3

Phase Separation and Mechanical Properties of

an Amorphous Pﬂly(ethet'-b-ester)
M., P. C. WATTS! and 5. F. T. WIHITE

Department of Polvmer and Fibre Science, University of Manchester,
Institute of Science and Technology, Manchester, England

The dynamic mechanical properties and phase separation
of a series of amorphous condensation multiblock polymers,
poly{oxypropylenc--oxypropylene  oxyterephthaloyl), was
studied. Samples prepared from poly{oxypropylene) with a
molecular weight of 3000 showed clear cvidence of block
phase separation from small angle x-ray scattering and fwo
transition regions in torsional Draid analysis. As the molec-
wlar weight of the polyloxypropylene) was reduced, the
stages between elear phase separation and formation of a
homogencous mixture were observed. The size and shape of
the mechanical damping peaks could be controlled by the
block size, the weight fractions of the two components, and
the chemical composition of the components.

olymers arc often used in sound absorption and vibration damping

applications (1), for example, in reducing hull noise in ships {2) and
in sound-proof helmets (3). Their elliciency in these applications is
related to the tan 8 of the polymer in the range of frequencies and
temperatures found in the particular application. A major limitation of
conventional amorphons homopolymers is that the region of high tan 8
( = 0.8) extends over only 20°-307C, at 1 Iz, in the glass—rubber transi-
tion region {4}, There have been many attempts to broaden this damping
peak by the addition ol plasticizers and fillers, but with only limited
success (5, 6). However, the width of the peak can be readily controlled
in polymer blends (7,8,9). Recently, interpenetrating networks (1PN
have been prepared that show exceptionally broad and high tan 8 maxima,
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anld lfl{'}' have properties i dimping :I|J]_l|[:':|iit1||:.' thut e Hi_',{u!il:il,‘.:lll”}"
better than other commercially available damping materials (5). 1t is
thought that the broad maxima in tan § obscrved in [PNs arises from a
partial phase separation of the network chains such that regions of con-
tinnously varying composition are found rather than the regions of pure
homopolymer normally observed in polymer blends. Each volume element
with a given composition contributes to the overall properties, leading
to a broad tan & peak,

The tendency of an amorphous multicomponent polymer system to
phase separate is driven by the large negative enthalpy of the phase-
separated state relative to a homogencous mixture {{1). In terms of the
Scott=Mildebrand solntion theory {10), this negative enthalpy is related
to the difference in solubility parameter of the components and their
molecular weight. The tendeney to phase separate is opposed by the
loss in entropy cansed by the reduetion in chain confisurations on phase
separation.  In principle, polymer blocks, grafts, blends, and IPNs could
all show partial phase separation with a suitable choice of polymers and
chain topology.

The remarkable properties of amorphous block polvmers, particularly
poly(styrene-b-diene}, have been studied extensively in recent years.
Many studies (10, 35, 36, 37, 38 ) suggest that the degree of phase separa-
tion depends on the Iength of, the number of, and the chemical compo-
sition of the blocks.

The aim of the present study was to prepare multiblock polymers
having a suitable combination of these three variables so that the change
between a polymer showing phase separation to one behaving as a
homogencous mixture could be observed in a thermoplastic. In this
intermediate region, properties similar to those of TPNs might be expected.
The propertics of these materials also would be of interest in comparison
with the semicrystalline multiblock polymers such as the segmented
polyurethanes and poly (ether-b-ester }s that are available commercially.

Approach

A series of amorphous condensation multiblock polymers were pre-
parcd comprising poly { oxypropylene oxytevephthalovl) (31GT), a brittle
glassy solid, as the hard block and poly {(oxypropylene) (PPOY or poly-
{di{oxyethylene Joxyadipovl) {PDEGA) as the soft block,

Pao fj,'m er Preparation

The polymerization method used was a polycondensation of tereph-
thaloyl chloride, propane 1.2-diol, and the appropriate soft block {Figure
1) in a 20% solution in dry 1,2-dichlorocthane at 85°C for 48 hours.
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Figure 1. Preparation of the multiblock polymers

The molar ratio of soft block to propane 1,2-diol and terephthaloyl
chloride was A:B: (A + B) x LOL Four moles of pyridine per mole of
acid chloride was added to react with the TICL praduced in the poly-
merization.  Pyridine hydrochloride was removed at the end of the
reaction by washing with dilute T1CI.

Multiblock polymers were prepared from PPO - prepolvmers with
molecular weights 400, 1000, 2000, 3000, and weight fractions of PPO
25, 50, and 75%. PPO “homopolymers” were prepared by reacting PPO
prepolymer with terephthaloyl chloride alone. A sample also was pre-
pared containing 50% PDEGA of mol wt 2550,

The polymers were characterized by viscometry and GPC analysis,
The viscositics were measured as 0.5 g dl” solutions in 1,12 2-tetra-
chlorocthance at 25°C. Gel permeation chromatograms were measured
in dimethylacetamide solution at 80°C. A typical chromatogram of 31GT
homopolymer is given in Figure 2. There is a small secondary peak at
high clution volume. This secondary peak appeared in all of the polymers
prepared from terephthaloyl chloride, and the clution volume of the
maximum  was constant, independent of the presence of PPO. This
secondary peak is thought to be attributable to residual terephthalic
acid and cyclic dimer and trimer that are formed in the early stages of
polycondensation veactions (I5). The simple construction shown in
Figure 2 was used to remove the low-molecular-weicht peak, and the
chromatograms were converted to poly({ styrene ) molecular weight using
a computer program supplied by the Department of Chemistry, Univer-
sity of Manchester, All results are given in Table 1. The overall molecular
weight of these polviners s estimated as 12,000-20,000 from viscosily
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for the Polymers
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“GPC I dimethy] peetoom 1[4 solufion wt S0°C, poly {wl". rered enlibind ton,
TGO in dimethy] acetamide solution al 80°C, poly {oxye Ihxle ne) ealibration,

and GPC data {16, 17). The ratio of M./M, in terms of poly(styrenc)
molecular weight was 1.7/2.6; a similar range has been reported for
poly (oxytetramethylene  oxyterephthaloyl-co-oxysebacoyl)  random  co-
polymers {22).

Naming System

The multiblock polymers are distinguished by soft-block type, the
molecular weight of the soft block, and the appropriate weight fraction
of the soft block. Therefore, PPO 3000/50 refers to a PPO/3IGT block
polymer, prepared from a PPO prepolymer with molecular weight of
3000 and containing approximately 50% by weight of PPO. PPO 3000/
100 represents a PPO “homopolymer” prepared by linking a PPO pre-
polymer mol wt 3000 with terephthaloyl chloride. 31GT/C refers to
31GT pupmd from terephthaloyl chloride and 3IGT/M to melt-poly-
merized 31GT using dimethyl terephthalate,
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Bloclk Molecular Weights

The sequence distribution of moenomer residues i copolycondensa-
tion reactions of this type has been studied in detail by Peebles (18,39).
If all monomers are assumed to have equal reactivity and if the reaction
has gone to completion, the number-average sequence length of 316
residues(g) is given by:

[31G], + [PPO],

4= [PPO],

[ ], = initial concentration

Similarly, for PPO residues:

_[31G], + [PPO],
- [310:],

The sequence lengths follow a “most probable” distribution; values of
5 and g for each polvmer are given in Table I. Because of the high
molecular weight of PPO, s is generally less than two, so the molecular
weight of the soft block will be taken as the moleenlar weicht of the
PPO prepolymer. The molecular weight of the hard block (Hn) is
given by:

Hn =206 g |- 148
206 = mol wi of repeat unit

148 — ol wt of oxyterephthaloy] residue

To a first approximation, a multiblock polymer prepared from PPO with
molecular weight ¥ containing 50% PPO by weight will have a lhard-
block moleenlar weight of x; one containing 25% will have a hard-block
molecular weight of 2x; and one containing 75% PO a hard-block of
x/2 {Figure 1},

Melt Polymevization of 31GT

Low-molecular-weight 31GT homopolymers (1000-8000) were pre-
parcd by melt polyeondensation (19) using dimethyl terephthalate, and
the T.s were measured using DSC. Molecular weights up to 4000 were
measurcd by end-group analysis, higher molecular weights were estimated
by extrapolation of the T./mol wt corves (16, 17). An attempt was made
to prepare PO 3000,/50 by the same method, but the PPO formed a
separate layer in the melt before hizh-molecular-weight polymer was
formed and the attempt was abandoned,
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Mechanical Testing

The room-temperature properties of the polymers varied from visco-
elastic liquids for 1009 PPO through soft (50% PPO) and tongh (25%
I'POY) solids to a brittle glass (31GT). A torsional braid pendulum was
nsed as the dynamic mechanical-test method, because only with a sup-
ported sample could of the polymers be tested on one apparatus, and
only small amounts of the polvmers were available. The torsional pen-
dulum was based on Gillham’s design (20}, with the inertia disc motion
being detected by a Hall-effect device. The glass substrate consisted of
two glass rovings twisted around cach other by “doubling” to give a
uniform bundle of 1680 filaments that acted as support for the polymer,
with the ends of the glass trapped in erimp tags. The polymer was cast
onto the braid as a 30% solution in a suitable solvent, and the solvent
removed slowly at atmospherie pressure and under vacuum to leave a
composite consisting of a polymer matrix and the glass support, The
volume fraction of polymer in the braid ($,) was caleulated from the
weight per unit length of the braid, knowing the amount of glass present
and assuming a polymer density of 1.0,

The braids were tested from — 100°C upwards at a heating rate of
1"C min and a frequency of = 1 Iz, using an inertial weight of 4.55
% 107 kg m® The damped sine waves were processed by hand to give
log decrement and modulus. The radins of the sample was calculated
from the weight per unit length, as above, with the additional assumption
that the sample was a right eircnlar evlinder and that there were no
voids in the sample.

The Torsional Braid as a Composite Material

In amy discussion of the results from torsional braid analysis it is
important to establish what contribution the glass will muake to the
propertics of the composite. The principal effects of the glass are illus-
trated in Figure 3. The modulus and log-decrement curves for a sample
of poly(styrene} and a braid of poly(styrene) were cast from a toluene
solution and tested using two dillerent inertia weights, The sample of
pure poly(styrenc) was tested on a conventional inverted torsional
pendulum (21). The modulus and damping curves are in fairlv close
agreement at low temperatures and in the ficst part of the transition
region but beyond the maximum in log decrement, there are major
differences hetween the curves, Most important is in the observation
that at high temperatures the modulus of the composite tends to a
constant limiting value,  Above the glass-transition temperature, the
modulus of the poly (styrene) matrix becomes very small, so this limiting
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Figure 3. A comparison between the mechanical properties of poly(sty-

rene) and a poly(styrene) braid. (®) Compression-molded sample of PS.

P8 braid cast from toluene, gp = 078, (Q) 11—4.55 x 107% kg m=, ()
I12—8.8 x 1078 kg m™2,

modulus must correspond to the torsional rigidity of the glass trapped
between the two erimp tags. The damping of the braid also tends to a
low constant value at high temperatures for the same reason, The eflect
of the different inertia weights (11, 12) is probably a result of the change
in tension in the sample, altering the configuration of the glass. As a
result of the change in the damping curves at high temperatures, the T,
as defined by the maximum in log decrement has been shifted down in
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temperature by about 5°C0 The important conclusion of this discussion
is that below the maximum in log decrement the results from the bradd
are comparable with a sample of pure polymer, but above the maxinum
the properties of the glass substrate dominate the composite braid.

The value of the modulus of the poly{styrene) braid at low tempera-
ture is smaller than the sample of pure poly{styrene) because the cross-
section of the braid is rather irregular, and the approximation of an
irregular cross-section by a eircular one will incvitably lead to an under-
cstimate of medulus (21), For this reason, the absolute values of the
modulus of the multiblock polymers in Figures 4-10 are unreliable.

It should be noted that a T;, ;, would not be expected in this poly-
(styrene} braid sample because of its high molecular weight {approxi-
mately 100,000} (46). Also, this analvsis of the composite structure of
the braid supports Nielsen's (47) suggestion that T, . arises solely from
the residual elasticity of the glass. The torsional pendulum, braid, and
Ty, 1 will be discussed in more detail elsewhere (16, 17).

Propervties of the Multiblock Polymers

Figure 4 shows the properties of PPO 3000/50 cast from methyl
ethyl ketone (MEK) and tolnene. The sample cast from MEK shows
two equal-sized ptaks in log decrement but in the sample cast from
toluene, the high-temperature peak is much larger than the low-tempera-
ture peak. These variations are typical of a two-phase composite in
which the morphology is controlled by the casting solvent (21), All of
the other samples were cast from solutions in MEK. The results for all of
the other samples are summarized in Fienres 5. 6, 7, 8, and 9. The serics
of polviners prepared from PPO mol wi 400 all showed a sharp transition
region similar to poly(styvrene). A sample of melt polvmerized 31IGT ol
mol wt 2750 also is shown, As the block molecular weight inercases, the
transition region becomes progressively broader nntil in PPO 3000,/50 o
double peak is formed. The breadth of the transition region in the
samples prepared from high-molecnlar-weight PPO may be taken as
evidence of some form of phase separation.

Small Angle X-Ray Results

Small angle x-ray pictures of melt-pressed films of PPO 3000,/30 and
300025 cast from MEK showed o well-defined diffraction ring giving a
measure of the size ol the inhomogeneitios in the material. A MEK-cast
film of PO 3000 50 eave identical results, A sample of PPO 2000/25
gave a dilluse scaltering after threee times the exposure of the PPO
300050, indicating the presence ol irregular inhomogeneities with less
difference in eleetron density hetween the scattering regions { Figure 10,
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Figure 10.  Small angle x-ray picturcs
of the multiblock polymers. (top) PPO
3000/25, 24-hr exposure. (middle)
PPO 3000/50, 24-hr exposure. (bot-
tom) PPO 2000/25, 50-hr exposure.
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Disenussion

The small angle x-ray results show that regular inhomogeneities were
present in samples PPO 3000/50 and 3000/25. The crucial question in
any study of this type is what sort of phase separation has occurred in
these polymers? The blocks, whole chains with slightly different compo-
sition, or low-molecular-weight impurities could have separated out. It is
well established that the size of the inhomogeneities produced by phase
separation of the blocks in a block copolymer are controlled by the
molecular weight of the blocks {24, 25) because the joints between the
blocks must lie in the interfacial region between the domains (Figure 11).

Homogeneous mixture

Wokame fractos
¥ coergnen il oy

[ T ] TR A——

2H
D- + D,}'—z}x

(s

Interfacial volume fraction  f=

Figure 11, Diagram of phase scparation of a multiblock polymer

Table 11 shows the Bragg spacing and the sum of the unperturbed
block dimensions for PPO 3000/50 and 3000/25, < r, > was estimated
from the values for PPO, and poly(oxyethylene oxyterephthaloyl) given
in the literature (26). As the average block molecular weight increased,
the Bragg spacing also increased and is the same order of magnitude as
the unperturbed block dimensions. This can be taken as a clear indication
that phase separation of the blocks has occurred in PPO 3000/50 and
3000,/25.
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Table TI.  Small Angle Scattering Data

PP SHGT Average
{maol { ol (ol Bregy
Polymer wt) wt) wi) | Sparcitig
PPQO 3000/50 3000 3368 3184 10.09 mn 14.4 nm
PO 3000/25 3000 8852 H926 133 nm 19.2 nin
L e

B (R et PO T T T = (087 nm,

Al

T,/Composition Relation

1t the polymers do not show phase separation they can be considered
as random copolymers. The T, of a vandom copolymer solely depends
on composition if the molecular weight is sufficiently high for T, to be
independent of molecular weight (27). 1t has been established that the
molecular weight of 3IGT/C is high enough to make the T, independent
of molecular weight (16, 17). In these copolymers the residues of three
monomers appear. To define the composition of all of the PPO-based
copolymers by one weight {raction, the contributions of the other two
components must be added together.

-EH—--U]T:—L'.‘IL—]— ----[-u—{'*.n.“,. -tilru] ~[—{J——E"‘-- @ ¢ ]
()

1 N 1
CHy AL i)
PPro vesidue propane-12-diol oxyterephthalovl
residie residue

Defining T'. by the maximum in tan 8, a plot of T, vs. weight-fraction
PPO residues {Wipp,) and T, vs. weight-fraction oxvterephthaloyl resi-
dues (Wlye) can be compared in Figure 12, The plot against Wiy
shows the majority of the points Iying on a curve; those lying off the
curve are indexed and correspond to those polymers with unsymmetrical
maxima in log decrement. The points lying on the ling are those with
single, sharp maxima in log decrement and the 50% copolymers that
have symmetrically broadened peaks in log decrement. The simple
T —composition relationship for polymers with a single sharp maxima in
log decrement is evidence that they are behaving like homogencous
random copolymers. Similarly, those polymers that do not lic on the line
must be phase separated because the regions producing the maxima in
log decrement have a different composition to the original polymer. The
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T, of poly( 14 phenylene terephthaloyl) has heen veported as 540 K (A1),
All of the points could not be fitted by the gencral T/ composition
formula by Wood ({27}, even when the T, of poly{ oxyterephthaloyl} was
allowed to float. 1f the point for 3IGT was omitted, the rest of the points
were fitted by the Fox equation (40), shown as a dashed line in Figure 12

W, W,
T;. T, :_ N .-!,-11::'

The T, against weight-fraction PPO-residues graph shows a general
T./composition curve with significantly more scatter than the Wiy
plot { Figure 12, In defining the copolvimer by Wfpg, the T, is assumed
independent of variations in the ratio of terephthaloyl-to-diol residues.
In the case of Wiy, the T, is assumed independent of variations in the
ratio of PPO to diol by weight, Because PPO and propane 1,2-diol have
the same repeating unit, their eontribution to chain fexibility will be the
same and hence Wiy provides the best measure of the composition of
the polvmers.

Analysis of the Mechanical Properties

The morphology and composition variation found in the phase-
separated materials can be dedueed from the shape and position of the
damping curves. Two-phase composites are generally found in three
basic morphologies: phase 1 dispersed in a matrix of phase 2, phase 2
dispersed in a matrix of phase 1, and a lamella morphology in which
both phases are continuous, 1f phase 1 is a rubber and phase 2 a glass,
then the modulus of the composite depends erucially on the morphology.
If one of the phases is dispersed, the continuous phase dominates the
dispersed phase, leading to an impact-resistant glass in the first case
and a filled rubber in the second. In the case of a lamella morphology,
both phases contribute equally to the modulus of the composite in a
logarithmic law of mixing. Consequently, the size of the lan § peaks
corresponding to the T, of the phases also will depend on the morphology.
The tan 8 peak for the continnons phase is larger than that of the
dispersed phase, and a lamella morphology will lead to two equally sized
peaks. This may be seen in the experimental data on poly (styrenc-b-
diene) polymers (28, 45) and follows from the relationship between tan
§ and the differential of the log of the real modulus. The relationship
between tan 8 and the viscoelastic functions is diseussed in Refs, 6, 16,
21, and 44, and the properties of composites have been reviewed in

Ref. 21,
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The following assumptions are made in analyzing the mechanical
property results, In a completely phase-separated system, the T, of the
soft hlock is the same as the T, of the PPO “homopolymers,” e.g., PPO
3000/100. The T, of the hard block of a given molecular weight is the
same as the T, of the free homopolymer with same molecular weight.
The overall glass-rubber transition is considercd to arise from incre-
mental contributions of regions of different composition combined to-
gether as in a conventional composite.

PPO 400/75/50/25, 1000/75 (Figures 5 and 6)

These all show a single sharp maxima in log decrement and a
simple relationship between T, and composition, indicating that they are
homogeneous materials.

PPO 1000/50, 2000/50 (Figures 6 and 7)

Both samples show a symmetrically broadened peak in log decre-
ment. The width of the peak in PPO 2000/50 indicates that regions with
widely varying composition are present and the narrower peak in PPO
1000/50 indicates that less phase separation has occurred in this sample.
The fact that the maxima of the log-decrement peaks liec on the T,/
composition curve and these peaks are symmetrically broadened indicates
that regions with the same composition as the original polymer are most
common and the regions of varying compositions are arranged in a lamella
morphology in which they all contribute equally to the overall properties
of the composite,

PPO 3000/50 {Figures 4 and §8)

The presence of two peaks in log decrement shows that phase
separation has developed sufficiently for regions rich in PPO and 3IGT
to be most common, The differences between the temperatures of these
two maxima and the Tys of the blocks if complete phase separation had
oceurred are shown in Table 111, The two peaks in the MEK-cast sample
are indicative of a lamella-like morphology, The difference in the size
of the peaks in the toluene-cast sample indicates a 31GT matrix con-
taining PPO-rich dispersed regions.

This dependence of block polymer property on casting solvent also
is seen in poly(styrene-b-diene ) polymers (28). Theoretical work (23)
has shown that the thermodynamically most stable morphology for a
diblock polymer containing 50% of cach component is a lamella mor-
phology. For this reason MEK was chosen for the tests on all other
polymers.



171 RIULTTIIEASE, TOLYMENS

Table III. T, Values of the Phasc-Separated Regions

Maxima in Log, Dec.

——— e ———

igh Temp  Low Temp

Sample (o) ()
PP 3000,/50: MITK Cast 5 —35
PP 3000/50: Toluene Cast an —40
PP 3000/100) — —5d
SIGT /M mol wt 3368 68 o

PPO 3000/25 (Figure 8}

PPO 3000/25 produces a small angle x-ray diffraction ring but only a
single maxima in log decrement with a long, low-temperature tail. The
composition of the regions producing the maximum in log decrement are
different from the composition of the parent polymer. The fact that a
second peak in log decrement is not observed for the PPO-rich regions
would suggest that there is a 3IGT-rich matrix that dominates the
mechanical properties, with PPO-rich dispersed regions producing the
long, low-temperature tail. Block copolymers containing 25%% of one
component generally form dispersed phases (23, 29); also, the low-
temperature transition in PPO 3000/50 cast from toluene is only just
visible, so it is reasonable that the reduction in PPO weight {raction
would lead to the disappearance of this transition.

PPO 2000725, 1000/25 (Figures 6 and 7)

From the same evidence as above it may be deduced that there is
a1 continuous 3IGT matrix with dispersed PPO-rich regions, The narrow-
ing of the tan § maxima indicates that the differences in composition
get progressively smaller with lower PPO molecular weight, in line with
the small angle x-ray results.

PPO 3000/75, 2000/75 (Figures 7 and 8)

The shifting of the maxima in log deerement to low temperatures is
the evidence for phase separation, These polymers probably show a long
low-temperature tail that has been obscured by the limiting modulus of
the braid.
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PDEGA 2550/50 (Figure 9)

This sample shows a slightly broadened peak similar to PPO 1000,50,
As deseribed in the introduction, the driving force for phase separation
comes from the large negative enthalpy of the phase-separated state
relative to the homogeneous mixture. The enthalpy (AH) can be
quantified in terms of the Scott-IHildebrand theory for these multiblocks
(10,12, 16):

ﬂ!fﬂ:ﬂ-f [3| - 3;{}2

where M is the average block molecular weight, The difference in
solubility parameters for the two copolymers ean be calculated from the
table of group contributions {26).

PPO/3TIGT 8 — 8, — 2.5
PDLEGA/3IGT By — 8o — 14

Clearly the difference in solubility parameters is consistent with the
difference in block molecular weight required to produce phase separa-
tion in these two copolymers.

PPO “"Homopolymers” and 3IGT

These polymers represent the homologous series shown in Table TV,
The strong sccondary relaxation in 3IGT and PPO 400/100 is observed
as a shoulder in PPO 1000,/100, 2000/100, and 3000/100. The secondary
in terephthalate polymers is thought to arise from torsional oscillations of
the terephthalate units (30, 31); this mechanism is i line with the
observation that the relaxation gets weaker for the higher-molecular-
weight PPO polymers.

Table IV. Structure of the PPO “Homopolymers”

H—{}-—-{‘-II [.‘Il;g—)— O—C @ f,'—-:-l—
4 W

CH, Y () 0
Polynier M Wipe
SIGT I 0.718
Proy 400/ 100 6.8 .28
1O 1000/ 100 17.3 0.131
PPO 2000/100 34.5 0.07

PPO 3000/100 ) i (.044
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Sonrvees of U meertaind y

The major source of uneertainty in these results comes from the
influence the glass substrate might have on phase separation; preferential
absorption of one of the blocks onto the surface of the glass (32) would
obviously affect phase separation, The low-molecular-weight peak
observed in the GPC curves also could affect the results. In so far as
the T,/composition curve {Figure 12) shows a direct T,/composition
relation with symmetrical displacement of the 23% and 75% copoly-
mers above and below the line, there is no evidence to suggest that
these other factors are affecting phase separation. The detailed analysis
of torsional pendulum data is also rather uncertain at high damping
values (33), as is the analysis of multiphase systems by single-frequency
isochronal data (34). T'or most of the curves discussed here, the maxi-
mum in log decrement is about 1.0, and these effects are likely to be
“seeond order” compared with the effect of the braid and the large
differences observed between the samples,

Conclusions

The sequence of curves in Figures 5-11 shows the stages of partial
phase separation that occur in an amorphous multiblock polymer with
polydisperse hard blocks. By systematically varying the block molecular
weights and  copolymer composition, the breadth and shape of the
damping peaks changed in a systematic and predictable way, Controlled
partial phase separation would appear to be a powerful way to tailoring
polymer propertics for a particular application.

The difference between these polymers and conventional Hytrel-type
poly(ether-b-esters ) is emphasized by the attempt to polymerize PPO
3000/50 by melt polycondensation, the method normally used for Tytrel
(42). Complete phase separation oceurred, showing that the incom-
patibility between PPO/3IGT is much greater than poly{ oxytetramethyl-
ene-b-oxytetramethylene oxyterephthaloyl),
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