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A low-molecular-weight fatty acid amide-based rheology modifier, HRM, suitable for use at
high temperatures was synthesized by reacting a dimeric fatty acid with 2-amino-1,3-propanedi-
olin a 1:1.5 molar ratio. It was designed to address the insufficient sag resistance of high-density
synthetic drilling fluids at high temperatures. Structural characterization, mechanism analysis,
and performance evaluation were also conducted. The results of thermogravimetric analysis and
emulsion stability showed that HRM has excellent thermal stability below its decomposition
threshold of 307 °C, and it can adsorb at the oil-water interface, effectively reducing interfacial
tension and enhancing the demulsification voltage and the emulsification rate. HRM effectively
improved the structural strength of the synthetic-based drilling fluid system by bridging the
emulsion droplets to form a gel-like network structure, thereby effectively improving solid-phase
suspension ability and settlement stability.

Keywords: Synthetic-based drilling fluid; Rheology modifier; Organic clay, High-tempera-
ture, Suspension capability

CuHTe3 Ta BJIACTUBOCTI BHCOKOTEMIIEPATYPHOI'O PeoJIoTivHOro moaudikaropa
IJig OypoBHUX PO3YMHIB HA CHHTETHYHIM OCHOBI BHCOKOI mijbHOCTI. Qiang Sun,
Zheng-song Qiu, Tie Geng, Han-yi Zhong, Wei-li Liu, Yu-lin Tang, Jin-cheng Dong

MogudiraTop peosorii Tuiy amigy sxupsHol kucaotu HRM, srwuit Moske BUKOPHCTOBYBATHCS
B YMOBaX BHCOKHX TeMIIepaTyp, OYB CHHTE30BAHUM ILJIAXOM PEaKIlil TMMEpPHOI JKUPHOI KHUCIOTH
i 2-amino-1,3-mpomanmiosry. IIpoBemeHa CTPyKTypHA XapaKTepHCTHKA, AHAJN3 MeXaHIi3My Ta
OILIIHKA MPOAYyKTHUBHOCTI. Pe3yiibraT TepMorpaBiMeTpruyHOr0 aHAII3y Ta CTa0lIbHOCTI eMyJIbCil
nokaszanu, 1mo HRM mae dymoBy TepMiuny cTablabHICTE HUKUYE 3a MOpir poskiaamanas 307 °C i
MOsKe aJIcopOyBaTHCSA HA Mekl po3muly HadTa-Boaa, e(PeKTUBHO SHIMEKYIOUN MIK(ASHUA HATAT
1 MIOBUINLYIOYNW HAIPYTY eeMyJbIyBaHHSA Ta IIBUAKICTE emynabryBanus. HRM edextuBHO
TOJIIIIIIIUB CTPYKTYPHY MIIIHICTD CUCTEMHU CHHTETUYHOr0 0YyPOBOr0 PO3UYMHY, OB SI3YIOUN KPAILIL
eMyJIbCli 3 yTBOPEHHSIM CITYACTOI IeJIerro1i0H01 CTPYKTYPH, TUM CAMUM e(PeKTUBHO ITOKPAIILYIOYN
3IaTHICTB J0 CyCIieH3ii TBep 10l pasu 1 CTIMKICTD 10 ocay.
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1. Introduction extended-reach horizontal wells, has placed in-

In recent years, China’s growing energy de-
mand has driven oil exploration and develop-
ment into deeper and more geologically com-
plex formations [1-3]. The growing number of
complex wells, including deep, ultra-deep, and
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creasingly stringent demands on drilling fluid
performance [4-6]. Compared to water-based
drilling fluids, oil-based systems demonstrate
superior high-temperature stability, shale in-
hibition, and lubricity. These advantages sig-
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nificantly reduce drilling complications, mak-
ing oil-based fluids the preferred choice for
high-temperature deep wells [7-9]. Diesel oil,
commonly used as the base fluid in oil-based
drilling fluids, has a high aromatic hydrocarbon
content that promotes a strong colloidal inter-
action with organic clay, significantly enhanc-
ing viscosity and improving shearing strength
[10]. As a result, the fluid exhibits excellent
rheological properties, which can withstand the
transportation of slurry under high tempera-
ture and high pressure and effectively prevent
the easy settling of barite [11-12]. However,
diesel oil contains environmentally hazardous
components, including aromatic hydrocarbons
and sulfur compounds, which may pose sig-
nificant toxicity risks and cause environmental
pollution problems [13].

With growingenvironmental awareness, syn-
thetic-based drilling fluids have gained increas-
ing demand. Unlike diesel oil, synthetic oil does
not contain harmful aromatic hydrocarbons or
sulfur; it can provide excellent biodegradability
and is a more environmentally friendly alter-
native [14-15]. However, synthetic oil exhibits
lower kinematic viscosity than diesel oil, which
substantially reduces the colloidal efficiency
of organic clay. This leads to operational chal-
lenges such as worsened electrical stability, in-
creased fluid loss, and settling of solid phases
(barite). These issues can subsequently cause
well control incidents, increased risk of differ-
ential sticking, and reduced wellbore cleaning
efficiency, which ultimately compromises drill-
ing safety and operational continuity [16-17].
Consequently, developing high-performance,
environmentally friendly synthetic-based drill-
ing fluids demands more advanced additives to
overcome these technical challenges.

Current rheology modifiers for drilling flu-
ids, including organic clays, fatty acid amides,
and oil-soluble polymers, are employed to im-
prove suspension capacity and prevent the set-
tling of weighting materials [18-20]. Organic
clays were prepared through ion exchange re-
actions, whereby cationic surfactants were in-
tercalated into the interlayer spaces of the clay
structure. The short alkyl chains exhibit limit-
ed lipophilicity, leading to poor oil compatibili-
ty. Consequently, the modified organoclay dem-
onstrates inadequate swelling performance or
even structural contraction, failing to achieve
the desired viscosity enhancement effect. In
contrast, organic clays modified with double
long-chain alkyl surfactants demonstrate supe-
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rior rheological performance in drilling fluids.
This enhancement arises from two key factors:
(1) the exceptional lipophilicity of surfactants
improves oil compatibility and (2) their molecu-
lar structure effectively expands the interlay-
er distance of montmorillonite [21]. However,
most organic clays face dual limitations: they
lose viscosity-enhancing capacity at 200 °C due
to modifier decomposition, while excessive con-
centrations cause over-thickening that reduces
drilling efficiency [22]. As rheology modifiers,
oil-soluble polymers were mainly formed by the
polymerization of oil-soluble monomers such
as styrene, styrene derivatives, acrylate and
its derivatives, or the reaction of metal cross-
linking agents with polymers containing phos-
phate ester structures [20, 23]. Many scholars
have conducted extensive research on rheology
modifiers promoting the development of drill-
ing fluid. Unfortunately, polymer-based rheol-
ogy modifiers face inherent thermal stability
limitations, and their macromolecular struc-
tures undergo chain scission and degradation
at elevated temperatures, ultimately leading to
performance failure due to insufficient thermal
resistance [24]. Fatty acid amide rheology mod-
ifiers primarily enhance the dynamic shearing
strength of drilling fluids by forming hydrogen
bonds with other functional groups via the am-
ide groups within the molecule, thereby creat-
ing a network structure. Additionally, the inter-
actions between hydroxyl and carbonyl groups
in the molecule and other groups further rein-
force this network structure, enabling the drill-
ing fluid system to exhibit enhanced dynamic
shearing strength and suspension capabilities
[25]. This rheology modifier significantly en-
hances shearing strength performance, while
the amide groups in its molecular structure en-
sure outstanding high-temperature stability in
drilling fluids. In summary, fatty acid amides
represent an important direction for the devel-
opment of drilling fluid rheology modifiers and
offer great potential for future applications.
Therefore, developing high-performance rheol-
ogy modifiers to improve barite suspension in
high-density synthetic-based drilling fluids,
particularly under elevated temperatures, re-
mains a critical technological challenge for the
drilling industry. Through rational molecular
structure design, a high-temperature rheology
modifier (HRM) was synthesized by reacting di-
mer fatty acid with 2-amino-1,3-propanediol at
a molar ratio of 1:1.5. The resulting compound
significantly enhanced the structural strength

Functional materials, 32, 4, 2025
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experimental workflow designed to accomplish the research objectives.
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Fig. 1. Experimental flow chart

of synthetic-based drilling fluid systems and
improved the suspension capacity of barite.
HRM demonstrated exceptional thermal stabil-
ity, maintaining performance at temperatures
up to 200 °C, thereby meeting the stringent re-
quirements for deep well drilling applications.

2. Experimental

2.1. Materials

Analytical-grade dimer fatty acid, potas-
sium hydroxide (KOH), 2-amino-1,3-propane-
diol, calcium oxide (CaO), and calcium chloride
(CaCl,) were supplied by Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China). Gas-made
oil, used as the base oil for synthetic-based
drilling fluid, was provided by China Oilfield
Services Co., Litd. (Zhanjiang, China). The pri-
mary emulsifier (HIEMUL), auxiliary emulsifi-
er (HICOAT), wetting agent (HIWET), organic
clay (HIGEL), filtrate reducer (HIFLO), and
barite (density: 4.2 g/cm?, as weighting agent)
were obtained from Jingzhou Jiahua Tech. Co.,
Ltd. (Jingzhou, China).
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2.2. Methods

In this study, a high-temperature rheology
modifier (HRM) was synthesized and applied
in high-density synthetic-based drilling fluids.
Fig. 1 illustrates the experimental workflow
designed to accomplish the research objectives.

2.2.1. Synthesis and structural charac-
terization of HRM

Dimer fatty acids exhibit high viscosity due
to hydrogen bonding, making them effective
rheology modifiers for synthetic-based drilling
fluids. However, their low hydrophilicity limits
their performance. To address this, dimer fatty
acids were chemically modified with 2-amino-
1,3-propanediol to enhance hydrophilicity. The
synthesis route is illustrated in Fig. 2. The
high-temperature rheology modifier (HRM)
was synthesized as follows: A mixture of 0.1
mol dimer fatty acid, 0.15 mol 2-amino-1,3-pro-
panediol, and 0.1 g KOH was added to a three-
neck flask and stirred at 250 rpm. The mixture
was heated to 100 °C for 30 min under continu-
ous stirring, followed by N, purging for 30 min.
Subsequently, the temperature was raised to
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Fig. 2. Synthesis route of HR

175 °C, and the reaction proceeded for 4 h. The
water produced by the reaction was removed
via vacuum distillation, and the final product
was obtained and named the high-temperature
rheology modifier (HRM).

The molecular structure of HRM was char-
acterized by Fourier Transform Infrared (FT-
IR) spectroscopy using a WQF-520 spectrome-
ter (Beijing Jingke Ruida Technology Co., Ltd.,
China). The spectrum was acquired in trans-
mission mode with 32 scans at a resolution
of 4 cm™!, covering the wavenumber range of
4000-500 cm™?. In addition, the thermal stabil-
ity of HRM was evaluated using a Q500 series
Thermogravimetric Analyzer (Shanghai Lerui
Scientific Instrument Co., Ltd., China). Ap-
proximately 5 mg of HRM sample was heated
from 50 to 500 °C under a nitrogen atmosphere
at a constant heating rate of 10 °C/min, and the
resulting thermogravimetric (TGA) curve was
recorded.

2.2.2. Effect of HRM on oil-water
interfacial tension

In synthetic-based drilling fluids, emulsion
stability is critical for optimal performance.
To evaluate the effect of HRM on water-in-oil
emulsion stability, the oil-water interfacial ten-
sion was measured at varying HRM dosages
using a Teclis Tracker tensiometer (Teclis In-
struments, Azergues, France) at 25 °C.

2.2.3. Effect of HRM on emulsion
stability

The effect of HRM dosage on water-in-oil
emulsion stability was further investigated
through demulsification voltage measurements
and emulsification rate testing. The emulsion
formula is: base fluid (the volume ratio of gas-
made oil to 26 wt% CaCl, aqueous solution is
80:20) +4.0 wt% HIEMUL +1.0 wt% HICOAT
+ 3.0 wt% CaO + HRM. The emulsions contain-
ing varying HRM concentrations were ther-
mally aged at 200 °C for 16 h. Subsequently,
the demulsification voltage of the emulsions
was measured using a Fann 21,200 electrical
stability tester (Fann Instrument Company,
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Houston, USA) at room temperature. To de-
termine the emulsification rate, the prepared
emulsions were transferred to graduated cyl-
inders and statically maintained at room tem-
perature for 24 h. The volume of separated oil
phase was quantified to determine the emulsi-
fication rate.

2.2.4. Effect of HRM on emulsion modu-
lus

The storage modulus (G’) and loss modulus
(G”) of the emulsions containing varying HRM
concentrations were measured using a Haake
MARS III rheometer (Thermo Fisher Scientific,
USA). The dynamic frequency of the emulsions
was scanned in cone-plate mode. The scanning
frequency ranged from 0.1 to 10 s~! at a con-
stant temperature of 25 °C.

2.2.5. Effect of HRM on synthetic-based
drilling fluids

The basic formula of the synthetic-based
drilling fluid was: base fluid (the volume ratio
of gas-made oil to 26 wt% CaCl, aqueous solu-
tion is 80:20) +4.0 wt% HIEMUL +1.0 wt% HI-
COAT + 3.0 wt% CaO + 1.5 wt% HIGEL + 5.0
wt% HIFLO + 1.5 wt% HIWET + barite (p = 2.0
g/em?). The synthetic-based drilling fluids con-
taining varying concentrations of HRM were
thermally aged at 200 °C for 16 h. Following
aging, the demulsification voltage was deter-
mined, and rheological properties were evalu-
ated at six shear rates (600, 300, 200, 100, 6,
and 3 rev/min). These measurements were used
to calculate key rheological parameters: appar-
ent viscosity (AV), plastic viscosity (PV), and
yield point (YP). The properties were measured
at 50 °C in compliance with GB/T 16783.1-2006
(2014), with the calculation formulas provided
in Equations 1 to 3. The filtrate loss (FL) was
measured with a Fann HT4700 high-tempera-
ture and high-pressure fluid loss meter (Fann
Instrument Company, Houston, USA), and the
test temperature was 180 °C. After filtration,
the filter cake was air-dried and analyzed using
a field-emission scanning electron microscope
(Model MIRA-LMS, Tescan Company, Brno,
Czech Republic) at an acceleration voltage of
15 keV to evaluate the influence of HRM on its
properties.

AV=0,00/2 (1)
PV= 05000300 &)
YP = 0.511(8590— PV) 3)

Functional materials, 32, 4, 2025
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Fig. 3. The FT-IR spectrum of HRM

Where:

AV is the apparent viscosity (mPa -s)

PV is the plastic viscosity (mPa ‘s)

YP is the yield point (Pa)

B600 1s the dial reading at 600 rev/min (di-
mensionless)

0500 1s the dial reading at 300 rev/min (di-
mensionless)

2.2.6. The stability evaluation of syn-
thetic-based drilling fluids

The high-temperature stability of synthetic-
based drilling fluids was assessed using sam-
ples prepared according to the base formulation
and subjected to thermal aging at 180 °C, 200
°C, and 220 °C for 16 h. After aging, the filtrate
loss, demulsification voltage, and rheological
properties were measured.

The suspension capacity of solid phases in
synthetic-based drilling fluids was assessed by
pre-aging the fluid at 200 °C for 16 hours. The
aged samples were then subjected to static sag
testing at 200 °C in an ML-30B precision con-
stant-temperature oven (Suzhou Sutai Electric
Heating Equipment Co., Ltd., China) for differ-
ent periods of time (1, 3, and 5 days) to assess the
sedimentation behavior of particles. To quantify
the suspension capacity, the density differential
(Ap) between upper and lower fluid layers was
measured after static aging. This density varia-
tion served as a key parameter to evaluate the
effectiveness of HRM in maintaining solid-phase
homogeneity in synthetic-based drilling fluids
under high-temperature conditions.

3. Results and discussion

3.1. Analysis of Infrared Spectrum

Fig. 3 presents the FT-IR spectrum of HRM
with characteristic vibrations of functional

Functional materials, 32, 4, 2025
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Fig. 4. Thermal stability of HRM

groups, confirming its successful synthesis.
The broad characteristic peak at 3380 cm™! cor-
responds to the absorption of the -OH stretch-
ing vibrations. The peaks at 2930 and 2850
cm'! belonged to the stretching vibrations of -
CH,-. The characteristic peaks of amide group
appeared in the range of 1650 - 1690 cm'!. At
1600 cm'l, the stretching vibration of the car-
bon-carbon double bond (C=C) was observed.
The peak at 720 cm! is the characteristic peak
of -(CH,) ,-. These vibrational signatures collec-
tively verify the expected molecular structure
of the high-temperature rheology modifier.

3.2. Thermogravimetric Analysis of
HRM

Fig. 4 presents the thermogravimetric anal-
ysis (TGA) profile of HRM, demonstrating its
thermal decomposition behavior. The material
exhibited progressive mass loss with increasing
temperature, with three stages of degradation
being identified. An initial 2.1% mass loss in
the temperature range from 50°C to 100 °C cor-
responded to the evaporation of free intersti-
tial water molecules within the sample matrix.
This low-temperature mass loss represented
physically adsorbed moisture that was readily
released below the boiling point of water, con-
sistent with the hygroscopicity of the material
observed during storage. In the temperature
range from 100°C to 307 °C, the sample exhib-
ited a gradual decrease in mass by 7.9%, which
corresponded to the release of both adsorbed
water (hydrogen-bound to surface sites) and
low-molecular volatile components [26, 27]. It is
important to note that this step did not have a
negative impact on the effectiveness of the rhe-
ology modifier. In the temperature range from
307°C to 500 °C, the sample underwent rapid
thermal decomposition exhibiting a sharp mass
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loss of 68.2%. This transition corresponded to
the splitting of functional groups (amide group,
carboxyl group) and the rupture of aliphatic
main chains (C-C bond dissociation) [28]. The
sample demonstrated excellent thermal stabil-
ity below its decomposition threshold of 307 °C,
maintaining structural integrity under high-
temperature drilling conditions.

3.3. Analysis of oil-water interfacial
tension

Fig. 5 demonstrates the dose-dependent
interfacial activity of HRM. As indicated, the
oil-water interfacial tension decreased signifi-
cantly with increasing HRM concentration,
reaching a critical micelle concentration (CMC)
at 1.5 wt%, beyond which no significant further
reduction occurred. In principle, the lower the
oil-water interfacial tension, the more stable
the water-in-oil drilling fluid becomes. This
was due to the presence of multiple hydrophilic
groups in HRM molecules, derived from 2-ami-
no-1,3-propanediol, which exhibited character-
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istics similar to those of Gemini surfactants [29,
30]. These HRM molecules can adsorb at the
oil-water interface, effectively reducing interfa-
cial tension and enhancing the emulsion stabil-
ity of the water-in-oil drilling fluid system.

3.4. Analysis of emulsion stability

The effect of HRM dosage on the stability
of water-in-oil emulsion is shown in Fig. 6. In
water-in-oil emulsions, both the demulsifica-
tion voltage (increasing from 678 to 1235 V)
and the emulsification rate (rising from 83.3%
to 91.4%) systematically increased with HRM
concentration (0-2.0 wt%), indicating that
HRM can effectively stabilize the emulsion.
HRM molecules spontaneously adsorb at the
oil-water interface, self-assembling into elas-
tic-dominant interfacial films that provided a
mechanical barrier against droplet coalescence
[25]. Consequently, the stability of the water-
in-oil drilling fluid system can be enhanced by
the addition of HRM.
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Table 1 Performance of drilling fluids with varying HRM concentrations

®

Water droplets
or particles

Hydrogen bonding HRM

dos?gfé%vt% Condition | AV/ mPas | PV/mPas | YP/ Pa | ¢6 /g3 Degﬁ)‘ﬁzﬁ‘}f"\?on FL/ mL
0 Before aging 44 39 5 5/3 573
After aging 33.5 31 2.5 2/1 424 10.8
05 Before aging 46 40 6 6/5 738
' After aging 43 38 5 5/4 689 6.4
10 Before aging 52 44 8 9/8 832
) After aging 49 42 7 10/8 910 4.2
15 Before aging 56 46 10 12/11 921
) After aging 54 43 11 12/10 1029 3.6
Oil phase

-

Q

Fig. 8. Functional mechanism of HRM

3.5. Analysis of emulsion modulus

The effect of HRM on the storage modulus
(@) and loss modulus (G”) of the emulsions is
shown in Fig. 7. As the oscillation frequency
increased, both the storage modulus (G’) and
loss modulus (G”) of the emulsions showed an
upward trend, indicating that the increased
frequency enhanced the interactions between
emulsion droplets. For the emulsion without
HRM, G” was higher than ’, showing that the
viscous transition occurred and the emulsion
was in liquid state. For the emulsion with 1.5
wt% HRM, G’ was greater than G”, indicating
a transition from a liquid state to a “gel state”.
This change was attributed to HRM adsorption
at the oil-water interface, which enhanced the
elasticity of the emulsion film and improved
the emulsion’s stability [31, 32].

Functional mechanism of HRM: As shown in
Fig. 8, in the emulsions, the synergistic action
of the primary and auxiliary emulsifiers led to
the formation of a relatively stable system. The
high-temperature rheology modifier (HRM)
with amphiphilic molecular structure can tend
to adsorb at the oil-water interface. Addition-

Functional materials, 32, 4, 2025

ally, due to the solubilization of the emulsifiers
at the oil-water interface, the concentration of
HRM at the oil-water interface was further en-
hanced. The HRM molecules can form a “film”
on the oil-water interface due to hydrogen bond-
ing. On one hand, the accumulation of HRM
at the interface strengthened the interfacial
film, contributing to the stability of the emul-
sion. On the other hand, the hydrogen bonding
between HRM adsorbed on the surfaces of dif-
ferent droplets enhanced the interaction forces
between droplets within the emulsions.

3.6. Performance of drilling fluids
with varying HRM concentrations

Table 1 shows the effect of HRM dosage on
drilling fluid performance. The drilling fluid
without HRM displayed a low demulsification
voltage, and after thermal aging, its viscosity
and shearing strength dropped significantly,
leading to increased filtration loss. As the HRM
concentration increased, the demulsification
stress of the drilling fluid gradually increased
and the filtration losses decreased accordingly.
It is important to note that the viscosity and
shearing strength of the drilling fluid contain-
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Table 2 High-temperature characteristics of drilling fluids

Aging Condition HRl\/‘INECl;)sage/ H?I}; /'s mli:"g's YP/ Pa| @6 /@3 Deg’t)lﬂzlgf:;a\t]lon FL/ mL
180°C x 16 h 40 34 6 4/3 583 6.6
200°C x 16 h 0 33.5 31 2.5 2/1 424 10.8
220°C x 16 h 30 29 1 2/0 367 28.3
180°Cx 16 h 58 45 13 12/10 1130 3.4
200°C x 16 h 1.5 54 43 11 12/10 1029 3.6
220°Cx16h 48 40 8 10/9 865 5.6

Fig. 9. SEM images of filter cakes. (a) the fluid without HRM; (b) the fluid with 1.5 wt% HRM.

ing HRM remained relatively stable even after
high-temperature hot rolling, indicating that
HRM enhanced the thermal stability of drill-
ing fluids. An explanation for this phenomenon
was as follows: the surfaces of the filtrate re-
ducer and barite materials contain hydroxyl
groups, and in the drilling fluid, the HRM was
not only adsorbed at the oil-water interface but
also interacted with the surfaces of particles
and droplets through hydrogen bonding. This
can strengthen droplet-droplet, droplet-par-
ticle and particle-particle interactions, leading
to the formation of 3D network structures that
can enhance viscosity and improve shearing
strength [33, 34], thereby increasing the ther-
mal stability of the drilling fluids, as illustrated
in Fig. 8.

Fig. 9 presents comparative SEM images of
the filter cakes, clearly demonstrating signifi-
cant microstructural refinement through in-
corporation of the rheology modifier. The filter
cake without HRM (Fig. 9a) exhibited a loose,
porous microstructure which resulted in poor
sealing and increased filtration losses. The fil-
ter cake with 1.5 wt% HRM (Fig. 9b) showed
a dense and uniform layered structure. HRM
facilitated the formation of a continuous solid-
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phase network via bridging effects, thereby en-
hancing the structural integrity and reducing
the permeability of the filter cake.

3.7. High-temperature stability of drill-
ing fluids

Table 2 shows high-temperature stability of
drilling fluids. As aging temperature increased,
the drilling fluids without HRM showed pro-
gressive deterioration in rheological properties
(viscosity and shearing strength) and emulsion
stability (demulsification voltage), leading to
significantly elevated filtration loss. The addi-
tion of 1.5 wt% HRM to the drilling fluids sig-
nificantly enhanced both the shearing strength
and demulsification voltage. The optimized
fluids exhibited outstanding high-temperature
performance, stable rheological properties,
excellent emulsion stability and low filtration
loss, indicating that HRM improved the high-
temperature resistance of the drilling fluid, en-
abling the drilling fluid to withstand tempera-
tures up to 220 °C.

3.8. Sedimentation of drilling fluid
particles

Table 3 presents effect of HRM on the sedi-
mentation properties of drilling fluid particles.

Functional materials, 32, 4, 2025
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Table 3. Effect of HRM on particle sedimentation behavior of drilling fluids

HRM dosage/ wt% Standing times/ d 0 upper’ € cm™3 P jower ! gem™
0 2.0 2.0
0 1 1.96 2.08
3 1.71 2.24
5 1.56 2.31
0 2.0 2.0
1 2.0 2.0
15 3 1.99 2.07
5 1.94 2.10

Prior to static aging, the drilling fluid exhibited
homogeneous density distribution. As static
aging progressed, the density difference (Ap)
between the upper and lower layers of the lig-
uid gradually increased. The incorporation of
1.5 wt% HRM significantly enhanced the sus-
pension ability of the drilling fluid for the solid
phase, and no obvious sedimentation phenome-
non occurred at the bottom of the drilling fluid,
indicating that HRM improved the high-tem-
perature static stability performance.

4. Conclusions

(1) A high-temperature rheology modifier
(HRM) was synthesized by reacting dimer fatty
acid with 2-amino-1,3-propanediol at a molar
ratio of 1:1.5; it exhibited characteristics simi-
lar to those of Gemini surfactants. HRM mole-
cules can be adsorbed at the oil-water interface,
effectively reducing interfacial tension and en-
hancing the emulsion stability of the water-in-
oil drilling fluid system.

(2) HRM molecules form an interfacial film
via hydrogen bonding. The hydrogen bonding
between HRM adsorbed on the surfaces of dif-
ferent droplets enhance the interaction forces
between droplets within the emulsions, which
can increase the viscosity and improve the
shear strength, thereby improving the suspend-
ing ability and preventing the sedimentation of
weighting agents.

(3) HRM increased the thermal stability and
structural integrity of the drilling fluids and re-
duced the permeability of the filter cake. The
incorporation of HRM significantly enhanced
the suspension ability of the drilling fluid for
the solid phase, indicating that HRM improved
the high-temperature static stability perfor-
mance.
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