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DETERMINATION AND COMPARISON OF THE ESSENTIAL WORK OF
FRACTURE (EWF) OF TWO POLYESTER BLENDS

L. Vincentl, S. N. Connollyl*, F. Dolanz, P. H. Willcocks® and S. A. A. Jayaweemz1

'School of Science and Technology, University of Teesside, Borough Road, Middlesbrough, TS1 3BA, UK
*Medtronic/AVE Ireland Ltd, Parkmore Business Park West, Galway, Ireland
3ICI, Wilton Centre, Wilton, Redcar, TS10 4RF, UK

The fracture toughness of blends of polypropylene terephthalate (PPT) with polyethylene terephthalate (PET) and polybutylene
terephthalate (PBT) were investigated. Binary blends were prepared comprising 10:90, 30:70, 50:50, 70:30 and 90:10 mass/mass%.
The fracture toughness was determined for each blend using the essential work of fracture (EWF) method and thin film double edge
notched tension (DENT) specimens. The specific essential work of fracture, w,, values obtained for blends of PET/PPT ranged
from 27.33 to 37.38 kJ m™ whilst PBT/PPT blends yielded values ranging from 41.78 to 64.23 kJ m . Differential scanning calo-
rimetry (DSC) was employed to assess whether or not crystallinity levels influence the mechanical properties evaluated. The frac-
ture toughness of PPT deteriorated with PET incorporation. However, high w, values exceeding that of pure PPT were obtained for

PBT/PPT blends across the composition range studied.
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Introduction

The two polyester blends, PPT/PET and PPT/PBT,
investigated were prepared using pure polyester res-
ins in an attempt to identify new materials for poten-
tial application in the medical device and packaging
industry. The pure materials were also tested for frac-
ture toughness using the EWF method by way of com-
parison [1]. Previous work concluded that, for the
grades considered, PPT displayed greater fracture
toughness than either PET or PBT, thus raising the
possibility of its utilisation in thin film applications.

Theory of the EWF method

The essential work of fracture method is based on the
theory suggested by Broberg [2, 3]. Other workers,
for example Cotterell et al. [4], have developed the
method still further. The EWF method involves the
separation of the energies of fracture into two catego-
ries, i.e. (i) energy associated with elastic tearing at
the crack tip and (ii) energy associated with plastic
deformation away from the crack which does not
contribute directly to fracture.

The total work of fracture, 774, is the sum of the elas-
tic and plastic energy contributions, as shown in Eq. (1):

We=Wet W, (1)

where W, is the essential work of fracture and W, is
the non-essential work of fracture. Equation (1) may
be rewritten as:
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where w, is the specific essential work of fracture, w,
the specific non-essential work of fracture, / is the lig-
ament length, 7 the specimen thickness and 3 is the
shape factor associated with the shape of the plastic
zone. The specific total work of fracture, wy, of a duc-
tile material can be expressed by simplifying Eq. (2):

wEwHBw,/ 3)

The specific essential work of fracture represents
an intrinsic property of a material for a given thick-
ness. However, this is not true in the case of Bw,. The
integral of the load (P)-displacement () curve ob-
tained for the ductile fracture of specimens of differ-
ent ligament length represents a value for Wy The
value for the specific essential work of fracture, we, is
obtained by extrapolating the line obtained when
plotting wyvs. / to zero. The slope of this line gives the
value for Bw,, [1].

Validity of the EWF method

For wr to vary linearly with / a state of pure plane
stress, or plane strain, must be met. This condition is
typically fulfilled in the case of the plane stress state
when the ligament length comprises values within a
given valid range. The lower boundary for the ligament
length has a value of 3 to 5 times the thickness of the
specimen [4—16]. If the ligament length value drops
below this limit a transition state from plane stress to
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plane strain is met and the linearity between weand / is
lost as / approaches zero. An upper limit for the liga-
ment length also exists, representing a value corre-
sponding to a third of the specimen’s width w, or twice
the plastic zone size, r,, whichever is lowest [4-16].
Equation (4) is used to calculate 7,

2r, =(Ew, )/(7tc2y ) 4)

where £ is the Young’s modulus and o, the yield stress.
A second requirement has to be considered to
confirm a state of pure plane stress. Many studies
[6-12, 15—18] on the fracture of DENT polymer spec-
imens demonstrate that pure plane stress is reached
when the net-section stress at maximum load, o, lies
below 1.15 oy. Equation (5) is used to determine G,:

Gn:Pmax/(ﬂ) (5)

where Py 1 the maximum load recorded at the yield
point.

Previous research

The essential work of fracture method has been ap-
plied extensively in studying PET and PBT
[5,6,9-11,13-16, 19]. However, to date, the authors’
previous article on the fracture toughness of PPT [1]
appears to be the only published work available on
this polyester. No studies on blends of PPT with PET
or PBT have been reported.

Hashemi [5] studied the fracture toughness of
PET and elicited that w, is an intrinsic material prop-
erty for a given thickness, whereas Bw, is dependent
on the specimen geometry. The effect of specimen ge-
ometry on the fracture toughness of PBT was also in-
vestigated [10]. Single edge notched tension (SENT)
geometry produces higher Bw, values relative to
DENT specimens. Chan et al. [6], in their study on
PET, confirmed that w, is an intrinsic property of the
material and independent of the specimen width. Ad-
ditionally, this study demonstrated that w, is not af-
fected by the deformation rate.

In the case of PBT, Hashemi [9] demonstrated
that w, increases slightly with the deformation rate
whilst Bw, decreases.

Furthermore, w, is independent of specimen ori-
entation, while fracturing perpendicular to the extru-
sion direction yields higher values for Bw, [16].

Hashemi [9, 10, 16] indicates that for the fracture
of PBT SENT specimens the value of w, is not signifi-
cantly influenced by specimen thickness, whereas
Bw, decreases when the thickness increases.

Arkhireyeva et al. [14, 15] studied the influence
of temperature on the fracture parameters of PET. Be-
low the glass transition temperature, 7, of the poly-
mer w, does not show any sign of variation with tem-
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perature. The value of w, then rises to a maximum be-
fore falling with increasing temperature [14]. A maxi-
mum value for Bw, also appears at the 7,. Hashemi
[11, 16] obtained similar results for PBT. Indeed, the
value of w. is unaffected by temperature up to the 7,
with a decrease occurring at higher temperatures.

Karger-Kocsis ef al. [19] studied the fracture
toughness of three amorphous copolyesters of differ-
ent entanglement densities. Contrasting tendencies
for cold crystallisation were observed.

The following considers blends of PET/PPT and
PBT/PPT. It was of interest to investigate whether or
not the fracture toughness of PPT could be improved
by blending it with its close polyester homologues.

Experimental
Materials

The three materials considered were pure resins with
no fillers or additives. The PET used was a commercial
grade Melinar TS5 LASER+® obtained from Dupont
Polyester (Wilton, Redcar, UK) possessing an intrinsic
viscosity (i.v.) value of 0.84 dL gﬁl. PPT was obtained
from Shell Chemicals Belgium S.A. (Louvain-la-
Neuve, Belgium). The grade chosen was Corterra®
CP509211 (iv=0.92 dL g"). Pocan® BI1300
(i.v=0.95 dL g "), a pure PBT resin, was received from
Bayer A.G. Germany. The i.v. values were confirmed
by dilute solution viscometry and viscosity average
molecular mass values (M,) were calculated for each
polyester [1]. The three polymers exhibited similar M,
values. The homopolymers were dried overnight in a
vacuum oven at 150°C. Polyblends were prepared in
different compositions by blending the two compo-
nents at 280°C using a small-scale twin-screw extruder
(DSM Midi-Extruder, capacity 18 cm?®, screw length
150 mm and screw speed 50 rpm). The extruded mate-
rials were immediately quenched in cold water before
drying and grinding into a fine powder using a lap top
micronisation unit for optimal film homogeneity.

Specimen preparation

Compression moulding of the blends into thin films
(z~0.13 mm) was accomplished using a heated press
(Mackey Bowley C10888/98) at 260°C. Each type of
test required specimens with different dimensions.
These were prepared using an appropriate stencil and
precision cutting tool sporting a fresh blade. Dimensions
consistent with 45x50 mm were chosen for the fracture
test specimens. The same cutting tool was used to pre-
pare DENT specimens. Two aligned notches of various
depths were cut halfway down each side of the rectan-
gular samples. The upper limit for the ligament length
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range was set at one third the specimen width. Values
of 5 ¢ and 0.30 mm were adopted for the lower boundary
corresponding to the ligament length and thickness, re-
spectively, to guarantee a safe lower limit for /. The
valid ligament length range was calculated as:

1.5</<15 mm

For practical convenience, the lower limit was
assigned so that it was equal to 2 mm. Notches of ten
different depths were adopted between the values cor-
responding to 15 and 21.5 mm.

Tensile samples were prepared according to the
ASTM D882 standard. Specimens with dimensions
of 20x130 mm were used for the determination of the
Young’s modulus.

Measurement of the yield stress test was carried out
using 35%50 mm samples. Dumb-bell shaped specimens
were prepared by punching two half circles (20 mm in di-
ameter) half way down each side of the samples.

The exact thickness of each specimen was mea-
sured at different points using a micrometer and an
average value recorded.

Testing

A Lloyd LRX tensile testing instrument was utilised
for all mechanical tests at a deformation rate
of 1 mm min'. Proprietary software (Nexygen from
Lloyd Instruments Ltd.) was employed to record and
integrate the data. For every test, an average value
was taken from seven replicates.

A gauge length of 30 mm remained after fracture
test specimens were gripped by the jaws of the instru-
ment, and the P-0 curve was thereby recorded. Divid-
ing the integral of P—0 by the loaded area gave a value
for wy. Ten different ligament lengths yielded ten dis-
tinct average values for wy. The latter were plotted vs.
[ to allow both w, and Bw, to be deduced.

In the case of the measurement of the Young’s
modulus, each long strip was loaded onto the instru-
ment and its P—3 curve recorded. The initial slope was
given by the software and a value for £ obtained. Sim-
ilarly, a P-4 curve was recorded for each dumb-bell
shaped specimen. The value for the maximum load at
yield allowed oy to be calculated.

DSC analysis

A PerkinElmer DSC 7 analyser was employed to inves-
tigate the PBT/PPT blends. DSC analysis was not per-
formed on blends of PET/PPT since there was no no-
ticeable improvement between their mechanical
properties and those for the individual pure components.
As the analyser was equipped with a cooling system
each thin film sample (10 mg) was subjected to an initial
heating scan from —30 to 290°C at 20°C min .
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Results

PET/PPT blends
Young’s modulus

The Young’s modulus values for PET/PPT blends are
plotted vs. % PPT in Fig. 1.

A marginal decrease in the value of £ occurs on
comparing pure PET with the 70:30 PET/PPT blend.
An unexpected rise in the value of £ in the case of
the 50:50 blend is also observed. Finally, Fig. 1 dis-
plays a steady decrease in the elastic modulus value as
the PPT content of the blend increases.
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Fig. 1 E vs. PPT% for PET/PPT blends

Yield stress

Yield stress values for PET/PPT blends are plotted vs.
PPT% in Fig. 2.
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Specific works of fracture

Fracture test results for blends of PET/PPT are shown
in Fig. 3.
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Fig. 3 Specific essential work of fracture values for PET/PPT
blends with increasing PPT content
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Values of w, for the PET/PPT blends range
from 27.33 to 37.38 kJ m 2. A linear progression of w
values with increasing PPT content rising from the w,
for PET to the higher w, figure of PPT might have
been expected. However, blending PET with 10%
PPT lowers w, from 35.54 to 32.02 kJ] m”>. The
70:30 PET/PPT blend displays a w, value almost
equal to that of pure PET. The 50:50 compositions in
turn results in a drop in the w, observed, followed by a
near linear increase in w, for each subsequent blend
up to the w, of pure PPT.

Bw, values, related to the plastic deformation of
the PET/PPT blends, are plotted vs. % PPT in Fig. 4.

A linear decrease in Bw, values accompany an
increase in the PPT content; all except for the 50:50
blend which appears anomalous.
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Fig. 4 Bw, vs. PPT% for PET/PPT blends
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Net section stress condition

As mentioned earlier, the results of this study were
only deemed to be valid under the state of pure plane
stress. This state is ensured if the net-section stress is
6,:<1.15 o,. The average net-section stress has been
calculated for each ligament length and plotted vs. the
ligament length for the PET/PPT blends at each com-
position (Fig. 5).

Almost all 5, values lie below 1.15 o,. This sug-
gests that the tests have been carried out under a state
of pure plane stress. In the case of the 10:90 composi-
tion, one &, value is higher than the 1.15 o limit
(Fig. 5a). Nevertheless, this value has still been con-
sidered in the determination of w,. Indeed, by plotting
a new graph without this deviation a poorer correla-
tion factor, R* (from 0.9857 to 0.9829), results. Hence
the contention that the deviation is in fact acceptable
and leads to a more accurate determination of w, and
Bw, for the particular blend concerned.

Valid ligament length range

After testing was concluded, the value of the plastic
zone size could be calculated together with the value
of w, for each material.

The calculated 2r, values are listed in Table 1.
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Fig. 5 Plots of &, vs. [ for PET/PPT blends of different composition: a — 10:90, b — 30:70, ¢ — 50:50, d — 70:30 and e — 90:10
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Table 1 2r, values for PET/PPT blends

10:90 30:70

50:50 70:30 90:10

2rp,/mm 11.0£1.2 7.50£1.1

9.65+2.2 10.2+1.4 10.6+1.7

At each composition the value of 27, is found to
be less than w/3 and should therefore have been chosen
as the upper limit for the ligament length range. How-
ever, all plots of we vs. [ do not display significant signs
of deviation from linearity for values of / between 2r,
and w/3. The 2r, value limit is considered too restric-
tive and w/3 (15 mm) has alternatively been chosen as
the upper limit of the ligament length range. Other
workers have also faced the same dilemma [7, 12, 13].

PBT/PPT blends

Young’s modulus

Young’s modulus values measured for blends of
PBT/PPT are given in Fig. 6.
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Fig. 6 E vs. PPT% for PBT/PPT blends
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After an initial rise in the value of £ correspond-
ing to the 10% PPT composition a gradual decrease is
observed up to and including the 50:50 blend. A sec-
ond sudden increase at the 70:30 composition is fol-
lowed by a final gradual drop in £ reaching the value
for pure PPT.

Yield stress

The yield stress values for PBT/PPT materials are
presented in Fig. 7.
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Fig. 7 6, vs. PPT% for PBT/PPT blends
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Specific work of fracture

Specific work of fracture test results for PBT/PPT
blends are presented in Fig. 8.
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Fig. 8 Specific essential work of fracture values for PBT/PPT
blends with increasing PPT content

PBT/PPT blends display w. values ranging from
41.78 to 64.23 kI m>. These values are greater than those
corresponding to either of the pure components [1].

Values for Bwy, related to the plastic deformation
of PBT/PPT blends, are plotted vs. PPT% in Fig. 9.
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Fig. 9 Bw, vs. PPT% for PBT/PPT blends
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The plot of Bw, increases slightly at the
10% PPT composition level. Thereafter, a decrease
occurs as the PPT content is increased to 70% before
rising to the Bw, value corresponding to pure PPT.

Net-section stress condition

Net-section stress values for the corresponding PBT/PPT
blends are plotted vs. ligament length in Fig. 10.

Figure 10 shows that four of the five blends have
G, values higher than the 1.15 o, limit, demonstrating
the restrictive nature of the net-section stress condi-
tion. Once again, rejecting these data results in poorer
correlation factors in the determination of w, and Bw,,.
These values were therefore retained.
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Fig. 10 Plot of 5, vs. [ for PBT/PPT blends of different composition: a — 10:90, b — 30:70, ¢ — 50:50, d — 70:30 and e — 90:10

Valid ligament length range

Calculated 2r,, values are listed in Table 2.

At each composition the 27, value is higher than
the corresponding value for w/3. In this case, the up-
per limit of w/3 (15 mm) is taken to be the ligament
length range.

DSC analysis

DSC scans for pure PPT and PBT are available elsewhere
[1]. Figures 11-15 present DSC data for PBT/PPT blends
at the various compositions considered.

T 45
335'

'E 30

£ 25

=

30 0 50 100 150 200 250 290
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Fig. 11 DSC heating trace corresponding to 10:90 PBT/PPT blend
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The main purpose in conducting the DSC inves-
tigation was to evaluate the level of crystallinity of
each blend in an attempt to explain their promising
mechanical properties. All blends show signs of phys-
ical ageing. This occurred at ambient temperature
during the interval between mechanical testing and
DSC analysis. A peak corresponding to the enthalpy
of relaxation is observed at the glass transition tem-
perature. This peak disappears on reheat scans (not
shown here) conducted after rapid quenching. The ap-
parent level of crystallinity of individual samples has
been calculated using the enthalpy difference (AH,)

30 0 50 100 150 200 250 290
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Fig. 12 DSC heating trace corresponding to 30:70 PBT/PPT blend
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20
30 0 50 100 150 200 250 290
Temperature/°C

Fig. 13 DSC heating trace corresponding to 50:50 PBT/PPT blend
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Fig. 14 DSC heating trace corresponding to 70:30 PBT/PPT blend
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Fig. 15 DSC heating trace corresponding to 90:10 PBT/PPT blend

between the melting and cold crystallisation peaks
and dividing this by the heat of fusion (AH’) of the
material. PPT and PBT share the same value for their
heats of fusion [20]. It is assumed that a blend of the
two polyesters would comprise the same value. Ta-
ble 3 displays the data in question along with the glass
transition temperature for each composition.

Discussion

PET/PPT blends
Young’s modulus
A gradual decrease in the value of E is expected with

increasing PPT content (Fig. 1). This occurs for all

Table 2 2r, values for PBT/PPT blends

PET/PPT blends except for the 50:50 sample. In this
case, a sudden increase in £ results. It is suggested
that the blend in question might be the least inclined
to undergo plastic deformation alternatively fractur-
ing in a brittle fashion instead — a hypothesis that is in
full agreement with the experimental data from the
fracture tests.

Yield stress

Yield stress, oy, values lie between those of the pure
components constituting the blends and are only
slightly affected by the PPT content (Fig. 2).

Specific essential work of fracture

Figure 3 shows that w, values recorded for the blends
concerned are generally lower than the corresponding
values for the two pure components. In particular, the
w, values for all five blends lie below the w, figure for
pure PPT. This suggests that the constituent blend
polyesters ‘hinder’ each other resulting in materials
with poorer resistance to fracture. Blending PET with
PPT may have increased the level of crystallisation of
both polymers resulting in more brittle materials which
would account for the lower value of w, observed.

Specific non-essential work of fracture

With the exception of the 50:50 composition, a linear
decrease in Bw, values is observed with increasing
PPT content (Fig. 4). It is also noteworthy that the
highest fw, value occurs in conjunction with the low-
est value of we, in the case of the 50:50 blend, sug-
gesting that more plastic deformation takes place at
this composition. Any hypothesis suggesting that
the 50:50 blend shows more brittleness is therefore
not considered valid.

Net-section stress condition

Only one o, value lies above the 1.15 o, limit for
the 10:90 blend (Fig. 5a). The specific total work of
fracture, wy, at this ligament length is nevertheless
considered in the determination of the specific work
of fracture for the material. All ten data points result
in the best calculated figure for the correlation fac-
tor (R%). This observation is a sign that the importance
of the net-section stress condition is limited and that,
yet again, the 1.15 o limit does not appear to be re-
quired in the study of the EWF method for this partic-
ular blend.

10:90 30:70

50:50 70:30 90:10

2r,/mm 17.0£1.6 28.3+2.5

24.1+£2.4 38.0+2.7 27.2+1.8

J. Therm. Anal. Cal., 86, 2006
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Table 3 7, and crystallinity level data for each PBT/PPT

blend
T,/°C AHy  AH'/  Apparent level of
(onsetvalue) Jg' Jg! crystallinity/%
90:10 47 22 145 15
70:30 45 10 145 7
50:50 46 13 145 9
30:70 47 2 145 0
10:90 51 1 145 0

Valid ligament length range

Plastic zone size (2r,) values for each composition
correspond to less than one third the width of the sam-
ples (Table 1). However, no real deviation from lin-
earity is noticeable for the intermediate data and the
highest limit (w/3=15 mm) has therefore been used.

PBT/PPT blends

Young’s modulus

All values of E were higher than those determined for
both pure components constituting the PBT/PPT
blends (Fig. 6). In contrast to blends of PET/PPT, the
higher figures obtained for £ in this case are accompa-
nied by high w, values. The assumption that a high
value of £ denotes a highly crystalline but brittle mate-
rial may not therefore be valid here. The fact that PBT
exhibits a much lower Young’s modulus than PET
does, may be the reason for this unexpected behaviour.
It is possible that the presence of PBT, a more flexible
polyester, may have better dissipated the energy asso-
ciated with fracture by plastic deformation. It is clear
that the values of £ follow the same pattern as we.
However, although the Young’s modulus for both se-
ries of blends is of the same order their essential work
of fracture values differ markedly. It appears that the
difference in stiffness of the two polyester blends does
not have any effect on their respective fracture tough-
ness values. Instead, the variation in the latter values
may originate from other intrinsic properties such as
the miscibility of the components, thermal characteris-
tics etc., or a combination of these factors.

Yield stress

Figure 7 demonstrates that all G, values are intermedi-
ate between those of pure PBT and PPT; with an over-
all slight increase starting from the lower PBT &, value
to the higher o, value of PPT, except for the 10% PPT
composition. Once again, these o, values do not seem
to be greatly affected by the blend composition.

In both blends the behaviour of o, with increas-
ing PPT content does not appear to be correlated to
the measured w..
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Specific essential work of fracture

All blend compositions display higher w, values than
pure PPT itself (Fig. 8). The blend containing 90% PPT
has a value approaching that of PPT. In other words,
10% PBT content only slightly increases the resistance
to fracture of PPT. However, blends that consist of be-
tween 10 and 70% PPT produce considerably higher w,
values; an increase of up to 160% over that for pure
PPT. Blending PPT with PBT seems to reduce the
amount of crystallisation of both materials. This may be
due to the effect of good miscibility between these poly-
esters. Overall, the resulting materials display better
strength/flexibility characteristics and are less brittle.

Specific non-essential work of fracture

The corresponding values of Bw, for PBT/PPT blends
are plotted vs. PPT content in Fig. 9. As the PBT con-
tent increases there is a trend towards increasing w,.
This is expected because PBT is a more flexible mate-
rial (lower E value) with a greater propensity to un-
dergo plastic deformation.

Net-section stress condition

Four out of the five compositions considered show a
range of 6, values above the 1.15 o, limit (Fig. 10).
As in the case of the PET/PPT materials, poorer corre-
lation factors result when ‘deviating’ data are re-
jected. Again, this supports the contention that the
net-section stress condition is not essential for the
blends studied here, which is in agreement with the
findings of other workers. Indeed, Wu and Mai [21]
have demonstrated that ¢, values greater than 1.15 o,
in the case of LLDPE films, remain valid.

Valid ligament length range

All five PBT/PPT compositions display 2r, values
that are higher than w/3 (Table 2). Since w/3 consti-
tutes the smaller quantity (15 mm) this has therefore
been employed as the upper limit of the valid liga-
ment length range.

DSC analysis

Table 3 demonstrates that blends containing high
PBT content exhibit the highest apparent levels of
crystallinity. It is known that PBT has a fast
crystallisation rate and that it is difficult to obtain in
an amorphous state. This is evidenced by the value of
27% observed for the apparent level of crystallinity of
pure thin-film PBT samples despite rapid quenching
subsequent to compression moulding [1]. However,
in the case of the 10:90 and 30:70 PBT/PPT blends
tested these are essentially 100% amorphous. Thus,
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blending PPT with up to 30% PBT inhibits the
crystallisation of this polyester. It is interesting to re-
late these data to the fracture test results. The hypoth-
esis suggesting that differences between w, values for
the five PBT/PPT blends can be explained by varia-
tions in the level of crystallinity is now disputed. For
instance, the 100% amorphous 30:70 blend has a
value of w, corresponding to 63.65+2.69 kJ m™.
However, a similar value (64.23+3.26 kJ m?) is ob-
served in the case of the much more crystalline 90:10
blend. Furthermore, despite the fact that both
the 10:90 and 30:70 PBT/PPT blends are also com-
pletely amorphous, these exhibit very different frac-
ture toughness values (Fig. 8).

The miscibility of PBT/PPT blends is difficult
to assess using DSC techniques because of the simi-
larity in the T, values of both components. Glass
transition temperatures corresponding to 49 and
52°C for PBT and PPT, respectively (as thin-film
samples prepared and analysed in the same manner
as the present blends) have been recorded [1]. It is
not possible to establish whether the single glass
transition event corresponds to a miscible blend or
whether it consists of two superimposed events us-
ing the DSC heating trace for each polyester blend.
However, it is noticeable that the blend with the
highest T, (10:90 PBT/PPT) also displays the lowest
fracture toughness (41.78+2.62 kJ m?). Bearing in
mind that the mechanical tests have been carried out
at room temperature, it is sensible to suggest that
blends possessing the lowest glass transition temper-
atures would display the highest w, values. In this
situation, increased plastic deformation is observed,
as seen in the corresponding specific non-essential
work of fracture results (Fig. 9). On approaching the
T, of these materials greater flexibility is encoun-
tered, together with the simultaneous conservation
of strength. Other workers have reported similar
findings [11, 14, 16]. This may serve as an explana-
tion for the substantial difference between the frac-
ture toughness values of PBT/PPT and PET/PPT
blends. Mixtures of PET and PPT, having higher
glass transition temperatures, display lower w, val-
ues because of the greater gap between their 7, val-
ues and the fracture testing temperature.

Conclusions

The fracture toughness of two different blends of
polyester at different compositions has been studied
using the essential work of fracture method. The spe-
cific essential work of fracture for mixtures of
PET/PPT ranges from 27.33 to 37.38 kJ m°. In the
case of PBT/PPT blends, the same determination re-
sults in values ranging from 41.78 to 64.23 kJ m ~.
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All tests were conducted under the state of pure
plane stress as the conditions for net-section stress
were almost invariably fulfilled. Those data that devi-
ate from this condition have, however, been consid-
ered, with good reason, in the determination of the
specific essential and non-essential works of fracture
(the latter condition is not essential in the case of the
materials studied).

Blending PPT with PET lowers the resistance to
fracture of PPT. On the other hand, PPT shows im-
proved fracture toughness when blended with PBT, de-
noted by the significantly higher w, values obtained.
DSC analysis indicates that the crystallinity level of the
most promising PBT/PPT blends has no effect on their
fracture toughness. Instead, differences between w,
values at each composition are explained by the slight
variations in their 7, values. This explanation is sug-
gested as the most plausible one, although other char-
acteristics such as blend miscibility should be consid-
ered and would require further investigation.
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