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Abstract Carbon-fiber-reinforced plastics (CFRP) with improved mechanical properties based on modified epoxy binders were investigated in
this study. By adding 15 parts by weight (p.b.w.) of copolymer of polysulfone with cardo phthalide group (PSFP-70C) to the epoxyanhydride
binder, the flexural strength of the epoxy polymer was increased by 60%, the CFRP based on it by 57%, the flexural modulus of the epoxy poly-
mer was increased by 83%, and the composite by 96%. The adhesion strength of the binder to carbon fiber reached a high level at 10 p.b.w. of
thermoplastic modifier and increased by 65% compared to the unmodified binder. Scanning electron microscopy (SEM) was used to determine
that in epoxyanhydride systems with a polysulfone content of 5-15 p.b.w., the structure belongs to the "matrix dispersion" type and with a con-
tent of 20 p.b.w. to the "interpenetrating phase" type. A heterogeneous structure was also observed using dynamic mechanical analysis.
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INTRODUCTION

Epoxy resins are widely used as matrix materials in the manu-
facture of polymer composites. The utilization of polymer com-
posites has applications in myriad industries, including the au-
tomotive, aerospace, and shipbuilding industries. In such fields,
the significance of composite materials lies in their capacity to
exhibit low density, enhanced corrosion resistance, and resis-
tance to crack propagation, which are of paramount impor-
tance in the development of products for these industries. To
improve the mechanical properties of the end products, the
most appropriate way to modify epoxy resins is to introduce
heat-resistant thermoplastics into the matrix.!'3! Because the
phase structure has a significant influence on the mechanical
properties of the materials, the question of phase equilibrium
and interdiffusion of the components is important when modi-
fying epoxy resins with thermoplastics, which is the subject of
researches.[*”"!

Epoxy resin was cured with methyltetrahydrophthalic an-
hydride, and polyetheretherketone was added as a modifier
up to 7% by weight in a study.l8! An increase of 33% in tensile
strength, 36% in three point bending, and some increase in
compressive strength was observed. Simultaneously, the cor-
responding elastic modulus was improved. The increase in
the mechanical characteristics can be explained by the forma-
tion of a new heterogeneous structure of the "matrix-disper-
sion" type, where the dispersed phase is enriched with a ther-
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moplastic modifier.

The introduction of 15.36 wt% polyphenylene oxide result-
ed in an improvement in tensile and flexural strength, which
may be due to the heterogeneous matrix-dispersion type
structure in the epoxy polymer as determined by scanning
electron microscopy.”! The dispersed particles in this system
are enriched with polyphenylene oxide. However, when the
same amount of polysulfone was introduced, an "inverted
matrix dispersion” was obtained, where the quasi-spherical
particles were already enriched with cured epoxy. It should be
noted that in this case, the mechanical properties were inferi-
or to those of the neat epoxy polymer. The "interpenetrating
phase" type structure was obtained in Ref. [10] when the
polysulfone content in the epoxy polymer was 13 wt% and in
Ref. [11] when the polyethersulfone content in the epoxy
polymer was 15 and 20 parts by weight (p.b.w.) per 100 p.b.w.
of epoxy resin. The crack resistance of the epoxy polymer in-
creased steadily with increasing thermoplastic content, but
the impact strength and tensile strength reached a maxi-
mum at a polyethersulfone content of 10 p.b.w. and at the
achievement of the "matrix dispersion” type structure present
in this material.

In Ref. [12], the authors found that the addition of polysul-
fone reduced the degree of conversion of epoxy binders be-
cause the glass transition temperature of the material de-
creased. However, owing to its phase structure, the modified
epoxy polymer exhibited improved flexural properties, stress
intensity factor, and impact strength. Structural changes in
materials based on epoxy binders, when modified with ther-
moplastics, have also been observed in reinforced plastics.
For example, dispersed inclusions were observed in scanning
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electron microscopy (SEM) images of fracture surfaces of car-
bon fiber reinforced plastic samples.l'3! Here, the interlayer re-
inforcement of carbon fiber-based polymer composites with
polyphenylenesulfide increased the crack initiation and prop-
agation energies by 134% and 345%, respectively.

In Ref. [14], when epoxy oligomer was modified with
polyetherimide, a significant increase in the crack resistance
of the matrix and the carbon fiber reinforced plastic (CFRP)
based on it was observed by 360% and 80%, respectively, at a
thermoplastic content of 25 wt%. This is due to the formation
of "interpenetrating phases" in this sample. The addition of
polyetherimide also resulted in a 70% increase in impact
toughness, which is explained by the high impact toughness
of the thermoplastic itself. Polyetherimide was also added to
epoxy binders in Ref. [15], resulting in an increase in flexural
strength and modulus of elasticity of 20% and 17%, respec-
tively, at a thermoplastic content of 2 wt% and a two-fold in-
crease in stress intensity factor at the same modifier content.
The infrared (IR) spectra of the modified polymer revealed a
shift towards lower wavenumbers of the peak characteristic
of the hydroxyl group, which the authors attributed to the
formation of hydrogen bonds between the imide groups of
the polyetherimide and the hydroxyl groups of the epoxy
resin.

The use of polyethersulfone with cardo groups in Ref. [16]
allowed the glass transition temperature (Tg) of the epoxy
polymer to increase by 19 °C, which the authors attributed to
the possibility of the cardo groups being involved in the cur-
ing process. This assumption was supported by the homoge-
neous structure observed in the electron micrographs. The
most widely used method for determining the adhesive
strength of composites is "pull-out.” In Ref. [17], unmodified
epoxyanhydride binders with an average adhesion strength
of 30 MPa were studied using this method. With the addition
of thermoplastics to the matrix, a decrease in this parameter
can be observed; as for example in Ref. [18]. When epoxy
oligomer was modified with polysulfone, the adhesion
strength decreased by 18 MPa at a modifier content of 10%
by mass. This may be because of the low adhesion of the ther-
moplastic to the filler.

There appears to be a paucity of research data available in
the extant literature on the effect of cardo polysulfones used
as modifiers on the properties of both epoxy polymers and re-
inforced plastics based on epoxy resins. The aim of this work
is to develop a thermoplastic-modified epoxy binder with im-
proved mechanical properties and a carbon fiber-reinforced
plastic that can be used in the aircraft industry.

MATERIALS AND METHODS

Materials
In this work, binders based on epoxy oligomer Diglycidyl Ether
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of Bisphenol A (DGEBA) grade ED-20 (GOST 10587-84, FSUE
“Ya.M. The Sverdlov Plant”, Dzerzhinsk, Russian Federation). The
binder hardeners used were isomethyltetrahydrophthalic anhy-
dride (iso-MTHPA, produced by Shanghai Institute of Chemical
Industry Testing Co., LTD (Shanghai, China)) and 2-methylimida-
zole (Acros Organics Bvba, Geel, Belgium) as a curing accelera-
tor. The epoxy binders were modified with a thermoplastic
copolymer of polysulfone with cardo phthalide group grade
PSFP-70C (JSC "G.S. Petrov Institute of Plastics", Moscow, Rus-
sian Federation), T, of 236 °C, viscosity number of 40.6 mL/g, the
chemical formula of which is shown in Fig. 1. Carbon laminates
were produced from UMT 40-3K-EP (UMATEX JSC, Moscow, Rus-
sian Federation) equal-strength carbon fabric, 2 x 2 twill weave,
with an epoxy-compatible coating on the fiber surface.

Preparation of Epoxy Polymers

The epoxy resin was mixed with 5, 10, 15, and 20 parts by
weight (p.b.w.) of PSFP-70C per 100 p.b.w. of DGEBA. The mix-
ture was stirred with an axial turbine type stirrer until the ther-
moplastic was completely dissolved at 110 °C with temperature
ramp 10 °C/min for 2 h to 3 h. The stirring speed was 150 r/min.
The binders were then cooled to 60 °C and iso-MTHPA was
added at 80 p.b.w. per 100 p.b.w. of DGEBA and 2-methylimida-
zole in an amount of 0.2 p.b.w. per 100 p.b.w. of DGEBA was
added and stirred until homogeneous mixtures were obtained.
The binders were then degassed in a thermovacuum oven at 60
°C temperature and a 0.08 MPa vacuum for 30-40 min to re-
move air bubbles. The binders were then poured into fluoro-
plastic molds and cured in an oven under a step-by-step regime
of 90 °C for 3 h and 120 °C for 12 h.

Preparation of CFRP

Vacuum-assisted resin transfer molding (VARTM) ' was used to
produce the reinforced plastics. A schematic of the VARTM sys-
tem is shown in Fig. 2. This method is based on the pressure dif-
ference between the vacuum pressure and environmental pres-
sure, which causes the resin to be injected. The cleaned steel
mold was lubricated with a mold release agent to facilitate the
removal of CFRP after curing. The precut dry-fabric reinforce-
ment was layered. A layer of peel ply was placed on top to sepa-
rate the CFRP from the vacuum bag. This was followed by a flow
medium to allow air to escape and distribute the binder evenly
over the fabric reinforcement area. A spiral tube attached to the
vacuum outlet was used as the resin distribution channel within
the vacuum bag, which was connected to a resin inlet on one
side of the bag (to supply binder) and to a vacuum pump on the
other side of the bag (to vent and remove excess binder). The
assembled package was sealed with a vacuum film, which was
attached to the mold around the perimeter using sealant tape.
Prior to composite manufacturing, the mold was tested for leak
tightness by creating a vacuum inside the mold for 24 h. Then,
after checking that the mold was hermetic, vacuum infusion
was performed, and the binder was preheated to 60 °C with a
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The chemical formula of copolymer of polysulfone with cardo phthalide group PSFP-70C.
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Fig.2 Scheme of VARTM.

temperature ramp of 10 °C /min to decrease its viscosity and fa-
cilitate the impregnation of the carbon fiber. The pressure dur-
ing infusion was 0.09 MPa vacuum. The binder temperature was
maintained at 55 °C during impregnation. When the injection
was complete, the vacuum line was shut off, and the mold was
placed in an oven to cure according to the step-by-step regime:
90°Cfor3 hand 120°Cfor 12 h.

Methods

The flexural strength and modulus were determined using a
three-point scheme on a Tinius Olsen 50 ST testing machine
(Tinius Olsen Testing Machine Company, Horsham, Pennsylva-
nia, United States). For the epoxy polymers, tests were per-
formed according to I1SO 178:2010 with the following specimen
dimensions: length of 80 mm, width of 10 mm, and thickness of
4 mm. The CFRP tests were performed according to ASTM D790-
10 with the following specimen dimensions: length of 45 mm,
width of 12.7 mm, and thickness of 2 mm. The speed of the
moving crosshead in the testing machine was 5 mm/min. The
morphology and structure of the epoxy polymers were studied
by scanning electron microscopy (SEM) on a Thermo Scientific
Quattro C (Thermo Fisher Scientific Inc, Waltham, Mas-
sachusetts, United States of America) on specimens pre-sprayed
with activated carbon to provide an electrically conductive sur-
face. Dynamic mechanical analysis (DMA) was performed on a
Gabo Eplexor DMA instrument (NETZSCH, Selb, Germany) ac-
cording to 1SO 6721-11:2012. Optical microscopy was used to
determine the effective fiber lengths required to calculate the
adhesion strength values of the CFRP specimens fractured after
flexural testing. Optical microscopy was performed using an
OLYMPUS DSX 1000 metallographic microscope (Olympus Cor-
poration, Tokyo, Japan).

RESULTS AND DISCUSSION

Flexural Properties of Epoxy Polymers

In the first part of the work, the effect of the thermoplastic mod-
ifier PSFP-70C on the flexural strength of epoxy anhydride poly-
mers was studied (Fig. 3). The dependence of the flexural force
on the displacement indicates the brittle nature of the epoxy
polymer fracture, which is the same for all thermoplastic con-
tents. The highest flexural strength (83 MPa) was observed for

the system with 15 p.b.w. PSFP-70C (Fig. 4), which surpassed the
performance of the cured epoxy resin by 60%. With 20 p.b.w.
thermoplastic, a slight decrease (about 8 MPa) in flexural
strength was noted, probably because of a decrease in the de-
gree of conversion due to the increased viscosity of the binder
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Fig. 3 Force-position diagram of epoxyanhydride polymers
containing PSFP-70C: 1, 0 p.b.w.; 2,5 p.b.w.; 3, 10 p.b.w.; 4, 15 p.b.w.;
5,20 p.b.w.
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Fig.4 Flexural strength (solid fill) and flexural modulus (patterned
fill) of elasticity of epoxyanhydride polymers containing PSFP-70C.
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containing 20 p.b.w. thermoplastic.

The flexural modulus of epoxyanhydride polymers was sig-
nificantly changed by the modification of polysulfone copoly-
mers with cardo copolymers. The introduction of even 5
p.b.w. PSFP-70C led to an increase in modulus by 83% com-
pared to the unmodified polymer. Further increases in the
thermoplastic content (10-20 p.b.w.) had almost no effect on
the flexural modulus. The increase in modulus is probably due
to the high modulus of PSFP-70C compared to that of the
neat epoxyanhydride polymer.

Increasing the flexural modulus increased the stiffness,
which was also reflected in the decreasing relative strain dur-
ing bending (Fig. 5).
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Fig. 5 Flexural strain of epoxyanhydride polymers containing
PSFP-70C.

A binder containing of 5 p.b.w. PSFP-70C to 20 p.b.w. PSFP-
70C shows a strain decrease of 0.4% to 0.6% compared to the
unmodified epoxyanhydride polymer, which correlates with
the increased stiffness of the system.

SEM-images of Epoxy Polymers

To understand the reasons for the improved mechanical prop-
erties of the modified systems, we studied their structure and
morphology using scanning electron microscopy. Micrographs
are shown in Fig. 6.

The unmodified epoxyanhydride polymer is characterized
by a mirror-smooth surface, indicating a brittle fracture pat-
tern (Fig. 6a) as well as epoxy polymers with 5 p.b.w. PSFP-
70C (Fig. 6b). When modified with 10-15 p.b.w. PSFP-70C, the
samples were characterized by a developed morphology
where branched cracks were present, indicating a less brittle
fracture type (Figs. 6¢c and 6d). This explains the improved
strengths of the composites.

The neat epoxy polymer has a homogeneous structure
(Fig. 7a). In Fig. 7, the structure of the epoxies shows that as
the PSFP-70C content increased from 5 p.b.w. (Fig. 7b) to 10
p.b.w. (Fig. 7¢), there was an increase in the size and number
of dispersed particles enriched with thermoplastic. Further-
more, in the epoxy polymer containing 15 p.b.w. PSFP-70C
(Fig. 7d), there is a tendency for the continuous phase en-
riched with thermoplastic to form as the quasi-spherical parti-
cles become closer together. Thus, epoxy polymers contain-
ing 5—15 p.b.w. polysulfone were characterized by the "ma-

Fig. 6 Morphology of epoxyanhydride polymers containing PSFP-
70C: (@) 0 p.b.w.; (b) 5 p.b.w.; (c) 10 p.b.w.; (d) 15 p.b.w; (e) 20 p.b.w.

Fig. 7  Structure of epoxyanhydride polymers containing PSFP-
70C: (a) 0 p.b.w.; (b) 5 p.b.w.; (c) 10 p.b.w.; (d) 15 p.b.w; (e) 20 p.b.w.,
polysulfone riched areg; (f) 20 p.b.w., epoxyanhydride riched area.

trix dispersion” type of structure.

With the addition of 20 p.b.w. of polysulfone cardo copoly-
mer, a more complex structure was formed (Figs. 7e, 7f), in
which two continuous phases, one enriched with a ther-
moset — dashed area and the other area enriched with ther-
moplastic (Fig. 6e). At the same time, the first continuous
phase also contains dispersed particles enriched in thermo-
plastic (Fig. 7f, green circles), whereas in the second, these
particles are enriched in thermoset (Fig. 7e, red circles), which
allows us to describe the last one as an "inverted matrix dis-
persion".

Dispersed particles enriched with thermoplastics are
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known to strengthen epoxy polymers. In heterogeneous
structures, a crack encountering a thermoplastic-enriched
particle may bypass it (increasing the crack path and hence
the fracture energy), tear it away from the matrix (requiring
additional energy to overcome the adhesive interaction), par-
tially destroy it (again increasing the fracture energy), or a
combination of the above mechanisms may occur at fracture.

In Fig. 7, the crack propagation paths through the thermo-
plastic modifier-enriched particles are clearly visible, and a
combined failure mechanism under mechanical loading is ob-
served. It is likely that when 15 p.b.w. PSFP-70C was modified,
the heterogeneous material structure was the major contribu-
tor to the strengthening of the epoxyanhydride polymer. The
sample containing 20 p.b.w. PSFP-70C, despite having a more
advanced type of structure, exhibited a slightly reduced flexu-
ral strength compared to the polymer containing 15 p.b.w.
modifier, probably because of the lower degree of conver-
sion.

It was found that the introduction of PSFP-70C at a content
of 5-20 p.b.w. leads to an increase of 37%-60% in flexural
strength and 78%-83% in flexural modulus of epoxyanhy-
dride polymers, owing to the formation of new heteroge-
neous structures.

Viscoelastic Properties of Epoxy Polymers
The heterogeneous nature of the obtained epoxy polymers
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Fig. 8 Loss modulus versus temperature (a) and its enlarged
dashed area (b) of epoxyanhydride polymers contaning PSFP-70C.
1:0p.b.w,; 2:5p.b.w.;3: 10 p.b.w.; 4: 15 p.b.w.; 5: 20 p.b.w.

modified with PSFP-70C was also confirmed by dynamic me-
chanical analysis (DMA), in which the loss modulus (G") was
plotted as a function of temperature (Fig. 8). The peaks in Fig.
8(a) correspond to the glass transition temperature of the
epoxy-enriched phase (Tg). In the higher temperature range
(>170 °C), epoxy polymers modified with 5-15 p.b.w. polysul-
fone showed a second glass transition peak (Tg,) corresponding
to the thermoplastic-enriched phase (Fig. 8b). In particular, Ty,
was -31 °C to 46 °C lower than that of neat PSFP-70C (236 °C)
(Table 1). This is because the epoxy oligomer had a plasticizing
effect on the polysulfone-enriched phase. The higher the ther-
moplastic content, the greater the effect until the second glass
transition peak is combined with the first, as in the case of 20
p.b.w. As the amount of epoxy oligomer increases in the modi-
fied epoxy polymers, it can be assumed that they are character-
ized by a reduced extent of conversion compared to neat epoxy
polymers. This explains the 9-16 °C decrease in Tg; in the poly-
sulfone-modified polymers compared to the unmodified epoxy
polymer (Table 1). The introduction of polysulfone limits the in-
teraction of the epoxy resin with the curing agent molecules,
which is the reason for the decrease in the extent of
conversion.['?

Mechanical Properties of CFRP
The effect of thermoplastic modifiers on the properties of CFRP
was investigated in the second stage of this study. Fig. 9 shows
the loading diagram for the CFRP. It can be seen that the frac-
ture character is also brittle. The highest flexural strength index
(1090 MPa) was observed for CFRP with 15 p.b.w. PSFP-70C (Fig.
10), which exceeded the values of unmodified composite mate-
rial by 57%.

The composite with 20 p.b.w. thermoplastic showed a
slight decrease in flexural strength (937 MPa) compared to

Table1 DMA data of epoxyanhydride polymers.

Polysulfone content Tg1 Tg2
(p.b.w.) Q) Q)
0 126 -
5 117 208
10 110 205
15 114 190
20 126 -
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Fig. 9 Force-position diagram of CFRP containing PSFP-70C: 1, 0
p.b.w,;2,5pbw,;3;10 p.b.w, 4, 15 p.b.w,; 5,20 p.b.w.
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Fig. 10 Flexural strength (solid fill and flexural modulus
(patterned fill) of elasticity of CFRP containing PSFP-70C.

the 15 p.b.w. sample. The properties of carbon plastics corre-
late well with those of epoxy polymers. In particular, as shown
above, the high modulus values of the matrices themselves
are responsible for the increased strength of reinforced plas-
tics based on modified binders.

The values of the flexural modulus of elasticity sharply in-
creased with the addition of thermoplastic, which surpassed
the values for the unmodified system by 96% at the PSFP-70C
content in the matrix in the amount of 15 p.b.w. It can be
seen that the introduction of different amounts of thermo-
plastic (from 5 p.b.w. to 20 p.b.w.) does not significantly af-
fect the flexural modulus of the composite material, but the
CFRP based on all modified matrices are significantly stiffer
than the composite material based on the unmodified matrix.
The effect of polysulfone on the flexural strain of the CFRP
was also investigated (Fig. 11). It can be seen, the introduc-
tion of PSFP-70C has no significant effect on the flexural strain
value of the reinforced plastics.

The fracture surfaces of the CFRP specimens were exam-
ined after the flexural tests. In this work, crack propagation in
CFRP was investigated by optical microscopy, and the effec-
tive length of the carbon fiber at the fracture point of epoxy
oligomer-based composite specimens was determined. From
the optical micrographs taken using panorama imaging, it
can be seen that the CFRP with the unmodified matrix (Fig.
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Fig. 11 Flexural strain of CFRP containing PSFP-70C.

12a) is characterized by the presence of a long main crack,
which is 1.5 times longer compared of the modified speci-
men. This long crack suggests that these samples have re-
duced crack resistance, which is likely to be reflected in the
physical and mechanical properties of the material. It can al-
so be observed that the unmodified system shows delamina-
tion from the top of the sample, whereas the PSFP-70C modi-
fied system (Figs. 12b-12e) shows a deeper fracture with de-
lamination of several filler layers, which may indicate a better
adhesion strength in this system compared to the unmodi-
fied system. The micrographs also show the presence of fiber
microbending, which is more significant in the modified sys-
tem than in the unmodified system. In Fig. 12(b), the [1] refers
to the left crack length and [2] refers to the right crack length.

Fig. 12 Micrographs of the fracture surface after the flexural test
of CFRP: (a) unmodified matrix; (b) matrix modified with 5 p.b.w.
PSFP-70C, (c) matrix modified with 10 p.b.w. PSFP-70C, (d) matrix
modified with 15 p.b.w. PSFP-70C, (e) matrix modified with 20 p.b.w.
PSFP-70C obtained by panorama imaging.

There is no "kink-band" in the CFRP based on neat epoxy
resin (Fig. 13a). Figs. 13(b)-13(e) show the formation of "kink-
band" in the delamination region, probably due to high tan-
gential stresses causing the fiber to be partially pulled out of
the matrix. This could be due to the compressive forces be-
tween the fiber and matrix.

Adhesion of Polymer Matrixes to Carbon Fiber

In addition to the matrix stiffness, the interfacial adhesion at the
fiber-binder interface determines the mechanical properties of
reinforced plastics. The adhesion between the fiber and poly-
mer matrix affects the strength properties of the composite, as it
determines the effective redistribution of stresses in the materi-
al. The values of adhesion strength in CFRP based on the
epoxyanhydride matrix modified with different contents of
PSFP-70C were calculated using Eq. (1):

_ Ede

0= Zh

m
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where g, is the adhesive strength (MPa), E is Young's modulus
of the fiber (MPa), d is the fiber diameter (um), € is the strain at
break (%), and h is the critical length of the fiber (um).*!

The values of Young's modulus, strain at break, and fiber di-
ameter were taken from the TDS of the fiber from which the
fabric used in this work was woven (E=2.6x10°> MPa, £=1.5%,

d=10 um), and the effective fiber length was determined from
optical micrographs of the samples after breakage at fiber
pull-out regions (Fig. 14, red ellipses).

The values of the adhesion strength at the matrix-fiber in-
terface from the PSFP-70C content in the binder are shown in
Fig. 15 and are in agreement with the literature.2"]

Fig. 13 Micrographs of the fracture surface after the flexural test of CFRP: (a) unmodified matrix, (b) matrix modified with 5 p.b.w. PSFP-
70C, (c) matrix modified with 10 p.b.w. PSFP-70C, (d) matrix modified with 15 p.b.w. PSFP-70C, (e) matrix modified with 20 p.b.w. PSFP-

70C.

Fig. 14 Micrographs of the fracture surface after breakage of CFRP containing PSFP-70C: (a) 0 p.b.w.; (b) 5 p.b.w.; (c) 10 p.b.w.; (d) 15

p.b.w.; (e) 20 p.b.w.
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Adhesion strength (MPa)
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Fig. 15 Adhesion strength at the matrix-fiber interface of CFRP
containing PSFP-70C.

The highest value was found in the system with 10 p.b.w.
thermoplastic (28 MPa), which was 65% higher than the adhe-
sion strength of CFRP based on unmodified matrix. This
means that both the increased stiffness of the matrix itself
and the improved adhesion strength are responsible for the
strengthening of carbon plastics based on epoxy binders with
5-20 p.b.w. of thermoplastic.

CONCLUSIONS

Carbon plastics with improved mechanical properties have also
been developed. The CFRP showed the most significant in-
crease in flexural strength values with the addition of 5-15
p.b.w. thermoplastic, which surpasses the values of unmodified
samples by 44%-57%. Modification of PSFP-70C by 5-20 p.b.w.
also resulted in an increase in the stiffness of both the matrices
themselves (78%-83%) and the composites (81%-96%). The ad-
hesion strength at the fiber-matrix interface was also calculated
for these systems. The highest value was found in the 10 p.b.w.
PSFP-70C system, 65% higher than that of CFRP based on un-
modified binder. The fracture surfaces of epoxyanhydride poly-
mers containing PSFP-70C were analyzed by scanning electron
microscopy, and heterogeneous structures of "matrix disper-
sion" and "interpenetrating phases were detected in the modi-
fied samples. A heterogeneous structure was also found by the
DMA method, and it was shown that the introduction of poly-
sulfone leads to a decrease in the glass transition temperature
by 9-16 °C.
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The structure-properties relationship of epoxy polymers modified with polysulfone copolymer was determined. Carbon
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