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PROPERTIES AND STRUCTURAL FEATURES OF MODIFIED

PAN FILAMENT AND COMPOSITES BASED ON IT

L. V. Korchina,* A. V. Markin,** N. G. Zubova,*** and T. P. Ustinova*  UDC 677.4; 678.84

The effect of the modification parameters on the structure and properties of polyacrylonitrile technical
filament (PAN-TF) used to reinforce an epoxide matrix was studied.  It was found that treatment of
PAN-TF with aqueous solutions of hydrated Cu(II) sulfate could produce modified reinforcing fillers
for which the physicomechanical properties tended to increase.  The operating properties of composites
with the studied PAN-TF were evaluated.

Components for polymer composites are selected taking into account the individual properties of the fibers and
polymeric binder (polymer matrix) and their mutual interaction due to several factors such as strength, bending properties,
heat resistance, fiber structure and orientation, wetting at the interface, etc. [1].  The reinforcing materials are modified
in order to optimize the bending and strength properties of the polymer composites.  Chemical metallization based on
treatment of fibers with freshly prepared formulations containing a solution of CuSO

4
"5H

2
O that can increase the strength

characteristics is an accessible and effective method among many methods for modifying fibrous materials [2].
The goal of the work was to study the effect of the modification parameters on the structure and properties of

polyacrylonitrile technical filament (PAN-TF) used to reinforce an epoxide matrix.
PAN fibers were treated for 60 s with a formulation containing hydrated Cu(II) sulfate at concentrations of 2%,

5%, and 10%.  The samples were additionally heat treated at 100°C for 15 min after the soaking and drying (T
dry

 = 50°C)
were finished.

Treatment of PAN-TF with aqueous Cu(II) sulfate solutions produced a modified reinforced filler that
characteristically tended to have increased physicomechanical properties (Fig. 1).  Testing was conducted according to
the literature [3].

Raman spectra of finished reinforcing systems were studies in order to establish the nature of the PAN-TF
interaction with CuSO

4
⋅5H

2
O (Fig. 2).

Raman spectra of the fibers showed that starting PAN-TF (curve 1) had characteristic peaks at 2960 and 2928 cm–1

that corresponded to –OH and –CH vibrations.  The strongest absorption band occurred at 2240 cm–1 and was due to –
C≡N vibrations.  The region near 1453 cm–1 contained a peak corresponding to –CH

2
 vibrations.  Treatment with 2 (curve

2), 5 (curve 3), and 10% (curve 4) salt solutions increased slightly the intensity of the –CN peak of the modified PAN
fibers.  However, the surface of the modified fibers did not change in principle even after treatment with 10% CuSO

4
⋅5H

2
O

solution.
Optical microscopy (Fig. 3) found that increasing the Cu(II) sulfate concentration in the modifying bath to 10%

led to the formation of copper microcrystals on the PAN-TF surface and its incomplete binding to the fibers (Fig. 3d), in
contrast with fibers treated with 2% and 5% salt solutions (Fig. 3b and 3c).  This allowed PAN-TF modified with these
formulations to be further studied.

Adhesion of the polymer and fiber is an important factor in producing the operational properties of polymer
composites [4].  The ability of the fibers to be wetted by an epoxide oligomer was studied in order to determine the
adhesive properties of PAN filaments modified by 5% Cu(II) sulfate solution (Fig. 4).
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Results from the assessment of the adhesive properties indicated that treatment of PAN-TF by the studied
modifier decreased the wettability of the fibers by the epoxide oligomer.  This was confirmed by optical microscopy
(Fig. 3).

Modification of the fibrous filler necessitated an evaluation of the effect of the decorated PAN fibers on curing
of the epoxide resin (Fig. 5, Table 1).

The curing kinetics of the epoxide resin in the presence of the reinforced systems showed that starting (curve 2)
and modified PAN-TF (curve 3) had analogous effects on the process.  The gelation time was shortened by 2-3 times;
curing, by 1.8-2 times.  The maximum curing temperature decreased by 57-69°C.  The degree of curing increased
simultaneously to 98-99%.

Table 2 compares the operational characteristics of modified PAN-TF that was pressed to produce samples of an
epoxide composite.  Tests were conducted according to the literature methods [5-7].  The results showed that the tensile
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Fig. 1.  Effect of hydrated Cu(II) sulfate on PAN-TF properties: Br, relative breaking load; ε, breaking elongation.

Fig. 2.  Raman spectra of PAN-TF (1), PAN-TF + 2% CuSO
4
.5H

2
O (2); PAN-TF + 5% CuSO

4
"5H

2
O (3); PAN-TF +

10% CuSO
4
.5H

2
O (4).

Fig. 1.                                                                                 Fig. 2.

Fig. 3.  Photographs of surface of fibers modified with CuSO
4
⋅5H

2
O

solution of various concentrations (n = 600, scale line is 20 μm):
PAN-TF (a), PAN-TF + 2% CuSO

4
⋅5H

2
O (b); PAN-TF + 2%

CuSO
4
⋅5H

2
O (c); PAN-TF + 10% CuSO

4
⋅5H

2
O (d).
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breaking stress increased by 10-11%; the bending breaking stress, by 16-27%; and the Brinell hardness by 55-90% for
PAN-TF modified with CuSO

4
⋅5H

2
O as compared with unmodified fibers.

Thus, the study of the effect of modification on the PAN-TF structure and properties allowed the optimum
treatment parameters for the fibers used to reinforce the epoxide composite to be selected.
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Fig. 4.  Kinetic wetting curves of PAN-TF by a solution of epoxide oligomer:  untreated (54 mm) (1); PAN-
TF + CuSO

4
.5H

2
O (48 mm) (2).

Fig. 5.  Kinetic curing curves of unfilled ED-20 resin (1), ED-20 + PAN-TF (2), ED-20 + PAN-TF + 5%
CuSO

4
.5H

2
O (3).

Fig. 4.                                                                             Fig. 5.

Table 1.  Curing Parameters of Epoxide Composites with Modified PAN-Precursor  
 

Composit ion 
Time, min Maximum curing 

temperature, °C 
Degree 

of curing, % gelatio n cu ring 

ED-20 60 71 119 93 
ED-20 + PAN-TF 30 40 62 98 
ED-20 + PAN-TF + CuSO4⋅5H2O 20 35 50 99 
 

Table 2.  Properties of Epoxide Composite with Modified PAN-TF  
 

Bath modifier concentrat ion, % 
Properties of composite with modi fied PAN-TF 

σe, MPa σb, MPa HB, MPa 

– 74 105 118 
2 77 122 183 
5 82 132 206 

10 77 133 224 
_______________ 
Note.  σe, elongation breaking stress; σb, bending breaking stress; HB, 
Brinell hardness. 
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