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Abstract

This paper reports on the effects of hygrothermal aging at 70 8C in water and at 80% relative humidity, on the thermo-mechanical

properties, molar mass and microstructure of recycled poly(ethylene terephthalate) (rPET) and its short glass fibres composites.

For all the investigated materials, the elastic mechanical properties (tensile and storage moduli) determined at low strain levels resulted

practically unaffected by hygrothermal aging under the selected conditions. On the other hand, a marked reduction of the tensile strength and

apparent fracture toughness has been observed for rPET matrix and its composites during hygrothermal aging, more markedly for materials

immersed in water than for those aged at 80% RH. Both properties resulted to be related on the molar mass of the rPET matrix, that decreased

during hygrothermal aging as a consequence of the hydrolysis process.

The materials glass transition, evaluated as the temperature of the loss factor peak, increased during hygrothermal aging due to the

progressively restricted mobility of the amorphous phase caused by a concurrent crystallinity increase. This crystallization process

(chemicrystallization) is favoured by temperature, by the plasticizing effect of water and by the reduction of molar mass.

Consistently with the mechanical measurements, the morphology of fracture surfaces exposed to hygrothermal aging in water revealed a

reduction of plastic deformation of the rPET matrix and a weakening of the fibre–matrix interface for rPET composites.

q 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Poly(ethylene terephthalate) (PET) is a thermoplastic

polyester widely used in applications as diverse as textile

fibres, films and moulded products [1]. While un-reinforced

PET has a rather limited use as an engineering plastic, short

fibre reinforced PET is increasingly used for high demand-

ing applications, like windshield wiper arms, brake system,

motor end frames, microswitches, coil forms, lamp sockets,

oven handles, iron skirts, etc. [2]. One of the main reasons

for the widespread use of PET is the possibility of producing

a number of different grades over a broad range of

molecular weights in a single multiproduct polymerization

plant [3]. Moreover, among all plastics, PET has received
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particular attention in terms of post-consumer recycling, due

to the relatively large availability of PET bottles from

special collection schemes [4]. In fact, the separation of PET

bottles from municipal wastes represents on of the most

successful examples of polymer recycling: in 2000, 187.4 kt

of PET were recycled in Europe and most of them (70 kt) in

Italy [5]. Numerous ways of recycling disposable beverage

bottles have been reported [3], including methods for

chemical recycling [3,6], such as methanolysis, glycolysis,

hydrolysis, ammonolysis and aminolysis or physical

recycling by re-melting [3,4,7–10]. After cleaning and

grinding into flakes, the physical recycling of PET bottles

involves re-melting of the solid flakes in an extruder for

pelletization into chips or for direct melt processing into

value added products (such as staple fibres, hollow fibres for

fillings, partially oriented yarns, etc.) [3]. The performance

of recycled PET can be improved by melt blending with
Polymer 45 (2004) 7995–8004
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reactive or non-reactive polymers [11], by adding additives,

such as impact modifiers [11–14], flame retardants [15],

mineral fillers [16] or by reinforcing with glass fibres [17].

Several studies have been published on the hygrothermal

behaviour of virgin PET and its glass fibers composites [18–

27] and of poly(buthylene terephthalate) and its glass fibres

composites [28–35] but, to our knowledge, no information

are available on the hygrothermal stability of recycled PET

and its glass fibres composites under accelerated aging

conditions.

Aim of this paper is to report on the effects of

hygrothermal aging at 70 8C in water or at 80% relative

humidity on the microstructure and thermo-mechanical

properties of recycled PET and its short glass fibres

composites.
2. Experimental

2.1. Materials and processing

Recycled poly(ethylene terephthalate) (rPET) pellets

(density ISO 1183(A): 1.328 g/cm3; MVR ISO 1133Z
115 ml/10 min; intrinsic viscosity ISO 1628-5Z0.70 dl/g)

were produced by Eco Selekta Europa Srl (Salorno, Italy)

starting from beverage bottles recovered from municipal

wastes and crushed into flakes. Tests of contaminants

performed on rPET flakes in accordance to UNI 10667

standard, indicated the presence of about 40 ppm of PVC

and less than 20 ppm of poliolefins, respectively. Chopped

strand E-glass fibres (SGF) type 952 produced by Saint

Gobain–Vetrotex were used as reinforcing agent in

percentage of 15 and 30% by weight (samples rPET-15GF

and rPET-30GF, respectively). The initial length of the

chopped fibres was 4.5 mm. All components, i.e. rPET,

nucleating agent and short glass fibres were mixed in a

single screw extruder (model EEGT/35/L-D36/ESI) work-

ing at 160 rpm and at temperatures in the range 280–310 8C.

Before melt processing all components were carefully dried

at temperatures in the range 100–130 8C for at least 4 h in

order to limit the processing-induced hydrolysis.

Produced pellets were used for feeding a Sandretto
Table 1

Some thermo-mechanical properties of un-aged rPET and its short glass fibre com

Property Material

rPET rPET-15GF

Temperature/value of the

loss factor peak (8C)

92/0.177 92/0.057

HDT (8C) 80G1 221G2

Tensile modulus (MPa) 3460G230 7000G140

Tensile strength (MPa) 34.1G6.6 68.9G1.7

Tensile strain at break (%) 1.17G0.23 1.16G0.04

Tensile energy to break

(MJ/m3)

0.25G0.13 0.43G0.03

KIQ (MPa m1/2) 1.49G0.17 2.25G0.10

a Taken from Ref. [2].
injection moulding machine, model 310/95, (barrel tem-

perature range: 270–300 8C; injection pressure: 20 MPa;

mould temperature: 130 8C) to produce:
–

po
ASTM D638 dumb-bell specimens (length: 210 mm;

thickness: 3.3 mm; gauge length: 80 mm; gauge width:

12.8 mm);
–
 rectangular test bars (length: 127 mm; width: 12.7 mm;

thickness: 3.3 mm).

2.2. Conditioning of specimens

After moulding, all samples were conditioned for 3

months under laboratory conditions (23 8C, 40% RH.) until

a constant weight was reached. The initial water content of

samples reported in Table 1 was determined by evaluating

their mass loss after drying at 120 8C under vacuum for 84 h.

These annealing condition have been proven to be suitable

to completely remove the excess of water from a 3.2 mm

thick plate [36].

Specimens were then hygrothermally aged at 70 8C

under two different conditions, i.e. (i) exposure of speci-

mens to a humid environment (80% RH) and (ii) direct

immersion of specimens in water (100% RH). The first

condition was achieved by an ATS-FAAR mod. CU/220-35

humidostatic chamber set at 70 8C and 80% relative

humidity. For the second condition, the specimens were

totally immersed in a great surplus of distilled water (about

10 g of material per litre of water) at 70 8C in a Grant W38

thermostatic bath.

The aging process was followed up to 24 weeks for

condition (i) and 32 weeks for condition (ii).

2.3. Sample characterization

Molar mass determinations were made by means of

viscometric measurements performed at 25.0 8C with an

Ubbelhode viscometer (type 1C) on diluted dichloroacetic

acid/polymer solutions. All solutions were stirred for 45 min

at 100 8C in order to obtain the complete dissolution of rPET

specimens in the selected solvent. The relationship between

intrinsic viscosity (IV in dl/g) and the number-average
sites and of Rynitew 530 NC010

rPET-30GF Rynitew 530 NC010

94/0.053 93/0.052

232G1 224a

11100G490 11380G580

120.0G1.0 150.5G1.7

1.40G0.03 2.21G0.12

0.95G0.02 2.12G0.17

4.58G0.25 6.0G0.1



Fig. 1. Scanning electron micrographs of fracture surfaces of un-aged

materials: (a) rPET, (b) rPET-15GF and (c) rPET-30GF.
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molar mass (Mn in g/mol) under this condition is given by

the following Mark–Houwink equation [37]:

IVZ 6:7!10K3 M0:47
n (1)

Specimens of rPET-15GF and rPET-30GF composites

were dissolved in dichloroacetic acid at 100 8C and their

fibre length distribution evaluated by an optical microscope

and an image analyser system on about 100 fragments

obtained after filtration of the solutions.

Tensile tests were conducted on the ASTM D638

injection moulded dumb-bell specimens, by an Instron

model 4502 universal testing machine equipped with a

10 kN load cell, on at least five specimens. All tests were

performed at a cross-head speed of 1 mm/min and the

specimens elongation was monitored by an Instron model

2620 clip-on extensometer with a gage length of 25 mm.

Fracture toughness measurements were conducted on

single-edge-notch bending (SENB) specimens in accord-

ance to ASTM D5045 standard [38], by an Instron model

4502 universal testing machine, on at least three specimens.

SENB specimens (thickness BZ3.3 mm, width WZ9 mm

and length LZ40 mm) were machined out from the

injection moulded rectangular test bars and razor notched

to an a/W (crack length to width ratio) of about 0.5 and

tested under a three point bending configuration with a span

to width ratio of 4, at a cross-head speed of 10 mm/min. For

bend specimens with S/WZ4 the fracture toughness (KIC) is

as follows:

KIC Z
Pmax

BW1=2
f

a

W

� �
(2)

where Pmax is the maximum load, and f a
W

� �
is a calibration

factor depending on the specimen geometry [38].

The fracture surfaces of SENB specimens, which were

approximately perpendicular to the direction of injection,

were sputtered with gold and observed with a scanning

electron microscope (Cambridge, model Stereoscan 200).

Observations were made at an accelerating voltage of

20 kV.

Dynamic mechanical thermal analysis (DMTA) tests

were conducted in a tensile loading mode, by a Polymer

Laboratories dynamic mechanical thermal analyzer (model

MkII) on strips (thickness 3.3 mm, width 1.8 mm and length

25 mm) machined out from the injection moulded rectangu-

lar test bars. All measurements were performed with a peak

to peak displacement of 32 mm, in a temperature range from

0 up to 200 8C, at a heating rate of 3 8C/min and at a

frequency of 1 Hz.

Heat distortion temperature (HDT) was measured by an

ATS-FAAR MP3 instrument on three specimens simul-

taneously. In accordance to ASTM D 648-1 standard,

specimens have been tested in the edgewise position under a

flexural load giving a maximum fibre stress of 1.82 MPa at a

heating rate of 120 8C/min.
3. Results and discussion
3.1. Microstructure and properties of un-aged sample

SEM micrographs of fracture surfaces of rPET, rPET-

15GF and rPET-30GF samples are reported in Figs. 1 and 2.

At a macroscopic level rPET appears as a relatively

compact material (Fig. 1(a)), while an inspection at

higher magnification levels (Fig. 2(a)) evidences the



Fig. 2. Scanning electron micrographs of fracture surfaces of un-aged

materials: (a) rPET and (b) rPET-30GF.

Fig. 3. Fibre length distribution of (C) rPET-15GF and (&) rPET-30GF.

Solid lines represent data fitting with Gaussian function.
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presence of holes of dimensions in the range 1–6 m. The
origin of these defects could be related to the moulding

conditions and in particular to the elevated mould

temperature (130 8C) required to obtain fully crystallized

specimens. The micrographs of rPET-15GF and rPET-30GF

composites (Fig. 1(b) and (c)) indicate the presence of a

skin-core morphology, that is particularly evident for the

sample with the highest fibre content. The processing-

induced skin-core structure in injection moulded short

fibre reinforced thermoplastics has been widely documented

[39,40]. This generally consists of a three-layer laminate

structure across the specimen thickness, with layers

containing fibres, which exhibit different orientations. In

the outer layers the fibres are roughly oriented along the

mould filling direction (MFD), while in the central layer

fibres are more or less perpendicular to this direction. In

the present case, it is evident that the skin-core

orientation difference is very weak for the rPET-15GF but

becomes very important for specimens reinforced with

30 wt% of short glass fibre. As reported in Fig. 2(b), the

level of fibre–matrix adhesion seems to be satisfactory as

documented by the good spreading of the rPET matrix
onto the glass fibres surface and the absence of fibre–

matrix debonding.

Table 1 shows the values of some selected thermo-

mechanical properties of rPET and its short glass fibre

composites obtained in this study and of a commercially

available virgin PET reinforced with 30 wt% of short glass

fibres (Rynitew 530 NC010 by DuPont). The properties of

Rynitew 530 NC010 have been evaluated on ISO-527

dumb-bell specimens kindly supplied by DuPont de

Nemours Italiana (Milano, Italia), following the procedures

described in Section 2.3. The main differences between

recycled and virgin materials are represented by the lower

values of the ultimate tensile properties (strength and

strain at break) that could be related to several factors,

such as the presence of the small voids in the rPET

matrix (see Fig. 2(a)) or possible differences in the

molecular weight, fibre/matrix adhesion and fibre length.

Fig. 3 reports the fibre length distribution evaluated on

fibres extracted from reinforced rPET specimens. Due to

the shear stresses related to the processing steps

(extrusion and injection moulding), the fibre degraded

from their initial length of 4.5 mm to average fibre

lengths of 0.71G0.14 mm and 0.55G0.08 mm for rPET-

15GF and rPET-30GF, respectively. Even if a marked

fibre length reduction is occurring, the measured values

are significantly higher than those reported by Yow et

al. [35] for rubber-toughened short glass fibre reinforced

PBT specimens melt processed via twin-screw extrusion

and injection moulding. It is worth noting that the fibre

length reduction is more severe as the fibre content

increases, due to the increased fibre–fibre interactions.
3.2. Effects of aging on the mechanical behaviour: tensile

tests and fracture toughness

The appearance of the tensile stress–strain curves of

rPET-30GF sample un-aged and hygrothermally aged at



Fig. 4. Tensile stress–strain curves of rPET-30GF composites. Numbers

refer to the weeks of immersion in water.

 

Fig. 5. Effects of hygrothermal aging on (a) tensile modulus E and (b)

tensile strength sb for: rPET at (B) 80% RH or (C) immersed in water;

rPET-15GF at (,) 80% RH or (&) immersed in water; rPET-30GF at (6)

80% RH or (:) immersed in water.
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70 8C in water is shown in Fig. 4. It is clearly evident that

the main effect of hygrothermal aging is a progressive

reduction of the strength and strain at break values while the

initial slope of the curves remains substantially unaffected.

This general trend has been already observed for various

materials, such as short glass fibre reinforced PBT

hygrothermally aged in water up to 80 8C [33,34], Bis-

GMA/TEGDMA resin reinforced with long glass fibres and

hygrothermally aged in water up to 70 8C [41], poly(L-lactic

acid) fibres hygrothermally aged in water at 37 8C [42]. The

shape of the stress–strain curves of rPET and rPET-15GF

samples is very similar to those of rPET-30GF sample and

hence not reported. A summary of the effects of hygro-

thermal aging at 70 8C in water and at 80% relative

humidity, on the tensile modulus and tensile strength of

rPET and its short glass fibre composites is reported on Fig.

5(a) and (b), respectively. While the tensile modulus is

practically constant over the entire degradation period, the

strength is markedly decreasing. In particular, the strength

reduction of sample immersed in water is more enhanced

than for the sample exposed to 80% RH. Due to the

hydrolysis of the ester linkage, molar mass of rPET is

decreasing during hygrothermal aging: the variation of

number-average molar mass during aging at 70 8C and 80 or

100% RH has been reported in a previous paper [43] and

will not discussed here. The observed molar mass decrease

has been successfully modelled as a pseudo first-order

reaction whose kinetics constant depends on the humidity

conditions (i.e., on the concentration of water in the

material). It is well known that molar mass affects the

strength of polymers [44,45], the most important effect

being the reduction of brittle strength with decreasing molar

mass. Flory [44] has found that the tensile strength (sb) of

cellulose acetate fractions depends on the number-average

molar mass (Mn) according to the relation:
sb Z sNb K
A

Mn

(3)

where sb
N is the limiting tensile strength for very high molar

mass and A is a constant evaluated with the aid of

experimental data. Although Eq. (3) was proposed to

encompass the effect of molar mass on the tensile strength

of materials undergoing brittle fracture [44,45], it seems to

be quite general [46]. In Fig. 6 the tensile strength values of

rPET and its short glass fibre composites are plotted against

the reciprocal of the number-average molar mass of rPET

matrix experimentally evaluated during aging. It is worth-

while to note that data obtained under different humidity

conditions tend to follow a common trend, thus indicating

that tensile strength depends on the molar mass and not on

the way this is reached. Moreover, data points agree

reasonably well with the trend predicted by Eq. (3) even if

a slope change is evident for molar masses in the range

6000–7000 g/mol. This effect could be tentatively explained

by considering that, two phenomena are concurrently

occurring during hygrothermal aging of the investigated

materials. In fact, as evidenced by DSC measurements [43],



Fig. 6. Tensile strength values as a function of the reciprocal of the number-

average molar mass of rPET matrix for: rPET at (B) 80% RH or (C)

immersed in water; rPET-15GF at (,) 80% RH or (&) immersed in water;

rPET-30GF at (6) 80% RH or (:) immersed in water.

Fig. 7. Apparent fracture toughness values, KIQ, as a function of (a)

hygrothermal aging time and (b) number-average molar mass of rPET

matrix for: rPET at (B) 80% RH or (C) immersed in water; rPET-15GF at

(,) 80% RH or (&) immersed in water; rPET-30GF at (6) 80% RH or

(:) immersed in water.
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the molar mass decrease due to hydrolysis is accompanied

by a crystallinity increase due to a chemicrystallization

process. This process has been previously reported on virgin

PET [20,22,23] and widely observed even on biodegradable

semicrystalline aliphatic polyesters [42,47–52]. It can be

explained by considering that chain scission in the

amorphous phase may release previously entangled chain

segment that become sufficiently free to find a spatial

rearrangement into the crystalline phase. Molar mass

decrease and crystallinity increase are likely to have

opposite effects on the tensile strength that could account

for the observed trend.

Fracture toughness tests performed on SENB specimens

do not allow the determination of a critical value of the

stress intensity factor in the framework of a linear elastic

fracture mechanics approach. In fact, in most cases, the

non-linearity was not within the specific (5%) reduction in

the slope of the load-displacement curves recommended by

the ASTM D5045 standard [38]. Apparent fracture tough-

ness KIQ values have been still determined according to the

above ASTM standard [38] and reported as a function of

hygrothermal aging time in Fig. 7(a). It is interesting to

observe that, under both the humidity conditions (80 or

100% RH) adopted for the hygrothermal aging at 70 8C, a

marked decrease of the fracture toughness of the investi-

gated materials is occurring. It has not been possible to

perform fracture toughness measurements on un-reinforced

rPET matrix immersed in water for more than 12 weeks

since specimens became too brittle to be notched. There

have been several studies of the dependence of the critical

strain energy release rate, GIC, upon molar mass for glassy

polymers such as poly(methyl methacrylate), polystyrene

and polycarbonate (for a review see [53,54]). In glassy

polymers the general dependence ofGIC upon molar massM

is sigmoidal [53,54]. WhenM is low the polymer has a very

low fracture energy, as the molar mass increases there is a
sudden rapid rise in GIC until it levels off at a limiting value

for very high molar mass. In other words, GIC values are

proportional to Mp where the exponent p can vary from 0.5

up to 3 or more, depending on the molar mass region [53]. A

predictive model proposed deGennes [55] suggests that the

fracture energy GIC of glassy polymers is scaling roughly

like M2, provided that the molar mass M be smaller than a

certain limit M* above which chain scission dominates and

GIC becomes independent of M. Since, KIC is related to GIC

via [56]:

K2
IC ZGICE

0 (4)

with E 0ZE for plane stress and E 0Z E
1Kn2

for plane strain

conditions, where n is the material Poisson’s ratio, the

model proposed by deGennes [55] predicts a linear

dependence of KIC on the molar mass. On the other hand,

information about the influence of molar mass on fracture

toughness of semicrystalline polymers are quite scarce in

the scientific literature [56–58]. On Fig. 7(b) the apparent

fracture toughness values are reported as a function of the

rPET matrix number-average molar mass as determined



Fig. 8. Scanning electron micrographs of fracture surfaces of (a) rPET and

(b) rPET-30GF specimens hygrothemally aged in water for 24 weeks.

Fig. 9. Storage modulus and loss factor of un-aged (B) rPET, (,) rPET-

15GF and (6) rPET-30GF specimens.
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by intrinsic viscosity measurements. Solid lines represent

linear regression of experimental data. It is interesting to

observe that, as for tensile strength, KIQ values tend to

follow a common line thus indicating that fracture

toughness depend on the molar mass and not on the way

this is reached. Moreover, a linear dependence on Mn is

quite satisfactory followed by the experimental data, in

accordance with the model proposed by deGennes [55].

The embrittlement of the rPET matrix due to hygro-

thermal aging is also evident from the change in the

morphology of the fracture surfaces. In fact, as documented

in Fig. 8(a), the fracture surface of unreinforced rPET after

immersion in water at 70 8C for 24 weeks clearly results

much smoother (i.e. with a lower degree of plastic

deformation) than the corresponding unaged material (see

micrograph of Fig. 2(a)). A SEMmicrograph of rPET-30GF

composite after hygrothermal aging in water for 24 weeks is

reported in Fig. 8(b). In comparison to the unaged material

(see Fig. 2(b)) the observation of the fracture surfaces put in

evidence some matrix cracking and a marked weakening of

the fibre–matrix interface resulting in a fibre–matrix

debonding.
3.3. Effects of aging on the thermal behaviour: DMTA and

HDT

The temperature dependence of storage modulus and loss

factor of un-aged rPET and its composites is reported in

Fig. 9. As expected, when the fibre content rises, the storage

modulus increases and the loss factor decreases. As reported

in Table 1, the temperature of the loss factor peak, that

represents the glass transition temperature (Tg) of the rPET

matrix, is slightly increasing with the fibre content. As for

the tensile modulus, also the storage modulus results to be

practically unaffected by hygrothermal aging at 70 8C at 80

and 100% RH and not reported. On the other hand, as

reported in Fig. 10(a) and (b), the position and the intensity

of the loss factor peaks, are affected by the selected

hygrothermal aging conditions. In particular, Fig. 10(a)

clearly shows how the Tg is increasing during hygrothermal

aging both at 80 and 100% RH. This behaviour is most

probably related to a chemicrystallization process, as

evidenced by DSC measurements reported in our previous

paper on this subject [43]. In fact, the Tg of the amorphous

phase in a semicrystalline polymers depends on the degree

of crystallinity. In some cases, for example in virgin PET,

when the degree of crystallinity increases from 2 to 65%, Tg
rises from 80 to 125 8C [59]. In the present case the

crystallinity content of the rPET matrix has been observed

to increase from 30.4% to about 36.1% after 24 weeks of

hygrothermal aging in water [43] and its Tg is correspond-

ingly increasing from 92 8C up to 100 8C as evidenced by

DMTA analysis. From Fig. 10(a) it can be also observed that

within the first 2 weeks of hygrothermal exposure the Tg is

slightly decreasing due to a prevailing plasticizing effects of

diffusing water. This could also explain the increase of

tensile strength (and tensile strain at break) observed for the

rPET matrix in the initial time of exposure to water either at

80 and 100% RH. The molecular-motion restricting effects

of crystallites is also responsible for the decrease of loss

factor peak values observed for the rPET matrix and

reported in Fig. 10(b). The immobilizing effect of short



Fig. 10. Effect of hygrothermal aging time on (a) temperature of loss factor

peak (Tg) and (b) loss factor peak values for: rPET at (B) 80% RH or (C)

immersed in water; rPET-15GF at (,) 80% RH or (&) immersed in water;

rPET-30GF at (6) 80% RH or (:) immersed in water.

Fig. 11. Effect of aging time at 80 and 100% RH on HDT percent variation,

for rPET and its composites for: rPET at (B) 80% RH or (C) immersed in

water; rPET-15GF at (,) 80% RH or (&) immersed in water; rPET-30GF

at (6) 80% RH or (:) immersed in water.
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glass fibres may account for the lower loss factors values

observed on rPET-15GF and rPET-30GF specimens, whose

values are not substantially affected by the hygrothermal

aging.

While the glass transition and melting temperatures

define the behaviour of polymers and polymer composites

from a scientific point of view, engineers frequently choose

materials on the basis of more empirical parameters such as

the heat deflection temperature (HDT) [60]. In fact, this is

considered as a measure of the maximum service tempera-

ture of a polymeric material. One of the most striking effects

due to fibres in composites is the great increase in heat

distortion temperature [61]. In fact, as reported in Table 1, it

is worth noting that the presence of glass fibres greatly

increases the HDT values and that, for the higher fibre

content of 30 wt%, values are comparable to those presented

by commercial composites obtained with virgin PET [2].

HDT values show relatively small variations during aging

time (see Fig. 11). In particular, for rPET matrix an increase

of HDT values is observed up to values about 20% higher

after 25 weeks of exposure for both humidity conditions
This behaviour could be explained by assuming that the

stiffening effect related to the chemicrystallization process

is prevailing on the loss of mechanical properties related to

the molar mass decrease. On the other hand, rPET

composites immersed in water show a slight decrease of

HDT values during aging time. This behaviour could be

explained by considering that in glass fibre reinforced

composites a further possible degradation mechanism has to

be considered like the damage of the fibre/matrix interface

in presence of diffusing water as confirmed by scanning

electron microscopy observations (Fig. 8(b)).
4. Conclusions

From this investigation on the hygrothermal aging of

rPET and its short glass fibres composites at 70 8C and 80 or

100% RH, the following conclusions can be drawn:
(i)
 For all the investigated materials, the elastic mechan-

ical properties (tensile and storage moduli) determined

at low strain levels are practically constant over the

entire period of hygrothermal exposure.
(ii)
 Amarked reduction of the tensile strength and apparent

fracture toughness is observed for rPET matrix and its

composites during hygrothermal aging at 80 and 100%

RH; both properties depend on the molar mass of the

rPET matrix, that decreases for the hydrolysis process

during hygrothermal aging.
(iii)
 The materials glass transition evaluated as the

temperature of the loss factor peak is increasing during

hygrothermal aging for the occurrence of a chemicrys-

tallization process that causes an increase of the

cristallinity content and a consequent reduction of the

mobility of the amorphous phase.
(iv)
 Consistently with the mechanical measurements,
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morphology of fracture surfaces exposed to hygro-

thermal aging in water reveals a reduction of plastic

deformation of the rPET matrix and a weakening of the

fibre–matrix interface for rPET composites.
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