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The present invention relates to the recovery of oil
from bituminous sands. It relates more partlcularly to an
improved- system and process for the more efficient re-

_covery of optimum quantities of oil from oil- beanng

minérals such as the so-called tar sands.

Bifumineus sands or tar sands are well known in various
parts of the world. One of the most importafit deposrts
is found in Alberta, Canada, along the Athabasca River
and its tributaries. Layers of sand heavily impregnated
or saturated with oil are found over a substantial drea
in this region. Other deposrts which are less conspicuous
or well known appear in numerous other places and doubt-
lIess many others are still to be discovered. These tar
sands or bituminous sands are not to be confused with oil
shale which really contains no liquid oil as such but’ con-
tains a solid organic material, kerogen, whlch can Be
cracked thermally to produce oil. By contrast, typrcal
tar sands or bituminous sands contain 10 to 16% by
weight of a heavy viscous oil or bitumen ds such. In some
areas, deposrts containing as much s 100,000,000 Barrels
of suich oil or bitumen per square mile aré known to. exist.
Notwithstanding their abundance, to date no commercral-
Iy feasible methad for recovery has been developed -

In a copending application filed concurrently hérewith
by the present inventors, Serial No. 365,343 a process
and system are disclosed for extracting oil from shale bya
thermal treatment in’ theé préserce’ of a: ydrogen donor-
diluent material. The present application is” somewRat
siihilar but since oil shale and bituminous sands§ are’ quite
different in:their physical and chentical c¢onstriiction they
must be: processed differently and the present invention
reldates to the bituminous.sands.

In dnothér copending. application filed concurrently
herewitiy by Langer,.one of the present inventors;. & process
i§-described-wherein various heavy: oils; particularly petfo-
leam residual oils, may be upgraded- by the ise” of an
inéxpensive hydrogen donor and diluent materidl.. Such
process, described in detail and cldimed in application
Serial No. 365,335 is generally applicable to the present
situation. However, bituminous sands present a partic-
ular problem since’ some 84 t6-90% or mioré is-mineral
fiatter and the' oils recovéred thefefrom dre: niot only of
high viscosity but also: contain- High proporticss’ of stil-
fur and other non-hydrocarbon materials which give
rise to substantial problems in handling them.

It is therefore an object of the present invention to
so treat the oil bearing sands as to recover optimum
quantities of useful products from them at low cost. In
part, this object is achieved by making use of an inex-
pensive hydrogen donor diluent, such as a partially
hydrogenated thermal tar obtained from catalytic crack-
ing operations on hydrccarbon fractions such as petroleum
gas oils and the like. Preferably, the hydrogen donor
diluents used for purposes of the present invention are
of somewhat lower boiling range, in general, than those
used in the copending applications mentioned above. In
the present process it is preferred to use a donor-diluent
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having a boiling range within the lithits roughly of about
500 to 700° F. The lower boiling material makes it
easier fo strip the .oil from the sand in later stages of
the process. However drluents boﬂmg above 700° F. and
up to about 900° F. may be used in many cases without
dlﬁir‘ulty

The dilvent is preferably used in sufficient proportions to
forimn a liguid or pumpable. slurry with the sand. For this
purpose, with hrgn grade sands, the diluent should have
a werght fatio .of up fo about 5 to 1, baséd on the tar
contenf of the sand. For sands of low bitumen or oil
content; even larger proportions may be necded, up to
about 10 to 1 on the same basis. Using 5 to 10 parts of

tdonor-drluent by wetght for €ach part of tar or brtumen,

the transf able hydrogen in the donor-diluent need not
be very hrgh., Hydrogenatron to the extent of about 200

10 600 s. c. f. of hydrogen per barrel of diluent is quite
,adequate

It is not always necessary to form a pumpable slurry
of the, sand, though that is the method presently preferred
1t is also possible to prépare 4 viscous paste by using, for
example, about 1 part of diluent for each part of tar or
brtumen 1n this case, the paste may be transferred by
an extruder type feedmg devrce, as js known i m the art.
In tlns casé also, the hydrogen réquirements, per umt of
dlluent tend to be hrgher Overall; diluent rafios may
vary fronmi about 1 to 1 fo 10 to 1, compared with fhe
bitumen content of the sand and the hydrogen added to
the dﬂuent may vary from as litile as. about 50 to as much
ds 1000°s. & f. or more per barrel of dtluent

In the preferred process sand is broken up and mixed
with the donor-diluent in proportrons suitable for formmg
a mobile sluny Thé shurry is pumped through a fired
coil and into a soahng and settling zone Where the mix-
turé is heatéd fo a temperature within the range of about
700 to 1000° F., preferably between 750 dnd 900° F. The
materlal is held for a penod sufficient to obtain good ex-
{raction, su"ﬁcxent agitation being apphed to acconiphsh
thrs result Thé usual resrdence time’ 1s from about 10
The process is preferably
carriéd out under moderate pressure, €. g up to 500
p.s.1. g, a pressure of about 200p s.i. g bemg very satis-

'factory However the pressire need be no greater than is

necessary to prevent Ioss of volatile mgredrents

The sand “setiles’ gradually io the bottom, as its oil
’o tent is extracted ‘and an 011 phase forms at the top.
The raté of sand settlmg and’ the completeness of oil
extractron varies in part with the v1scos1ty of the slurry
and in part with the degree of aglta‘uon The latter

.should be sa controlled as to obtdin rnaxxmum extractron

of dil, consistent with good through ut. If the average
residénce time of the sand is within the limifs described
above and the sand slurry jis free ﬂowmg, extraction- will
bé redsonably’ complete With a residence time of 1 hour
for éxample; and a ratio of drluent to bitumen-of 4:1, using
a temperature of at least 750° F,, and a drluent of boiling
range abotit 50016 700° F., 95% or more of the bitumen
miay be extiacted.

The extracted portion is then fractionated to obtain
several cuts including one that is suitable for partial
hydrogenation and recycling as a diluent. Bottoms may
be partly or wholly recycled with the diluent, at least a
small part preferably being discarded to prevent build-up
of undesirable constituents.

The invention will be more fully understood by refer-
ence to the attached drawing where an embodiment is
shown diagrammatically.

As shown in the drawing, oil sand is broken into small
lumps or particles of a maximum size of 1 inch or less,
preferably not over ¥4 inch in average diameter. The
subdivided bituminous sand is fed to a slurry tank 11
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‘through a line 13. There it is mixed by an‘yﬂconvéntionall

means, not shown, with-a liquid donor-diluent - fraction
supplied through a line 15, to form a slurry, preferably
a free flowing or pumpable slurry.

The slurry leaves tank 11 through a line 17 and passes
to a heating coil 19 and into a soaking and settling tank
21. Additional heat may be applied to or in tank 21
by conventional means if desired. In any case, the tem-
perature of the slurry in the settler is brought up to at
least 700° F. and not more than 1000° F, preferably
between 750 and 900° F

Agitation by a propeller or stirrer or the equivalent is

-maintained in the tank. 21 so that the sand settles slowly

‘to the bottom with a residence time between about 10
and about 120 minutes, as previously described. Oil

moves to the top of the tank 21 and is drawn off through

a line 23 to fractionator 25. The sand is taken out at
“the bottom through a line 27 to a receiver, shown as a
-fluid solids stripper vessel 29. Here a stripping fluid,
preferably steam, though an inert gas may be used, is
introduced through one or more lines 31 to fluidize the
sand and to strip its.-residual oil content. The spent sand
may be withdrawn through a line 33, preferably to a heat
exchanger to make use of its sens1ble heat Thereafter
"it is discarded.

The oil is ‘fractionated in fractionator 25 to -obtain
desired products such as gas through line 35, gasoline
through line 37, light gas oil through line 39, a diluent-

donor base material through line 41 (preferably boiling -

between 500 or 550 and about 700° F.) and a heavy gas
oil through line 43. Bottoms are withdrawn through a
line 45, from which part may be purged through line 47.
The remainder, or all if desired, may be recycled to the
diluent line 15 through line 49.

The stripped products from: stripper vessel 29 go
through line 51 to -a condenser 53 where the steam is
condensed and removed through a line §5. The oil prod-
ucts then go through line 57 to join the feed to-the frac-
tionator described above.

In ‘order to control the quality of the diluent, part of
it may be purged from line 41. through line 59. The
remainder is taken to a hydrogenator 61.- Here make-up
thermal tar may be added, to keep the condensed ring
aromatics content high, through a line 63. " This is pref-
erably a tar from catalytic cracking of petroleum (gas oil),
with the same general boiling range, i. e. above 500° F.
and below 900° F. = Gaseous hydrogen is added, from
any suitable source such as a hydroformer, or the like,
through line 65. - As noted above, hydrogen requirements
may vary between about 50 and 1000 s. c. f. per barrel
of diluent, more or less, depending upon the ratio of dilu-
ent to bitumen, as well as upon other factors such aspres-
sure and temperature in the soaker. Gas may be purged
overhead through line 67, but preferably much or most of
‘it is recycled through line 69. Hydrogenatlon is carried
out in a conventional manner.

The partially hydrogenated donor-diluent material is
then recycled through line 71 to join line 15 into the slurry
tank 11. From here the process is repeated.

It will be understood that various modifications may be
made in the process and system for recovery of oil from

bituminous sands, the salient feature being particularly
--the use of partially hydrogenated liquid donor-diluent of
middle boiling range and at moderate temperatures. - The
use of thermal tar as-the diluent base is a particular
5 feature. As suggested above a pasty mixture may be
used instead of a liquid slurry in some cases and it is
intended that the term “slurry,” when used in the claims
without further quahﬁcatlon shall cover both: - The liguid
slurry system and process is more flexible and is spectﬁ-
10 .cally preferred. :
‘What is claimed is: - ‘ !
1. The process of eﬁimently extracting oil from bitumi-
nous sand which comprises -breaking up said sand into

small particles, forming a. liquid slurry of said particles.

15 in a liquid hydrogen. donor-diluent of boiling range be-
tween about 500° and about 700° F., feeding said slurfy
to a settling and soaking zone, heating said slurry non-
catalytically and at a pressure sufficient to prevent loss of
volatile ingredients, a maximum of 500 p. s. i. g. to .a

20 temperature between about 750° and 900° F., allowing
a period of about 10 to 120 minutes for said sand to
separate from said oil by phase formation, passing the
sand to a stripping zone, fluidizing the sand in said strip-
ping zone with steam to remove residual oil therefrom,

25 separating the residual il so removed from said steam
and passing said residual oil to a fractionation zone along
with the oil separated from the sand in the settling and
soaking zone, fractionating said oils to obtain gasoline,
gas oil, a diluent base fraction, boiling between 500° and

30 700° F., and a bottoms fraction, bleeding off a portion of
said diluent base fraction, adding a thermal tar of similar
boiling point from catalytic cracking of a petroleum frac-
tion, partially hydrogenating said combined diluent base
fraction and thermal tar by adding 200 to 600 s. c. f. of
hydrogen gas thereto under hydrogenating . conditions,
recycling the partially hydrogenated material to join said
slurry, and adding said bottoms fraction thereto.

35

2. Process according to claim 1 wherein the ratio of

donor diluent to bitumen in said sand is between 1 and 5/1.
40 3 - Process accordmg to claim 1 wherem a thin liquid
pumpable slurry is formed.

References Cited in-the file of this p:;tent o

45 UNITED. STATES PATENTS
1,327,572 Ryan Jan. 6, 1920
1,711,499 Hofsass oo May 7, 1929 -.
1,778,515 Hampton . ___ Oct. 14, 1930
1,794,865 Pieretal. . __ Mar. 3, 1931
60 2,147,753 Pottetal. . __________ Feb. 21, 1939~
2,426,929, Greensfelder - ———__-_ Sept. 2, 1947
. 2,436,938 -Scharmannetal. _.______ Mar: 2, 1948
2,502,598 Johnson . ___________ Apr, 4, 1950
2,587,729  Huff Mar. 4, 1952
55 2,601,257 Buchan ____ . June 24, 1952
2,614,067 Reedetal, - = Oct. 14, 1952 °

OTHER REFERENCES

- Hodgman et al.: “Handbook of Chemistry and Physics,”
60 35th ed., pages 732 and 733, published by Chemical Rub-
_ber Publishing Co., Cleveland, Ohio (1953),

Bt S=od




