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Synthesis and study of block copolymer
polyarylates
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Abstract. In order to reduce the viscosity of a polyarylate melt based on
phenolphthalein and terephthalic acid dichloride with a glass transition
temperature of 280°C, polyarylate-polysulfone block copolymers with a
glass transition temperature of 240 to 260°C capable of processing through
a melt at 340°C were synthesized and studied.

1 Introduction

Among superstructural thermoplastics, a prominent place is occupied by polyarylates,
which are aromatic polyesters based on bisphenols and aromatic dicarboxylic acids or
dichlorides based on them [1-4].

Polyarylates are characterized by high heat resistance, physical-mechanical and
dielectric properties, which practically do not change over a wide temperature range. They
are characterized by good resistance to aggressive media (diluted mineral acids and alkalis,
gasoline, oils, fats and most organic solvents), as well as ionizing radiation [5-7].

Thermoplastic polyarylates obtained by emulsion or high-temperature polycondensation
of equimolar mixtures of iso- and terephthalic acid dichlorides with bisphenol A
(diphenylolpropane), for example, polyarylates of the DV grades (RF, Sverdlov Plant), U-
polymers (Japan, Unitica Ltd), Ardel, Arilef. Liquid-crystalline thermotropic polyarylates
(Vextra, Xidar, Ultrax, etc.) also find practical application, which are obtained by high-
temperature polycondensation in bulk from dicarboxylic and hydroxycarboxylic acids with
bisphenol diacetates, for example, terephthalic acid and 4-hydroxybenzoic acid acetate with
diacetate 4,4'-dihydroxybiphenyl. A highly crystalline polyarylate based on p-
hydroxybenzoic acid, known as Econol (USA), surpasses polyimides in heat resistance
(380—400°C) and has a chemical resistance close to that of fluoroplastics [8§—12].

2 Aim of the work.

The aim of our work was the synthesis and study of the properties of a modified polyarylate
based on phenolphthalein and terephthalic acid dichloride, previously known as F-2 [1-3].
This amorphous carded polyarylate is obtained from a relatively affordable raw material, it
has a high glass transition temperature (280 °C), good solubility in available organic
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solvents, and has high mechanical and dielectric properties. However, despite a number of
attractive characteristics, this thermoplastic did not become industrial due to the high
viscosity of the melt and the difficulties in processing it from the melt. In order to overcome
this shortcoming, we modified the chemical structure of the considered polyarylate by
introducing blocks of easily processed aromatic polysulfone into its macromolecules, which
could act as a chemically bound plasticizer.

3 The discussion of the results.

As is known, one of the ways to improve the processability of rigid-chain thermoplastics is
the synthesis of block copolymers (BCP), in which one of the blocks belongs to a
thermoplastic with good melt flow and high thermal and oxidative stability [13—15]. As a
chemically bound plasticizer, we chose blocks of aromatic polysulfone based on bisphenol
A and 4,4'-dichlorodiphenylsulfone, which is well processed from a melt at 310-330°C and
has a high thermal and oxidative stability [5—7, 16].

For the synthesis of polyarylate-polysulfone (PAR-PSU) block copolymers,
oligosulfones with terminal phenolic groups and the degree of polycondensation x=10 and
30 were specially synthesized, which corresponds to a molecular weight of 4500 and 13400
Da. The synthesis of oligosulfones was carried out according to the following reaction
equation (1):
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where: x=10 and 30.

The structure of the synthesized oligosulfones was confirmed by IR and NMR spectroscopy
data, and the molecular weight by GPC data.

Synthesis of polyarylate-polysulfone block copolymers was carried out under the
conditions of acceptor-catalytic polycondensation in dipolar aprotic solvents in the presence
of triethylamine. The structural formula of the BCP is represented by equation (2), where:
m and n are the polycondensation coefficients, which are statistical values from 1 to 25-50,
depending on the molecular weight of the polymer.
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The content of PSU blocks in block copolymers was 10, 30, and 50 wt%. The composition
and some properties of the synthesized block copolymers are shown in Table 1.

Table 1. Composition of PAR-PSU block copolymers and some of their properties.

The content | Tc,°C | TGA data MFR,

Ne | PAR code of PSU | reduced, g/10
blocks, wt | dl/g (DSC) min
%. DMEF, 25 5% 10% | 340°C

°C

x=10 | x=30

U | ey 0,16 - - - -

2| (F-200) ) } 0,32 - - - 0.4

3 0,42 280 456 471 0,2

4 0,80 295 - - -

5 | F21030 - 10 0,26 ; 5 5 5

6 0,17 - 422 448 -

7 0,48 239 466 457 -

8 | F-230/10 30 | 0,43 239 - - 5.6

9 0,43 238 424 438 5,6

10 0,44 203/26 | 448 463 3,0
- 30 0

11| F23030 0,4-0,6 | 20026 | 451 460 0,8-9,8

0
12 | £ 55030 - 50 0,43 303/25 444 457 72

Where: 210/30) - the numerator reflects the content (% wt.) of PSU blocks, and the
denominator - the degree of polycondensation of oligosulfone "x".

The glass transition temperatures of F-2 polyarylate (F-200) and block copolymers were
determined using differential scanning calorimetry (DSC) on a NETZH DSC 204 F1
Phoenix instrument. The temperature rise rate was 10°C per minute; argon was used as an
inert atmosphere. The weight of the samples was 12-13 mg. To obtain curves with the best
kink configurations for calculation, the polymer powders were compressed using a hand
press into tablets 5 mm in diameter and 0.2 mm high. Figure 1 shows the dependence of the
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thermal effect on temperature for a sample of F-2 polyarylate. As can be seen, the glass

transition temperature of F-2 polyarylate is 280°C.
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Fig. 1. Dependence of the thermal effect on temperature, obtained using the DSC method for F-2

polyarylate.

Figure 2 shows a typical thermal effect versus temperature curve for PAR-PSU block
copolymer F-230/10. And here it is necessary to pay attention (Fig. 2 and Table 1) to the
fact that F-230/10, containing 30% mass of PSU blocks with a degree of polycondensation
x=10, has one glass transition temperature (239°C) for a mixed polyarylate-polysulfone
phase. While for a block copolymer containing 30% wt. PSU blocks with a degree of
polycondensation x=30, two glass transition temperatures are observed (Fig. 3): for the
phase consisting of PSU blocks, Tc=200-203 °C and for the phase consisting of plasticized
polyarylate blocks with a glass transition temperature of about 260 °C.
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Fig. 2. Dependence of the thermal effect on temperature, obtained using the DSC method
for the BCP F-230/10.
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Fig. 3. Dependence of the thermal effect on temperature, obtained using the DSC method
for F-230/30 polyarylate.

It is also noteworthy that the DSC readings for samples of the same composition but
different syntheses slightly differ from each other by about 3—5 degrees, which may be due
to a number of reasons: different molecular weight distribution of macromolecules or
different the holding time of the polymer melt during the transition from the first heating to
the second, which is usually taken as the basis for measuring Tc.

The thermal-oxidative stability of F-2 polyarylate melts (Fig. 4) and PAR-PSU block
copolymer melts was evaluated using the thermogravimetric analysis (TGA) method in air.
The measurements were carried out on a NETZH TG 209 F1 Libra instrument at a constant

heating rate of 5 degrees per minute. The temperatures of 5% (T5%) and 10% (T10%)
weight loss were recorded.
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Fig. 4. Dependence of the F-2 sample weight reduction on temperature, obtained using the TGA
method in air.

As can be seen from Figure 4, a noticeable thermal-oxidative degradation of the F-2
polyarylate melt in air begins at a temperature above 420°C, a 5% sample weight loss is
recorded at 456.3°C. The decomposition of the sample proceeds in two stages and
practically does not lead to the formation of coke.

The two-stage thermal-oxidative process is obviously explained by the fact that at the
first stage of decomposition of the polyarylate melt, carbon dioxide is split off and an
intermediate heat-resistant product is formed, which later, at the second stage of
decomposition, decomposes into low molecular weight products.

The high thermal and oxidative stability of F-2, shown by the TGA method, when the
polymer melt begins to degrade above 420°C, made it possible to hope for a good thermal
stability of the polymer during its processing in real conditions on processing equipment
(granulator, injection molding machine or extruder). However, in the course of testing by
the method of assessing the melt flow index (MFR), it was found that the temperature of the
viscous state of the polymer is close to the temperature of thermal-oxidative degradation. In
particular, it was found that the MFR of the F-2 melt with a reduced viscosity of 0.57 dl/g
at T = 340°C is only 0.2 g/10 min, and that the reduced viscosity of the polymer after
processing the powder into strands noticeably decreases (from 0. 57 to 0.40 dl/g). In this
regard, additional attention was paid to the practically important issue of processing the
synthesized polyarylates from the melt and their thermal and oxidative stability.

The determination of the melt flow index for the synthesized polymers was carried out
in air using a PTR-LAB-11 device. Table 1 shows the MFR for various polymers at 340°C
and a load of 5 kg. As can be seen, in contrast to the base polyarylate F-2 PAR-PSU, block
copolymers have significantly higher MFR values.

Using the F-230/30 block copolymer as an example, the dependence of the MFR on the
melt temperature was determined (Fig. 5). The resulting curve is exponential, on average,
an increase in temperature by 20°C doubles the MFR. Usually, on the basis of these data,
the conditions for processing the thermoplastic are selected.
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Fig. 5. Dependence of the melt flow index (MFR) on the melt temperature for F-230/30 with a
reduced viscosity of 0.43 dl/g.

Figure 6 shows the dependence of the MFR value on the reduced viscosity of the F-230/30
block copolymer (BCP), from which it can be seen how strongly the molecular weight of
the polymer affects the fluidity of its melt.
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Fig. 6. Dependence of the melt flow index (MFR) F-230/30 on the reduced viscosity of the polymer.

Based on the data obtained, the influence of the degree of polycondensation of PSU
blocks on the value of MFR was considered. Figure 7 shows such a dependence for two
block copolymers F-230/10 and F-230/30, in which x=10 and 30 and the same content of
PSU blocks (30 wt %). As can be seen, curve 1 for BCP with x=10 lies above curve 2 for
BCP with x=30. This suggests that the plasticizing effect, that is, the ability to reduce the
viscosity of the melt, is higher in the case of short PSU blocks with MM=4500. This is
obviously due to the fact that, at the same weight content, high-molecular blocks of PSU
with x=30 in BCP macromolecules are in a smaller amount compared to blocks with x=10,
and, in addition, they tend to separate into an independent group for thermodynamic
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reasons. a phase that has a less plasticizing effect on the more rigid polyarylate matrix. Low
molecular weight PSU blocks with x=10 form a mixed phase with PAR blocks, therefore,
they more effectively reduce the viscosity of the PAR melt, since they have a lower Tc
(=1900C) and are in a highly elastic state when the polyarylate phase is still in a glassy state

(Tc =2600C) .
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Fig. 7. Dependence of MFR for PAR-PSU block copolymers on the content of PSU blocks

Figure 8 for two samples of PAR-PSU block copolymer F-230/10 with a similar
molecular weight shows the dependences of the reduced viscosity of the polymers in
strands (after determining the MFR) and the MFR values on the processing temperature.
The decrease in the reduced viscosity of the BCP after holding the powder and melt in the
chamber of the device and determining the MFR for 15-20 minutes is up to 36%. From this
it follows that keeping the melt of PAR-PSU block copolymers at a temperature 70-100°C
higher than the Tc of polymers leads to a noticeable decrease in their MW, and hence their
physical and mechanical properties.
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Fig. 8. Dependence of the reduced viscosity of the polymer in strands and MFR on the processing
temperature of PAR-PSU block copolymer F-230/10.

4 Conclusion

Thus, the synthesized polyarylate-polysulfone block copolymers with a glass transition
temperature of 240-260°C have improved processability from the melt, compared to F-2
carded polyarylate, but due to the ongoing destructive thermal-oxidative processes in the
melt, their processing into products must be carried out by methods with a short thermal
exposure cycle, for example, direct pressing, injection molding or injection molding with
rapid cooling of the melt [17, 18].
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