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ABSTRACT: Open hole combined with a sand filter pipe is the main development
mode of an unconsolidated sandstone horizontal well, which causes problems such
as shaft wall collapse, sand filter pipe blockage, and even damage. At present, the
polyurethane intelligent sand control screen pipe can effectively solve these
problems, but its application scope is limited by the downhole temperature and
material strength. Therefore, the high-strength shape memory polyphenylene sulfide
(SMPPPS) was synthesized by an indoor experiment, then the shape memory
performance was analyzed, and the variation law of pore size with composition and
processing technology was obtained. Finally, the performance of the SMPPPS
intelligent screen was evaluated. It is found that (1) with the increase of the cross-
linking agent content, the melt index and melt peak temperature of SMPPPS
decrease rapidly at first and then remain unchanged; the cross-linking agent content
is set at 4.5 wt %. (2) The shape memory performance of SMPPPS is good, and the
recovery ratio can reach 99.8% at 110 °C in 11.8 min. (3) The relationship between the pore size distribution proportion of
SMPPPS and the foaming agent content, pore enhancer content, temperature, and pressure is determined through experiments; the
main distribution range of pore size increases with the increase of the foaming agent content and temperature and decreases with the
increase of the pore enhancer content and pressure. When the foaming agent content is 0.5 wt %, the pore enhancer concentration is
10 wt %, the molding temperature is 320 °C, the molding pressure is 10 MPa, and the main distribution range of pore size is 80−320
μm. (4) The permeability of recovery SMPPPS with a compression ratio of 300% first increases slightly and then decreases slightly
with the increase of flow, with a variation range of 420.5−463 mD; the compressive strength range is 9.5−11.4 MPa; the SMPPPS
has good adaptability to downhole fluid; the sand retaining accuracy is higher than that of the screen sand filter pipe, but the
blockage is more serious.

1. INTRODUCTION

Unconsolidated sandstone reservoirs are the main type of
reservoir developed at present, but due to loose cementation,
this kind of reservoir is easy to produce sand, resulting in sand
burial, sand plugging, causing damage, and even scrapping of
oil and gas wells.1−4 In recent years, the development of loose
sandstone horizontal wells has mainly been based on open
holes combined with sand filter pipes for sand control, which
can reduce the construction risk of high-pressure operations
and save operation costs. However, three major problems have
been exposed: the collapse of the open hole wall of horizontal
wells leads to the deformation and damage of the sand filter
pipe; the sand filter pipe has poor erosion resistance and is
easily blocked; the bottom reverse extrusion filling sand control
process is not perfect, resulting in the deformation and damage
of the screen tube.5−11 In view of the abovementioned
problems, the shape memory polymer (SMP) material is used
to develop an intelligent screen with shape memory to
completely fill the gap between the bottom hole space and

the casing to achieve efficient sand control, which provides a
new improved method for the sand control technology of
open-hole horizontal wells.12−14

In the field of the petroleum industry, SMP materials are
gradually applied to oil well sand control, drilling fluid
plugging, sealing well sections, and other aspects, which have
produced remarkable benefits.15−20 The application of SMP
materials in drilling fluid plugging was studied, which greatly
improved the operation efficiency.21−24 The SMP materials
were applied to the field of expandable cement, improving the
cement formula suitable for different downhole temperatures
and improving the cementing effect.25,26 In recent years, shape
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memory materials represented by polyurethane have been
deeply studied and widely used. Glycerol as a cross-linking
agent was used and the chemical cross-linking point on the
basis of the physical cross-linking point was introduced to
synthesize low degree cross-linked polyurethane, whose
Young’s modulus was greatly improved at low temperature
and its ability to fix shape was greatly enhanced.27 A
polyurethane material with good thermodynamic properties
and shape memory properties was developed with a
compression ratio of 400% and a shape recovery temperature
of about 60 °C.14 A filled polycaprolactone-based shape
memory polyurethane foam was developed with better
deformation, excellent memory, and filtration performance.28,29

It has the potential to be a sand control screen material, and
the processing technology is simpler. However, in general,
shape memory polyurethane materials face the problems of a
low recovery temperature range and compressive strength,
which limit their application range.
Polyphenylene sulfide (PPS) is a new thermoplastic material

with vigorous development. The cross-linked PPS-molded
products have good reproducibility, excellent chemical
resistance, good mechanical properties, excellent fatigue
resistance, and creep resistance,30,31 which makes them a
good choice of a sand control screen material. Therefore, in
view of the shortcomings of open-hole sand filter tubes and
polyurethane intelligent sand control screen tubes in loose
sandstone sand control technology, a new type of high-strength
shape memory PPS (SMPPPS) intelligent sand control screen
tubes is being developed, comprehensively considering the
characteristics of the oil well formation temperature, downhole
working environment, and required material properties. In this
paper, the shape memory performance of SMPPPS is analyzed,
the variation law of pore size with composition and processing
technology is explored, and the sand control performance is
evaluated, which has important theoretical and practical
guiding significance for improving the adaptability of sand
control technology in loose sandstone reservoirs and
prolonging the effective period of sand control. It can provide
strong theoretical and technical support for promoting the
progress of sand control technology in loose sandstone
oilfields.

2. PREPARATION AND PERFORMANCE ANALYSIS

2.1. SMPPPS Intelligent Material Raw Materials and
Processing Equipment. The experimental materials include
the following: resin PPS; cross-linking agent anthraquinone;
cross-linking agent tetrachlorobenzoquinone; foaming agent
melamine; pore enhancer NaCl; toughening agent Fluoror-
ubber (FKM); toughening agent Nitrile Butadiene Rubber
(NBR); deionized water; sewage, salinity 10 895.42 mg/L,
CaCl2 type, ion composition (unit: mg/L): Cl− 5865.42, K+ +
Na+ 3862.13, HCO3

− 487.86, Ca2+ 384.26, and Mg2+ 46.68,
SO4

2− 42.36; clean water, ion composition (unit: mg/L): Cl−

245, SO4
2− 245, Ca2+ 0.98, and Mg2+ 0.98; brine, distilled

water 995.42 g/L, sodium sulfate 0.130 g/L, sodium chloride
4.642 g/L, anhydrous calcium chloride 0.218 g/L, magnesium
chloride hexahydrate 0.228 g/L, and sodium bicarbonate 0.548
g/L; Lr520 kerosene; sodium hydroxide 10%; and acid 10%.
The experimental equipment includes the following: VFP-

F500 planetary ball mill; CLF-04 crusher; H-2050R centrifuge;
TAW-3000 servo control equipment for rock mechanics; BWS
constant temperature water tank and water bath pot; Q800
dynamic thermomechanical performance analyzer; DW-3
digital display electric agitator; DSC-1 STAR differential
scanning calorimeter; and VEGA-3 SBH scanning electron
microscope.

2.2. Development Scheme and Effect Analysis of
SMPPPS Intelligent Material. The preparation process of
the SMPPPS intelligent material is as follows. (1) PPS resin,
toughening agent fluororubber, and pore-increasing agent
NaCl were crushed using a pulverizer, and PPS powder was
vacuum dehydrated for 1.5 h to make its moisture content less
than 0.1%, so as to obtain pure PPS powder. (2) PPS and
toughening agent fluororubber were ball milled, in which the
content of fluororubber was 15 wt %, the rotating speed of the
planetary ball mill was 300 rpm, and the PPS mixture was
evenly mixed after ball milling for 10 min. (3) The PPS
mixture, cross-linking agent tetrachlorobenzoquinone (con-
centration: 0−7.5 wt %), foaming agent melamine (concen-
tration: 0−1.0 wt %), and pore enhancer NaCl (concentration:
0−15 wt %) were preheated at 345 °C for 30 min. (4)
According to the proportion set in the experiment, different
concentrations of the cross-linking agent, foaming agent, and
pore-increasing agent were added to the PPS mixture in turn,
and stirred at high speed for 5 min to make it fully mixed and
uniform. (5) Quickly pour the PPS mixture after stirring into

Figure 1. Flow chart of cross-linked PPS foam preparation.
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the mold pre-coated with the release agent, and conduct
foaming under molding pressure (5−15 MPa) and molding
temperature (310−330 °C) for 20 min. (6) Under the molding
pressure, quickly reduce the molding temperature to below 10
°C, then cold press for 15 min and demold to obtain the
compressed SMPPPS intelligent memory material. The process
is shown in Figure 1.
Figure 2 shows the shape memory properties of SMPPPS

prepared by the cross-linking method. When the temperature

reaches the glass transition temperature of 110 °C, the shape is
basically completely restored, indicating that the shape
memory performance is good.
2.3. SMPPPS Performance Analysis. 2.3.1. Melting

Index Law Analysis. The melt index of pure PPS at 290 °C
and the melt index of PPS at 320 °C with different dosages of
the cross-linking agent (0.0, 1.5, 3.0, 4.5, 6.0, and 7.5 wt %)
were tested, respectively, as shown in Figure 3. The melt index

of pure PPS is 45.62 g/10 min at 290 °C and 16.22 g/10 min
at 320 °C, indicating that the melt index of PPS decreases
significantly and the fluidity decreases after high-temperature
heat treatment. With the increase of the cross-linking agent
content, the melt index of PPS first decreases rapidly. When
the cross-linking agent content exceeds 4.5 wt %, the
downward trend slows down, indicating that the increase of
the cross-linking agent content will enhance the oxidative
cross-linking reaction of PPS, reduce the fluidity, and improve
the processing performance. Therefore, the cross-linking agent
content can be 4.5 wt %.

2.3.2. Differential Scanning Calorimetry. The prepared
samples were tested by differential scanning calorimetry
(DSC) using the secondary heating curve method, and the
melting peak temperatures under different cross-linking agent
contents (0, 1.5, 3.0, 4.5, 6.0, and 7.5 wt %) were obtained, as
shown in Figure 4. With the increase of the cross-linking agent

content, the melting peak temperature of SMPPPS decreases,
but the decreasing range slows down. Mainly because with the
increase of the cross-linking agent content, the crystallinity
decreases and the amorphous area of cross-linking increases,
which is conducive to shape fixation in the process of shape
memory. Finally, the content of the cross-linking agent is set at
4.5 wt %.

2.3.3. Dynamic Thermomechanical Analysis. The shape
memory properties of SMPPPS were quantitatively charac-
terized by thermomechanical cycle tests. The sample is
stretched to 50% deformation at a rate of 10 mm/min at
110 °C, kept for 5 min, then cooled to 10 °C at a cooling rate
of 10 °C/min and fixed as a temporary shape for 5 min, and
then heated to 110 °C at a heating rate of 10 °C/min to
stimulate the sample to return to its original shape, so as to
obtain the stress, strain, and temperature changes during a
complete cycle, as shown in Figure 5.
The deformed SMPPPS slowly recovers its shape with the

increase in temperature. When the temperature reaches 70.1
°C, it begins to accelerate the recovery. When the temperature
reaches 100 °C, the shape recovers to about 90%, and when
the temperature reaches 110 °C, the recovery rate reaches
99.8%, which means the shape memory performance is good.
Figure 6 shows the change of the SMPPPS shape recovery
ratio with time, and Figure 7 shows the shape recovery rate.
SMPPPS can recover to about 90% in 9.1 min and 99.8% in
11.8 min. The maximum recovery speed occurs in 8 min,
which is 26.05%/min.

3. ANALYSIS ON THE INFLUENCING FACTORS OF
SMPPPS PORE STRUCTURE

3.1. Effect of the Foaming Agent on Pore Structure.
Figure 8 shows the pore morphology and structural character-
istics of SMPPPS foam with the foaming agent content of 0.25,
0.50, and 1.0 wt %. The foam material is made of pore holes,

Figure 2. Shape memory performance of cross-linked PPS at different
temperatures.

Figure 3. Melting index of SMPPPS with different dosages of the
cross-linking agent.

Figure 4. DSC curves of SMPPPS with different cross-linking agent.
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and there are some perforated holes on the wall. The pore size
is related to the foaming agent content. The more the foaming
agent content, the larger the pore size; due to the addition of
foaming agents in the system, the strength of the pore wall is

reduced. In the foaming process, the pore wall is broken by gas,
resulting in a broken wall shape and cavity.
In order to analyze the influence of foaming agent content

on the flow channel of SMPPPS material, the pore size and
proportion were measured, as shown in Figure 9. (1) SMPPPS

Figure 5. Thermomechanical circulation of SMPPPS.

Figure 6. Shape recovery ratio of SMPPPS with time. Figure 7. Shape recovery rate of SMPPPS with time.
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has a large distribution range of pore size, but with the increase
of pore size, its proportion first increases and then decreases,
and there is a main distribution range of pore size. (2) The
pore size is significantly affected by the foaming agent content.
With the increase of the foaming agent content, the pore size
of SMPPPS shows an increasing trend. When the foaming
agent content is 0.25%, the main distribution range of pore size
is 80−320 μm. The proportion reached 70.90%; when the
foaming agent content is 0.5%, the main distribution range of
pore size is 160−400 μm. The proportion reached 72.30%;
when the foaming agent content is 1.0%, the main distribution
range of pore size is 180−480 μm. The proportion reached
76.08%. (3) The pore size is related to the foaming agent
content. The sand control effect depends on the combination
of the sand particle size and pore size. Therefore, the foaming
agent content should be determined according to the sand
particle size.

3.2. Effect of the Pore Enhancer on Pore Structure. In
order to increase the water permeability of SMPPPS, NaCl
with a decomposition temperature of 800 °C was selected as
the pore enhancer. During the experiment, the content of the
foaming agent was 0.5 wt %, and the pore enhancer
concentrations were 5, 10, and 15 wt %, respectively. The
cross section was observed using a scanning electron
microscope, and the pore size and proportion were statistically
analyzed, as shown in Figure 10. (1) With the increase of the
NaCl content, the pore size decreases and there is obvious
shrinkage, but the number and uniformity of pores increase;
the reason is that after NaCl dissolves, the strength of the foam
hole wall decreases, the hole wall becomes soft, and the cavity
shrinks during the drying process. (2) When the NaCl content
is 5 wt %, the main distribution range of pore size is 160−400
μm and the proportion reached 71.94%; when the NaCl
content is 10 wt %, the main distribution range of pore size is
80−320 μm and the proportion reached 73.64%; when the
NaCl content is 15 wt %, the main distribution range of pore
size is 80−320 μm and the proportion reached 76.00%.
The addition of NaCl significantly increases the pore

opening rate of PPS, but too much dosage will make the
molding of PPS more difficult and reduce the mechanical
properties of PPS. Therefore, after comprehensive consid-
eration, the content of pore enhancer NaCl should not exceed
15%.

3.3. Effect of Molding Foaming Temperature. During
the experiment, the foaming agent content is 0.5 wt %, the
pore enhancer concentration is 10%, and the molding
temperatures are 310, 320, and 330 °C, respectively. The
pore size distribution of SMPPPS foam with different molding
temperatures is shown in Figure 11.
From Figure 11, (1) with the increase of the molding

foaming temperature, the main distribution range of pore size
increases because the increase in temperature makes the
foaming agent more thoroughly decomposed and the foaming
effect better. (2) When the molding temperature is 310 °C, the
main distribution range of pore size is 80−320 μm; when the
molding temperature is 320 °C, the main distribution range of
pore size is 80−320 μm; when the molding temperature is 330
°C, the main distribution range of pore size is 160−400 μm.

Figure 8. Pore structure of SMPPPS by different foaming agent
contents.

Figure 9. SMPPPS pore size pattern with different foaming agent contents.
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However, it should be noted that too high a temperature will
also cause serious coloring and adverse effects.
3.4. Effect of Molding Foaming Pressure. During the

experiment, the foaming agent content is 0.5 wt %, the pore
enhancer concentration is 10%, the molding temperature is
320 °C, and the molding temperatures are 310, 320, and 330
°C, respectively. The pore size of SMPPPS foams prepared by
different molding pressures is shown in Figure 12.
From Figure 12, (1) with the molding pressure increasing,

the pore size will decrease accordingly, and the pore will be
more dense and uniform, leading to the increase of SMPPPS
density. However, when the molding pressure reaches 15 MPa,
a small amount of large holes will appear in the material, which
is caused by the rupture of pores in the resin and the
accumulation of gas to form larger pores. (2) When the
molding pressure is 5 MPa, the main distribution range of pore
size is 160−480 μm; when the molding pressure is 10 MPa, the
main distribution range of pore size is 80−320 μm; when the

molding pressure is 15 MPa, the main distribution range of
pore size is 0−240 μm.

4. PERFORMANCE EVALUATION OF SMPPPS
INTELLIGENT SAND CONTROL SCREEN

The performance evaluation of the SMPPPS screen tube is
studied by using the physical model device of the screen tube
with its actual size. Figure 13 shows the SMPPPS screen
structure. Before going down the well, the length of the screen
tube is 1 m, the outer diameter is 196 mm, the inner diameter
is 177.8 mm, and the thickness of SMPPPS is 9.1 mm. After
going down the well, the screen tube has an outer diameter of
240 mm, an inner diameter of 177.8 mm, and an SMPPPS
thickness of 31.1 mm.

4.1. Permeability Evaluation. SMPPPS samples were
prepared at 320 °C, 10 MPa, 0.5 wt % foaming agent, and 10%
pore enhancer. The core displacement experiment was carried
out after the recovery of SMPPPS with a compression ratio of

Figure 10. Pore structure of SMPPPS with different NaCl contents.

Figure 11. Pore structure of SMPPPS by different molding foaming temperatures.
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300%. Here, the compression ratio can be determined by
(sample volume after compression − sample volume before
compression)/sample volume before compression. The
displacement flow varied from 4.0 to 18.4 mL/min, and the
annular pressure was 4 MPa. Figure 14 shows the permeability
variation curve. With the increase of flow, the permeability of
SMPPPS does not have a constant value but first increases
slightly and then decreases slightly. The variation range is

420.5−463 mD, and the variation range is small. When the
flow rate increases, the pressure difference of SMPPPS
increases nonlinearly, and there is a phased small jump in
the middle, which corresponds to a small decline in material
permeability. The reason is that when the flow rate exceeds
13.6 mL/min, the pressure difference at both ends of the
material increases, resulting in a slight deformation of the
material, and then the pressure difference and permeability
change accordingly.

4.2. Compressive Strength Evaluation. The compres-
sive strength of SMPPPS samples was tested by rock
mechanics servo control equipment. Because there are pores
in the sample, the test goes through the stage of elastic
deformation−plastic deformation−densification, so the loading
rate in the test should not be too large, which is 1 mm/min.
The compressive strength of the sample increases with the
increase of strain, but the excessive deformation will inevitably
reduce its permeability, so the strength when the strain is 15%
is selected as its compressive strength after comprehensive
consideration. The results are shown in Figure 15.
From Figure 15, the middle part of the SMPPPS sample is

prominent during compression. It shows that the SMPPPS is
denser, the foam wall is thicker, and the compressive strength
is higher. The compressive strength range of SMPPPS tested
by the compressive test is 9.5−11.4 MPa.

4.3. Downhole Fluid Adaptability Evaluation. Consid-
ering the downhole environment, the SMPPPS screen tube is
immersed in different media at 110 °C to evaluate its
downhole fluid adaptability, as shown in Table 1. The acid is
a mixture of 12% hydrochloric acid and 3% hydrofluoric acid.
Table 1 shows that, when the SMPPPS sample is immersed

in the abovementioned fluid for 48 h, the sample quality
increases greatly; however, it increases slowly when the soaking
time is 240 h, indicating that the material has a strong ability to
adsorb fluid at the beginning. After drying, the sample quality
increases by different ranges compared with that before
soaking, among which the increase is the most after soaking
in sewage and kerosene but less than 10%. After acid−base
soaking, the sample quality increases slightly, indicating that
the sample basically does not react with acid−base and there is

Figure 12. Pore size of SMPPPS by different molding foaming pressures.

Figure 13. Machining schematic diagram of 5 1/2 in the SMPPPS
screen tube sample.

Figure 14. Permeability curve of recovery SMP samples with a
compression ratio of 300%.
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also no acid−base attached to the sample. Therefore, SMPPPS
has good adaptability to the downhole fluid.
4.4. Evaluation of SMPPPS Sand Control Perform-

ance. 4.4.1. Blockage Evaluation of SMPPPS Sand Screen.
Based on the sand particle size distribution of the main oil
formation of Gudong oilfield, the sand for the simulation test is
configured. The characteristic value of formation sand is D40
and the particle size parameter is 218.7 μm. The amount of
formation sand is 171 L, the mud content of formation sand is
10%, the nonuniformity coefficient is 4.08, and the displace-
ment medium is clean water. The 5 1/2 in. screen sand filter
tube and SMPPPS screen tube samples are used for
experiments, respectively, and the results are shown in Figure
16. Under the experimental conditions, the flow rate increases
from 380 to 1475 L/h, and the corresponding liquid
production is 0.12 to 36.40 m3/day, which is consistent with
the production of most oil wells in the Gudong oilfield.
As shown in Figure 16, with the increase in flow, the

pressure difference of the two kinds of screen tubes also
increases. However, the pressure difference of the screen sand
filter pipe is 0.05−0.17 MPa, and the pressure difference of the
SMPPPS screen pipe sample is slightly larger, at 0.12−0.44
MPa. May be it is caused by the deformation and blockage of
the SMPPPS screen pipe, but it is within the acceptable range.
4.4.2. Sand Retaining Accuracy Evaluation of SMPPPS

Sand Control Screen. The sand content and the maximum
sand particle size are used as the evaluation indexes of the sand
control performance of screen tubes. The sand content and
maximum particle size of the SMPPPS screen sample are
shown in Figure 17.

From Figure 17, the flow rate increases from 380 to 1475 L/
h, the sand content obtained by the screen sand filter screen

Figure 15. Compressive strength test deformed sample and test results.

Table 1. Downhole Fluid Adaptability Evaluation of
SMPPPS

SMPPPS sample mass change ratio

soaking
medium

soak for 0 h
(%)

soak for 48 h
(%)

soak for 240 h
(%)

after drying
(%)

clean water 0 40.74 52.78 1.27
brine 0 42.59 65.78 4.97
sewage 0 34.39 36.13 9.76
kerosene 0 21.67 29.81 8.24
10% acid 0 63.13 71.79 2.87
10% alkali 0 45.91 55.68 1.66

Figure 16. Comparison of pressure difference between the SMPPPS
screen and the screen sand filter pipe.

Figure 17. Curves of sand content and maximum particle size with
flow.
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increases from 0.02 to 0.41‰, and the maximum sand particle
size increases from 47.40 μm to 78.48 μm. In contrast, the
SMPPPS sample has basically no sand production when the
flow is small (840 L/h). Subsequently, with the increase of
flow, sand particles begin to appear, and the sand production is
0.14‰, which is about 1/3 of that of the ordinary screen sand
filter screen tube. The maximum sand particle size is smaller
than that of the screen sand filter tube. It means that the sand
retaining accuracy of the screen tube test sample is high and
meets the sand control requirements of downhole tubing.
However, it also shows that the blockage of SMPPPS is more
serious than that of the sand filter pipe.

5. DISCUSSIONS
Thermotropic shape memory materials represented by polyur-
ethane have developed rapidly in recent years, which are also
widely used in the field of petroleum engineering. It is hoped
that this technology can solve the problems of incomplete
contact between the outer diameter of the pipe and the well
wall, collapse of the well wall, and damage of the sand filter
pipe in horizontal open hole completion and sand filter pipe
sand control, so as to improve the efficiency of sand control.
Shape memory polyurethane screen tube has excellent shape
memory function, which solves the abovementioned problems
to a certain extent, but there are several problems. (1) The
shape recovery temperature is low, the recovery starts at 43.1
°C, the recovery ratio reaches 90% at 60 °C, and there is a risk
of being stuck when running underground.14 (2) The
compressive strength is low, which is 1−3 MPa. It is easy to
deform under external force, resulting in large changes in
permeability. (3) The pore size is small, about 150 μm, and the
permeability is 200 mD, making it easy to be blocked by sand
during the sand control.14,32

Therefore, in view of the problems of shape memory
polyurethane materials, this paper attempts to develop a new
SMPPPS material, explore its thermodynamic properties and
shape memory properties, and evaluate its downhole sand
control performance. Through the research, it was found that it
has good thermodynamic performance and a high recovery
temperature. The recovery ratio reaches about 90% at 100 °C,
which is suitable for the increase of well depth. The
compressive strength range is 9.5−11.4 MPa, and the
underground deformation degree is small. Under the action
of different factors, the change range of pore size is large, the
permeability reaches 450 mD, and the fluidity is better. These
characteristics make up for the shortcomings of the shape
memory polyurethane screen pipe to a certain extent, leading
to a better sand control effect and a good field application
effect.
However, through the research, there are also several

problems. The SMPPPS sample faces a blockage problem,
which is slightly less than the shape memory polyurethane
screen pipe but more serious than the sand filter pipe. The
SMPPPS material is brittle, but the toughness is not enough,
and its pore uniformity is slightly poor. It is necessary to
further refine it to improve composition and processing
technology. Finally, the overall application effect also needs to
be tested on site.

6. CONCLUSIONS

(1) High-strength SMPPPS was synthesized, with the
thermodynamic properties and shape memory properties

analyzed. It was found that with the increase of the
cross-linking agent content, the melting index and
melting peak temperature of SMPPPS decreased rapidly
at first and then remained basically unchanged. The
cross-linking agent content was selected as 4.5 wt %. The
shape memory function of SMPPPS was good, whose
recovery ratio can reach 99.8% at 110 °C in 11.8 min.

(2) Carry out experiments to explore the relationship
between the pore size distribution proportion of
SMPPPS and the foaming agent content, pore enhancer,
temperature, and pressure. It is found that the main
distribution range of pore size increases with the increase
of the foaming agent content and temperature, and
decreases with the increase of the pore enhancer content
and pressure. The pore size range can be determined by
sand particle size, and then the material influence
variable parameters can be deduced. When the foaming
agent content is 0.5 wt %, the pore enhancer
concentration is 10%, the molding temperature is 320
°C, the molding pressure is 10 MPa, and the main
distribution range of pore size is 80−320 μm.

(3) The SMPPPS intelligent screen tube is designed and
prepared, and the performance is evaluated. It is found
that the permeability of SMPPPS with a compression
ratio of 300% is not a constant value after recovery but
has a variation range of 420.5−463 mD. The
compressive strength range of SMPPPS is about 9.5−
11.4 MPa. The SMPPPS has good adaptability to
downhole fluids (brine, kerosene, acid, alkali, etc.), high
sand retaining accuracy, and low sand production, which
is about 1/3 of that of the ordinary screen, but the
blockage is more serious.
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