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Abstract

Synthesis and characterization of a series of Polysulfone (PSF)-Polyester (PEs) block copolymers were
studied.

The degree of randomness (B) of these block copolymers was calculated from the intensities of their
proton signals in '*H NMR spectra and lies in the region of 0 < B < 1. It was shown that the degree of
randomness (B) and the average sequence length (L) in block copolymers were relatively dependent on the
reaction conditions, various feed ratios and structure of diols.

The phenomenon was observed, when the PSF-PEs block copolymers dissolved in different solvents
they had different viscosities and molecular conformations.

The PSF-PEs block copolymers had better solvent resistance than homo—polysulfone.

INTRODUCTION

A great number of block copolymers have been prepared and characterized!!!.

The polyarylethersulfone, commeonly known as “Polysulfone” attributes its current states to
its outstanding oxidative, thermal, hydrolytic and dimensional stability and very good mechanical
properties'?). The combination of these properties and its high T, enables these polymers to be
utilized over a broad range of temperature under required service conditions. However, poor solvent
resistance and environmental stress cracking of polysulfone are noted and have been attributed to its
amorphous rigid thermoplastic nature!®. We believe that the incorporation of a second crystalline
component would greatly improve the material performance.

Since polyesters such as poly(ethylene—terephthalate), poly(butyleneterephthalate) etc. have
been reported to be crystalline polymers'*), we have synthesized a series of block copolymers of
PSF-PEs e.g., PSF-PPT, PSF-PBT, PSF-PDET etc.

The PSF-PEs block copolymers were characterized by solubility, viscosity, IR and 'H NMR
spectra. The copolymers have better solvent resistance than PSF homopolymer.

EXPERIMENTAL

The polysulfone, polyesters and polysulfone-polyesters used in the experiments were as
follows:

CH,
Polysulfone (PSF) —(——O—Q—(::—Q—O—@— SOz—@—)-.—
CH;

Poly(propylene-terephthalate) (PPT) —(_E—O—EOCHZCHZCHzO y—
0 0

Received April 29, 1987



Vol. 6 No. 4 POLYSULFONE-POLYESTERS BLOCK COPOLYMERS 315

(4

Poly(butylene—terephthalate) (PBT) —(—E—@—iOCHzCHzCHaCH:O Y
(0]
Poly(hexamethylene—terephthalate) (PHT) -—{—E—@-EOCH:CH:CH:CH:CH;CH:O .
0

Poly(diethylene—terephthalate) (PDET) —— § —@—-(‘c‘)ocmcm OCH; Cl1:0 3
Poly(triethylene-terephthalate) (PTET) —- ('(; —©—§OCH1CH2 OCH:CH20CH,CH;0%

Polysulfone—polypropyleneterephthalate (PSF-PPT)
Polysufone-polybutyleneterephthalate (PSF-PBT)
Polysulfone—polyhexamethyleneterephthalate (PSF-PHT)
Polysulfone—polydiethyleneterephthalate (PSF-PDET)
Polysulfone— polytriethyleneterephthalate (PSF-PTET)
Dihydroxyl~terminated polysulfone oligomer
Polysulfone oligomer was synthesized from the disodium salt of bisphenol-A and 4,4'-
dichlorodiphenylsulfone (DCDPS) in chlorobenzene—dimethylsulfoxide solution'®. The
dihydroxyl-terminated oligomers used in this work were also prepared according to this procedure,
but by using excess bisphenol-A disodium salt, followed by neutralization with oxalic acid.
Polysulfone oligomers of varying M,, measured by VPO, were prepared by using different

ratios of monomers.

Polysulfone—polyester block copolymers

Polysulfone—polyester block copolymers were prepared via the acid chloride route.

The reaction of polysulfone oligomer (I) with excess terephthaloyl chloride was easily
conducted in refluxing trichlorobenzene (TCB). The excess terephthaloyl chloride should be
sufficient for the reaction in the next step. The oligomer was capped in order to avoid complications
due to relative reactivities of aliphatic and aromatic hydroxyls towards acid chloride as shown below:

HOVMAN PSFWAAMOH +  excess  Cl-¢ —{_D—C-Cl
0 o
(n

~c 4 ¢~ ANAN -0 - -
a-c G~ O~AAAANNANY PSF o ?_Q_(ﬁ ci
0 ) (m d 0

+cxg@<|:la l + HO-=R~OH(m)
0
VAMAAAAAAAY PSFAAAAANA—-0C
—forﬁ@ﬁo#—«c PSF gOEORor

Where R in (III) are : -CH,CH,CH,-, -CH,CH,CH,CH,~-, -CH,CH,CH,CH,CH,CH,-,
-CH,CH,0CH,CH,~; -CH,CH,0CH,CH,0CH,CH,-.

A typical synthesis is as follows: A 250 ml five-necked round-bottomed flask was equipped with a

nitrogen inlet, mechanical stirrer, thermometer, a reflux condenser with a drying tube, and a

dropping funnel. The apparatus was dried with a heat gun, and a blanket of dry nitrogen was

maintained throughout the reaction. 5.0g(6.04mmol) PSF oligomer and 25 ml trichlorobenzene

(TCB) were added to the reactor. The flask was heated to 30—40°C with stirring. After the oligomer
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was dissolved, 0.63g(3.1mmol) terephthaloyl chloride was added. The reaction temperature raised
rapidly to 217°C which maintained for 1.5h.

When the evolution of gaseous HCl ceased, the stoichiometric amount of dried diols was added
(e.g., 0.11g(1.2mmol) 1,4-butanediol) and reaction temperature was kept at 217°C for 1h. Then 3ml
triethylamine was added and the solution became viscous. After two hours at this temperature, by
cooling the reaction solution to room temperature, the product was coagulated in methanol solution.
The filtered product was washed twice with methanol and then washed four times with distilled
water and then dried. The block copolymer PSF-PBT with a reduced viscosity 0.32 in CHCI, at
30°C was obtained.

Polymer characterization!"!

The reduced viscosities of block copolymers were measured in CHCl, and o—chlorophenol
respectively, at 30°C.

The 'H NMR data were obtained on a Varian FT-800A spectrometer.

RESULTS AND DISCUSSION

Polysulfone—polyester block copolymers containing segments of PSF and PEs(e.g.,
PPT,PBT,PHT,PDET,PTET) were synthesized by interaction of dihydroxy-alcohols (e.g.,
propanediol, butanediol, hexandiol, diethylene—glycol, triethylene—glycol) with terephthaloyl
chloride in the presence of terephthaloyl end—capped polysulfone oligomer, see Table 1.

Table } Preparation of PSF-PEs block copolymers

Coplymer Mole fraction of reactants Reduced viscosity

PSF Acid chloride Diol for PSF for PSF—PEs
PSF-PPT 05 6.6 6.0 0.20 0.49
PSF-PBT 05 6.6 6.0 0.20 0.33
PSF-PHT 05 6.6 6.0 0.20 0.34
PSF-PDET 05 6.6 6.0 0.20 0.33
PSF-PTET 05 66 6.0 0.20 0.36

Characterization of PSF-PEs block copolymers

As seen in Table 1, the first indication of the presence of block copolycondensate is an increase
of the reduced viscosity of the solution from 0.20 to 0.49 for PSF-PPT after a two—stage reaction.
However, the crude product of reaction often contains a mixture of polymeric species, so it is
preferable to elminate homopolysulfone before studying their physical properties.

The second indication of the presence of block copolymer is its IR spectra. The vibration
spectrum of a block copolymer generally corresponds to the superposition of the homopolymers;
thus the technique of IR absorption spectroscopy can give interesting results only in special cases,
ie., when two different kinds of units have sufficiently distinctive bands, such as PSF-PEs block
copolymers.

An aromatic hydroxyl absorption at 3450cm ~ ! has been found in IR spectra of the polysulfone
oligomer; a carbonyl absorption at 1730cm ™!, 1040cm ™! in IR spectra of the PSF-PEs block
copolymers and no absorption in the region of the hydroxyl group. However, IR spectra can merely
indicate the existence of a copolymer, but not the presence of blocks.
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Hence, the third indication of the presence of block copo

the polysulfone and polysulfone polyesters block copolymers
assignments of the proton signals are listed in Table 2.

lymers is the 'H NMR spectra. It is
successfully used for the characterization of PSF-PEs block copolymers. The 'H NMR spectra of
are shown in Figures 1—3 and the
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Fig. 1 'H NMR spectra of PSF-PPT
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Fig. 3 'H NMR spectra of PSF-PTET
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Table 2 Assignments of proton signals and their chemical shifts in the 'H NMR spectra
of polysulfone and its copolymers (ppm)

* *H He . lH HI
Type Proton _'_D_(':Hs g_—@-c 0—PSF- , —CHICH}CH}
- _— - - - i |
Labelled §—» —PpsF-0 iy
CH3 H th
—0-CHiCH} 'OCH} CH{ ~0~; —PSF—O—C—G—C—O—R— ,
—CH}CH}CHiCH} —» —CHJCHICH}CH}CH}CHi-;
‘H H. q H HI q
—@—so,— y —R-0-C C-0-R-,
—0-CHjCH} —OCH} ' CH} '—OCH} CHi-0—,
Structure of a b c d e f g h i j k k 1
copolymers H 'H H H H H H H H H H H H
PSF 169 725 692 699 7185
PSF-PPT 169 725 692 699 785 828 817 8.06 452 194
PSF-PBT 168 725 692 699 784 828 817 8.08 438 195
PSF-PHT 169 725 693 7.00 785 828 813 008 434 19 1.70
PSF-PDET .169 725 693 700 7.85 830 815 802 450 3.88
PSF-PTET 169 725 693 700 785 828 817 8.8 4.47 3.70—3.90

The chemical shifts of protons of polysulfone residue in these PSF-PEs block¢opolymers have
the same values, correspondingly the phenylene protons of the terephthalic acid residue in PSF-
PEs are also found to have the same chemical shifts, lying in the region of 8.30 to 8.02ppm,
independent of the structure of the surrounding diols, except for PSF-PDET.

In the 'H NMR spectra of the resulting copolymers there are three signals in the region of 8.30
to 8.02ppm. This fact may be attributed to the electronegativities of these diols and PSF, when the
terephthalic acid is located between the diols, the chemical shifts of phenylene protons are displaced
to the region of the stronger field and equal to 8.02ppm for PSF-PDET; when the terephthalic acid
is located between the dihydroxyl-terminated PSF, the chemical shifts of phenylene protons are
displaced to the region of the weaker field and equal to 8.30ppm; when the terephthalic acid is
located between the dihydroxyl-terminated PSF and diols, the chemical shifts of phenylene proton
are displaced to 8.19ppm; because the electronegativities of these diols are larger than that of
dihydroxyl-terminated PSF.

Determination of the composition and sequential structure of copolymer'®

On copolycondensation of an intermonomer with two comonomers three types of triads can be

formed: two homogeneous (I and III) and one heterogeneous (II)

F ~—F—T—F—— (I

f—T—f + 0 -+ T——G—0 (I
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the quantitative ratio of triads I 11T characterizes the structure of the copolymer. For instance,
the absence of the heterogeneous triad F—T—G indicates the formation of a homopolymer mixture,
and the absence of homogeneous triad indicates the formation of a regularly alternating copolymer.
In several studies high—resolution 'H NMR method was successfully used to determine the
quantitative ratio of triads I and III in polycondensation copolymers.
We have investigated the spectra of some PSF-PEs synthesized by interaction of terephthaloyl
chloride, various diols and dihydroxyl-terminated polysulfone in order to choose a system of initial

compounds convenient for 'H NMR studies.

'H Hl
X  HOw~~ PSFun-OH ~0—-PSF~-0C CO~PSF -0~
1] )
—F- 0 0
: ~—F=T-F--
*H H
C~I(|.:-©.(.:Cl + RN — OPSFOC —@-cono—
0 0 0
~T—~ : —=F-T-G-
(1-X)HO~R—OH _—
iH Hi
-G~ :
— OROC CORO —
Where F=-OPSFO-, 0 5
_ _ — -G-T-G-
'r._—c"-<:_>-(95
& v

= —-0CH;CH:CH;0—;—0OCH;CH;CH:CH20~; —OCH:CH3CH;CH2CH,CH.0 -

—OCH:CH:0CH;CH20—; —OCH:CH:OCH;CH:0CH;CH,0—;

On the other hand, in the 'H NMR spectra copolymer such as PSF-PPT, PSF~PBT, PSF-PHT,
PSF-PDET, PSF-PTET three peaks are observed in the region of 8.02—8.30ppm, as shown in
Fig. 4

For instance, PSF-PBT copolymer has three kinds of terephthalic acid residue (—T—), one of
which is adjacent to dihydroxyl-terminated polysulfone (—F—) at both sides F-T-F; one to diols
(-G-) at both sides G-T—G, and the third one to dihydroxyl-terminated polysulfone (-F-) and
diol (~G-), F-T-G(or G-T-F). The proton signals appear at 8.06, 8.17, 8.28 ppm, respectively. The
intensities of these peaks represents the amount of the “heterolinkage” and ‘‘homolinkages” .

When three kinds of signals due to homolinkages and heterolinkages are observed in the 'H
NMR spectra of a copolymer, one can determine the average sequence length (L) and the degree of
randomness (B) of the copolymer by known procedure!®! as shown in the following:

PSF-PBT is taken as an example:

Molar fractions of dihydroxyl-terminated polysulfone(Pg), and butanediol (Pg) are obtained
from the intensities of the three kinds of signals in the '"H NMR spectrum; »
that is, Pg = Pprg + Prrgp2 : 1)

Pg = Pgrg + Prrop @)

where Pprp, Pprg, and Pgrg represent the ratio of the integrated intensities of FTF, FTG and GTG
signals, respectively to the total intensity of the terephthalic acid residues.
If one could inspect the units along the PSF—PEs copolymer chain from one end to the other,
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Fig. 4 'H NMR spectra of PSF—PEs ((a) PSF-PPT; (b) PSF-PBT; (c) PSF-PHT; (d) PSF-PDET; () PSF-PTET.)

the probability of finding an F unit next to a G unit would be

Pgr = Pprg/2Pg &)
similarly, a G unit exists next to an F unit with a probability of
Ppg = Pprg/2Pp €

The degree of randomness is defined by
B = Ppg + Pgr ©)

when B =1, the F and G units have a random distribution, and the probability of finding a
copolymer unit obeys Bernoulli statistics. When B < 1, these units tend to cluster in blocks of F
units and blocks of G units, and when B = 0 is a homopolymer mixture, whereas when B > 1, the
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sequence length becomes shorter, and when B = 2 in an alternative copolymer.
The number-average sequence length of an F unit (L,f) and a G unit (L,g) are given by

Ly = 1/PF(; (6)
Ly =1/ Pg 7

The fraction of the GTG, GTF(FTG) and FTF linkages, which are shown in Table 3, were obtained
from the '"H NMR spectra of the PSF-PEs block copolymers have different copolycondensation
ratio (see Fig. 4, Fig. 5 and Table 4) represent sequence distribution in PSF-PBT with various
copolycodensation ratios.

Table 3 Influence of reactivity of diol on the strucjure of the polysulfone-polyester block copolymers

Structure of block Triad content {mole fractions)

copolymers GTG GTF(FTG) FTF
PSF-PPT 0.69 0.23 0.08
PSF-PBT 0.70 0.22 0.09
PSF-PHT 0.81 0.11 0.08
PSF-PDET 0.68 0.23 0.09
PSF-PTET . 0.73 0.17 0.11

Table 4 Sequence distribution in PSF-PBT with various copolycondensation ratios

Number of copolymer Triad content(mole fractions)

' GTG  GTF(FTG) FTF

1 Intensity of peak 96 15 0.7
Relative ratio 081 0.13 0.06

2 Intensity of peak 4.1 13 0.5
Relative ratio 0.70 0.22 0.09

3 Intensity of peak 30 14 0.9
Relative ratio 057 026 0.17

4 Intensity of peak 20 13 1.2

Relative ratio 0.44 0.29 0.27

From Figure 5 and Table 4 it is shown that the increase in the feed ratios of butanediols in
copolycondensation leads to an increase in the GTG of triad content, and decrease in the FTF of triad
content. The parameter P, Pg, Py, Ly, Log and B shown in Table 5. were calculated from egs.
(1)—(7). From the values of B, which are < 1, from 0.53 for PSF-PTET to 0.74 for PSF-PPT, it is

obvious that these polymers-are block copolymers.
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(2) F:G=80:20
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(4) FG=89:11
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Fig. 5 'H NMR spectra of the PSF-PBT block copolymers obtained at various ratios of HO-PSF-OH(F) and

HO-{CH,CH,CH,CH,}-OH(G)
Table 5 Sequence distribution in various PSF-PEs
Structure of Relative content Probability of Degree of
block copolymer units,mole fraction finding of unit randomness Block length
' of copolymer
Py Pg Par Pyg B L.r Le
PSF-PPT 0.19 0.81 0.14 0.60 0.74 1.67 6.9
PSF-PBT 0.20 0.80 0.14 0.56 0.70 1.80 7.30
PSF-PHT 0.13 0.87 0.07 0.42 0.49 2.39 15.5
PSF-PDET 0.21 0.79 0.14 0.55 0.69 1.83 7.04
PSFPTET 0.19 0.81 0.10 0.43 0.53 233 9.80

It is shown that the degree of randomness of the PSF-PEs block copolymers lies in the region
of 0<B<1

From Table 5, it is shown that the degree of randomness (B) and the average sequence length (L)
in these block copolymers are relatively dependent on the reaction condition, various feed ratios and
structure of diols. As shown below:

B: PSF-PPT > PSF-PBT > PSF-PDET > PSF-PTET > PSF-PHT
L,;: PSF-PHT - > PSF-PTET - > PSF-PDET - > PSF-PBT- > PSF-PPT
L,;: PSF-PHT > PSF-PTET > PSF-PDET, PSF-PBT > PSF-PPT

Anincrease in the length of chain of diols of copolycondensation leads to decrease in the degree
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of randomness (B) and an increase in the average length of block (L,s or L,g).
Properties of solution of the block copolymers

When the PSF-PEs block copolymers were dissolved in o—chlorophenol and chloroform
respectively, different viscosities and molecular conformations were observed (see Table 6).

Table 6 Reduced viscosity of the PSF-PEs block copolymers (in chloroform and in o—chlorophenol, respectively, at 30°C)

Type of PSF-PEs Reduced Viscosity (R.V)

in
block copolymers
in CHCI, o—chlorophenol

PSF-PPT 0.38 0.56
PSF-PBT 0.30 0.43
PSF-PHT 0.40 0.49
PSF-PDET 0.42 0.49
PSF-PTET 0.39 0.48

The results show that dilute solutions of the PSF-PEs block copolymers are clear in o-
chlorophenolwhich is a good solvent for both blocks, whereas the solutions of the mixtures of the
corresponding homopolymers at comparable concentration are two—phase systeins.

It is shown that higher concentration of block copolymers in CHCl; tends to give solutions
which are thixotropic and, particularl&, for the higher molecular weight species, iridescent. This
indicates an orientation of the solute similar to that noted in solutions of Polysulfone-Nylon 6
copolymers.[8

An abrupt increase in the viscosity of solution of PSF-PBT block copolymers in chloroform is
noted as the concentration is higher. (see Fig. 6)

RV

I\
4.0

Cg/dh
Fig. 6 Effect of concentration of solution of PSF-PBT block
copolymer in CHCl, on reduced viscosity at 30°C

Solvent resistance of block copolymers

The PSF-PEs block copolymers, including PSF-PPT, PSF-PBT, PSF-PHT, have better
solvent resistance than homopolysulfone. PSF-PBT is taken as an example. results are shown in
Figure 7.
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Polyiner Sample Before immersion After immersion

PSF =l | A~
PSF-PBT | ] DC]

Fig. 7 Shape of films of PSF and PSF-PBT before and after 15 min. immersion in acetone

The results show that the film of polysulfone—polybutyleneterephthalate(PSF-PBT) block
copolymer after immersion in acetone for 15min. remains unchanged, but the homopolysulfone
(PSF) film becomes cracked.

It is evident that incorporation of crystalline polyester blocks would greatiy improve the
chemical and stress—cracking resistance of amorphous polysulfone. Consequently, the PSF-PEs
block copolymers (e.g., PSF-PPT; PSF-PBT; PSF-PHT) have better solvent resistance than PSF
homopolymer.

Keywords:
Polysulfon_e—polyester block copolymer; Degree of randomness,sequential structure of copolymer.
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