel 
volume of oil yields a raffiniate oil having a nitro 
gen content of about 0.5-0.6% by Weight. 
The use of at least an amount of formic acid 

which corresponds to about 10% by Volume of 
90% formic acid, and which is essentially two 
Stoichiometric proportions of foilinic acid par each 
nitrogen atonic proportion in the oil, represent 
ing a substantial excess of fol'naic acid on the 
basis of nitrogen Separated in the extract, has 
been found to be required in Order that the ex 
tract phase will be sufficiently fluid for ready Sep 
aration from the raffiliate phase. With up to 
about 10% by volune of 90% formic acid, the ex 
tract phase is extremely viscous and difcultiy 
Separable from the raftinate phase, while it c 
comes relatively fluid and quite readily separaoke 
when a larger proportion of the acid Solition is 
used, such as substantially more than 10%, 
erably at least about 20%. 
AS has been indicated, the visbroken Shale oil 

can be readily and effectively extracted by the 
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method of this invention. On the other hand, 
if it, is desirable, the shale oil can be distilled to 
recover a gas oil therefrom, representing, for ex 
ample, all but about the first 5% overhead and 
a residue amounting to about 20% of the shale 
oil, and containing at the same time gas oil con 
stituents formed by any thermal decomposition 
of heavier in atterials in the shale oil during the 
distillation, and the separated gas oil distillate 
can be effectively extracted in accordance with 
this invention. Still further, if it is desired to 
treat the shale oil without any kind of heat treat 
ment, other than that which results from the 
retorting of the Oil Shale in the production of the 
shale oil, the extraction with formic acid can be 
effected in the presence of a suitable diluent, such 
as a light alomatic or aliphatic hydrocarbon, 
e.g., benzene and the like. Thuis, Whereas about 
one-half volume of 90% formic acid per volume 
of Wisbroken Shale oil yields 3, rafiinate having a 
nitrogen content of about 0.5%, the extraction 
of one volune of 2. 2mixture of 80% untreated 
shale oil and 20% by Volure benzene, with one 
half volume of 90% formic acid yields a raffinate 
having a nitrogen content of about 0.6% by 
Weight, based on the shale oil content thereof. 
The nitrogen contents of raffinates obtained by 
extraction of a mixture of representative.N-T-U 
Shale oil and benzene with different proportions 
of forraic acid are shown in Table i. 

ABLE I 

Eaciraction of 80% N-T-U shale oil --20% ben 
aene with 90% formic acid 

Vol. Ratio: Acidi(Oil-- 
Benzene)-------------- Feed 4/100 8/100. 20/100 40/100 

Percent N in Rafiinate 
Layer----------------- 70 0.94 0.78: 0, 63 1.28 

it has been found that when the shale oil is 
Subjected to a first extraction with formic acid, 
and the rafiinate oil froin this first eXtraction is 
treated With a further portion of fol'inic acid, a 
very stable enaulsion is formed in the Second 
treating operation, which emulsion is extremely 
difficult to break. However, it has been found 
that the eraulsion is readily broken by admixing 
therewith a small proportion of extract recovered 
in the first extraction; the formation of the emul 
Sion is essentially eliminated by adding a Sinail 
portion of the first extract to the raffinate oil to 
be treated or to the formic acid to be used as 
treating agent, or to both, prior to Said treat 
ment. It appears that there is present in the 
initial shale oil some inaterial Which is a very 
effective demulsifier for the oil-formic acid Sys 
ten, or some material Which forms with formic 
acid such a demulsifier, and that said material 
is readily and rather completely removed by 
treatment of the shale oil with a relatively small 
proportion of formic acid. Therefore, when the 
shale oil is treated with formic acid in a plurality 
of stages, it is essential that each treating Stage, 
after the first, one in which the shale oil is first 
extracted. With the formic acid, be carried out in 
the presence of an added portion of extract phase, 
or extracted material, from Said first treating 
stage. 
Economic application of the extraction Opera 

tion of this invention depends on the recovery 
of the formic acid from both the raftinate and 
the extract phases. The rafiinate phase contains 
only a relatively small proportion of formic acid, 
generally from about 0.5 to about 2% by weight, 
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6 
and the recovery of the formic acid therefrom 
is readily accomplished by distillation, after 
Which the formic acid is returned for use in the 
extraction operation. On the other hand, the ex 
tract phase contains a relatively large propor 
tion of formic acid, as uncombined formic acid 
and as combined formic acid, generally from 
about 40% to about 75% by weight of the ex 
tract phase, while at the same time containing 
extracted shale oil constituents comprising vapor 
izable constituents ranging in boiling points from 
relatively low values to relatively high values, 
such as from about 150°C. to about 525 C. Rep 
resentative formic acid rafiinates and extracts of a 
visbroken shale oil are characterized in Tables 
III and IV while the nitrogen and sulfur con 
tents of liquid product fractions of Visbroken shale 
oil are shown hereinafter in Table W. 

TABLE III 
Eactraction of thernally treated N-T-U shale oil 
Feeds: 90% wt. HCOOH: filtered liquid product from thermally 
treated N-T-U oil. 

Conditions: about 5 minutes contacting-20-60 minutes settling; 
room temperature. 

Number of Stages------------------------ l 1. 1.5 
Oil Charged, parts by vol.-- - - - 50 50 50 
Acid Charged, parts by Vol.--------------- 25 50, 25 
Composition of ERafiinate Phase, parts by -------- 
weight: 

Oil-- 
'Acid 

Total.-------------------------- 29 28 27.3 

Composition of Extract Phase, parts by weight: 
Oil----------------------------------- 17.7 18.7 18.4 
Acid--- 26, 3 53.3 26.7 
Water--------------------------------- 8.0 6.0 :30 

Total.--------------------------- 47 78 48.1 
Raftinate: 

Percent wit. of oil charged.------ 60 
Nitrogen content, percent wit 0.47 
Gravity, API.---------------- 32.8 

1 Countercurrent. 

TABLE IV 
Analyses of typical products from eatraction. 

of thermally treated W-T-U Shole oil 

Rafiinate Extract 

Nitrogen Content, percent wt.--------------- 0,4 4.5 
Sulfur Content, percent wit---- - 0. 0.4 
Oxygen. Content, percent Wit----- 0.5 ... 6 
Formate, as percent wt. HCOOH. 0.05 0.3 
Gravity, API----------------------- 33 36.7 
Saybolt Furol Wiscosity, Sec. at 22 F-------------...... 206 
Distillation Analysis, percent wt.: 

Gasoline, to 205 C---------------------- 20,2 ca. 0.5 
Light. Gas Oil, 205-345° C.- 34.2 .25. 
Heavy Gas Oil, 345-525° C. 36,8 4.8 
Residue, D.525°C.------ S.S 32.6 

N. Content of Cuts, percent 
Gasoline---------------- 0.05 4.57 
Light Gas Oil, 205-345° 0.15 if 
Heavy Gas Oil, 345-525°C 0.52 4,60 
Residue--------------------------------- 59 4.50 

S. Content of Cuts, percent wit.: 
Gasoline------------------------------- 0.88 } 0.50 
Light Gas Oil, 205-34.5°C d 0.70 - V - 
eavy Gas Oil, .345-525 C-...----------- 0.64 0, 44 

0.64 0.74 *Residue--------------------------------- 

It Will be seen fro; in the data, in able iW that 
OXygen, as well as nitrogen content, is lower i 
the lafiinate than in unextracted shale oil, Wile 
Sulfur is higher. Thus, formic acid Selectively 
extracts both Oxygen and nitrogen compounds, 
but not sulfur cornpounds. The AFI gravity of 
the raffinate was higher, aid that of the extract 
Was lower than that of the feed. This appears to 
be due to the gasoline fraction of the feed con 
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taining relatively few oxygen and nitrogen con 
pounds, thus being recovered almost exclusively 
in the raffilnate, and to the aromatic character of 
the extracted material; that is, a high propor 
tion of the nitrogen in shale oil exists as pyridine 
and pyrrole derivatives. The nitrogen content 
increases with boiling point in the raftinate, but 
is essentially independent of boiling point in the 
extract. 

In order to recover the formic acid from the 
extract phase by distillation, it is necessary to 
heat the mixture Sufficiently to deconpose any 
addition or reaction products of the formic acid 
With shale oil components of the extract. How 
ever, it has been found that when the extract 
phase is ineated alone to a temperature Suffi 
ciently high to remove all of the formic acid from 
the shale oil constituents, there is a Substantial 
loss of formic acid in the process, presumably 
attlibutable to therina decomposition of formic 
acid content of some of the formates present 
at the high temperatures required for removal 
of the formic acid for the extract. It Will be 
Seen front able IV that the extract contains 
Only a i.egligible proportion of low boiling con 
stituents up to 20.5° C. It has been found that, 
the loss of the formic acid is essentially elimi 
nated and that the formic acid is recoverable Sub 
stantially free froin Shale oil extract components 
by distilling the extract phase in the presence 
of an added anount of a light hydrocarbon, 
preferably a low boiling hydrocarbon fraction 
obtained from the raffinate produced in the ex 
traction, and particularly a ligit hydrocarbon 
fraction which is predominantly non-aromatic 
in character. The distillation of the extract 
phase in the presence of the light hydrocarbon is 
carried out So that the maximum temperature 
to which any appreciable amount of the formic 
acid or formate is Subjected is about 165° C. : 
The use of a portion of the low boiling fraction 
Irecoveirable floin the rafiinate phase or from 
the initial thermal treatinent or the retorting 
Step by fractional distillation has the advan 
t2ge that it can be returned to the extraction 
Zone, together With the forlic acid recovered 
from the extract phase by its aid, with its con 
COritant viscosity-edit Cing effect on the shale 
oil. Cn the other hand, the relative immiscibil 
ity of the fonic acid and said light hydrocarbon 
inakes it a Silple matter to Separate the two ma 
terials by condensation and Stratification. 

fiewing discussed in detail various factors 
which affect the process of the present inven 
tion, the application of the process and the 
method whereby those factors are taken into 
consideration to effect, the desired refinement, 
of shale oil, Will be better understood from a 
escription of the process which is made with 

Specific reference to the process schene showin 
in the drawing. 
A Crude Shale oil, Such as an N-T-U retorted 

shale oil as produced at the Rifle, Colorado, dein 
onstiration plans Cf the U. S. Bureau of Mines, is 
fed by means of line if to a pour-point and vis 
cosity reducing operation Such as is frequently 
applied to heavy Crude or residual petroleuil 
oils, as represerted by thermal treatment in 2, 
Wiel'sin the Ciride Shale oil is subjected to an 
elevated te:nperature appropriate to the opera 
tion, Such as about 460° C., and in general, un 
der SuperatinoSpheric pressure, for example, 
about 500 pounds per square inch, for sufficient 
time to effect a Suitable reduction in the vis 
cosity of the shale oil. A small proportion of 
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8 
gaseous product, for example of the Order of 
about 5%, is separated by means of line f4 and 
a Small proportion (0.5-3%) of residue is re 
moved as indicated by line 5. It will be under 
Stood here that the remainder of the Visbroken 
Shale oil may be separated by distillation into 
Various fractions, such as a gasoline fraction, 
a light gas oil fraction, a heavy gas oil fraction 
and a residuum fraction, such as indicated in 
the aforementioned 3ureau of Miines Report, 
and the Separate fractions may be treated sepa 
rately by the process of this invention. HOW 
ever, it has been found that the total visbroken 
oil, after Separation of the gaseous product, and 
the Small proportion of residual material, is ef 
fectively treated by the process of the invention, 
and for purposes of illustration the description 
Finade with reference to the drawing is made in 
connection with such total visibroken oil. Typi 
cal data, pertillent to the thermal treatment and 
the resulting products of N-T-U oil and gas-flow 
retorted oil are shown in Table W. 

TAESE W 

Thermal treatient of shale oil to reduce pour 
point 

Feed----------- (1) 
Temperature, C. t 
Pressure, p.s. i.g 
WHSW (Wt. Hour preheat.---- 

reaction------ 
Products, percent wt. feed: 

Gas---------- 
Liquid--------- 
Insoluble Residue 
Unaccounted for--------------------- 

() 
460 

5105) 

l 3. 
9 i 

Percent wt. N----------------------- 
Percent wit. S- - 
Percent wt. O----------------- - 
Solids, g/100 ml, (centrifuge).-- 
Gravity, API.---------------- - 
Pour Poirit, F---------------------- 

2 

: 
Liquid Product Composition, percent 

wit. Feed: 
Water-------------------------------- 
Gasoline, to 205 C---------- 
Light Gas Oil, 205-335° C. 
Heavy Gas Oil, 345-525°C - - 
Residue, >525 C-------------------- 

Total.-------------------------- 
Nitrogen and Sulfur Contents of Liquid 
Product Fractions, percent wit.: - w 

Gasoline------ 0.57 0.70 : 0.CO 0.67 
Light Gas Oil 6' 66 3.6 6.6 
Heavy Gas Oi 2.4 0.52 2.8 0.51 
Residue.--...- ---- 3. i 0.55 3.8 0.50 

2 Gas Flow Oil. 

The Visbroken oil produced by the thermal 
treatment in f2 is transferred by means of line 
!6 to the lower Section of extractor it, while 
formic acid is delivered to the upper end of ex 
tractor i, from Suitable storage 9, by means of 
line 29. As shown, extractor T is an upright 
elongated vessel which may suitably provided in 
ternally With any of the well-known means 
adapted to provide intinate contacting of coun 
terflowing streams of at least partially immiscible 
liquid Substances, such as a suitable packing ma 
terial, perforated plates, and the like. Instead of 
a Single extractor as shown, the extractor may 
comprise a plurality of mixer-settler combina 
tions arranged for countercurrent Contacting of 
inniscible liquids in known manner. Also, it 
has been found that a single mixer-settler com 
bination is effective to an UneXpectedly great ex 
tent for the present purpose as will be seen from 
the results shown already in Table I. The shale 
oil is effectively treated in extractor T with 
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from about one-half to one volume of formic acid 
solution of from about 40% to higher strength, 
preferably about 60% to 90% strength in aqueous 
solution, for each volume of the oil. The ten 
perature of the extracticn is about ambient at 
mospheric temperature, although lower or higher 
temperatures may be utilized, just so that the 
temperature is not so low as to cause the viscosity 
of the materials to become too great for effective 
contacting and handing and the temperature is 
not so high as to. exceed the decomposition ten 
perature of the formate salts; a temperature of 
about 50° C. has been found to be entirely satis 
factory. The raffinate phase containing a Small 
proportion of dissolved formic acid (see Table 
III) is removed from extractor , by means of 
line. 2 and the extract phase is removed from the 
bottom of the extractor through line 22. AS has 
been indicated before, the shale oil may be ad 
mixed with a suitable diluent to reduce the ViscOS 
ity of the system. Such a diluent, for example, a 
light hydrocarbon, is suitably introduced by 
means of line 24 into line 6 carrying the Shale 
oil. A particularly suitable diluent for this pur 
pose is a portion of the light hydrocarbon frac 
tion separated from the raffinate produced in 
the process, which is suitably delivered to line 24 
by means of lines 25 and 26. As has also been 
indicated before, when effecting the extraction in 
a plural stage operation, because of emulsion dif 
ficulties, it is desirable to make certain that at 
least a portion of material which is first extracted 
from the shale oil in its first contacting with 
formic acid is present throughout the extracting 
Zone. This is readily accomplished by Withdraw 
ing a portion of the extract phase from line 22 
and delivering it, as by line 27, to formic acid feed 
line 29. Alternatively, a portion of the extract 
phase can be withdrawn directly from the bottom 
of the extractor and returned to the top of the 
extractor; portions can be injected at different 
levels as indicated. Instead of utilizing a portion 
of the extract phase, which represents a preferred 
method, a portion of the recovered extract may be 
used instead with satisfactory resultS. 
The railinate phase in line 2 is delivered there 

by to a fractionator 30 for the recovery of the 
formic acid content thereof and of the oil con 
stituents in one or more product fractions. Frac 
tionator 3 is of conventional design and COn 
Struction, provided With Suitable heating means, 
Such as a heating coil 3, overhead vapor line 32, 
condenser 34, overhead condensate collector 35, 
reflux line 3S, bottons drawoff line 3, and one or 
raore side draw off trays or collectors 39 and con 
necting diaWoff lines (3, 4 and 42. The recov 
ered formic acid is separated from the hydrocar 
bon by stratification in collector 35 and returned 
by means of line 43 from collector 35 to formic 
acid storage 9. It Will be understood that all of 
the oil constituents of the raffinate phase can be 
recovered as a single bottons product fraction. 
from fractionator 30, and, if desired, the total 
oil product can be fractionated into various de 
sired fractions in a separate fractional distilla 
tion operation. 
The extract phase in line 22 is delivered by 

neans thereof to a distilling fractionator 45, 
also of conventional design and construction, 
provided with suitable heating means, Such as a 
heating coil 4S, overihead vapor line 47 with vapor 
condenser 43, overhead condensate collector 50 
and reflux line 5, and a bottoms dra Woff line 52. 
A light hydrocarbon, preferably having an end 
boiling point not higher than about 150° C. and 
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10 
preferably only about 100° C. in order to avoid 
loss of formic acid by decomposition, and pref 
erably being a portion of light hydrocarbons re 
COWered from the raffinate phase, Such as sep 
arated from the Overhead condensate in 35 
and/or withdrawn by line 43 from fractionator 
30, is delivered to fractionator. 45, as by means of 
line 53 or lines. 53 and 26. By distilling the ex 
tract phase in column 45, in the presence of the 
light hydrocarbon, the distillation may be carried 
out while maintaining the temperature at any 
point therein where formates are present at a 
temperature below about 165° C. and the formic 
acid recovered in substantially 100% recovery in 
the overhead from the distillation. The lower the 
end boiling point of the light hydrocarbon the 
larger is the proportion thereof which is required 
for the recovery of the formic acid; on the other 
hand, the light hydrocarbon must have sufficient 
relative volatility to be readily distillable from 
the extract shale oil constituents. It is to be 
understood, of course, that the nature and the 
amount of light hydrocarbon which is used for 
this purpose is selected so as to minimize any un 
necessary retreating and handling of materials. 
It is a feature of the embodiment of the invention 
as shown in the drawing that the light hydro 
carbon which is utilized in the recovery of the 
formic acid from the extract phase can be re 
turned to the extractor, by means of lines 48, 
25 and 24, said light hydrocarbon removed from 
the extractor in the raftinate phase and then re 
covered in fractionator 30 for re-use infractiona 
tOr 45. 
Instead of recycling the formic acid and light 

hydrocarbon as recovered in accumulator 50, to 
the extractor 1, the mixture may be stratified 
into formic acid and hydrocarbon phases, by the 
addition of water if necessary, to cause separa 
tion and stratification, the hydrocarbon returned 
directly to the fractionator 45, as by means of 
line 5 and/or line 48 and the formic acid recov 
ered from Separated aqueous formic acid, if a. 
more concentrated formic acid solution is desired, 
as by Well known distillation methods. 
The dra Wing, for simplicity, does not neces 

Sarily show all of the auxiliary equipment such as 
pumps, pipes, valves, outlets, inlets, tanks, heat 
ing lines, cooling lines, heat exchangers, tem 
perature recording and control means, liquid level 
control means, and the like, which may be found 
to be desirable for the most effective operation 
of the process as applied to a given case under 
a Selected set of operating conditions. The 
proper Selection and placement of such equip 
ment Will be evident to one skilled in the art in 
View of the description of the invention as made 
hereinbefore. 
We claim as our invention: 
1. he raethod for the production of a shale 

oil product having improved catalytic cracking 
properties from shale oil, which method com 
prises: (1) intimately contacting the shale oil 
With from about two to about ten stoichiometrical 
proportions of formic acid for each atomic 
proportion of nitrogen present in said shale oil 
to reduce the nitrogen content of resulting raffin 
ate oil phase to a value of from about 0.4% to 
ab{ut 0.9% by Weight; (2) separating resulting 
8xtract and rafiinate phases; (3) recovering dis 
Solved formic acid from the separated raftinate 
phase and returning it for further extraction use; 
and (4) recovering formic acid from the sepa. 
rated extract phase by distillation in the presence 
of a light essentially non-aromatic hydrocarbon 
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under conditions to maintain formic acid and 
forminates in the distilling zone at, a, tengerature 
below about 165 C. and returning the recovered 
for nic acid for further extraction use. 

2. The method for the production of a shale 
oil product having improved catalytic cracking 
pl'operties fron shale oil, which method com 
prises: (1) subjecting crude shale oil to a, rhild 
thermal treatment, to effect a Substantial re 
duction in viscosity thereof with a minimum of 
thermal conversion; (2) intimately contacting 
the liquid product separable from the thermally 
treated shale oil with formic acid in excess of 
one stoichiometrical proportion thereof for each 
atomic proportion of nitrogen in the liquid prod 
uct; (3) separating resulting raffinate and extract 
phases; (4) separating formic acid and a light 
essentially non-aromatic hydrocarbon fraction 
from the rafiinate phase; (5) recovering formic 
acid from the extract phase by distillation in the 
presence of a portion of the light hydrocarbon 
fraction separated from the raftinate phase; and 
(6) recycling formic acid recovered fron: the 
extract phase, and at least a portion of the light 
hydrocarbon fraction separated therewith, to 
extraction utility in step (2). 

3. The method for the production of a shale 
oil product having improved catalytic cracking 
properties from shale oil, which method com 
prises: (1) intimately contacting the shale oil 
having a nitrogen content substantially greater 
than 1% by weight with formic acid in substantial 
excess of one stoichiometrical proportion there 
of for each atomic proportion of nitrogen in the 
Shale oil in the presence of a light hydrocarbon 
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12 
fraction as defined hereinafter; (2) separating 
resulting rafiinate and extract phases; (3) re 
covering dissolved formic acid from the separated 
raffinate phase and returning it for further ex 
traction use; (4) recovering a light essentially 
non-aromatic hydrocarbon fraction from the 
raffinate oil and using a portion of it in extraction 
step (1) as defined hereinbefore; (5) recovering 
formic acid from the extract phase by distillation 
in the presence of another portion of Said light 
hydrocarbon fraction separated from the raf 
finate oil; and (6) recycling formic acid recovered 
from the extract phase, and at least a portion of 
the light hydrocarbon fraction Separated there 
with, to the extraction step (1). 

4. The process according to claim 1, wherein 
the contacting of shale oil and formic acid in 
step (1) thereof is carried out in a multistage 
countercurrent contacting zone and effective de 
mulsification conditions are maintained through 
out the contacting zone by introducing a simall 
portion of separated extract phase obtained in 
Subsequent step (3) to the contacting ZOne near 
the point of withdrawal of the rafiinate phase 
therefron, 

ROBERT C. CASTNER, 
RAYMOND C. ARCHIBALO. 
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