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METHODS AND COMPOSITIONS FOR TREATING
SUBTERRANEAN FORMATIONS WITH GELLED HYDROCARBON FLUIDS

Abstract of the Disclosure
Improved methods and compositions for treating subterranean formations penetrated
by well bores are provided. A method for breaking a gelled hydrocarbon fluid comprised of a

hydrocarbon liquid, a ferric iron or aluminum polyvalent metal salt.of a phosphonic or

phosphoric acid ester 1s provided.
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METHODS AND COMPOSITIONS FOR TREATING
SUBTERRANEAN FORMATIONS WITH GELLED HYDROCARBON FLUIDS

Background of the Invention

1. Field of the Invention.

This invention relates to gelled liQuid hydrocarbon fluids and methods of their use and

preparation.
2. Description of the Prior Art.

High viscosity gelled hydrocarbon hiquids have heretofore been utilized in treating
subterrancan formations penetrated by well bores, e.g., hydraulic fracturing stimulation
treatments.- In such treatments, a high VISCOSity gelled liquid hydrocarbon fracturing fluid
having particulate proppant material, e.g., sand, suspended therein is pumped through a well
bore nto a subtérranean formation to be stimulated at a rate and pressure such that one or
more fractures are formed and extended \in the formation. Thé suspended proppant material
is deposited in the fractures when the gelled hydrocarbon fracturing fluid is broken and
- returned to the surféce. The proplﬁant material functions to prevent the formed fractures from
closing whereby conductive channels ‘rel-nlain through which produced fluids can readily flow
to the well bore.

Polyvalent metal salts of orthophosphoric acid estefs have heretofore been utilized as
gelling agents for forming high viscosity gclled hquid hydrocarbdn fracturing fluids. Such
gelled liquid hydrocarbon fracturing fluids have incIuded' fracture proppant material énd
delayed breakers z.for; causing the fracturing fluids to break into relatively thin fluids whereby
the proppant material- 1s deposited in formed ﬁ‘QCtures and the fracturing fluid is produced
back. Descriptions of such heretofofe utilized high viscosity gelled liquid hydrocarbon
fracturing fluids and methods of their use are set.forth m U.S. Patent No. 4,622,15 S 1ssued to

Harris et al. on November 11, 1986, and U.S. Patent No. 5;846,915 1ssued to Smith et al. on
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December 8, 1998, The gelled liquid hydrocarbon fracturing fluids described in the above

patents utilize ferric 1Iron or almninem polyvalent metal salts of phosphoric acid esters as
gelling agents and delayed breakers such as hard burned magnesium oxide which 1s slowly
soluble 1in water.

While the heretofore uti.lized ‘high viecosity gelled hquid hydrocarbon fracturing
fluids and methods have been used. successfully fof forming fractures in subterranean
formations, problems have been encountered as'a result e_f the use of the gelling agent, 1.e.,
the polyvalent metal salt of a phosphoric acid ester. That 1s, In recent years plugging of
refinery towers which process o1l produced from fermations fractured with gelled liquid
hydrocarbon fracturing flmds has caused many expensive, unplanned shut-downs. The
plugging material is high in phOSphorue and has been attributed to the phosphate esters used
as gelling agents. :The phosphate esters contribute volatile phosphorus which condenses on
distillation tower tfays, causing plUgging. The volatile phosphorus may also carry over the
tops of the distillation towers causing contamination of the 'hydrocarbon products produ,ced.

Thus, there are needs for improved methods of using and preparing gelled hquid
hydrocarbons Whieh upon breaking -ahd being refined substantially reduce volatile
phosphorus in distillation towers, improved liquid. hydrocarbon gelling_ agents and improved
gelled liquid hydrec arbon compositions. More specifically, m fracturing oil producing
subterranean fOrmations in areas where volatile phosphorus is a problem in refineries, there is
a need to reduce the production of volatile phosph'orus in the refineries to levels where the
above described unecheduled“ refinery shut downs are not required without compromising
CO; compatibility with the gelled oil fracturing fluids used. Concentrations of CO, as high
as 40-50% are commonly used 1n gelled oil fracturing fluids \which form miscible mixtures

with the fluids. The presence of the CO, enhances fluid recovery, minimizes the amount of
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oil based fracturing fluid which must be recovered, and reduces costs in areas where CO; 1s

less expensive than the oil based fracturing fluid.

Summary of the Invention
The present invention provides improved methods of using and preparing gelled

liquid hydrocarbons, improved liquid hydrocarbon gelling agents and improved gelled liquid

hydrocarbon compositions which meet the above described needs and overcome the

deficiencies of the prior art.

The improved methods of this invention for fracturing subterranean formations using

gelled liquid hydrocarbons are basically comprised of the following steps. An improved
gelled liquid hydrocarbon fracturing fluid is prepared comprised of a hydrocarbon liquid, a
gelling agent comprised of a ferric iron or aluminum polyvalent metal salt of a phosphonic
acid ester, a proppant material, water and an amount of a delayed gel breaker effective to
break the gelled hydrocarbon fracturing fluid. The phosphonic acid ester utilized in the

gelling agent which minimizes volatile phosphorus in refinery distillation towers has the

formula
O

R—P—O—KR
b
wherein R is an alkyl group having from about 8 to about 24 carbon atoms and R' is an alkyl
group having from about 1 to about 4 carbon atoms. After the gelled liquid hydrocarbon

fracturing fluid is prepared, the subterranean formation to be fractured is contacted with the

gelled liquid hydrocarbon fracturing fluid under conditions effective to create at least one

fracture in the subterranean formation.

The improved methods of this invention for preparing gelled liquid hydrocarbons

basically comprise adding a phosphonic acid ester having the formula
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O

R—P—O0——K

OH
wherein R 1s an alkyl group having from about 8 to about 24 carbon atoms and R' is an alkyl
group having from about 1 to about 4 carbon atoms, and preferably, at least a stoichiometric
amount of a polyvalent metal source selected from ferric iron salts and aluminum compounds
to a hydrocarbon liquid. The polyvalent metal source reacts with the phosphonic acid ester to

form a ferric iron or aluminum polyvalent metal salt thereof. Water and an amount of a

delayed gel breaker effective to break the gelled liquid hydrocarbon fracturing fluid is also

added to the hydrocarbon liquid.

The 1mproved hquid hydrocarbon gelling agents of this invention are comprised of a

ferric 1ron or aluminum polyvalent metal salt of a phosphonic acid ester, the phosphonic acid

ester having the formula

O

R—P—O0—R'

|

OH

wherein R 1s an alkyl group having from about 8 to about 24 carbon atoms and R' is an alkyl

group having from about 1 to about 4 carbon atoms.

The mmproved gelled liquid hydrocarbon compositions of this invention are comprised

of a hydrocarbon liquid, a gelling agent comprising a polyvalent metal salt of a phosphonic

acid ester produced from a phosphonic acid ester and a ferric iron salt or an aluminum

compound, the phosphonic acid ester having the formula

O

R—P——O0—TR

OH
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wherein R is an alkyl group having from about 8 to about 24 carbon atoms and R' is an
alkyl group having from about 1 to about 4 carbon atoms, water and a delayed gel
breaker present in an amount effective to break the gel formed by the gelling agent and

the hydrocarbon liquid.

It is, therefore, an object of the present invention to provide improved methods

and compositions useful in treating subterranean formations as well as in other similar

applications.

In accordance with one aspect of the present invention, there is provided an
additive for causing a water-containing liquid hydrocarbon gel formed with a gelling
agent comprised of a ferric iron polyvalent metal salt of a phosphonic acid ester or of a
phosphoric acid ester to break and revert to an ungelled fluid the additive comprising a
water soluble reducing agent which upon dissolving in said water and contacting said

liquid hydrocarbon gel reduces the ferric iron in the gel to ferrous iron.

In accordance with another aspect of the present invention, there is provided in a
liquid hydrocarbon gel comprised of a hydrocarbon liquid, a ferric iron polyvalent metal
salt of a phosphoric acid ester, water and an additive for breaking said gel into an
ungelled fluid, the improvement which comprises: said additive for breaking said gel
being a water soluble reducing agent which upon dissolving in said water and contacting

said liquid hydrocarbon gel reduces said ferric iron in the gel to ferrous iron.

Other and further objects, features and advantages of the present invention will be
readily apparent to those skilled in the art upon a reading of the description of preferred

embodiments which follows.
Description of the Preferred Embodiments

The present invention provides methods of treating subterranean formations
penetrated by well bores with gelled liquid hydrocarbon fluids. For example, the gelled
liquid hydrocarbon fluids are suitable for use in fracturing treatments carried out in
subterranean formations whereby the production of hydrocarbons from the subterranean
formations is stimulated. In accordance with the present invention, a fracturing fluid

comprised of a gelled liquid hydrocarbon or mixture of hydrocarbons containing a



CA 02372329 2009-05-12

S5a

proppant material and a delayed gel breaker 1s pumped through a well bore into a
subterranean formation to be stimulated. The fracturing fluid 1s pumped at a rate and
pressure such that one or more fractures are formed and extended in the subterranean
formation. The proppant material which is suspended in the fracturing fluid is deposited
in the fractures when the gel is broken and returned to the surface. The proppant material
remains in the fractures and functions to prevent the fractures from closing whereby
conductive channels are formed through which produced fluids can readily flow from the

subterranean formation into the well bore.
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As mentioned above, gelled liquid hydrocarbon fracturing fluids have heretofore been

formed with a gelling agent comprised of a ferric iron or aluminum polyvalent metal salt of a
phosphoric acid ester. The phosphoric acid ester suffers from the problem that 1t decomposes
in refinery distillation towers to form volatile phosphorus which condenses on the trays of the
distillation towers and causes plugging. Also, the phosphoric acid ester may itself be volatile,
dependent upon its molecular weight. By the present mnvention, improved methods and
compositions for fracturing subterranean formations with gelled liquid hydrocarbon
fracturing fluids are provided wherein the gelling agent utilized 1is a ferric iron or aluminum
polyvalent metal salt of a phosphonic acid ester. Unlike the phosphoric acid esters utilized

heretofore, the phosphonic acid esters of the present invention have much higher thermal

stability and consequently do not as readily decompose or disassociate.

Thus, the improved methods of fracturing subterranean formations of the present
invention are basically comprised of the following steps. A gelled liquid hydrocarbon
fracturing fluid 1s prepared comprised of a hydrocarbon liqu.id, a ferric 1ron or aluminum
polyvalent metal salt of a phosphonic acid ester, a proppant material, water and an amount of

a delayed gel breaker effective to break the gelled liquid hydrocarbon fracturing fluid. The

phosphonic acid ester has the formula

O

R—P——0O0—R
&
wherein R is an alkyl group having from about 8 to about 24 carbon atoms and R' is an alkyl
group having from about 1 to about 4 carbon atoms. After the gelled liquid hydrocarbon
fracturing fluid i1s prepared, the subterranean formation to be fractured is contacted with the

fracturing flmid under conditions effective to create at least one fracture in the subterranean

formation.
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The hydrocarbon liquid utilized to form the gelled liquid hydrocarbon fracturing fluid
can be any of the various previously used hydrocarbon liquids including, but not limited to,
olefins, kerosene, diesel oil, gas oil (also known as gas condensate), fuel oil, other petroleum

distillates, and certain mixtures of crude oil. Liquid hydrocarbon fracturing fluids which are

spectfically designed for use with CO, are generally preferred. Such a liquid hydrocarbon

fracturing fluid is commercially available from the Trysol Corporation of Sundre, Alberta,

Canada under the trade name “FRACSOL™.”

As mentioned above, the gelling agent utilized for gelling the hydrocarbon liquid
whereby it has a high viscosity sufficient to carry suspended proppant material and produce
fractures in a subterranean formation i1s a ferric iron or aluminum polyvalent metal salt of a
phosphonic acid ester having the formula set forth above. The polyvalent metal salt of the
phosphonic acid ester is preferably produced at the well site by adding the phosphonic acid
ester, and preferably, at least a stoichiometric amount of a polyvalent metal salt (preferably a
ferric iron salt or an aluminum compound). In addition, if water is not already contained in
the hydrocarbon liquid or added thereto as a component in a cross-linker solution or the like,
water 1s added to the hydrocarbon liquid in an amount, for example, of about 0.05% or
greater by weight of the hydrocarbon liquid. The presence of the water allows slowly water
soluble or encapsulated breakers to be dissolved or released. See, for example, Smith et al.

U.S. Patent No. 5,846,915 1ssued on December 8, 1995.

When a ferric iron salt 1s utilized to form the gelling agent, it is preferably selected
from ferric sulfate or ferric chloride with ferric sulfate being preferred. The ferric iron salt is
typically mixed with amines, surfactants and water to form a liquid cross-linking solution.
An example of a commercially available ferric iron cross-linking solution is “EA-3T™” cross-

linking solution sold by Ethox Chemicals, Inc. of Greenville, South Carolina. When an
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aluminum compound 1s utilized, 1t 1s preferably selected from aluminum chloride or
aluminum isopropoxide, with aluminum chloride being the most preferred. The polyvalent
metal compound utilized reacts with the phosphonic acid ester to form the hydrocarbon liquid
gelling agent of this invention which gels the hydrocarbon liquid. The phosphonic acid ester

is added to the hydrocarbon liquid along with the polyvalent metal source to form the gelling
agent in the hydrocarbon liquid in an amount in the range of from about 0.1% to about 2.5%

by weight of the hydrocarbon liquid.

As mentioned above, the phosphonic acid ester which can be utilized to form the

hydrocarbon liquid gelling agent of this invention has the formula
ﬁ
R—P—0—K

OH

wherein R is an alkyl group having from about 8 to about 24 carbon atoms and R' is an alkyl
group having from about 1 to about 4 carbon atoms. Techniques which can be utilized for the
preparation of the phosphonic acid esters useful in accordance with this invention are, for

example, described in U.S. Patent No. 3,798,162 issued to Dickert, Jr. on March 19, 1974,

Proppant materials which can be utilized in the fracturing fluids of this invention are
well known in the art. For example, proppant materials such as graded sand, resin coated
sand, sintered bauxite, various particulate ceramic materials, glass beads and the like can be
utilized. The particuiar size of the proppant material employed depends on the particular
formation being fractured and other variables. Generally, the proppant particle sizes are in
the range of from about 2 to about 200 mesh on the U.S. Sieve Series scale.

A vanety of delayed gel breakers can be utilized in accordance with the present

invention to cause the gelled liquid hydrocarbon fracturing fluid to revert to a thin fluid that is
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produced back after fractures are formed 1n a subterranean formation. The gel breakers can

be materials which are slowly soluble in water which, as mentioned above, 1s combined with

or otherwise present in the hydrocarbon liquid. The breaking of the gel does not take place
until the slowly soluble breakers are dissolved in the water. Examples of such slowly soluble

breakers are given in U.S. Patent No. 5,846,915 1ssued to Smith et al. on December 8, 1998.

As indicated 1n Patent No. 5,846,915, hard burned

magnesium oxide having a particle size which will pass through a 200 mesh Tyler screen is
preferred. The hard burned magnesium oxide and other similar breakers are not immediately
present for breakihg the gel due to their slowly soluble nature. Other breakers such as alkali
metal carbonates, alkali metal bicarbonates, alkali metal acetates, other alkaline earth metal
oxides, alkali metal hydroxides, amines, weak acids and the like can be encapsulated with
slowly water soluble or other similar encapsulating materials. Such materials are well known
to those skilled in the art and function to delay the breaking of the gelled hydrocarbon liquid
for a required period of time. Examples of water soluble and other similar encapsulating
materials which can be utiiized include, but are not limited to, porous solid materials such as
precipitated silica, elastomers, polyvinylidene chloride (PVDC), nylon, waxes, polyurethanes,
cross-linked partially hydrolyzed acrylics and the like. Of the slowly soluble or encapsulated

breakers mentioned, hard burned magnesium oxide which i1s commercially available from

Clearwater Inc. of Pittsburgh, Pennsylvania 1s preferred for use in accordance with the
present invention. When an alkaline breaker is utilized, e.g., magnesium oxide, the acid

group of the phosphonic acid ester 1n the gelling agent is neutralized which initially increases
the viscosity of the gelled hydrocarbon liquid after which the gel is broken.

Another type of breaker which can be utilized when the gelling agent is a ferric iron
- polyvalent metal salt of a phosphonic acid ester of this invention, or a ferric iron polyvalent

“metal salt of the heretofore used phosphoric acid ester, is a reducing agent that reduces ferric
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iron to ferrous 1ron. Since only ferric iron is capable of forming a viscous coordination
complex with a phosphonic acid ester or a phosphoric acid ester, the complex can be
disassociated by reducing the ferric iron to the ferrous state. The disassociation causes
the gelled hydrocarbon liquid to break. Examples of reducing agents which can be
utilized include, but are not limited to, stannous chloride, thioglycolic acid (2-
mercaptoacetic acid), hydrazine sulfate, sodium diethyldithiocarbamate, sodium
dimethyldithiocarbamate, sodium hypophosphite, potassium iodide, hydroxylamine
hydrochlonide, thioglycol (2-mercaptoethanol), ascorbic acid and its salts, sodium
thiosulfate, sodium dithionite and sodium sulfite. Of these, the preferred reducing agents
for use at a temperature of about 90°C. are stannous chloride, thioglycolic acid,
hydrazine sulfate, sodium diethyldithiocarbamate and sodium dimethyldithiocarbamate.
The most preferred reducing agent is thioglycolic acid which may be delayed by salt
formation or encapsulation. As mentioned above in connection with other breakers that
can be used, the reducing agent utilized can also be delayed by encapsulating it with a

slowly water soluble or other similar encapsulating material.

The gel breaker utilized 1n a water-containing gelled liquid hydrocarbon
fracturing fluid of this invention is generally present therein in an amount in the range of
from about 0.01% to about 3% by weight of the hydrocarbon liquid, more preferably in

an amount 1n the range of from about 0.05% to about 1%.

A preterred method of fracturing a subterranean formation in accordance with the
present invention 1s comprsed of the steps of: (a) preparing a gelled liquid hydrocarbon
fracturing fluid comprised of a hydrocarbon liquid, a ferric iron or aluminum polyvalent

metal salt of a phosphonic acid ester, the phosphonic acid ester having the formula

O

R—P—0O0—7R

|

OH
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wherein R is an alkyl group having from about 8 to about 24 carbon atoms and R' is an alkyl
group having from about 1 to about 4 carbon atoms, a proppant material, water and an
amount of a delayed gel breaker effective to break the gelled hydrocarbon fracturing fluid;
and (b) contacting the subterranean formation with the gelled hydrocarbon fracturing fluid
under conditions effective to create at least one fracture in the subterranean formation.

The ferric iron or aluminum polyvalent metal salt of the phosphonic acid ester is
present in the fracturing flurd in an amount in the range of from about 0.1% to about 2.5% by
weight of the hydrocarbon liquid in the fracturing fluid, more preferably in an amount in the

range of from about 0.2% to about 1%. The proppant material is present in the fracturing
fluid 1n an amount in the range of from about 1 to about 14 pounds of proppant material per
gallon of hydrocarbon liquid in the fracturing fluid. As mentioned, water is added to or
otherwise contained in the hydrocarbon liquid so that the delayed gel breaker utilized is
dissolved in the water. The delayed gel breaker is present in the fracturing fluid in an amount
in the range of from about 0.01% to about 3% by weight of the hydrocarbon liquid in the
fracturing fluid, more preferably in an amount in the range of from about 0.05% to about 1%.

A preterred method of preparing a gelled liquid hydrocarbon fluid of this invention is

comprised of adding a phosphonic acid ester to a hydrocarbon liquid, the phosphonic acid

ester having the formula

O

|

R—P——O0—R’
.
wherein R is an alkyl group having from about 8 to about 24 carbon atoms and R' is an alkyl
group having from about 1 to about 4 carbon atoms, at least a stoichiometric amount of a

polyvalent metal source selected from ferric iron salts and aluminum compounds which

reacts with the phosphonic acid ester to form a ferric iron or aluminum polyvalent metal salt
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thereof, water and an amount of a delayed gel breaker effective to break the gelled

hydrocarbon fracturing fluid.

The ferric iron or aluminum polyvalent metal salt of the phosphonic acid ester formed
in the hydrocarbon liquid 1s present therein in an amount in the range of from about 0.1% to

about 2.5% by weight of the hydrocarbon liquid, more preferably in an amount in the range

of from about 0.2% to about 1%. The delayed gel breaker utilized 1s present in the

hydrocarbon liquid in an amount in the range of from about 0.01% to about 3% by weight of

the hydrocarbon liquid, more preferably in an amount in the range of from about 0.05% to

about 1%.

A preferred hydrocarbon liquid gelling agent of this invention is comprised of a ferric

iron or aluminum polyvalent metal salt of a phosphonic acid ester, the phosphonic acid ester

having the formula
O

R"—“""II)"—-O—R'

OH
wherein R is an alkyl group having from about 8 to about 24 carbon atoms and R' is an alkyl
group having from about 1 to about 4 carbon atoms.
A more preferred hydrocarbon liquid gelling agent i1s comprised of a ferric iron
polyvalent metal salt of a phosphonic acid ester, the ester having the formula
O
R—-—II!-—-—O-—-R'

OH

wherein R 1s an alkyl group having from about 14 to about 24 carbon atoms and R' is a

methyl group.
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A preferred gelled liquid hydrocarbon composition of this invention i1s comprised of:
a hydrocarbon liquid; a gelling agent comprnsing a polyvalent metal salt of a phosphonic acid
ester produced from a phosphonic acid ester and a ferric 1ron salt or an aluminum compound,
the phosphonic acid ester having the formula
O
TP

OH

wherein R is an alkyl group having from about 14 to about 24 carbon atoms and R' is a
methyl group, water and a delayed gel breaker present in an amount effective to break the gel
formed by the gelling agent and the hydrocarbon liquid.

As mentioned above, the delayed gel breaker can be alkaline earth metal oxides
including hard burned magnesium oxide, alkali metal carbonates, alkali metal bicarbonates,
alkali metal acetates, alkali metal hydroxides, amines and weak acids which are slowly water
soluble or are encapsulated with a slowly water soluble or other similar encapsulating
material. The delayed gel breaker can also be a reducing agent that reduces ferric iron to
ferrous iron encapsulated with a slowly water soluble or other similar encapsulating material.
The delayed gel breaker 1s present 1n the gelled hydrocarbon liquid in an amount in the range

of from about 0.01% to about 3% by weight of the hydrocarbon liquid, more preferably in an

amount in the range of from about 0.05% to about 1%.

As will be understood by those skilled in the art, the use of the improved liquid
hydrocarbon gelling agents and gelled liquid hydrocarbon compositions is not limited to
fracturing subterranean formations. For example, the gelled liquid hydrocarbon compositions
can be used for forming gravel packs in well bores, in pipeline pigging operations and in
other operations where a gelled hydrocarbon liquid which subsequently breaks into a thin

fluid 1s utilized.
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in order to Z:further illustrate the methdds and composition of the xpresent invéntion-,-_ the

following examples are given. -
. - Example 1

A number of monoesters of alkylphosphonic acids were prepared in the laboratory as
follows: solid dodecylphosphonic acid_ monomethyl ester, solid tetradecylphosphonic acid
monomethyl ester, solid hexadecylphos_phonic acid monométhyl ester, solid
octadecylphosphonic acid monomethyl ester, solid Cjo.24 thSphonic acid monomethyl estér,
solid octadecylphosphohic acid monobutyl ester, liquid octylphosphonic acid monémethyl
ester and liquid decylphosphonic acid monomethyl ester. \

The following laboratory procedure was utilized in the preparation of the above listed
esters. Alkylphosphonic acid dimethyl (or dibutyl) esters were first _prepared By charging a
250 mulhiliter three ': necked round bottom {flask with 0.2 mole of 1-alkene and 0.5 mole of
dimethyl or dibﬁtyl phosphite. The flask was fitted with a reflux condenser, thermometer,
temperature conti'oller, septum stopper and nitrogen purge. The mixture was magnetically
Stined and heated to 150°C or the boiling po.intl of the 1-alkene, whichever was lowé;r. 2.5'
mulliliters of t-butyl i)eroxide was sldwly added v?ith a syringe over the course of 1 hour. The
mixture was heated at 150°C for another 1.5 hours. The excéss dialkyl phosphite was
removed using vacuﬁm distillation.

The following laboratory procedure was ﬁtilized in the preparation of monomethyl (or
monobuty!) esters that are liquids at room temperature. That is, alkylpho sphohic acid
monomethyl (or moﬁobutyl) esters were prep ared using the alkylphosphonic acid dimethyl
(or dibutyl) esters p'repared in accordance W1th the above described procedure as follows.
0.045 mole of alkylphosphonic acid dimethyl‘ (or dibutyl) ester was charged to a 100 milliliter
round bottom ﬂa$k. A solution of 1.9 grams (0.048 mole) of sodium. hydroxide in 38

milliliters of methanol was added to the flask and \the flask was fitted with a reflux condenser.
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The mixture WZ.lS: stirred magnetically and heated to i‘eﬂux for 3 hours. 10 milliliters of water
‘and 50 milliliters of hexane were added and the resulting mixture was shaken. _The phases
were separated and the hexane layer containing the unreacted dimethyl (or dibutyl) ester lwas
discarded. The aqueous layer was washed twic-e with 20‘mi11iliter- portions of hexan¢ and the
hexane layer was discarded. 3.6 millihiters of 38% hydrochloric acid (0.045 mole) was added
to the aqueous phase followed by 40 milliliters of water. The mixture was extracted. 3 timés
with 20 milliliter pQrtions of hexane. The combined organic fractibns were wa'shed with
water and dried ..ov'er anhydrous magnesium sulfate. The solvent was removed using a rotary
evaporator. The alkylphosphonic aCid moﬁomethyl (or monobutyl) esters produced were
liquids at room temperature. .

Alkylphosphonic acid monoesters which are solids at rooin teinperature were also
prepared. Thesé were thé C12 to C24 alkyl phosphonic acid mono methyl esters. The
following laboratofy procedure was utilized. | A 100 mulliliters round bottom flask was
charged with 0.05 rhole of alkylphoéphonic acid dimethyl est;:r and the flask was warmed to
melt the solid.. A solution of 2.5 g (0.063 mole) of sodium hydroxide in 38 milliliters of
methanol was added and the ﬂask_ was . fitted with a reflux condenser. The mixture was
stirred magnetically and heated to reflux for 3 hours. The flask was cooled and 5 ‘mulliliters
38% hydrochloric acid (0.062 mole) was added, fOIIdwed by the addition of 1—25 millih'ters of
water. The slurry was extracted mto hexané. The hexane solution was "w,ashed with water,
dried over anhydrous magnesium sulfate, and cOncf:éntrated on a rotafy evaporator. The
product was allowed to recrystéllize, then i_t- was collected on a biichner funnel, washed with
hexane, and air dried. ‘

Example 2
A _.commercially available Qctylphosphonic acid monomethyl ester was obtained

which contained 55-65% octylphosphonic acid monomethyl estér, 20-30% octylphosphonic
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acid and 10-20% ootylplioSphonio acld dimethyl ester. 2 milliliters of the commercial
octylphosphonic acid monomethyl ester and 2 mulliliters of a ferric iron cross-linker
commercially ajvailable from Clearwater Inc. of Pittsburgh, Pennsylvama under the trade
designation “HGA-}65TM” were added to\200\mi11iliters of kerosene. Initial cross—linking was
observed after 20 seconds of sturing with an overhead stirrer. A strong cross-linked gel was
observed after 1 minute.

This test shows that the _phosphonic acid ester does not have to be pure, i.e., it can

contain portions of ihe phosphonic acid and the phosphonic acid dialkyl ester.

Example 3
2 m_illiliters: of the conunercially avrailable | octylphosphonic' acild monomethyl ester
described in Example 2 were added to 200 milliliters of kerosene along with a ferric iron
cross—linker composition. The ferric iron eross-linker composition was comprised .of 240
groms oi‘ deionized water, 60 grams of ferrio sulfate pentahydrate and 33.3 grams of
triethanolamine. '
Upon mixing, the cross-linking reaction was slower than that observed in Example 2,

but good cross-linking was observed after 2 to 3 minutes.

Example 4
The commeicially available octylphosplionic. acid monomethyl ester described in
Example 2 was added to No. 2 off-road diesel o1l along with a commercially available ferric
iron cross-linking _composition obtained from Ethox Chemicals, Inc. of Gr_eenville, S.C. eold
under the trade designation “EA-3TM” (gee U.S. Patent No. 6,149,693 issued to Geib on
November 21, 2000). Three different mixtures were prepared having the quantities of

oomponents_shown in Table I below. After mixing, each of the mixtures was placed In a
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Model 50 viscometer at 68°C and the viscosities of the mixtures were observed over time.

The results of these tests are given in Table I below.

 TABLET

Viscosities Of Gelled Diesel Oil Using
Commerclally Available Gelhng Agent Components At 68°C

Time, - VISCOSlty, @ 170/sec

minutes = Mixture A' Mlxture B2 - ' Mlxture C3 ~

' Mixture A was comprised of 6 milliliters of commercially available Albright & Wilson “ITC™-996,” -
octylphosphonic acid monomethy! ester per liter of diesel oil and 5 milliliters of “ETHOX™ EA-3"
ferric iron cross-linker composition per liter of diesel oil.

* Mixture B was comprised of § milliliters of commercially available Albright & Wilson “ITC™-996,”
octylphosphonic acid monomethyl ester per liter of diesel oil and 5 milliliters of “ETHOX™ EA-3”
ferric iron cross-linker composition per liter of diesel oil.

> Mixture C was comprised of 5 milliliters of commercially available Albright & Wilson “ITCTM-996 ?
octylphosphonic acid monomethyl ester per liter of diesel oil and 6 milliliters of “ETHOX™ EA-3”
ferric iron cross-linker composition per liter of diesel oil.

From Table I it can be seen that the commercially available octylphosphonic acid

monomethyl ester and cross-linker 'p.ro.duced rapid cross-linking and excellent viscosities.

' Exampie S

The procedure of Example 4 was repéﬁted except that the OCtylphosphonic acid
monomethyl ester was synthesized m apcOfd,ance with the procedure set forth in Ex ample. ]
and the third nlixturé tested, 1e., mixfure F,‘ included magnesium oxide b.reaker. The resul_ts_

of these tests are given in Table Il below.
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TABLE II
Viscosities Of Gelled Diesel Oil Using

- Synthesized Octylphosphonic Acid Monomethyl Ester
And Commerclal Ferrlc Iron Cross—Lmkmg Composmon At 68°C

' ——— . ————— . * i —— TN e e ™ * T T A " =0 , —— AL " 00—t W W @ S——— — — 0 ¢ U —— . e — 40— b sodbo— § - - —— ¢ —— o— A —

Time, - B VISCOSI 7, CP. (@ 170/sec ,

Minutes Mlxmre Dl | Mixture Ez_ Mlxture F3
4 _ 1299 388 395
30 131 143 85
60 135 146 ' 47
00 140 151 ' 34
120 146 156 25
150 149 ' 160 17
180 | - 162 10
210 - 163 ]
240 - 164 -

: Mixture D was comprised of 5 mllhllters of synthesized octylphosphonic acid monomethyl ester per liter
of diesel oil and 5 milliliters of “ETHOX™ EA-3” ferric iron cross-linker composmon per liter of

diesel oil.
*Mixture E was comprised of S mﬂhhters of synthesized octylphosphomc acid monomethyl ester per liter

of diesel oil and 6 mllhhters of “ET HOX™ EA-3” ferric iron cross-linker composition per liter of

diesel oil. |
*Mixture F was comprised of 5 milliliters of synthesmed octylphosphonic acid monomethyl ester per liter

of diesel oil, 5 milliliters of “ETHOX™ EA-3” ferric iron cross-linker composition per liter of diesel
oil and 1 2 grams magnesium oxide breaker per liter of diesel oil.

From Table IT it can be seen that the synthesized octyliahosphon:ic acid monomethyl
ester produced excellent gels. In addition, mi.xture F including magnesium oxide gel breaker
showed an increased viscosity as a resiilt\ of neutralization of the phosphonic acid ester by the
magnesium oxide bréaker therein after which the gel was broken.

Example 6

The procedure of Example 4 was repeated except that the phosphonic acid ester used

was synthesized hexadecylphosphonic acid monomethyl ester. The results of these tests are

given in Table III set forth below.
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From Table 1II 1t can be seen that syﬁthesized' hexadecylphosphonic acid monomethyl
“ester and the fexz-'rici iron cross-linker utilized form excellent gels in dieséi oil at 68°C. \
Example 7
\ The test procedure of | Example - 4 was repeated except that syﬁthe_siZEd
octadecylphosphonic acid monomethyl estef was utilized, the temperature of the gelled diesel
oil was increased over time and two _of the four gelled mixtures ‘te'sted contained a magnesium

oxide breaker. The results of these tests are given in Table IV below.
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As can be seen from Table IV , synthesized octadecylphosphonic acid monomethyl
ester and the ferrib iron cross-linker utilized form excellent gels in diesel oil over a broad
~ temperature. raﬁge.ﬁ Further, the magnesium oxide breaker neutralized the acid ester which

increased the viscosity attained over a broad range of temperatures.

Exampl$ejx 8
The test procedure of Example 4 was repeated except that a Tempco Rheq-15
rheometer was utilized to measure apparent viscosities at various temperatures with ﬂuids
containing 40% COz by volume. One of the test mixtures was formed with a #2 Off Road
Diesel h:ydrocarbon:. fluid and ano\ther' tést mixtu_re included magnesium oxide; The results of

these tests are set forth in Table V below.

TABLE YV

Viscosities Of Gelled Diesel Using
Commercially Available Gelling Agent Components
And 40% Carbon Dioxide By Volume At Various Temperatures

v ———— — e + o —— A e gy e ¢t - ——————— 5 o6 A e e— e aa—
. tmae RSt

. S A NSRS % W8 [ T \ S B * I ot T LY WSPu— B v N ——

A = e 48 4§ ———— YW S —— % kg Y ¢ -} S————T—Y. WY ¢ — " ———————

Time, Mixture S' | Mixture T Mixture U
o on  Viscosity, cp. o~ Viscosity, cp. g I ity, cp.
minutes \ Temp., °C \ @ 170/3;6013- Temp., C @ 170%6; - Temp., °C V%c?;g?’seip
0 10 120 7 120 7 100
10 66 155 52 195 60 295
20 85 115 66 205 63 330
30 85 95 68 195 . 66 340
40 85 85 71 190 68 345
50 85 85 74 175 71 350
60 85 85 77 165 72 350
70 - - 82 145 74 340
80 _— - 85 130 77 335
90 - - 88 110 79 320
100 - . 91 9% 85 - 315
110 - - 93 80 88 300
120 - - ' 96 65 90 285
130 - - o 99 45 91 265
140 - - 102 35 93 240

_150 - - 104 20 96 210

e irrrrr e e e— e T VRS by S ¢ ¢ e 00 @ S —— L ARAS © f— P ———
e m-—— —— —— e — g Ayt ur-ur- A prresreremre—ra———
B T S A L o e e 8 88 \ AR . b g + = % 3% . Ao+ gy 4 Pl gy e+ [y
. S ARHE It e VM b ket ® % 1 = 3 e Y e
e — B e G Y —— = e S

'Mixture S was comprised of 5 milliliters of commercially available Albright & Wilson “ITC™.-966" octylphosphonic acid
monomethyl ester per liter of #2 Off Road Diesel Fuel containing 40% by volume carbon dioxide and 5 milliliters of
Ethox “EA-3TM” fgrrio'-iron cross-linker composition per liter of #2 Off Road Diesel Fuel containing 40% by volume

carbon dioxide.




CA 02372329 2002-02-20

23

*Mixture T was comprised of 7 milliliters of commercially available Albright & Wilson “ITC™-966" octylphosphonic acid
monomethyl ester per liter of diesel oil containing 40% by volume carbon dioxide and 7 milliliters of Ethox “EA-3™”
ferric iron cross-linker composition per liter of diesel oil containing 40% by volume carbon dioxide.

*Mixture U was comprised of 7 milliliters of commercially available Albright & Wilson “ITC™-966" octylphosphonic acid
monomethyl ester per liter of #2 Off Road Diesel Fuel containing 40% by volume carbon dioxide, 7 milliliters of Ethox

- “EA-3™ ferric iron cross-linker composition per liter of #2 Off Road Diesel Fuel containing 40% by volume carbon
dioxide and 0.240 grams of magnesium oxide breaker per liter of diesel oil containing 40% by volume carbon dioxide.

F fom Table V 1t can be seen that- excellent gels were formed even though the gels
contained 40% : by volume carboﬁ dioxide. Also, a significant increase n ﬁscoSity was
realized when the gel included only enough magnesium oxide breaker to partially neutralize
the octyl phosphoﬁc acid monomethyl ester. -

. | -Exampie 9

Various _syﬁthesized phosphonic acid esters were added in various amounts to diesel
oil or kerosene Zaloﬁng W1th various amounts of \.ETHOX ‘ “EA-3™” ferric iron cross-linker
compositions and the resulting gols ‘were observed. The results of these tests are set forth in

Table VI below.-
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\Example 10 \
The procedure described in Examp le 4 was rep e_atéd eXcept that magnesium oxide
‘breaker was included in the three mixtures that were tested. In addition, one of the gels was
produced utilizing a hydrbcarbon liquid _c0mmercially available from Trisol Corp. of Sundie,
Alberta, Canada u.ﬁder the trade name “FRACSOL™? to which was- added 40% by total

volume carbon dioxide. The results of the tests are given in VII below. |

TABLE VII
Break Times Of Various Gels With Magnesium Oxide

et Pres A A — - eee SR FED BANEA A ob * J— — ey — ¢ oy ¢ % YW -— — ¢ = P U . B =) — Y LT T —— PSPPIV S t s e e Bl B —— =t = e e e — g A PP S = e —— — -y Peapvdumy o ars - " r
pr—— cms e —— ———— prgy— - —— - - RS A —— JR— —a — — ¢ PYP A

Time Mixture V' | ‘ | Mixture W* '_ | Mixture X° |
R . Viscosity, cp. . Viscosity, cp. . o~ Viscosity, cp.
inutes femp,°C @ 170?;(:? Temp,°C & 1707seq. Temp., °C @170/)';«32p '

5 31 366 33 375 39 370
10 46 = 365 48 307 68 365
15 54 365 55 240 85 360
20 59 364 ' 58 173 85 | 200
25 62 363 61 105 85 70
30 64 360 ' 62 83 85 30
35 65 - 357 64 76 85 15
40 66 353 65 67 85 13
45 67 335 65 62 85 10
50 67 318 66 56 85 9
55 67 302 66 51 85 5
60 68 293 66 47 85 2
90 68 185 66 34

120 68 97 67 25

150 68 74 - 67 17

180 68 67 67 11

210 68 60 | -

240 | 68 54

270 68 47

300 68 35

330 68 25

360 68 18

390 68 14

420 68 12

e ol ru—— v e e bbb —— . tw st s @ d— -t e e Vb — . — & - —— Y . = S—— N — ccmmms = = [——
Pa—— - . Y - - - . R — L = B . — s, W - enes ob eE— - A—

'Mixture V was comprised of 5 milliliters of commercially available Albright & Wilson “ITC™.-966" octylphosphonic acid

monomethy] ester per liter of off-road diesel oil, 5 milliliters of Ethox “EA-3™ ferric iron cross-linker composition per liter
- of off-road diesel oil and 2.4 grams of magnesium oxide breaker per liter of off-road diesel oil. The off-road diesel oil
contained water. | - - | ‘

*Mixture W was comprnised of 5 milliliters of synthesized octylphosphonic acid monomethyl ester per liter of off-road diesel oil, 5
mulliliters of Ethox “EA-3™ ferric iron cross-linker composition per liter of off-road diesel oil and 1.2 grams of magnesium
oxide breaker per liter of off-road diesel oil. The off-road diesel oil contained water. -

*Mixture X was comprised of 7 milliliters of commercially available Albright & Wilson “ITCT™-966" octylphosphonic acid.
monomethy] ester per liter of “FRACSOL™” hydrocarbon liquid mixed with 40% by volume carbon dioxide, 7 milliliters of
Ethox “EA-3™ ferric iron cross-linker composition per liter of “FRACSOL™ hydrocarbon liquid mixed with 40% by
volume carbon dioxide and 1.1 grams of magnesium oxide breaker per litér of “FRACSQLT™” hydrocarbon liquid mixed with
40% by volume carbon dioxide. Mixture X also contained water. : -
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From Table VII, 1t can be seen that coniplete progressive breaks were obtained by the
presence of the :_magnesiu'rn .oxide.‘ - The synthesized phosphonic ..aeid ester Lrequired
significantly less breaker and still showed a faster break rate than the commermal phosphonic
acid ester. The gel containing 60% by volume' “FRACSOLTM” hydrocarbon hqurd and 40%

by volume carbon dioxide also achieved a progressive and complete break as a result of the

presence of the magnesium oxide.

Example 11

Gelled hydrocarbon l1quid test samples were prepared by comblmng O 02M (6.4 g/L)
of hexadeeylphosphonlc acid monomethyl' ester and 5 milliliters of ethox “EA-3™" ferric
iron cross-linker composition to 1 liter of off-road diesel oil. Various reducing agents for
reducihg ferric irorr to ferrous iron and thereby breaking the gels were added to the test
samples. Thereafter, the vi-scosities of the test samples over time were measured to determine
the effectiveness of the reducing agents in breaking the gels. The results of these tests are
given in Table VIII below. | \ .

TABLE VOII

Break Times Of Diesel Oil Gel' |
Contammg Varlous Reducmur Agents @ 90°C

Reducmg . | ' ~ Viscosity, cp. @ 170/secAt Time -

Blank—No | 60 66 66 66 66
Reducing Agent o | |
Stannous 7 | 3 - . .
Chloride dlhydrate | |
Thioglycolic Acrd | 45 3 - - -
Sodium 141 18 3 ' - .
Diethyldithiocarbamate | |
Sodium 123 42 30 3 ' -
Dimethyldithiocarbamate |
Hydrazine Sulfate 45 9% 57 33 3
Hydroxylamine 75 , 69 | 15 -3 -
Hydrochloride | | - |

'0.02M (0.64 wt%) hexadecyl phosphomc acid mono methyl ester per llter of off-road diesel oil, 5 milliliters of Ethox
“EA-3T™M” ferric iron cross-lmker composition per liter of off-road diesel oil and 0. OlM reducing agent per liter of
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off-road diesel oil. [0.1 Molar for stannous chloride dihydrate = 22.56 g/L; 0.1 M for thioglycolic acid
(mercaptoacetic acid) = 9.21 g/I; 0.1 M for sodium d1ethy1d1thlocarbamate = 22.53 g/L; 0.1 M for sodium
dimethyldithiocarbamate = 14.32 g/L 0.1 m hydroxylamme hydrochloride = 6.95 g/L] The off-road diesel oil

gels contained water.

From Table VIII it can be seen that reducing agents comprised of stannous chloride,
thioglycolic acid,; sodium diethyldithiocarbamate, sodium dimethyldithiocarbamate and
hydrazine sulfate can be utilized ‘as efficient reducing agenf breakers for‘the hydrocarbon gels
of this invention, a‘e 90°C.

Additional ‘reducing agents were evaluated but found to be too weak with
phosphonates gels, at 90°C. However, it is understood the additional reducing agents could
be .the preferred reducing agents at higher :temperetures where a slower rate Qf reaction is
required.  The additional reducing agents jinclude,, but are not limited. to, sodrum
hypOphosphite,- poeassium iodide, : 2-mereaptoethan01 (thioglycol), aseorbic_ acid, sodiﬁm

thiosulfate, sodium dithionite, sodium sulfite and salts thereof.

Example 12
Various alkylphosphonic acid monomethyl esters were dissolved-in- a high boi]ing
point miﬁeral oil in e.mounts such that 0.1 M solutions were fo_rmed. The solutions were eech
distilled m accordanoe w1th ASTM D-86 and the distillates obtained were analyzed for

phosphorus by Inductlvely Coupled Plasma methodology (ASTM D-4951) The results of

these tests are given in Table IX.

TABLE IX

Volatlle Phosphorus Formed From Distillation Of
Alkylphosphomc ACld Monomethyl Esters In Mmeral 011

octylphosphomc acid monomethyl ester ' 148
decylphosphonic acid monomethyl ester | 38
dodecylphosphonic acid monomethyl ester 12
tetradecylphosphonic acid monomethyl ester . : 6
hexadecylphosphonic acid monomethyl ester ' S
- octadecylphosphonic acid monomethyl ester 3

Ca0.24 alkanephosphomc a01d monomethyl ester ' - <]
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-'Table IX sﬁows a clear trerid in which the volatile phosphorus produced by the alkyl-
phosphonic acid monomethyl es-ters is a function of molecular wei ght. Tetradecylphdsphonic
acid mohomethyl estef shows a 96% _reductibn in volatile phosphorus over the
octylphoSphqnic; acid monomethyl 'estef. ~ The fact that the C20_24 alkylphosphonic acid
monomethyl ester had no detectable volatile phosphorus shows that decomposition due to
hydrolysis has been eliminated under thé. test conditions .' .

From Téble IX 1t 1s apparent* the alkylphosphonic acid moliomethyl esters of C 14
(tetradecyl) or h1 gher are _p;‘eferred to - mjnimize -' volatile phosphorus. Of these,
tetradecylpho sphonic acid mor_iomethjrl ester is most preferred to reduce volatile phosphorus
while retaining good solubility properties at room 'temp__eratu\re.

Thus, the present invention 1S well adapted to carry out the objects and attain the
benefits and advantages mentioned as well as those which are ihherent therem. While
numerous changes to the methqu' and cbmpositions can be made by those skilled in the art,
such changes are encompassed within the -spirit of this mvention as defmed by the appended

claims.
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CLAIMS:

1. An additive for causing a water-containing liquid hydrocarbon gel formed
with a gelling agent comprised of a ferric iron polyvalent metal salt of a phosphonic acid
ester or of a phosphoric acid ester to break and revert to an ungelled fluid, the additive
comprising a water soluble reducing agent which upon dissolving in said water and

contacting said liquid hydrocarbon gel reduces the ferric iron in the gel to ferrous iron.

2. The additive of claim 1, wherein said reducing agent is selected from the
group consisting of stannous chloride, thioglycolic acid and its salts, hydrazine sulfate,
sodium  diethyldithiocarbamate, = sodium  dimethyldithiocarbaxnate,  sodium
hypophosphite, potassium iodide, hydroxylamine hydrochloride, thioglycol, ascorbic

acid and its salts, sodium thiosulfate, sodium dithionite and sodium sulfite.

3. The additive of claim 1, wherein said reducing agent is selected from the

group of thioglycol thioglycolic acid or its salts and ascorbic acid or 1ts salts.

4. The additive of claim 1, wherein said reducing agent is stannous chloride.

5. The additive of claim 1, wherein said reducing agent is hydroxylamine
hydrochloride.

6. The additive of claim 1, wherein said reducing agent 1s sodium
hypophosphite.

7. The additive of claim 1, wherein said reducing agent is potassium 1odide.

8. The additive of claim 1, wherein the water solubility of said reducing

agent is delayed by encapsulating said reducing agent with a slowly water soluble

material.

9. The additive of claim 1, wherein said reducing agent is thioglycolic acid
and the water solubility of said thioglycolic acid is delayed by forming it into a slowly

water soluble salt.

10. In a liquid hydrocarbon gel comprised of a hydrocarbon liquid, a ferric

iron polyvalent metal salt of a phosphoric acid ester, water and an additive for breaking
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said gel into an ungelled fluid, the improvement which comprises: said additive for
breaking said gel being a water soluble reducing agent which upon dissolving in said

water and contacting said liquid hydrocarbon gel reduces said ferric iron in the gel to

ferrous iron.

11.  The gel of claim 10, wherein said reducing agent is selected from the
group consisting of stannous chloride, thioglycolic acid and its salts, hydrazine sulfate,
odium diethyldithiocarbamate, sodium dimethyldithiocarbamate, sodium
hydrophosphite, potassium iodide, hydroxylamine hydrochloride, thioglycol, ascorbic

acid and its salts, sodium thiosulfate, sodium dithionite, and sodium sulfite.

12. The gel of claim 10, wherein said reducing agent is thioglycolic acid and

1ts salts.

13.  The gel of claim 10, wherein said reducing agent is stannous chloride.

14.  The gel of claim 10, wherein said reducing agent is hydrazine sulfate.

15.  The gel of claim 10, wherein said reducing agent is sodium

hypophosphite.
16.  The gel of claim 10, wherein said reducing agent is potassium iodide.

17.  The gel of claim 10, wherein the water solubility of said reducing agent is

delayed by encapsulating said reducing agent with a slowly water soluble material.

18.  The gel of claim 10, wherein said reducing agent is thioglycolic acid and

the water solubility of said thioglycolic acid is delayed by forming it into a slowly water

soluble salt.

19.  The gel of claim 10, wherein said hydrocarbon liquid is selected from the
group consisting, of olefins, kerosene, diesel oil, gas oil, fuel oil, petroleum distillate,

and crude oil.

20.  The gel of claim 10, wherein said additive is present in said gel in an

amount in the range of from 0.01 % to 3% by weight of hydrocarbon liquid in said gel.




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims

