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(57) Abrege/Abstract:
A distillation residuum bottoms composition and other alternative amine compositions are used as clay inhibitors in water-basead

drilling fluids and in hydraulic fracturing fluids for drilling wells and for fracturing subterranean formations, and are also used as clay
Inhibitors In other treatment fluids for treating wells or subterranean formations.
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CLAY INHIBITORS FOR DRILLING, FRACTURING, AND OTHER

PROCEDURES

0001 ]
Field of the Invention

[0002] The present invention relates to compositions for inhibiting clay swelling and
to the use of such inhibitor compositions in drilling, fracturing, and other procedures.

Background of the Invention

[0003] A need exists for improved chemical formulations that are effective for
inhibiting clay swelling, particularly when conducting drilling, fracturing, or other
operations in shale formations. Shale formations are rich in clay content. They are
horizontally drilled and then hydraulically fractured in multiple stages. Clay 1s by
nature hydrophilic and 1n the presence of water 1t tends to absorb water and swell. In
some cases 1t may cven disintegrate. During the drilling process, this may cause the
hole to cave or cause the drilling cuttings to disintegrate into fines, which cannot be
removed easily on the surface from the drilling fluid. During hydraulic fracturing,
clay swelling may negatively affect production due to formation embedment in the

proppant pack.

[0004] Water-based drilling fluids (muds) typically comprise a mixture of water and
clay (e.g., bentonite) and also commonly include clay inhibitors and/or other
chemicals. The drilling fluid is circulated through the well bore during drilling in
order to lubricate and cool the drill bit, flush the cuttings out of the well, and
strengthen the sides of the hole to prevent cave-ins. Typically, the drilling fluid 1s
delivered downwardly into the well through the drill string and then returns
upwardly through the annulus formed between the drill string and wall of the
borehole.

[0005] Hydraulic fracturing fluids typically comprise water and sand, or other
proppant materials, and also commonly include various types of chemical additives.
Examples of such additives include: gelling agents which assist in suspending the
proppant material; crosslinkers which help to maintain fluid viscosity at increased
temperatures; gel breakers which operate to break the gel suspension after the
fracture 1S formed and the proppant 1S
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in place; friction reducers; clay inhibitors; corrosion inhibitors; scale inhibitors; acids;
surfactants; antimicrobial agents; and others. The hydraulic fracturing fluid is
pumped into the subterranean formation under sufficient pressure to create, expand,
and/or extend fractures in the formation and to thus provide enhanced recovery of the

formation fluid.

Summary of the Invention

[0006] The present invention provides inhibitor compositions which are well suited
for use in drilling and fracturing fluids and procedures of the type described above.
The compositions are surprisingly and unexpectedly effective for inhibiting clay
swelling and have desirably low toxicity levels. The inventive inhibitors and the
inventive drilling and fracturing compositions produced therefrom are therefore
particularly effective tor use in drilling and fracturing shale formations.

[0007] The inhibitor compositions are also well suited for use in other fluids and
operations for treating wells or subterranean formations. Examples include, but are
not limited to, fluids and operations for completions, tlooding, conformance control,
stimulation, enhanced recovery, anti-accretion, etc.

[0008] In one aspect of the present invention, there is provided a method of drilling a
well, the method comprising drilling a well bore and circulating a water-based
drilling fluid through said well bore when drilling said well bore, wherein said water-
based drilling fluid comprises an inhibitor composition comprising:
aminoethylethanolamine (AEEA) in an amount of from about 10% to about 50% by
weight of a total weight of said inhibitor composition; diethylenetriamine (DETA) in
an amount of from 0% to about 70% by weight of said total weight of said inhibitor
composition; triethylenetetramine (TETA) in an amount of from 0% to about 70% by
weight of said total weight of said inhibitor composition; diethanolamine (DEA) in an

amount of from 0% to about 50% by weight of said total weight of said inhibitor
composition; and triethanolamine (TEA) in an amount of from 0% to about 50% by

weight of said total weight of said inhibitor composition, wherein said DETA or said
TETA, or a combination of said DETA and said TETA, 1s present in said inhibitor
composition in an amount of at least 5% by weight of said total wetght of said
inhibitor composition and said DEA or said TEA, or a combination of said DEA and
said TEA, is present in said inhibitor composition in an amount of at least 2% by
weight of said total weight of said inhibitor composttion.

[0009] In another aspect, there is again provided a method of drilling a well, the
method comprising drilling a well bore and circulating a water-based drilling fluid
through said well bore when drilling said well bore, wherein said water-based drilling
fluid comprises an inhibitor composition comprising: aminoethylethanolamine
(AEEA) in an amount of from about 25% to about 50% by weight of a total weight of

2
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said inhibitor composition and diethylenetriamine (DETA) in an amount of from
about 50% to about 75% by weight of said total weight of said inhibitor composition
or triethylenetetramine (TIETA) in an amount of from about 50% to about 70% by
weight of said total weight of said inhibitor composition.

[0010] In another aspect, there 1s again provided a method of drilling a well that at
least reduces clay swelling that occurs in said well as a water-based drilling fluid 1s
circulated through said well, the method comprising drilling a well bore and
circulating the water-based drilling fluid through said well bore when drilling said
well bore, wherein said water-based drilling fluid comprises an inhibitor composition
that 1s a distillation residuum bottoms composition remaining from a process wherein
monoethanolamine has been reacted with ammonia to produce a reaction product
composition and said reaction product composition has been fractionated to recover a
piperazine distillate product therefrom and to leave said distillation residuum bottoms

composition that comprises aminoethylethanolamine (AEEA) and at least one of
diethylenetriamine (DETA), triethylenetetramine (TETA), or both.

[0011] In another aspect, there 1s provided a method of fracturing a subterranean
formation, the method comprising injecting a fracturing tluid into said subterranean
formation, wherein said fracturing fluid comprises an inhibitor composition
comprising: aminoethylethanolamine (AEEA) in an amount of from about 10% to
about 50% by weight of a total weight of said inhibitor composition;
diethylenetriamine (DETA) in an amount of from 0% to about 70% by weight ot said
total weight of said inhibitor composition; triethylenetetramine (TETA) in an amount
of from 0% to about 70% by weight of said total weight of said inhibitor
composition; diethanolamine (DEA) in an amount of {from 0% to about 50% by
weight of said total weight of said inhibitor composition; and triethanolamine (TLEA)
in an amount of from 0% to about 50% by weight of said total weight of said
inhibitor composition, wherein said DETA or said TETA, or a combination of said
DETA and said TETA, is present in said inhibitor composition in an amount of at
least 5% by weight of said total weight of said inhibitor composition and said DEA or
said TEA, or a combination of said DEA and said TEA, is present in said inhibitor
composition in an amount of at least 2% by weight of said total weight of said
inhibitor composition.

[0012] In another aspect, there is again provided a method of fracturing a
subterranean formation, the method comprising injecting a fracturing fluid into said
subterrancan formation, wherein said fracturing fluid includes an inhibitor
composition comprising: aminoethylethanolamine (AEEA) in an amount of from
about 25% to about 50% by weight of a total weight of said inhibitor composition;
and diethylenetriamine (DETA) in an amount of from about 50% to about 75% by
weight of said total weight of said inhibitor composition or triethylenetetramine
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(TETA) in an amount of from about 50% to about 70% by weight of said total weight
of said inhibitor composition.

[0013] In another aspect, there is again provided a method of fracturing a
subterranean formation that at least reduces clay swelling that occurs in said
subterranean formation as a fracturing fluid is injected into the subterranean
formation, the method comprising injecting said fracturing fluid into said
subterranecan formation, wherein said fracturing fluid comprises an inhibitor
composition that is a distillation residuum bottoms composition remaining from a
process wherein monoethanolamine has been reacted with ammonia to produce a
reaction product composition and said reaction product composition has been
fractionated to recover a piperazine distillate product therefrom and to leave said
distillation residuum bottoms composition that comprises aminoethylethanolamine
(AEEA) and at least one of diethylenetriamine (DETA), triethylenetetramine
(TETA), or both.

[0014] In another aspect, there is provided a method of treating a well or a
subterranean formation, the method comprising injecting a treatment fluid into said
well or said subterranean formation, wherein said treatment fluid comprises an
inhibitor composition comprising: aminoethylethanolamine (AEEA) in an amount of
from about 10% to about 50% by weight of a total weight of said inhibitor
composition; diethylenetriamine (DETA) in an amount of from 0% to about 70% by
weight of said total weight of said inhibitor composition; triethylenetetramine
(TETA) in an amount of from 0% to about 70% by weight of said total weight of said
inhibitor composition; diethanolamine (DEA) in an amount of from 0% to about 50%
by weight of said total weight of said inhibitor composition; and triethanolamine
(TEA) in an amount of from 0% to about 50% by weight of said total weight of said
inhibitor composition, wherein said DETA or said TETA, or a combination of said
DETA and said TETA, is present in said inhibitor composition in an amount of at
least 5% by weight of said total weight of said inhibitor composition and said DEA or
said TEA, or a combination of said DEA and said TEA, is present in said inhibitor
composition in an amount of at least 2% by weight of said total weight of said
inhibitor composition.

[0015] In another aspect, there is again provided a method of treating a well or
subterranean formation, the method comprising injecting a treatment fluid into said
well or said subterranean formation, wherein said treatment drilling fluid comprises

an inhibitor composition comprising: aminoethylethanolamine (AEEA) in an amount
of from about 25% to about 50% by weight of a total weight of said inhibitor
composition and diethylenetriamine (DETA) in an amount of from about 50% to
about 75% by weight of said total weight of said inhibitor composition or
triethylenetetramine (TETA) in an amount of from about 50% to about 70% by
weight of said total weight of said inhibitor composition.

A
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[0016] In another aspect, there is again provided a method of treating a well or
subterranean formation that at least reduces clay swelling that occurs in said well or
subterranean formation as a treatment fluid i1s injected in said well or said
subterranean formation, the method comprising injecting a treatment fluid into said
well or said subterranean formation, wherein said treatment fluid comprises an
inhibitor composition that is a distillation residuum bottoms composition remaining
from a process wherein monoethanclamine has been reacted with ammonia to
produce a reaction product composition and said reaction product composition has
been fractionated to recover a piperazine distillate product therefrom and to leave said
distillation residuum bottoms composition that comprises aminoethylethanolamine
(AEEA) and at least one of diethylenetriamine (DETA), triethylenetetramine
(TETA), or both.

[0017] Further aspects, features, and advantages of the present invention will be
apparent to those of ordinary skill in the art upon examining the accompanying
drawings and upon reading the following Detailed Description of the Preferred
Embodiments.

Brief Description of the Drawings

[0018] FIG. 1 is a graph showing viscosity vs. shear test results for an inhibitor
composition of the present invention as compared to four prior art inhibitor
compositions.

[0019] FIG. 2 is a graph showing viscosity vs. shear test results for an inhibitor
composition consisting of a combination of DEA and TEA as compared to DEA and

TEA individually.

[0020] F1G. 3 is a graph showing viscosity vs. shear test results for AMINE HST as
compared to the other inhibitors identificd herein in Example 3.

Detailed Description of the Preferred Embodiments

[0021] The present invention provides mmproved compositions and methods tfor
drilling wells, fracturing subterranean formations, and other treatments. The inventive
drilling and fracturing compositions and methods are particularly effective for use in

shale formations but can also be used in generally any other type of formation.

[0022] In the inventive drilling method, a water-based drilling {fluid
including an inhibitor composition provided by the present invention
1S circulated through the well bore as the well

CA 2912372 2017-08-08
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1s being drilled. In the inventive fracturing method, a fracturing fluid including the
inhibitor composition provided by the present invention is injected into a subterranean
formation, preferably under sufficient pressure to create, expand, and/or extend fractures
in the formation and to thereby provide enhanced recovery of the formation fluid.

[0023] Similarly, in other treatment methods provided by the present invention for
treating wells or subterranean formations, a treatment fluid including a sufficient amount
of the inhibitor composition provided by the present invention to at least reduce clay
swelling 1s injected into the well or formation. Examples of such treatment operations
include, but are not limited to, completions, flooding, conformance control, stimulation,
enhanced recovery, and anti-accretion.

10024] In each embodiment described below, the inhibitor composition provided and
used 1n accordance with the present invention preferably comprises
aminoethylethanolamine (AEEA) in an amount of from about 10% to about 50% by
weight of the total weight of the inhibitor composition. More preferably, AEEA
comprises at least 25% by weight of the inhibitor composition and is most preferably
present in the inhibitor composition in an amount of from about 25% by weight to about
40% by weight of the total weight of the inhibitor composition.

[0025] The inhibitor composition also preferably comprises one or more of the following
components (as expressed in percentages by weight based upon the total weight of the
inhibitor composition):

Diethylenetriamine (DETA): 0% to about 75%;
Triethylenetetramine (TETA): 0% to about 70%;

Dicthanolamine (DEA): 0% to about 50%;
Triethanolamine (TEA): 0% to about 50%; and/or
Hydroxyethylpiperazine (HEP): 0% to about 25%.

[0026] In a first subset of the general compositions described above, the inhibitor
composition preferably comprises (a) AEEA in an amount of from about 25% to about

50% by weight of the total weight of the inhibitor composition and (b) DETA in an
amount of from about 50% to about 75% by weight of the total weight of the inhibitor
composition. More preferably, in this embodiment, the inhibitor composition consists
essentially of only AEEA and DETA and most preferably consists essentially of about
30% by weight AEEA and 70% by weight DETA.

CA 2912372 2017-08-08
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10027] In a sccond subsct of the gencral compositions described above, 1 addition to the
requirement that the inhibitor must include at least from about 10% to about 50% by weight

(more preferably at least 25% and most preferably from about 25% to about 40% by weight)

AEEA, the mhibitor composition must also include both: (a) DETA or TETA, or a
combination of DETA and TETA, 1n an amount of at Icast 5% by wcight of the total wcight
of the inhibitor composition and (b) DEA or TEA, or a combination of DEA and TEA, 1n an
amount of at least 10% by weight of the total weight of the inhibitor composition. In addition,
it 1s also preferred 1n these compositions that the amounts of DETA, TETA, DEA, and HEP
present 1n the mhibitor be within the following ranges (as expressed in percentages by weight
based upon the total weight of the inhibitor composition):

Diethylenetriamine (DETA): 0% to about 20%;

Triethylenetetramine (TETA): 0% to about 20%;

Diethanolamine (DEA): 0% to about 25%;

Tricthanolamine (TEA): 0% to about 15%; and/or

Hydroxyethylpiperazine (HEP): 0% to about 20%.
[0028] By way of example, but not by way of limitation, one preferred inhibitor
composition within the second subset of compositions as defined above includes about 2% or
morc by wcight DEA bascd on the total wcight of the inhibitor composition. An cxamplc of
another preferred mhibitor composition within the second subset of compositions as defined
above includes about 3% or more by weight TEA based upon the total weight of the inhibitor
composition. An example of another preferred inhibitor composition within the second

subset of compositions as defined above includes from about 1% to about 15% by weight

HEP based upon the total weight of the inhibitor composition.

[0029]  Another preferred example of an inhibitor composition falling within in the second
subset of compositions defined above is the chemical composition having Chemical Abstracts
Service (CAS) Registry No. 68910-05-4. This composition 15 the distillation residuum
bottoms composition remaining from the process wherein monocthanolamine (1.e., 2-
amino¢thanol) 18 reacted with ammonia to produce a reaction product which 1s then
fractionated to recover a piperazine distillate product therefrom, thus leaving the remaining
CAS Reg. No. 68910-05-4 distillation residuum bottoms composition.

0030] As will bc shown bclow, this distillation rcsiduum bottoms composition 1S
surprisingly and unexpectedly effective for use as a clay inhibitor composition for drilling,

fracturing, or other operations. Heretofore, to our knowledge, although it has been suggested
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that thc distillation rcsiduum bottoms composition could be used as an intcrmediate 1in the
production of a binding agent, the residuum bottoms composition has largely been treated as
a waste product.

[0031] Based upon the total weight of the distillation residuum bottoms composition, the

rcsiduum bottoms composition will typically comprisc from about 25% to about 50% by

weight AEEA and will also typically comprise: at least 1% by weight DETA; at least 4% by
weight TETA; at least 4.5% by weight DEA; and at least 5% by weight TEA. The distillation
residuum bottoms composition will also typically comprise at least 1.5% by weight HEP
based upon the total weight of the residuum bottoms composition.

[0032] More typically, based upon the total weight of the distillation residuum bottoms
composition, the residuum bottoms composition will commonly comprise: from about 30% to
about 40% by weight (most commonly from about 35% to about 38.5% by weight) AEEA;
from about 2.0% to about 4.5% by weight DETA; from about 5.5% to about 12.5% by weight
TETA; from about 6.0% to about 13% by weight DEA; from about 7.0% to about 7.5% by
weight TEA; from about 1.5% to about 10% by weight HEP; and from about 15% to about

42% by weight of other amines. Examples of other amines which may be present in the
restduum bottom composition include, but are not limited to, unreacted monoethanolamine,
unrccovercd  piperazine,  2-piperazinocthanol,  tctracthylencpentamine, and  higher
cthyleneamines.

[0033] The distillation residuum bottoms composition CAS Reg. No. 68910-05-4 1s
commercially available, for example, from Dow Chemical Co. under the name AMINE HST
and 18 also available from BASF under the name AMIX 1000. AMINE HST has: an
estimated boiling point (760 mmHg) of 256° C; and estimated flashpoint (closed cup) of 146°
C; an estimated vapor pressure of less than 0.01 mmHg at 20° C; an estimated vapor density
(air = 1) of 4.6; an estimated specific gravity (water = 1) of 1.0-1.3 at 20° C/20° C; an
estimated solubility 1n water of 100% by weight at 20° C; and an estimated pour point of -24°
C.

[0034] Similarly, AMIX 1000 has: a melting point of -30° C; a boiling temperature range
of 236-310° C; a density at 20° C of 1.04 g/cm’; a flashpoint of 132° C; an ignition
temperature of 360° C; a vapor pressure (20° C) of about 0.1 hPa; and a pH of approximately
11.

[0035] In the mnventive drilling method, the mhibitor composition provided by the present

invention will preferably be used 1n the water-based drilling fluid in an amount etffective to at

S
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Icast rcducc clay swelling occurring in the wcell as the drilling fluid 1s circulated through the
well bore. The mhibitor composition will more preferably be used 1n an amount 1n the range
of from about 0.5% to about 5% by weight and will most preferably be used in amount of
from about 2% to about 4% by weight, based upon the total weight of the water-based
drilling fluid.
[0036] In the inventive fracturing method, the inhibitor composition provided by the
present invention will preferably be used in the hydraulic fracturing fluid in an amount
effective to at least reduce clay swelling occurring in the subterranean formation when the
fracturing fluid 1s myected. The inhibitor composition will more preferably be used i an
amount 1n the range of from about 0.05% to about 2% by weight and will most preferably be
used 1 amount 1n the range of from about 0.2% to about 0.7% by weight, based upon the
total weight of the hydraulic fracturing fluid.
[0037] The following examples are meant to 1llustrate, but in no way limit, the claimed
invention.

Example 1
[0038] The suitability of Dow AMINE HST for use as a clay mhibitor in water-based
drilling and fracturing fluids was evaluated by using a Capillary Suction Timer (CST) and by
pcrforming a rhcological study to obtain a viscosity vs. shear profilc. For testing, the AMINE
HST material was mixed with tap water for 10 minutes 1n a Hamilton Beach mixer to make a
3% wt. solution of mhibitor in water. Next, 50 g of [IPA Bentonite clay was added over one
minute to the 3% mhibitor solution and the mixture was stirred for 90 minutes at room
tempcerature.
[0039] For comparison purposes, identical 3% mixtures of four well-known high
performance inhibitors currently used in the art were prepared using the same procedure. The
prior art inhibitors were tetramethylammonium chloride (TMAC), choline chloride,
Jeffamine D-230, and potasstum chloride (KCI).
[0040] In testing samples of each of these mixtures, an OFI CST 294-50 mstrument using
Whatman 17 Standard CST paper was first prepared by cleaning the electrodes of the
instrument and replacing the CST paper. A transfer pipet was then used to pull a 2 mL
sample of the mixture and 1nject the sample into the center of the CST device. The capillary
action movement of the liquid mixturc was then mcasurcd 1n terms of the time required for
the sample front to move from the first electrode to the second electrode. The time was

recorded and the test was then repeated four additional times for each test mixture.
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|0041] In thc rheological studics for cach of thc suspensions identificd above, after 90
minutes of stirring, a 25 mL sample of the suspension was poured into a S0 mL beaker. If the
sample foamed and did not disperse, the sample was heated (90 F) and stirred gently on a
magnetic stir plate for 2-5 minutes and the non-dispersed foam was removed with a spatula.
All experiments were performed at 23.5 C. The sample was pourcd into the sample cup of an
Anton Paar MCR-302 rheometer concentric cylinder, and viscosity vs. shear rate data was
recorded after a five minute temperature equilibration time. The sample was sheared from
1,000 sec” to 0.1 sec”' over 120 minutes and the data was recorded using Rheoplus software.

[0042] The time results of the CST tests are provided below 1in Table 1. All results
recorded 1n Table I are 1n seconds. The viscosity vs. shear results for AMINE HST and for

the four comparative prior art inhibitors are provided in FIG. 1.

Table |
TMAC Choline Jeffamine D- KCI AMINE
Chloride 230 HST
51.2 43.6 47.5 64.1 25.3
61.3 45.6 49.7 60.5 25.4
56.8 433 48.3 60.3 249
55.8 43.3 46.7 57.4 25.4
59.7 44,8 45.2 64 24.7
average 56.96 4412 47 .48 61.26 25.14
All inhibitors tested at 3% wt. concentration

[0043]  The results provided 1n Table I and 1n FIG. 1 show that AMINE HST unexpectedly
outperformed the prior art inhibitors in the CST and rheology tests. The viscosity vs. shear
results for AMINE HST were desirably lower than the results provided by each of the prior
art mhibitors. Morcover, the CST times provided by AMINE HST were close to two times
faster than the CST results provided by choline chloride and Jetftamine D-230 and were more

than twice as fast as the CST results provided by TAMC (tetramethylammonium chloride)
and KCI.

Example 2

[0044] Additional CST tests were also performed using the same sample preparation
procedures as used in Example 1 for the following compositions:

e 100wt% DETA

e 100wt% TETA

e 100 wt% AEEA
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e 100 wt% DEA
e 100wt% TEA
e 100 wt% HED
e 70 wt% DETA and 30 wt % AEEA
e 70wt% TETA and 30 wt % AEEA

e Syn. Comp. 1: 32 wt % AEEA, 12 wt % TEA, 8 wt % DEA, 10 wt
% HEP, and 38 wt % DETA

e Syn. Comp. 2: 32 wt % AEEA, 12 wt % TEA, 8 wt % DEA, 10 wt
% HEP, and 38 wt % TETA

o Syn. Comp. 3: 32 wt % AEEA, 12 wt % TEA, 8 wt % DEA, 10 wt
% HEP, 19 wt % TETA, and 19 wt % DETA

[0045]  The results of the CST tests for these compositions are provided below 1n Table II.
Table II also repeats the results reported for AMINE HST 1n Example 1.
Table 11
DETA TETA AEEA DEA TEA HEP DETA+AEEA** TETA+AEEA" Syn.Comp.1* Syn.Comp.2" Syn.Comp.3” AMINE
?3.8 26.4 175.3 754 179.1 1272 27.6 21 29.1 288 0.9 == 25.3
25.9 25.8 178.1 229.5 124.6 1164 23.7 20.7 28.2 30.1 32.4 25.4
24.3 24.5 176.3 243.4 126.6 112.1 19.7 20.1 29.4 31.8 21.2 24.9
26.1 25.4 169.2 247.2 127.7 122.6 19.9 21.1 27.8 30.1 21.3 25.4
25.6 24.4 170.9 252.8 125.9 1202 20.2 20.1 28.5 29.8 20.6 24.7
average= 25.14 25.3 173.96 245.38 126.78 1197 21.22 20.6 28.6 30.12 31.28 25.14
DETA+AEEA** DETA=70%, AEEA=30%
TETA+AEEA* TETA-70%, AEEA—30%

AEEA=32%_ TEA+12%, DEA=8%, HEP=10%, DETA=38%
AEEA=32%, TEA+12%, DEA=8%, HEP=10%, DETA=35%
AEEA-22%, TEA+12%, DEA—8%, HEP—10%, DETA—19%, TETA—19%,

*Synthetic Composition 1
+Synthetic Cornposition 2
--Synthctic Coraposition 3

[0046]
respects. For example, the CST times for AMINE HST and for the Synthetic bottoms-type

The CST results reported in Table II are unexpected and surprising in several

compositions 1, 2 and 3 were as good as, or substantially as good as, the results provided by
DETA or TETA alone, in spite of the fact that AMINE HST and cach of the synthetic
bottoms compositions contained high amounts of AEEA, DEA, TEA, and HEP, each of
which, when tested alone, exhibited CST times which were almost 5 to 10 times slower than
the CST times exhibited by either DETA or TETA. In addition, the composition consisting
only of a combination of DETA and AEEA exhibited synergistic CST results which were not

only superior to the other compositions, but were better than the results provided by either

DETA or AEEA alone.

10047]
DEA and TEA are illustrated in FIG. 2. As seen 1n FIG. 2, the viscosity vs. shear results for

Furthcr, uncxpected syncrgistic rheology results for the composition consisting of
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thc combination of DEA and TEA wecre desirably lowcer than the results provided by cither
DEA or TEA alone.

Example 3
0048] Thc pcrformance of Dow AMINE HST as a clay stabilizer, as comparcd to the

other 1inhibitors i1dentified in Table III, was also investigated by retention testing. Samples of
midway shale were passed through a Combustion Engineering U.S.A Standard Testing 16-
mesh sieve and the small particulates that passed through the sieve were discarded, while the
larger pieces were set aside for later use. 3 wt% 1nhibitor solutions were prepared in 1 L
bottles by addition of inhibitor to a pre-weighed bottle, and then water was added until the
final solution mass reached 875 g. The bottle was then shaken to homogenize the mixture

[0049] Into a 250 mL pressure cell was placed 21.0 g of relatively uniform shale pieces
and 234.0 ¢ of inhibitor solution from the 1 L bottle, after which the cell was pressurized with
100 ps1 of nitrogen. Each inhibitor was tested in triplicate. The cells were placed into a roller
oven that had been preheated to 250 °F and then rolled for 16 hours. The cells were cooled 1n
a water bath, and the contents of the cells were collected onto the 16-mesh sieve and dried.
The mass of the mhibitor-exposed shale after hot-rolling was normalized by the itial mass
of shalc and multiplicd by 100 to givc the percent of shalc rctamned. The rcsults arc

summarized below in Table I1I.

lable 111
3 wit% 3 wit%o . : '
. 3 W% oMY L 3wt% | 3wt% | 3 wt% Choline | 6 wt%
Inhibitor |y | AMINE Jeffamine D= py g | TRTA Chloride KCl
HST 230
Ret(?);l;m“ 99.1 088 855 69.9 | 78.6 68.9 63.4
0O

[0050] The retention results provided by AMINE HST, which were substantially the same

as for DETA, were better than the results provided by the prior art inhibitors Jeffamine D-230

and TMAC and were significantly superior to TETA and to the prior art inhibitors choline
chloride and potassium chloride.

[0051] Rheological measurements of clays treated with the stabilizers 1n Table III are
shown 1n Figure 3. AMINE HST performs comparably to the synthetic bottoms composition

in Figure 1, and provides much lower viscosities than the other inhibitors from Table I11.

12
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[0052]  Thus, the present invention 1s well adapted to carry out the objects and attain the
ends and advantages mentioned above as well as those inherent therein. While presently
preferred embodiments have been described for purposes of this disclosure, numerous
changes and moditications will be apparent to those of ordinary skill in the art. Such changes

and modifications arc cncompasscd within this invention as defined by the claims.

13



CLAIMS

1. A method of drilling a well, the method comprising drilling a well bore and
circulating a water-based drilling fluid through said well bore when drilling said well bore,

wherein said water-based drilling fluid comprises an inhibitor composition comprising:

aminoethylethanolamine (AEEA) in an amount of from about 10% to about 50% by

weight of a total weight of said inhibitor composition;

diethylenetriamine (DETA) in an amount of from 0% to about 70% by weight of said

total weight of said inhibitor composition;

triethylenetetramine (TETA) in an amount of from 0% to about 70% by weight of said

total weight of said inhibitor composition;

diethanolamine (DEA) in an amount of from 0% to about 50% by weight of said total

weight of said inhibitor composition; and

tricthanolamine (TEA) in an amount of from 0% to about 50% by weight ot said total

welight of said inhibitor composition,

wherein said DETA or said TETA, or a combination of said DETA and said TETA, is
present 1n said inhibitor composition in an amount of at least 5% by weight of said total weight

of said inhibitor composition and

said DEA or said TEA, or a combination of said DEA and said TEA, is present in said
inhibitor composition in an amount of at least 2% by weight of said total weight of said inhibitor

composition.

2. The method of claim 1 wherein said amount of said AEEA 1is at least 25% by

weight of said total weight of said inhibitor composition.

3. The method of claim 2 wherein said amount of said DEA 1s about 2% or more by

weight of said total weight of said inhibitor composition.
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4. The method of claim 2 wherein said amount of said TEA is about 3% or more by

weight of said total weight of said inhibitor composition.

S. The method of claim 1 wherein said inhibitor composition further comprises an
amount of hydroxyethylpiperazine (HEP) of from about 1% to about 15% by weight of said total

weight of said inhibitor composition.

6. A method of drilling a well, the method comprising drilling a well bore and
circulating a water-based drilling fluid through said well bore when drilling said well bore,

wherein said water-based drilling fluid comprises an inhibitor composition comprising:

aminocthylethanolamine (AEEA) in an amount of from about 25% to about 50% by

weight of a total weight of said inhibitor composition and

diethylenetriamine (DETA) in an amount of {rom about 50% to about 75% by weight of
said total weight of said inhibitor composition or triethylenetetramine (TETA) in an amount of

from about 50% to about 70% by weight of said total weight of said inhibitor composition.

7. The method of claim 6 wherein said inhibitor composition consists essentially of

said AEEA and said DETA or TETA.

8. A method of drilling a well that at least reduces clay swelling that occurs in said
well as a water-based drilling fluid is circulated through said well, the method comprising
drilling a well bore and circulating the water-based drilling fluid through said well bore when
drilling said well bore, wherein said water-based drilling fluid comprises an inhibitor
composition that is a distillation residuum bottoms composition remaining from a process
wherein monoethanolamine has been reacted with ammonia to produce a reaction product
composition and said reaction product composition has been fractionated to recover a piperazine
distillate product therefrom and to leave said distillation residuum bottoms composition that

comprises aminoethylethanolamine (AEEA) and at least one of diethylenetriamine (DETA),

triethylenetetramine (TETA), or both.

9. The method of claim 8 wherein at least one of:
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sald AEEA 1s present in an amount of from about 25% to about 50% by weight of a total

weight ot said distillation residuum bottoms composition;

said DETA 1s present in an amount of from at least 1% by weight of the total weight of

said distillation restduum bottoms composition;

saild TETA is present in an amount of from at least 4% by weight of the total weight of

said distillation residuum bottoms composition; or

a combination thereof.

10.  'The method of claim 9 wherein said distillation residuum bottoms composition
further comprises, based upon said total weight of said distillation residuum bottoms

composition,
at least 4.5% by weight diethanolamine (DEA), and
at least 3% by weight triethanolamine (TEA).

11.  The method of claim 10 wherein said distillation residuum bottoms composition

further comprises at least 1.5% by weight hydroxyethylpiperazine (HEP) based upon said total

weight of said distillation residuum bottoms composition.

12.  The method of claim 10 wherein said distillation residuum bottoms composition

1s present in said water-based drilling fluid in an amount of from about 0.5% to about 5% by

welght based upon a total weight of said water-based drilling fluid.

13. A method of fracturing a subterranean formation, the method comprising injecting
a fracturing fluid into said subterranean formation, wherein said fracturing fluid comprises an

inhibitor composition comprising:

aminoethylethanolamine (AEEA) in an amount of from about 10% to about 50% by

weight of a total weight of said inhibitor composition;

diethylenetniamine (DETA) 1in an amount of from 0% to about 70% by weight of said

total weight of said inhibitor composition;
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triethylenetetramine (TETA) in an amount of from 0% to about 70% by weight of said

total weight of said inhibitor composition;

diethanolamine (DEA) in an amount of from 0% to about 50% by weight of said total

weight of said inhibitor composition; and

triethanolamine (TEA) in an amount of from 0% to about 50% by weight of said total

weight of said inhibitor composition,

wherein said DETA or said TETA, or a combination of said DETA and said TETA, is
present in said inhibitor composition 1n an amount of at least 5% by weight of said total weight

of said inhibitor composition and

said DEA or said TEA, or a combination of said DEA and said TEA, is present in said
inhibitor composition in an amount of at least 2% by weight of said total weight of said inhibitor

composition.

14.  The method of claim 13 wherein said amount of said AEEA 1s at least 25% by

weight of said total weight of said inhibitor composition.

15. The method of claim 14 wherein said amount of said DEA 1s about 2% or more

by weight of said total weight of said mhibitor composition.

16. The method of claim 14 wherein said amount of said TEA is about 3% or more by

weight of said total weight of said inhibitor composition.

17.  The method of claim 13 wherein said inhibitor composition further comprises an
amount of hydroxyethylpiperazine (HEP) of from about 1% to about 15% by weight of said total

welght of said inhibitor composition.

18. A method of fracturing a subterranean formation, the method comprising injecting
a fracturing fluid into said subterranecan formation, wherein said fracturing fluid includes an

inhtbitor composition comprising:
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aminoethylethanolamine (AEEA) in an amount of from about 25% to about 50% by

weight of a total weight of said inhibitor composition; and

diethylenetriamine (DETA) in an amount of from about 50% to about 75% by weight of
said total weight of said inhibitor composition or triethylenetetramine (TETA) 1n an amount of

from about 50% to about 70% by weight of said total weight of said inhibitor composition.

19.  The method of claim 18 wherein said inhibitor composition consists essentially of

saild AEEA and said DETA or TETA.

20. A method of fracturing a subterrancan formation that at least reduces clay
swelling that occurs in said subterranean formation as a fracturing fluid 1s injected into the
subterranean formation, the method comprising injecting said fracturing flmid nto said
subterranean formation, wherein said fracturing fluid comprises an inhibitor composition that 1s a
distillation residuum bottoms composition remaining from a process wherein monoethanolamine
has been reacted with ammonia to produce a reaction product composition and said reaction
product composition has been fractionated to recover a piperazine distillate product therefrom
and to leave said distillation residuum bottoms composition that comprises
aminoethylethanolamine (AEEA) and at least one of diethylenetriamimne (DETA),
triethylenetetramine (TETA), or both.

21. The method of claim 20 wherein at least one of:

said distillation residuum bottoms composition comprising from about 25% to about 50%

by weight AEEA based on a total weight of said distillation residuum bottoms composition;

said distillation residuum bottoms composition comprising at least 1% by weight DETA

based on a total weight of said distillation residuum bottoms composition;

said distillation residuum bottoms composition comprising at least 4% by weight TETA

based on a total weight of said distillation residuum bottoms composition; or

or a combination thereof.
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22.  The method of claim 21 wherein said distillation resitduum bottoms composition
further comprises, based upon said total weight of said distillation residuum bottoms

composition,
at least 4.5% by weight diethanolamine (DEA), and

at least 5% by weight triethanolamine (TEA).

23.  The method of claim 22 wherein said distillation residuum bottoms composition
further comprises at least 1.5% by weight hydroxyethylpiperazine (HEP) based upon said total

weight of said distillation residuum bottoms composition.

24.  The method of claim 22 wherein said distillation residuum bottoms composition
is present in fracturing fluid in an amount of from about 0.05% to about 2% by weight based

upon a total weight of said fracturing fluid.

25. A method of treating a well or a subterranean formation, the method comprising
injecting a treatment fluid into said well or said subterranean formation, wherein said treatment

fluid comprises an inhibitor composition comprising:

aminoethylethanolamine (AEEA) in an amount of from about 10% to about 50% by

weight of a total weight of said inhibitor composition;

diethylenetriamine (DETA) in an amount of from 0% to about 70% by weight of said

total weight of said inhibitor composition;

triethylenetetramine (TETA) in an amount of from 0% to about 70% by weight of said

total weight of said inhibitor composition;

diethanolamine (DEA) in an amount of from 0% to about 50% by weight of said total

weight of said inhibitor composition; and

tricthanolamine (TEA) in an amount of from 0% to about 50% by weight of said total

weight of said inhibitor composition,
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wherein said DETA or said TETA, or a combination of said DETA and said TETA, is
present 1n said inhibitor composition in an amount of at least 5% by weight of said total weight

of said inhibitor composition and

sald DEA or said TEA, or a combination of said DEA and said TEA, is present in said
inhibitor composition in an amount of at least 2% by weight of said total weight of said inhibitor

composition.

26.  The method of claim 25 wherein said amount of said AEEA 1s at least 25% by

welght of said total weight of said inhibitor composition.

27. The method of claim 26 wherein said amount of said DEA 1s about 2% or more

by weight of said total weight of said inhibitor composition.

28.  The method of claim 26 wherein said amount of said TEA is about 3% or more by

welght of said total weight of said inhibitor composition.

29.  The method of claim 25 wherein said inhibitor composition further comprises an
amount of hydroxyethylpiperazine (HEP) of from about 1% to about 15% by weight of said total

weight of said inhibitor composition.

30.  The method of claim 25 wherein said treatment tluid 1s a completion fluid, a

flood, a conformance control fluid, or other enhanced recovery fluid.

31. A method of treating a well or subterranean formation, the method comprising

injecting a treatment fluid into said well or said subterranean formation, wherein said treatment

drilling fluid comprises an inhibitor composition comprising:

aminoethylethanolamine (AEEA) in an amount of from about 25% to about 50% by

weight of a total weight of said inhibitor composition and

diethylenetriamine (DETA) in an amount of from about 50% to about 75% by weight of
said total weight of said inhibitor composition or triethylenetetramine (TETA) in an amount of

from about 50% to about 70% by weight of said total weight of said inhibitor composition.
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32.  The method of claim 31 wherein said inhibitor composition consists essentially of

saild AEEA and said DETA or TETA.

33. The method of claim 31 wherein said treatment fluid 1s a completion fluid, a

flood, a conformance control fluid, or other enhanced recovery fluid.

34. A method of treating a well or subterranean formation that at least reduces clay
swelling that occurs in said well or subterranean formation as a treatment fluid is injected in said
well or said subterranean formation, the method comprising injecting a treatment fluid into said
well or said subterranean formation, wherein said treatment tluid comprises an inhibitor
composition that 1s a distillation residuum bottoms composition remaining from a process
wherein monoethanolamine has been reacted with ammonia to produce a reaction product
composition and said reaction product composition has been fractionated to recover a piperazine
distillate product therefrom and to leave said distillation residuum bottoms composition that
comprises aminoethylethanolamine (AEEA) and at least one of diethylenetriamine (DETA),

triethylenetetramine (TETA), or both.
35. The method of claim 34 wherein at least one of:

said distillation residuum bottoms composition further comprises from about 25% to
about 50% by weight AEEA based on a total weight of said distillation residuum bottoms

composition;

said distillation residuum bottoms composition further comprises at least 1% by weight

DETA based on a total weight of said distillation residuum bottoms composition;

said distillation residuum bottoms composition further comprises at least 4% by weight

TETA based on a total weight of said distillation residuum bottoms composition; or
a combination thereof.

36. The method of claim 35 wherein said distillation residuum bottoms composition
further comprises, based upon said total weight of said distillation residuum bottoms

composition,
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at least 4.5% by weight diethanolamine (DEA), and
at least 5% by weight triethanolamine (TEA).

37.  The method of claim 36 wherein said distillation residuum bottoms composition
further comprises at least 1.5% by weight hydroxyethylpiperazine (HEP) based upon said total

weight of said distillation residuum bottoms composition.

38.  The method of claim 36 wherein said distillation residuum bottoms composition

is present in said treatment fluid in an amount of from about 0.05% to about 5% by weight based

upon a total weight of said treatment fluid.

39. The method of claim 34 wherein said treatment fluid 1s a completion fluid, a

flood, a conformance control fluid, or other enhanced recovery fluid.
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