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Abstract In our present study, the reprocessability of a
self-reinforced PP composites (SRPPC) prepared by com-
pression molding was studied. The composite materials
(handled separately, based on the related matrix material)
were ground, then extruded five times and injection molded
after the first and fifth cycle in order to investigate the
behaviour of the material during reprocessing. As a refer-
ence, the matrices of the composites were also reprocessed
and injection molded similarly to the composites. On the
manufactured specimens, static (tensile and flexural) and
dynamic mechanical tests (Charpy) were performed. The
melting and crystalline characteristics were studied by
Differential Scanning Calorimetry (DSC). The probable
decomposition caused by multiple extrusions was followed
by the Melt Volume Rate (MVR). The results indicated
that in case of commercial materials there is no significant
degradation even after multiple reprocessing cycles;
therefore, the reprocessability of SRPPC products has no
hindrance. The presence of «-iPP reinforcement in the rPP-
based composites after reprocessing results in increased
inclination for crystallization and consequently leads to
improved mechanical stiffness compared to rPP neat
matrices.
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Introduction

The recyclability of polymers and their blends and com-
posites has become very important issue nowadays. Its
importance is represented by the European Union directive
on the end-of-life of vehicles (ELV) [1]. In the automotive
industry, isotactic polypropylene (iPP) is one of the most
used polymeric materials. iPP has excellent price/perfor-
mance ratio, it has to be filled and/or reinforced to compete
with engineering plastics. Glass fibre (GF) is commonly
used to improve the properties of iPP. Nevertheless, the
recycling of the PP-GF composites is difficult. In order to
fulfil the aforementioned directives, two possibilities are
open: to improve the recycling technologies to be able to
recycle more difficult systems or to develop materials
which can be reprocessed easily. For the latter, a very
promising alternative is to develop self-reinforced polymer
composites (SRPC—the reinforcement and the matrix
belong to the same polymer family but differing in their
melting temperatures), because these composites may be
used after reprocessing as a one-component material.
SRPCs have been prepared form many polymers, although
iPP has become widespread in SRPC applications yet. Any
kind of polymer is available for producing SRPCs, which
can be processed in fibrous form.

To produce SRPCs, suitable processing window (melt-
ing temperature difference between matrix and reinforce-
ment) is necessary. It can be obtained by moulding the
polymer fibres themselves (first only the skin of the fibre
melts to become matrix and the core (reinforcement)
remains oriented), called hot compaction, as developed by
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Ward and Hine [2-4]. This is a really one-component
system, so it can be reprocessed without any difficulties.
The processing window during composite manufacturing
can further be increased by selecting matrix materials
having lower melting temperature than the reinforcement
(but differing only slightly in the chemical composition—
random PP copolymer (rPP)). This is the basis of the
consolidation of coextruded tapes, developed by the group
of Peijs [5-7]. This combination of iPP and rPP materials
can also be processed by film-stacking method [8—15]. As a
result of reprocessing of these two-component systems an
iPP/rPP blend is obtained, so its homogeneity and mor-
phology is to be determined [16]. Since iPP is a poly-
morphic polymer, it has three crystalline modifications:
monoclinic (a), trigonal (f) and orthorhombic (y) forms
[17-19]. Commercial grades of iPP crystallize essentially
in the a-form [20]), however, -PP can be prepared easily
in the presence of highly active f-nucleating agents [20,
21]. The melting temperature of -form is lower than that
of the commercial «-PP, which provides possibility to
broaden the processing window of self-reinforced iPP
composite (SRPPC) products, if «-PP is embedded as
reinforcement in f-PP matrix. This kind of composite is
really a homocomposite, because of the reinforcement and
the matrix differ only in their crystalline forms [13, 14, 22,
23] (Note that analogous approach was also used for
polyamide (PA6) based self-reinforced composites [24]).
Therefore, the expected recyclability of these composites
shall be similar to the hot compacted composites.

The reprocessability of polypropylenes was studied by
several authors. After several injection molding cycles, the
reprocessing may resulted in chain scission, which is
mainly caused by heat loading and mechanical shearing
[25]. However, no significant change in the molecular
architecture occurs during several reprocessing cycles of
well-stabilized commercial iPP grades. With increasing
number of cycles or with increasing reprocessing temper-
ature, only a little reduction can be observed in the average
molecular mass [26, 27]. Many studies have been reported
no change or only a slight decrease in the tensile strength
and in molecular mass of the material [28-30]. The impact
properties and the elongation at break are improved,
however, as a consequence of the decreasing stiffness after
reprocessing. Additionally, the melt viscosity and the
elongation at break also decrease [31].

After reprocessing of reinforced polypropylenes, the
mechanical properties (impact strength, flexural strength
and modulus) were decreasing due to mainly the fibre
breakage. These phenomenons were investigated in the
literature [25, 28, 31]. The rheological tests showed the
decrease of the viscosity. This is caused by chain scissions
and reinforcing fibre breakage induced by reprocessing and
grinding.
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Since the reprocessing of iPP and its composites have
been widely published but there are no studies for the
reprocessing of SRPPCs according to the author’s knowl-
edge. Therefore, the goal of this work is to study the re-
processability of the SRPPCs. The composite materials
(handled separately based on the related matrix material)
were ground, than extruded five times and the properties
were studied after the first and fifth extrusion, respectively,
to investigate the melting characteristics and mechanical
properties of the samples during reprocessing. From the
granulated materials, different specimens were produced
by injection molding and tested.

Materials, their processing and testing
Materials

Composite specimens prepared and tested previously
[13, 14] and cutting scraps were used in our present study.
The composite sheets are composed of a plain woven fabric
as reinforcement (presented in our earlier study [14], com-
posed of highly stretched split PP yarns) and three kinds of
PP as matrix material (f§ form of isotactic PP homopolymer
(H388F); random PP copolymer (R351F), and /5 form of the
latter. The non-nucleated iPP grades were provided by TVK
Co. (Tiszadjvaros, Hungary) and exhibited a melt flow index
of 8 g (10 min)~! (at 230 °C and 2.16 kg of load). 0.15 wt%
of calcium salt of suberic acid (Ca-sub) was introduced into
iPP as a selective f-nucleating agent to prepare f-nucleated
samples [32]. The detailed processing method of all SRPPC
specimens was described in our earlier studies [13, 14]. Thin
film was extruded as matrix material and a woven fabric
composed of highly stretched iPP tapes was applied as
reinforcement. Table 1 contains the melting temperature of
the components.

Composite sheets with a thickness of 2.5 mm and a
nominal reinforcement (i.e. «-PP fabric) content of 50 wt%
were produced by compression moulding of a film-stacked
package at 7 different processing temperatures. They are
selected at 5, 10, 15, 20, 25, 30 and 35 °C above the rel-
evant matrix melting temperature. For the latter, the Dif-
ferential Scanning Calorimetry (DSC) melting peak was

Table 1 The melting temperature of the materials

Type Melting temperature, 7,,/°C
o-PP tape 172.4
o-PP 164.4
p-PP 151.5
o-rPP 142.5
p-rPP 131.3
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considered (cf. Table 1). Due to the different processing
temperatures, the consolidation quality of the resulting
composites was also different. The tested (failed) speci-
mens and cutting scrap were collected separately according
to the matrix material.

Grinding and extrusion

The collected tested composite specimens and cutting scrap
were ground with Plastics Machinery Granulatore GRS
152_302 grinder. The ground composite material was
inhomogeneous; significant amount of reinforcement
material from the poorly consolidated SRPPCs was deb-
onding from the matrix. Therefore, the particle size dis-
tribution was also inhomogeneous.

The ground material was extruded five times with a
Brabender Plasti-Corder PL 2100 twin screw extruder and
then granulated. The extrusion temperatures were set to
190, 195, 200 and 200 °C from the feeder to the die. The
screw revolution 8 min~' for the ground material (first
cycle) and 25 min~' for the granulated material (2-5th
cycle) and for matrix materials were set. In order to com-
pare, the original matrix materials were also extruded five
times.

Table 2 The injection molding parameters

Injection molding

From the granulated materials after the first and fifth
extrusion different (tensile and Charpy) specimens were
manufactured on an Arburg Allrounder 320C 600-250
injection molding machine. Table 2 contains the injection
molding parameters. The temperature zones were set to
185, 195, 200, 205 and 210 °C from the feeder to the
nozzle. The injection molded materials are listed in
Table 3. Note that the composite materials with random PP
copolymer matrix (regardless of its crystalline form)
became a blend due to the reprocessing at higher temper-
ature (considerably higher than the melting temperature of
the reinforcement). However, referring to the initial
materials, we will further designate it as composite.

Specimens and their testing

In order to obtain the flowability and the degradation, Melt
Volume Rate (MVR) test were performed on the materials
after each process cycle on CEAST Modular Melt Flow
7027.000 machine. The test parameters were as follows:
load: 2160 g, holding time: 240 s, temperature: 230 °C,
sample mass: 8 g.

Parameter Tensile specimen

Charpy specimen

Injection volume 44 cm?®
Injection rate 50 cm® 57!
Switch over point 12 cm?®
Holding pressure 400 bar
Holding time 20s

Screw speed 15 m min~"
Cooling time 15s
Decompression 5 cm’
Mould temperature 50 °C

Real pressure 540 bar

40 cm?®

50 cm® 57!
11 cm?®
300 bar

20 s

15 m min~
15s

5 cm’®

50 °C

440 bar

1

Table 3 The injection molded materials

o-PP matrix ~ f-PP matrix =~ o-rPP matrix ~ f-rPP matrix =~ f-PP composite = o-rPP composite  f-rPP composite
Neat material X X
1x extruded X X X X X X X
5x extruded X X X X X
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The crystallization and melting characteristics of the
specimens were studied by DSC. The melting curves were
recorded by a Perkin Elmer DSC 7 apparatus. Sample mass
was between 3 and 5 mg and the scanning rate was
10 °C min~! during heating (v,) and cooling (v.) as well.
In order to erase thermal and mechanical history, the
samples were heated up to 220 °C and held there for 5 min.
Since f-form of iPP samples cooled to below 100 °C, re-
crystallized into the a-form during the partial melting of
the f-phase [33], the end temperature of cooling (TR) was
set to 100 °C during non-isothermal crystallization. This
setting prevents fo-recrystallisation, so the polymorphic
composition of the blends can be determined accurately
from the melting curves [20, 21].

Static tensile tests were performed on dumbbell speci-
mens (according to standard ISO 527:1999) using a Zwick
7020 universal testing machine with a crosshead speed of
5 mm min~".

Charpy impact tests were performed on Type 1 notched
rectangular specimens (according to standard ISO
179:2001) on a Ceast Resil Impactor Junior P/N 6963.000
using the following settings: starting angle of the hammer:
150°; maximum energy: 15 J.

All mechanical tests were performed at room tempera-
ture and at least five specimens were tested.

Results and discussion
MVR

The MVR of the materials processed once and five times
can be seen on Fig. 1. One can observe that MVR does not
change significantly with increasing of the processing
cycles. The more or less constant MVR values hint that the
stability of the polymer is good and no thermal degradation
occurs during the multiplied processing cycles. In case of
ground SRPPCs tested prior to first extrusion, the flow-
ability has considerably higher scatter than after extrusion.
The reason is that the particle size of the ground material
was inhomogeneous. The fluidity of the extruded SRPPCs
is lower than that of matrices, since the fluidity of the neat
material of the reinforcing tape production (foil extrusion
grade) is much lower.

Melting and crystallization characteristics

Effect of blending

The rPP-based SRPPC is a ‘two-component’ system,
because the copolymer matrix contains ca. 3-5 wt% eth-

ylene co-monomers distributed randomly. As a result of the
melt reprocessing, it is important to know the resulting
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Fig. 1 The MVR index in case of iPP homopolymer (a), and random
PP copolymer (b) systems

structure of iPP/rPP blend. The melting curves of «-PP (the
neat material of «-PP reinforcement) and o-rPP matrices
and the blend of «-rPP matrix and «-PP tapes (a-PP com-
posite-based sample) are displayed in Fig. 2. The calori-
metric traces indicate clearly that one peak appears during
the melting and crystallization of composite materials
indicating the miscibility of iPP and rPP in the reprocessed
o-PP composite-based sample. The melting peak at 164 °C
relates to o-PP and, o-rPP matrix melts in the vicinity of
145 °C. The melting of the blend consists of these two PPs
(ca. in 50-50 wt%) is around at 155 °C and its melting is
reflected by one melting peak. The iPP component has
advantageous effect on the crystallization of rPP. iPP and
rPP are miscible polymer pair in molten state and the
crystallization of the components take place simulta-
neously. Consequently, only one crystallization peak can
be observed during the crystallization of iPP/rPP blends
and the higher the iPP content is, the higher is the peak
temperature of crystallization.
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Fig. 2 The cooling (1st cool—a) and melting curves (2nd heat—b)
of the o-PP, o-rPP matrix and the reprocessed o-rPP composite

The melting and crystallization characteristic of f-rPP
composite-based material after reprocessing is demon-
strated in Fig. 3. The peak temperature of crystallization
(T;p) of the o-reinforcement, the f-matrix and the com-
posites are in the vicinity of 112, 104 and 114 °C respec-
tively. The T, of f-rPP matrix is significantly higher than
that of the non-nucleated rPP matrix (see in Fig. 2a), which
unambiguously indicates the presence of the highly active
nucleating agent. The presence of Ca-sub results in even
higher T, of the -rPP composite as well compared to the
o-PP reinforcement. The f-nucleated matrix and compos-
ites have complicated melting peaks. The double melting
peak at lower temperatures refers to the f-form, however,
the melting peak duplication hints at structural instability
[33]. A perfection process within the unstable f-phase
results in a f§ff'-recrystallization. Similar characteristics are
represented by the melting trace of -rPP composite-based
specimen, although the melting peaks are shifted towards
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Fig. 3 The cooling (Ist cool—a) and melting curves (2nd heat—b)
of the o-PP, f-rPP matrix and the reprocessed f-rPP composite

higher temperatures, because of the presence of iPP in the
composites. The doubled melting peaks at 142 and 148 °C
can be attributed to the Sf’-recrystallization as well, but it
has to be pointed out that the intensities of the melting
peaks of f-form are less pronounced because of the
decreased amount of the nucleating agent. The f-rPP
matrix contains 0.15 wt% Ca-sub, while the content of /-
nucleating agent in the f-rPP composite-based material is
only the half of that in the S-rPP matrix.

The effects of number of reprocessing cycles

Figure 4 shows the melting and cooling curves of f-PP
matrix and f-PP composite-based material after repro-
cessing once and five times. When comparing samples
reprocessed once and five times, one can see that there was
no considerable difference due to the cyclic reprocessing
for both matrix and composite-based specimen.
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The f-nucleating agent is still efficient even after five
reprocessing steps, because of its good thermal stability,
although during injection moulding the related standard for
PP was followed, parameters of which did not support the
formation of the f-crystals. The crystallization tempera-
tures are at around of 120 °C, which is characteristic for
nucleated iPP. Pronounced fo-recrystallization process is
reflected on the melting traces (see in Fig. 4b) indicating
the presence of the f-form. The fa-recrystallization can be
eliminated if the samples are not cooled below 100 °C
[33]. The melting traces recorded after limited recooling
step are represented in Fig. 5. One can see that the
p-nucleated matrix materials crystallized fully in f-form,
but the composites also contain significant amount of
o-form due to considerably lower f-nucleating agent con-
tent. The reprocessability of the f[-nucleating agent is
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shown only on f-iPP composite-based samples due to the
higher f-content of the matrix. The same tendency can be
observed in case of ff-rPP materials. The melting curves do
not indicate any degradation after multiplied processing in
good agreement with MVR data.

Mechanical properties

Static tensile tests

The tensile strength (a) and modulus (b) values of iPP- and
rPP-based systems are shown in Figs. 6 and 7, respectively.

When comparing the results of once and five times pro-
cessed materials, the mechanical properties of the specimens
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Fig. 7 Tensile strength (a) and modulus (b) of the random PP
copolymer based systems

do not modify considerably, which indicates that no pro-
nounced degradation takes place during multiplied repro-
cessing. Comparing the non-nucleated and f-nucleated
matrix materials (both homo- and copolymer), it can be
stated that the fi-nucleation resulted in a slight decrement in
tensile strength and in the Young’s modulus, because of the
presence of ff-form. It should be noted that the f-nucleated
matrix material have the lowest stiffness and tensile strength
and the properties of the composite-based ones are closer to
that of the non-nucleated matrix material in case of iPP-
based materials. The relatively large stiffness and tensile
strength of the «-iPP composite-based specimens can be
explained by the large «-iPP content of the samples (See in
Fig. 5). This is also true when comparing o- and [-rPP
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Fig. 8 Charpy impact strength of the PP homopolymer (a) and
random PP copolymer (b) based systems
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SRPPC-based materials. The modulus and tensile strength
of rPP composite-based specimen (iPP/rPP blends) were
significantly higher than those of related matrix material,
because of the presence of iPP phase.

From the result, it can be stated further that there was no
considerable change in the tensile properties if comparing
the material processed once and five times.

Charpy impact tests

Figure 8 shows the Charpy impact strength results for iPP
(a) and rPP (b) based systems. Based on the results, it can
be seen that the f-modification has improved the Charpy
impact strength in case of matrix materials. The increasing
of impact resistance is more pronounced in case of
homopolymer [20], because the rPP contains elastomers
(PE), which improves the impact resistance as well. In the
case of ff-PP composites, efficiency of the lower amount of
p-nucleating agent may be more sensitive for the pro-
cessing parameters, so the impact resistance did not
increase significantly. In case of rPP composite-based
samples, the lower toughness is resulted by the approxi-
mately 50 wt% of «-iPP content (see Fig. 8a). It can also be
concluded from the test results that with increasing number
of reprocessing, the Charpy impact strength did not
decrease considerably.

Conclusions

The goal of this article was to study reprocessability and
the melting behaviour of the self-reinforced PP composite
composed of fabric, woven from highly stretched split iPP
yarns as reinforcement and o and f crystal forms of iso-
tactic PP homopolymer and random PP copolymer as
matrix materials. From the granulated materials, different
specimens were produced by injection molding and they
were tested (MVR, DSC, tensile, Charpy).

Based on the results the following conclusions can be
drawn:

— self-reinforced PP composites can well be reprocessed
without any loss of properties related to the properties
of the matrix materials, thereby it is an excellent
candidate for upcycling,

— the cyclic reprocessing (once and five times) did not
result in considerable deterioration of the mechanical
properties,

— based on the DSC results it can be stated that the used
p-nucleating agent (Ca-sub) is still efficient after even
five reprocessing cycles. However, it is necessary to
apply suitable settings of injection molding.

@ Springer

— the random PP copolymer-based SRPPCs (reinforced
with PP homopolymer) became a one-phase blend after
reprocessing. Their melting temperature and mechan-
ical properties are between those of random copolymer
and homopolymer.

Acknowledgements The authors want to thank the Hungarian
Scientific Research Fund (OTKA K75117). T. Bérany is thankful for
the Janos Bolyai Research Scholarship of the Hungarian Academy of
Sciences.

References

1. Directive 2000/53/EC of European Parliament and of the Council
of 18 September 2000.

2. Ward IM. Developments in oriented polymers, 1970-2004. Plast
Rubber Compos. 2004;33:189-94.

3. Ward IM, Hine PJ. Novel composites by hot compaction of
fibers. Polym Eng Sci. 1997;37:1809-14.

4. Ward IM, Hine PJ. The science and technology of hot compac-
tion. Polymer. 2004;45:1413-27.

5. Alcock B, Cabrera NO, Barkoula NM, Reynolds CT, Govaert LE,
Peijs T. The effect of temperature and strain rate on the
mechanical properties of highly oriented polypropylene tapes and
all-polypropylene composites. Compos Sci Technol. 2007;67:
2061-70.

6. Alcock B, Cabrera NO, Barkoula NM, Spoelstra AB, Loos J,
Peijs T. The mechanical properties of woven tape all-polypro-
pylene composites. Compos Pt A Appl Sci Manuf. 2007;38:147—
61.

7. Alcock B, Cabrera NO, Barkoula NM, Wang Z, Peijs T. The
effect of temperature and strain rate on the impact performance of
recyclable all-polypropylene composites. Compos Pt B Eng.
2008;39:537-47.

8. Houshyar S, Shanks RA, Hodzic A. Influence of different woven
geometry in poly(propylene) woven composites. Macromol
Mater Eng. 2005;290:45-52.

9. Houshyar S, Shanks RA, Hodzic A. The effect of fiber concen-
tration on mechanical and thermal proverties of fiber-reinforced
polypropylene composites. J Appl Polym Sci. 2005;96:2260-72.

10. Houshyar S, Shanks RA. Morphology, thermal and mechanical
properties of poly(propylene) fibre-matrix composites. Macromol
Mater Eng. 2003;288:599-606.

11. Bérany T, Izer A, Czigany T. On consolidation of self-reinforced
polypropylene composites. Plast Rubber Compos. 2006;35:375-
9.

12. Barany T, Izer A, Czigany T. High performance self-reinforced
polypropylene composites. Mater Sci Forum. 2007;567-538:121—
8.

13. Barany T, Izer A, Karger-Kocsis J. Impact resistance of all-
polypropylene composites composed of alpha and beta modifi-
cations. Polym Test. 2009;28:176-82.

14. Izer A, Barany T, Varga J. Development of woven fabric rein-
forced all-polypropylene composites with beta nucleated homo-
and copolymer matrices. Compos Sci Technol. 2009;69:2185-92.

15. Houshyar S, Shanks RA, Hodzic A. Modelling of polypropylene
fibre-matrix composites using finite element analysis. Express
Polym Lett. 2009;3:2-12.

16. Menyhard A, Varga J, Liber A, Belina G. Polymer blends based
on the beta-modification of polypropylene. Eur Polym J. 2005;41:
669-717.



Reprocessability and melting behaviour of self-reinforced composites

263

17.

18.

19.

20.

21.

22.

23.

24.

25.

Padden FJ Jr, Keith HD. Spherulitic crystallization in polypro-
pylene. J Appl Phys. 1959;30:1479-84.

Varga J, Ehrenstein GW, Schlarb AK. Vibration welding of alpha
and beta isotactic polypropylenes: mechanical properties and
structure. Express Polym Lett. 2008;2:148-56.

Varga J. Beta-modification of isotactic polypropylene: prepara-
tion, structure, processing, properties, and application. J Macro-
mol Sci Phys. 2002;41:1121-71.

Menyhard A, Varga J, Molnar G. Comparison of different beta-
nucleators for isotactic polypropylene, characterisation by DSC
and temperature-modulated DSC (TMDSC) measurements. J
Therm Anal Calorim. 2006;83:625-30.

Abraham TN, Wanjale SD, Barany T, Karger-Kocsis J. Tensile
mechanical and perforation impact behavior of all-PP composites
containing random PP copolymer as matrix and stretched PP
homopolymer as reinforcement: effect of [beta] nucleation of the
matrix. Compos Pt A Appl Sci Manuf. 2009;40:662-8.

Barany T, Karger-Kocsis J, Czigany T. Development and char-
acterization of self-reinforced poly(propylene) composites: car-
ded mat reinforcement. Polym Adv Technol. 2006;17:818-24.
Bhattacharyya D, Maitrot P, Fakirov S. Polyamide 6 single
polymer composites. Express Polym Lett. 2009;3:525-32.
Martins MH, De Paoli MA. Polypropylene compounding with
post-consumer material: II. Reprocess. Polym Degrad Stab.
2002;78:491-5.

Gonzalez-Gonzdlez VA, Neira-Velazquez G, Angulo-Sanchez
JL. Polypropylene chain scissions and molecular weight changes
in multiple extrusion. Polym Degrad Stab. 1998;60:33—42.

26.

217.

28.

29.

30.

31.

32.

33.

Xiang Q, Xanthos M, Mitra S, Patel SH, Guo J. Effects of melt
reprocessing on volatile emissions and structural/rheological
changes of unstabilized polypropylene. Polym Degrad Stab.
2002;77:93-102.

Incarnato L, Scarfato P, Acierno D. Rheological and mechanical
properties of recycled polypropylene. Polym Eng Sci. 1999;39:
749-55.

Ramirez-Vargas E, Navarro-Rodriguez D, Blanqueto-Menchaca
Al, Huerta-Martinez BM, Palacios-Mezta M. Degradation effects
on the rheological and mechanical properties of multi-extruded
blends of impact-modified polypropylene and poly(ethylene-co-
vinyl acetate). Polym Degrad Stab. 2004;86:301-7.

Rust N, Ferg EE, Masalova I. A degradation study of isotactic
virgin and recycled polypropylene used in lead acid battery
casings. Polym Test. 2006;25:130-9.

da Costa HM, Ramos VD, de Oliveira MG. Degradation of
polypropylene (PP) during multiple extrusions: thermal analysis,
mechanical properties and analysis of variance. Polym Test.
2007;26:676-84.

Varga J, Mudra I, Ehrenstein GW. Highly active thermally stable
beta-nucleating agents for isotactic polypropylene. J Appl Polym
Sci. 1999;74:2357-68.

Varga J. Melting memory effect of the beta-modification of
polypropylene. J Therm Anal. 1986;31:165-72.

Horvéth Z, Sajo 1, Stoll K, Menyhard A, Varga J. The effect of
molecular mass on the crystallization tendency and supermolec-
ular structure of the polymorphic modifications of isotactic
polypropylene. Express Polym Lett. 2010;4:101-14.

@ Springer



	Reprocessability and melting behaviour of self-reinforced composites based on PP homo and copolymers
	Abstract
	Introduction
	Materials, their processing and testing
	Materials
	Grinding and extrusion
	Injection molding
	Specimens and their testing

	Results and discussion
	MVR
	Melting and crystallization characteristics
	Effect of blending
	The effects of number of reprocessing cycles

	Mechanical properties
	Static tensile tests
	Charpy impact tests


	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


