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ABSTRACT: Well wall instability is one of the problems that seriously affect the
efficiency of oil and gas drilling and extraction, and the economic losses caused by
accidents due to well wall instability amount to billions of dollars every year. Aiming
at the fact that well wall stabilization is the current technical difficulty of drilling shale
gas horizontal wells with oil-based drilling fluids, the oil-based nanoplugging agent
poly(MMA−BMA−BA−St) was synthesized by the Michael addition reaction with
compounds such as styrene, methyl methacrylate, and butyl methacrylate as raw
materials. The structure and characteristics of the oil-based nanoblocker poly(MMA−
BMA−BA−St) were characterized by infrared spectroscopy, particle size analysis, and
thermal weight loss analysis. The particle size distribution of poly(MMA−BMA−
BA−St) is 80.56−206.61 nm, with an average particle size of 137.10 nm, and it can
resist the high temperature of 372 °C. The effects of poly(MMA−BMA−BA−St) on
the performance parameters of oil-based drilling fluids were investigated by
rheological experiments, electrical stability tests, and HTHP filtration loss experiments. The results show that when poly(MMA−
BMA−BA−St) is added at 0.5 wt %, it has less influence on the rheological parameters of drilling fluids, the breaking emulsion
pressure remains basically unchanged, the stability of the drilling fluid is better, the dynamic-plastic ratio of the drilling fluid is higher
than 0.27, the filtration loss is the lowest, and it shows good rock-carrying properties. The results of mud cake experiments and
artificial lithology experiments show that poly(MMA−BMA−BA−St) has the best sealing effect, with a mud cake permeability of
1.12 × 10−4 mD and a sealing rate of 30.00% when added at 0.5 wt %; the artificial core permeability was 4.0 × 10−4 mD, and the
sealing rate was 91.23%. Poly(MMA−BMA−BA−St) showed good sealing performance. The oil-based nanoplugging agent
poly(MMA−BMA−BA−St) has good dispersion in oil-based drilling fluids and can enter the nanopore joints to form a dense
plugging layer under the action of formation pressure to prevent the intrusion of drilling fluids, thus reducing the impact of drilling
fluids on the formation, maintaining the stability of the well wall and reducing downhole complications.

1. INTRODUCTION
With the depletion of conventional natural gas, shale gas, as an
important unconventional gas, is receiving increasing atten-
tion.1,2 Shale gas exploration and development, mainly in the
Sichuan basin, will be the main force for future shale gas
production growth in China.3−6 The shale reservoir is
characterized by low permeability and strong adsorption, and
microfractures are developed, the formation is easily fractured,
and the clay mineral content is high and water-sensitive.7,8 Oil-
based drilling fluids are natural inhibitors. Oil-based drilling
fluids are highly resistant to contamination and have good
lubricity, so they are commonly used for drilling long
horizontal section shale gas wells.9,10 As the complexity of
drilling encountered formations increases, oil-based drilling
fluids can still lead to severe well wall collapse for hard, brittle,
and fractured formations with developed laminae and micro-
fractures,11−14 despite their natural inhibition, due to the fact
that the intrusion of filtrate can easily make the formation
unstable, in addition to the transmission of hydraulic pressure
through microfractures, which can also lead to well wall

destabilization.15−19 Therefore, it is the focus of scholars’
research to strengthen the oil-based drilling fluid to seal the
nanoporous seam, improve the stability of the well wall, and
maintain the stable performance of the drilling fluid.20,21

Research on oil-based drilling fluid sealants has yielded some
results. Xie et al. synthesized hyperbranched polyamines with a
particle size of 36.7 nm and good thermal stability to seal
nanopore joints in shale formations.22 Geng et al. used oleic
acid as a surface modifier to reduce the surface free energy of
surface-modified nanoscale polystyrene (NS) and improve its
dispersion stability in mineral oil. NS can withstand temper-
atures up to 252 °C. The addition of 2 wt % NS to the base
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slurry resulted in a 67% reduction in the filtration loss of the
permeation plugging device compared to the base slurry
without NS addition, and in the pressure transfer test, the
downstream pressure did not change significantly after 60 h,
showing a good sealing effect.23 Li et al. synthesized
butylbenzene resin/silica nanoparticle (SBR/SiO2) composites
by continuous emulsion polymerization. SBR/SiO2 can be
dispersed in both water and mineral oil with a temperature
resistance of 352 °C and an average particle size of 62.4 nm in
the aqueous phase and 265.1 nm in the oil phase. SBR/SiO2
can enter into the nanopores of shale formations and
significantly reduce fluid intrusion, thus improving wellbore
stability.24 Li et al. synthesized polymer nanospheres (PNS)
with a double cross-linked structure for well wall destabiliza-
tion; the average particle size of PNS is 133 nm, and the initial
decomposition temperature is about 315 °C, which can
effectively seal the shale pore space.25 However, the blocking
agent has a large impact on the rheological performance of the
drilling fluid, and it is difficult to meet the technical
requirements of the drilling fluid for performance.26 Li et al.
prepared a new nanopolymer emulsion NPE with good
environmental protection and excellent plugging performance
by emulsion polymerization technology for the problem of the
large particle size of the traditional drilling fluid blocking agent,
which is difficult to effectively seal the micropores and
microfractures of shale. The particle size of the emulsion is
kept between 75 and 240 nm, with good high-temperature
stability, which can effectively seal shale micropores and
microfractures, reduce shale permeability, and improve shale
well wall stability.27 All of the above-mentioned nanoplugging
materials have shown good plugging effects in laboratory
studies, but there are also disadvantages, such as insufficient
temperature resistance of nanoplugging materials, complicated
synthesis, and high addition, which has a large impact on the
performance of drilling fluids and cannot be widely used.

Compared with conventional oil-based rigid plugging
materials, nanoflexible materials have the characteristics of
small particle size and deformability, which can not only enter
nanofractures under pressure but also be used in combination
with rigid bridging particles to fill nanopores and form a dense
plugging layer. In this paper, poly(MMA−BMA−BA−St), an
oil-based nanosealing material, was synthesized by the Michael

addition reaction using styrene,27 methyl methacrylate, butyl
methacrylate, and other compounds as monomers and raw
materials. Poly(MMA−BMA−BA−St) can enter the nanopore
fracture to form a seal and can also be used in combination
with large-size rigid sealing materials to improve the sealing
performance of drilling fluids. The structure of poly(MMA−
BMA−BA−St) contains hydrophobic groups such as ester
groups, which enable it to be uniformly dispersed in oil-based
drilling fluids, and it contains a benzene ring with high-
temperature resistance, which makes poly(MMA−BMA−BA−
St) have strong temperature resistance. Poly(MMA−BMA−
BA−St) is added in small amounts in drilling fluids, which has
less impact on the performance of oil-based drilling fluids.
Therefore, poly(MMA−BMA−BA−St) can be used as a
plugging agent in oil-based drilling fluids.

2. EXPERIMENTAL METHODS
2.1. Materials and Instruments. Sodium dodecyl sulfate,

sodium vinyl sulfate, styrene (St), methyl methacrylate
(MMA), butyl methacrylate (BMA), divinylbenzene (DVB),
butyl acrylate (BA), and ammonium persulfate (APS) are from
Chengdu Kelong Chemical Reagent Factory; 3# white oil,
CaCl2, main emulsifier, auxiliary emulsifier, wetting agent, filter
loss reducing agent, organic soil, quicklime, and barite are all
industrial products.

The high-temperature and high-pressure filter loss meter
(GGS42-2A) is from Shandong Qingdao Haitongda Special
Instrument Co.; 6700 is from Thermoelectric Corporation; the
laser scattering system (BI-200SM) is from Brookhaven
Instruments; and the simultaneous thermal analyzer (TGA/
DSC1) is from METTLER, Switzerland.

2.2. Preparation of Nanomaterials. A small amount of
sodium dodecyl sulfate and sodium vinyl sulfonate was
weighed into a three-necked flask with a capacity of 500 mL,
ultrapure water was added to dissolve, the temperature was
raised to 40 °C, the mixture was stirred until dispersion, and
nitrogen gas was passed to react for 3 h. The temperature of
the solution was raised to 45 °C, and styrene, methyl
methacrylate, butyl methacrylate, butyl acrylate, and divinyl-
benzene were slowly added dropwise using a constant
pressure-dropping funnel. The 500 mL capacity of the three-
necked flask was placed in a constant temperature water bath

Figure 1. Chemical structure formula of poly(MMA−BMA−BA−St).
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and heated to the reaction temperature. The nitrogen gas was
passed, and the mixture was stirred for 1 h at 300 rpm. After
the reaction was complete, it was left to stand for 20 min, and a
small amount of ultrapure water containing ammonium sulfate
was added slowly dropwise using a constant pressure-dropping
funnel, warmed to 65 °C, and reacted for 10 h under the
condition of passing nitrogen to obtain poly(MMA−BMA−
BA−St). The chemical structure formula of poly(MMA−
BMA−BA−St) is shown in Figure 1.

2.3. Permeability Calculation Formula. 2.3.1. Mud
Cake Experiment. The base drilling fluid was prepared
according to the oil-based drilling fluid formula (80% 3#
white oil + 20% CaCl2 brine with 25% concentration + 0.6%
primary emulsifier + 1.5% secondary emulsifier + 0.8% wetting
agent + 3% organic soil + 3% quicklime + 8% filter loss
reducing agent + several barite). Different volume fraction
additions of plugging materials were added to the base drilling
fluid, the mixture stirred at high speed, and then a plugging
evaluation test was conducted on a Type 42 high-temperature
and high-pressure water loss meter.

The permeability of the mud cake is calculated by eq 1,

K
Q L

A P
100=

(1)

where K is the permeability of the “artificial mud cake,” mD; Q
is the average volume of water loss per second, cm3/s; μ is the
viscosity of the filtrate, mPa·s; L is the thickness (or length) of
the mud cake, cm; A is the area of the filter cake, cm2; and ΔP
is the filter loss differential pressure, MPa. Here the area of the
filter cake = 23.8 cm2; filter loss pressure difference = 3.5 MPa.
2.3.2. Artificial Core Experiments. Poly(MMA−BMA−

BA−St) corresponding to the lowest permeability value
obtained in the mud cake experiment was added to 3# white
oil in a spiked amount to prepare 300 mL of the mixed liquid
solution. The mixture was stirred for 30 min and then
ultrasonically dispersed for 30 min at a temperature of 50 °C.
The mixed solutions of 3# white oil and 3# white oil + the
optimum amount of poly(MMA−BMA−BA−St) were added
to the SCMS-C4 high-temperature and high-pressure dense
core permeability testing device, and the artificial core
experiments were conducted at 110 °C and a differential
pressure of 3.5 MPa. The permeability was calculated by eq 1.
2.3.3. Evaluation of the Blocking Performance. Equation 2

is used to calculate the blocking rate Kr of the mud cake before
and after blocking and to evaluate the good or bad blocking
performance.

K K K
K

100%r = ×
(2)

where Kr is the blocking rate, %; K is the permeability before
blocking, mD; and K′ is the permeability after blocking, mD.

3. RESULTS AND DISCUSSION
3.1. Characterization of the Oil-Based Nanoblocker

Poly(MMA−BMA−BA−St). 3.1.1. Infrared Spectrum. Figure
2 shows the infrared spectra of the oil-based nanosealant
poly(MMA−BMA−BA−St). As can be seen in Figure 2, the
−OH stretching vibration peak of liquid water is indicated at
3461 cm−1, the stretching vibration peak of the benzene ring
skeleton and the bending vibration peak of −OH of liquid
water at 1635 cm−1, the symmetric variable angle vibration
peak of −CH3 at 1396 cm−1, the antisymmetric stretching
vibration peak of C−O−C and the asymmetric stretching

vibration peak of S�O of sulfonate at 1189 cm−1, the
symmetric stretching vibration peak of S�O of sulfonate at
1049 cm−1, and the external deformation vibration peak of C−
H on the benzene ring at 669 cm−1. The peak of the C�O
stretching vibration peak in the ester group is around 1720
cm−1, which is covered by the peak at 1635 cm−1. The
functional groups derived from the infrared spectral analysis
showed that the quaternary polymer poly(MMA−BMA−BA−
St) nanoblocking material was successfully synthesized.
3.1.2. Thermogravimetric Analysis. Figure 3 shows the

thermal weight loss analysis curves (TG-DTG curves) of the

nanoblocker poly(MMA−BMA−BA−St). From the TG-DTG
curve in Figure 3, it can be seen that the initial decomposition
temperature of the nanoblocker poly(MMA−BMA−BA−St) is
372 °C when the molecular skeleton of poly(MMA−BMA−
BA−St) starts to break at high temperature; the final
decomposition temperature is 418 °C and the mass loss
from 372 to 418 °C is 75.47% when poly(MMA−BMA−BA−
St) basically finishes thermal decomposition. The thermogravi-
metric experimental results illustrate that poly(MMA−BMA−
BA−St) can resist the high temperature of 372 °C. The reason

Figure 2. Infrared spectra of poly(VS−St−EMA−BA).

Figure 3. Thermogravimetric analysis of the oil-based nanosealant
poly(MMA−BMA−BA−St).
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is that the polymer contains a benzene ring with high
temperature resistance, which makes poly(MMA−BMA−
BA−St) have good temperature resistance, adapt to the high-
temperature ground environment, and have good application
prospects.28

3.1.3. Grain Size Distribution of Poly(MMA−BMA−BA−St)
at Room Temperature. The results of the particle size
distribution of the oil-based nanosealer poly(MMA−BMA−
BA−St) are shown in Figure 4. The particle size distribution of

the nanoblocker poly(MMA−BMA−BA−St) can be seen in
Figure 4 in the range of 80.56−206.61 nm, with D50 of 124.98
nm and D90 of 165.79 nm, and the average particle size of
137.10 nm. The particle size of poly(MMA−BMA−BA−St) is
nanoscale. For the development of micro and nanofractures in
shale formations, poly(MMA−BMA−BA−St) can enter the
nanopores or participate in bridging and filling to form a dense
sealing layer to achieve effective sealing of micro and
nanopores. Poly(MMA−BMA−BA−St) is expected to be
effective as an oil-based drilling fluid nanosealant for sealing
micro-nanopores in shale formations.

3.2. Drilling Fluid Performance Evaluation. As the
addition of a small amount of poly(MMA−BMA−BA−St) can
achieve an excellent sealing effect, by adding 0.00, 0.25, 0.50,
0.75, 1.00 wt % of the oil-based nanosealant poly(MMA−
BMA−BA−St) to formulate the oil-based drilling fluid, the
drilling fluid was tested at 150 °C for the rheological
properties, emulsion breaking voltage, and HTHP filtration
loss, and the performance parameters are shown in Figures
5−11. As can be seen from Figure 5, the apparent viscosity of
oil-based drilling fluid increased with the increase of poly-
(MMA−BMA−BA−St) addition. The apparent viscosity of
the base slurry was 64.0 mPa s, and when the addition amount
was 1.00 wt %, the apparent viscosity was 72.5 mPa s, which
increased by 13.28% compared with the base slurry. The
change was the maximum at this time; the reason is that
poly(MMA−BMA−BA−St) can form a continuous and dense
spatial mesh structure in water, and as the concentration of
poly(MMA−BMA−BA−St) increases, the mesh structure
becomes more dense and the width of the mesh skeleton is
larger, thus increasing the viscosity of the drilling fluid. As
shown in Figure 6, the plastic viscosity of the base slurry was
50.5 mPa s, and the addition of poly(MMA−BMA−BA−St)

increased the plastic viscosity of the oil-based drilling fluid to
56.0 mPa s when the addition amount was 1.00 wt %, which
increased 10.89% compared to the base slurry. As shown in
Figure 7, the dynamic shear of the oil-based drilling fluid with
the addition of poly(MMA−BMA−BA−St) was maintained at
13.5−16.5 Pa, which increased with the addition amount; the
reason for this is that the dense spatial mesh structure increases
the viscosity of the drilling fluid, which in turn increases the
dynamic shear of the drilling fluid. From Figure 8, it can be
seen that the dynamic-plastic ratio of the oil-based drilling fluid
with the addition of poly(MMA−BMA−BA−St) increases
with the increase of poly(MMA−BMA−BA−St); the dynamic
shear force of the drilling fluid increases substantially, thus
improving the dynamic-plastic ratio of the drilling fluid, and
the dynamic-plastic ratio is maintained between 0.27 and 0.29,
at which time the drilling fluid has a better rock-carrying ability
and borehole cleaning ability. As can be seen from Figure 9,
poly(MMA−BMA−BA−St) has less influence on the breaking
voltage of the drilling fluid, and the breaking voltage is

Figure 4. Particle size distribution of the oil-based nanoblocker
poly(MMA−BMA−BA−St).

Figure 5. Apparent viscosity change curve of the oil-based drilling
fluid with the addition of poly(MMA−BMA−BA−St).

Figure 6. Plastic viscosity change curve of the oil-based drilling fluid
with the addition of poly(MMA−BMA−BA−St).
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maintained above 600 V. The drilling fluid shows better
stability. The test results in Figures 5−9 show that poly-
(MMA−BMA−BA−St) has less effect on the rheology and
electrical stability of the oil-based drilling fluid, and poly-
(MMA−BMA−BA−St) has better compatibility with the oil-
based drilling fluid. As shown in Figure 10, when poly(MMA−
BMA−BA−St) was added at 0.50 wt %, the HTHP filtration
loss was 2.2 mL, which was 26.7% lower compared to the base
slurry filtration loss, indicating that poly(MMA−BMA−BA−
St) played a plugging role in the oil-based drilling fluid. Figure
11 shows the HTHP experimental mud cake of the oil-based
drilling fluid with the addition of poly(MMA−BMA−BA−St).
Poly(MMA−BMA−BA−St) has good dispersion in the oil-
based drilling fluid and forms a smoother blocking layer. The
performance of the oil-based drilling fluid with the addition of
poly(MMA−BMA−BA−St) is more stable, and the influence
of filtrate intrusion on the formation is reduced. Poly(MMA−
BMA−BA−St) can be applied in the oil-based drilling fluid.

3.3. Evaluation of the Blocking Performance. Table 1
shows the mud cake permeability results for different additions

of the oil-based nanosealer poly(MMA−BMA−BA−St). It can
be seen from Table 1 that with the increase of poly(MMA−
BMA−BA−St) addition, the filtration loss decreased from 3.0
to 2.2 mL and the sludge cake thickness changed less. When
poly(MMA−BMA−BA−St) was 0.50 wt %, the mud cake
permeability was the smallest (1.12 × 10−4 mD), and the
permeability was reduced by 30.00% compared to the oil-based
drilling fluid without the added plugging agent. Table 2 shows
the artificial core permeability of the oil-based drilling fluid
with the addition of the 0.50 wt % nanosealer poly(MMA−
BMA−BA−St). As can be seen from Table 2, the white oil
permeability of poly(MMA−BMA−BA−St) with the addition
of 0.50 wt % nanoblocker is 4.05 × 10−4 mD, which is 91.23%
lower than that of pure white oil, and the plugging rate is
higher than that of similar nanoblockers.29 The mud cake
permeability and artificial core permeability results show that
poly(MMA−BMA−BA−St) has good plugging performance

Figure 7. Yield value change curve of the oil-based drilling fluid with
the addition of poly(MMA−BMA−BA−St).

Figure 8. Variation curve of yield value/plastic viscosity of the oil-
based drilling fluid with the addition of poly(MMA−BMA−BA−St).

Figure 9. Change curve of the breaking voltage of the oil-based
drilling fluid with the addition of poly(MMA−BMA−BA−St).

Figure 10. HTHP variation curve of the oil-based drilling fluid with
the addition of poly(MMA−BMA−BA−St).

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.2c03164
ACS Omega 2022, 7, 40799−40806

40803

https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig9&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig9&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig9&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig9&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig10&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig10&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig10&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03164?fig=fig10&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c03164?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


and can be used as an effective nanoplugging agent in oil-based
drilling fluids.

3.4. Nanoblocking Mechanism Research. Figure 12
shows the sealing mechanism of the oil-based nanosealing
material poly(MMA−BMA−BA−St) by the HTHP filter loss
experiment, mud cake, and artificial core permeability results.
Combined with the particle size distribution of the oil-based
nanoplugging agent poly(MMA−BMA−BA−St), it can be
seen that the conventional micron-plugging materials cannot
enter the nanopore joints and tend to accumulate outside the
nanofractures; however, this accumulation layer is easily
destroyed in the drilling fluid circulation and cannot stop the
intrusion of the drilling fluid, which leads to well wall
destabilization. At the same time, poly(MMA−BMA−BA−

St) can also be used in combination with large-size (>1 μm)
rigid plugging materials to fill nanopores, making the plugging
layer more dense, thus playing a role in reducing the amount of
filtration loss and reducing filtrate intrusion into the
formation.30

4. CONCLUSIONS

(1) The oil-based nanosealant poly(MMA−BMA−BA−St)
was synthesized by the Michael addition reaction using
compounds such as styrene, methyl methacrylate, and
butyl methacrylate. Poly(MMA−BMA−BA−St) is re-
sistant to the high temperature of 372 °C, has a particle
size distribution between 80.56 and 206.61 nm with an
average particle size of 137.10 nm, and can seal
nanosized pores.

(2) The oil-based nanosealant poly(MMA−BMA−BA−St)
has less effect on the apparent viscosity, plastic viscosity,

Figure 11. HTHP mud cake after blocking with the oil-based nanoblocking agent poly(MMA−BMA−BA−St).

Table 1. Permeability of the Oil-Based Drilling Fluid Mud
Cake with the Addition of the Oil-Based Nanosealant
Poly(MMA−BMA−BA−St)

concentration,
wt %

filtration
loss, mL

thickness of
mud cake, cm

K,
10−4 mD

K′,
10−4 mD Kr, %

0.00 3.00 0.20 1.60 0.00
0.25 2.40 0.18 1.15 28.13
0.50 2.20 0.19 1.12 30.00
0.75 2.40 0.21 1.34 16.25
1.00 2.40 0.20 1.28 20.00

Table 2. Permeability of Artificial Cores of Oil-Based
Drilling Fluids with the 0.50 wt % Oil-Based Nanosealer
Poly(MMA−BMA−BA−St)

concentration,
wt %

permeability
after blocking,

10−3 mD Kr, %

poly(MMA−BMA−BA−St) 0.00 4.56
0.50 0.40 91.23

poly(AM-co-AA)/SiO2
29 0.00 2.17

0.35 83.87
poly(AM-co-AA)29 0.00 2.06

0.57 72.23

Figure 12. Blocking mechanism of the oil-based nanoblocker
poly(MMA−BMA−BA−St).
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and yield value oil-based drilling fluid performance, with
a kinetic-plastic ratio higher than 0.27 and breaking
voltage higher than 600 V. The overall performance
parameters change less, and the drilling fluid has
excellent rock-carrying performance and wellbore
purification performance. With the addition of poly-
(MMA−BMA−BA−St), the filtration loss of the oil-
based drilling fluid decreased and the mud cake became
smooth. HTHP with 0.50 wt % addition had the lowest
filtration loss, corresponding to a mud cake permeability
of 1.12 × 10−4 mD and a blocking rate was 30.00%; the
permeability of the artificial core was 4.0 × 10−4 mD,
and the blocking rate was 91.23%.

(3) The oil-based nanoplugging agent poly(MMA−BMA−
BA−St), as a nanoplugging material, can effectively seal
nanopores and seams or be used in combination with
large-size plugging materials to reduce the influence of
the filtrate on the formation, thus playing a role in
maintaining well wall stability and reducing downhole
complications. The oil-based nanoplugging agent poly-
(MMA−BMA−BA−St) has good application prospects.
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