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ABSTRACT

A method for forming a stable emulsion of a viscous
hydrocarbon in an aqueous buffer solution includes the steps of:
providing a viscous hydrocarbon containing an inactive natural
surfactant and having a salt content by weight of less than or
equal to about 15ppm and having a water content by weight of less
than or equal to about 0.1%; forming a solution of a buffer
additive in an aqueous solution to provide a basic agqueous buffer
solution, the buffer additive being operative to extract and
activate the inactive natural surfactant from the viscous
hydrocarbon; and mixing the viscous hydrocarbon with the aqueous
buffer solution at a rate sufficient to provide an emulsion of
the viscous hydrocarbon in the aqueous.buffer solution, whereby
the buffer additive extracts the inactive natural surfactant from
the viscous hydrocarbon into the agueous buffer solution and
activates the inactive natural surfactant so as to stabilize the
emulsion. According to the invention, the buffer additive 1is a
water soluble amine. The inactive natural surfactant contained
in the viscous hydrocarbon includes carboxylic acids, phenols,
esters, and mixtures thereof. Bimodal emulsions, having two
distinct droplet size distributions, are also formed according to
the method of the present invention and have improved viscosity

characteristics.
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BACKGROUND OF THE INVENTION

EMULSION OF VISCOUS HYDROCARBON IN AQUEOUS
BUFFER SOLUTION AND METHOD FOR PREPARING SAME

The invention relates to an emulsion of a viscous
hydrocarbon in an aqueous buffer solution for use as a

combustible fuel.

LLow gravity viscous hydrocarbons are found in large supply
in canada, Russia, the United States, china and Venezuela, and
are normally liquids with viscosities ranging from 10,000cp to
more than 500,000cp at ambient temperatures. These hydrocarbons
are typically produced by numerous methods including steam

injection, mechanical pumping, mining techniques and combinations

of these methods.

once produced, such hydrocarbons are useful as combustible
fuel once they are desalted and dehydrated and have been treated
to remove other undesirable constituents. As a liguid fuel,
however, these hydrocarbons are too viscous for practical use.
Thus, such viscous hydrocarbons are formed into hydrocarbon in
water emulsions which have improved viscosity and, accordingly,
improved flow characteristics. When formed with a high ratio of
hydrocarbon material to water, these emulsions are an excellent
combustible fuel. However, the emulsion 1s not stable and
rapidly breaks if not stabilized with surfactants or emulsifiers.
Unfortunately, commercial emulsifiers are expensive and the cost
of the emulsion is therefore increased. This added cost

obviously adversely impacts the viability of using viscous
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hydrocarbons to form combustible fuel emulsions.

Viscous hydrocarbons are known to naturally contailn
materials which are potential surfactants. It would of course be
desirable to activate such materials so as to provide natural
surfactants to stabilize the emulsion without the additional
expense of commercial emulsifiers, thereby providing a more
practical alternative for the use of viscous hydrocarbons in

forming combustible fuel emulsions. The materials naturally

contained in viscous hydrocarbons which are potentlal surfactants
include numerous carboxylic acids, esters and phenols which, 1in
basic pH environment, can be activated as natural surfactants.
Sodium hydroxide has been used as an additive to provide the
proper pH. However, sodium hydroxide is unable to keep the pH of
the agueous phase constant so that the proper pH, the activated
surfactant and the emulsion itself are all short lived.

It is desirable, accordingly, to provide an emulsion
stabilized with natural surfactants which does not require the
addition of commercial surfactants and which emulsion resists
aging and is useful as a combustible liquid fuel.

Accordingly, it is the principal object of the present
invention to provide a combustible emulsion of a viscous
hydrocarbon in water which emulsion utilizes the natural
surfactants of the hydrocarbon to provide stability.

It is a further object of the invention to provide a method
for forming such a combustible emulsion.

It is a still further object of the invention to provide
such an emulsion and method whereby the emulsion formed 1s a

3
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bimodal emulsion having improved viscosity characteristics.

Other objects and advantages will appear hereilinbelow.

SUMMARY OF THE INVENTION

The foregoing objects and advantages are attained by the
disclosed emulsion and method for preparing same.

According to the invention, a stable emulsion of a viscous
hydrocarbon in an aqueous buffer solution is formed by a method
comprising the steps of providing a viscous hydrocarbon
containing an inactive natural surfactant and having a salt
content by weight of less than or equal to about 15ppm and a
water content by weight of less than or equal to about 01.%;
forming a solution of a buffer additive in an agueous solution to
provide a basic agqueous buffer solution, the buffer additive
being operative to extract and activate the 1inactive natural
surfactant from the viscous hydrocarbon; and mixing the viscous
hydrocarbon with the agqueous buffer solution at a rate sufficient
to provide an emulsion of the viscous hydrocarbon in the aqueous

buffer solution, whereby the buffer additive extracts the
inactive natural surfactant from the viscous hydrocarbon into the
agqueous buffer solution and activates the i1inactive natural
surfactant so as to stabilize the emulsion.

According to the invention, the buffer additive is
preferably a water soluble amine, and the inactive natural
surfactant is selected from the group consisting of carboxylic
acids, phenols, esters, and mixtures thereof.

According to a preferred embodiment of the invention, a

4
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bimodal emulsion 1s formed by a method wherein the mixing steps
includes a first mixing step wherein a first emulsion 1s prepared
having a large droplet size D, of between about 10 to about 40um,

and a second mixing step whereilin a second emulsion 1s prepared

having a small droplet size Dy of less than or equal to about
5um, the method further including the step of mixing the first
emulsion with the second emulsion so as to form a bimodal
emulsion having a dispersed phase characterized by two droplet
si1zes corresponding to D, and Ds.

In accordance with one aspect of the present invention there
1s provided a viscous hydrocarbon-in-aqueous buffer solution
emulsion, comprising: a viscous hydrocarbon discontinuous phase
having a salt content by weight of less than or equal to about

p—

15 ppm and having a water content of less than or equal to about

0.1%, sald discontinuous 01l phase comprises a viscous
hydrocarbon having an API gravity of 15 and a viscosity at

1 sec® and 30°C. of >5000 cps and being characterized by two

distinct o1l droplet sizes D;, and Dg wherein D, is about 10-40 um
and Dg 1s 5 um, the ratio of D, /Dy is about 4 and about 72-80% by

wt. of the viscous hydrocarbon has a large droplet size D,; and a

baslic aqueous buffer solution continuous phase containing a

buffer additive and a natural surfactant, the natural surfactant

5
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being an 1nactive surfactant naturally contalined in the viscous
hydrocarbon which inactive surfactant 1s extracted and activated
by the buffer additive so as to stabilize the viscous
hydrocarbon-in-aqueous buffer solution emulsion wherein the
inactive natural surfactant 1s selected from the group consisting
of carboxylic acids, phenols, esters and mixtures thereof.

In accordance with another aspect of the present invention
there i1s provided a viscous hydrocarbon-in-aqueous buffer
solution emulsion, comprising: a viscous hydrocarbon
discontinuous phase having a salt content by weight of less than
or equal to about 15 ppm and having a water content of less than

or equal to about 0.1%; wherein the viscous hydrocarbon phase 1is

comprising two distinct phases a first large droplet size D, of

between about 10 um to about 40 um, and second small droplet size

Ds of less than or equal to about 5 um; and a basic agueous

buffer solution continuous phase containing a buffer additive in

a concentration of at least 500 ppm, an alkali additive in a
concentration of between about 50 ppm to about 500 ppm and a
natural surfactant, the buffer additive 1s a water soluble amine
selected from the group consisting of ethylamine, diethylamine,
triethylamine, propylamine, sec-propylamine, dipropylamine,
butylamine, sec-butylamine, tetramethylammonium hydroxide,

5a

IS P AP bbb 2P PN



CA 02111942 2000-01-17

tetrapropylammonium hydroxide and mixtures thereof, the alkali
additive 1s selected from the group consisting of sodium
chloride, potassium chloride, sodium nitrate, potassium nitrate,
calcium nitrate, magnesium nitrate and mixtures thereof and the
natural surfactant 1s an i1nactive surfactant naturally contained
in the wviscous hydrocarbon and i1s selected from the group
consisting of carboxylic acids, phenols, esters and mixtures
thereof and which i1nactive surfactant 1s extracted and activated
by the buffer additive so as to stabilize the viscous
hydrocarbon-in-aqueous buffer solution emulsion.

In accordance with yet another aspect of the present
invention there 1s provided a method for forming a stable
emulsion of a viscous hydrocarbon i1n an agqueous buffer solution,

comprising the steps of: providing a viscous hydrocarbon

containing an i1nactive natural surfactant selected from the group
consisting of carboxylic acids, phenols, esters, and mixtures

thereof and having a salt content by weight of less than or equal

to about 15 ppm and having a water content by weight of less than

or equal to about 0.1%; forming a solution of a buffer additive
comprilising a water soluble amine having at least two alkyl groups
and an alkalil additive selected from the group consisting of

alkalili metal salts, alkaline earth metal salts, and mixtures

5b
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A

thereof; 1n an aqueous solution to provide a basic aqueous buffer

solution having a pH of between about 11 to about 13; and mixing
the viscous hydrocarbon with the agueous buffer solution wherein
the ratio by weight of the viscous hydrocarbon to the agueous
buffer solution 1s between about 75:25 to about 95:5 at a rate
sufficient to provide an emulsion of a viscous hydrocarbon in the
aqueous buffer solution, whereby the buffer additive extracts the
i1nactive natural surtactant from the viscous hydrocarbon into the
aqueous buffer solution and activates the inactive natural

surfactant so as to stabilize the emulsion.

DETAILED DESCRIPTION

The 1nvention relates to an emulsion of a viscous

hydrocarbon i1n an aqueous buffer solution which emulsion is

useful as a combustible liquid fuel. The invention further

relates to a method for preparing such a combustible emulsion

without the use of commercial emulsifier or surfactant materials.
The present 1nvention relates specifically to an emulsion

and a method for forming an emulsion from a processed viscous

hydrocarbon to provide a stable emulsion of the wviscous

il

hydrocarbon 1in an aqueous buffer solution without regquiring
commercial surfactants for stability. The emulsion so formed,
referred to herein as the commercial emulsion sold by Intevep,

5C
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S.A. under the trademark ORIMULSION™, 1s suitable for combustion
as a liquid fuel and other end uses such as transportation to a
refinery for further processing.

Naturally occurring viscous hydrocarbon materials are

5d
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produced from deep wells through a number of mechanisms such as
steam flooding, pumping, mining techniques and the like. Such
natural viscous hydrocarbons are typically characterized, for
example, by the following chemical and physical properties: C wt.
% of 78.2 to 85.5; Hwt. % of 9.0 to 10.8; O wt. % of 0.2 to 1.3;
N wt. % of 0.50 to 0.70; S wt. % of 2.00 to 4.50; Ash wt. % of
0.05 to 0.33; Vanadium, ppm of 50 to 1000; Nickel, ppm of 10 to
500; Iron, ppm of 5 to 100; Sodium, ppm of 10 to 500; Gravity,
°API of 0 to 16.0; Viscosity (csSt), 122° F. of 100 to 5,100,000;
Viscosity (cSt), 210° F. of 10 to 16,000; LHV (BTU/LB) of 15,000
to 19,000; and Asphaltenes, wt. % of 5.0 to 25.0.

These naturally occurring viscous hydrocarbons are
accompanied during production by formation water in at least
small, and usually widely varying amounts. Although, as shown
above, the hydrocarbon generally has a very high viscosity,
primary emulsions formed downhole of the hydrocarbon in formation
water can greatly reduce the viscosity so as to allow the
hydrocarbon to be produced and transported to treatment stations,
where the emulsion is typically degassed and desalted, and the
primary emulsion is broken to separate away other undesirable
constituents with the formation water. Such processing typically
yields a viscous hydrocarbon having a salt content by weight of
about 15ppm or less, preferably about 1l0ppm or less, and a water
content by weight of about 0.1% or less, preferably 0%. The
processed viscous hydrocarbon so obtained is the preferable

starting material for forming the emulsion of the present
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92-359
invention and may, according to the present invention, be
reconstituted without commercial emulsifiers into an emulsion
such as the aforesaid ORIMULSION™ commercial product. U.S.
Patent No. 4,795,478, incorporated herein by reference, contains
a detailed description of a method for processing naturally
occurring viscous hydrocarbons to obtain processed viscous
hydrocarbon suitable for forming ORIMULSION™, which processed
viscous hydrocarbon is suitable starting material for the
emulsion of the present invention. A treated Cerro Negro
bitumen, for example, may suitably have the following physical

and chemical properties:

CHARACTERISTICS OF TYPICAIL TREATED CERRO NEGRO BITUMEN

Water Content (ZW/W) 0.02
Carbon (3p/pP) 83.53
Hydrogen (sp/pP) 11.48
Ash (%p/p) 0.102
Sulfur (3p/pP) 3.76
Total Nitrogen (ppm) 8,376.00
Magnesium (ppm) 21.92
Vanadium (ppm) 599.0
Iron (ppm) 8.71
Nickel (ppm) 124.13
Sodium (ppm) 9.13
Calcium (ppm) 88.19
Conradson

Carbon (ppm) 15.18
Flash Point (°F) 246.00
Melting Point (°F) 75.00
Heating Power

Raw (BTU/ 1b) 19,005.00
Heating Power

Net (BTU/1Db) 17,958.00

The desired processed viscous hydrocarbon starting material
may suitably be obtained as follows. The viscous hydrocarbon

material is produced downhole, for example, through diluent
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92-359
injection of kerosene so as to provide a hydrocarbon having an
API gravity of about 14 with ta viscosity low enough to allow the
hydrocarbon to be pumped to the surface to treatment stations for
conventional degassing, desalting and dehydration. The diluent
is then removed, for example in a distillation tower, and a
degassed, desalted and dehydrated viscous hydrocarbon results.
This resulting degassed, desalted and dehydrated viscous
hydrocarbon is then suitable for use in preparing commercial
ORIMULSION™ products.

According to the invention, a combustible emulsion of the
processed viscous hydrocarbon is formed in an aqueous buffer
solution containing a buffer additive which extracts and
activates natural surfactants from the viscous hydrocarbon so as
to stabilize the emulsion without requiring commercial
surfactants.

Most naturally occurring viscous hydrocarbon material
contains inactive surfactants including carboxylic acids, phenols
and esters which, under proper conditions, can be activated as
surfactants. It is known, for example, that these surfactants
can be activated for a short time with NaOH. NaOH provides a
basic solution in which the inactive natural surfactants can be
activated, but emulsions so formed are not stable because the
NaOH is rapidly depleted by other constituents in the
hydrocarbon.

According to the invention, a buffer additive is used which

provides a much broader and longer lasting window during which
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the solution containing the additive has a basic pH, preferably
between about 11 to about 13, and therefore yields a more stable
emulsion. The buffer additive serves to raise and buffer the pH
of the continuous agqueous phase of the emulsion. The buffer

additive extracts and activates the natural surfactants from the

viscous hydrocarbon, into the aqueous buffer solution, thus
stabilizing the viscous hydrocarbon-in-aqueous buffer solution

emulsion without the use of costly commercial surfactants or

emulsifiers.

According to the invention, the buffer additive is a water
soluble amine. Amines are nitrogen compounds which may be
derived from ammonia by replacing one or more hydrogens with an
alkyl group. Amines having a single alkyl group such as, for
example, isopropylamine, are suitable for providing stable
emulsions. Amines with two or more alkyl groups, however,
require the presence of a small amount of an alkali metal, or an
alkaline earth metal, referred to herein as an alkali additive,
preferably in the form of an alkali metal salt or an alkaline
earth metal salt, to activate the inactive natural surfactants of
the hydrocarbon. Such multiple group amines include, for
example, ethylamine, diethylamine, triethylamine, propylamine,
sec-propylamine, dipropylamine, butilamine, sec-butilamine,
tetramethylammonium hydroxide, tetrapropylammonium hydroxide, and
mixtures thereof.

Suitable alkali additive may include any alkali metal or
alkaline earth metal, and may preferably include sodium, calcium
and/or magnesium, which may be added in any form, preferably in

9
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02-359
the form of a salt, such as, for example, sodium chloride,
potassium chloride, sodium nitrate, potassium nitrate, calcium
nitrate, magnesium nitrate, and mixtures thereof. Such salts are
preferable because they are, for the most part, readily and
affordably available.

The combustible emulsion is formed by mixing the processed
viscous hydrocarbon with an agqueous solution of the buffer
additive with sufficient mixing energy to emulsify the mixture
and provide an emulsion of the viscous hydrocarbon discontinuous
phase in the agqueous buffer solution continuous phase having
desired droplet size and viscosity.

The aqueous buffer solution is a solution of the buffer
additive in water. The buffer additive is preferably added 1in a
concentration in the agqueous buffer solution of at least about
500ppm in order to provide a basic aqueous buffer solution,
preferably having a pH of between about 11 to about 13.
Concentrations of greater than 15,000ppm are not preferred
because no apparent benefit is obtained for the additional cost
of adding such additional concentrations of buffer additive.

More preferably, buffer additive is added at a concentration of
between about 500ppm to about 10, 000ppn.

When necessary, the alkali additive 1s added at a
concentration of between about SOppm to about 500ppm, preferably
between about 50ppm to about 100ppm.

When the viscous hydrocarbon and aqueous solution are mixed,
the natural surfactants are extracted from the viscous
hydrocarbon into the aqueous buffer solution and activated by the

10
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buffer additive to provide natural and active surfactants in the
aqueous buffer solution continuous phase of the emulsion. The
aqueous buffer solution has a buffered pH preferably in the range
of about 11 to about 13, more preferably between about 11.3 to
about 11.8. The basic pH of the aqueous buffer solution is
provided by the buffer additive and is critical in providing a
stable emulsion. The buffering of the pH serves to prevent a
breaking of the emulsion due to changes in pH which may be caused
by pumping, handling, pressure and temperature surges and mixing.
Further, the buffer additive of the present invention provides

the desired pH of the aqueous buffer solution over a broad range
of concentration of the buffer additive in the aqueous buffer
solution. Thus, changes in the concentration of the buffer
additive, which are to be expected over time, do not result in an
aging and breaking of the emulsion.

The mixing step is carried out so as to supply sufficient
energy to the mixture to yield an emulsion having the desired
physical characteristics of the ORIMULSION™ end product,
especially droplet size and viscosity. In general, smaller
droplet sizes require more mixing energy, larger concentration of
emulsifier (natural surfactant and buffer additive) or both.
According to the invention, the emulsion is mixed with sufficient
mixing energy to yield an average droplet size of 30um or less.
Such an emulsion will have a viscosity below about 1500cp at 30°C

and 1sec!. A conventional mixer, for example, may suitably mix

the emulsion at a rate of at least about 500rpm. The reduced
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92-359
viscosity of the emulsion so formed allows the use of the viscous
hydrocarbon as a source of useful combustible fuel and 1is
obtained without the added cost of conmmercial surfactants.

The ratio of hydrocarbon phase to aqueous phase has been
found to effect the viscosity of the emulsion. In addition, a
high ratio of hydrocarbon phase to agueous phase 1is desirable so
as to provide a combustible emulsion suitable for atomizing and

combustion as a fuel without further treatment. Thus, the ratio

of hydrocarbon to aqueous buffer solution, by weight, is
preferably at least 50:50 and more preferably is between about
75:25 to about 95:5. Naturally, formation of emulsions having
high ratios of hydrocarbon to aqueous buffer solution will
require larger concentrations of the buffer additive within the
specified range.

According to a preferred embodiment of the invention, the
combustible emulsion is prepared so as to provide two distinct
droplet populations in the dispersed phase of the emulsion. Such
an emulsion, called a bimodal emulsion, has still further
improved viscosity characteristics and is prepared according to
the invention without commercial surfactants.

According to the invention, a bimodal emulsion can be formed
by preparing an agueous solution of the buffer additive and
providing a viscous hydrocarbon as above. Two emulsions are then
formed, each having a different droplet size. The first emulsion
has a large average droplet size, D,, which is preferably between

about 10um to about 40um, and more preferably between about 15um

12
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92~-359
to about 30um. The second emulsion is formed with a small
average droplet size, Dy, which 1s preferably less than or equal
to about 5um, and more preferably less than or equal to about
2Mm.

The two emulsions are then mixed so as to form a stable
bimodal emulsion, as described above, with two distinct droplet
sizes, D, and Dy, in the dispersed phase.

It has been found that the viscosity of the bimodal emulsion
is controlled by the ratio of the weight of large droplet size
emulsion to the weight of small droplet size emulsion, as well as
by the ratio of the average droplet size D; of the large droplet
size emulsion to the average droplet size Dy of the small droplet
size emulsion.

Preferably, between about 70% to about 80% by weight of the
dispersed hydrocarbon phase will be in the large droplet size
emulsion, and the ratio of D; to Dy 1s at least about 4 and more
preferably is at least about 10. These values can be manipulated
during preparation of the emulsion by altering the mixing energy
used to form one or both emulsions so as to control the resulting
droplet size, and also by selecting the appropriate volumes of
each emulsion to be mixed.

Emulsions formed according to the invention exhibit low
viscosity and good stability which greatly facilitates the use of
viscous hydrocarbons as the source of combustible liquid fuel.
Further, the emulsions are formed without using costly commercial

emulsifiers.
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The preparation of emulsions according to the invention will

be further illustrated in the followling examples.

Example 1

A number of emulsions were prepared using HIPR techniques as
disclosed in U.S. Patent No. 4,934,398. A Cerro Negro natural
bitumen from the Cerro Negro 0il Field in Venezuela was degassed,

dehydrated and desalted to provide a starting processed viscous

hydrocarbon.

The emulsions were prepared in an agqueous buffer solution
containing, as a buffer additive, a water soluble amine additive
marketed under the trademark INTAMINE by Intevep, S.A.

Emulsions were prepared having ratios, by weight, of
hydrocarbon to agueous buffer solution of 94:6, 90:10, 85:15, and
80:20, using buffer additive concentrations of between 500ppm to
10, 000ppm.

The mixing step was carried out at 60°C for mixing times
which were controlled to yield emulsions having average droplet
sizes of 2, 4, 20 and 30um.

These emulsions were then diluted to yield
hydrocarbon/aqueous phase ratios of 70:30, 75:25, and 80:20.

All emulsions were stabilized without the use of commercial

surfactants, even those having droplet sizes of less than 3um.

14
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Example 2

Emulsions were prepared using a single group buffer
additive, isopropylamine, at concentrations of 6000ppm and
7000ppm. The emulsions were mixed at a hydrocarbon/aqueous phase
ratio of 94:6, at 500rpm. Table I below summarizes the average
droplet sizes obtained at mixing times of between 0.5 to 5.0

nminutes.

Table 1

DROPLET SIZE DIAMETER (microns)

Buffer Concentration (ppm)
6000 7000

Mixing time (min)

0.

b S W
NN W N

¢

NN = O
s = DD N
W b

As can be seen, droplet sizes well below 3um were obtained

without the use of commercial surfactants.

Example 3

Emulsions were prepared using several concentrations of
isopropylamine as a buffer additive. Emulsions were prepared
under mixing at 500rpm for 2 minutes having a ratio of
hydrocarbon to agueous phase of 80:20 and having average droplet

size and viscosity as shown below in Table 2.

15

-, . -9 ¢ -
. r - . "'-
. . ‘ <. a - -
. . ' 1 -
. . - g ‘4
.. . v, . - . =
. ‘. . ' * - . - ' ‘. ‘- - ” A
- . s ) . . T L
.t . . - . . .
va.v . - .‘ = . ,' ._' - - -. ' ‘ .
.. i ' . . ‘ : *
- . . . ' . "
»a - L M N . ” AR .
‘. . © LD ey PR y Ty P
LA . . e Yeveca . - e '
R . S . . -
. . . R CICA . . . . - .
!.b‘: ... . ‘.“' ' -\. = " ’. . . s
R EEE . v a LB I 4w 1
SR : R LA R 3L ~ .
‘; "‘ . :- ‘ 1 “' LY ‘- * . . . ‘:". - j“.;: . l..‘ oo 4 '
. - - » . . - . . .., e’ .
oo ’.,‘ ) . . T -‘ Koo ' I3 T . P .a - Tal L N
SO L 2l " . S gL T
-t \ L | B R LA LA g Iy ‘o '\ o 1)
. - ) ;-.T " ::t cr o * .. {" " AL -~ . ‘o % $3e 2 - . <
R g Ry L r s e . “ A ARG
‘s “ . o .~‘ LIS . ot . = \" 1 '.'. - ‘) Sz Rt ."'*.*) “. ‘l
;. « = . :*\ ‘ﬁ.ﬁ.g ¢ . y .‘- . MR 44 . )
y . Lt . T > = ¢ - . . - . 5 T A
. . 'Lﬂ ‘- \: ‘.3'1(‘ . . : ‘-‘_ ' > ; ‘. . . - .
=, - 3. ’.. Tay ..“"l‘ v,y . Wt R - . ' . .
» . . - a s 4 - . - . .. ‘ . . S Y . . t '% . .
. N a: . . .t 1 Y \ ' . A - . )
: N ] L AN at "l"ii. 1 2 o £ } .;‘ L “ .
. " - 28 . L} . . - F] - .
' ¢ N W ot e A . < e, R agr ) <.
- . a4 .. . SIS . 1 - . g .'i ]
- v . ' ) . . . L] -‘ic Faly :
X s PP .’ - . f [ .
- . :.. ) - ..
.’ ‘. . .0y 4
A . ' .
H . '
L -
R
.l
T

W S WL TR A NPT

A2 LT P P

.~ . ;. ‘_.' ",'. . . i .
t i ."‘ -~

..............



::::

- -
.....

o ow e

S W
QLLLQ&Z

92-359

Table 2

Buffer
Concentration Droplet Size Diameter

(Ppm) (microns)

Viscosity (20/Secf
(cp)

3000
5000
7000

18.45
16.74
12.34

800
1145
1285

Example 4

Emulsions were prepared using a two group amine

(diethylamine) at a concentration of 3000ppm. An alkali sa

1t,

NaCl, was also added to the aqueous solution at a concentration

of 50ppm. Emulsions having hydrocarbon/agueous phase ratio
90:10, 85:15 and 80:20 were formed at 500rpm having droplet

as shown below in Table 3.

Table 3

RATIO: BITUMEN/AQUEOUS BUFFER SOLUTION
90/10 85/15 80/20
Average Droplet Size Diameter (Microns)

Mixing Time
(Min)

0.

concentrations of 5000ppm of diethylamine and 50ppm NaCl.

=D N O

16.15
15.90
14.63
13.89
11.00

27 .74
27.59
24.69
21.62
15.86

Example 5

27.70
27.13
21.33
22.19
18.41

s of

slzes

Emulsions were prepared at a mixing rate of 500rpm using

Table

4 shows the average droplet size obtained for these emulsions.
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Table 4
RATIO: BITUMEN/AQUEOUS BUFFER SOLUTION
Mixing Time 94 /6 90/10 85/15 80/20
(Min) Average Droplet Size Diameter (Microns)
0.5 7.36 9.69 11.84 23.50
1 6.85 9.23 11.70 21.44
2 6.16 8.87 11.08 20.55
4 5.02 8.37 10.49 18.99
10 3.74 6.67 9.05 15.68
Example 6

Emulsions were prepared at a mixing rate

of 500rpm using

concentrations of 7000ppm of diethylamine and 50ppm NaCl. Table
5 shows the average droplet size obtained.
Table 5
RATIO: BITUMEN/AQUEOUS BUFFER SOLUTION
Mixing Time 94/6 90/10 85/15 80/20
(Min) Average Droplet Size Diameter (Microns)
0.5 5.72 7.13 10.08 17.13
1 5.14 6.87 9.85 16.19
2 4.63 7.63 9.34 14.22
4 3.96 6.35 8.78 13.68
10 2.05 5.59 7.70 11.46

As shown, at concentrations of 7000ppm, diethylamine yields
emulsions having droplet size less than 3um without using
comnmercial emulsifiers.

The following Examples 7-11 illustrate preparation of

bimodal emulsions, according to the invention, without the use of

commercial emulsifiers.
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Example 7

Emulsions were prepared using HIPR technigques as shown in
U.S. Patent 4,934,398 and using Cerro Negro natural bitumen from
the Cerro Negro Oil Field in Venezuela. The emulsions were made
as shown in Table 6 using an aqueous buffer solution of a water
soluble amine, marketed under the trademark INTAMINE , by
Intevep, S.A., at concentrations of between 500ppm and 10, 000ppm.
The mixture was heated to 60°C and stirred, changing the mixing
speed and mixing time so as to obtain emulsions having average
droplet sizes as indicated below in Table 6.

All emulsions were stabilized without the use of commercial

surfactants or emulsifiers.

Table 6
VISCOSITY (cp)

BITUMEN/WATER DROPLET DIAMETER AT 1l1sec’

EMULSION by weight MICRONS AND 30°C
1 70/30 2.1 16,000
2 70/30 4,3 11,000
3 70/30 20.7 3,000
4 70/30 29.8 2,500
5 75/25 2.1 52,000
6 75/25 4.3 30,000
7 75/25 20.7 9,500
8 75/25 29.8 6,000
9 80/20 2.1 100,000
10 80/20 4.3 38,000
11 80/20 20.7 17,000
12 80/20 29.8 8,500

Emulsions 2 and 3, those having a hydrocarbon:water ratio of
70:30 and average droplet size distributions, respectively, of

4.3 and 20.7 microns, were mixed together in different

. .
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proportions and the viscosities of the resultant bimodal

emulsions were measured. The results are shown in Table 7 below.

Table 7

% BY WEIGHT % BY WEIGHT
EMULSION W/MEAN EMULSION W/MEAN VISCOSITY (cp)
DROPLET SIZE OF DROPLET SIZE OF AT 1lsec’

EMULSION 4.3 MICRONS 20.7 MICRONS AND 30°C
A 100 0 11,000
B 75 25 5,000
C 50 50 400
D 25 75 90
E 0 100 3,000

Table 7 shows that a relationship exists between the
viscosity of the emulsion and the fraction of the hydrocarbon
phase in the large droplet size emulsion (20.7 microns) and small
droplet size emulsion (4.3 microns). In order to obtain the
lowest viscosity value both droplet fractions must be clearly
defined as two identifiable and distinct droplet sizes. Optimum
viscosity 1is obtained at a ratio of large droplet size emulsion

to small droplet size emulsion of about 75:25 by weight.

Example 8

Bimodal emulsions containing 75% by weight of a large

droplet size emulsion D, and 25% by weight of a small droplet
size emulsion Dg in a total hydrocarbon to water ratio in the

final emulsion product of 70:30 were made from the emulsions of

Table 6 as shown in Table 8 below.

19

.....

''''''''

.......
................

Nea2 o

uuuuuu



. N
. . S T 4
P ' ‘ ' ‘* . !
S S U .'L. A S

LI
=
L 8

92-359
Table 8
MEAN DROPLET RATIO: RATIO BY
SIZE DROPLET WT. OF VISCOSITY (cp)
D D, SIZE EMUL. D AT 1sec’
EMULSION MICRONS MICRONS D, /D /EMUL. Dy AND 30°C
F 2.1 29.8 14 75/25 66
G 4.3 29.8 7 75/25 90
H 4.3 20.7 4.8 75/25 128

Table 8 shows the relationship between viscosity of a
bimodal emulsion and the effect of the ratio of large mean
droplet size to small mean droplet size (D;/Ds) for emulsions
with a ratio of hydrocarbon:water of 70:30% by weight. It can be
seen that the bimodal emulsion viscosity increases when there 1is
an increase in the fraction having small mean diameter droplet
size. However, all the viscosity values reported for emulsions

F, G and H are far below the viscosity of monomodal emulsions

having 70% by welght hydrocarbon as the dispersed phase. (See

Table 6)

Example 9

With Emulsions as prepared in Example 7 and having
characteristics as shown in Table 6, bimodal emulsions containing
75% by weight of a large droplet size emulsion D; and 25% by
weight of a small droplet size emulsion Dg in a total hydrocarbon
to water ratio in the final emulsion product of 75:25 were

produced as shown in Table 9.
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Table 9
MEAN DROPLET RATIO: RATIO BY
SIZE DROPLET WT. OF VISCOSITY (cp)
Dy D, SIZE EMUL. D, AT 1l1sec’
EMULSION MICRONS MICRONS D, /Dq /[EMUL.. D, AND 30°C
I 2.1 20.7 10 75/25 180
J 4.3 20.7 4.8 75/25 600
K 2.1 29.8 14 75/25 150
L 4.3 29.8 6.9 75/25 300

Table 9 shows the relationship between viscosity and the
ratio of large mean droplet size to small mean droplet size

(D, /Ds) for bimodal emulsions with an hydrocarbon to water ratio
of 75:25 by weilight.
It can be seen that a viscosity below 1500cp at lsec’ and

30°C can be obtained when the ratio of large mean droplet size to

small mean droplet size (D;/Dg) is greater than or equal to 4.

Example 10

With emulsions as prepared in Example 7 and having
characteristics as shown in Table 6, further bimodal emulsions
having different ratios of (D;/Ds) and containing 75% by weight
of a large droplet size emulsion D, and 25% by weight of a small
droplet size emulsion Dy in a total hydrocarbon to water ratio in
the final emulsion product of 80:20 were prepared as shown 1in

Table 10.
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Table 10
MEAN DROPLET RATIO: RATIO BY
SIZE DROPLET WT. OF VISCOSITY (cp)
Dy D, SIZE EMUL. D, AT 1sec’
EMULSION MICRONS MICRONS D, /D /EMUL. D, AND 30°C
M 2.1 20.7 10 75/25 1,100
N 4.3 20.7 4.8 75/25 14,000
O 2.1 29.9 14 75/25 450
P 4.3 29.8 7 75/25 7,500

Table 10 shows the relationship between viscosity and the
ratio of large mean droplet size to small mean droplet size
(D, /Ds) for bimodal emulsions with a hydrocarbon:water ratio of
80:20 by weight. It can be seen that with a bimodal emulsion
having a ratio of hydrocarbon:water of 80:20, in other words 80%
dispersed hydrocarbon phase, it is necessary that the ratio of
large mean droplet size to small mean droplet size (D,/Dg) should
be greater than or equal to about 10 in order to obtain a

viscosity below 1500cp at 1sec! and 30°cC.

Example 11

With the emulsions prepared in Example 7 and having
characteristics as shown in Table 6, further bimodal emulsions
were prepared having different ratios by weight of emulsion
having large mean droplet size D; to emulsion having small mean

droplet size Dy as shown in Table 11.
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Table 11
MEAN DROPLET RATIO: RATIO BY
SIZE DROPLET WT. OF VISCOSITY (cp)
D D, SIZE EMUL. D, AT 1sec
EMULSION MICRONS MICRONS D, /Dq /EMUL. D, AND 30°C
Q 2.1 29.8 14 80/20 600
R 2.1 29.8 14 75/25 450
S 2.1 29.8 14 70/30 800
T 2.1 29.8 14 65/35 1,500

Table 11 shows the relationship between viscosity and
proportion by weight of small mean droplet size to large mean
droplet size (D,/Ds) for bimodal emulsions with an hydrocarbon to
water ratio of 80:20 by weight. It can be seen that the

viscosity of a bimodal emulsion having a ratio of

hydrocarbon:water of 80:20 can be modified by changing the
proportion of hydrocarbon by weight in the small mean droplet and
large mean droplet size emulsions. When the amount of
hydrocarbon in the emulsion having small mean droplet size 1is
increased, the viscosity first decreases and then increases.
Thus, according to the invention, combustible emulsions are
prepared from viscous hydrocarbons and stabilized without the use
of commercial surfactants. The emulsions so prepared exhibit
excellent viscosity characteristics which are even further
improved by formulating bimodal emulsions. The provision of low
viscosity combustible emulsion without the added cost of
commercial surfactants, provides an excellent use of viscous

hydrocarbons as a source of combustible material.
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This invention may be embodied in other forms or carried out
in other ways without departing from the spirit or essential
characteristics thereof. The present embodiment 1s therefore to
be considered as in all respects 1llustrative and not
restrictive, the scope of the invention being indicated by the

appended claims, and all changes which come within the meaning

and range of equivalency are intended to be embraced therein.
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Claims:

1. A viscous hydrocarbon-in-aqueous buffer solution emulsion,
comprising:
a viscous hydrocarbon discontinuous phase having a salt

content by weight of less than or equal to about 15 ppm and

having a water content of less than or equal to about 0.1%, said

discontinuous o1l phase comprises a viscous hydrocarbon having an

API gravity of 15 and a viscosity at 1 sec™® and 30°C. of
>5000 cps and being characterized by two distinct o1l droplet
sizes D, and Dg; wherein D, 1s about 10-40 um and Dg 1s 5 um, the

ratio of D;/Dg 1s about 4 and about 72-80% by wt. of the wviscous

hydrocarbon has a large droplet size D;; and

a basic aqueous buffer solution continuous phase containing

a buffer additive and a natural surfactant, the natural

surfactant being an 1nactive surfactant naturally contained in
the viscous hydrocarbon which i1nactive surfactant i1s extracted
and activated by the buffer additive so as to stabilize the
viscous hydrocarbon-in-agueous buffer solution emulsion wherein
the 1nactive natural surfactant 1s selected from the group
consisting of carboxylic acids, phenols, esters and mixtures

thereotf.
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2. A viscous hydrocarbon-in-aqueous buffer solution emulsion,
comprising:

a viscous hydrocarbon discontinuous phase having a salt
content by weight of less than or equal to about 15 ppm and
having a water content of less than or equal to about 0.1%;
wherein the viscous hydrocarbon phase 1s comprising two distinct

phases a first large droplet size D, of between about 10 um to

about 40 um, and second small droplet size Dy of less

than or equal to about 5 um; and

a basic aqueous buffer solution continuous phase containing
a buffer additive 1n a concentration of at least 500 ppm, an
alkali additive 1n a concentration of between about 50 ppm to
about 500 ppm and a natural surfactant, the buffer additive is a
water soluble amline selected from the group consisting of
ethylamine, diethylamine, triethylamine, propylamine,
sec-propylamine, dipropylamine, butylamine, sec-butylamine,
tetramethylammonium hydroxide, tetrapropylammonium hydroxide and
mixtures thereof, the alkali additive 1s selected from the group
consisting of sodium chloride, potassium chloride, sodium
nitrate, potassium nitrate, calcium nitrate, magnesium nitrate
and mixtures thereof and the natural surfactant is an 1nactive
surfactant naturally contained in the viscous hydrocarbon and is
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selected from the group consisting of carboxylic acids, phenols,

esters and mixtures thereof and which 1nactive surfactant is

extracted and activated by the buffer additive so as to stabilize

the viscous hydrocarbon-in-aqueous buffer solution emulsion.

3. The emulsion according to claim 2, wherein the basic aqueous

buffer solution has a pH of between about 11 to about 13.

4 . The emulsion according to claim 2, wherein the buffer
additive has a concentration 1n the aqueous buffer solution of

between about 500 ppm to about 15,000 ppm.

5. The emulsion according to c¢laim 2, wherein the buffer
additive has a concentration in the agqueous buffer solution of

between about 500 ppm to about 10,000 ppm.

6 . The emulsion according to claim 2, wherein the emulsion has
an average droplet size of less than or equal to about 30 um, and
a viscosity of less than or equal to about 1500 cp at 30°C. and

1 sect.
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7. The emulsion according to claim 2, wherein a ratio by weight

of the viscous hydrocarbon to the aqueous buffer solution is at

least about 50:50.

8 . The emulsion according to claim 7, wherein the ratio by

welight of the viscous hydrocarbon to the aqueous buffer solution

18 between about 75:25 to about 95:5.

9. The emulsion according to claim 2, wherein D, i1s between

about 15 um to about 30 wum, and Dg 1s less than or equal to about

2 Mm.,

10. The emulsion according to claim 2, wherein a ratio of D; to

D 18 greater than or equal to about 4.

11. The emulsion according to claim 2, wherein a ratio of D, to

D 18 greater than or equal to about 10.

12. The emulsion according to claim 2, wherein between about 70%

to about 80% by weight of the viscous hydrocarbon has the large

droplet size D,.
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13. A method for forming a stable emulsion of a vigcous
hydrocarbon in an aqueous buffer solution, comprising the steps
of :

providing a viscous hydrocarbon contalning an inactive
natural surfactant selected from the group consisting of
carboxylic acids, phenols, esters, and mixtures thereof and
having a salt content by weight of less than or equal to about
15 ppm and having a water content by weight of less than or equal
to about 0.1%;

forming a solution of a buffer additive comprising a water
soluble amine having at least two alkyl groups and an alkali
additive selected from the group consisting of alkali metal
salts, alkaline earth metal salts, and mixtures thereof; in an
aqueous solution to provide a basic aqueous buffer solution
having a pH of between about 11 to about 13; and

mixing the viscous hydrocarbon with the agqueous buffer
solution wherein the ratio by weight of the viscous hydrocarbon
to the aqueous buffer solution 1s between about 75:25 to about
95:5 at a rate sufficient to provide an emulsion of a viscous

hydrocarbon in the aqueous buffer solution, whereby the buffer

additive extracts the 1nactive natural surfactant from the
viscous hydrocarbon into the aqueous buffer solution and
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activates the 1nactive natural surfactant so as to stabilize the

emulsion.

14. The method according to claim 13, wherein the step of
providing a viscous hydrocarbon includes the steps of:

diluting a naturally occurring viscous hydrocarbon material
with a diluent, downhole, so as to provide a diluted viscous
hydrocarbon;

degassing, desalting and dehydrating the diluted viscous
hydrocarbon; and

separating the diluent from the diluted viscous hydrocarbon,

thereby providing the viscous hydrocarbon.

15. The method according to claim 13, wherein the aqueous buffer

solution i1s formed having a concentration of the buffer additive

of at least about 500 ppm.

16. The method according to claim 15, wherein the concentration

of the buffer additive in the aqueous buffer solution is between

about 500 ppm to about 15,000 ppm.
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17. The method according to claim 16, wherein the concentration

of the buffer additive 1n the aqueous buffer solution 1s between

about 500 ppm to about 10,000 ppm.

18. The method according to claim 13, wherein the water soluble
amine 1s selected from the group consisting of diethylamine,
triethylamine, dipropylamine, tetramethylammonium hydroxide,

tetrapropylammonium hydroxide, and mixtures thereof.

19. The method according to claim 13, wherein the alkali additive
is added at a concentration in the aqueous buffer solution of

between about 50 ppm to about 500 ppm.

20. The method according to claim 19, wherein the alkali
additive 1s added at a concentration in the agueous buffer

solution of between about 50 ppm to about 100 ppm.

21. The method according to claim 13, wherein the alkali
additive 1s selected from the group consisting of sodium
chloride, potassium chloride, sodium nitrate, potassium nitrate,

calcium nitrate, magnesium nitrate and mixtures thereof.

31

AL L L AL N LTS A AT N ———r - T P VT oy b | - b vl /S Py 7o)y Sy N A 3 - 8 e M 2. - e B B . i Siniemne - e v e



CA 02111942 2000-01-17

22. The method according to claim 13, wherein the mixing step
includes supplying sufficient mixing energy so as to provide an
emulsion having an average droplet size of less than or equal to

about 30 um, and a viscosity of less than or equal to about

1500 cp at 30°C. and 1 sec™™.

23. The method according to claim 13, wherein the mixing step
includes a first mixing step wherein a first emulsion 1s prepared
having a large droplet size D; of between about 10 um to about

40 um, and a second mixing step wherein a second emulsion is

prepared having a small droplet size Dg of less than or equal to
about 5 um, the method further including the step of mixing the

first emulsion with the second emulsion so as to form a bimodal

emulsion having a dispersed phase characterized by two droplet

sizes corresponding to D; and Dsg.

24. The method according to claim 23, wherein D, is between
about 15 um to about 30 um, and Dg; 1s less than or eqgqual to

about 2 wum.
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25. The method according to claim 23, wherein the first emulsion
and the second emulsion are each mixed i1n the respective first
and second mixXxing steps so as to provide droplet sizes 1n a ratio

of D, to Dy greater than or equal to about 4.

26. The method according to claim 23, wherein the first emulsion

and the second emulsion are each mixed 1n the respective first

and second mixing steps so as to provide droplet sizes 1n a ratio

of D, to Dy greater than or equal to about 10.

27. The method according to claim 23, wherein the first emulsion

and the second emulsion are each mixed 1n the respective first

and second mixing steps so that between about 70% to about 80% by

welght of the viscous hydrocarbon 1s in the first emulsion,

having the large droplet size D.
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