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THERMALLY STABLE SURFACTANTS FOR OIL BASED DRILLING FLUIDS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application Serial No.
62/545,801 filed August 15, 2017, incorporated herein by reference.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure generally relate to surfactants, and,

specifically relate to the incorporation of the surfactants into oil based drilling fluids.
BACKGROUND

[0003] Synthetic surfactants are important organic compounds which are widely
manufactured and have numerous applications. The world production of synthetic
surfactants amounts to 7.2 million tons annually. Synthetic surfactants can be wetting
agents having detergency and scouring characteristics. Wetting agents are adaptable when
combined with other types of surfactants and can be resistant to hard water conditions.
Nonionic surfactants represent approximately 40% of the total surfactant production
worldwide and are used in commercial and household applications. Nonionic synthetic
surfactants do not ionize making them suitable ingredients in many mixtures and

commercial products.

[0004] Drilling operations to drill a new wellbore for hydrocarbon extraction, for
example, include the common practice of continuously circulating a drilling fluid
(alternatively known as a drilling mud) through the wellbore during the drilling operation.
The drilling fluid is pumped into the drill pipe to the bottom of the borehole where the
drilling fluid then flows upwardly through the annular space between the wellbore wall
and the drill pipe, and finally flows from the wellbore where it is recovered for secondary
processing. Specifically, the dritling fluid is mechanically or chemically treated to remove
captured solids and drill cuttings from the drilling fluid and before recirculating the

drilling fluid back through the wellbore.
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[0005] Given the circulating nature of drilling floid and its functionality in capturing
solids and cuttings during drilling operations, drilling fluids must be free-flowing with a
relatively low viscosity in order to facilitate pumping while having sufficient substance to
retain and transport the cuttings and other solids and to suspend the weight malerial so as
to maintain a mud colunmmn of uniform density in the wellbore during static and circulating
conditions. The drilling fhiid mast also have a gel strength sufficient to suspend the solids
and cuttings if circulation of the drilling fluid is stopped to prevent accumulation of solids
at the bottom of the wellbore. Solids accumulating at the bottom of the wellbore would
potentially result in jamming of the drill as well as physical blockage of the drilling {luid’s

flow path.

[0006] Drilling in deep wells is complicated by geological conditions that involve high
pressures and high temperatures (HPHT). The industry-defined definition of HPHT
conditions typically include a wellbore temperature greater than 300 degrees Fahrenheit
(°F) (149 degrees Celsius (°C)) and a wellbore pressure greater than 10,000 pounds per
square inch (psi) (68.9 megapascals (MPa)).

SUMMARY

[0007] There are ongoing needs for drilling fluids and rheology modifiers that render
the drilling fluids thermally stable under HPHT conditions and rheologically suitable for
use in well treatments. Synthetic surfactants, when added to oil based drilling fluids, can
enhance rheological properties, such as “fragile gel” properties and shear thinning

behavior.

[0008] Drilling fluids should gel when the stress is removed, thereby supporting drill
cuttings; should easily deform upon initial circulation; and should be stable at high

temperatures and high pressures.

[0009] Accordingly, some embodiments of this disclosure include a surfactant

according to formula (V):
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[0010]  In formula (V), R' is a —H, alkyl, aryl, alkyl substituted aryl, or aryl

substituted alkyl; and subscript x is an integer from 21 to 453.

[0011] In one or more embodiments of this disclosure includes a surfactant according
to formula (V), where R is a radical —CH,COOH and the surfactant has a structure

according to formula (VI):

[0012] In formula (VI), subscript x is from 21 to 453.

[0013] Additional features and advantages of the described embodiments will be set
forth in the detailed description which follows, and in part will be readily apparent to those
skilled in the art from that description or recognized by practicing the described

embodiments, including the detailed description which follows and the claims.

BRIEF DESCRIPTION OF FIGURES

[0014] FIG. 1 is a graph of the viscosity as a function of shear rate of three different
drilling fluids at 0 °C and 50 °C. The drilling fluid are: Drilling Fluid A, Drilling Fluid B,

and Comparative Drilling Fluid C as described in Example 5 (see infra).

[0015] FIG. 2 is a graph of the Storage Modulus and Loss Modulus as a function of
Percent Strain at 50 °C. The drilling fluids are: Drilling Fluid A and Comparative Drilling
Fluid C as described in Example 5 (see infra).

[0016] FIG. 3 is a graph of the Storage Modulus and Loss Modulus as a function of
Percent Strain at 50 °C. The drilling fluids are: Drilling Fluid B and Comparative Drilling
Fluid C as described in Example 5 (see infra).
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[0017] FIG. 4 is a graph of the Phase Angle as a function of Percent Strain at 50 °C.
The drilling fluids are: Drilling Fluid A, Drilling Fluid B, and Comparative Drilling Fluid

C as described in Example 5 (see infra).
DETAILED DESCRIPTION

[0018] Specific embodiments of the surfactants and drilling fluids will now be
described. It should be understood that the surfactant and the drilling fluids of this
disclosure may be embodied in different forms and should not be construed as limited to
the specific embodiments set forth in this disclosure. Rather, embodiments are provided so
that this disclosure will be thorough and complete, and will fully convey the scope of the

subject matter to those skilled in the art.

[0019] Common abbreviations are listed in the following paragraph:

[0020] R and x: as defined in later paragraphs; Me : methyl; Et : ethyl; Ph : phenyl;
Bn: benzyl; i-Pr : iso-propyl; ¢-Bu : tert-butyl; THF : tetrahydrofuran; Et;O : diethyl
ether; CH,Cl, or DCM: dichloromethane; CCly : carbon tetrachloride; EtOH : ethanol;
CH;CN : acetonitrile; THF : tetrahydrofuran; CDCls : deuterated chloroform; Me4Si or
TMS: Tetramethylsilane; NaOH : sodium hydroxide; NaHCO3 : sodium bicarbonate;
NazSOy : sodium sulfate; MgSOy4 : magnesium sulfate; HCI : hydrochloric acid; Nj :
nitrogen gas; PhMe: toluene; GC : gas chromatography; LC : liquid chromatographys;
NMR : nuclear magnetic resonance; HRMS : high resolution mass spectrometry; mol :
mole; mmol : millimoles; mL : milliliters; pL : microliters; M : molar; min: minutes; h :
hours; d: days; g : grams; g/mol : grams per mole; wt.% : weight percent; nm :
nanometers; pm : micrometers; mm : millimeters; st per second; ppm : parts per

million.

[0021] When used to describe certain carbon atom-containing chemical groups a
parenthetical expression having the form “(C,—C,)” means that the unsubstituted form of
the chemical group has from x carbon atoms to y carbon atoms, inclusive of x and y. For
example, a (C;—Cyp)alkyl is an alkyl group having from 1 to 40 carbon atoms in its
unsubstituted form. In some embodiments and general structures, certain chemical groups

may be substituted by one or more substituents such as R®. An R® substituted version of a
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chemical group defined using the “(Cs—C,)” parenthetical may contain more than y carbon
atoms depending on the identity of any groups R®. For example, a “(C;—Cao)alkyl
substituted with one group R®, where R® is phenyl (—CsHs)” may contain from 7 to 46
carbon atoms. Thus, when the chemical group is substituted by one or more carbon atom-
containing R® substituents, the minimum and maximum total number of carbon atoms of
the chemical group is determined by adding to x and y, respectively, the combined sum of

the number of carbon atoms from all of the carbon atom-containing substituents R®.

[0022] The term “~H” means a hydrogen atom or hydrogen radical that is covalently
bonded to another atom. “Hydrogen” and “—H7 are interchangeable, and unless clearly
f=a

specified mean the same thing.

[0023] The term “alkyl,” means a saturated straight or branched chain, substituted or
unsubstituted hydrocarbon radical having from 1 to 500 carbon atoms. The lerms
“C—Choolalkyl” and “(Ci—Caglalkyl” mean a alkyl having from 1 to 100 or 1 {o 40 carbon
atoms that is unsubstituted or substituted by one or more R®. Examples of unsubstituted
(C1—Cappalkyl are unsubstituted (Ci—Ca)alkyl; unsubstituted (Ci—Cig)alkyl; unsubstituted
(C1—Cspalkyl; methyl; ethyl; 1-propyl; 2-propyl (also called iso-propyl and 1-methylethyl);
I-butyl; 2-butyl; 2-methylpropyl; 1,1-dimethylethyl (also called fere-butyl); 1-pentyl; 1-
hexyl; 1l-heptyl; l-nonyl; and I-decyl. Examples of substituted (C—Cyplalkyl are

substituted (C1—Cap) alkyl, substituted (C1—Cjpjalkyl, and triftuoromethyl.

[0024] The term “aryl” means an unsubstitated or substituted mono-, bi- or tricyclic
aromatic hydrocarbon radical having 6 to 500 carbon atoms, of which at least from 6 {0 14
of the carbon atoms are aromatic ring carbon atoms. The term “(Ce—Caplaryl” means an
aryl having 6 to 40 or more than 6 carbon atoms that is unsubstituted or substituted by one
or more R®. The mono-, bi- or tricyclic radical comprises 1, 2 or 3 rings, respectively; in
which the 1 ring is aromatic and the 2 or 3 rings independently are fused or non-fused and

at least one of the 2 or 3 rings is aromatic.

[0025] The term “alkylene” means a saturated straight chain or branched chain
diradical (that is the radicals are not on ring atoms) of 1 to 500 carbon atoms that is

unsubstituted or substituted by one or more &>, The term “(C1—Cypjalkylene” means an
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alkylene having frorn 1 to 40 carbon atoms. Exaraples of unsubstituted (C—Cypalkylene
include —CHCHy—, —(CHa)s—, —(CHo)y—, —(CHa)s—, —(CHo)e—, —(CHopp—. —(CHa)s—,
—CHyCHHCH, and —(CHLLCH*(HXCHR), in which “C*” denotes a carbon atom from
which a hydrogen atom is removed (o form a secondary or tertiary alkyl radical. Examples
of substituted (C;—Cyo)alkylene are substituted (C1—Cop)alkylene, —CF,—, —C(0O)—, and

—(CHp1aCICH3 0 {(CHy)s— (i.e., a 6,6-dimethyl substituted normal-1,20-cicosylene).

[0026] The term “arylene” means an unsubstituted or substituted (by one or more RY)
mong-, bi- or tricyclic aromatic hydrocarbon diradical having 6 or more carbon atoms, of
which at least from 6 to 14 of the carbon atoms are aromatic ring carbon atoms, and the
mono-, bi- or tricyclic diradical comprises 1, 2 or 3 rings, respectively. When there is one
ring, the one ring is aromatic, and when there are 2 or 3 rings. the 2 or 3 rings
independently are fused or non-fused and at least one of the 2 or 3 rings is aromatic. Both
radicals are located on the aromatic ring or rings. Examples of an aromatic hydrocarbon
diradical, include, but are not linnted t0; ~Ceby—, ~(CeHs-CeHy)—, and —~CioHs— (such as, a

napthalene diradical).

[0027] The term “heteroatom” refers to an atom, other than carbon or hydrogen. The
term “heterohydrocarbon” refers to a molecule, in which one or more carbon atoms arc
replaced with an atom or atoms that are not hydrogen or carbon atoms. The term
“(C~Cyppheterohydrocarbyl” means a heterohydrocarbon radical of from 1 to 40 carbon
atoms and the term “(C~Cyplheterohydrocarbylene” means a heterohydrocarbon diradical
of from 1 to 40 carbon atoms, and each heterohydrocarbyl independently has one or more

heteroators, for example O, S, $(0), $(0O),, Si(R™), P(R®), N(R®), and ~N=C(R),.

[0028] Embodiments of this disclosure include surfactants according to formula (I).
0 N
R'® 0 SR2O
X
O

[0029] In formula (I), R" is a (C1—Cyp)alkyl or (Ce—Cap)aryl; subscript x is an integer
from 21 to 453; R? is (C1—Cyp)hydrocarbyl or (Cg—Cyp)aryl. In other embodiments,
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subscript x may range from 21 to 200, from 21 to 100, from 21 to 50, from 25 to 100, from
30 to 50, or from 30 to 40.

[0030] In other embodiments of the surfactant according to formula (I), R'%is a radical

—CHZ—C(O)—NHR5 and the surfactant has a structure according to formula (II):

[0031] In formula (II), R’ can be an alkyl, aryl, alkyl substituted aryl, or aryl
substituted alkyl; and R? is (C1—Cyp)hydrocarbyl or (Ce—Cap)aryl, and x is 21 to 453. In
some embodiments of the surfactants according to formula (II), x is between 30 and 40,
and R* and R’ are independently a (Cs,~Cpalkyl chosen from methyl, ethyl,
I-methylethyl, propyl, n-butyl, 1,1-dimethylethyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, duodecyl. In further embodiments, x is 32 and R? and R are both n-octyl.

[0032] Some embodiments of this disclosure pertain to surfactants according to
formula (III).
i
_R* (11I)
R °N
H

[0033] In formula (III), R? is alkyl, aryl, aryl substituted alkyl, or alkyl substituted
aryl; and R* is chosen from a (C3—Csp)alkyl, a substituted alkyl, or (C4—Csgo)heteroalkyl.
In some embodiments, R* is chosen from a propanyl, 2-propanyl, 1-butyl, zerz-butyl (also
called 1,1-dimethylethyl), 1-pentyl, hexyl, heptyl, octyl, or nonyl. In some embodiments,
R* is a substituted alkyl, in which the substituent, RS, is —=NH,. In one or more
embodiments, R’is a (Cs—Csp)alkyl chosen from octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, nonadecyl,

or icosanyl. In one embodiment, R’ is pentadecyl and R* is butyl.
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[0034] In other embodiments of the surfactant according to formula (III), R* is a

radical —R4b—NH2 and the surfactant has a structure according to formula (IV):

O

Jore v

R3 g NH,

[0035] In formula (IV), R? is alkyl, aryl, aryl substituted alkyl, or alkyl substituted

aryl, and R*is (C4—Cjpp)alkylene or arylene.

[0036] Accordingly, some embodiments of this disclosure include surfactants

according to formula (V):

.0 OH
R!b o) (V)

O

[0037] In formula (V), R™ is a -H, (C—Calkyl, (C¢—Caolaryl, or
(C1—Cyp)heterocarbyl, and subscript x is an integer from 21 to 453. In some embodiments,
subscript x may be from 21 to 200, from 21 to 100, from 21 to 50, from 25 to 100, from 30
to 50, or from 30 to 40.

[0038] Some embodiments of the surfactants according to formula (V) include
embodiments in which R' is a linear or branched (C1—Cyp)alkyl chosen from methyl,
ethyl, 1-methylethyl, propyl, butyl, 1,1-dimethylethyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, duodecyl.

[0039] In other embodiments, the surfactants according to formula (V) include
embodiments in which R'® is a radical —CH,COOH, and the surfactant has a structure

according to formula (VI):
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[0040] In formulas (V) and (VI), subscript x may be from 21 to 453, from 21 to 200,
from 21 to 100, from 21 to 50, from 25 to 200, and from 30 to 200; in other embodiments,
subscript x may be from 25 to 100 and from 30 to 50; and in further embodiments,

subscript x may be from 30 to 40.

[0041] In some embodiments, each of the chemical groups (such as R‘b, RZ’, R’ \ R4a',
R4b, and RS) of the surfactant according to formulas (I), (ID), (IIH, (dV), and (V) may be
unsubstituted, that is, can be defined without use of a substituent RS, provided the above-
mentioned conditions are satisfied. In other embodiments, at least one of the chemical
groups of the surfactant according to formula (I) independently contain one or more of the
substituents R®. In most embodiments, there are not more than a total of 20 RS, and in
other embodiments, not more than a total of 10 R89 and in some embodiments, not more
than a total of 5 R® in the surfactant according to formula (I). Where the surfactant
contains two or more substituents R®, cach R® independently is bonded to a same or
different substituted chemical group. When two or more R® are bonded to a same chemical
group, they independently are bonded to a same or different carbon atom or heteroatom in

the same chemical group up to and including persubstitution of the chemical group.

[0042] In specific embodiments of the surfactant according to formulas (I), (II), (III),

(V) and (VI) may include, without limitation, a structure of any surfactants 1-5:

o) (0]
/%9\ MOW H\W
N (o)
NH/\/\ 7 H 32 /\[( 7
14 o
Surfactant 1 Surfactant 2
e} O
o) o OH
HO 0 HO 0
33 8 32
Surfactant 3 °

Surfactant 4
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Ay

21 8
Surfactant 5

[0043] Embodiments of the surfactants described in this disclosure may additionally
function as wetting agents. The wetting agent or surfactant may be added to an cil-based

drilling fluid composition thereby enhancing the stability of suspensions or emulsions.

[0044] Drilling fluids include drilling muds, packer fluids, suspension fluids and
completion fluids. Generically, drilling fluids serve a number of functions, with the
different types of fluids specializing in a particular function or functions. In one or more
embodiments, the oil-based drilling fluid suspends the cuttings and weighted material and
transports the cutting to the wellbore surface with the oil-based drilling fluid. Additionally,
the oil-based drilling fluid may absorb gases in a welibore, such as carbon dioxide (CO,),
hydrogen sulfide (H,S), and methane (CHy), and transport them to the wellbore surface for
release, sequestration, or burn-off. The oil-based drilling fluids additionally may provide
buoyancy to the drill string, relieving the tension on the drill string as the length of the
wellbore increases. In one or more embodiments, the oil-based drilling fluid also provides
a cooling and lubrication functionality for cooling and lubrication of the bit and drill string
utilized in boring operations. In other embodiments, the oil-based drilling fluid may
control subsurface pressures. Specifically, the oil-based drilling fluid may provide
hydrostatic pressure in the wellbore to provide support to the sidewalls of the wellbore and
prevent the sidewalls from collapsing or caving in on the drill string. Additionally, the oil-
based drilling fluid may provide hydrostatic pressure in the wellbore to prevent fluids in

the downhole formations from flowing into the wellbore during drilling operations.

[0045] A drilling fluid utilized in a high pressure and high temperature (HPHT)
operations may experience a wellbore temperature greater than 300 °F (149 °C) and a
wellbore pressure greater than 10,000 psi (68.9 MPa) which is the industry-defined
definition of HPHT conditions. Under HPHT conditions, drilling fluids may decompose or

experience undesirable changes in rheology. Oil-based fluids according to various
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embodiments in this specification are described that have rheological properties, electrical
stability after hot rolling, gel strength, and reduced fluid-loss characteristics at 350 °F and
pressure of 500 psi that render the oil-based drilling fluids suitable for use in HPHT
conditions in wellbore operations. The oil-based fluids contain a polyethylene glycol
carboxylic acid compound as a wetting agent. Methods for preparing the oil-based fluids,
therefore, include adding the polyethylene glycol carboxylic acid compound during a
mixing procedure. Methods for drilling in a subterranean formation under high-pressure
high-temperature conditions include using the oil-based drilling fluids containing the

polyethylene glycol carboxylic acid compound wetting agent.

[0046] Oil-based drilling fluids according to various embodiments may contain a base
oil phase, an aqueous phase, at least one emulsifying agent and at least one wetting agent,
in which at least one wetting agent comprises a polyethylene glycol carboxylic acid
surfactant having 10 or more than 10 glycol repeating units or 11 or more than 11 glycol
repeating units. The 10 or more than 10 glycol repeating units in the surfactant stabilizes
the surfactant at high temperatures, and surfactants that are thermally stable at high
temperatures can be added to drilling muds for high temperature high pressure

applications.

[0047] The term  “glycol repeating units” means —CHR’CHR*0-  or
—~OCHR®CHR®-, in which R® is previously defined or —H. In formulas (I), (II), (V), and
(VI), the glycol repeating is shown as —(CH,CH,0),— or -(OCH,CH,)s—, in which
subscript x is previously defined, and number of glycol repeating units may be defined by

X.

[0048] The oil phase of the oil-based drilling fluids may include a synthetic oil or
natural petroleum product. The synthetic oil may comprise an ester or olefin. The natural
petroleum-derived product includes oils such as a diesel oil or a mineral oil. The synthetic
oil or natural petroleum product may be composed of hydrocarbons such as n-paraffins,
iso-paraffins, cyclic alkanes, branched alkanes, or mixtures thereof. The oil-based drilling
fluid may contain from approximately 10.0 wt.% to 20.0 wt.% base oil, based on the total

weight of the oil-based drilling fluid. In a further embodiment, the oil-based drilling fluid
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may contain from approximately 13.0 wt.% to 17.0 wt.% base oil, based on the total

weight of the oil-based drilling fluid.

[0049] As noted previously, the wetting agent includes a polyethylene glycol
carboxylic acid surfactant having 10 or more than 10 glycol repeating units. In some
embodiments, the wetting agent may comprise a polyethylene glycol carboxylic acid

surfactant according to formula (V):

.0 OH
R!b o) (V)

O

[0050] In formula (V), R'® is a —H, alkyl, aryl, alkyl substituted aryl, or aryl
substituted alkyl; and x is an integer from 10 to 453. In other embodiments, x is from 15 to
453, from 20 to 400, from 25 to 300, from 30 to 250, or from 33 to 100. In a specific
embodiment, subscript x is 33 and R'™ is nonyl. In some embodiments, R' is a radical
—CH,COOH and the wetting agent may comprise a polyethylene glycol carboxylic acid

surfactant according to formula (VI):

[0051] In formula (VI), x can be from 21 to 200, from 25 to 200, from 27 to 150, from
29 to 100, or from 30 to 75. In one embodiment, x is 32.

[0052] Additionally, the wetting agent may include a surfactant according to formula

(1I0):
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[0053]  In formula (III), R? is (Co—Csoo)alkyl or aryl; and R* is (C4—Csoo)hydrocarbyl or
(C4—Cspo)heterohydrocarbyl. In some embodiments, R’isa linear, non-branching alkyl,

having 15 carbons; and R* is n-butyl.

[0054] In one or more embodiments, the wetting agent in the oil-based drilling fluid
may include a surfactant of formula (III), where R* is a radical -R*—NH, and the wetting
agent comprises a surfactant according to formula (IV):

O

J\ _R® (Iv)

R3 g NH,

[0055]  In formula (IV), R® is (C,—Csgo)alkyl or aryl; and R* is (C4—Cspo)alkylene or
arylene. In one or more embodiments, R* is chosen from —CH,CH,CH,—,
—CH,CH,CH,CH,—, —CH,CH,CH,CH,CH,—-, —CH,(CH,);CH,—, —CH,(CH,)sCH,—,
—CH,(CH,)¢CH,—, or -CH,(CH,),CH,—.

[0056] In one or more embodiments, the oil-based drilling fluid optionally may
contain one or a plurality of emulsifiers, and the total amount of emulsifier in the oil-based
drilling fluid may facilitate formation of an emulsion and reduce interfacial tension
between the base oil phase of the oil-based drilling fluid and the aqueous phase of the oil-
based drilling fluid. Examples of emulsifiers include surfactants, detergents, lignosulfates,
and lignitic compounds. Additional example emulsifiers include an invert emulsifier and
oil-wetting agent for synthetic based drilling fluid systems such as LE SUPERMUL™
commercially available from Halliburton Energy Services, Inc. and MUL XT

commercially available from M-I SWACO.

[0057] The aqueous phase of the oil-based drilling fluid may be any suitable fluid such
as water or a solution containing both water and one or more organic or inorganic
compounds dissolved in the water or otherwise completely miscible with the water. In
some embodiments, the aqueous phase may be composed of salt brine made up of water
and a salt chosen from calcium chloride, calcium bromide, sodium chloride, sodium
bromide, and combinations thereof, for example. The oil-based drilling fluid may contain

from approximately 3.0 wt.% to approximately 6.0 wt.% aqueous phase, based on the total
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weight of the oil-based drilling fluid. In some embodiments, the oil-based drilling fluid
may have an oil-to-water ratio by volume of from 50:50 to 95:5, from 75:20 to 95:5, from
85:15 to 95:5, or from 90:10 to 95:5, for example. The oil-to-water ratio of the oil-based
drilling fluid composition is the volumetric ratio calculated as Oil:water = base oil +
surfactant(s) + emulsifier(s) + wetting agent(s) : water. Where “water” includes the

aqueous part of all brines added plus any water present in other additives.

[0058] The oil-based drilling fluid optionally may include a fluid-loss control that
reduces the amount of filtrate lost from the drilling fluid into a subsurface formation.
Examples of fluid-loss control agents include organophilic (for example, amine-treated)
lignite, bentonite, manufactured polymers, and thinners or deflocculants. Additional
examples of fluid-loss control agents include: VERSATROL™, VERSALIG™,
BCOTROL™ RD, ONETROL™ HT, EMI 789, and NOVATECH™ F, all commercially
available from MI SWACO, Houston, Texas, U.S.A.; and ADAPTA® which is
commercially available from Halliburton Energy Services, Inc. In some embodiments, the
oil-based drilling fluid may optionally include both ONETROL™ HT and ECOTROL™
RD. In some embodiments, when fluid-loss control agents are included in the oil-based
drilling fluid, the total amount of fluid-loss control agents may be from approximately
0.5 wt.% to approximately 3.0 wt.% of the oil-based drilling fluid, based on the total
weight of the drilling fluid. In other embodiments, the oil-based drilling fluid may include
from 0.9 wt.% to 2.0 wt.% or from 1.0 wt.% to 1.5 wt.%.

[0059] Embodiments of the oil-based drilling fluid composition are formulated to
provide improved rheology. Suspending agents optionally may be added to the oil-based
drilling fluid that adjusts the viscosity of the drilling fluid to have a yield point at a low
shear rate sufficient to suspend all of the drilling fluid components, by which the settling
of components of the drilling fluid may be avoided. Low shear rate can be defined as
below 10 s™', whereas high shear rate can be defined as greater than 100 s”'. The greater
viscosity at low shear rates enables the oil-based drilling fluid composition to effectively
hold cuttings when drilling operations are halted and to suspend the weight material.
Examples of suspending agents include fatty acids and fibrous materials. ~When

suspending agents are used, they may compose from approximately 0.0 wt.% to
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approximately 1.0 wt.% or 0.01 to 0.5 wt.% of the oil-based drilling fluid, based on the
total weight of the drilling fluid.

[0060] In some embodiments, the oil-based drilling fluid optionally may include
weighting material or density adjusting agents that increases the weight, the density, or
both, of the oil-based drilling fluid. Weight adjusting agents may be used to control
formation pressures and to help combat the effects of sloughing or heaving shales that may
be encountered in stressed areas. Any substance that is denser than water and that does
not adversely affect other properties of the drilling fluid can be used as a weighting
material. Examples of weight adjusting or density adjusting agents include barite
(BaS0O,), galena (PbS), hematite (Fe,O3), magnetite (Fe;04), manufactured iron oxide,
ilmenite (FeO-Ti0,), siderite (FeCOs3), celesite (SrSO4), dolomite (CaCO3-MgCO3), and
calcite (CaCOs3). In some embodiments, the oil-based drilling fluid composition may
include from 1 wt.% to 75 wt.%, from 20 wt.% to 80 wt.%, from 20 wt.% to 75 wt.%,
from 50 wt.% to 80 wt.%, from 50 wt.% to 75 wt.%, from 60 wt.% to 80 wt.%, from
60 wt.% to 75 wt.%, from 65 wt.% to 80 wt.%, or from 70 wt.% to 80 wt.% weighting
additive based on the total weight of the oil-based drilling fluid composition. In some
embodiments, the oil-based drilling fluid composition may include from 64 wt.% to 85.3
wt.% weighting material based on the total weight of the oil-based drilling fluid
composition. In general, the amount of optional weighting material in the oil-based
drilling fluid is sufficiently great to attain a desirable density of the oil-based drilling fluid
and is sufficiently small to avoid an oil-based drilling fluid that cannot be circulated

through a wellbore.

[0061] In some embodiments, the oil-based drilling fluid may include a weighting
material that has a particulate solid having a specific gravity (SG) that sufficiently
increases the density of the drilling fluid composition by a certain amount without adding
excessive weighting material such that the drilling fluid composition cannot be circulated
through the wellbore. The weighting material may have a specific gravity of from 2 to 6.
In other embodiments, the drilling fluid may have a specific gravity of from 0.9 to 2.3 or

from 1.5 to 2.2.
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[0062] Having previously described the oil-based drilling fluids according to various
embodiments, illustrative methods for preparing the oil-based drilling fluids will now be
described. In one or more embodiments, methods for preparing an oil-based drilling fluid
include mixing a base oil, at least one wetting agent or surfactant, and, optionally, at least
one emulsifier to form an oil base mixture. The at least one surfactant comprises a
carboxylic acid having 10 or more than 10 glycol repeating units. Optionally, one or more

rheology modifiers may be added.

[0063] In some embodiments, the methods for preparing the oil-based drilling fluids
may include adding at least one fluid-loss control additive to the oil base mixture. The at
least one fluid-loss control additive may be added to the oil base mixture in an amount that
provides a final oil-based drilling fluid containing approximately 0.5 wt.% to
approximately 3.0 wt.% of the oil-based drilling fluid or from 0.9 wt.% to 2.0 wt.% or
from 1.0 wt.% to 1.5 wt.% fluid-loss control additive, based on the total weight of the oil-
based drilling fluid.

[0064] In some embodiments, the methods for preparing the oil-based drilling fluids
may include adding a brine solution to the oil base mixture to form a second mixture. The
brine solution may be added to the oil base mixture in an amount that provides a final oil-
based drilling fluid containing from approximately 1.0 wt.% to approximately 10.0 wt.%

brine, based on the total weight of the oil-based drilling fluid.

[0065] In one or more embodiments, the methods for preparing the oil-based drilling
fluids may include adding a weighting material to the second mixture to form the oil-based
drilling fluid. The weighting material may be added to the fourth mixture in an amount
that provides to a final oil-based drilling fluid containing from 1 wt.% to 75 wt.%, from
20 wt.% to 80 wt.%, from 20 wt.% to 75 wt.%, from 50 wt.% to 80 wt.%, from 50 wt.% to
75 wt.%, from 60 wt.% to 80 wt.%, from 60 wt.% to 75 wt.%, from 65 wt.% to 80 wt.%,
or from 70 wt.% to 80 wt.% weighting material based on the total weight of the oil-based
drilling fluid.
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[0066] The oil-based drilling fluids previously described, including oil-based drilling
fluids prepared according to embodiments of the methods for preparing oil-based fluids in
this disclosure, as well as oil-based drilling fluids according to embodiments of this
disclosure, but prepared by other industry-acceptable techniques understood by the person
of ordinary skill, may be well-suited for use in drilling operations in subterranean
formations, particularly for drilling operations performed under HPHT conditions of a
wellbore pressure greater than 10,000 psi and a wellbore temperature greater than 300 °F
(149 °C). Accordingly, embodiments of methods for drilling in a subterranean formation
under high-pressure high-temperature conditions may include using the oil-based drilling

fluid for the drilling of a wellbore in a subterranean formation.

[0067] In the methods for drilling in a subterranean formation, the oil-based drilling
fluid includes a surfactant as a wetting agent — the surfactant includes a polyethylene
glycol carboxylic acid having 10 or more repeating glycol units. Under high-pressure
high-temperature conditions, which includes temperature from 250 °F (120 °C) to 400 °F
(205 °C) and pressures from 10,000 pound-force per square inch (psi) to 20,000 psi, the
oil-based drilling fluid may have a lower viscosity than the viscosity of a comparative
drilling fluid would have at the same conditions. As used here, a “comparative drilling
fluid” is a drilling fluid having all the same ingredients as the oil-based drilling fluid in
weight proportions to each other identical to the weight proportions of the same
ingredients to each other in the oil-based drilling fluid, with the exceptions that (1) the
comparative drilling fluid lacks the surfactant; and (2) one or both of the amount of base
oil or the amount of weighting agent in the comparative drilling fluid is adjusted so that
the comparative drilling fluid has a specific gravity that matches the specific gravity of the
oil-based drilling fluid and an oil-to-water ratio that matches the oil-to-water ratio of the

oil-based drilling fluid.

EXAMPLES

[0068] The following examples illustrate one or more additional features of the present
disclosure described previously. It should be understood that these examples are not

intended to limit the scope of the disclosure or the appended claims in any manner.
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[0069] Experimental Procedures:

[0070] The chemicals were used without further purification unless noted otherwise.
Tetrahydrofuran (THF) was distilled prior to use. Nuclear Magnetic Resonance (NMR)
spectra were recorded on a Varian-Mercury 500 MHz spectrometer, operating at ambient
probe temperature. The chemical shifts & are given in parts per million (ppm) and

referenced to the external standard tetramethylsilane (TMS).

Example 1: General procedures for preparation of polyethylene glycol amides according

to formula (IV):

[0071] Method A;. To a flask equipped with Dean-Stark trap topped with a reflux
condenser palmitic acid (5 g, 19.49 mmol), boric acid (0.06 g, 0.97 mmol) and toluene (57
mL) were added. To the stirred reaction mixture, n-butyl amine (2.10 mL, 21.44 mmol)
was added in one portion. The reaction mixture was heated overnight at reflux. The
mixture was allowed to cool to room temperature and then was poured with stirring into
hexane leading to the immediate precipitation of a solid, which was filtered off and

washed with hexane to afford the desired amide (4.92 g, 15.79 mmol, 81%).

[0072] Method B. Oxalyl chloride (3.59 ml) was added to a solution of palmitic acid
(0.50 g, 1.94 mmol) in toluene (14 mL) and the mixture was refluxed for 4 h. The solvent
was removed and the residue was dissolved in toluene (10 mL). Triethylamine (3.5 mL, 25
mmol) and r-butylamine (0.57 mL, 5.82 mmol) were added and the mixture was stirred at
room temperature for 12 h. The solvent was removed and the residue was dissolved in
10% aq. HCI. The aqueous layer was extracted with CH>Cl, and the organic layer was
dried (MgSO0,), filtered and concentrated to afford the amide (0.43 g, 1.38 mmol, 70%).

[0073] 'H NMR (400 MHz, CDCls): 0 = 5.38 (s, 1H, NH), 3.25 (td, 2H, J = 7.1, 5.8
Hz, NHCH>), 2.17-2.12 (m, 2H, CH,CO), 1.61 (p, 2H, J = 7.4 Hz, CH,CH,CO), 1.51-1.44
(m, 2H, NHCH,CH,), 1.37-1.21 (m, 26H, CH3CH>, CH3(CH>)12), 0.92 (t, 3H, J = 7.3 Hz,
NH(CH,)sCH3), 0.89-0.85 (m, 3H, CH3(CHa)14). “C NMR (100 MHz, CDCls): 6 = 173.09
(CO), 39.21 (NHCH,), 36.96 (COCH,), 31.95 (CHy), 31.81 (CHy), 29.71 (CHp), 29.71
(CH»), 29.71 (CH»), 29.71 (CHb), 29.71 (CH»), 29.67 (CH,), 29.63 (CH,), 29.51 (CHb),



WO 2019/036264 PCT/US2018/045927

-19-

29.38 (CH»), 29.33 (CH,), 25.88 (CH,), 22.71 (CH,), 20.09 (CH,), 14.16 (CH3), 13.77
(CH3).

Example 2: General procedure for preparation of polyethylene glycol amides according to

Sformulas (1) and (11):

[0074] Polyethylene glycol N-octyl amide was prepared as described for amides
according to formula (IV) (Method B;) from polyethylene glycol carboxylic acid (0.2 g,
0.13 mmol) and N-octylamine (0.04 mL, 0.26 mmol) using oxalyl chloride (0.48 mL, 2.87
mmol) and triethylamine (0.55 mL, 3.92 mmol). Polyethylene glycol N-octyl amide was
obtained in 73% yield (0.16 g, 0.09 mmol).

[0075] 'H NMR (400 MHz, CDCl): 6 = 8.06 (br, 2H, 2NH), 4.18 (s, 4H, 2CH-CO),
3.67-3.65 (m, 128H, (CH>CH>0)32), 2.99-2.95 (m, 4H, 2CH,NH), 1.78-1.74 (m, 4H,
2CH,CH,NH), 1.34-1.22 (m, 20H, 2(CH;)sCH3), 0.90-0.85 (m, 6H, 2CH,CH3). °C NMR
(100 MHz, CDCls): ¢ = 172.30 (CO), 71.20 (COCH,), 70.61 (OCH,CH,0), 40.16
(CH,NH), 31.75 (CHa), 29.08 (CH»), 29.01 (CH»), 27.67 (CH,), 26.60 (CH,), 22.61
(CH»), 14.10 (CH3).

Example 3: General procedure for preparation of polyethylene glycol nonyl ether

[0076] Sodium hydride (NaH) (0.062 g, 2.6 mmol) was added to a solution of
polyethylene glycol (3 g, 2 mmol, 1500 g/mol) in THF (20 mL). After 30 minute of
stirring at room temperature, nonyl bromide (0.45 mL, 2.4 mmol) was added slowly and
the mixture was stirred at room temperature overnight. Methanol was added and the
solvent was removed under reduced pressure and then the residue was dissolved in
CH)Cl,. The organic layer was washed with water, dried with magnesium sulfate
(MgS0Q,), filtered, and concentrated under vacuum and the residue was dissolved in a
minimum amount of CH,Cl, and hexane was added under stirring. The precipitate was
recovered by filtration and washed with hexane affording the polyethylene glycol nonyl

ether (2.82 g, 1.74 mmol, 87%).

[0077] 'H NMR (400 MHz, CDCl3): § = 3.80-3.55 (m, 138H, (CH,CH>0)3,
CH,CH,OH), 3.50-3.35 (m, 4H, CH,CH»O, CH,OH), 2.59-2.56 (m, 1H, OH), 1.57-1.32
(m, 4H, CH,CH,CH,0), 1.28-1.24 (m, 10H, (CH;)sCH3), 0.88-0.84 (m, 3H, CH,CHs).



WO 2019/036264 PCT/US2018/045927

-20-

[0078] Method A;. Tetrabutylammonium bromide (0.29 g, 0.92 mmol), polyethylene
glycol nonyl ether (2.78 g, 1.71 mmol, 1626 g/mol) and potassium permanganate (2.16 g,
13.69 mmol) were refluxed in a mixture of CH»Cl, (95 mL), acetic acid (3.8 mL) and
water (56 L for 24 h. The solution was cooled and 1 M HCI (95 mL) was added followed
by the addition of sodium sulphite (2.43 g). The aqueous phase was extracted with
CH,Cl,. The combined organic extracts were dried over MgSQy, filtered and the solvent
was removed. The residue was dissolved in a minimum amount of CH,>Cl, and hexane was
added under stirring. The precipitate was recovered by filtration and washed with hexane

affording a surfactant according to formula (V) (2.60 g, 1.58 mmol, 93%).

[0079] Method B,. Polyethylene glycol nonyl ether (0.75 g, 0.46 mmol, 1626 g/mol),
2,2,6,6-tetramethyl piperidine-1-oxyl (0.014 g, 0.09 mmol) and nitric acid (0.018 mL,
70%) were heated at 40 °C in dichloromethane (3.5 mL) for 12 hours under oxygen
atmosphere. Water was added and the aqueous layer was extracted with dichloromethane.
The organic extract was dried over MgSQy, filtered and the solvent was removed to afford

a surfactant according to formula (V) (0.73 g, 0.44 mmol, 97%).

[0080] 'H NMR (400 MHz, CDCls): d = 4.16 (s, 2H, CH,CO), 3.67-3.64 (m, 132H,
(CH,CH>0)33), 3.46-3.42 (m, 2H, CH,0), 1.62-1.53 (m, 4H, CH,CH,CH,0), 1.36-1.20
(m, 10H, (CH,)sCHs), 0.89-0.85 (m, 3H, CH,CH3). *C NMR (100 MHz, CDCls): ¢ =
171.56 (CO), 71.35 (COCH,), 70.58 (OCH,CH,0), 69.04 (OCH,CH>), 31.90 (CH>), 29.66
(CH»), 29.58 (CH,), 29.51 (CH,), 29.30 (CH,), 26.11 (CH,), 22.70 (CH,), 14.14 (CH3).

Example 4: Synthesis of polyethylene glycol dicarboxylic acid, a surfactant according to
formula (VI):

[0081] A surfactant according to formula (VI) was prepared as described for the
surfactant according to formula (V) (Method A;) from polyethylene glycol (27 g,
18 mmol, 1500 g/mol) in the presence of tetrabutylammonium bromide (3.13 g,
9.70 mmol) and potassium permanganate (17.06 g, 108 mmol) in a mixture of CH>Cl,
(1001 mL), acetic acid (39.90 mL) and water (600 mL). The dicarboxylic acid was
obtained in 77% yield (21.17 g, 13.86 mmol).
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[0082] A surfactant according to formula (VI) was prepared as described for the
surfactant according to formula (V) (Method B,) from polyethylene glycol (2 g, 1.33
mmol, 1500 g/mol) in the presence of 2,2,6,6-tetramethyl piperidine-1-oxyl (0.08 g,
0.53 mmol) and nitric acid (0.1 mL, 70%) in dichloromethane (10 mL). The dicarboxylic
acid was obtained in 92% yield (1.87 g, 1.22 mmol).

[0083] 'H NMR (400 MHz, CDCl3): é = 4.16 (s, 4H, 2COCH>), 3.69-3.64 (m, 128H,
(CH>CH,0)3). °C NMR (100 MHz, CDCl3): 6 = 171.40 (CO), 71.30 (CH,COOH), 70.56
(OCH>CH,0).

Example 5

[0084] To compare the physical and rheological properties of a drilling fluid
containing a polyethylene glycol carboxylic acid (“PEG acid”) surfactant with those of a
drilling fluid containing an industry standard wetting agent, three drilling fluids were

prepared. The PEG acid surfactant had the following structure:

O

Ay

21 8

The three drilling fluids were based on the M-I SWACO RHADIANT™ system that
includes a blend of three proprietary emulsifiers and fluid-loss control agents specially
tailored for oil-based fluid formulations. Drilling Fluid A was prepared by replacing
SUREWET® with PEG acid surfactant and reducing the amount of SUREMUL®. A
second drilling fluid, Drilling Fluid B, was prepared by replacing SUREWET® with PEG
acid surfactant and reducing the amount of SUREMUL® in the drilling fluid. The
Drilling Fluid B had 20% more PEG acid surfactant than the Drilling Fluid A and also
included magnesium aluminum carbonate (MgAlCO3).The comparative drilling fluid,
Drilling Fluid C, was prepared using SUREWET®, as the wetting agent, and
SUREMUL®, as an emulsifier.

[0085] The three drilling fluids were formulated using the following ingredients:
Saraline 185V, a synthetic oil drilling base fluid, available from Shell; SUREMUL®, an
amidoamine emulsifier, available from M-I SWACO, LLC (Houston, Texas, USA);
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SUREWET®, a wetting agent, available from M-I SWACO, LLC (Houston, Texas,
USA); MUL XT, an emulsifier for use in non-aqueous fluid systems, available from M-I
SWACO, LLC (Houston, Texas, USA); VERSAGEL HT, a hectorite clay viscosifier for
aiding in filtercake formation and filtration control, available from M-I SWACO, LLC
(Houston, Texas, USA); ONE-TROL™ HT, an amine-treated tannin filtration control
additive designed for use in oil and synthetic-base drilling fluid systems, available from
M-I SWACO, LLC (Houston, Texas, USA); ECOTROL RD, a filtration control additive
designed for use in oil and synthetic-base drilling fluid systems, available from M-I
SWACO, LLC (Houston, Texas, USA); and barite (BaSO,4) weighting agent, available
from M-I SWACO, LLC (Houston, Texas, USA).

[0086] Referring to Table 1, as follows, three drilling fluids were prepared in 30.8 g,
25.6 g, and 25.7 g quantities using a magnetic stir bar. The formulations and other
ingredients amounts are provided in Table 1 for the three drilling fluids. To prepare the
drilling fluids, the base oil, emulsifiers, and wetting agents were mixed together first for
10 minutes during stage 1, and then the viscosity modifiers and rheology modifiers were
added and mixed for another 20 minutes during stage 2. Next, in stage 3 the fluid-loss
control additives were added and mixed for 20 minutes, followed by brine and fresh water
in stage4 and barite in stage 5, which were mixed for 30 minutes and 40 minutes,
respectively. During stage 2, MgAICO3; was added as a thinner to Drilling Fluid B. The
quantity of base oil used and barite were slightly different for the PEG acid surfactant
formulation to provide a specific gravity of 2.20 and an oil/water ratio of 90.0, identical to

the respective properties of comparative drilling fluid.
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Table 1: Formulation and Mixing Procedure for HPHT Oil Based Drilling Fluids

Fluid with PEG Fluid with PEG C t' Mixi
. . omparative 1X1ng
Ingredient Function Ac¥d.SurfaC.tant Ac%d .Surfacltant (Drilling Fluid C) Order and
(Drilling Fluid A) (Drilling Fluid B) .
() Time
(g) (g)
Saraline 185V |  Base Oil 4.0767 4.0567 4.8800 Stage 1
(10 min)
SUREMUL Emulsifier 0.3333 0.3333 0.4000
SUREWET Wetting 0 0 0.1600
Agent
PEG Acid Wetting 0.080 0.1000 0
Surfactant Agent
MUL XT Emulsifier 0.1333 0.1333 0.1600
;?RSAGEL Viscosifier 0.0917 0.0917 0.1100 (igai‘;i)
Rheology
Bentone 42 e 0.0917 0.0917 0.1100
Modifier
Rheology
MgAICO; Modifior 0 0.0917 0
Lime Alkalinity 0.2000 0.2000 0.2400
Control
ONE-TROL Fluid Loss Stage 3
HT Control 0.2667 0.2667 0.3200 (20 min)
ECOTROL Fluid Loss
RD Control 0.0267 0.0267 0.0320
_ Internal Stage 4
CaCl, brine Phase 0.9600 0.9600 1.1400 (30 min)
Fresh water | ntornal 0.2000 0.2000 0.2360
Phase
. Weight Stage 5
Barite Material 19.2267 19.2267 23.0880 (40 min)
Total 25.6068 25.7785 30.8760 (120 min)
Specific Gravity 2.20 2.20 2.20
Oil/Water Ratio 90.0 90.0 90.0
(volumetric)
[0087] The drilling fluids were left standing still after mixing for 17 hours and then

were inspected for sagging and fluid separation prior to rheology measurements. Fluid

separation and sagging were inspected visually while sagging was also examined by

inserting a micro spatula into the mud to check if the mud was of similar texture (hard or
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soft) throughout from top to bottom and if there was separation and settlement of solids. If
there was separation and settlement of the solids then the mud would appear soft at the top

and getting harder at the bottom.

[0088] The viscosities of the drilling fluids were tested using a stress and strain
controlled Discovery Rheometer. Geometry used was 25 mm rough stainless steel parallel
plates due to the presence of barite in the sample. The gap was set at 300 um. Viscosity
measurements as a function of shear rate were carried out from 0.004 to 2000 s at 0 °C
and 50 °C unless indicated otherwise (See FIG. 1). When no force was applied, the three
drilling fluids gelled and were strong enough to hold drill solids and weighting materials
such as barite. Shear rate experiments provide useful viscosity information of the fluid and
whether the fluid has zero shears or is shear thinning. The shear rate experiments also

indicated shear rate at which the drilling fluids deform.

[0089] Results from the viscosity testing, % Strain, Sagging, and the fluid separation

testing, are provided in Table 2-4.

Table 2: HPHT Oil-Based Drilling Fluids: Viscosities at 0 °C

Oil-Based Viscosity at Viscosity at
Drilling Fluid shear rates shear rates of
at 0 °C of 10.22 5™ 170 s™
Drilling Fluid A 2660 516
Drilling Fluid B 2537 551
Comparative C 4280 626

Table 3: HPHT Oil-Based Drilling Fluids: Viscosities at 50 °C

Oil-Based Viscosity at Viscosity at
Drilling Fluid shear rates | shear rates of
at 50 °C of 10.22 s 170 s™
Drilling Fluid A 695 145
Drilling Fluid B 390 101
Comparative C 358 128

[0090] In Table 2, Drilling Fluids A and B retained their viscoelastic behavior at 0 °C
and had lesser viscosities at low and high shear rates than Drilling Fluid C. Thus, Drilling

Fluids A and B would also be considered suitable for low temperature drilling operations
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and would be better drilling fluids than Drilling Fluid C, because having a higher viscosity
at low temperatures would require excessive power to initiate drilling, as well as during

drilling.

[0091] In FIG. 1, Drilling Fluids A, B and comparative C exhibited shear-thinning
behavior regardless of their formulation and at temperatures tested. However, at 50 °C
Drilling Fluids A and B had greater viscosities at low shear rates of 10.22 s, thus
allowing the drilling fluids to better hold solids while stationary than the comparative
Drilling Fluid C. Additionally, Drilling Fluids A and B deformed at approximately half of
the strain when compared to Drilling Fluid C. Drilling Fluids A and B showed
characteristics of fragile gels, requiring less energy to be disturbed. The results in Table 3
correlated to FIG. 1 in that at a shear rate of 10.22 s™ Drilling Fluids A and B showed
higher viscosities than Drilling Fluid C. At 170 57! Drilling Fluid B had lower viscosity
than Drilling Fluid C while Drilling Fluid A had slightly higher viscosity.

[0092] In Table 3, the viscosities reflect the sag potential of the fluid. Greater
viscosities provide better gel ratios. Drilling Fluid A had slightly greater viscosity than
comparative Drilling Fluid C at a shear rate of 170 s' and a greater viscosity than both
comparative Drilling Fluid C and Drilling Fluid B at low shear rates. The viscosity of
Drilling Fluid A also decreased faster with increasing shear rates such that it approached
comparative Drilling Fluid C at high shear rate and deformed approximately at same

strains as Drilling Fluid B.

Table 4: Oil-Based Drilling Fluids: % Strain and Separation

Oil-Based %0 Strain Sagging Fluid
Drilling Fluid | at50 °C Separation
Drilling Fluid A 0.201 No No
Drilling Fluid B 0.200 No Trace
Comparative C 0.399 No Trace

[0093] Drilling Fluids A and B did not show sagging, and Drilling Fluid A did not
show fluid separation after standing static for 17 hours after preparation. Both Drilling
Fluids A and B deformed at half of the strains required by Drilling Fluid C, as shown in

Table 4 and FIGS. 2-3, therefore it required less power to initiate the circulation.
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Additionally as shown in FIG. 3, Drilling Fluid B became more fluid (G” > G’) at lower
strains than Drilling Fluid C, thereby requiring less power during circulation. In FIG. 4,
the phase angles of Drilling Fluid A and Drilling Fluid B also confirmed that these drilling

fluids become more fluidic at lower strains than Drilling Fluid C.

[0094] These initial test results showed that Drilling Fluids A and B would be better to
hold solids while stationary with higher viscosities at low shear rates but lower viscosities
at high shear rates than comparative Drilling Fluid C at high temperatures. Lower
viscosities of Drilling Fluids A and B at low temperatures than Drilling Fluid C makes
these drilling fluids also suitable for low temperature drilling operation as these drilling
fluids would require less power to initiate the circulation and during the circulation than

Drilling Fluid C.

[0095] In FIGS. 24, the storage modulus (G’), loss modulus (G”) and phase angle
measurements as a function of % strain were monitored at a constant frequency of 1 rad 57!
and temperatures of 0 °C and 50 °C from % strain of 0.01 to 10000 to identify Linear
Viscoelastic Region. The test involves applying small incremental oscillating (clockwise
then counter-clockwise in rotation) stresses to the mud and monitoring its resulting strain
(such as deformation) response. These measurements could also be used to identify the

strength of the dispersion structure (settling stability) and resilience.

[0096] It should be noted, that there was less wetting agent in Drilling Fluid A making
it a greener drilling fluid. Additionally, Drilling Fluid A was more viscose when stationary
at high temperatures than Drilling Fluid C and Drilling Fluid B, thereby allowing Drilling

Fluid A to hold cuttings and other particulate matter better than the other drilling fluids.

[0097] It should be understood that the various aspects of the surfactants described and

such aspects may be utilized in conjunction with various other aspects.
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[0098] In a first aspect, the disclosure provides a surfactant of formula (V):
.0 OH
R'P 0 V)
O

In formula (V), R" is a -H, alkyl, aryl, alkyl substituted aryl, or aryl substituted alkyl; and

subscript x is an integer from 21 to 453.

[0099] In a second aspect, the disclosure provides the surfactant according to the first

aspect, in which subscript x is from 21 to 200.

[00100] In a third aspect, the disclosure provides the surfactant of the first aspect or
second aspect, where R'® a linear or branched (C1—Ci2)alkyl chosen from methyl, ethyl, 1-
methylethyl, propyl, butyl, 1,1-dimethylethyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, duodecyl.

[00101] In a fourth aspect, the disclosure provides the surfactant of the first through
third aspect, in which R'® is a radical —CH,COOH and the surfactant has a structure

according to formula (VI):
O

O OH
)K/ (VD
HO \</\O g

O

In formula (VI), subscript x is defined in formula (V) of the first through third aspect.

[00102] In a fifth aspect, the disclosure provides the surfactant of the first through

fourth aspects, in which subscript x is between 30 and 40.
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CLAIMS

1. A surfactant of formula (V):

.0 OH
R'® 0 (V)

where:
R'®is a —H, alkyl, aryl, alkyl substituted aryl, or aryl substituted alkyl; and

X 1s an integer from 21 to 453.
2. The surfactant according to claim 1, in which x is from 21 to 200.

3. The surfactant according to claim 1, where R'® a linear or branched (C1—Cipalkyl
chosen from methyl, ethyl, 1-methylethyl, propyl, butyl, 1,1-dimethylethyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, duodecyl.

4. The surfactant according to claim 1, in which R is a radical —CH,COOH and the

surfactant has a structure according to formula (VI):

O OH
J\/ o (VD

X

where x is defined in formula (V).

5. The surfactant according to claim 1, where x is between 30 and 40.
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