JOURNAL OF MATERIALS SCIENCE36(2001)1231—-1241

Recycling of a plastic car component having a
multilayer structure: Morphological and
mechanical analysis
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The recycling of two types of dashboards having a multilayer structure presently available
on the market and hence on the scrap cars has been extensively investigated. In both the
cases the recycled material showed a strong worsening in the mechanical and impact
properties. This effect was attributed to the incompatibility of the different materials
constituting the item and to the occurrence of degradation phenomena taking place during
processing. To overcome these limitations suitable polymeric additives were added during
the recycling. By this procedure materials with improved mechanical properties able to be
reused for the same or for similar applications within the car have been obtained.
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1. Introduction may represent a target of considerable technological
Recently much attention has been paid to the recyclingelevance.
of materials from durable goods. Automobiles figure In this work two kinds of dashboards, which are
prominently in this category. In fact, during the last presently available onthe marketand hence onthe scrap
twenty years plastics have been largely employed ircars, have been considered. The former is a two layers
the car industry for replacing metals due to their easiestructure made by a support in acrylonitrile-butadiene-
processability, more versatile design, lighter weight andstyrene (ABS) and a covering layer in polyvinyl chlo-
corrosion resistance. This has led a growing interest toide (PVC). The latter is a three layers structure consti-
recycle the plastics in the cars at the end of their lifetuted by a rigid support in ABS reinforced with glass
cycle. fibers, an intermediate layer in polyurethane foam and
Actually a limited amount of expensive engineering a skin layer in ABS/PVC mixture.
plastics have been separated and recycled at a consid-The aim of the work was to optimise the recycling
erable economic cost. But for the majority of plastic of each of these multilayer items by means of an eco-
components disassembly and separation are too difiomically feasible process, which does not involve the
ficult to be cost-effective. This has raised the gquesseparation of the different layers. Moreover, to improve
tion of whether the total mixed plastic can be recycledthe end-properties of the resulting material, suitable
economically into useful materials [1-6]. polymeric additives, have been added during the re-
In the present contribution the recycling of a multi- cycling process. A morphological analysis by scanning
layer internal component of the vehicle, such as dashelectron microscopy (SEM), and a detailed mechanical
board, has been investigated. This item represents thgharacterisation by tensile and impact tests have been
more complex part of the car to be recycled owing toperformed on the recycled materials.
the large number of constitutive elements and because
of the different polymeric materials, often mutually in-
compatible, used in its construction, which require a2. Experimental
preliminary separation of the various components be2.1. Materials
fore the recycling process. All these aspects make th&he two types of multilayer dashboards investigated
dashboard recovery not economically and industriallywere kindly supplied by the Research Centre of Fiat-
feasible. On the other hand, the weight of this com-Elasis (Naples-Italy). The first was made by an ABS
ponent is very large with respect to the total amountsupport and a leather-like covering in PVC with the
of plastic present in the vehicle, so that, its recyclinginternal part in foamed PVC. The composition was:
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ABS 75 wt % and PVC 25 wt %. The second type  0.40 L ' t L '
was a three layers structure having an ABS suppor .. | A T = 1750 °C i
reinforced with 20 wt % of glass fibres, an intermediate
layer of foamed polyurethane (PU) and a final leather.  0.30 -
like of PVC/ABS mixture 50/50 by weight. The weight
ratio of the constituents was: ABS support 70 wt %,
polyurethane 20 wt % and PVC/ABS 10 wt %. 0.20 -
For both the dashboards as polymeric additive wa
used an ABS directly provided from Fiat-Elasis with &
a trade name ABS 95.150. It was the same employe 010 7 i
in the construction of the dashboard support. The ABS 45 N
95.150 has an acrylonitrile (AN) content of 19.5 wt %

0.25 -

0.15 B

an 8
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and a melt flow index of 6 g/10 min. e e o T A se——
Temperature (°C)
2.2. Techniques 6 ' : L ;
The dashboard was first granulated and then the recy B

cling process was conduced by using a Haake 600 in 57 B
ternal mixer at a temperature of 200, roller speed of
32r.p.m and for a mixing time of 5 min. Previous results ;_“7 4 v B
showed that under such conditions thermomechanice=
degradative processes were significantly reduced. w37 r

The material so obtained was compression moulde(2
to produce sheets of two different thicknesses (1 an» 2 - -
4 mm) at 200°C and a pressure of 150 bars in a heated
press. The 1 mm thick sheets were cut using a suit 11 -
able hollow punch in dumb-bell shaped specimens or
which tensile mechanical tests were performed. The © 1 . T
4 mm thick sheets were cut using a mill to obtain rect- 0 50 100 150 200 250
angular specimens 12 mm wide and 60 mm long for Strain (%)
performing Charpy impact tests. Prior to testing the
specimens were notched at the middle point of theif” :9““9 1tT"?‘md‘?U“’e as ?_f“”fgon foirt]empp\%at“re(_':ig-ll'“) a”]f‘tthe”f\i,'ve
length using a machine with a V-shaped tooI.The.vaIuéa;eesrz jgs;lloéfg_ram( '9. 18) of the PVC covering layer of the two
of notch depth was measured after fracture using an
optical microscope.

Tensile mechanical tests were performed using an In;
stron machine model 4505 at ambient temperature an

at a cross-head speed of 2 mm/min. The modulus, thserved inthe whole temperature range investigated. The

stress and elongation at rupture were calculated frorﬂqaximum of the tad peak occurs at about 176
stress-strain diagrams on an average of six specimen@ b

function of temperature for the PVC covering layer
reported. A single broad relaxation process is ob-

. . enerally, the tas curve of PVC exhibits two distinct
Fracture tests were carried out at an impact spee

; ) laxation processes referred tggamndwx in order of in-
of 1 m/sec using a Charpy instrumented Pendulum o P

; X reasing temperature. Tdransition region is located
Ceast DASWIN 4000. For all the materials examined & abougt—ZGEC while thlia is centredg at 80—-8%C

set of five samples were broken at ambient temperatur ccording to literature data [7, 8] thetransition cor-
andwihtla span (;).f 4|8 mm. Cturves of ene(rjg;(/ja;nd loa esponds to the activation of relatively long-range mo-
?gatuns Ime or displacement were recorded Tor €aclj,ns of the PVC chains, involved in the glass transition
e?:. ¢ ‘ f notched . henomenonTg). On the other hand, the transition
__rracture surfaces of notched Specimens Were exam 444 ciated with the occurrence of molecular interac-
ined by using a Philips scanning electron MICrOSCOP&; g among the chains. Therefore, the existence of a

(SEM) m?dd' X.Ltﬁo'tr].”olr to ex?mlnallélon ﬁhz.surfaﬁessingle relaxation process, exhibited by the PVC layer
were coated with a thin layer ot a gold-palladium alioy 5 \ye|| as its lowTy value strongly suggest the pres-

in order to improve conductivity and prevent charging. .\~ of a large amount of plasticiser. In fact, it has

Dynamm-mech_amcal measurements at 1Hz Wel%een found that the incorporation in PVC of a plasti-
made in the tensile mode using a Polymer Laborato-

. ; ciser, such as dioctylpthalate [7], leads to a lowering
ries apparatus in the temperature rardd0 to 200°C in the Ty and an increasing in the transition. In par-
and at a heating rate of&/min.

ticular, for an amount of plasticiser close to 30 wt %,
the two transitions merge into one. These observations
explain the breath and the loly value exhibited by

3. Results and discussion the tans curve of the PVC layer. A further indication
3.1. Two layers dashboard of the extensive plasticisation of the PVC component,
A preliminary analysis of the layers constituent thearises from the shape of the tensile stress-strain dia-
dashboard was performed. In Fig. 1A thedaourve as  gram showed in Fig. 1B. It is noted that the behaviour
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closely resembles that of a rubber-like material. Theparticles of about 0.Lm in diameter are present, shear
elastic modulus is low (about 48 MPa) and the elongadeformations are the major toughening mechanism. On
tion at break is high (about 180%) if compared to thethe other hand, large particles of about/ré in diame-
unplasticised PVC. ter favour craze initiation. For intermediate dimensions
The tensile stress-strain diagram of the ABS supporboth these mechanisms may occur simultaneously.
is shown in Fig. 2A. As it can be expected, the be- The average size of the rubber particles of the ABS
haviour is that of a toughened material. There is a welsupport was evaluated by a SEM analysis performed
defined yield stress at about 30 MPa followed by strairon a fractured surface obtained by breaking a notched
softening to a lower yield stress of 25 MPa. The stressample in liquid nitrogen. As itis evident from the SEM
then rises slowly until the sample fractures at a strairmicrograph of Fig. 2B, most of the rubbery particles ap-
of about 20%. The deformation process is accompapear as circular cavities over the fracture surface, with a
nied by stress whitening and a small reduction of thesize range from 0.2 to about Q.fin. The matrix is very
cross-sectional area, indicating that shear yielding islightly deformed since the material has been fractured
the dominant mechanism occurring in this multiphaseat a temperature lower than tfig of the rubbery com-
polymer. ponent (polybutadiene). From the above considerations
Previous studies [9-11] have shown that in ABSon the size of the rubber domains, the shear yielding
samples the operative deformation mechanism, namelghould be the main deformation mechanism occurring
shear yielding and/or crazing, is dependent on the sizi the case of the ABS support.
of rubber particles, rate of deformation and testing tem- Successively, the whole dashboard has been recycled
perature. In particular it was found that, when smallfollowing the procedure reported in the experimental
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Figure 2 Tensile stress-strain diagram (Fig. 2A) and SEM micrograph of the ABS support of the two layers dashboard (Fig. 2B).
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section. The tensile stress-strain diagram of the recy- 15 L L ' !
cled material is shown in Fig. 3. As in the case of the A

ABS support, there is a pronounced yield stress at abour
24 MPa, but it is followed by a rapid rupture. Thus, un-
like the tensile behaviour of the single components, the -4 7 r
mechanical response of the recycled product is typical £
of a brittle material. This result seems to be in contrast € .
with the fact that ABS and PVC are considered to be w .
compatible polymers. In fact, it has been reported that '
the PVC is miscible with Styrene-Acrylonitrile copoly-

mers, SANs [12, 13], owing to molecular interactions

formed between the electron-deficientydrogen of

. . . . 1.2 T T T T
vinyl-chloride groups of PVC and the electron rich ni- o 20 40 60 80 100
trile group of the SAN [14-16]. Thus, in the case of ABS W
ABS/PVC blends, a two-phase system is realized, con- BS content (X W)

. . . . . 1 1 1 1
sisting of a matrix made by a SAN/PVC miscible blend - 3°
and a polybutadiene dispersed phase. < B

However, the literature contains conflicting results ~—
on this point [17, 18]. Several factors are responsible g
for this debate. First, in systems involving copolymers, . 3° ] i
miscibility is strongly affected by copolymer compo- § .
sition [19-21] and for some of the studies involving %
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Figure 3 Tensile stress-strain diagram of the recycled two layers dash- u_°.|
board. o
0 20 40 60 80 100
35 ) ' I I ABS Content (¥ Wt)
30 - | E 30 1 ] 1 1}
2 D
. 251 | ~
g %8 5
= 20 x B = = 25 i
© [
o 15 - 5
» ®
10 | - ”
@ 20 ¥ -
* -3
[
0 -1 T T T T @
0 5 10 15 20 25 S
P- 15 T T 1 T
Strain (%) 0 20 40 60 80 100

Figure 4 Tensile stress-strain diagrams of the recycle two layers dash- ABS Content (% Wt)

board processed with different amount of ABS: curve A, dashboard withFigure 5 Tensile mechanical parameters evaluated from the stress-strain
0 wt% of ABS; curve B, dashboard with 20 wt% of ABS; curve C, dash- curves of Fig. 4, as a function of the ABS content: Fig. 5A, elastic
board with 30 wt% of ABS; curve D, dashboard with 50 wt% of ABS; modulus; Fig. 5B yield stressr); Fig. 5C elongation at brealey);

curve E, neat ABS resin. Fig. 5D stress at brealks).
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Figure 6 SEM micrographs of the tensile fractured surfaces of the two layers dashboard: A, unmodified dashboard; B, dashboard with 30 wt % of
ABS; C, dashboard with 50 wt % of ABS.
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SAN copolymers the composition is not known or notwhich, during the recycling process, different amount
reported. of virgin ABS were added in order to reduce the total
Second, in polymers blends, the degree of miscibil-percentage of PVC in the system.
ity is influenced by the preparation procedure [22—24]. In Fig. 4 are reported the stress-strain diagrams of
For example, two-phase blends may result for systemthe dashboard recycled with 0, 20, 30 and 50 wt %
that are miscible when a too high temperature is usedf ABS 95.150 (curves A, B, C and D respectively).
in melt mixing, owing to lower critical solution temper- On the same figure is also shown, for comparison, the
ature (LCST) behaviour. In solvent casting procedurestress-strain diagram of the neat ABS 95.150 (curve E).
the so-called solvent effect may also induce phase sep- It can be observed that there is a general improve-
aration of otherwise miscible components [19, 25]. ment of the tensile mechanical behaviour by increasing
For the PVC/ABS systems, the majority of works re-the ABS content. An amount of 50% of virgin ABS
ported in the literature have established that the SANeads to a stress-strain curve very close to that of the
composition plays a primary role in determining the de-pure ABS. The effect of the ABS addition on the tensile
gree of miscibility. In particular, results based on glassmechanical parameters is better seen in Fig. 5 where the
transition temperature measurements and on LCST belastic modulus (Fig. 5A), the yield stress (Fig. 5B) and
haviour, have indicated that for SAN copolymers hav-ultimate properties such as the stress (Fig. 5C) and the
ing an acrylonitrile (AN) content ranging from about 11 elongation at break (Fig. 5D) are reported as a function
to 26 wt %, miscibility with PVC is observed in the con- of the ABS content. It is found that both the low (elas-
tinuous phase. Thus, the reports on the immiscibility oftic modulus) and the large strain properties (yield stress
PVC/ABS blends probably reflect either SAN copoly- and stress and elongation at rapture) increase linearly
mers having a composition outside this range, and/owith enhancing the ABS concentration. These results
melt mixing at temperatures above the phase boundaryndicate a substantial reduction of the degradation pro-
caused by LCST behaviour. cess which can be attributed essentially to the fact that
From the previous observations and considering théhe ABS reduces the amount of PVC in the system and
fact that the AN content in the ABS support is abouthence its unfavourable effect on the mechanical prop-
20 wt%, the recycling of the dashboard should giveerties. In particular, as it is shown in Fig. 5D, for a
a compatible system, in the sense specified abovdéprmulation containing 50 wt % of ABS the elongation
and hence the worsening of the mechanical properatbreak, whichisthe parameter more sensitive to degra-
ties showed by the recycled item, may be ascribed talation, increases more than three times with respect to
the thermo-mechanical degradation taking place durthe recycled dashboard.
ing processing. The main contribution arises from the This improvement in the mechanical behaviour was
PVC skin layer, which, although representing the minorconfirmed by a morphological analysis performed by
component (about 25 wt %), has a very poor thermaBEM on the tensile fractured surfaces. In Fig. 6 are
stability compared to the ABS support. shown the SEM micrographs of the recycled dashboard
Ithas been established that the thermal degradation ¢fig. 6A) and of the same material containing 30 and
PVC starts at the glass transition temperature by elimi50 wt % of ABS (Fig. 6B and C respectively). Although
nation of hydrogen chloride, which is the main volatile the morphology of the recycled item appears quite ho-
product [26-28]. The intramolecular dehydrochlori- mogeneous, features distinctive of a plastic deforma-
nation proceeds leading to conjugated double bondgon mechanism are scarcely visible. When virgin ABS
(polyene sequences) in the polymer chain which causis added, a stress whitening during the tensile deforma-
secondary reactions, e.g. intramolecular cyclization an¢ion process is generally observed. This phenomenon
crosslinking with neighbouring PVC chains. is clearly shown in the corresponding fracture surfaces
The extent of the thermal degradation process ofn which plasticity and tearing are evident. The extent
PVC is strongly dependent on the processing condief such an effect increases with enhancing the ABS
tions and in particular it is enhanced by increasingcontent (see Fig. 6B and C). The above observations
the temperature, the mixing time and the mechanicaaccount for the improved tensile mechanical proper-
stresses. Moreover, in the case of ABS/PVC mixturesties and, at the same time, give further evidence that the
the presence of degraded PVC may also induce therm@hear yielding is the dominant deformation mechanism.
oxidative mechanisms in the rubbery phase of the ABS Mechanical measurements were also carried out un-
component. Thus, the reprocessing of PVC or itemgler impact conditions in order to evaluate the fracture
containing PVC should be carried out in presence otoughness of the recycled material under rapid loading.
heat stabilisers. Most of these additives are organic The corresponding values of the impact strength as
metal salts which act as hydrogen chloride acceptora function of the ABS content are shown in Fig. 7. The
to prevent its catalytic effect on the process of degrafracture toughness increases linearly with increasing
dation. the amount of ABS and, as in the case of the tensile
In general, a relatively high concentration of heat-parameters, a substantial enhancement is achieved for
stabilisers is employed when the PVC is first processeda formulation containing 50 wt % of ABS.
Consequently, at the end of the first life-cycle the ma- A SEM examination of the fracture surfaces (see
terial should still contain a certain amount of stabilis- Fig. 8A and B) reveals a morphology quite different
ers for reprocessing, although further addition of thesdérom that observed in tensile tested samples, although
agents is often recommended. the fractographic analysis has been conduced at lower
In our case we have tried to minimize the PVC magnification. In particular, at higher deformation rate
thermo-mechanical degradation through a procedure ithe fractured surfaces appear smoother and the shear

1236



7 L . . ' yielding mechanism seems to be partially suppressed
and replaced by crazing. In fact, as shown in Fig. 8B,
«‘E 6 g the plastic deformation features visible on the fracture
S . | surface of the recycled dashboard containing 50 wt %
= of ABS are probably due to the occurrence of craze
£ 4 | formation during the fracture process. This mecha-
% - nismis completely absent for the unmodified dashboard
5 3 - (Fig. 8A) which exhibits the fracture morphology of a
:’ brittle material.
o 21 -
E
= - 3.2. Three layers dashboard
o . ' . . As in the previous case an analysis of the various lay-
0 20 40 60 80 100  ers constituent the dashboard was performed before

the recycling process. In Fig. 9 are reported the ten-
sile stress-strain diagrams of the covering ABS/PVC
Figure 7 Impact strength of the two layers dashboard as a function oflayer (Fig. 9A) and of theABS support (Fig. 9B). The

the ABS content. former (Fig. 9A) shows a stress-strain curve typical of

ABS Content (¥ Wt)

B)

Figure 8 SEM micrographs of the impact fractured surfaces of the two layers dashboard: A, unmodified dashboard; B, dashboard with 50 wt % of
ABS.

1237



TABLE | Tensile mechanical parameters of the three layers dashboarthe ascribed to the presence of g|a33y fibres embembed

Elastic modulus Stress at break Strain at break

Sample (GPa) (MPa) (%)
ABS/PVC layer 0.22 9.5 110
ABS support 2.3 37.0 2.0
Recycled dashboard 1.5 9.1
10 1 1 i 1 1
A
8 ] »
g
= I
(2]
U4
s 4] i
n
2 -5 -
0 1 1 ¥ T T
0 20 40 60 80 100 120
Strain (%)
40 I i 1 1
B
30 -
w®
a
=
» 20 -
v
®
T
s
)
10 A B
0 1] 1 i i
0 0.5 1.0 15 2.0 25
Strain (%)

in the ABS support as reinforcement. The glassy fibres
acting as stress concentrators induce the formation of
cracks at their ends, which propagate along the fibre
sides due to the shear deformation of the matrix. As
a consequence of the occurrence of these cracks, the
load capability of the fibres is much reduced, and the
ABS matrix is required to support a much higher stress.
The matrix cracks grow from the interfacial cracks just
prior to the failure. These interfacial cracks and matrix
cracks leads to a catastrophic fracture of the composite
in contrast with the ductile behaviour generally shown
by the unfilled ABS (see Fig. 2A).

The mechanical tensile behaviour of the recycled
dashboardis shownin Fig. 10A. Asinthe previous case,
the recycling leads to an overall worsening of the me-
chanical properties compared to the constituent layers.
This effect is well evidenced in Table | where the mod-
ulus and the ultimate parameters of the recycled mate-
rial are reported. In this case, unlike the recycling of the
two components dashboard, the observed deterioration
in the mechanical properties cannot be attributed exclu-
sively to the poor thermal stability of the PVC compo-
nent, which constitutes only about 5.0 wt % of the entire
weight of the item, but the major contribution arises
from the presence of the foamed polyurethane (PU)
layer. This thermosetting material is highly incompat-
ible with ABS and PVC and, due to its cross-linked
structure, cannot be re-melted. Thus, during the recy-
cling, the PU component is only crushed into fine par-
ticles as is shown from the SEM micrograph of Fig. 11.
Since the interfacial adhesion of these PU particles is
very poor, they can act as weak points in the material,
favouring a rapid formation and growth of cracks and
consequently a premature fracture.

The above considerations on the unfavourable effect
of the polyurethane layer are confirmed by the shape
of the stress-strain curve of Fig. 10B which shows the
tensile behaviour of the dashboard recycled in absence
of the foamed polyurethane layer. It can be observed

Figure 9 Tensile stress-strain diagrams of the ABS/PVC covering |ayel'that there is an overall |mprovement in the mechanical

(curve A) and of the ABS support (curve B) of the three layers dashboard

properties. This effect is also shown when the material
is tested under impact conditions.

a ductile material with a high deformation at rupture.
The corresponding values of modulus, streg3 énd
deformation £,) at break are reported in Table I. A vi-
sual inspection, during the test, has evidenced that th
yielding phenomenon is notaccompanied by a localise(__
necking but the deformation process proceeds throug g
a gradual and uniform reduction of the cross-sectiona=
area of the sample before fracture. The absence of awe 3
defined yield stress, which is normally exhibited in ABS £
and PVC sample, as well as the observed low value 0%
the modulus can be ascribed to the presence of a hig
amount of plasticiser present in the PVC component.
On the contrary, the tensile stress-strain curve of the
ABS support (see Fig. 9B) resembles that of a brittle
material. The fracture takes place at an elongation na
exceeding 2.0% and as soon as the yielding starts. The

30 | i i 1 i 11
25 - -
20 - B |
15 4 .
10 | s

A

5 . -

O T T T T T H
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Strain (%)

other meChincaI_ parameters evaluated from F_Ig' 9%igure 10 Tensile stress-strain diagrams of the recycled three layers
are summarised in Table I. The observed fragile begashboard (curve A) and of the same recycled in absence of the foamed

haviour, as will be shown from the SEM analysis, canpu layer (curve B).
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Figure 11 SEM micrographs of the fractured surface of the recycled three layers dashboard.
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Figure 12 Bar-graph of the tensile and impact parameters of the three

layers dashboard: A, dashboard recycled in presence of the PU layer; If‘igure 13 Tensile stress-strain diagrams of the recycled three layers
dashboard recycled in absence of the PU layer. dashboard processed with different amount of ABS: curve A, dashboard

with 0 wt % of ABS; curve B, dashboard with 10 wt % of ABS; curve
C, dashboard with 20 wt% of ABS.

The results of the tensile and impact tests are reported
in the bar-graph of Fig. 12 and are compared with those One notes that, the tensile behaviour improves con-
of the dashboard processed in presence of the PU layesiderable with enhancing the ABS content approaching
This comparison shows that, in absence of PU, a mato that of the dashboard recycled in the absence of PU.
terial with satisfactory mechanical properties can be In particular, by increasing the amount of ABS, a
obtained. In fact, the modulus increases by about 20%substantial enhancement in the ultimate parameters is
the stress and the elongation at break increase by aboathieved while the elastic modulus remains almost con-
175% and 130% respectively and the impact strengtlstant. An improvement in the impact strength is also
increases by more than 60%. detected as shown in Table Il where the results of the

However, as already mentioned, the separation of thabove tensile measurements are also reported.
layers which constitute the dashboard may render the Quantitatively the addition of 20 wt% of ABS in-
entire recycling process not economically favourable creases the stress and the elongation at break of about
Therefore for enhancing the mechanical performance&50% and 75% respectively and the impact strength of
of the recycled dashboard we have used, as in the prevabout 110%. These results are in good agreement with
ous case, a procedure based on the addition during thibe fractographic analysis performed by SEM on such
recycling process of virgin unfilled ABS. materials. In Fig. 14 the SEM micrographs after impact

In Fig. 13 are shown the stress-strain diagrams of théests of the unmodified and the modified dashboard con-
recycled dashboard, taken as reference material, (curtaining 10 wt% and 20 wt% of ABS are reported. For the
A) and of two formulations containing 10 and 20 wt % unmodified resin (Fig. 14 A), besides the already noted
of ABS (curve B and C respectively). presence of PU particles, the fracture surface exhibits
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Figure 14 SEM micrographs of the impact fractured surfaces of the three layers dashboard: A, unmodified dashboard; B, dashboard with 10 wt % of
ABS; C, dashboard with 20 wt % of ABS.
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a brittle morphology without any evidence of plastic
flow, in accordance with its poor mechanical proper- 4
ties. The addition of ABS (Fig. 14 B and C) changes
substantially the fracture morphology which shows fea- 5.
tures of plastic deformation whose extent increases®
with enhancing the amount of ABS in the formula-
tion. Most probably the observed plastic deformation 5
may be ascribed to a shear yielding mechanism which
represents the main source of energy dissipation before
fracture. 8.
From the above results it may be concluded that the
addition of ABS strongly reduces the unfavourable ef-
fect of the foamed PU layer, giving rise to a recycledio.
material with balanced properties in terms of modu-
lus and impact strength, depending on the amount of!-
additive. Thus, by such a procedure, materials with ,
properties suitable to be reused within the car can be
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14.

4. Conclusions 15
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This phenomenon has been attributed for the two lay-
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ABS and PVC, leads to a material with a low degree of23.
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properties in terms of modulus and toughness, capab
to be reused for the same or similar applications within
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