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Identification of suitable comonomers and achieving their optimum molar contents
are the main objectives of this investigation, in which, a series of acrylonitrile (AN)
copolymers were synthesized with comonomers (AN/M), such as methyl acrylate

(MA), vinyl acetate (VAc) and acrylamide (AM) by aqueous precipitation 
copolymerization. The molar feed contents of the comonomers were 5-25 mol%. The
copolymers were characterized by using Fourier transform infrared spectroscopy,
nuclear magnetic resonance (1H NMR), differential scanning calorimetry, thermo-
gravimetry (TG) and X-ray diffraction (XRD) analyses. 1H NMR studies revealed that
the compositions of AN/MA agreed best with the feed molar ratios. Differential scanning
calorimetry (DSC), thermogravimetry (TG) and X-ray diffraction (XRD) results showed
that the effect on delaying cyclization reactions, depression of melting points and 
crystallinities, all ranged in the order MA > VAc > AM for various types of comonomers.
With comonomer contents increasing, it was interesting to note that the decomposition
temperature of AN/MA shifts continuously to higher temperatures. With increased
comonomer content, the decomposition temperature of AN/VAc is initially increased
and then decreased. For AN/AM, it shows an opposite trend to that of AN/VAc.
Incorporating 15 mol% of MA, melting peak value (Tm) and crystallinity of the AN/MA
drop to the lowest values of 174°C and 18.5%, respectively. The decomposition peak
value (Td) of AN/MA with the feed molar ratio of 85/15 increases to 321°C. There is a
wider window of 147°C for melt processing of AN/MA. It is concluded that MA is the
most suitable comonomer for enhancing the melt processing of PAN based 
copolymers.

INTRODUCTION
Polyacrylonitrile (PAN) fibre plays
important roles as one of the most
influential synthetic fibres and the
main precursor of high per-
formance fibres [1-4]. The high
melting point (Tm~320°C) of 
PAN is attributed to the strong
dipole-dipole interactions between
nitrile (-CN) groups [5,6]. Because
the Tm of PAN is well above its
decomposition temperature (Td) at

which the polymer transforms 
into an insoluble polymer, only a
solution spinning process can be
used to produce cross-linked 
ladder-type material [7]. Compared
with melting technology, there 
are great disadvantages namely;
employing toxic or corrosive 
solvent, solvent recovery, and 
higher costs make the solution
spinning processes more complex
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and time consuming. Therefore, development of melt
technology for PAN based polymers have attracted
considerable attention worldwide [2,8,9].

Several strategies for production of environmen-
tally attractive and potentially low cost melt 
processing PAN fibers have been investigated. They
mainly include the preparation of co- and ter-
polymers. Copolymerization of AN and a flexible
comonomer would decrease melting point and
enhance decomposition temperature of PAN based
copolymers by disrupting the bipolar interactions
among -CN groups [10,11]. 

In the 1990s, British Petroleum (BP) developed a
family of the first innately thermoplastic high 
acrylonitrile copolymers Amlon® by 'starved' or
'scavenged' emulsion polymerization at 70°C [12,13].
Amlon® fibre can be directly extruded on a common
spinning machine. However, the copolymer imparts
melt processability only under extremely low feed
rates, which is significantly in the expense of 
production efficiency. The use of Amlon® for carbon
fibre technologies most likely requires significant 
and long-term development. Furthermore, the
detailed Amlon® technology has not been reported 
up until now.

Bhanu et al. have studied the melt process-
ability of AN/MA in detail, however, the amount of
MA incorporated into the copolymerization system of
solution polymerization was maximum 15 mol%
[14]. Yang et al. reported the synthesis of melt
processable PAN resin (MPAN), but the comonomer
is unknown [15]. Frushour et al. found that both the
minimum melting point and the critical amount of
water decreased as the level of VAc comonomer was
increased for the melt processable PAN [16]. Wu 
et al. investigated the rheology and the exothermic
property of AN/AM, and yet the melting behaviour of
the copolymer was not discussed [17]. Wiles et al.
conducted research on non-linear monomer reactivity
ratios for the homogeneous free-radical copoly-
merization of AN and MA in the solution poly-
merization system at 62°C, and there is no report on
thermal behaviour and the rheology of AN/MA
copolymer [18]. 

The use of flexible comonomer would further 
disrupt the order found in the PAN system, thereby
reducing its melting temperature and facilitating the

melt extrusion/spinning of the PAN based copoly-
mers. Hence, it is important to consider the effect of
comonomer on the thermal behaviour of PAN based
copolymers. Identification of suitable comonomers
and achieving the optimum content of the
comonomers were the main objectives of this 
investigation. 

Most methods for polymerization which have
been successfully used to make homo- and copoly-
mers of acrylonitrile, mainly include solution and
emulsion polymerizations at 60~70°C. Aqueous 
dispersion copolymerization of AN and MA
monomers would be a more potential route for 
reducing the cost of solvents and the environmental
impact of their disposal. 

The novelty of this work is that the AN/M 
copolymers were prepared by aqueous precipitation
polymerization method at a low temperature of 40°C,
which is environmental friendly and saves more 
energy. The effects of certain parameters such as
comonomer types, their molar content and estimated
processing temperature on the copolymer com-
position, melt processability and crystallinity of the
PAN-based copolymer system have been inves-
tigated, as well.

EXPERIMENTAL

Materials 
Acrylonitrile was purchased from Shanghai San Ai Si
Reagent Inc., China. Methyl acrylate (MA) was 
purchased from Shanghai Hua Qi Inc., China. Vinyl
acetate (VAc) was purchased from Shanghai
Chemical Regent Inc., China. Acrylamide (AM) was
a product of Institute of Tianjin Chemical Reagent,
China. Atmospheric distillation was used to remove
the inhibitor of monomers prior to use. Chain transfer
agent, dodecyl mercaptan (RSH), was a product of
Shanghai Qingpu synthetic reagent plant, China.
Water-soluble redox initiator, sodium bisulphate
(SBS), was a product of Medicament Co., Hubei,
China. Potassium persulphate (KSP) was purchased
from Medicament Co., China.

Copolymerization
An example of a typical procedure for AN/MA: 85/15
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(feed molar ratio of AN/M) is given in detail as 
follows: a 500 mL 3-necked flask was equipped with
a condenser, a dynamoelectric stirrer, and a 
dropping funnel. Firstly, the flask was charged with
340 mL of de-ionized water and purged with dry
nitrogen for 30 min while heating to the reaction 
temperature (40°C). The mixture of 327 mmol AN, 
57 mmol MA and 2.2 mmol RSH (2.0 wt% of total
comonomers) were added followed by 4.20 g of SBS
in 10 mL de-ionized water. After 5 min, 50 mL KSP
saturated solution at 25°C was added and the reaction
was allowed to proceed for 3 h at 40°C. The product
was then directly filtered and washed with de-ionized
water for 3 times [14]. The products were dried in a
vacuum oven at 70°C until its weight was constant.
The major reaction variables were comonomers and
feed molar ratios (Table 1) and the total comonomer
amount was kept constant at 384 mmol in all the
experiments. All the copolymerization reactions were
initiated with 4.20 g SBS and 50 mL saturated KSP
solution (25°C). For the three types of copolymers
AN/MA, AN/VAc and AN/AM, the recovered yields
are in the range of 89-92%, 53-88% and 90-92%,
respectively.

Copolymer Characterization
FTIR spectra were measured by using a Bruker TEN-
SOR37 spectrophotometer (Germany) at wavenumber

of 400-4000 cm-1, and the scanning resolution was 
2 cm-1.

1H NMR spectra were obtained by using a Bruker
Avance AV 300MHz spectrometer (Switzerland).
Deuterated dimethyl sulphoxide (DMSO) was used as
a solvent.

Melting points and decomposition temperatures of
the samples were evaluated by using a differential
scanning calorimeter (DSC, Perkin Elmer DSC7,
USA). The heating rates were 10°C/min and
100°C/min, respectively. The samples were heated
from room temperature to 350°C, all under nitrogen
atmosphere. The thermal stabilities of all the copoly-
mers were obtained by thermogravimetry analysis
(TG, Netzsch, STA409 PC/PG TG-DTA, Germany) at
a heating rate of 10°C/min under a nitrogen 
atmosphere. Diffraction patterns of PAN and AN/M
were obtained by using X-ray diffraction method
(XRD, D/max-2500 (Japan), 40kV, 100mA, CuKα1)
at room temperature. Scanning range was 3-50° (2θ).

RESULTS AND DISCUSSION

FTIR
FTIR spectra of PAN and copolymers are shown in
Figure 1. The chemical structures of the three types of
copolymers are presented in Scheme I.
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Sample 
name

Acrylonitrile Comonomer Chain transfer agent

(mol%) (g) (mol%) (g) (mmol) (mg)

PAN
95/5 AN/MA
90/10 AN/MA
85/15 AN/MA
80/20 AN/MA
75/25 AN/MA
90/10 AN/VAc
85/15 AN/VAc
75/25 AN/VAc
90/10 AN/AM
85/15 AN/AM
80/20 AN/AM
75/25 AN/AM

100
95
90
85
80
75
90
85
75
90
85
80
75

20.38
19.34
18.34
17.33
16.30
15.28
18.34
17.33
15.28
18.34
17.33
16.30
15.28

0
5

10
15
20
25
10
15
25
10
15
20
25

0.00
1.65
3.32
4.88
6.61
8.26
3.30
4.96
8.24
2.73
4.09
5.46
6.82

2.0
2.1
2.1
2.2
2.3
2.3
2.1
2.2
2.3
2.1
2.1
2.2
2.2

404.2
421.0
429.4
446.3
454.7
471.5
429.4
446.3
471.5
421.0
429.4
437.8
446.3

Table 1. Raw material ratios of AN/M copolymers.



Figure 1. FTIR spectra of PAN and AN/M copolymers: (a)
PAN, (b) 85/15 AN/MA, (c) 85/15 AN/VAc, and (d) 85/15
AN/AM.

The specific peak appearing at ~2242 cm-1 in all
the spectra is associated with -CN groups stretching
vibration. The peak at ~2360 cm-1 is due to carbon
dioxide absorption band. The strong absorption peak
at ~1745 cm-1 appearing in every spectrum of the
copolymers is associated with carboxyl groups 

Scheme I. Chemical structures of AN/M copolymer 
samples: (a) AN/MA, (b) AN/VAc, and (c) AN/AM.
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Figure 2. 1H NMR spectra of: (a) 85/15 AN/AM, (b) 90/10 AN/VAc, and (c) 80/20 AN/AM
copolymers in DMSO-d6 at 25°C.



(C=O) stretching vibration. This specific peak cannot
be observed in the spectrum a in Figure 1 as expected.
The absorption peak at ~1204 cm-1 is associated with 
C-O or C-N group stretching vibration. It is smaller in
the spectrum of PAN than those of other copolymers.
Some multiple peaks in the range of 3209 to 3631 cm-1

appearing in the spectrum of AN/AM are associated
with N-H or O-H groups stretching vibrations.
However, only a single smooth peak is observed at
that position in the spectrum of PAN. These 
characterized peaks in the spectra of three AN/M
copolymers indicate the presence of CN, C-O or C-N,
N-H or O-H groups, further confirming the copolymer
structures.

1H NMR Analysis
Compositions of the AN/M copolymers are 
determined by measuring the intensity of the signals
in 1H NMR spectra (Figure 2). The signal at δ = 2.0
ppm due to -CH2 groups of both AN and comonomers
is marked as ‘A’. The signals at δ = 3.6 ppm due to 
-OCH3 groups of  MA, at δ = 1.2 ppm due to -OCO-
CH3 groups of VAc and at δ = 7.1~7.8 ppm due to 
-CONH2 groups of AM are all marked as ‘B’. Integral
areas of the characteristic peaks were used to 
calculate the compositions according to the following
equations:

(1)

(2)

(3)

where S2 is the integral areas of -CH2- in
comonomers, SA is the integral area of -CH2- in 
the copolymers, SB is the integral area of -OCH3, 
-OCO-CH3 or -CONH2 groups in the copolymers and
CM is the molar composition of the comonomer in
copolymers. 

The 1H NMR spectra of AN/VAc obtained in
DMSO-d6 at 25°C is shown in Figure 3. The results
show that the characteristic signals at around 3.8 ppm
and 5.0 ppm correspond to PVAc block which appear
with increased VAc content. It is ascribed to the much

Figure 3. 1H NMR spectra of AN/VAc in DMSO-d6 at 25°C.

lower reactivity ratio of VAc compared to that of AN.
Hence, PVAc blocks are generated with increased
VAc concentration. 

The testing compositions of AN/MA and AN/VAc
were calculated according to eqns (1) and (2) while
that of AN/AM were obtained according to eqns (2)
and (3) due to the different structures of comonomers.
The calculation results are tabulated as Table 2. For
AN/MA and AN/VAc copolymerization systems, the
reactivity ratio of AN is higher than that of the
comonomers. AN has inclination to form homo-
polymer, thereby copolymer composition of AN is
predictably little higher than its feed ratios. In case of
AN/AM system, the reactivity ratio of AN is lower
than that of AM. Hence, the calculation results show
that the copolymer compositions of AM are higher
than its feed molar ratio. 

Close reactivity ratios of AN and comonomer is
much favourable for the copolymerization process. It
also facilitates to control the copolymer com-
positions. In this study, the reactivity ratio of AN is
closer to that of MA among the three types of
comonomers. Hence, it can be seen that AN/MA
compositions most closely agree with the feed molar
ratios (Table 2).

DSC Analysis
On the basis of DSC curves of AN/M (Figure 4), the
dependency of the thermal stability and comonomer
contents are depicted as Figure 5. It is observed that
the decomposition temperature of AN/MA increases
significantly with the increase of MA content. The
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rate of increase slows down when the MA content is
up to 20 mol%. It is evident that the decomposition
reaction associated with cyclization can be retarded
by incorporating MA comonomers into poly-
merization system [19]. The flexible comonomers can
be incorporated into the crystal lattice of PAN up to a
critical content and disrupt the characteristic 

morphology [14]. It primarily acts to increase the free
volume of PAN system and reduces the dipole-dipole
interactions between -CN groups [20,21]. Thereby,
the decomposition/cyclization peak of AN/MA shifts
to higher temperature.

In case of AN/VAc, it is observed that the 
decomposition temperature rises first and then it 
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Copolymer Feed ratio
(mol%)

Cexp

(mol%)
Ctheo

(mol%)
Reactivity ratio 

values

AN/MA
90.0/10.0
85.0/15.0
75.0/25.0

90.1/9.9
85.4/14.6
75.7/24.3

91.9/8.1
87.7/12.3
78.7/21.3

r AN = 1.29±0.2
r MA = 0.96±0.2 [14]

AN/VAc
90.0/10.0
85.0/15.0
80.0/20.0

90.5/9.5
86.1/13.9
84.6/15.4

97.4/2.6
95.9/4.1
94.4/5.6

r AN= 4.05
r VAc = 0.061 [18]

AN/AM
90.0/10.0
85.0/15.0
80.0/20.0

83.4/16.6
81.8/18.2
76.3/23.7

88.5/11.5
82.7/17.3
77.0/23.0

r AN = 0.875
r AM = 1.375 [19]

Cexp: the experimental molar ratio of AN and comonomers; Ctheo: the theoretical molar ratio of AN and comonomers.

Table 2. Compositions of AN/M copolymer samples.

Figure 4. DSC curves of three different ratios of AN/MA, AN/VAc, and AN/AM copolymers.



Figure 5. Effect of feed molar ratios of comonomers on Td

of AN/M copolymers.

descends, and the maximum value of 297.6°C is
achieved when 10 mol% of VAc is incorporated. The
exothermic decomposition peak is primarily 
consistent with cyclization and formation of ladder
structure [14]. This result is expected as the 
incorporation of flexible VAc comonomer which
weakens the dipole-dipole interaction between -CN,
shifts the decomposition temperature further. This is
less likely attributed to the cyclization with the
increase in VAc content [22]. With the copolymeriza-
tion reaction advancing further, the concentration of
AN decreases while that of VAc increases, leading to
the formation of PVAc blocks (Figure 3). PVAc 
possesses a better flexibility but a poor thermal 
stability [23]. Thereby, a higher feed ratio of VAc will
drop the decomposition temperature of AN/VAc. 

In contrast to AN/VAc, the decomposition 
temperature of AN/AM drops first and then rises with
the increase in AM content. Exothermic reaction is
only associated with the cyclizations between 
cyano-groups under nitrogen atmosphere. Sivy et al.
studied FTIR degradation of AN/AM, and they 
concluded that the presence of AM induced the
cyclizations, and they ascribed the process to ionic
cyclization mechanism [24]. Wu et al. reported that
radical and ionic cyclization mechanisms existed in
the AN/AM polymerization system simultaneously
[25]. When AM content is in a lower range, more and
more -CN groups undergo cyclization through ionic 

Figure 6. DSC curves of PAN and AN/M copolymers 
(heating rate: 10°C/min): (a) PAN, (b) 85/15 AN/MA, (c)
85/15 AN/VAc, and (d) 85/15 AN/AM.

mechanism with the increase in AM content. Some of
the -CN groups still take part in oligomerization in
the form of free radical, while the others take part in
ionic cyclization at the lower temperature. Hence, 
decomposition/cyclization peak shifts to the lower
temperature. Increasing the AM feed molar ratio to 
20 mol%, the lowest Td of 262.7°C could be found.
Because the reactivity ratio of AM is higher than that
of AN (Table 2), AM is inclined to connect with 
molecular chain more easily. With the further increase
in AM content, the AN sequence distribution
becomes narrower and the mass fraction of longer
sequence segments very clearly decreases. Hence, the 
cyclization is restrained to some extent and the
decomposition/cyclization peak shifts again to higher 
temperature.  

Obviously, the effect of various comonomers on
delaying the decomposition/cyclization reactions 
varied in the order MA>VAc>AM. It is also observed
that there is a crossing point between the respective
curves of AN/VAc and AN/AM as 25 mol% of the
comonomers is incorporated.

For preserving the excellent quality of PAN and
possessing simultaneously a better flexibility, the
PAN based copolymers at the feed molar ratio of
AN/M:85/15 were studied in detail. 

DSC curves of the AN/M:85/15 copolymers at the
heating rate of 10°C/min are shown in Figure 6. It is
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seen that Td values of both AN/MA and AN/VAc are
higher than that of PAN (272.3°C) which increase to
320.9°C and 290.1°C, respectively. Compared with
AN/MA and AN/VAc, incorporating 15 mol% of AM
into the copolymerization system results in a minor
decrease of Td. Hence, it is demonstrated that AN/MA
exhibits the best thermal stability among the three
types of PAN based copolymers.

Generally, on the basis of some literature reports,
it is believed that PAN and its copolymers undergo
melting process only at very high heating rates (i.e.,
80°C/min or above) under a nitrogen atmosphere [5].
During the heat treatment, exothermic cyclization
process starts in the amorphous phase and 
consequently, the heat is liberated, which causes the
slow collapse of the ordered phase. These AN units
instantaneously undergo the formation of ladder
structure due to the exothermic cyclization reactions.
However, if the copolymer is treated at higher heating
rates, the temperature of the polymer rises so fast that
it does not allow the exothermic reaction to reach
even the small and defective ordered phase; thus 
melting of the polymer is observed.

Figure 7 is DSC curves of three types of AN/M:
90/10 copolymers. When the copolymers are heated at
the rate of 100°C/min, Tm of AN/MA and AN/VAc
could be observed at 225.5°C and 273.1°C, 
respectively, whereas, only an obscure endothermic
peak appears prior to the decomposition peak in case 

Figure 7. DSC curves of 90/10 AN/M copolymers (heating
rate: 100°C/min): (a) AN/MA, (b) AN/VAc, and (c) AN/AM.

Figure 8. Amplificatory DSC curves of 90/10 AN/M 
copolymers (heating rate: 100°C/min): (a) AN/MA, 
(b) AN/VAc, and (c) AN/AM.

of AN/AM. According to the amplificatory DSC
curves (Figure 8), it can obviously be seen that the
melting point of AN/MA is much lower than that of
the other two types of copolymers. This is a 
confirmed speculation that MA as a comonomer is
more suitable for enabling PAN to be melt 
processable. 

The amount of comonomers in AN/M copolymers
is crucial in tailoring the melt processability of PAN
system [20]. On the basis of DSC data, the melting
points which correspond to the feed molar ratios of 

Figure 9. Effect of feed molar ratios of comonomers on 
Tm of AN/M copolymers.
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the comonomers are depicted in Figure 9. Gradual
decrease in Tm values of all the copolymers with
increased comonomer content can be attributed to a
loss of chain regularity. It can be seen that the lower-
ing speeds of the three types of copolymers were in
the order: AN/MA>AN/VAc>AN/AM. Keeping the
same feed molar ratio of 85/15, the Tm values of
AN/MA, AN/VAc and AN/AM drop to 174.4°C,
250.1°C and 269.2°C, respectively.

DTG Analysis
Figures 10 and 11 show the DTG curves of 85/15 and
90/10 of AN/M copolymer samples, respectively. It is
also observed that Td values of AN/MA and AN/VAc
are all higher than that of PAN, whereas, they are
lower than that of PAN in the case of AN/AM. The
endothermic peaks related to the heat of fusion of 
different copolymers differ slightly from each other as 
determined by DSC. This is consistent with the DSC
analysis results as shown in Figures 4-6. Thereby, it
further confirms our speculation that MA is an 
optimum comonomer to delay the cyclization 
reactions. 

It is interesting to note that the first exothermal
decomposition peak is a double-peak in the DTG
spectra of AN/MA. Gupta et al. attributed the double
peaks to the exothermic cyclization and oxidative
reactions, which proceeded fairly simultaneously, but
the initiation of the oxidation reaction preceded the 

Figure 10. DTG curves of PAN and 85/15 AN/M copolymers:
(a) PAN, (b) AN/MA, (c) AN/VAc, and  (d) AN/AM.

Figure 11. DTG curves of PAN and 90/10 AN/M copolymers:
(a) PAN, (b) AN/MA, (c) AN/VAc, and (d) AN/AM.

onset of cyclization [26]. They assigned the first peak
to the oxidative and cyclization reactions and the 
second peak to the secondary oxidative reactions
leading to decomposition of copolymer and evolution
of HCN, CO2, and CO gases. In this work, it is
noticed that the majority of molecular chains ruptured
at about 420°C.

XRD Analysis
Crystallinities of the PAN based copolymers are 
summarized in Table 3. It can be seen that the

Table 3. Crystallinity of PAN and AN/M copolymers.
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Copolymer Feed ratio 
(mol%)

Crystallinity 
(%)

PAN 100/0 41.9

AN/MA
90/10
85/15
80/20

29.4
18.5
12.1

AN/VAc
90/10
85/15
80/20

38.9
37.7
23.9

AN/AM
90/10
85/15
80/20

32.4
30.8
20.2

 

 



crystallinities of all copolymers decreased with
increased comonomer content. This may suggest that
the introduction of bulky comonomer reduces the
chain orientation as well as improving the consequent
chain flexibility. It is also demonstrated that the 
presence of comonomers in the polymer chain 
disrupts long-range order in PAN, enabling a decrease
in crystalline content.

Compared with the other two types of copolymers,
the crystallinity of AN/MA drops more progressively.
With increased feed molar ratio of MA, VAc and AM
to 20 mol%, the crystallinity of PAN systems is
decreased from 41.9% to 12.1%, 23.9% and 20.2%,
accordingly. If the feed ratios are all maintained at
85/15 mol%, AN/MA copolymer possesses the lowest
crystallinity of 18.5%. This is consistent with the
effect of various comonomers on melting behaviour
as shown in Figures 7- 9. 

CONCLUSION

The PAN based copolymers of AN/MA, AN/VAc and
AN/AM with various feed molar ratios were 
synthesized by aqueous precipitation copoly-
merization. These three different comonomers were 
studied for improving the melt processability and
thermal stability of PAN based copolymers. It was
observed that the compositions of AN/MA were best
agreed with the feed molar ratios, moreover, the yield
of AN/MA is also higher than that of the other two
copolymer samples. Furthermore, the compositions
are in close agreement with the feed ratios in the 
presence of MA. With increased comonomer content,
it was observed that the decomposition temperature of
AN/MA increases, that of AN/VAc increases first and
then it is decreased, whereas, in the case of AN/AM it
is initially decreased and then it is increased. The
melting points and crystallinities of these three
copolymerization systems decrease with the increase
of comonomer content. The effect of various
comonomers on delaying cyclization, depression of
melting points and crystallinity all were in the same
order MA > VAc > AM. Incorporation of 15 mol% of
MA can improve the decomposition temperature to
321°C and depress the melting point to 174°C, which
offers a wider processing window for melt spinning of

the PAN based copolymers. Based on our 
experiments, concerning preliminary results for the
melt viscosity, MFI and spinnability of the copoly-
mers, which will be published in the future, it is 
concluded that MA is a good comonomer for 
improving the melt processability of PAN.
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