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The weathering test of polypropylene composites

R A P ID  C O M M U N IC A T IO N

S u m m ary  — Commercial Malen P polypropylenes (i) pure, (ii) filled (20%) 
with chalk or talc, and (iii) UV-stabilized with 0.2 or 0.4% of a hindered 
amine light stabilizer, Tinuvin 791, were studied in laboratory weathering 
tests. The samples were exposed to UV-irradiation at doses of 0—950 
MJ/m2 with moisture cycles and programmed temperature and relative hu
midity in the test chamber. Progress in composites photodegradation was 
studied by measuring M  and MWD determined by gel permeation chroma
tography and mechanical properties like elongation, tensile stress and not
ched impact strength. For white composites resistance to yellowing under 
irradiation was studied. Chalk was found to be the better filler than tale; it 
stabilized mechanical properties and enhanced color resistance. Additional 
application of a UV-stabilizer increased the light stability of tested samples, 
presumably by forming a protective coat on a filler surface that prevented 
the adverse effect of metals contained in the filler.
K ey  w ord s: photodegradation, weathering test, polypropylene, additives, 
HALS UV-stabilizer.

Polymeric products exploited outdoors are usually 
exposed to weathering factors which give rise to aging 
processes worsening their service properties.

The fundamental parameters of a weathering test are 
light, heat and moisture. There may be other weather
ing factors such as pollution or biological attack, but 
these are not present in every environment. In a basic 
outdoor exposure test, weather conditions cannot be 
controlled. Laboratory instruments allow to perform si
mulated weathering tests under more controlled and 
accelerated weathering conditions than those of a 
real-time exposure. Laboratory weathering tests speed 
up the weathering process by increasing the intensity or 
the level of the operating factor. The response of a poly
meric product to the weathering factor will vary not 
only with the combination and intensity of the factor 
applied but also with the material composition.

This paper sets out to describe the effect of the type 
and concentration of additives such as a filler and a 
UV-stabilizer used in polypropylene on the course of a 
laboratory weathering test of polymeric composites.
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EXPERIMENTAL

All laboratory weathering studies were performed by 
using a Xenotest Alpha HE apparatus equipped with a 
xenon arc lamp, because the spectral power distribu
tion of this light source (Fig. 1) has been recognised to 
give the best available simulation of sunlight.

In Fig. 2, the ultraviolet part of sunlight is seen to 
have the greatest effect on the degradation of PP mate
rial. To eliminate the unwanted range of UV radiation 
of the xenon lamp, which does not exist in the sunlight 
(wavelength below 300 nm), and the principal part of 
IR radiation, a set of Xenochrome 300 filters with a Su- 
prax cylinder was used. Infrared radiation does not 
cause polymer photodegradation, but it can warm the 
polymer and thus give rise to its thermodegradation.

The basic polymer was a commercially available Ma- 
len-P type polypropylene produced by Polski Koncern 
Naftowy ORLEN SA, Płock. Test-ready samples of the 
pure polymer and its composites, prepared according 
to PN-88/C-89012 [2] by injection molding, are listed in 
Table 1.

The weathering test was performed according to [3,
4] by applying programmed moisture cycles (102-min 
long "dry" phase followed by 18-min long rain phase),
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Fig. 1. Sunlight (—) and xenon arc lamp (...) spectrum comparison [1], normalized to 665  W /m2 (300— 800  nm)
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Fig. 2. Spectral sensitivity o f PE and PP [1]

T a b l e  1. Composition of samples based on Malen P polypropy
lene

Sample Filler
20% w/w UV stabilizer Tinuvin 791, % w/w

PI — —

P2 chalk —

P4 chalk 0.20

P6 talc —

P7 talc 0.20

P9 talc 0.40

at a temperature of 30°C and relative humidity of 50% 
in the test chamber. Tire criterion for finishing a period 
of the weathering test was the UV-irradiation dose.

The progress of photodegradation of the polymer 
was observed by following changes in the molecular 
weight and molecular weight distribution as well as in 
mechanical properties and in the yellowness index. The 
results obtained for modified PP were compared with

the data on pure PP samples received under the same 
conditions. It should be stressed that some tests (mainly 
examination of mechanical properties) destroyed the 
samples; therefore, each programmed exposure dose 
required a new polymer samples. The aged polymers 
were conditioned and then examined.

Measurements

Molecular weight (M) and molecular weight distri
bution (MIND) were determined by gel permeation 
chromatography by using a HT GPC Waters 150-C in
strument. Trichlorobenzene containing a stabilizer was 
used as a solvent.

Mechanical properties of paddle- and beam-shaped 
samples (elongation, tensile stress, notched impact 
strength) were determined according to Polish Stan
dards PN-81/C-89034 [5] and PN-85/C-89050 [6 ].

The yellowness index was evaluated by colorimetric 
measurements carried out in an X-Rite 968 spectropho
tometer within the range of visible light, 400—700 nm, 
at 20 nm intervals [7].

RESULTS

Of all the tested samples, pure polypropylene was found 
to be the least resistant to the weathering conditions. 
This polymer showed a more than double decrease of 
the elongation coefficient as compared with the 
non-aged one, already after having been exposed to a 
190 MJ • m'2 dose (Fig. 3). The mechanical properties 
changed only slightly but, as the test was prolonged, 
the worsening tendency was found to intensify (Ta
ble 2 ).

The decrease of the elongation coefficient may be 
explained by changes in the structure of macromolecu
les, which occur during degradation. As the irradiation 
dose was increased, each sample exhibited a decrease
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Fig. 3. Elongation in relation to irradiation dose

Irradiation dose. MJ/m2
Fig. 4. Percentage changes in yellowness index in relation 
to irradiation dose

T a b l e  2. Properties of aged polymers

Sample 1 Mw MWD Tensile 
stress, MPa

Notched impact 
strength, kj • cm '

P l/0 235 400 4.35 25.3 0.38

Pl/190 181 000 4.92 28.2 0.27

PI/380 207 000 4.67 27.8 0.26

PI/570 168 300 7.53 27.4 0.24

P2/0 232 400 3.33 22.7 0.36

P2/190 216 300 3.95 24.6 0.37

P2/380 235 900 4.57 25.1 0.30

P2/570 221 500 5.07 24.6 0.33

P6/0 227 700 3.61 24.7 0.34

P6/190 206 300 3.75 26.8 0.31

P6/380 103 700 5.95 28.8 0.27

P6/570 111 700 9.42 29.6 0.36

* Sample description: type of composite/irradiation dose in MJ ■ m’2.

in the molecular weight and an increase in the MWD 
(Table 2 ). Degradation of molecules does not go in pa
rallel with worsening of mechanical properties. Only a 
large molecular weight drop (higher than 50% of initial 
value) causes a visible reduction in mechanical quality.

Chalk or talc added to PP as a filler increased the sta
bility of mechanical properties (Fig. 3, Table 2). The fil
ler is likely to decrease light absorption and to cause ra
diation reflection and dispersion. There was no diffe
rence between the results obtained with chalk or talc 
used as a filler.

All the composites tested were white; pure PP was 
transparent. On exposure to light, the white polymeric 
materials changed the initial color. In contrast to talc-fil
led samples, each chalk-filled sample was sufficiently 
resistant to yellowing (Fig. 4).

Application of a UV-stabilizer (Fig. 4, Fig. 5) incre
ased the light stability of the samples. The present re

Fig. 5. Elongation in relation to irradiation dose

suits, even if expected, are in conflict with the literature 
data [8 ], according to which a stabilizer in mineral-fil
led materials loses its protective properties on account 
of absorption by the porous filler surface which results 
in a decreased stabilizer concentration in the polymer 
mass. This is true mostly in the case of monomeric, 
low-molecular-weight stabilizers. In this work, the most 
recent hindered-amine light stabilizer (HALS) — Tinu- 
vin 791 — was used. This is a composition of monome
ric HALS-1 and polymeric HALS-3. The enhanced light 
stability of the composition containing Tinuvin 791 is 
presumably due to polymeric HALS-3. Moreover, the 
polymeric HALS molecules are large enough to fail to 
penetrate into the porous filler surface. Additionally, 
the stabilizer may well have formed a coating on the fil
ler surface, which reduces the adverse effect of metallic 
impurities always present in natural fillers on polymer 
stability [8 ].

Concluding, a filler increases the weather resistance 
of polypropylene, and chalk seems to be the better filler 
than talc in almost all composites. A polymeric UV-sta-
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bilizer provides improved protection against degrada
tion.
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C e n t r u m  B a d a ń  M o l e k u l a r n y c h  i M a k r o m o l e k u l a r n y c h  P A N  w  Ł o d z i  

u z y s k a ł o  s ta tu s  E u r o p e js k i e g o  C e n tr u m  D o s k o n a ł o ś c i

W czerwcu ubiegłego roku Komisja Europejska ogłosiła program wyselekcjonowania najlepszych placówek na
ukowych w krajach aspirujących do członkostwa w Unii Europejskiej i dofinansowania ich działalności, zwłaszcza 
w zakresie współpracy międzynarodowej, w ramach programu Centrów Doskonałości (Centres of Excellence). 
Łódzkie CBMiM przystąpiło do konkursu przygotowując obszerne zgłoszenie zawierające opis dotychczasowych 
osiągnięć oraz program rozwoju tematyki badawczej w przyszłości. W wyniku oceny zgłoszonych projektów, 
CBMiM PAN — jako jeden z kilku polskich ośrodków i jedyny w naukach chemicznych — uzyskało status Euro
pejskiego Centrum Doskonałości.

Jakkolwiek tematyka badawcza CBMiM PAN obejmuje również zagadnienia z dziedziny chemii heteroorganicz- 
nej i chemii bioorganicznej, znaczna część działalności CBMiM wiąże się z chemią i fizyką polimerów. Badaniami w 
dziedzinie fizyki polimerów kierował przez wiele lat profesor Marian Kryszewski, członek rzeczywisty Polskiej 
Akademii Nauk, wieloletni Kierownik Zakładu Fizyki Polimerów, który w dalszym ciągu uczestniczy aktywnie w 
życiu naukowym CBMiM. Badania w dziedzinie chemii polimerów wprowadzi! do CBMiM profesor Stanisław 
Penczek, członek korespondent Polskiej Akademii Nauk, kierujący Zakładem Chemii Polimerów nieprzerwanie od 
jego powstania. Tematykę polimerów krzemoorganicznych rozwinął w CBMiM profesor Julian Chojnowski, kie
rujący Samodzielną Pracownią Polimerów Heteroorganicznych. Obecnie, oprócz wymienionych, w zespołach poli
merowych CBMiM pracuje czterech tytularnych profesorów: Andrzej Gałęski (obecny Kierownik Zakładu Fizyki 
Polimerów), Przemysław Kubisa, Stanisław Słomkowski i Włodzimierz Stańczyk oraz 6  osób posiadających stopień 
doktora habilitowanego: Andrzej Duda, Jeremiasz Jeszka, Ewa Piórkowska-Gałęska, Ryszard Szymański, Jacek 
Tyczkowski i Aleksander Wróbel. Bliskie kontakty z CBMiM utrzymuje Krzysztof Matyjaszewski, profesor Carne- 
gie-Mellon University w Pittsburgu, który w CBMiM uzyskał stopień doktora habilitowanego, a ostatnio na wnio
sek Rady Naukowej CBMiM otrzymał polski tytuł naukowy profesora. Jakkolwiek CBMiM jako całość obejmuje nie 
tylko naukę o polimerach, to część polimerowa Centrum stanowi najsilniejszy kadrowo ośrodek badań nad polime
rami w Polsce. CBMiM ma już ugruntowaną pozycję międzynarodową, czego dowodem są zaproszenia do 
wygłaszania referatów plenarnych podczas najpoważniejszych konferencji krajowych, członkostwo w Radach Re
dakcyjnych niemal wszystkich ważniejszych czasopism w dziedzinie nauk o polimerach, pełnienie funkcji z wybo
ru w międzynarodowych organizacjach naukowych (Wydział Polimerów IUPAC, Europejska Federacja Polimerów) 
a ostatnio powierzenie przez Wydział Polimerów IUPAC roli współorganizatora Światowego Kongresu Polimerów 
IUPAC MACRO 2000, którego Przewodniczącym jest profesor Stanisław Penczek.

Możliwości wynikające z uzyskania statusu Europejskiego Centrum Doskonałości stworzą korzystne warunki do 
jeszcze wyraźniejszego zaznaczenia roli CBMiM w krajowym i międzynarodowym środowisku polimerowym.


