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This invention relates to art of treating 
shale or the like. More particularly the in 
vention relates to processes of and apparatus 
for treating bituminous shales, rocks, sands, 

vI5 coals, and related bituminous mineral sub 
stances for the winning of oils and other val 
uable substances therefrom. The invention 
also comprises novel products obtainable by 
said processes. ' 
Important objects of the invention are to‘ 

>enable the attainment vof substantially en 
hanced yields of hydrocarbons from bitu 
miniferous minerals, particularly from oil 
shales, oil-bearing rocks, sands, and the like; 

15 to obtain products of ̀ high quality; and to 
conduct the treatingoperations in an efficient 
and economical manner;r 1 ' ' 

In my prior applications Serial Nos. 318, 
833 and 318,834, ñled August 20, 1919, Serial 
No. 344,016, filed December 11, 1919, and 
Serial No. 345,485, ÍiledDecember 17 , 1919, 
of which prior applications the present 
application is in part a continuation, I have 
disclosed and claimed certain desirable meth 
ods of and apparatus for treating minerals 
ofthe character above mentioned, especially 
oil-bearing shales. In general, said methods 
involve subjecting the bituminiferous mate 
rial in relatively finely divided condition to 
the digesting action of an oil bath, consist 
ing wholly or in part of heavy oil fractions, 
at a temperature sufñciently high to effect 
substantial liquefaction of the contained bitu 
mens and recovery thereof in various useful 
forms, the digestion mixture being stirred or 
agitated during-the operation. The present 
invention relates to subject matter resembling 
broadly that of said prior applications but 
involving further novel features of great 
practical importance. 
While in some of its phases the invention 

is concerned with the treatment of bituminif 
. erous solids broadly, it has to, do in particu 
lar with the treatment of bituminous shales; 
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that a shale is to be sharply distinguished in 
certain important respects from other bitu 
miniferous minerals such as natural asphalts 
and oil sands, for example. A shale is> an 

ço aggregate of non-bituminous mineral parti 

and in this connection it is important to note ‘ 

cles impregnated and bonded together by 
bituminous matter of such constitution and 
character that it is stubbornly resistant to the 
action of solvents either hot or cold, so that 
its bonding effect is not destroyed by treat- 55 
ment of the shale with solvents as heretofore 
employed. In other words, a piece of shale, 
whether large or small, does not disintegrate 
when treated with a solvent in the ordinary 
way, even though the solvent may extract 60 
some bituminous matter'therefrom. An oil 
sand, on the other hand, is readily attacked 
by solvents even at relatively low tempera 
tures and promptly disintegrates into its con 
stituent elementary particles with substan- 65 
tlally complete loss of contained bituminous 
matter to the solvent. Similarly, by the use 
of appropriate solvents, in conjunction with 
proper temperature and time factors, it is 
feasible to separate asphalt quite completely 70 
by known methods from natural asphalt rock 
or other forms of natural asphalt minerals. 
The reasons for the foregoing differences 

in conduct I believe to be as follows: The 
kerog‘en or bitumen of shale is a complex 75 
composition consisting largely of high-Ino 
lecular hydrocarbons of both paraffin base 
and asphalt base, so intimately associated or 
alloyed as to give the resistant properties 
characterizing shale bitumens generally. 80 
The shale hydrocarbons (which are often 
more or less oxygenated or hydrated) form 
ing this combination or alloy comprise a 
large proportion of normally solid parailin 
waxes and asphaltic constituents, which not 85 
only resist solvents but are not liqueiiable 
by heat to a substantial extent. The bitumen 
content of an oil sand, on the contrar , is 
either liquid Aor easily liquefiable by eat, 
and is soluble in common solvents, whether 90 
said bitumen content consists of a paratlin 
base, or an asphalt base, or of both. If it 
contains both paraiiin and asphalt base con 
stituents, there appears to be no complicat- _ 
ing association of these into a resistant com- 9J 
bination or alloy as in the case of shale. As 
phalt .as it occurs naturally is free of parafîin 
base constituents and is not of the complex 
nature characterizing shale bitumens. 
\- Considering oil shale specifically, there- 1"’ 
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tore. its treatment for recovery of bitumens 
i a problem quite distinct from that of other 
bituminiferous minerals, and this fact is 1m~ 
portant to bear in mind` It is to be under 
Istood, however, that the novel process here 
inafter' described is also applicable to other 
bitluninit'erous minerals, such as those above 
mentioned. 
According to the processes described in 

said prior applications, shale or the like 1n 
a state of relatively tine subdivision or com 
ininution, most desirably in mixture With 
a` heavy oil and moderately heated to say 300 
to ¿OOO F., is fed into a digestion bath com 
prising heavy oil fractions non-volatile un 
der the conditions of digestion, said diges-v 
tion bath being heated to a substantially 
higher temperature than that to which the 
fresh shale is preliminarily heated. I have 
found that exceptionally favorable results 
are attainable when the introduction of the 
fresh shale and oil mixture into the digester 
is accomplished in such manner that the en» 
tering mixture is subjected to»a sudden or 
abrupt rise in temperature. Under these 
conditions a copious disengagement or evolu 
tion of readily condensable hydrocarbons 
from the digestion mixture takes place, un 
accompanied by formation of >free carbon 
and fixed gases, such as methane and hydro 
gen, to any pronounced extent. The yield 
of such hydrocarbons is much more pro 
nounced than where the shale is mixed With 
heavy oil and then gradually heatedyto the 
desirable final digestion temperature of say 
($80O to TOOO F. My investigations of va 
rious shales show that this method is of ad» 
vantage in treatingr practically all bitumi 
nous shales Where it is desired to obtain a 
maximum yield of easily condensable frac 
tions volatilizable at the temperature and 
other conditions of digestion employed; 
and this is especially so Where the {erogen 
or bitumen of the shale is composed largely 
of members of the paratiin series, with a less 
er proportion of asphaltic or analogous con 
stitutents. lVithout committing` myself to 
any theory in this connection, I may say that 
there appears to be some chemical reaction 
between the bitumens of the freshly intro 
duced shale and the heavy oil constituents of 
the digestion mixture resulting in an abun 
dant yield of readily condensable hydrocar 
bons volatile under the conditions of diges 
tion prevailing. The sharp increase in tem 
perature experienced by the bitumens of the 
freshly introduced shale or like material 
may possibly induce unusual rapidity of 
such reaction with resultant avoidance of 
much if any separation of free carbon or for 
mation of fixed gases. At all events, What 
ever may be the theoretical considerations 
involved. the observed results are as herein 
stated when the procedure is carried out in 
accordance with principles of my invention. 
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It is also noteworthy that actual observations 
show that the reaction taking place is appar 
ently exothcrrnic, a further indi ation ot' its 
being chemical in character, 

In the best mode of ],n‘acticing the inven 
tion now'known to me, the solid mineral mat 
ter contained in the digestion mixture is in 
a state of extremely line subdivision inti 
mately admixed with residual digestion oil 
non-volatile under the conditions of opera 
tion. The extreme ?ineness of the mineral 
matter finally attained in the digester is prob 
ably attributable at least in part to the dis 
rupting effect caused by .suddenly increasing 
the temperature of the shale or other mineral 
treated. The sudden shock of temperature 
increase seems to have the eli’ect of assisting 
prompt disruption of the mineral structure 
and subdivision into elementary particles 
each consisting of a partly or Wholly non 
bituminous particle with its bituminous en* 
velope, which latter liquefies and vaporizes 
to a greater or less extent under the condi 
tions of digestion. ÑVhether'or not this is a 
correct explanation of what takes place, the 
insoluble or unliquetiable mineral matter per 
sisting in the digestion bath after the digesi 
tion is concluded is very finely divided, and 
separation thereof from the accompanying 
liquid matter presents some technical dilii 
culty. Separation can be effected, however, 
in a manner hereinafter set forth; or the re 
sidual mixture may be usefully employed 
without separation for road material and 
other ynirposes as described in my prior ap 
plication Serial No. 318,834. If separation 
is carried out, it is usually Worth While then 
to treat the separated solids or tailings fur4 
ther to obtain therefrom bituminous matter 
which resisted the digestion treatment and 
is still tenaciously held by the mineral parti 
cles. According to my observations, the pro 
portion of bituminous matter persisting in 
the tailings is higher' in the case of asphaltic 
base shales than in the case of paraliin base 
shales. In practice, I destructively distil the 
tailings, obtaining (in the case of shales) a 
yield of shale oil therefrom which, in prac 
tically all cases, is almost as large as the total 
yield obtainable by destructive distillation of 
the original or untreated shale, and which in 
some instances is even greater. Moreover a 
better quality of shale oil is thus obtained, 
the proportion of unsaturated constituents 
being considerably lower than in shale oil 
produced by ordinary destructive distilla 
tion processes. 
The hydrocarbons volatilized in the diges 

tion operation may be led direct to condenser 
means for recovery of one or more condens 
able fractions; or, prior to condensation, they 
may be subjected to further heat treatment 
designed to improve the character' of the 
condensates finally obtained. The hydrocar 
bons volatilized in the digestion include not 
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' paraffin wax. Theseheavy para 
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only highly volatile condensable fractions 
but also heavy parailins which crystallize 
upon condensation to yield hi h-melting 

s are va 

porized and carried over with the lighter 
fractions under the conditions obtaining in 
my process wherein fresh portions of bi 
tuminiferous mineral are continuously being 
fed to the hot digestion bath. 
While the process may be successfully car 

ried out in apparatus of various types and 
arrangements, the novel system illustrated 
more or less diagrammatically in the accom 
panying drawings offers a number of impor 
tant advantages from a practical standpoint. 

In these drawings: " . 
Figs. 1 and 1'”, taken together illustrate a 

complete system in Which provision is made 
for heat treatment of the vapors led from 
the digestion apparatus, the views being in 
side elevation, parts being shown in section, 
and Fig. 1“ being on a somewhat larger scale. 

Fig. 2 represents, in transverse section, a 
digester provided with vapor-filtering means 
which may be employed to advantage; and 

Fig.> 3 comprises a chart and table show 
ing results obtained in applying the novel 
process to various shales, and also compara 
tive results by an old method. « 
In carrying out the process as applied to 

treatment of a bituminous shale, forl exam 
ple, and employing the type of apparatus il 
lustrated in the drawings, shale previously 
crushed to pass say one-half inch mesh or 
thereabouts is fed from a bin 10 by suitable 
conveyer means 11 at a controllable rate into 
the upper part of a combined drier,preheater 
and mixer indicated generally at 12, prepara- « 
tory to fine grinding. At the same time, a 
heavy oil of s_uitablecharacter is fed from 
either of the supply tanks 13, 14, through 
pipe 15 into said mixer and preheater 12 in 

y such manner as to minglewith the crushed 
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shale. In starting operations, this oil may 
be a cylinder oil or a stripped oil containing> 
practically no fractions volatile below say 
700°» F., a grade of steam cylinder stock 
known commercially as Congo cylinder oil 
being suitable, for example. After the sys 
tem is operating regularly, the heavy oil used 
may be derived from the shale itself, as will 
appear hereinafter. The quantity of heavy 
oil so introduced may vary to a considerable 
extent in practice, and depends in part upon 
the> character of the particular shale under 
going treatment; but in the case of a typical 
Colorado shale normally yielding around 30 
gallons of oil per ton bythe usual destructive 
distillation methods, the proportion may be 
about one volume of oil to two yvolumes of 
shale. Richer shales may require relatively 
less heavy oil, and leaner shales more, for 
attainment of best results. The piping 
through which the oil is fed into the appa 
ratus 12 may include a preheating coil 16 

3 

housed within an enlargement 17 of the flue 
or ' chimney' through which pass hot gasesl 
from afurnace 18 by which the apparatus 
12 is heated. ' Y 

The shale and oil fed into the apparatus 12 
may be thoroughly commingled therein in any 
suitable manner. In the present example, 
thorough commixture is effected by a series 
of screw conveyers 19 which are driven in di 
rections suitable to advance the materials 
through a series-of superimposed tubes 20 ar 
ranged to provide a zig-zag pathpof travel 
down through the apparatus, the mixture be 
ing finally discharged through outlet pipe 21 
into appropriate grinding apparatus, here 
shown as taking the form of a ball mill 22. 
In passing through the mixer and pre-heater 
12, the mixture of shale and heavy oil is grad 
ually heated up to say 300° or 400° F., at 
whichtemperatures the shale is relatively soft 
and friable and is thus in particularly favor 
able condition to be efficiently acted upon by 
the grinding apparatus, so that the solid con 
stituents of the mixture can be> reduced 
therein to practically any desired degree of 
fineness. >This heating also serves to drive 
off hygroscopic moisture from the shale, and 
even moisture of constitution of the hydrated 
minerals in the shale. This is desirable in 
order to avoid complications in the succeeding 
digestion treatment. In practice it is found 
desirable to grind or pulverize the shale ma 
terial in the mill or grinder 22 until 60% or 
more thereof will pass 20G-mesh; but it is not 
to be understood that this particular degree 
of fineness is essential. In general. it is d_e 
sirable that the bulk of the mineral matter be 
at least .fine enough to pass 10U-mesh. As a 
rule, the finer the degree of comminution or 
grinding, the better are-the results eventually 
attainable in recovery of valuable constitu 
ents from the shale. 
From the-mill or grinder 22, the. mixture 

of finely divided shale materials and heavy 
oil is led continuously in the form of a fiuid 
slurry through pipe 23 into any appropriate 
form of retort or digester means wherein the 
mixture is heated, most desir-ably suddenly, to 
a> materially higher temperature necessary to 
bring about the breaking down or decomposi 
tion of the shale bitumens .including/liquefac 
tion and partial vaporization thereof, as al- . 
ready set forth, care being taken not to attain 
a temperature high enough to bring about ex 
tensive “cracking” in the' usual sense of the 
term or to coke the material undergoing di 
gestion. By observing such ' precautions, 
production of free carbon and fixed gases is 
reduced to a negligible minimum. In the 
particular example .here illustrated the di 
gester means comprises a digester 24 large 
enough to contain a digestion bath of which 
the the volume is great as compared to that 
of the-mixture being fed into it per unit of 
time. It is thu's a simple matter to hold the 
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digestion bath at a practically constant opti~ 
mum temperature considerably above that of 
the material entering through pipe 23, espe 
cially in view of the fact that an exothermic 
reaction seems to occur, as before pointed out. 
In the arrangement shown, preheated diges 
tion oil is also fed at a controllable rate into 
the digester 24 through pipe 25 leading from 
a hot oil reservoir 26 which may convenient 
ly be similar in form to digester 24, both be 
ing here shown as of the horizontal cylindri 
cal still type. In practice I find it desirable 
to feed oil into digester 24 from reservoir 26 
at such rate that in the digester the mixture 
comprises about 3 to 4 parts of digestion oil 
to l part of shale by volume, or about l1/¿ 
parts of oil to l part of shale by weight. The 
digcster and reservoir are .heated by suitable 
means such as heating tlues 28, which are sup 
plied with flame or hot gases from any type 
of furnace indicated conventionally at 29. 
For best results, the temperature of the bath 
in the digester means 24C should be maintained 
above about 60()o F., and most desirably he 
tween the approximate limits of 680° and 
700o F., this being the optimum range for 
most effectively operating on t-he majority of 
shales in accordance with the invention. 
Oil vapors collectin in the vapor spaces of 
the digester 24 and 2Iieating reservoir 26 are 
conducted away through vapor oíl'talies 30 
into vapor line 3l for further heat treatment 
or for disposal in some other manner to be 
hereinafter set forth. It will be understood 
that a plurality of digesters 24 may be em 
ployed, if desired. Digestion oil continuous 
ly supplied to reservoir 26 in a manner to be 
hereinafter described is continuously agitated 
and made to progress gradually through the 
same toward the outlet pipe 25 by means of a 
helical or screw agitator 32 arranged horizon 
tally in the lower partl of said reservoir and so 
closely adjacent the bottom thereof as to pre 
vent accumulation of caked material thereon. 
A similar helical agitator 32a, similarly ar 
ranged, serves to agitate continuously the ron 
tents of digester 24 and to move them toward 
the discharge outlet 
In the digester 24 a very large proportion 

of the valuable shale hydrocarbons or bitu 
mens may be evolved under the described 
conditions of operation in the form of vapors 
which, though readily condensable and con 
sisting to some extent of fractions normally 
non-volatile below temperatures as high as 
600o or 650Q F., are nevertheless given off 
freely under the conditions of digestion. 
The yield of such condensable vapors is 
found to depend in part upon thecharacter 
of the shale. Shales high in paraffine base 
content are found to yield much greater pro 
portions of such condensable vapors or 
“overhead” than are shales in which an as 
phaltic base predominate/s. In both cases, 
however, as before stated, there appears to be 
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some form of chemical interaction between 
the heavy non-volatile oil or bitumen constit 
uents of the digestive bath with the oil and 
other bitumen contents of the fresh mixture 
fed at a controllable rate into the hot diges 
tion bath under the described conditions 
wherein the freshly introduced mixture has 
its temperature suddenly raised to the diges 
tion temperature. This results in an exceed 
ingly large yield of oil fractions vaporizable 
under the conditions of digestion, these frac 
tions being evolved partly at the expense of 
the added digestion oil especially Where the 
latter is largel a paraflin base shale oil. 
Whatever may he the correct theoretical ex 
planation, it has been repeatedly observed in 
the conduct of the novel process that a very 
materially larger yield of condensahle hy 
drocarbons volatile at the stated digestion 
tem eratures is obtainable Where the de 
scri ed procedure is followed, than is obtain 
able Where the shale is gradually heated up 
to the digestion temperature without any 
sharp or sudden rise of temperature at any 
time. In order to still further enhance va 
porization, steam or an inert gas may be in 
troduced into the bodies of oil in the retorts 
26, 24, or may be caused to sweep over the 
surface thereof to facilitate vapor-ization of 
certain oil fractions ata lower temperature 
than would otherwise be required to vola 
tilize them. The retorts are here shown as 
provided with steam inlets 26“, 24a, respec 
tively, Whereb the latter'procedure may be 
carried out. I-Iydrogen may be introduced 
When it is desired to reduce the percentage 
of unsaturated constituents in the products. 
It should be noted that the vaporization of 
fractions normally nonvolatile at the'diges 
tion temperature is also greatly facilitated 
by continuously feeding into the bath fresh 
portions of shale Whose bituminous content, 
subjected td sudden temperature increase 
upon coming into contact with the oil bath, 
constantly yields large volumes of light va 
pors (as well as heavier) which aid in sweep 
ing heavier vapors out of the still in a man 
ner analogous to the action of steam. 'I‘o 
enhance this effect the introduction of fresh 
shale mixture may be advantageously dis 
tributed or spread over a considerable area 
of the bath instead of being localized near 
one end of the bath as shown in Fig. l which, 
as explained before, is to be understood as 
more or less diagrammatic in character. 
One Way of effecting this is by using a plu 
rality of pipes 23 to introduce the shale mix 
ture into the digester at a corresponding plu 
rality of distributed points, an arrangement 
obviously not requiring specific illustration 
here. In this Way both the abruptness with 
which the shale is heated up, and the effec 
tive contact and reacting surface between the 
hot digestion oil and the fresh shale may be 
greatly increased. 

70 

90 

10H 

11a 

120 

125 



1,778,515 . 

kThe duration ofA the-digestion may vary, 
` of course, but most advantageously it is long 
enough ‘to ensure substantially complete 
stripping from the bat-h of all fractions va 
>porizablesfrom it under the conditions 
scribed. In practice, I have found that i the 
operation is so carried on that, as an average, 
the shale is digested for from 30 to 40 mln 

' utes after its entry into the bath, satisfactory 
10 

15 

20 

results are obtained. 
It is apparent that the temperature of the 

shale may be suddenly raised in various 
ways, the method hereinbefore described be 
ing merely typical. For' example, .dry pul 
verized shale, without any accompanyin ad 
mixed , oil,.J may be fed in cont-rol able 
amounts directly into the hot digestion bath. 
This involves certain technical difficulties, 
however, among which may be mentioned the 
difliculty of pulverizing most shalesl by 
methods ordinarily applicable to solids gen 
erally. I have found that many types of 
shale are very difficult to grind or pulverize 

' unless they are first >heated up in mixture 
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with oil to a moderate temperature, say 300°' 
or 400° F. The grinding of very rich shales 
when dry is'attended with difficulty due to 
softening'and gumming up, and also .with 
considerable risk from lire and explosion. 
The described method of mixing heavy oil 
>with coarsely crushed shale, and then grind 
ing this mixture at temperatures ranging 
from 300° to 400o F., therefore ’offers the best 
solution of the problem now known to me. 

, Residual solid material arriving at the di 
gestion zone through the action of the screw 
conveyer 32a is continuously withdrawn from 
the digester system, in company with heavy 
oil and other liquid bitum‘ens, through pipe 
33 by a pump 34 which, in the present sys 
tem, elevates the mixture through pipe 35 
and discharges the same, most desirably with 
out substantial reduction in temperature, into i 
the centrifugal separator 36. This centrifu 
gal separator may be of any suitable type 
adapted to operate continuously to separate 
the solid from the liquid material and to dis 
charge liquids and solids at different points. 
An example of a centrifugal separator suit 
able for this purpose may be mentioned the 

‘ Elmore type in which the solids collect on a 
filter screen and are continuously moved to 
a discharge outlet by a helical scraper; while 
`the liquid passes through the screen and is 
discharged through another outlet. The sep 
arator should be suitably enclosed to prevent 
air gaining access to the hot oil vapors 
evolved therein and causing ignition of said» 
vapors. The vapors may be lvented from 
the separator through pipe 36a to vapor line 
105 to be referred to later. 

It will be noted that, as here described, the 
mixture withdrawn from the digester sys 
.tem is fed to the centrifugal separator while 
still very hot. In this condition, the mix 

5 

ture is highly fluid, can beireadily handled 
by the pump, and can be efficiently treated in  
the centrifugal separator in such manner as 
to free the solid matter very largely from the 
accompanying liquid oily material. While I 
consider this method of handling the mixture 
coming from the digester system as articu 
larly advantageous' from a practica stand 
point, it is to be understood that, within the 
broad scope _of the invention, other proce 
dures may be followed.r For example, it is 
feasible to dilute the digestion mixture with 
a lighter oil fraction, such as a kerosene frac 
tion for example, and then to pass the dilut 
ed mixture through a suitable separator, cen 
trifugal or otherwise, for separation of the 
solids from the liquid. I consider such a pro 
cedure less advantageous, however, in that 
it is less economical from t-he standpoint of 
heat conservation and also because it involves 
additional steps of treatment which lead to 
further complications in the separation of 
the recovered liquid into desired fractions. 

Separation by a centrifugal separator of 
fers special advantages in the present process 
because of the fact that the residual solid 
mineral matter in the mixture leaving the 
digester system is in extremely finely divided 
condition, so that separation by sedimenta 
tion or‘by ordinary filtration/can be effected 
only through liberal dilution with a lighter 
oil, thus multiplying the operating steps and 
introducing undesirable complications.' Cen 
trifugal separation is especially suitable when 
the mixture is separated without being cooled 
down, which procedure isv of particular'ad 
vantage from the standpoint of heat econ 
omy. 

Oil and other liquid bituminous material 
separated from the residual solids of the di 
gestion mixture are best conduct d from cen 
trifugal 36 back to >the digester system with 
as little reduction in temperature as possible 
in order to conserve heat units. In the pres 
ent example, the hot separated oil passes 
through pipe 3'? fromr‘the centrifugal 36 to 
reservoir 26, wherein any unavoidable drop » 
in temperature' can be made up before the 
oil passes into the digester-24. Where the 
supply of digestion oil thus returned to the 
digester system is more than sufficient to 
maintain the digestion mixture at the de 
sired level in the digester 24, the flow through 
pipe 37 may be reduced by means of valve 38, 
and a portion of the oil coming from the 
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centrifugal may be diverted to any suitable ’ 
place of storage or use through Valved 
branch 39. Particularly in the treatment of 
asphaltic shales, more heavy oil is produced 
in the digestion and in the subsequent distil 

’ lation of tailings than is required for use in 
the digestion bath. The solids or tailings 
separated in and continuously discharged 
from the centrifugal separator 36 carry with 
them sorne adherent liquid oil not removed in 
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the centrifugal. In order to remove such 
adherent liquid material, it is advisable to 
wash the tailings with a lighter oil such as a 
kerosene or the like, and then again to ccn 
trifugally separate the resultant mixture. 
To this end, wash oil is fed through pipe 40 
to the solids discharged from centrifugal 36, 
a screw conveyer 41 serving to discharge thc 
mixture into a second centrifugal separator 
42, from which the separated wash oil is dis 
charged through pipe 43 to a tank 44. The 
washed tailings leaving separator 42 may be 
still further freed from adherent bituminous 
matter by a second washing with a still light 
er oil fraction` such as a light kerosene or 
even a gasoline fraction, supplied'- to said 
tailings through a pipe 45 and mixed there 
with with the aid of screw conveyer 46 which 
feeds the mixture into a third centrifugal sep 
arator 47 at a still lower level. From the 
third separator wash oil is separated and dis` 
charged into tank 48, from which it may be 
elevated by pump 49 to storage tank 50, wash 
oil being drawn from this tank as required 
through pipe 40 for washing the tailings dis 
charged from the first separator 36, as al 
ready described. 

Residual washed tailings discharged from 
separator 47 may be conveyed by a screw con 
veyer 51 to suitable means for volatizing and 
recovering the adherent light wash oil or sol 
vent, Where desired, after which the dried 
tailings may be subjected to destructive dis 
tillation in order to win from them such 
bituminous content as may have resisted the 
digestion treatment hereinabove described. 
In the present example, the conveyer 51 dis 
charges the washed tailings into a drier 52, 
through which they are advanced by suitable 
screw conveyers 53, while the resultant vola 
tilized Wash oil passes by way of vapor olf 
take 54 to the condenser 55, the latter dis 
charging into the storage tank 56, from which 
relatively pure light wash oil is drawn as 
required through pipe 45 to further wash the 
tailings discharged from the second centrif 
ugal separator 42, as already described. 
The dried tailings are discharged from 

drier 52 through passage 57 into a retort 58 
in which they are subjected to a. temperature 
sufñcient to edect destructive distillation, say 
850O to 900° F., such temperatures being high 
enough to complete the distillation when the 
tailings are agitated during the heating, as 
in the present example. 
distillation, the residual solid material of the 
shale is gradually advanced through the re 
tort by screw conveyer 59, and is finally dis 
charged at 60 in a more or less coked condi 
tion into a cooler or heat exchanger 601, the 
cooled material being discharged from the 
system by conveyer 602. The material thus 
finally discharged may be utilized, if desired 
for preparation of road material etc. as de 
scribed in my prior application Serial No. 

. , . 
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318,834. The oil vapors resulting from thc 
destructive distillation may be recovered and 
utilized in any desired manner, but in the 
present instance they pass through vapor 
olftake 61 to a condenser coil 62 discharg 
ing into a storage tank 63. The condensate 
may be conducted wholly or in part through 
pipe 64 to reservoir 26 Where it mingles with 
oil coming from separator 36, the mixture 
being heated up in 26 and then flowing into 
24. It will be noted that the pipe connec 
tion 25 is substantially at the level of the di 
gestion bath in 24, which tends to prevent 
back-How of mixture from 24 into 26. It 
will be noted that the arrangement shown 
provides for an initial fractionation or strip 
ping of the oil derived from the destructive 
distillation of tailings in the retort 58, any 
vapors evolved in reservoir 26 passing into 
vapor line 31. The tailings distillate collect 
ing in 63 is unlike and is definitely distin 
guishable from shale oil obtained heretofore 
by the usual methods of destructively dis 
tilling the same original shale, and I believe it 
to be a novel article of manufacture. As a 
rule the tailings distillate obtained in my pro 
cess is of higher Baumé (lower specific grav 
ity) than ordinary shale oil. Moreover it al 
ways contains an appreciably lower percent 
age of unsaturated constituents and has a 
much milder and better odor than ordinary 
shale oil which is invariably îontaminated 
with pyridins and other evil-smelling com 
pounds. The new shale oil also contains a 
substantial proportion of ara?iine wax 
hydrocarbons which crystallize out begin 
ning at about 100o F. and can be easily sepa 
rated by further cooling. . 
The first wash oil discharged from the sec 

ond centrifugal separator 42 contains a con 
siderable amount of heavy oils and other liq 
uid bitumens that still adhered to the tailings 
discharged from the first separator. This 
first Wash oil, which collects in tank 44 as 
already described, may be separated into its 
light and heavy constituents in any suitable 
manner. In the specific example here illus 
trated, this oil is drawn from tank 44 by 
pump 65 and forced by way of pipe 66 
through a heating coil 67 arranged in the 
íiues of the combined drier and distilling rc 
tort 52, 58, and also through coil 67a in heat 
exchanger 601, where the temperature ot' 
the wash oil is raised to a suitable topping or 
stripping temperature, say 700° F., or to 
such other temperature as is suitable for the 
particular method of fractionation that may 
be adopted. A_s here shown, the heated oil 
then passes through pipe 68 and is discharged 
through a rose 70 into a tall chamber or tower 
71, the lighter constituents of the oil flashing 
into vapor which passes oil through outlet 
72, while heavy constituents that are non-vol 
atile at the temperature prevailing collect in 
the bottom of the chamber. These heavier 
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constituents may beiwithdrawn by pump 73 
and forced thereby through pipe 74 to thel 
supply tanks 13, 14. Or such heavy constitu 
ents may be sent by the pump through branch _ 
pipe 7 5 and sub-branches 76 and 77 either to 
the preheater and mixer 12, or ball mill 22, 
or both. as may be necessary or desirable at 

. any time, the piping being provided with suit 
able valves, as shown, to enable direct-ion and 
control of the heavy oil from pump 73 in any 
desired manner. By sending the oil from 
chamber 71 directly to the mixer 12 or ball 
mill 22, or both, the available heat units in 
the system are still further conserved, and 
under some circumstances the firing of the 
mixer by furnace 18 and the preheating of 
oil in coil 16 may be entirely, dispensed with. 
The vapors leaving chamber 71 through 

outlet '72 may be treated for condensation 
and separation of relatively light oil frac 
tions in any suitable manner. In the present 
example, said vapors are caused to pass 

' through a series of separating chambers 78, 
which may be of the Well-known Feld type, 
condensed fractions being Withdrawn either 
separately or together by means of a pump 
79 and conducted through pipe 80 to Wash oil 
supply tank 56. 
Hydrocarbon vapors leaving the >retort 

system 26, 24,. may, Within the broad scope 
of the invention, be .disposed of or further 
treated in any suitable manner. , Ordinarily, 
since these hydrocarbon vapors comprise con 
stituents ranging from relatively heavy hy-V 
drocarbons to very light hydrocarbons, it is 
desirable. especially Where a high yield of 
gasoline-like products is desired, to subject 
the vapors from the digester system to fur 
ther treatment in the nature of cracking to 
increase the proportion of lighter constit 
uents. It is advantageous. however, to avoid 
in >such furthertrcatment the formation of 
free carbon and non-condensable gases as far 
as it is practicable to do so. To this general 
end, the vapors leaving the retort system' may 
be conducted through vapor line 31 into and 
through. superheating coils 81, 82, of which 
there may be any1 desired number connected 
in series. Passage of the vapors through 
these coils may be assisted and expedited by 
the injector action of steam introduced in 
regulatable quantities through valved pipe 83 
and injector device 84 inserted in the vapor 
line 31. 'If desired the injector may beso 
operated as to create subsatmospheric pres 
sure in the retort system 26, 24, and thus to 
additionally’ facilitate vaporization. AT he 
introduction of steam also has a desirable 
modifying action on the cracking'v treatment 
of the vapors in coils 81, 82, rendering the 
treatment less drastic and tending to reduce 
the production of free carbon and fixed 
gases, and to keep down the percentage of 
unsaturated products. Ordinarily the em 
ployment _of substantially atmospheric pres 

sure in the retort system is satisfactory, how 
ever, and the description of the other operat 

. ing conditions in the specific exampleof the 
process hereinabove given is based on the 
assumption that substantially atmos heric 
pressure is used. It is of course feasi le to 
carry out the digestion under superatmos 

7. " 

70 

pheric pressure; and indeed this is desirable » 
when a lighter digestion oil such as kerosene 
is employed. Details of such operation and 
of suitable apparatus for the purpose are 
given in my prior application Serial No. 
345.485. - . 

The cracking or superheating coils 81, 82, 
are enclosed in suitable furnaces or retort 
structures 85, 86, heated by gas burners. 87, 
or the like. Any tarry materials collecting 

so4 

in the superheating coils may be trapped oft"I ' 
through connections 88 into pipe 89 dis 
charging into a collecting tank 90. Heavy 
liquid products collecting in tank 90 may 
be drawn oli' through 91 and utilized in any 

ss 

desired Inanner. For exam le the ma be » 3 

introduced into the digester system to serve 
as a part of the heavy digestion oil for treat 
ment of further portions of shale. 
In practice, the temperatures in the super 

heater coils 81, 82, may attain 900° or 1000° ’ 
F., or ma even be as high as 13000 F. in some 
cases. T e vapors may be under a pressure 95 
of, say, from 10 to 30 pounds or thereabouts y 
in the coils, the pressure being controllable 
in part by the injector. By this treatment, 
the heavier portions of the volatilized oil 
fractions undergo to a great extent a cleav 
ing ,or cracking action resulting in the pro 
duction of valuable lighter fractions, par 
ticularly of the gasoline type. The highly 
heated vapors leaving the superheater coil 
82 are led by pipe 92 into a’cooling and con 
densing system comprising in the present in 
stance tWo sets of condensing and fractionat 
ing towers or chambers 93, 94, and 95, 96, 
which may be of the Feld type. While the 
system is here shown as comprising four 
towers or chambers it may of course com 
prise as many of these as may be necessary 
to produce the particular fractions desired. 
By proper arrangement of these towers, and 
suitable adjustment of the operating condi 
tions, heavier fractions such as lubricating 
oils and heavy kerosenes may be condensed 
in towers, 93, 94, respectively; While lighter 
fractions, including light kerosenes and gaso 
liues condense and collect in towers 95, V96. 
The several fractionating towers are provid 
ed with draw-off cocks 97, as shown. The 
condensates obtained in one or more of the 
towers at the head of the series may be re 
frigerated and high melting para?in Wax 
crystallized and pressed therefrom. 

I have found it desirable to subject the 
light kerosene and gasoline vapors passing 
on beyond tower 94 to a Washing treatment 
prior to their entry into tower 95.y In the 
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present example, the vapors leaving tower 
9i- pass down through pipe 98 which dips be 
low the surface ot' water 99 contained in a 
wash tank 100. This treat-ment removes res 
inous and tarry matters which would tend t0 
discolor succeeding condensed oil fractions. 
'A part ot' the kerosene may also collect in 
this wash tank as indicated at 101, and may 
be drawn ott' through cock 102. After bub 
bling through the water in the wash tank, the 
residual uncondensed washed oil vapors leave 
the wash tank through pipe 103 and are led 
through the succeeding towers 95, 96, Where 
the lighter kerosenes and gasolines are con 
densed and recovered as already described, 
the very small proportion of extremely light 
vapors and so-called iixed gases leaving the 
system through valved outlet 104. Such 
gases may be used for firing the superheater 
retorts or may be otherwise suitably disposed 
ot'. It' desired, the heavier fractions obtained 
from the condensing and tractionating tower 
system may be employed wholly or in part 
as digestion oil in the digester system.  

lVhere for any reason it may be desirable 
or necessary to condense directly any part 
or all of the vaporized oil ~fractions leaving 
the digester system through oiftakes 30, 
rather than to pass such vapors to the super 
heaters as above-described, this may be ef 
fected by by-passing all or any portion of 
such vapors through pipe 105 to a condenser 
100 which discharges into a receiver 107, pro 

` vided with a draw-ott' cock 108. 1n such by 
passing operation, valve 109 in the vapor line 
§51 and valves 110 in the by-pass‘are of course 
adjusted as may be necessary to properly di 
rect the tlow ot oil vapors to the condenser 
10o. lYhere desired, liquid condensate in any 
desired proportion may be run from receiver 
10T through valved pipe 111 into the down 
wardly sloping portion ot' vapor line 31 and 
carried by the steam injector 8-1 into the 
superheatìng restorts 81, 82, to undergo su 
perheating and cracking treatment. 

ln some cases, it is ot' advantage to iilter or 
dephlcgmate the oil vapors evolved in the 
preheating reservoir 2G andV the digester Q1, 
before passing them either to the supcrheat 
ing and refining system or to the condenser 
10G. To this end l may provide each vapor 
otlttake of.' each ot the retorts 26. 2st, with va 
por-filtering or dephlcgmating means otl any 
suitable type. Most desirably the novel ar 
rangement illustrated in Fig. 2 is employed, 
where the retort R has its vapor oiitake con 
nected by a T-pipc 112 and branch vapor 
pipes 113, 114, to duplicate filter chambers 
115. 110, which are in turn connected in par 
allel by pipes 117, 118, to T-pipe 119, said 
pipe 119 leading' into vapor line 31. By 
properly setting shut-oit' valves 1'20, vapors 
from R may be directed through either of the 
iiltcr chambers or dephlegmators at will, so 
that either may be temporarily idle for clean 
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ing out or repairs without interrupting con 
tinuous operation. Each chamber is pro 
vided interiorly with a transverse Íorami 
nous tray or screen 121, upon which is sup 
ported a bed 122 ot a porous absorptive Íil 
tering medium such as sandy or granular 
tullcrs earth. shale ash, coke, or the like. 
The steam injector 83, 84, can be operated to 
pull the oil vapors through such material 
even though it be in relatively fine condition. 
The eii'ect is to strain out tarry and imper 
fectly vaporized matter that is mechanically 
carried by the vapors leaving the retort, thus 
aiding to prevent clogging of the superheat 
ing and condensing systems to which vapor 
pipe 31 leads and also improving the qual 
ity, color, and odor of the oil fractions re 
covered. When the filter bed of the particu 
lar dephlegmator in service at any given time 
becomes saturated or appreciably clogged, 
the tlow of vapor may be switched to the 
other dephlegmator by reversing the setting 
of the valves 120, and the filter-bed of the 
nrst may then be cleaned out or renewed. 
For example, the tilter bed may be washed 
by means of a suitable solvent introduced at 

` 123 and drained oil' at 124; while through 
door 125 the spent filtering medium may be 
removed, and through door 125n fresh filter 
ing medium may be charged in. In order to 
prevent undue drop in the temperature of the 
vapors in passing through the dephlegmator 
apparatus, the latter should be covered with 
suitable heat insulating material, as should 
also other piping and parts of the complete 
digcster and retiner system at all points 
where it is desirable to prevent loss ot heat, 
units. In addition to the valves specifically 
referred to in the foregoing description, 
other valves, indicated conventionally on the 
drawings, are provided in the piping connec 
tions wherever necessary or convenient to en 
able ready control and direction of vapor or 
liquid tlow in all parts of the system. 

Instead of employing the heavy oil from 
the shale, or other stripped oil, for digestion, 
it also feasible to use crude petroleum i'or 
this purpose; and in some cases this oti'ers 
important advantages. “There crude petro 
leum is used, it undergoes stripping and par 
tial fractionation in th:l digester and pre 
lieater system, Q0, 2t, while at the. same time 
providing the digestion bath. 
The accompanying tabley (Fig. 3) gives 

comparative results obtained by treating a 
number of representative air-dry shalcs by 
the process oi’ the present invention and by 
the usual Scotch destructive distillation 
method, respectively. This shows in a strik 
ing manner the superiority oi? the present 
process both as regards quantity and quality 
of yield. It will be noted that in all cases 
the total _vicld attainable by the present 
process is much greater than that by the old 
method, amounting to several times as much 
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in some instances. The table also shows the 
hygroscopic and constitutional moisture con 
tent characterizing the shales in question. 
The superior results attained in practicing 

the present invention, as compared to former 
methods, are apparently attributable to the 
systematic progressive opening up of the bi 
tuminous contents of the shale in such man 
ner as to avoid excessive and localized heat 
ing, which latter produce large quantities 
of free carbon and fixed gases and which are 
impossible to avoid in the usual methods 
heretofore in vogue. The products obtained 
by the present process arepractically Wholly 
hydrocarbon oils and the like, common 
ly amounting to as high as 85 to 95 percent 
of the hydrocarbon content of the original 
shale; Whereas by the old practice of straight 
destructive distillation, large quantities of 
free carbon Vor coke and fixed gases are inevit 
ably produced, the yield of oil- being thus 
only about 15 to 33 per cent of the hydro 
carbons of the original shale and being other 
wise disadvantageously affected. Prior pro 
posed modiiications of the straight distilla 
tion method, involving initial treatment of 
shale to some extent With a solvent, are also 
subjectto similar drawbacks.  
1V hile certain preferred forms of my novel 

process and apparatus have been hereinabove 
described, it is to be understood that these 
are for purposes of explanation and illus 
tration merely, and are not intended as re 
strictive. 

`Wliat I claim is:  
1. The process of obtaining valuable prod 

ucts from bitumiuiferous solid matter of the 
character described which comprises digest 
ing finely divided bituminiferous solid mat 
ter with a suitable oil, and centrifuging the 
digested mixture, Without substantial cool 
ing, to separate it into solid and liquid por 
tions. . 

2. The process of obtaining valuable prod 
ucts from bituminiferous solid matter of the 
character described which comprises digest 
ing finely divided bituminiferous solid mat 
ter with a heavy oil, and centrifuging the 
digested mixture, Without thinning and at a 
temperature at Whichvthe mixture is readily 
iiuent, to separate it into solid and liquid 
portions.  

8. The process of obtaining valuable prod 
ucts from bituminiferous solid matter of the 
character described, which comprises digest 
ing such bituminiferous matter with heavy 
oil in a digester at temperatures above 500° 
F. but not substantially exceeding 700° F., 
centrifugally separating oil from the diges 
tion residue Without substantial reduction 
in temperature, and returning separated oil 
to the digcster While still hot. 

4. The process of treating solid bitumi 
niferous mineral matter, especially shales and 
the like, having wax constituents, which 

9 

comprise digesting a mixture of such mineral 
matter With an oil at a temperature above 
600° F. below the normal vaporizing temper 
ature of said Wax constituents While agitating 
the mixture, subjecting the mixture to the 
action of a gaseous carrier medium to effect 
vaporization of such constituents, and recov 
ering Waxy products from the vapors 
evolved. 

5. The process of obtaining valuable prod 
ucts from bituminiferous minerals of the 
character described especially shale and the 
like, which comprises subjectingsuch a min 
eral in the presence of an oil to an abrupt 
rise in temperature to a point at Which a por 
tion of the bitumen content of said mineral 
is vaporized, and subsequently destructively 
distilling a residual portion of said mineral 
to recover additional bituminous matter 
therefrom. ~ , 

6. Apparatus for treating shale and other 
bituminiferous solids which comprises, in 
combination, a digester provided With heat 
ing means and stirring means and vapor off 
take means, an oil prelieater arranged to sup 
ply hot oil to said digester, means for feed 
ing comminuted solids into said digester, and 
a centrifugal separator arranged to receive 
digestion .mixture from said digester and to 
discharge separated oil to said preheater. 

7. Apparatus for treating shale and other 
bituminiferous solids Which comprises, in 
combination, a digestion chamber adapted 
to contain an oil bath and provided with va 
por offtake means, means for charging shale 
into said chamber, a distilling retort, means 
for separating residual solid'matter from the 
digestion mixture and deliverin such solid 
matter to said retort, vapor-oifta re and con 
densing means connected to said retort,~ and 
means for conducting condensed oil from 
said condensing means to said digestion 
chamber. 
In testimony whereof I hereunto affix my 

signature. 
WM. HUNTLEY HAMPTON. 
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