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Abstract: This paper presents the influence of processergperatureon some mechanical-physical propertiefs

polypropylene (PP) used for injection moulding @frformance sport products. The test pieces wereldaduat the
following real injection temperatures : 220°C, 2@02260°C, 280°C and 300°C. It was determined thatih-mould

(cavity) pressure decreased with increasing ofptezessing temperature. Also PP was thermally aedlythrough :
Thermogravimetry (TG), Differential Scanning Catoétry (DSC) and Dynamic-Mechanical Analysis (DMA).was

established that processing temperature has arnmfioence on the thermal stability, the glasmnsition temperature
and melting point of polymer, but the storage madu(E’) is significantly influenced by the proseasy temperature.

Key words: polypropilene, injection moulding, Thermogravimet{TG), Differential Scanning Calorimetry (DSC),
Dynamic-Mechanical Analysis (DMA).

1. Introduction The characteristics of the injection moulded
polypropylene products are influenced by the temjpee
The most used polymers for injection mouydiof ©Of polymer and by the pressure of the flowing-state
performance  sport products are the followingmaterial at filling the mould cavity.
polyoxymethylenes (POM, polyacetal), polyamides YPA  This paper is an analysis of the variatidnsome
thermoplastic polyurethanes (TPU), polycarbonafe€)( Mmechanical-physical  properties of  polypropylene
and polypropylenes (PP) [1]. depending on the processing conditions. The resudte
The p0|ypr0py|ene is used for manufactumﬁ@port obtained through thermal anaIySiS methods a@ﬂmﬁhe
products which do not require high levels of medtain Polypropylene, grade Homopolymer Resin 100 GBO&iuse
strength, rigidity and impact strength. The polypiene for manufacturing of performance sport items
has the following advantages [2]:
- excellent price/quality ratio,
- large range of colours, 2. Experimental part
- light material (density 900-1020 kgin
- very good dimensional stability (moisture saxsifree),
- easy processability. The test-samples were moulded in polypramyle
The polypropylene was used during the 7080's grade Homopolymer Resin 100 GB06 using an ENGEL
decades at manufacturing of ski boots, but it ltadbe injection moulding machine, type G/11/10/116/3. The
replaced with thermoplastic polyurethanes (TPU) anemperature of the flowing-state material was messu
polyamides (PA), as a result of its poor impacérsgth at with a thermocouple DYNISCO, type Ti422J fit in the
low temperature. The Izod impact strength at — 3&'C plasticizing cylinder nozzle in order to get thealre
very low (1,4 KJ/r). For this reason, polypropylene wastemperature within the central stream of the pelymelt
reinforced with different materials in order to irope its flow.
mechanical properties. Using magnesium silicata fler The following real injection temperature weset:
of polypropylene leads to the increase of breakingngth 220°C, 240°C, 260°C, 280°C and 300°C.
and impact strength [3]. The reinforcement of The in-mould (cavity) pressure was determinsing a
polypropylene with fiber glass double its ultimaensile IDA transducer made by Dynisco Europe GmbH. For all
strength (tensile strength at break) and the ekimmya the processings, the parameters were set as follows

elastic modulus is increasing [4]. - injection pressure = 1600 bar,
The polypropylene is used for manufacturdfigsport - injection speed =20 mm/s
shoe inners [5], inserts for football shoes, bieypkdals, and the temperature of plasticizing cylinder andiyinder
height adjusting device of motorscooters, etc. nozzle were set according to the required paraseter
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The moulded test samples were examined dfrou This fact is explained by the major decredse
thermal analysis. However, for some comparativeiscosity of the polymer melt. At increasing of énfion
determinations, there were used also raw polym&ngin temperature, the in-mould (cavity) pressure pea,, the
order to see the material alterations during imnpect maximum pressure needed to compact the matet@athe

The thermogravimetry (TG ) analysis was iedriout cavity) is decreasing till 530 bar at 300°C tempaa
using a NETZSCH analyzer, typeTG 209 as follows:

- under helium atmosphere, Pressitre
- temperature range 20-990°C, (bar) %] .
- heating rate of 5 K/min. 00’ \
The Differential Scanning Calorimetry (DSC) 580
determinations were accomplished using a DS 560 \

540 .\

calorimeter NETZSCH, type 204 as follows:

- under helium atmosphere, - Y

- heating from 20 °C to 220°C, with a rate of 10rkd,

- cooling at -100°C with a rate of 10 K/min, o

- isothermal regime at -100°C for 5 min, e o o . o g
- heating at 400°C with a rate of 5 K/min. (o

The Dynamic-Mechanical Analysis (DMA) was dea
in dual cantilever bending mode on a NETZSCH are&ly  Figyre 1. The dependence of in-mould pressure peake real injection

type DMA 242 C as follows: temperature for PP, grade Homopolymer Resin 100-&BO
- under air atmosphere,
- temperature range - 30°C and + 150°C, Figure 2 shows gqualitative aspects of thst pdeces
- heating rate of 1 K/min, moulded between 220 - 300°C.
- stress frecquency of 0,5; 1; 2; 5; and 10 Hz. The quality of the piece moulded at 220°C is
inadequate since the mould cavity was not completel
3. Results and discussion filled with material and consequently, the piece nist

completely contoured. The pieces moulded at 240i€

If the injection parameters were maintaimesstant 260°C have an adequate quality since the mouldycas
for all the five stages of processing temperatitesas completely filled, the surface of piece is freenoélt flow
determined that the real in-mould pressure decsefisen Marks, burrs or shrinkage and no degradation ofrpet

610 bar for processing at 220°C to only 530 bar fdccured. Raising the real injection temperaturevahtbis
processing at 300°C (Fig. 1). level leads to a deterioration of quality.

PP PP PP
T=240°C T=260°C T=280°C

Fig. 2. The influence of real injection temperatarethe quality of PP moulded parts (grade HomapelyResin 100 GBO6).

Thus, the piece moulded at 280°C has burds athe In Figure 3 is represented the TG diagram P&
surface of the piece moulded at 300°C is qualifivelgrains and in Table 1 are presented the infleqtioints on
inadequate as burrs are combined with visible marfks TG diagram, and the mass losses at 300°C, 400°C and
polymer's thermal degradation. 500°C.

Concluding, for PP, grade Homopolymer Rekd® The inflection points on TG diagram représéhe
GBOG6, the optimal injection processing temperatige temperatures where the decomposition rate has a
ranging between 240°C and 260°C and the optimaispre maximum. Table 1 shows that the values of inflectio
peak for this temperature range is 590 — 610 bawoints and mass losses are slightly influenced gy t
Specimen samples from these moulded pieces weri cutprocessing temperature.
order to be thermally analyzed.
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Figure 3. The TG diagram for PP grains

In Table 2 are presented the values forsgiesition
temperature Tv (the maximum of &gon DMA diagram)

and melt temperature (the endotherm peak on the DSC

curve) depending on the processing temperatures.

It can be noticed that, Trises a little with increasing

of the processing temperature, while the is insicgmtly
influenced by the processing temperature.

The DMA determinations for all test piecesablish
that stress frequency have a major influence orstheage
modulus (E’). In Tab. 3 are presented the valuestarbige
modulus (E’) measured at - 30°C relative to differstress
frequencies and processing temperatures.

It can be remarked from Tab. 3 that stresguency
influences the values of storage modulus (E’)-inEfeases
as the stress frequency increases - meaninghbaesults
are concordant with the theory related to time-terajure
analogy [6,7]. According to this theory elaborabsdM.L.
Williams, R.F. Landel and J.D. Ferry, at increasiofg
applying frequency of force, the fluctuation netlwbias no

Concluding, the thermal stability of PP (@ga time to react and the material behaves as therdetation
Homopolymer Resin 100 GBOS6) is not influenced by thtemperature would be lower (with mentioning of thigial
processing temperature.

stress frequency).

TABLE 1.Mass losses for PP processed at different tempeysitu

Processing temperature Inflection Mass loss [%] at specific temperature [°C]
of PP [°C] [C] 300 400 500
granule 431,4 0,19 7,57 99,63
220 431,2 0,17 7,81 99,59
240 431,4 0,18 7,87 99,60
260 431,5 0,18 7,95 99,61
280 431,6 0,19 8,10 99,62
300 431,9 0,20 8,29 99,63

TABLE 2.Glass transition temperature and melt temperatord?P processed at different temperatures

Processing temperature of PP Ty Ti

’ ['C] ['C]

Granule 14,0 162,9
220 135 162,2
240 14,0 162,2
260 14,4 163,5
280 14,7 163,1
300 15,0 163,6

TABLE 3.Values oftorage modulus E' at - 30°C temperature relativettess frequency and processing temperature

Stress frequency E’ [MPa] values for specific processing temperafi®g
[HZ] 220 240 260 280 300
10 940 920 890 860 840
5 930 910 880 850 830
2 920 900 870 840 820
1 910 890 860 830 810
0,5 900 880 850 820 800
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From Table 3 it can be noticed that E’ isgdly Also the increase of processing temperature leads t
influenced by the processing temperature. Incrgasifh slight increase of glass transition temperature.
processing temperature determines decreasing ddrialat The DMA determinations for all test piece®rgv

rigidity and lowering of storage modulus (E’) value performed with a NETZSCH analyzer, type 242 C and i

revealed that stress frequency have a major infleieam
the storage modulus (E’). Moreover, the valuessforage
4. Conclusions modulus (E’) rise as the stress frequency riseficpimg
the specialty literature data. Increasing of preces

We have studied the modification of physicaltemperature determines decreasing of storage madHIy
mechanical properties for polypropylene (PP), gradélue. _ . i
Homopolymer Resin 100 GBO6 used at injection maigdi ~ Based on these experimental results, 246dC260°C
of sport products. is recommended as the optimal processing tempera

The injection moulding machine employed was range.

ENGEL, model G/11/10/116/3 and test pieces were
moulded at different processing temperatures, Hswis:
220°C, 240°C, 260°C, 280°C and 300°C. REFERENCES
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pressure decreases as a result of the viscositgake in _ -, _ o
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. ’ . olimerilor, utilizabili in articole sportive de germana, prin metode
pieces are not completely moulded (incompletelymice Editura Politehnica, Timbara, 2007 pp. 110-117.
contoured) at 220°C, while burrs are present &edntal 2. Brenner, E., Polypropylene an Alternative ?, #stoffe, 4,200Q

degradation marks are visible on the surface oftédst pp.35.

pieces moulded at 280°C and 300°C 3. Jarvela, P., A., Enqvist, J., Tervala, O., Medtel strength and
. e thermal stability of magnesium silicate filled lenes Composite
The TG analysis performed with a TG 209 NETH imerfaceszoolyg(&@’%p. 189-206. Ppippy P

analyzer proved that the thermal stability of PPadg 4. Bastian, M., Kolupaev, V., Ujma, A., Kapfer, Kack, F., Serious
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