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ABSTRACT: Great attention has been paid to the composites with interpenetrating polymer networks (IPNs) because of their special

performance. However, the influence of sedimentation and convection from different gravity environments on the formation of IPNs

and the properties of IPNs blends has received little attention. To understand their influence, environments with different gravity

accelerations of 0g, 1g, and 2g were simulated with a superconducting magnet, and tests, including differential scanning calorimetry

(DSC), dynamic mechanical analysis (DMA), coefficient of thermal expansion (CTE), scanning electron microscopy, and three-point

bending, of the IPNs blends cured in different gravity environments were conducted and analyzed. Fourier transform infrared spec-

troscopy, DSC, and DMA proved the formation of IPNs during the reaction between the polyurethane prepolymer (PUP) and epoxy

resin (E51). The curves of DSC also certified the differences in the curing degree between the different parts along the direction of

gravity of a sample. With the increase of mass fraction of PUP, the change trends of the storage modulus presented a linear decrease

when samples cured in microgravity environment, but presented a parabolic trend when samples were cured in terrestrial environ-

ment. The damping properties of samples cured in simulated microgravity environments are better than those cured in terrestrial

environment. With the increase in the simulated acceleration of gravity, the diameter of dispersed phase in a sea-island structure

increased, but their number decreased and the bending stress and CTE of the IPN blends all decreased. These results show the forma-

tion of IPNs was affected by different gravity values, and the thermal and mechanical properties of the IPN composites were influ-

enced by the changed IPN components. VC 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 42063.
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INTRODUCTION

Epoxy resins (EP) are considered one of the most important

thermosetting polymers; they are widely used as adhesives, seal-

ants, surface coatings, printed circuit boards, electric encapsulat-

ing materials, damping materials, manufacture of microdevices,

and matrices for high-performance composites because of their

excellent properties of adhesion, thermostability, creep resist-

ance, high strength and stiffness, chemical corrosion resistance,

electrically insulating properties, dimensional stability, and sim-

plicity in processing.1–11 Unfortunately, because of their high

crosslinking density, the cured EPs exhibit low impact strength,

poor crack resistance, and small elongation at break; that is,

these defects make them brittle and limit their applications as

engineering materials.1,3–5,12–14

In the past few decades, a considerable amount of work has

been devoted to improving the fracture toughness and mechani-

cal properties of EP; these include the incorporation of particu-

late fillers, reactive liquid rubbers, and thermoplastic polymers

into the epoxy matrix.15–19 Some of the toughening approaches,

such as the addition of rubber, have led to the deterioration of

the mechanical and thermal properties of EP. To overcome the

drawbacks, ductile thermoplastics, such as polyurethane prepol-

ymer (PUP), have been used to toughen EPs.3,20–23 PUP is one

of the most commonly used additions to improve the elasticity

and toughness of epoxy resin because of its flexible chains and

excellent elasticity. EP/PUP systems have been reported many

times because of their excellent performance generated by the

interpenetrating polymer networks (IPNs) in the systems.24

The system with IPNs is a special polymer blend consisting of

at least two polymers in a molecular network, which is kept

together by permanent entanglement, with excellent thermal

stability and mechanical properties caused by synergistic effects

of each component.25,26 The EP/PUP IPNs blends and their
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modifications have been paid much attention, especially their

mechanical and thermal conductivity properties.27–31 The prop-

erties of blends with IPNs are significantly determined by the

grafted structure of IPNs, and they are influenced when the

grafted structure of IPNs is changed. Microgravity is one of the

factors affecting the structure of IPNs.

A microgravity environment is one special environment with an

acceleration of gravity less than 1024g,32 which can be obtained

by freefall, drop shaft, parabolic flight, and space station experi-

ments,33–35 or simulated by rotary cell culture systems and a

random positioning machine.36–38 In a terrestrial gravity envi-

ronment, the gravity obviously influences the sedimentation of

polymeric microgels, the convection of heat and concentration,

and the temperature gradient,39–42 whereas in the microgravity

environment, these phenomena will disappear.43 The space envi-

ronment is a typical microgravity environment, and polymer

polymerization has been confirmed that it is the best way to

fabricate the hard structure in a space environment because this

method can break up the limits of structure and size of

the space environment laboratory and the space station by the

advantages of its lightweight and portability.44,45 However, the

properties of IPNs cured in space environment will be different

from those cured in an terrestrial environment because the for-

mation and development of IPNs are all related to the phenom-

ena of sedimentation and concentration. Researchers46,47 have

reported that the properties of the curing product, especially

big-scale resin materials, are influenced by the curing environ-

ment, such as the heat concentration generated by the sedimen-

tation and concentration from the environment.

In this study, a superconducting magnet (JASTEC-16T) was

used to simulate the different gravity environments (0g, 1g, and

2g), with the superiorities of cost-effectiveness, long lifetime,

and independence from liquid conditions. The feasibility of this

equipment has already been verified, on the basis of which

some research on life science and material science have been

conducted.48–50

Herein, environments with gravity accelerations of 0g, 1g, and

2g were simulated by a superconducting magnet. The tests,

including differential scanning calorimetry (DSC), dynamic

mechanical analysis (DMA), coefficient of thermal expansion

(CTE), scanning electron microscopy (SEM), and three-point

bending, of the EP/PUP blends cured in different gravity envi-

ronments were conducted. The molecular chain networks and

microgel generated during the formation of IPNs were all sensi-

tive to gravity; if the movement of molecular chain networks

and microgel changed with the gravity, how did the IPNs and

properties of materials with IPNs change? We discuss that in

this work, and the research conclusions can be good guidance

for the manufacturing of excellent blends with IPNs in terres-

trial environment and the application of blend with IPNs used

in different gravity environments in the future.

EXPERIMENTAL

Raw Materials

Bisphenol A glycidyl ether epoxy resin E51, with an epoxy value

of 0.5 6 0.01 and a type of WSR618, was purchased from Wuxi

Resin Factory of Bluestar New Chemical Materials Co., Ltd.

(Jiangsu, China).

The curing agent was a modified amine (named 593, Shanghai

Resin Factory Co., Ltd., Shanghai, China). It was a transparent

liquid and had long chain structures; the viscosity of it was 80–

100 mPa s (298.15 K).

PUP was purchased from Jiangyan Hengchuang Insulation

Materials Co., Ltd. (Hubei, China). The average molecular

weight was 2600–2700, and the content of the active group

(NCO) was 0.07 mol/100 g.

Simulation Equipment

The superconducting magnet used in our experiments and asso-

ciated information are shown in Figure 1. The magnet could

simulate three different gravity environments with gravitational

accelerations of 0g, 1g, and 2g; the corresponded to the mag-

netic field strength of 9, 16, and 12 T, respectively. The mag-

netic strength of superconducting magnet was about five orders

of magnitude higher than that of the ground (0.531024 T).

The four gravity environments, including terrestrial 1g and

simulated 0g, 1g, and 2g are abbreviated to G, G0, G1, and G2,

respectively, for simplicity.

Sample Preparation

The calculated amount of PUP was added to the heated resin at

about 70�C, and then, the mixtures were stirred vigorously with

mechanical stirring for 30 min at 70�C to ensure the uniform-

ity. The homogeneous mixtures were cooled to room tempera-

ture, and certain proportion of curing agent was added to the

mixtures. This was followed by the blending of the EP/PUP/593

mixture according to the same steps as the preparation of the

EP/PUP system. The mixture was degassed in vacuo and poured

into the four gravity environments, G, G0, G1, and G2, with an

environmental temperature of 40�C. The ratios of PUP to EP

were 10/100 (denoted as 10 wt % for facility), 15/100 (15 wt

%), 20/100 (20 wt %), and 25/100 (25 wt %), respectively. To

explore the influences of different gravities on the properties of

different parts of one sample, each sample was cut into upper

and lower parts to compare their properties. The cutting

method was the same as our previous report.51 Briefly, the

height of the sample was 8 mm, and the location of 4 mm was

selected as the cutting position. Then, the upper and lower

parts were obtained.

Characterization

The IR spectra of the samples were recorded with an Equinox

55 Fourier transform infrared (FTIR) spectrophotometer

(Bruker, Germany) over the range of 4000–400 cm21 at a reso-

lution of 4 cm21.

DSC was done by a STARe system analyzer (Mettler Toledo,

Switzerland) at a 10�C/min heating rate under the nitrogen flow

rate of 30 mL/min from 0 to 200�C.

The thermomechanical properties, including the modulus and

glass-transition temperatures (Tg’s), were tested with DMA

(SDTA861e, Mettler Toledo) under a shear mode over a temper-

ature range from 25 to 130�C at a heating rate of 5�C/min with
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a frequency of 1 Hz, an amplitude of 3 lm, a force of 5 N, and

a sample size of diameter, A 5 10 3 3.4 mm2.

Thermogravimetric analysis (TGA) was determined by a TGA/

DSC STARe system (Mettler Toledo) with a heating rate 10�C/

min from 30 to 700�C under a nitrogen atmosphere.

CTE was measured by a TMA/SDTA840 instrument (Mettler

Toledo) at a heating rate of 5�C/min from room temperature to

200�C with a sample size of A 5 10 3 3.4 mm2.

The flexural properties were measured on an Instron 5965 uni-

versal material tester (Instron) at room temperature with a

crosshead speed of 2 mm/min. We obtained all of the data by

testing samples (35 mm37 mm33.4 mm) for three times.

The morphology of the fracture surfaces was observed by a

Helios Nanolab600i electronic microscope (FEI). The specimen

surfaces were coated with a thin gold film to increase their con-

ductance for SEM observation.

RESULTS AND DISCUSSION

FTIR Spectroscopy

FTIR spectrum analysis is a major method for investigating the

curing mechanism and structural changes of the EP/PU mix-

ture. The FTIR spectra of E51, PUP, PUP 1 E51, and

PUP 1 E51 1 593 (cured in G) are shown in Figure 2. It is clear

that there were characteristic peaks of ANCO (2270 cm21) and

C@O (1727 cm21) in curve a, and the AOH (3500 cm21) and

epoxy groups (916 cm21) in curve b. PUP and E51 reacted

under stirring for 30 min at 70�C to form the product of

PUP 1 E51. The characteristic peak of AOH (3500 cm21) dis-

appeared in curve c; this indicated the reaction between the iso-

cyanate group in the PUP and hydroxyl groups in E51, where

the latter was consumed completely in this reaction. At the

same time, the isocyanate group in PUP also reacted with the

epoxy group in E51; this could be certified by the weakened

characteristic peaks of the epoxy group (916 cm21) and ether

linkage (1038 and 1183 cm21).3,52–54 In the two previous reac-

tions, the mixing molecule networks were formed between PUP

and E51; this resulted from the intertwinement with each other

and the chemical reaction. This played an important role in the

formation of IPNs between the EP/PU mixture and 593. The

epoxy group (916 cm21) almost disappeared in curve d; this

means that the epoxy group from the EP/PU mixture reacted

Figure 2. FTIR spectra of (a) PUP, (b) E51, (c) PUP 1 E51, and (d)

PUP 1 E51 1 593. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]

Figure 1. Photograph of the superconducting magnet and its associated information. Fm, magnetic field force; Fg, gravitational force. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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with the amino group of 593. Along with the reaction between

the epoxy and amino groups, the IPNs formed gradually.

DSC

Information about the tested systems, such as the heat release,

Tg, and phase structure of the multiphase system, could be

obtained by the monitoring of the exothermic curve of DSC.

Figure 3(a) shows the exothermic curve of the PUP 1 E51 1 593

blend with 20 wt % PUP. There is only one peak in this curve,

and it exhibits considerable compatibility between PUP and EP

in the IPNs.55,56

Figure 3(b) shows the exothermic curves of the

PUP 1 E51 1 593 blend cured in G0, G, and G2. The curves of

the upper and lower part of one sample are abbreviated as U

and D in the figure. As is shown in Figure 3(b), when the sam-

ple was cured in the same environment, Tg of the lower part

was slightly higher than that of upper part. The difference was

the smallest when the samples were cured in G0 and largest

when the samples were cured in G2. When the samples were

cured in G or G2, the sedimentation effect made the intertwined

segments and microgels sink down to the bottom of the sample

and triggered the heat concentration,57 which promoted the reac-

tions in the lower part of the sample and made the curing degree

in the lower part higher than that in the upper part.51,58 How-

ever, when the samples were cured in G0, the whole sample

cured at uniform curing rate and had the same curing degree

because of the disappearance of the sedimentation effect.51,59

There were small exothermic peaks in the curves of the upper

part after Tg because of the lack of postcuring. The exothermic

peak area decreased with the growth of gravity; this indicated

that different gravity values had effects on the curing degree.

DMA

The dynamic storage modulus (E0) reflects the load-bearing

capacity of the materials. Figure 4 shows the curves of E0 of the

blends with different PUP mass fractions cured in G and G0.

When the samples were cured in G and G0, respectively, the E0

values of the blends were lower than those of the pure epoxy.

Figure 3. Exothermic curves of (a) a PUP 1 E51 1 593 blend with 20 wt % PUP cured in G and (b) upper (U) and lower (D) parts of the blend cured

in G0, G, and G2. G0U, the tested specimen is the upper part of the sample cured in the G0 environment; G1U, the tested specimen is the upper part

of the sample cured in the G1 environment; G2U, the tested specimen is the upper part of the sample cured in the G2 environment. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 4. E0 curves of blends with different PUP mass fractions cured in (a) G and (b) G0. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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The PUP contained flexible segments and active carboxyls, but

because the activity of the carboxyls was weaker than that of

the hydroxyls in the epoxy, the reaction between the carboxyls

and curing agent 593 became difficult. The combined effect of

both the flexible segments and unreacted carboxyls in the blend

made the segment move more freely and made the crosslinking

density decrease. This caused E0 of the blend to decline. The

decreasing trends of E0 were different in G and G0. In G [Figure

4(a)], there was an increasing trend first and a decline in the

following part during the addition of PUP. E0 was the highest

when the addition amount of PUP was 15 wt %. The changing

tendency of E0 was the same as in the bending stress test in the

previous part of this study. In G0 [Figure 4(b)], E0 decreased

linearly with the addition of PUP. The nonlinear decline of E0

in G resulted from effects of the sedimentation and convection

generated by gravity, which made the IPNs distribute chaotically

in the blend. Meanwhile, when cured in G0, the curing behavior

of the blend was closer to the theoretical value, and E0 of the

blend showed a linear decline because of the disappearance of

sedimentation and convection. The difference in E0 of the sam-

ples with the same addition amount of PUP was not large; this

was mainly because the sample size was small, and the influen-

ces of sedimentation and convection were not obvious.

The analysis of the curve of the loss tangent (tan d; defined by

the ratio of loss modulus (E00) to storage modulus (E0) is an

important method of DMA because it shows information such

as the damping capability (dissipation of the vibration energy)

and Tg, wherein the temperature range of tan d> 0.3 has been

always used to analyze the damping capability of materials. The

curves and characteristic data of the PUP-modified epoxy are

shown in Figure 5 and Table I, respectively.

When the blends were incorporated with different mass frac-

tions of PUP cured in G and G0, their Tg values both decreased

a little with increasing PUP content from 10 to 25 wt %; this

was in agreement with other studies.60 The incorporation of

flexible segments decreased the volume fraction of rigid seg-

ments in both environments. Cured in the same environment,

the blends with PUP contents of 10 and 15 wt % all had good

damping properties, but the damping properties of the samples

cured in G0 were better than the properties of those cured in

G. The friction among the segments of the IPNs influenced the

damping properties of the materials.61 As mentioned previously,

when cured in a gravity environment, the EP/PUP networks

could not be uniformly distributed in the uncured blend

because of the sedimentation and convection from gravity,

whereas they were uniformly distributed when cured in a

microgravity environment because of the disappearance of sedi-

mentation and convection. The homogeneous EP/PUP networks

generated homogeneous IPNs, which promoted the friction and

winding among the segments62 and also improved the damping

properties by increasing the energy dissipation of the blend.

TGA

Figure 6(a) shows the thermal stability of E51 blends with 10

and 25 wt % PUP. In the blend, there were two kinds of seg-

mental networks. One was generated by the reaction between

593 and epoxy, and the other was generated by the reaction

between 593 and flexible segments of PUP. The IPNs were gen-

erated by the two kinds of networks through chemical reactions

and intertwined in the blends. Because of the existence of the

Figure 5. Tan d curves of the blends with different PUP mass fractions cured in (a) G and (b) G0. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]

Table I. Characteristic DMA Data for Modified Epoxy Cured in G and G0

with Different Mass Fractions of PUP

PUP/blend (%) Tan d>0.3 (�C)
Tan d
(maximum) Tg (�C)

G 0 (pure E51) 68–90 0.89 77

10 65–86 0.80 74

15 64–84 0.80 74

20 63–83 0.76 72

25 63–83 0.72 72

G0 10 63–84 0.86 73

15 63–83 0.81 73

20 62–83 0.79 72

25 62–82 0.73 71
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aromatic ring in the epoxy, the cured epoxy had a high cross-

linking density, and the motion of the segments was difficult.

This made the epoxy possess a good thermal stability. Com-

pared to the epoxy, PUP had more flexible segments, which

endowed them with poor thermal stability. So, the thermal sta-

bility of the mixture with epoxy and PUP decreased with

increasing mass fraction of PUP. As the mechanism of thermal

decomposition of the EP/PU system,63 before 350�C, the ther-

mal decomposition was mainly that of urethane and aromatic

linkage from PUP, and after 350�C, the remaining ingredients

of the system were essentially the same as that of the pure

epoxy. Hence, the thermal decomposition rate of the EP/PU sys-

tem increased with increasing mass fraction of PUP before

350�C and almost did not change after 350�C. The change trend

of the thermal decomposition rate shown in Figure 6(a) was

accordance with the decomposition mechanism.

Figure 6(b) shows the thermal degradation properties of blends

with 25 wt % PUP cured in four different gravity environments.

The curves indicate that the thermal stability of the blends with

IPNs was almost not affected by the different gravity values;

this might have been because the different gravity values only

changed the uniformity rather than the molecular structure of

the IPNs blends.

CTE

The influences of different environments and the mass fraction

of PUP on the thermal expansion of the modified epoxy could

be analyzed through a comparison of the CTE values of differ-

ent specimens. The CTE value is directly related to the crosslink

density and free volume properties of epoxy systems;64 when

the crosslink is bigger, the free volume is smaller. With eq. (1)

for the CTE value,65 we calculated the values of the samples

cured in different environments and obtained Figure 7:

a 5 1=L0ð Þ DL=DTð Þ (1)

where a is the CTE value, L0 is the initial dimension, DL is the

change in length, and DT is the change in temperature.

The CTE value after Tg was higher than that before Tg for the

same sample, just as is shown in Figure 7; this was caused by

different intermolecular forces under different temperatures. In

Figure 6. Thermal stability of the (a) E51 and mixtures with different mass fractions of PUP cured in G and (b) mixtures with 25 wt % PUP cured in

different environments. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 7. CTE values of different systems cured in different gravity environments: (a) before Tg and (b) after Tg. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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the temperature range higher than Tg, the intermolecular dis-

tance increased because the molecular vibrations became stron-

ger. When the blends had different mass fractions of PUP (E51

GD, 10 wt % GD, and 25 wt % GD), their CTE values increased

with increasing added amount of PUP. When we added more

PUP into the mixture, there were more flexible segments and a

corresponding reduction in the volume fraction of the rigid aro-

matic rings in the mixture; this reduced the resistance of expan-

sion when the segments were heated and made the expansion

behavior more likely to occur.

The CTE value decreased with increasing gravity value (25 wt

% PUP cured in GD, G0D, G1D, and G2D). The CTE values

before and after Tg in G2 were reduced by 9.5 and 10.8%,

respectively, compared to those of the samples cured in G0.

This could be explained as follows. When the uncured

EP 1 PUP 1 593 blend into was placed into the different curing

environments, when there was a sinking force generated by

gravity, just like in G and G2, the EP/PUP networks sank down

and reacted with 593 to form the IPNs in the bottom of the

sample. This made the crosslinking density in the lower part of

the sample higher than the average value of the whole sample.

If there was no sinking force, just like in G0, the reaction pro-

ceeded uniformly and the crosslinking density of the lower part

of the sample was just the average value. The crosslinking den-

sity in the lower part of the sample increased with the augment

of sinking force. Because the sinking force increased with the

gravity value, the crosslinking density in the lower part of the

sample rose with increasing gravity value. The CTE value

decreased with increasing crosslinking density, so the CTE val-

ues decreased with the rise of gravity values.

Three-Point Bending Testing

As shown in Table II, in each one of the four environments, the

bending stress of the PUP-modified epoxy was the smallest

compared to all of those of the other pure epoxy. The addition

of flexible segments of PUP reduced the volume fraction of the

rigid aromatic rings in the blend, and this led to a reduction in

the bending stress. The reduction first increased and then

decreased; this was because when the PUP was blended into the

mixture, the IPNs became compact by chemical reaction and

intertwined with the chains of PUP. If the mass fraction of PUP

went over 15 wt %, the volume friction of flexible segments in

Table II. Bending Stress of Epoxy Modified with Different Mass Fractions

of PUP Cured in Different Environments

G
(MPa)

G0
(MPa)

G1
(MPa)

G2
(MPa)

(G 2 G2)/
G (%)

E51 143 142 139 135 5.6

10% PUP 92 92 90 87 5.4

15% PUP 102 97 93 90 11.8

20% PUP 94 89 87 83 11.7

25% PUP 86 81 78 74 14.0

Figure 8. SEM images of 15 wt % PUP-modified epoxy cured in (a) G, (b) G0, (c) G1, and (d) G2.
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the mixture were so high that it made the crosslinking density

decrease and caused a decline in the bending stress.

The average bending stress of the samples cured in G was the

biggest compared to those of samples cured in the other three

simulated environments. Compared with the three simulated

environments, the bending stress decreased with increasing

simulated gravity value and mass fraction of PUP. When the

mass fraction of PUP was 25 wt %, the bending stress of the

samples cured in G2 decreased by 14% compared to that of the

samples cured in G. As stated previously, the magnetic strength

of a superconducting magnet is about five orders of magnitude

higher than that in the ground, and this might have changed

the uniformity of the IPNs and made the IPN blends cured in

it have a reduced bonding stress.

SEM

Because of the excellent bending stress of the blend with 15 wt

% PUP, the microstructures of the 15 wt % PUP-modified

epoxy cured in different gravity environments were tested. The

sea-island structure (SIS) could clearly observed, as shown in

Figure 8(a) (G). The dispersed phase was uniformly distributed

in the continuous phase of the matrix. These flexible dispersed

phase increased the fracture toughness of the blend not only by

changing the direction of crack propagation but also by absorb-

ing the energy of crack propagation.7 In the SIS system, the

properties of the dispersed phase, such as the volume, density,

and uniformity of dispersion, directly affected the toughening

effects. There were a large number of islands, shown in Figure

8(b) (G0), and they were all uniformly dispersed in the resin

matrix. With increasing gravity value, the number of islands

decreased slightly, as shown in Figure 8(c) (G1). The dispersed

phase with a smaller diameter aggregated and combined into a

dispersed phase with larger diameter in the bottom of the sam-

ple, as shown in Figure 8(d) (G2); this reduced the interaction

between the dispersed phase and the continuous phase by

decreasing the contact area between the two phases. At the same

time, the dispersed phase with a large diameter easily created

phase separation with the continuous phase, and this signifi-

cantly reduced the mechanical properties of the material.

CONCLUSIONS

In this article, the PUP-modified epoxy was prepared in differ-

ent gravity environments, and the properties of the modified

epoxy were investigated, and we drew the following conclusions:

1. The formation of IPNs in the reaction between PUP and

E51 was proven by the analysis of FTIR spectroscopy, DSC,

and DMA. Different parts along the direction of gravity of

one sample had different curing degrees; this was certified

by the DSC analysis.

2. With increasing mass fraction of polyurethane, the E0 values

of the samples cured in a microgravity environment pre-

sented a linear decrease, but when the samples were cured

in a terrestrial environment, their decrease in E0 showed a

parabolic trend. The damping properties of the samples

cured in simulated microgravity environments were better

than those of the samples cured in a terrestrial environment.

3. With increasing simulated acceleration of gravity, the diame-

ter of the dispersed phase in SIS increased, but the number

of them decreased, and the bending stress and CTE values

of the IPN blends all decreased. When the mass friction of

PUP was 25 wt %, the average values of the bending stress

and CTE of the samples cured in simulated supergravity

environments decreased by 8.6 and 10.8%, respectively, com-

pared to those of the samples cured in simulated micrograv-

ity environments.
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