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ABSTRACT

A process for recovering bitumen, or heavy petroleum,
from admixture with sand and similar inorganic materi
als wherein said bitumen-sand mixture is mixed with an
aqueous solution of an ammonium salt selected from
ammonium sul?te, ammonium bisul?te and mixtures
thereof to form a second mixture comprising said aque
ous ammonium salt solution, bitumen and sand; wherein
said second mixture is heated to a temperature in the

range of about 120° F. (45° C.) to about 260° F. (127° C.)
and is separated into a bitumen phase free of sand, an
aqueous phase and a sand phase.
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A preferred embodiment of the present invention
comprises: mixing, in a mixing zone one volume tar

RECOVERY OF BITUMEN FROM TAR SAND

sand, comprising bitumen admixed with sand, with

This application is related to Application Ser. No.
918,633, ?led June 23, 1978 and now abandoned.

5

BACKGROUND OF THE INVENTION
The present invention relates to separation of heavy

about 0.5 to 3 or more volumes of an aqueous solution of
an ammonium salt selected from ammonium sul?te,
ammonium bisul?te and mixtures thereof, having an
ammonium salt concentration in the range of about 0.01

petroleum hydrocarbons from admixture - with inor

to about 1.0 moles/liter, under conditions of agitation
sufficient for contacting said sand with said liquid aque

ganic particulate material. More particularly the present

ous solution, at a temperature in the range of about 120°

invention relates to a process wherein tar sands, or

F. (45° C.) to about 260° F. (127° C.);
separating, in a gravity separation zone said aqueous

other mixtures of heavy petroleum with sand or similar
particulate material, is treated under mild conditions

solution-tar sand mixture, at a temperature in the range

of about 100° F. (38° C.) to about 260° F. (127° C.), into

with an aqueous solution of an ammonium salt selected

a bitumen phase substantially free of sand, an aqueous

from ammonium sul?te, ammonium bisul?te, and mix
tures thereof for separation into bitumen substantially
free of sand, and sand substantially free of bitumen.
Tar sands (also known as oil sands and bitumen sands)
occur naturally in earth formations ranging in depth
from surface deposits to several thousand feet. Such, tar
sands are unconsolidated sand deposits impregnated
with dense, viscous petroleum. The petroleum is a bitu
men (i.e. soluble in carbon disul?de) and has a density at
60° F. slightly greater than water. Up to about 50% of

phase, and a bottom sand phase substantially free of

bitumen;
recovering, by liquid-liquid separation means, said
bitumen phase, substantially free of sand and similar
inorganic materials, from said separation zone; and
recovering, by solid-liquid separation means said sand
from said separation zone.

The advantages of the process of the present inven
tion include recovering bitumen, or heavy petroleum,
substantially free of sand and similar inorganic materi

the bitumen may be distilled without cracking and a

als. Additionally, bitumen recovery from the tar sand is

substantial portion of the bitumen comprises asphal

increased and the separated sand is substantially free of
bitumen. The process of the present invention is simple
and operating conditions are mild, thus reducing invest

tenes and resins.

Recovery of tar sands from earth formations may be

accomplished by surface mining techniques wherein the

ment and operating costs for the process. These and
other advantages will be discussed more fully in the

tar sands are transported to processing units for separa
tion of bitumen from sand. Alternatively, in situ recov
ery techniques, such as ?re ?oods, emulsion steam
drives or solvent drives may be employed for recover

detailed description which follows.
BRIEF DESCRIPTION OF THE DRAWING

ing bitumen and leaving sand behind in the earth forma
tion. Bitumen so recovered, even with in situ recovery

techniques, may contain substantial amounts of sand in
admixture therewith.
Processes are known for recovering bitumen substan~
tially free of admixed sand. Such process include extrac 40

The drawing is a schematic representation of a bitu
men recovery process embodying the improved process
of the present invention.
DETAILED DESCRIPTION OF THE
INVENTION

tion with anhydrous solvent; bitumen separation em

The process of the present invention is for separating
bitumen, or other heavy petroleum, from sand and simi
F. and a water pH of 9-9.5; bitumen separation employ
lar inorganic materials, such that the bitumen is recov
ing water at about 70°~200° F. and a pH of 8-8.5.
ered substantially free of sand, and the sand is substan
The anhydrous solvent recovery processes require 45 tially free of bitumen. For convenience, the process is
large amounts of expensive solvents which must be
discussed herein in terms of recovering bitumen from
recovered by distillation for recycle. Thus, such pro
tar sand, which is one of the larger applications for the
cesses are expensive to operate, and require substantial
process. However, it is to be understood that the pro
ploying a water-hydrocarbon mixture at about 70°—200°

energy input.

cess is applicable to separating heavy petroleum hydro

The various techniques for recovering bitumen em
ploying water or water-hydrocarbon mixtures are all
operated in the basic pH range. In the presence of poly
valent ions, clay minerals tend to flocculate with the

carbons from sand and similar inorganic materials.
Tar sands are naturally occuring deposits which com

prise mixtures of heavy petroleum hydrocarbons (bitu

men), water, and sand. The sand is primarily quartz, but
also contains clay minerals and the like in small
which are dif?cult to separate from the water. Addi 55 amounts. The natural deposits vary in their physical
tionally, the bitumen tends to form a froth, or emulsion
properites considerably, and the bitumen is variable
which must be further treated to recover bitumen free
from very heavy oil to asphalt. Representative of such
of water.
tar sand deposits are those of the Athabasca Region of

bitumen under basic pH conditions, forming slimes

SUMMARY OF THE INVENTION

Now, according to the present invention, we have
discovered an improved method for recovering bitu
men from tar sand, or from admixture with sand and

similar inorganic particles. Although the process is de
scribed in terms of separating bitumen from tar sands, it
is to be understood that the process is generally applica
ble to separating heavy petroleum from sand and similar
minerals.

Canada. The Athabasca tar sands comprise a mixture of
60 sand, water and bitumen wherein the sand component is

predominantly quartz, each grain of which is wet with
a ?lm of water. Surrounding the wetted sand gains, and
somewhat ?lling the void volume is a ?lm of bitumen.
The balance of the void volume is ?lled with connate
water and some small volume of gas. The sand grains
are packed to a void volume of about 35%.
Bitumen from the Athasbasca tar sand has a density at

60° F. (15° C.) slightly greater than water (e.g. API

3
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gravity, 6.5-8.6). The bitumen comprises a substantial
proportion of asphaltenes and resins. Up to about 50%
of the bitumen is lighter petroleum which can be dis
tilled without cracking. The bitumen contains about
4.5-5 wt.% sulfur and about 0.4—0.5 wt.% nitrogen.
Viscosity of the bitumen, at 70° F. (21° C.) is in the

about 120° F. (48° C.) to about 260° F. (127° C.), prefer
ably in the range of about 180° F. (82° C.) to about 212°
F. (100° C.). Heat for maintaining temperature within
mixing zone 2 may be provided by any convenient

range of 50,000 to 2,000,000 centistokes, depending

means such as pre-heating the tar sand, or adding heat

upon source tar sand deposit. Although bitumen is more
dense than water at 70° F. (21° C.), a gravity inversion
occurs within the range of about 100° F. (38° C.) to

to mixing zone 2 by direct, or indirect heat exchange. In

about 260° F. (127° C.).
Aqueous solutions of ammonium sul?te, ammonium
bisul?te and mixtures thereof have been found useful,
under process conditions disclosed herein, in separating
bitumen from tar sand. The aqueous solutions provide a

liquid phase immiscible with bitumen which aids in
maintaining separation between bitumen and sand. The

Within mixing zone 2 said tar sand and said aqueous
solution are mixed at a temperature in the range of

the drawing heater 6 is located in mixing zone 2 for

supplying heat to the tar sand-aqueous solution mixture.
Heater 6 may be an indirect heat exchanger or a device

for directly heating the mixture such as a steam injector.
In mixing zone 2 the mixture is heated to a temperature
at which the density of the bitumen is less than the
density of the aqueous solution (commonly, in the range
of about 100° F. (38° C.) to about 260° F. (127° C.)) and
at which the selected ammonium salt tends to disassoci
ate into ammonia and sulfur dioxide (e. g. about 120° F.

disclosed ammonium salts are useful in obtaining separa
tion of bitumen from sand grains in tar sands. Aqueous
(49° C.) for ammonium bisul?te and about 160° F. (71°
solutions of these ammonium salts are not particularly 20 C.) for ammonium sul?te). Thus, temperature in mixing
corrosive at the disclosed temperatures and are rela
zone 2 below about 120° F. (49° C.) is not suf?cient to

tively safe to handle, (especially solutions of ammonium
sul?te). No theory of operations is proposed herein to
explain the utility of such ammonium salts in separating

obtain the advantage of the ammonium salts in separat
ing bitumen from tar sand, and temperatures above

elevated temperatures (e.g. above about 120° F.) the

quently will not separate from the sand. Preferably, the
mixture is not heated above its boiling point, at operat

about 260° F. (127° C.) are within a range wherein bitu
bitumen from tar sands. It is noted, however, that at 25 men is heavier than the aqueous solution, and conse
ammonium salts tend to disassociate into ammonia and
sulfur dioxide.

ing pressure.

For obtaining a clear understanding of the process of
Pressures in mixing zone 2 are maintained such that
the present invention attention is brought to the draw 30 substantial vaporization does not occur. Pressures in the
ing. The drawing is a schematic representation of a
range of atmospheric to about 50 psig, depending upon

process embodying the improvement of the present
invention. The drawing is exemplary only and is not

the mixture temperature are adequate. Subatmospheric
pressures are not favored.

intended as a limitation of the present invention the
In the drawing, upon mixing and heating, the aqueous
scope of which is de?ned in the claims appended to this 35 solution-tar sand mixture is transferred from mixing
speci?cation. Many elements, such as pumps, valves,
zone 2 via line 5 to settler vessel 8. In settler vesssel 8
instrumentation, etc., commonly employed in commer
the mixture is maintained in a quiescent state, at a tem

cial processes have been omitted from the drawing for
perature in the range of about 100° F. (38° C.) to about
the sake of clarity. Only those elements are present in
260° F. (127° C.). Bitumen, aqueous solution, and sand
the drawing which are required to fully describe the 40 separate in settler vessel 8, forming an upper bitumen
improved process of the present invention.
phase 10, an intermediate aqueous phase 11, and the
In the drawing, tar sand, comprising water, bitumen,
sand settles to the bottom 12. In this separation step,
and sand in admixture, in line 1 is charged into mixing
gravity separation, as shown in settler vessel 8 is pre
vessel 2. An aqueous solution of an ammonium salt

ferred. However, any applicable separation device,

selected from the group consisting of ammonium sul?te, 45 such as a hydrocyclone, centrifuge, etc., may be used.
ammonium bisul?te, and mixtures thereof in line 3 is
In settler vessel 8, the bitumen separates substantially
charged to mixing vessel 2 in an amount equivalent to
free of sand and inorganic particulate materials, and the
about 0.5 to about 3 or more volumes said aqueous
sand is substantially free of bitumen.
solution per volume of tar sand.
In the drawing, sand is withdrawn from settler vessel
In mixing vessel 2, the tar sand and aqueous solution 50 8 via line 9 for disposal, not shown. The aqueous phase,
are mixed, with mixer 4 at a degree of agitation suf?
comprising aqueous ammonium salt solution is with
cient for the sand grains of the tar sand to come in
drawn via line 14 for disposal, not shown.
contact with the aqueous solution. Mixer 4 may be any
In the drawing, bitumen from settler vessel 8 is with
conventional mixing device such as a propeller mixer, a
drawn via line 13 to a ?lter 15 wherein any small
turbine mixer, a mixing pump, etc. The degree of mixing 55 amount of solids entrained are removed. From ?lter 15,
is preferably suf?cient to maintain sand and bitumen in
bitumen free of solids are transferred via line 16 to fur
suspension with the aqueous solution.
ther processing, not shown. Filter 15 may be any conve
The aqueous ammonium salt solution may contain
nient ?lter, such as plate and frame, rotary drum, etc.
from about 0.01 moler/liter to about the saturation limit
Bitumen may be heated or diluted with light solvent
of an ammonium salt selected from the group consisting 60 such as naphtha, vythene, light aromatics, etc. for re
of ammonium sul?te, ammonium bisul?te, and mixtures
ducing viscosity. Filtration may be dispensed with
thereof. Preferably, the aqueous solution contains about
when solids content of separated bitumen is low.
0.08 to 0.12 moles ammonium salt per liter. Water em
ployed to formulate the aqueous solution need not be
pure, and may contain dissolved materials which do not 65

EXAMPLE
In order to demonstrate the process of the present

interfere with the herein disclosed separation process.

invention and its advantage over the prior art, the fol

The water may be obtained from any convenient source
such as surface water, ground water, etc.

lowing experiments were performed for separating bitu
men from tar-sand.

‘
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The tar sand employed in the following experiments

1. A process for recovering bitumen from a tar sand

was a sample obtained from the Athabasca Tar Sand

comprising bitumen in admixture with sand grains;

deposit, and comprised 14.5 wt.% bitumen (8.2 deg.

which process comprises:
(a) mixing in a mixing zone, said tar sand with an
aqueous solution _of an ammonium salt selected
from the group consisting of ammonium sul?te,
ammonium bisul?te, and mixtures thereof under

API), 2.12 wt.% water and 83.28 wt.% mineral matter.
The mineral matter composition was:

QUARTZ: 96%
CLAY: 2%
POTTASIUM FELDSPAR: 1%
CALCITE: 1%
In a ?rst comparative experiment, 50 grams of the
above tar sand, containing 7.31 grams bitumen, was

conditions of agitation suf?cient for contacting said
sand grains with said aqueous solution, at a temper
ature in the range of about 120° F. to about 260° F.,

for forming a tar sand-aqueous solution mixture;
(b) separating, in a separation zone, said tar sand

heated with 300 cc water in a stirred vessel until separa

tion of oil and sand occurred. Heating the tar sand
water mixture to 180° F. (82° C.) was required to obtain 15

separation of bitumen. Upon separation of bitumen and

aqueous solution mixture, at an elevated tempera
ture suf?cient to reduce the density of bitumen to a

value lower than the density of said aqueous solu
tion, into a bitumen phase, an aqueous solution

sand, agitation of the mixture was halted and the mix
phase, and a sand phase; and
ture separated into a bitumen phase, an aqueous phase,
(c) recovering said bitumen phase substantially free of
and a solid sand phase. At the temperature of this exper
said aqueous phase and said sand phase.
iment, the bitumen phase accumulated upon the surface 20 2. The process of claim 1 wherein the concentration
of ammonium salt in said aqueous solution is within the
of the aqueous phase. The sand phase, although free of
range of from about 0.01 gram moles/liter to about the
a binding oil ?lm, remained dark colored. The aqueous
saturation limit, and wherein the volume ratio of aque
phase appeared muddy, and separation of emulsi?ed
ous solution to tar sand is within the range of about 0.511
to about 3:1 or greater.
3. The process of claim 2 wherein the elevated tem

bitumen therefrom required standing, without agitation,
for a period of several hours. Bitumen recovered was
viscous and blinded a ?lter upon an attempt to detrain

solids from this tar sand separation.
In a second experiment, embodying the process of the
present invention, a sample of the above tar sand, was

perature in said settling zone is within the range of
about 100° F. to about 260° F.
4. The process of claim 3 wherein said process is

treated with a 0.1 molar solution of ammonium bisul?te
in water. Fifty grams of tar sand and 300 cc of said
ammonium bisul?te solution were combined in a stirred

aqueous solution mixture is by settling under quiescent

continuous and wherein separation of said tar sand

conditions.
5. The process of claim 3 wherein said bitumen phase

vessel at 180° F., forming a mixture. Clean, light col
ored sand began separating, and the bitumen was ob
served agglomerating upon the water surface. The

recovered from said separation zone is ?ltered in a ?l
tration zone for separating any solids from the bitumen.

6. The process of claim 5 wherein said separated
bitumen is diluted with solvent prior to ?ltration.

aqueous phase present was clear and free of emulsi?ed

hydrocarbon. Upon ceasing agitation, the mixture sepa

7. A process for recovering heavy petroleum from
admixture with sand grains, which process comprises:
aqueous phase, and a lower sand phase. The aqueous 40
mixing, in a mixing zone, said petroleum-sand mixture

rated into an upper bitumen phase, an intermediate

with an aqueous solution of an ammonium salt

phase was clear, and the sand was white with dark
?ecks. The bitumen phase was ?uid, and was easily
?ltered upon dilution with vythene solvent.

selected from the group consisting of ammonium
sul?te, ammonium bisul?te, and mixtures thereof at

In a third experiment, constituting a second embodi
ment of the process of the present invention, a sample of 45

a temperature in the range of about 120°-260° F.

for forming an aqueous solution-petroleum-sand

mixture;

the above tar sand was treated with a 0.1 molar solution

separating, in a settlingfzone, said aqueous solution

of ammonium sul?te in water. Fifty grams of tar sand

petroleum-sand mixture under quiescent condi

and 300 cc of said ammonium sul?te solution were com

tions, at an elevated temperature, into an upper

bined in a stirred vessel at 180° F., forming a mixture.

petroleum phase, an intermediate aqueous phase,

Clean, light colored sand began separating, and bitumen

and a bottom sand phase;

was observed agglomerating upon the water surface.
The aqueous phase present was clear and free of emulsi

recovering, by liquid-liquid separation means, said
petroleum phase from said aqueous phase; and
recovering, by solid-liquid separation means, said

?ed hydrocarbon. Upon ceasing agitation, the mixture
separated into an upper bitumen phase, an intermediate
aqueous phase, and a lower sand phase. The aqueous
phase was clear and the sand was white with dark
?ecks. The bitumen phase was ?uid, and was easily
?ltered upon dilution with vythene solvent. Upon ?ltra

aqueous phase from said sand phase.
8. The process of claim 7 wherein said aqueous solu
tion comprises about 0.01 gram moles/liter to about the
saturation concentration of said ammonium salt dis

solved in water; and wherein said separated petroleum

tion, 6.64 grams (90.96%) bitumen was recovered as 60 phase is ?ltered to separate any solids therefrom.
?ltrate and 2.3 grams quartz particles with occluded
9. The process of claim 8 wherein said process is
bitumen were recovered as solids upon the ?lter.
continuous.
*
*
*
*
*
We claim:
65

