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waste vegetable oil (WVO) and a fatty alcohol as a rheology modifier. An invert emulsion drilling
fluid may include a water in oil emulsion, an invert emulsifier, a fatty alcohol having six to thirty
carbon atoms, and a fatty acid having six to eighteen carbon atoms. The fatty acid is provided by
N OF WiASHE esterifying a waste vegetable oil to produce a methyl ester of the waste vegetable oil and cleaving an
" ester group from the methyl ester of the waste vegetable oil. The invert emulsion drilling fluid may
be formulated free of organoclay. Methods of drilling a wellbore using an invert emulsion drilling
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RHEQLOGY MODIFIER WITH AFATTY ALCOHOL FOR ORGANOULAY-FREE
INVERT EMULSION DRILLING FLUID SYSTEMS

BACKGROUND

Field of the Disclosure

{8601}  The present disclosure generally relates to drilling fluids for otf and gas exploration.

Bescription of the Related Art

{0002} Ol and gas driling operations use driling fluids to assist in dribling and performo a
variety of functions during such operations. Conventional mvert emulsion dnlling fluids use
organophilic clavs {also referred to as “organoclays™ as a primary viscosifier. While
conventional thickeners like organophilic clay may provide a desired drliing fluid rheology of
the dridling fluid, organophilic clays may degrade over time and fail to maintain the rheology

of the fluid.

SUMMARY

HEEIRY Degradation of organophilic clay rheology modifiers may be addressed by the
addition of excessive organophilic clay to the dnlling fluid or by the addition of excessive low
gravity sohids (LGS}, However, the use of excessive organophilic clay increases the cost of
drilling and may severely impact other drifling fluid properties, thus requiring further treatment
and increased cost. The use of LGS may mcercase the plastic viscosity and solids volume
percentage of the dnilling fluid, thus mpacting the rate of penetration and mcereasing the cost

of drilling.

{8604}  Additionally, the changes in drilhing fhind rheology that occur in response to changes
i pressure and temperature at increased well depths may cause changes in the equavalent
circulating density {ECD) while drifling. Durnng operation in a narrow window of pore pressure
and fracturc gradient, such changes in ECD may lead to fracturing of the formation and result

m formation damage and mud losses that increase drilling costs. In some instances, thmner
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drilling fhuds may be used to generally ninimize theology fluctaations that may lower ECDs;
however, such fluids may not maintain a drilling fliid rheology sufficient to remove cuttings

and aid m the suspension of drill solids.

10605]  Embodiments of the disclosure inclade invert eoudsion drilling fluids having a
combination of fatty acids denved from waste vegetable ol (WV0) and a fatty alcohol as a
rheology modifier. The mvert enmision drilling fhuds may be formuolated free of organcelay or

may mclude organcolay.

[6606]  In one embodiment, an mvert emulsion drilling fhad 18 provided. The mvert
emulsion driiling fhuid includes a water in oil emulsion, an wnvert emulsifier o stabilize the
water in oil emulsion t an amount operable to stabilize the water in ol emulsion, a fatty alcohol
having six to thirty six carbons, and a fatty acid having six to eighteen carbons. The faity acid
is produced by estertfving a waste vegetable ot to produce a methyl ester of the waste vegetable

oil and cleaving an ester group from the methyl ester of the waste vegetable oil,

10607 In some embodiments, the invert emulsion drifling fluid includes a filtration control
agend, lime, caleww chlonde, a bridging agent, and a weighting agent. In sone embodiments,
the mvert enilsion dnlling flid consists of includes the water in oil emulsion, the mvert
cemulsifier to stabilize the water v oil emulsion in an amount operable to stabilize the water n
ol emulsion, the fatty alcohol having six to thirty six carbons, the faity acid having six to
cighteen carbons, the filtration control agent, lime, calcium chionde, the bridging agent, and
the weighting agent. In some embodiments, the filtration control agent 1s an amount i the
range of 0.1 pounds-per-barrel {ppb) to 15 ppb. In some embodiments, the lime is an amount
m the range of 0.1 pounds-per-barrel (ppb) to 20 ppb. In some embodiments, the calcium
chloride is an amount n the range of 0.1 pounds-per-barrel (ppb) to 300 ppb. In some
cembodiments, the weighting agent is an amount in the range of 0.1 pooads-per-barrel (ppb) to
800 ppb. In some embodiments, the nvert cmulsion drifling fluid bas a mud weight in the range
of 65 pounds-per-cabic foot to 160 pef. In some embodiments, the fatty alcohol 15 a 36 fatty
dimer diol. In some embodiments, the fatty acid having six to eighteen carbons is a mixture of
saturated fatty acids and unsaturated fatty acids. In some embodiments, the mvert emulsion
drilling fluid 1s substantially free from clay. In some embodiments, the wvert emulsion drithing
fluid has an o1 to water ratio (OWR) in the range of 30:50 t0 95:05 . In some embodiments, the
oil s selected from the group consisting of mimeral oil, diesel fuel, vegetable o1l, and synthetic

oil, and combinations thercof. In some embodiments, the fatty alcohol having six to thirty six
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catbons s ap amount in the range of 0.1 pounds-per-barrel {pph) to 30 ppb. In some
crabodiments, the fatty acid having six to eighteen carbons is an amount o the range of 0.1
pounds-per-barre] {ppb) to 30 ppb. In some embodiments, the mvert emuisifior 1s an amount in
the range of 0.1 pounds-per-barvel {ppb) to 30 ppb. In some embodiments, the mvert emulsion

drilling fluid has a vield point of at least 71 pounds/feet squared (db/t%).

{80081  In another embodiment, a method of dnlling a wellbore using an invert emuolsion
drilling fluid is provided. The method includes drilling in a formation using the invert croulsion
driling fhud. The mvert emulsion dritling fhuid mcludes a water in oil emulsion, an invert
emulsifier to stabilize the water in 01l emulsion n an amount operable to stabilize the water in
o1l emudsion, a fatty aleohol having six to thirty six carbons, and a fatty acid having six to
cighicen carbong. The fatty acid is produced by esterifving a waste vegetable oil to produce a
methvi ester of the waste vegetable oil and cleaving an ester group from the methvl ester of the

waste vegetable oil.

[B00%] In some embodiments, the invert emulsion drithing fluid imcludes a filtration control
agent, ime, calenun chloride, a bridging agent, and a weighting agent. In some embodiments,
the invert emulsion drilling floid consists of includes the water n oil emulsion, the nvert
cmulsiticr to stabilize the water in ot enwilsion in an amount operable to stabilize the water in
oil emulsion, the faity alcohol having six to thurty six carbons, the fatty acid having six to
cighteen carbouns, the filtration control agent, fime, calcium chlonde, the bridging agent, and
the weighting agent. In some embodiments, the filtration control agerd 1s an amount 1o the
range of 0.1 pounds-per-barrel {ppb} to 15 ppb. In some embodiments, the lime 18 an amount
i the range of 0.1 pounds-per-barrel {ppb} to 20 ppb. In some embodiments, the calcium
chloride is an amount in the range of 0.1 pounds-per-barrel {ppb) to 300 ppb. In some
embodiments, the weighting agent is an amount in the range of 0.1 pounds-per-barrel {ppb) to
800 ppb. In some embodiments, the mvert emulsion drithing fhad has a mud weight m the range
of 65 pounds-per-cubic foot to 160 pef. In some embodiments, the fatty alcohol is a €36 fatty
dimer diol. In some embodiments, the fatty acid having six to cighteen carbons is a mixture of
saturated fatty acids and unsaturated fatty acids. In some embodiments, the mvert emulsion
drilling floid 1s substantially free from clay. In some embodiments, the invert emulsion drilling
fluid has an o to water ratio {OWR) in the range of 50:50 t0 95:05. In some embodiments, the
oil s selected from the group consisting of mimeral odl, diese} fucl, vegetable o1l, and synthetic

oil, and combinations thereof. In some embodiments, the fatty alcohol having six to thirty six
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catbons is ap amount in the range of 0.1 pounds-per-barrel {pph) to 30 ppb. In some
crabodiments, the fatty acid having six to eighteen carbons is an amount o the range of 0.1
pounds-per-barre] {ppb) to 30 ppb. In some embodiments, the mvert emuisifior 1s an amount in
the range of 0.1 pounds-per-barvel {ppb) to 30 ppb. In some embodiments, the mvert emulsion

drilling fluid has a yield point of at least 71 pounds/feet squared {(1b/t).

BRIEF DESCRIPTION OF THE BRAWINGS

{8816}  FIG. 1 s a flowchart of a process for producing a fatty acid from the base hyvdrolysis
of a fatty acid methyl ester denved from waste vegetable ol (WVQ) for use m an nvert

emulsion drilling fhuid in accordance with an embodiment of the disclosure.

{8011}  FIG. 2 is a flowchart of a process for producing alkyl esters from waste vegetable

otl in accordance with an embodiment of the disclosure.

{30121 FIG. 3 13 a bar graph depicting the plastic viscosity (PV), vield point (YP), and low
shear vield point (LSYP) for example organoclay-free mvert enudsion fld formulations

accordance with an embodiment of the disclosure.

BETAILED DESCRIPTION

{8613} The present disclosure will be described more fully with reference o the
accompanying drawings, which illustrate embodiments of the disclosure. This disclosure may,
however, be embodied i many different forms and should not be construed as himuted to the
iHustrated embodiments. Rather, these embodiments are provided so that this disclosure wall
be thorough and complete, and will fully convey the scope of the disclosure to those skilled in

the art.

10614} As used in the disclosure, when an invert emulsion fluid is “free” of a component,
the amount of that component present in the composition 1s such that it will not wmpair the
activity of the invert emulsion fluids and will confer the advantages as described n a particular
embodiment. For example, if an invert emelsion fluid 1s said to be free of clay, then the
concentration of clay in the invert emulsion fluid, as determined by a statistically significant

guantitative evaluation, is less than 3%.

166153}  Embodiments of the disclosure mclude invert emulsion dulling fluids having a

combination of fatty acids derived from waste vegetable o1l (WVQO) and a fatty alcohol as a
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rheology modifier. Embodiments of the wvert emulsion dnlling fhads may mclude 8 water 1n
ol emulsion, an wvert emulsifier, a filtration control additive, a weighting agent. lume, and
calcium chlorde. The combmation of fatty acids denved from waste vegetable il (WV (0} and
fatty alcohols may merease the vield point (YP) and low shear yield point (LSYP) of the fhnd,
thereby increasing the hole-cleaning capacity and barite sag resistance of the fluid. For
example, as compared to other compositions, the improved packing of the WV fatty acids
may result in greater interaction between the WVO fatty acids and the fatty aleohol at the oil-

brine mterface i the invert emulsion drilling fhuid, resulting 18 an incrcased YP and LSYP.

[B816]  In some embodiments, the invert emulsion drilling fluid 18 an organoclay-free invert
emuldsion drilling fluid. In some embodiments, the organoclay-free mvert emulsion drliing
fluid may consist of a water in il emulsion, an invert emulsifier, a filtration control additive,
a weighting agent, lime, a salt (for example, calcium chlonde), and water without any other
components. In other embodiments, the mvert emulsion dnlling fhud may include an
organcclay. In some embodiments, the mvert emulsion dnlling fhud does not nclade low

gravity sohids.

106177 In some embodiments, the mvert emulsion drilling fluid may be formulated to have
a plastic viscosity of no more than 40 centiPoise {cP). In some crbodiments, the mvert
emulsion drilling fluid may be formulated to have a vield point of at least 71 pounds/100 feet
squared {Ib/100 %), In some embodiments, the invert emulsion drilling fluid may be

formulated to have a low shear vield point of at least 21 1h/100 &2

10618]  In some embodiments, the mvert emulsion drilling fluid may be formulated to have
an oil to water ratio (OWR) in the range of about 50:50 to about 95:05. In some embodiments,
the invert emulsion drilling fluid may have an OWR of about 70:30. In some embodiments, the
oil may be selected from the group consisting of mineral oil, diesel fucl, vegetable oil, and
synthetic oil {that is, an ol counsisting of artificially manofactured chemical compounds), and
may mclude combinations thereof. In some amounts, the invert emulsion dalling fluid inclades
water it an amount in the range of about 1 pounds-per-barrel (ppb) to about 200 ppb, about 10
ppb to about 100 ppb, or 20 ppb to about 90 ppb. In some embodiments, the invert emulsion

drithing fluid includes water in an amount of about 85.3 ppb.

8619}  In some embodiments, the mvert emulsion dniling fluid includes the nvert

croulsifier in an amouut in the range of about 0.1 pph to about 30 ppb, about 1 ppb to about 20
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ppb, or about 2 ppb to 12 ppb. In some embodiments, the invert emulsion drilling fluid nehudes
the vert emulsifier in an amount of 10 ppb. To some embodiments, the invert emulsifier may

be LE SUPERMUL™ manufactured by Halliburton Company of Houston, Texas, USA

10620 In some embodiments, the mvert emulsion drlling fluid meludes the filtration
countrol additive 1n an amount in the range of about 0.1 ppb to about 15 ppb, about 6.5 ppb to
10 ppb, or about 1 ppb to about 3 ppb. In some embodiments, the mvert emulsion drithing fhad
meludes the filtration control additive 10 an amount of about 2 ppb. In some emtbodiments, the
filtration control additive is ADAPTA® manufactured by Halliburton Company of Houston,

Texas, USA.

10621} In some embodiments, the tnvert emulsion dridling fluid includes lime 0 an amount
in the range of about .1 ppb o about 20 ppb, about 0.5 ppb to about 10 ppb, or about 1 ppb to
about 5 ppb. In some embodiments, the invert emulsion dniling fluid mchides lime 1n an
arnount of about 1.5 ppb. The lime 15 present in an amount that s jnsufficient to neutralize or

form a calcium salt of the fatty acids derived from waste vegetable oil (WY (),

10622}  In some embodiments, the mvert emulsion dedling fluid meludes calcium chionde
{CaClz) in an amount in the range of about 1 ppb to about 300 ppb, or about 10 ppb (o about
200 ppb, or about 20 ppb to about 80 ppb. In some embodiments, the tnvert emulsion drilling

fhud includes caloium chloride (CaClz} 1n an amount of about 29.6 ppb.

106231 In some embodiments, the vert emulsion drilling fluid wncludes a weighting agent)
i an anmount in the range of about 1 ppb to about 800 ppb or about 100 ppb to about 250 ppb.
In some embodiments, the nvert emulsion drilling fluid ncludes a weighting agent 1n an
amount of about 223.7 ppb. In some embodiments, the weighting agent may include barite,
calcium carbonate, or ilmenite. In some embodiments, the weighting agent i1s Micromax®
manufactured by Halliburton Company of Houston, Texas, USA. In some embodiments, the
weighting agent 1s BAROID® mancfactured by Halliburton Company of Houston, Texas,

USA.

180241  In some cmbodiments, the invert emulsion drlling fleid may include a bndging
agent. For example, the bridging agent may be BARACUARB® 35, BARACARB® 25,
BARACARB® 150, STEELSHEAL® 50, STEELSEAL® 100, or STEELSEAL® 400

manufactured by Halliburton Company of Houston, Texas, USA. In some embodiments, the
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mvert emuolsion drilling fluid inchides a bridging agent in an amount 1n the range of about 1

ppb to about 200 ppb.

{8625} In some embodiments, the mvert emulsion drilling fluid may be formulated to have
a mud weight m the range of about 65 pounds-per-cubic foot {pcf) to 160 pcf. in some

embodiments, mvert croulsion driiling fluid may bave a mud weight of about 90 (pet).

{3026}  The fatty alcohol 15 a €6 1o C36 alcohol or any combination thereof (that is, any
combinations of a €6 alcohol, C7 alcohol, T8 alcobol, €9 alcohol, €10 alcohol and so on up
to a €36 alcoholy. In some embodiments, the nvert emnilsion dnliing flaid includes a fatty
alcohol in the range of about 0.1 ppb to about 30 ppb, 0.5 ppb 1o 20 ppb, or 1 ppbto 10 ppb. In
some cmbodiments, the jnvert eoulsion drlimg flud includes a fatty alechol m an amount of
about 1.3 ppb. In some embodiments, the fatty alcohol is a €36 fatty dimer diol. In some
cmbodiments, the fatty alcohol 1s Pripol™ 2033 manufactared by Croda Interational Ple of

East Yorkshure, UK.

10627 The fatty acids derved from waste vegetable o1l {(WV Q) are produced from the base
hvdrolysis of a fatty acid methy! ester derived from waste vegetable oil, as described m U.S.
Patent Apphcation Publication No. 2019/0031940 titled “ECOFRIENDLY EMULSIFIER
SYNTHESIS FROM ESTERIFIED WASTE VEGETABLE (IL FOR WELLBORE
DRILLING FLUIDS,” a copy of which s incorporated by reference for the purposes of United
States patent practice. The waste vegetable ol may include a vanety of cooking oils and may
be obtained from commercial eateries and food preparation operations (for example, as waste
o1l from restaurants). The fatty acids derived from waste vegetable oil (WV0) may include
fatty acids having 6 carbon atoms ({6} to 18 carbon atoms {(C18). In some embodiments, the
mvert emulsion drilling fluid includes fatty acids derved from waste vegetable o1l (WV O m
the range of about 0.1 ppb to about 30 ppb, 0.5 ppb to 20 ppb, or 1 ppb to 10 ppb. In some
crbodiments, the invert cmulsion dalling fluid includes fatty acids derived from WVO o an
amount of about 1.5 ppb. The fatty acids derived from waste vegetable oil may be produced by
esterifying a waste vegetable oil to produce 3 methyl ester of the waste vegetable ol and
cleaving an ester group from the methyi ester of the waste vegetable oif. The production of the
fatty acid from the fatty acid methy! ester and the production of the fatty acid methyi cster from

WV are lustrated in FIGS. 1 and 2 respectively.
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{8628} FIG. 1 s a flowchart of an example process 100 for producing 2 fatty acid from the
base hydrolysis of a fatty acid methyl ester derived from waste vegetable oll (WVO) for use in
the invert emulsion dalling fluid in accordance with an embodiment of the disclosure. Lutially,
a fatty acid methyl ester from the esterification of waste vegetable oil 13 obtained (block 102).
For example, waste vegetable ol may be estenfied to prepare a methyl ester of the vegetable

oil fatty acids and the derivatives thereof found in waste vegetable o1l

{8629]  Next, a base (for example, a sodiom hydroxide sohution) may be added to the methyl
ester of the waste vegetable oil (block 104) to form a nuxture. In other embodiments, other
alkah hydroxide solutions may be used as the base. In some embodiments, the base may be
added to the methyl cster of the waste vegetable ot over a peniod of time. In some
embodiments, the basc may added at a rate selected to minimize the formation of a suspension
that may hinder the base hvdrolysis reaction of the methyl ester. For example, in some

embodiments, the base may be added at a rate of about 1 mulliltter {ml) per nunute).

{8038]  The muxture may then be thermally agitated (block 106}, In some embodiments, the
mixture may be stirred {(or otherwise agitated} for a time peniod greater than 6 hours at a
temperatire greater than room temperature. As will be appreciated, the agitation may facilitate
and ncrease contact between the base and the methyt esier, while the heatmg may create

Browman motion of the reaction mixture and accelerate the reaction kinetics.

[B631]  Atier thermal agitation, the mixture may be maintained at a static condition (block
108}, In some embodiments, the mixture may be allowed to cool to room temperature after
agitation and heating. As used in the disclosure, the term “static condition” refers to no agitation
or other action performed on the nuxiure. As will be appreciated, mammtaining the nuxture at
the static condition may aliow the methyl groups to be cleaved off to produce the fatty acid.
Next, water may be added to the mixture to separate oil and water phases and 1solate the fatty
acid {block 110}, In some embodiments, the water volume may be in the range of about 15%

to about 10% of the oil volume mmitially used for the reaction.

100321 The pH of the mixture may be adjusted (block 112). In some emboduments, the pH
is adjusted by addmg an acid to the mixture uniil the pH of the mixture reaches a level at which

an o1l separates from the mixture.

{8633}  Next, the aqueous and non-agueous phases of the mixtures are separated (block 114}

to produce the fatty acid present in the non-aqueous phase. In some embodiments, the phases
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may be separated by first transferring the muixture to a separation flask and removing the
agueous phase from the flask. In sach embodiments, additional water may be added to the
separation flask to wash and remove any remaining norganic salts present o the non-agueous
phase. The remaining non-agueous phase with the fatty acid may be letft in a static condition to
allow the fatty acid to defoam. Additional water producing during the de-foaming may be

removed from the flask.

{8634} FIG. 2 depicts a process 200 for producing alkyl esters (that is, esterified waste
vegetable oily from waste vegetable 0il in accordance with an embodiment of the disclosure.
The esterified waste vegetable o1l may be used to produce the fatty acid according to the process
100 deseribed supra. Inttially, waste vegetable oil that includes fatty acids is obtained (block
202). In some cmbodiments, the waste vegetable oil may have a plastic viscosity of greater
than about 50 centipoise {cP) measured using a multi-speed rotational viscometer. In some
embodiments, the wasie vegetable oil may nclude fatty acids with a short chaimn alcohol. The
short chain alcohol may include methanol, ethancl, propanol, butanel, or combmations thereof.
The waste vegetable od may mclude fatty acids baving 12 carbon atoms {C12) to 18 carbon

atoms {CI8}.

10038}  Next, vopurnitics may be removed from the waste vegetable oil (block 204). The
impurities may mnclude food residue. In some embodiments, the impurities may be removed by
filterimg the waste vegetable o1l In some embodiments, the waste vegetable oil may be filtered
using filter paper having a pore size less than 5 microns at a pressure in the range of about 3
pounds per square inch {psi} to 10 psi. In other embodiments, impurnities may be removed from

the waste vegetable o1l using alternative or additional techmigues.

{8636} The purificd waste vegetable ol may then be esterified (block 206}, In some
embodiments, the waste vegetable o1l is estertfied in the presence of a catalyst to produce atkyl
ester {for example, methy] ester} products and triglycernides. In some embodiments, the catalyst
may be sodium hvdroxade, potassium hyvdroxide, sodium alkoxide, potassium alkoxide, or

combinations thereof

{86377 In some embodiments, the viscosity of the waste vegetable ol mayv be reduced to
match the viscosity of mineral o1l {about 12 ¢P) by adding methanol. In such embodiments,
methanol and the catalyst {(for example, sodium hydroxide} may be mixed and then added to

the waste vegetable oil. The mixture mayv be agitaied for a time penod {for example, about 6
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hours). Next, the alkyl ester products and triglycerides may be separated (block 208} to produce
the alkyl esters (for example, methyl eosters) for production of fatty acids from the base

bydrolvsis of the fatty acid mothyl esters.

10638]  Embodiments alsc mchide a process for drilling a wellbore with an invert emulsion
drilling fluid that includes drilling a formation using the tvert coulsion drithing fluid. Fnsome
embodiments, the process inclodes drilling a formation using an organoclay-free invert
craulsion delling fluid. Advantageously, as mentioned supra, the combmation of waste
vegetable oil (WV () and a fatty alcohol as a theology modifier m the invert emulsion drifling
fluid may provide a low end rheology that reduces barite sag and provides improved hole-
cleaning capability. The waste vegetable o1l (WVO} and a fatty alcohol combination rheology
modifier may also provide an improved low end rheology for low and medium density
organoclay-free mvert emulsion drilling fluids. Additionally, the climination of organoclay
the drilling fluid may minimize the effects of contanination such that any contamination may
be easily treated vsing oil mud conditions m amounts that do not impair the performance of the

drilling fid.
0639  EXAMPLES

18048  The following examples are included to demonstrate embodiments of the disclosure.
It should be appreciated by those of skill in the art that the techniques and compositions
disclosed in the example which follows represents techmgues and compositions discovered to
function well 1n the practice of the disclosure, and thus can be considered to constitute modes
for its practice. However, those of skill in the art should, 1n hight of the present disclosure,
appreciate that many changes can be made in the specific crobodiments which are disclosed
and still obtam a Iike or a similar result without departing from the spint and scope of the

disclosure.

66417  Example organoclay-free invert emulsion drilling fluids were prepared having a mud
weight of about 90 pounds-per-cubie foot (pet), an oil-water ratio of about 70:30, and a calcium
chloride {(CaCly) water phase salinity (WPS) of about 250,000 parts-per-roidlion {ppm}. Some
of the example organoclay-free mvert emulsion dnlling thuds were prepared using a
commercially available 36 fatty dimer dicl, Pripot™ 2033, manufactared by Croda

International Ple of East Yorkshire, UK.

10
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180421  Three cxample formulations of an organcclay-free invert emulation drilling fhud
were prepared. Each example formulation included a mineral oil available from Safra Company
Linited, beadquartered v Jeddah, Saudi Arabia, a2 commercially avaiable emulsifier LE
SUPERMUL™™ manufactured by Halbburton Company of Houston, Texas, USA, a
commercially avatlable filtration control additive ADAPTA® manufactured by Halliburton
Company of Houston, Texas, USA, and a weighting agent BAROID® manufactured by

Halliburton Company of Houston, Texas, SA.

{0043} A first fluid ("Flud 17 was formulated using Pripol™ 2033 and without waste
vegetable ol {(WVQO) based fatty acids. A second fhud ("Fhnd 27) was formulated with WY Q-
based fatty acids and without Pripol™ 2033, A third fhad was formulated with a combination
of WV-based fatty acids and Pripol™ 2033, The three fluid formulations are shown in Table
1 with coraponent amouuts expressed 1o barrels {(bbl) or pounds-per-barrel {ppb)} and mixing

fme in minutes {min}:

Mixing
Formulation Time, Flud 1 | Flwd 2 | Flud 3
i

Safra oil, bbl 146.6 150.3 1503
LE SUPERMUL™ pph 5 i 10 10
Lime, ppb 5 1.5 L5 1.5
WV O-based fatty acid 5 - 1.5 1.5
ADAPTAR, ppb 5 2 2
CalCiZ, ppb 296 256 29.6
Water | ppb 5 .3 853 &3
BAROID®, ppb 10 2266 § 2237 2237
Pripol™ 2033 5 1.3 - 1.5

TABLE 1: EXAMPLE ORGANOCLAY-FREE DRILLING FLUID FORMULATIONS

10044}  Hach exanmple organoclay-free mvert erouision fluid (IEF”Y was hot rolied at a
temperature of about 250 °F and a differential pressure of about 300 psi for a time pentod of 16
hours (h). The rheology of each fhud was tested using a FANN® Model 35 Viscometer,
available from Fann Instrument Company of Houston, Texas, USA. Each fluid was also tested

for gel strength and High Temperature High Pressure (HTHP) fluid loss as described infra.

10643}  The rheology of cach fluid was characterized m terms of plastic viscosity {(PV), vield

point {(YP), and LSYP {low shear vield point). As will be appreciated, the PV and YP are

11
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parameters from the Bmgham plastic (BP) rheology model. The YP was determined by
extrapolating the BP rheology model to a shear rate of zero to represent the stress required to
move the fluid and may be expressed in units of 1b/160 2, The YP mav indicate the cuttings
carrving capacity of the TEF through the annulus (that is, the hole cleaning ability of the IEF)
such that a greater YP imphies a non-Newtonian fluid with better ability to carry away cuttings
as compared 1o a fluid of simular density. Generally, YP values greater than about 15 /100
ft’ can be considered a threshold for drilling purposes for providing the ability to carry away
cuttings. The PV represents the viscosity of a fhod when extrapolated to infinite shear rate. The
PY may be expressed in units of centipoise (cF). The PV may indicate the type and
concentration of the solids in the IEF and can be indicative of drilling speed, such that a lesser

PV may mdicate an ability to dnli faster.

10046]  The PV and YP were calculated using 300 revolutions per minute {rpm) and 600

rpin shear rate readings on the FANN® Model 35 Viscometer according to Equations 1 and 2:
PV = (600 rpm reading) - (300 rpm reading) (H
YP = {300 rpm reading) — PV (2}

10647}  Aswill be appreciated, a value for vield stress may be ndicated by the parameter o
(*Taud” or “tau-zero”}, a parameter from the Herschel Buckley (HB) rheology model. The
vield stress may be determined by fitting the HB rheology model to a shear stress v. shear rate
curve. The shear sirgss v. shear rate curve may be determuned by plotting the dial readings
against the corresponding rpm determined on the FANN® Model 35 Viscometer. The vield
stress may be cxpressed in the same units as the YP (1b/100 2. The vield stress may indicate
the susceptibility of the mvert enulsion fluid to barntte sag: generally, a relatively large vield
stress value can be expected to provide a betier sag resistance, which 15 desirable for dnlling
pusposes and corresponds o a sag-resistant invert emulsion fhuid. The yield stress may be

deternmined from the LSYP determained according to Equation 3:
LSYP = (2 * (300 rpm reading)) — (600 rpm reading) (3)

{0048]  An LSYP cqual to or greater than about 7 1b/100f? can be considered an acceptable
threshold value for drilling purposes for minimizing barite sag. The results of the theological
and filtration testing of the three example organoclay-free invert emulation drilling fluid are

shown in Table 2.

12
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{8649}  The gel strength of the example organcelay-free wvert emulsion fluids was alse
measured according to the American Petroleum Institute (APD RP 13B-2, Section 63, A
sample of each of example organoclay-free mvert emulsion fluid was placed 1 the viscometer
for testing as described previously. The example organoclay-free wvert emulsion fluid was
stirred at 600 mpm for ten seconds and the sample was allowed to stand undisturbed for ten
seconds. The hand-wheel of the viscometer was turned slowly and steadily to produce a
positive dial reading and the maximum reading thus obtained was recorded as the initial gel
strength {10-second gel} in pound force per hundred square fegt. The sample was re-stirred at
600 rpm for ten secconds and then allowed to stand undisturbed for ten minuies. The
measuroments were repeated and the maximum reading was recorded as the fer-minute gel
strength in pound force per hundred sguare feet. The geol strengths for the example organoclay-

free invert emulsion fluids s are shown in Table 2.

{86587  The HTHP fluid loss was measured according 1o the API RP 13B-2, Section 7.2,
The HTHP fhad loss test measures static filtration behavior of drilling fluid at elevated
temperatures, such as 2306 °F. The test was conducied using a HTHP filter press unit containing
a filter cell, a pressurized gas source, a heating system, a high-pressure filtrate collection vessel
{maintained at proper back-pressure}, and a filter mediom. A sample of an example organoclay-
free invert emuldsion fluid was stirred for five mimutes using a field nuxer and then poured into
the filter cell, leaving at least 2.5 contimeters of space in the cell to allow for fluid expansion.
The filter paper was installed in the cell and the filter cell was assembled with both top and
bottom valves closed. The filter cell was placed mside the HTHP filter press unit with
appropriate connections to the high-pressure filtrate coliection vessel and the regulated
pressurized gas source. The temperature of the drilling fhud sample nside the filter cell was
maintained at the test temperature of 230 °F. A pressure of about 100 pounds per square inch
{ps1} was maintained until the test temperature of 230 °F was reached. The pressure of the
drilling fluid sample nside the filter cell was increased to the test pressure of 500 psi and the
timer for the filiration process was started. The filirate was collected 1n the filtrate collection
vessel for thirty minutes, and the volume of the filtrate was measured in milliliters (mh) using
a graduated cvlinder. The filtrate volume was corrected to a filter area of 438 square
centimeters {em?’). HTHP filter cells usually have half the standard filter area, or 22.58 cm?;
thus, the observed volume was doubled when recorded. The HTHP fluid loss measurements

are shown in Table Z:
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Rheological properties Fluid1 | Fluid 2 | Fluid 3
604 rpm viscosity {cP} 46 86 139
300 rpm viscosity {cP) 30 49 115
200 rpo viscosity {cP) 24 37 93
100 rpm viscosity {cP} 17 24 72

6 rpm viscosity {cP) 6 ) 33

3 rpm viscosity {cP} 3 5 27
PV (cP} 16 37 44
YP {(I6/100 ) 14 i2 71
LSYP (ib/100 f89) 4 4 21
bmtial gel strength (10 seconds) 5 3 28
Gel strength (10 minutes) 7 b} 30
HTHP fluid loss (ml at 250 °F) 6 22 4

TABLE 2: RHEQLOGICAL TESTING RESULTS FOR EXAMPLE FLUID
FORMULATIONS

{8651}  FIG. 3 is bar graph 300 depicting the PV, YP, and LSYP for cach of the example
fluid formulations i accordance with an embodiment of the disclosure. As shown in FIG. 3,
the bar graph 300 depicts values on the y-axis 302 and each floid and rheological property on
the x-axis 304. The PV, YP, and LSYP for Fluid 1 are depicted by bars 306, 312, and 318
respectively. The PV, YP, and LSYP for Fluid 2 are depicted by bars 308, 314, and 320
respectively. Fnally, the PV, VP, and LSYP for Fluid 3 are depicted by bars 310, 316, and 322

respectively.

{86321  Asshownin Table 2 and FIG. 3, Fhuid 3 having a combmation of WV -based fatty
acids and a fatty dimer diol exhibited a sigmificant snprovement in rheological properties as
compared to Flud 1 and Fluid 2. The PV of Fluid 3 mcreased by only about 8% as compared
to Fluid 2, whereas the YP and LSYP increased by 317% and 450%, respectively, The
differences of Fluid 3 versus Fhaod 1 are even greater. These results show that Fluid 3 exhibited
a significant merease o YP and LSYP as compared to Fluids 1 and 2 while having a relatively
minor merease i PV, Accordingly, the testing demonstrates that Fluid 3 with a greater YP and
LSYP would ensure superior hole cleaning and cuttings carrying capacity as compared to

Fluids 1 and 2.
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{8653} Ranges may be expressed in the disclosure as from about one particalar value, to
about another particular value, or both, When such a range is expressed, it 1s to be understood
that another embodiment is from the one particular value, to the other particular value, or both,

along with all combimations within said range.

{0654}  Further modifications and alternative embodiments of various aspects of the
disclosure will be apparent o those skilled in the art in view of this deseription. Accordingly,
this description is to be construed as dlustrative only and is for the purpose of teaching those
skilled m the art the general manner of carrving out the embodiments described i the
disclosure. It 1s to be understood that the forms shown and described in the disclosure are to be
taken as examples of embodiments. Elements and matenals may be substituted for those
tHustrated and described in the disclosure, parts and processes may be reversed or omitted, and
certain features may be utilized mdependently, all as would be apparcot to one skilled 1o the
art after having the benefit of this deseription. Changes may be made in the elements described
i the disclosure without departing from the spirtt and scope of the disclosure as described n
the following claims. Headings used in the disclosure are for organizational purposes only and

are not meant to be used to bmit the scope of the description.
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CLAIMS

What s claimed 1s:

1. An invert eroulsion drilling fluid, comprising

a water i o1l emulsion;

an invert emulsifier to stabilize the water in o1l emulsion in an amount operable to
stabilize the water i o1l emulsion;

a fatty alcohol having six to thuty six carbons;

a fatty acid having six to eighteen carbons, the fatty acid produced by:

esterifying a waste vegetable oil to produce a methyl ester of the waste

vegetable oil; and

cleaving an ester group from the methyl ester of the waste vegetable o1l

2, The 1nvert emulsion drlling flud of claim 1, comprising a filiration control agent,

bme, calcium chlonde, a bridging agent, and a weighting agent.

3. The mvert emulsion drilling fluid of claim 2, consisting of:

the water 1n o1l emulsion;

the mvert emulsifier to stabilize the water in ol emulsion 1 an amount operable to
stabilize the water i o1l emulsion;

the fatty alcobol having six to thitty six carbons;

the fatty acid having six to cighteen carbons;

the filtration control agent;

fime;

calctums chlonde;

the bridging agent; and

the weighting agent.
4. The mvert emudsion drilling fluid of claims 2 or 3, wherein the filiration control agent
is an amound m the range of 0.1 pounds-per-barrel {ppb) 1o 15 ppb.
3. The invert emuelsion drilling fluid of claims 2, 3, or 4, wherein the lime is an amount

n the range of 0.1 pounds-per-barrvel (ppb) to 20 ppb.

6. The mvert emulsion drilling fuid of claims 2, 3, 4, or 5, wherem the calcium chionide
- >

18 an amount n the range of 0.1 pounds-per-barrel {ppb) to 300 ppb.

16



WO 2022/011025 PCT/US2021/040706

7. The mnvert emolsion dnlling fluid of claims 2, 3, 4, 5, or 6, wherein the bridging agent

i5 an amount in the range of I pounds-per-barrel {ppb) to 200 ppb.

3. The mvert emulsion drilling fluid of claims 2, 3, 4, 3, 6, or 7, whercin the weighting

agent is an amount in the range of 6.1 pounds-per-barrel (ppb) to 860 ppb.

9. The vert emulsion dnlling fluid of any one of the preceding claims, wherein the
mvert emulsion drilling fluid has a mud weight 1 the range of 65 pounds-per-cubic foot to

160 pef.

10, The nvert eraulsion drilling fluid of any one of the preceding claims, wherein the

fatty alcohol comprises a €36 fatty dimer diol.

1. Theinvert enulsion drilling fluid of any one of the preceding claims, wherein the
fatty acid having six to eighteen carbons comprises a mixture of saturated fatty acids and

unsaturated fatty acids.

12, The invert emulsion drilling fluid of any one of the procedmg claims, wheremn the

mvert emulsion drifling fluid is substantially free from clay.

13, The invert erudsion drifling fluid of any one of the preceding claims, wherein the

mvert enulsion driling fluid has an od to water ratic {OWR) in the range of 50:530 (o 93:05,

14, The invert emulsion drilling fluid of any one of the preceding claims, where the oif is
selected trom the group consisting of mineral i, diesel fuel, vegetable 0il, and synthetic oil,

and combinations thereof.

15, The invert emulsion drilling fluid of any one of the precedmg claims, wherem the
fatty alcohol having six to thirty six carbons is an amount in the range of .1 pounds-per-

barrel {ppb) to 30 ppb.

16.  The invert eraudsion drifling fluid of any one of the preceding claims, wherein the
fatty acid having six to cightcen carbons is an amount in the range of 0.1 pounds-per-barrel

{ppb} to 30 ppb.

i

j~3

The mvert enuulsion drilling fluid of any one of the preceding claims, whercin the

myert emolsifier is an amount in the range of 0.1 pounds-per-barrel (ppb) to 36 ppb.

17
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18, The invert emulsion drilling fluid of any one of the procedmg claims, wheremn the

invert emmlsion drilling fluid has a vield point of at least 71 pounds/feet squared (1b/fi%).

19. A method of drilling a wellbore using an mvert emulsion drilling fluid, comprising:
drilling 1 a formation using the invert emulsion dalling fhnd, wherein the invert emulsion
drilling fiuid comprises:

a water in ot emuldsion;

an invert emulsifier to stabihize the water in oif emulsion in an amount operable to

stabilize the water in ol emulsion;

a fatty alcohol having six o thirty six carbons;

a fatty acid having six to eighteen carbons, the fatty acid produced by:

estenifying a waste vegetable oil to produce a methyl ester of the waste

vegetable oil; and

cleaving an cster group from the methyl ester of the waste vegetable o1l

20 The method of claim 19, whercin the wvert emulsion driling fhnd comprises a

filtration control agent, ime, calcium chioride, a bridging agent, and barite weighting agent.

21, The method of claim 290, wherein the invert emulsion drithing fluid consists of;
the water in o1l emulsion;
the invert cmulsifier (o stabilize the water in ol emulsion in an amount operable to
stabilize the water in o1 emulsion;
the fatty alcohol having six to thirty six carbons;
the fatty acid having six to cightecn carbons;
the filtration control agent;
hime;
calcrum chionde;
the bridging agent; and

the weighting agent.

22 The method of claims 20 or 21, wherein the filtration control agent is an amount i

the range of 0.1 pounds-per-barrel (ppb) to 13 ppb.

23 The method of claims 20, 21, or 22, wherein the lime 1s an amount i the range of 0.1

pounds-per-barrel {pph) to 20 pph.

18
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24. The method of claims 28, 21, 22 or 23, wherein the calcram chlonide is an amount in

the range of 0.1 pounds-per-barrel {ppb) to 300 ppb.

23. The method of claims 20, 21, 22, 23 or 24, whersin the weighting agent is an amount

mn the range of 0.1 pounds-per-barrel {ppb} to 8GO ppb.

26. The method of claims 19, 26, 21, 22, 23, 24, or 23, wherein the fatty afcohol

coraprises a C36 fatty dimer diol.

27. The method of claims 19, 20, 21, 22, 23, 24, 25, or 26, wherein the fatty acid having
six 1o eightecn carbons comprises a muxture of saturated fatty acids and unsaturated fatty

acids.

28. The method of claums 19, 20, 21, 22, 23, 24, 25, 26, or 27, wherein the mvert

emulsion dritling thod is substantially free from clay.

29. The method of claims 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28, wheremn the invert

cemulsion dritling fluid has an o1l to water ratic {OWR) in the range of 5050 to 95:05,

30 The method of claims 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, or 29, where the oil is
selected from the group consisting of nuneral oil, diesel fucl, vegetable oil, and synthetic oil,

and combinations thereof

31 The method of claims 19, 20, 21,22, 23,24, 25, 26,27, 28, 29, or 30, wherein the
fatty aleohol having six to thirty six carbons 1s an amount in the range of 0.1 pounds-per-

barrel (ppb) to 30 ppb.

32, The method of claims 19, 26, 21,22, 23, 24, 25, 26,27, 28, 29, 30, or 31, wherein the
fatty acid having six to eighteen carbons is an amount o the range of 0.1 pounds-per-barrel

{ppb} to 3G ppb.

33, The method of claims 19, 20, 21, 22,23, 24, 25,26, 27, 28, 29, 30, 31, or 32, wherein

the mvert emulsifier 18 an amount in the range of 0.1 pounds-~per-barrel {ppb) to 30 ppb.

34, The method of claims 19, 20, 21,22, 23, 24, 25,26, 27, 28, 29, 30,

>

|98}
|98
u

3

1,32, 0r

wherein the invert emulsion drnlling fhnd has a vield point of at Ieast 71 pounds/feet squared

(b4,
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