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This invention relates to ‘a process for the re 
moval of petroleum, asphalt and other bitumens 
from the mineral matter associated therewith in 
natural occurring deposits or formations. The 
invention refers more particularly to such a 
process wherein the bitumen is emulsi?ed to pro 

, duce a ?uent oil-in-water type ‘emulsion. 
Petroleum and other bituminous materials are 

usually found in deposits comprising more or less 
mineral matter, such as‘ sand, shales, gravel and 
the like, which is more or less cemented together 
to produce a formation of variable rigidity and 
porosity. Typical formations are the oil sands 
or producing sa‘nds from which’petroleum is .ob 
tained by drilling and the somewhat weathered 
oil or'asphalt sands sometimes called tar sands 

- found close to the top of the ground in such 10 
calit'ies asvUtah, California and Northern Can 
ada, from which a viscous asphalt or maltha 

' maybe obtained. Fluid bitumen, such as'high 
gravity petroleum, may be removed from such 
formationsv by natural drainage, or by suitable 
‘pressure drives imposed by gas or vwater. Here 
tofore, no practical process has been developed 
for. the removal of. viscous bitumens from deep 
subterranean formations.‘ In the case of de 
posits consisting mainly of viscous bitumens in 
conjunction with sand whichcarry no great over‘ 
burden, mining has sometimes been successfully 
resorted to. vIn this latter case, the mined oil 
sands are subsequently treated with a'hydro-' 
carbon solvent or with aqueous solutions‘ de 
signed to strip the asphalt from the sand without 

. ‘emulsi?cation in order to recover the bitumen 

‘by _mining methods from its natural position. 
and recovering the bitumen as a ?uent oil-in-J 

free from associated mineral oil matter. 
It is an object of the present invention to pro 

vide a process for the removal of bitumen from _ 
mineral matter associated with it in its natural 
deposits by a process comprising the formation 
of water continuous emulsions‘of bitumen.‘ It is 
furthermore an object of the present invention 

facial tension between the bitumen and the water 
and the same- or other solutes which effect emul 
siiication of the bitumen and endow the emulsion 
with su?icient stability vto remain unbroken dur 
ing its subsequent mechanical handling or con 
tact with electrolytes present in the formation or 
in‘ the water. The invention further resides in 

h the use of a small proportion of alkali hydrox- - 

10 
ides, carbonates, phosphates, silicates, soaps, 
sulphonated materials, such as Turkey red oil, 
proteins and carbohydrate materials such- as 
casein 'or vegetable gums, and alkali salts or tans 
nic acids, cresol, phenols and the like. The in 
vention further resides in the provision for a 
positive movement of the aqueous solution 
against or through the formation which move 
ment ‘is adapted to scour, remove and emulsify 
the bitumen. The invention further resides in 
effecting the emulsi?cation at elevated tempera 
tures, or in the presence of hydrocarbon solvents, 
designed to soften and/or liquefy the bitumen. 
The invention further resides in such a process 

. in which the emulsion with or without a prelim- , 
inary treatment to decrease the quantity of ad 

- mixed mineral matter is broken to recover the 
bitumen as a separate phase. ..\ 
The aqueous solution used in my process 

should be adapted to depress the surface tension } 
between the bitumen and water thereby facili 
tating the stripping‘ of the bitumen from the - 
mineral matter and should also be adapted to 
emulsify the bitumen thus stripped into a water 
continuous emulsion of such stability as to resist 
premature breaking due to contact with the for 
mations into which it comes into contact or by 

. mechanical handling and agitation. In many 

to provide a process for the emulsi?cation of the - 
bitumen in situ whereby the bitum'en is stripped‘ 
from the formation whether in situ or removed 

> water emulsion. It is, furthermore, an object 
of the present invention to provide a‘ suitable 
emulsifying agent for such a process and also to 
provide means forheating, agitation and the 
like, designed to effect said emulsi?cation. 
The invention further resides in the use of 

aqueous solutions for said‘ emulsi?cation which 
contains solutes aiding in the stripping of the 
bitumen from the sand by depressing the inter- 55 

instances, both functions may be combined in 
one solute-thus, for example, emulsifying agents 
such as sodium oleate, sodium resinate and 
Turkey red oil-soap both reduce the interfacial] 
tension and emulsify the bitumen. A surface\ 
tension depressant, such as alcohol, may be used 
in conjunction with a separate emulsifying” 
agent, such as sodium naphthenate. The emul 

- sifying agent may be formed by a reaction be 
tween the compounds present in the petroleum 
and in the aqueous solution. Thus, when using 
aqueous solutions containing caustic alkali, such 
as sodium, potassium hydroxides or ammonium 
hydroxide or alkali salts, an emulsifying soap 
may be formed by the reaction between the 
alkali and the organic acids naturally present 

the bitumen. ‘ This type of emulsifying agent 
is useful mainly with restricted types of asphaltic 
crudes having su'?cicnt acids of the proper 
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molecular weight to yield an ‘emulsifying agent 
on reaction with alkali. 
With regard to the function of lowering the 

interfacial tension between the bitumen and 
water, the quantity of solute need not be limited; 
thus concentrations of a few thousandths of a 
percent are effective and concentrations of sev- ‘ 
eral percent are still more effective. The con 
centration of the solute should be limited how 
ever with regard to its function as an emulsify- 
ing agent. The emulsifying agent should be 
present in su?icient concentration to effect 
emulsi?cation of the bitumen and to stabilize the 
emulsion thus produced against breaking on sub 
sequent mechanical handling and passage 
through the formation and against contact with 

' such electrolytes as may be present in the forma 
tion or the connate water. Concentrations of 
from 111; of a percent'to 2% or 3% are usually 
su?icient for this purpose. Excessive concen 
trations are in most instances to be avoided as 
wasteful, or as inimical to proper emulsi?cation,‘ 
or as yielding an emulsion too stable to be amen 
able to its ultimate resolution of the bitumen and 
water. For example, excessive quantities of al. 
kali hydroxide may cause the formation of an 
inverted emulsion, or may, by virtue of their high 
electrolyte concentration, prevent the formation 
of any emulsion at all. Again, excessive quan 
tities of soap lead to the formation of an emul 
sion which creams or settles badly but" which 
requires rigorous treatment to effect complete 
resolution. 
The choice of the proper emulsifying agent, as . 

well as its proper concentration and the amount 
and character of stabilizing agent, must be as 
certained by trial. The choice of the conditions 
are well understood in the art. Asphalts are 
now emulsi?ed for use in road construction and 
the conditions of emulsi?cation are part of the 
commorrreference in this art. In order to de 
termine these conditions, it will be desirable to 
obtain a sample of the formation. If near the 
surface, this may be done by ordinary sampling 
as practised in mining methods. If the forma 
tion is a deep-lying one, coreing as used in oil 
well practice can be resorted‘ to. With such 
samples at hand, the conditions. of temperature, 
concentration and emulsi?er composition can be 
determined by trial and the best conditions for 
stripping the asphalt or oil from the mineral 
matter and the condition for forming an oil-in 
water emulsion of‘ proper stability may be de 
termined. - - 

In general, a suitably adjusted aqueoussolu 
tion of the stability and type described is found 
to have a relatively ?ne particle size, which prop 
erty is of advantage in permitting the emulsion 
to be transferred through porous formations in 
which the interstices are relatively small. . 
The emulsi?cation takes place more readily 

when bitumen is naturally ?uid or has been 
rendered fluid by the application of heat or by 
solution in hydrocarbon solvents. When an oil 
sand containing viscous bitumen has been 
brought to the surface by mining, it vmay be com 
minuted and heated directly with the aqueous 
solution and agitated therewith to effect emulsi 

. ?cation of the bitumen. As an, alternative meth 
od, the oil sand may be commingled prior to 
agitation with the aqueous solution with a hy 
drocarbon solvent, such. as kerosene, or the’ aque 
ous solution may contain emulsi?ed therein a 
light hydrocarbon solvent}: Deep lying forma 
tions, for instance, those about 3000 feet, are 
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naturally hot and the asphalt, if ‘not actually 
thin enough to ?ow by drainage, gas or “water 
drive” may be sufficiently soft to emulsify if it be 
of a nature to emulsify spontaneously. Such de 
posits may be those which emulsify spontane 
ously on contact with caustic soda or potash of 
proper concentration-that is, of about 0.08% 
to 0.18%. ' 
When operating on deep deposits reached only 

by wells, the formation, if desired, may be first 
fluxed with a‘ hydrocarbon solvent. This may be 
accomplished by introducing light solvents, such 
as kerosene or naphtha, into the formation by 
means of a drive from centrally located wells in 
conventional manner. In general, the direct ap 
plication of heat through the medium of a heated 
aqueous solution of the type described su?ices to 
liquefy and emulsify the bitumen. In this latter 
instance, the aqueous solution may carry, if de- ' 
sired, more or less emulsi?ed hydrocarbon sol 
vent, 
In operating on undisturbed formation insitu. 

I may cause ‘a' positive movement of the aqueous 
solution to take‘ place which is adapted to scour 
the bitumen from the sands and to provide the 
agitation necessary for emulsi?cation. The 
character of the process which can be applied 
depends to a large extent on the porosity of the 
formation. When dealing with‘ a ‘sufficiently 
porous formation, I may usea process somewhat 
akin to a water drive. ‘By sinking a ‘central pres 
suring well in the formation, and around it sink 
ing several other collecting wells, I may force 
the aqueous solution, preferably at an elevated 
temperature, for instance at 212° F., down the 
central well and by means of the applied pressure 
cause it to migrate to the neighboring collecting 
wells. In the passage of the hot aqueous solu 
tion through the porous sands, the bitumen is 
stripped free from the sand and'emulsi?ed in the. 
form of, small discrete particles surrounded byv 
the aqueous solution. By properly adjusting the 
character and quantity of the emulsifying agent, 
this emulsion is rendered sufficiently stable to 
remain'unbroken during its passage through the \ 
sands to the neighboring wells and its subsequent 
mechanical transfer to the surface, for example, 
by means of pumps. Factors tending to break 
the emulsion are the intimate mechanical con 
tact with the sand and the admixture of the 7 
solution with electrolytes present in the forma 
tion or in the whole system. By the addition 
of sufficient amountpf emulsifying agent, how- 
ever, in the form. of ‘a soap, or by the use of a 
stabilizing agent in conjunction with the emulsi 
fying agent, for example, by using a mixture of 
alkali and casein, I am able to prevent the break 
down of the emulsion under these conditions. ' 
Thus, in order to endow the emulsion with suf? 
cient stability tov remain unbroken during its 
movement through the oil sands and'subsequent 
pumping of the emulsion to the surface, I may 
add various emulsifying and/or stabilizing agents, 
such as—starch, glue, casein, particularly in 
those cases where a quick-breaking type of emul 
sion would be produced with such stabilizing 
agents, for example, when using a caustic alkali 
solution. By quick-breaking emulsions, I mean 
one which would be resolved‘ by contact with the 
mineral matter of the formation or by contact 
with polyvalent electrolytes, such as calcium 

_ salts present in the formation of well systems, 
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or an emulsion which would be resolved by the 
mechanical handling or pumping of the emul 
slon. 
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In the case of less porous formations which 
are permeated by the aqueous solution only with ‘ 
difficulty, I prefer to use a surging .or'pulsatin'g 
back and forth motion of the aqueous solution 
which effects the emulsi?cation of the bitumen 
.at the outer bounds of the zone penetrated by 
‘the water and subsequently provides for the re 
moval of this relatively concentrated emulsionvv 
and its replacement by a fresh solution or at 
least a diluted emulsion. By this means, the 
forward surge. of the emulsifying solution is 

10 

effective in causing a limited penetration of the ' - 
_ formation, which, when followed by the momen 
tary withdrawal of the solution and repetition 
of the cycle, causes the‘ bitumen to be removed 
in an emulsi?ed form from a gradually increas 
ing zone. ' type of surging motion can be 
induced by ‘a variety of means, for example, by 
the action of a pulsating gas pressuring means, 
such as air ornatural gas on a body of the emul 
sifying solution lying at the bottom of the drill 
hole. In carrying out this process, a heated 
aqueous solution of emulsifying and stabilizing 
agent is introduced into the well and agitated 
by means of injection of natural gas or air. The 
surface of the formation is scoured. Gas is then 
introduced above the water surface and the wa 
ter solution is driven into the formation. Under 
certain conditions of residual. gas pressure in the 
formations, the water may then be drained back 
into the well by ‘releasing pressure and employing 
gas lift to withdraw the emulsion. If desired, 
‘a reverse gas drive from surrounding wells may 
be employed to force the emulsion back into the 
well. The repeated washing of the formation 
and stripping the formations may be accom 
plished. ' . 

Various means may be used for heating the 
aqueous solution and/or the formation. Hot 
aqueous solution, for example, may be pumped 
down the drill hole into contact with the forma- I 

2 tion and. recycled back- to the surface for fur 
ther heating; If desired, the system may be 

_- maintained under pressure to provide for the use 
of superheated - water. This may be accom 
plished by heating the solution'under high pres 
sure, such as 300 to 1,000 pounds and pumping 
the solution into wells under the high pressure. 

I Live steam may bebrought into contact with 
the formation or the. emulsifying solution for the 
purpose of heating the same. - - 

As an alternative process, I may use a. solution 
of the kind described, which is heated under con 
siderable pressure to a temperature near its boil 
ing point. After this superheated. solution has 
been caused to .in?lter or penetrate the-forma 
tion to the desired degree, the pressure may be 
suddenly released whereby a portion of the water 
suddenly vaporizes causing a rapid return move 
ment of the water through the formation, there-, 
by scouring the sands ‘and emulsifying the bitu 
men. The emulsion may then be removed by 
pumping or. gas lift. 

emulsifying solution on the formation in situ con- ' 
tains but little, if any, associated mineral. matter 
and may be broken or resolved directly to obtain 
bitumen as a separate phase. Suitable methods 
of breaking the emulsion comprises the addition 
of electrolytes, particularly polyvalent electro 
lytes, such ‘as 02301:, or breaking by freezing. 
Other methods may also be used for breaking, for 
example, substantial quantities, e. g., from 10 to . 
50%, or methyl or ethyl alcohol may be added to 
the emulsion whereby the bitumen breaks out as 
a separate phase. The aqueous phase containing 
the alcohol may be fractionally distilled to re 
cover the alcohol and an emulsifying solution 
substantially free from alcohol and suitable for 

' reuse. 
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In operating on- sands which have been brought I 
to the surface by mining, agitation of the sand 
with the emulsifying solution may be afforded by 

65 

any suitable device,-as for example, by means of a ' 
paddle mixer, a ball mill, or the like. This agita- _ 
tion should be conducted at~ temperatures at ~ 
which the bitumen associated with the sand is 
sumciently liquid to emulsify. Asset forth above, 
a hydrocarbon solventinay be used during the 
agitation process to liquefy the bitumen by solu 
tion rather than by heat. _ 
The emulsionas obtained by the action of the 
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In the case of mined sands which have been 
agitated during the process of emulsi?cation, 
more or less mineral matter may remain admixed 
with or suspended in the emulsion. By settling 
and decantation, as for example, in a Dorr type 
of thickener, the greater part of this suspendedv 
mineral matter may be separated from the emul 
sion. Further separation may also‘ be effected by 
centrifuging or ?ltering the emulsion through ' 
fine meshed screens, dilute with further quantities 
of water, and the like. In breaking an emulsion 
which contains more or less associated mineral 
matter, it is desirable to diminish only the emul 
sifying properties of the solution without sub 
stantially' increasing the interfacial tension be 
tween the bitumen and the water. By this 
means, the sand or mineral still remains pref 
erentially wet by the water and sinks to the 
bottom, while the bituminous material separates 
as a water repellant phase free from both sand 1 
and water. This condition can be realized by 
the addition of properly 'adjusted amounts of 
breaking agent, for example—calcium chloride, 
.whereby the emulsion is broken while at the same 

' time the tendency of the sand to be wet ‘by .the[ 
water rather than vthe bitumen is conserved. The 
process of adding alcohol to break the emulsion, 
as set forth above, is well adapted for this pur 
pose. 

While the process has been described as ap 
plicable to relatively viscous bituminous deposits, 
such as'asphalts and heavy oils, it is also ap 
plicable to removal of the residual oil deposits 
fromexhausted oil ?elds. It is -well known that 
but‘ a fraction of the oil is recovered by present 
methods. The oilformations contain a large . 
percentage ‘of the original oil. The invention 
here described makes possible the recovery'of 
additional oil. . The ?uidity of ‘the 011 makes the 
emulsi?cation more easy. Many of .the forma 
tions are of sufficient porposity to make the use 
of a water device from centrally located wells to _ 
surrounding wells feasible. The use of a proper 
emulsifying agent ‘determined as hereunder cited 
will result in the stripping of the formations and 
theiremulsi?cation in‘the water to form oil-in 
water emulsions. The emulsion is collected in . 
the collecting wells and removed as by pumping 
and'gas lift. The emulsions are then broken as 
described above. . - - 

The foregoing exemplary description of my in 
vention is not to'be considered as limiting since 
.many variations may be made within the scope of 
the following claims by those skilled in the art 
without departing from the spirit thereof. 

I claim: 
' 1. A process for removing bitumen such as oil . 
or asphalt from formations whichcomprises in 
troducing an aqueous solution containing an 
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emulsifying agent into the formation, agitating 
said solution in said formation by surging said 
solution back and forth in the formation to eifect 
intimate contact of said solution with bitumen 
in said formation, emulsifying said bitumen by 
said agitation to form a ?uid oil-in-water emul-v 
sion, withdrawing said emulsion from said forma 
tion and resolving the emulsion to separate the 
bitumen from the emulsion. 

2. A process for removing bitumen such as oil 
or‘ asphalt from formations which comprises in 
troducing an aqueous solution, containing an 
emulsifying agent into the formation, agitating 
said solution in said formation by surging said 
solution back and forth in the formation by 
means of a gas under pressure to effect intimate 
contact of said solution with bitumen in said 
formation, emulsifying said bitumen by said agi 

tation to form a ?uid oil-in-water emulsion, with 
drawing said emulsion from saidv formation and 

. resolving the emulsion to separate the bitumen 

10 

from the emulsion. = 
3. A process for removing bitumen such as oil 

or asphalt from subterranean formations which 
comprises forming a central shaft to vsaid forma 
tion, forming surrounding shafts to said forma 
tion, forcing an aqueous solution containing an 
emulsifying agent down said central shaft, apply 
ing pressure down said central shaft to cause said 
solution to migrate to said surrounding shafts and 

' therebiy causing said solution to mix with bitumen 

15 

in said formation and emulsify the same to form 
an oil-in-water emulsion, withdrawing said emul 
sion from said surrounding shafts and separating 
the bitumen from said emulsion. I 

PHILIP SUBKOW. 


