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I ncreasing environmental protection
requirements force plastics manu-
facturers to modify thermoplastic
polymers with fillers of plant ori-

gin. Owing to their appearance, good di-
mensional stability, and high resistance
to atmospheric factors, polymer compo-
sites reinforced with lignocellulose fibres
(NFPC) obtained from different species
of trees, grass and cultivated plants are
used. NFPCs composites are used in such
architectural elements as terrace covering,
facade panels, fencing, railing, stairs and
balustrades [1]. Products made of NFPC
are characterised by low density, good
mechanical properties, higher rigidity and
lower absorbability compared with wood,
OSB, and MDF [3].

Resistance to atmospheric conditions
is a vital aspect determining the durabi-

lity of building structures. Fulfilling the
building structure’s durability criterion
depends, e.g. on the construction pro-
ducts” resistance to operating factors,
including but not limited to environmen-
tal ones [3], which is of particular signi-
ficance in the case of outdoor use pro-
ducts such as terrace planks and façade
cladding. They are subject to direct and
long-lasting exposure to solar radiation,
water, temperature changes and micro-
biological factors [4].

Environmental ageing is a physical
and chemical process leading to the
slow destruction of materials, typically
due to changes in the chemical structu-
re initiated by simultaneous and interre-
lated photooxidation and thermal oxi-
dation triggered by free radicals [5].
Thermal oxidative degradation occurs
throughout the entire polymer mass. At
the same time, photodegradation essen-
tially takes place on the surface and in

the sub-surface layer because of the li-
mited capacity of UV light penetrating
the material’s deeper layers [5]. The ty-
pe and intensity of changes in the mate-
rial properties when using a product ma-
nufactured from them depend on the
structure and its defects, morphology,
type and share of auxiliary substances
(e.g. fillers, modifiers, contaminants),
and the shape, volume, type and inten-
sity of the factors causing changes in the
polymer as well as their impact dura-
tion [6]. The results of previous studies
reveal that for NFPC facade profiles and
terrace planks, cyclic exposure to light
and water cause the most significant lo-
ads [7]. Resistance is typically verified
with accelerated ageing methods in la-
boratory conditions using different sour-
ces of light and exposure sequences.

The degradation extent in the material
subject to ageing is typically determined
by the change in its physical properties,
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Streszczenie. Analizowano wpływ czynników atmosferycznych
na przebieg starzenia kompozytów polimerowych zbrojonych
włóknami lignocelulozowymi, które zostały pozyskane z łusek
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nia wierzchniej warstwy osnowy polimerowej prowadzące do
odsłonięcia powierzchni cząstek wypełniacza. Przeprowadzone
badania wykazały najlepsze właściwości użytkowe profili z do-
datkiem łusek owsa w stanie wyjściowym oraz po starzeniu, któ-
rych właściwości były porównywalne z komercyjnymi profila-
mi zbrojonymi łuskami ryżowymi.
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such as co lo ur chan ge; fog ging; crac king
of the sur fa ce lay er and chan ge in the
func tio nal pro per ties, in c lu ding but not
li mi ted to me cha ni cal cha rac te ri stics, e.g.
ten si le strength, fle xu ral strength, im pact
strength and hard ness. It is as su med that
if the me asu red pro per ty de te rio ra tes by
mo re than 50%, the ma te rial is di squ ali -
fied from fur ther use [5]. At the sa me ti -
me, at mo sphe ric age ing of NFPC com -
po si te pro ducts pro ce eds most in ten si ve -
ly on its sur fa ce, and that is why by using
the ri ght set of sup ple men ta ry ana ly ses of
the struc tu re and mor pho lo gy chan ges
pre ce ding the per for man ce chan ges, the
ma te rial’s sa fe usa ge ti me can be ac cu ra -
te ly pre dic ted. [8].

The pa per ana ly ses the im pact of at mo -
sphe ric fac tors on the co ur se of age ing of
po ly mer com po si tes re in for ced with li -
gno cel lu lo se fi bres ob ta ined from cul ti -
va ted plant hu sks. Cham ber pro fi les ma -
de of com po si tes with po ly vi nyl chlo ride
(PVC) re in for ced with pu lve ri sed oat and
mil let hu sks we re te sted. For com pa ri -
son, com po si tes re in for ced with ri ce hu -
sks, which is a com mer cial so lu tion, we -
re te sted. The in flu en ce of the ap plied
age ing pro ce du re on the com po si tes’ mi -
cro struc tu re cor re la ted with se lec ted me -
cha ni cal pro per ties was ana ly sed. 

Testing methods
Com po si te pro fi les. Cham ber pro fi -

les (Pho to 1) in ten ded for out do or flo ors
we re used for the te sts. The pro fi les we -
re ma de of po ly vi nyl chlo ri de (PVC)
ma trix com po si tes with pu lve ri sed ri ce,
oat and mil let hu sks with pla sti ci sing
and mo di fy ing agents. Three se ries of
sam ples we re ob ta ined, each con ta ining
a dif fe rent fil ler (Ta ble 1).

The pro fi les we re extru ded in a pla -
stics pro ces sing plant. The pro fi les we re
125 mm wi de and 22 mm high, the fa ce
walls we re 5 mm thick, and the cham bers
we re 20 mm wi de. The pro fi les used for
the te sts had bru shed usa ble sur fa ces. 

Age ing expo su re. The age ing pro ce -
du re was car ried out in the UV Test 
ap pa ra tus pro du ced in Ger ma ny, fe atu -
red with 1A ty pe of flu ore scent lamps
com ply ing with EN 16474-3 [9], with
the ma xi mum emis sion at 343 nm 
(Ta ble 2). The expo su re pat tern com -
plied with EN 927-6 [10]. 

The expo sed sam ples had be en cut out
from bru shed flat usa ble sur fa ces of pro -
fi les. The sam ples we re 300 mm long,
and the pro fi les’ full width was ma in ta -
ined (125 mm). The expo su re pat tern per
cyc le is sum ma ri sed in Ta ble 2. 

Mi cro struc tu re ana ly sis. The com -
po si te pro fi les’ mi cro struc tu re was ana -
ly se d with Sig ma 500 VP scan ning elec -
tron mi cro sco pe with a cold ca tho de
field emis sion. The te sts we re car ried out
at a 5 KeV ac ce le ra ting vol ta ge of the
exci ta tion elec tron bun dle, using the SE
de tec tor for gold -spray ed sam ples. The
pro fi les’ usa ble sur fa ce mi cro struc tu re
was ob se rved in the ir ori gi nal con di tion
and after age ing. All ob se rva tions we re
car ried out at 200x ma gni fi ca tion. 

Me cha ni cal pro per ties te sting. Me -
cha ni cal pro per ties we re te sted on sam -
ples ob ta ined from fi les cut out from
a bru shed sur fa ce in the ori gi nal con di tion
and after age ing. Fle xu ral strength and
fle xu ral mo du lus we re te sted using the

In stron class 1 strength te sting ma chi ne.
Three -po int ben ding was exe cu ted on
sam ples si zed 15 x 100 x 5 mm, cut out
from the cen tral part of the pro fi le’s fa ce
wall, pa ral lel to ver ti cal webs, ac cor ding
to EN ISO 178 [11]. Sup ports with
a 5 mm ra dius we re spa ce d e ve ry 80 mm,
cor re spon ding to 16 ti mes the sam ples’
thick ness; a 5 mm ra dius pres sing ele -
ment pla ced in the mid dle of the span.
The sam ples we re fre ely sup por ted. The
lo ad was ap plied to the fa ce sur fa ce at the
con stant ra te of 5 mm/min until de struc tion.
Twe lve sam ples we re te sted in each se ries. 

Results
Mor pho lo gy ana ly sis in vo lved a qu -

ali ta ti ve as ses sment of the sur fa ce and
ve ri fy ing the top lay er’s da ma ge. The
sur fa ce mi cro struc tu re of NFPC com -
po si tes with an ad di tion of ri ce, oat 
and mil let in the ir ori gi nal con di tion 
re ve aled that the fi bres we re uni form ly
co ated with po ly mer. The ima ges did
not show any vi si ble fil ler clu sters or
expo sed wo od fi bres. Di rec ted stre aks
and scrat ches can be se en on the pro fi -
les’ sur fa ces, be ing the si gns of the com -
po si te’s sur fa ce to po gra phy re sul ting
from bru shing (Fig. 2a, 3a, 4a). 

Sub jec ting com po si te pro fi les to age -
ing chan ges the ir sur fa ce mor pho lo gy
si gni fi can tly. The mi cro sco pic ima ges
re ve aled mel ting of the po ly mer’s outer -
most lay er, expo sing the non -wet ted fil -
ler sur fa ces in the form of lar ge pla te lets
and clu sters of wo od fi bres, which can
be ob se rved in the com po si tes with an
ad di tion of ri ce and oat (Fig. 2b and 3b).
Chan ges we re no ti ce din the mor pho lo -
gy of pu lve ri sed ri ce and oat hu sks who -
se swel ling is vi si ble in the form of bun -
dles (clu sters). In the com po si tes con ta -
ining mil let, sur fa ce cracks form fis su -
res which be co me de eper and bro ader in
so me are as, cre ating a ne twork of cracks
le ading to the for ma tion of a se pa ra te
struc tu re frag ment and, con se qu en tly,
the top lay er de for ma tion (Fig. 4b). 

The mi cro struc tu re exa mi na tion re ve -
aled that expo sing the pro fi les to li ght
emit ted by flu ore scent lamps al ter na te -
ly with the ir wet ting cau sed si gni fi cant
sur fa ce de gra da tion [12]. The sur fa ce
mor pho lo gy ana ly sis re ve aled mel ting
of the po ly mer ma trix’s top lay er, expo -
sing wo od fi bre sur fa ces. Un der the in -
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Table 1. The filler content in the tested
profiles
Ta be la 1. Za war to ść wy peł nia czy w ba da nych
pro fi lach 

Composition
designation

Plant
filler
type

Content of compo-
sition ingredients
mineral

filler CaCO3
[phr]

plant
filler
[phr]

Rice rice husks 50 60
Oat oat husks 50 30
Millet millet husks 50 30

Table 2. Ageing exposure
Tabela 2. Ekspozycja starzeniowa

Total
exposure
duration

Num-
ber of
cycles

Exposure pattern per cycle

2016 12

– 24 h wetting by condensation, 
at T45±3°C
– 168 h of alternative exposure 
to light and sprinkling in the
following sequence:
a) 2.5 h of exposure to UVA-340
light, radiation intensity:
0.89 W/m2

(340 nm), BST 60±3°C,
b) 0.5 h of sprinkling with water,
no UV exposure, spraying
intensity: 6 – 7 l/min

Photo 1. Chamber profiles with the addition
of pulverized rice, oat and millet husks
Fot. 1. Profile komorowe z dodatkiem
pulweryzowanych łusek ryżu, owsa i prosa



flu en ce of UV li ght, the sur fa ce lay er
be twe en the po ly mer ma trix and the wo -
od fi bres be ca me mo re brit tle.

Strength te sts in the ori gi nal con di -
tion re ve aled that the ana ly sed ma te rial
was cha rac te ri sed by the fle xu ral
strength of 45 MPa for com po si tes re in -

for ced with ri ce hu sks and 43 MPa for
tho se re in for ced with oat hu sks (Fi gu -
re 1). In tro du cing pu lve ri sed mil let hu -
sks in the sa me po ly mer ma trix re du ced
the fle xu ral strength to 31 MPa for mil -
let in the ori gi nal con di tion. The re sult
can te sti fy to a lack of pro per di sper sion

of mil let fi bres in the po ly mer ma trix
[13]. The age ing of com po si te pro fi les
con tri bu ted to a sli ght in cre ase in the
fle xu ral strength to 49 MPa for com po -
si tes re in for ced with ri ce hu sks and
46 MPa for the com po si tes re in for ced
with oat hu sks. The chan ges are so in si -
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Photo 2. Surface microstructure of NFPC composites with PVC matrix reinforced with pulverised rice husks: a) before ageing; b) after ageing
Fot. 2. Mi kro struk tu ra  po wierzch ni kom po zy tów NFPC na osno wie PVC z pul we ry zo wa ny mi łu ska mi ry żu: a) przed sta rze niem; b) po sta rze niu 

a) b)

Photo 3. Surface microstructure of NFPC composites with PVC matrix reinforced with pulverised oat husks: a) before ageing; b) after ageing
Fot. 3. Mi kro struk tu ra po wierzch ni kom po zy tów NFPC na osno wie PVC z pul we ry zo wa ny mi łu ska mi owsa: a) przed sta rze niem; b) po sta rze niu

a) b)

Fig. 4. Surface microstructure of NFPC composites with PVC matrix reinforced with pulverised millet husks: a) before ageing; b) after ageing
Fot. 4. Mi kro struk tu ra po wierzch ni kom po zy tów NFPC na osno wie PVC z pul we ry zo wa ny mi łu ska mi pro sa: a) przed sta rze niem; b) po sta rze niu

a) b)



gni fi cant that they fall wi thin the er ror
li mits. No chan ge in the fle xu ral
strength of the com po si tes re in for ced
with pu lve ri sed ri ce and oat hu sks after
age ing, de spi te chan ges in the sur fa ce
mi cro struc tu re, is evi den ce that age ing
la sted too short for the chan ges to oc cur
thro ugho ut the com po si te’s vo lu me.
A mi nor de cre ase in fle xu ral strength
to 27 MPa is ob se rved after age ing for
the pro fi les re in for ced with mil let hu sks.
Con si de ring the drop in the com po si te’s
strength in the ori gi nal con di tion com -
pa red to other com po si tes and a mi nor
drop in the strength after age ing, one
can conc lu de that ad he sion at the pha se
bor der is in suf fi cient, le ading to 
a re duc tion in the me cha ni cal pa ra me -
ters. Mo re over, due to the hy dro phi lic
na tu re of the fi bres, they swell in a wa -
ter envi ron ment, cau sing cracks in the
hy dro pho bic po ly mer ma trix [5, 8]. 

The fle xu ral mo du lus is ano ther me -
cha ni cal pro per ty ana ly sed in the stu dy.
It il lu stra tes the ma te rial’s stif f ness
which is vi tal for pro ducts in stal led with
a po int sup port, e.g. on a grid, as is the
ca se of ter ra ce and façade pro fi les [14].
The fle xu ral mo du lus va lue de ter mi nes
the pro fi le’s su scep ti bi li ty to stra in un -
der ope ra ting lo ads. The va lu es of the
fle xu ral mo du lus for the te sted so lu tions
in the ori gi nal con di tion amo un ted
to 3,570 MPa  for the com po si tes re in for -
ced with ri ce hu sks, 3,700 MPa for pro -
fi les re in for ced with oat hu sks and a mi -
nor de cre ase in the va lue after age ing
(ca. 3%) for both com po si tes (Fi gu re 2). 
A si gni fi cant de cre ase in the fle xu ral
mo du lus (to 2,990 MPa) com pa red to

other pro fi les was re por ted for the pro -
fi les re in for ced with mil let hu sks in the
ori gi nal con di tion. Ad di tio nal ly, age ing
re du ced the fle xu ral mo du lus by 22%
com pa red to the non -aged ma te rial,
which is a te sti mo ny to si gni fi cant de te -
rio ra tion in its per for man ce.

Conclusions
The ana ly sis of the expe ri men tal da -

ta col lec ted in the stu dy sug ge sts that
al ter na ting expo su re of con struc tion
pro fi les ma de of PVC com po si te with
pu lve ri sed ri ce, oat and mil let hu sks to
li ght and wet ting le ads – as expec ted
– to the ir usa ble sur fa ce de gra da tion.
The mi cro struc tu re ana ly sis re ve aled
mel ting of the po ly mer ma trix’s top lay -
er and expo sing the fil ler par tic le sur fa -
ces. The extent of the chan ges can be
con si de red to de te rio ra te the pro fi les’
ap pe aran ce and de co ra ti ve va lue si gni -
fi can tly. No chan ge in the fle xu ral
strength after the age ing of com po si tes
re in for ced with pu lve ri sed ri ce and oat
hu sks, de spi te mi cro struc tu re chan ges
on the sur fa ces, sug ge sts that age ing la -
sted too short for chan ges to oc cur thro -
ugho ut the en ti re com po si te’s vo lu me.
In tro du cing pu lve ri sed mil let hu sks in -
to the PVC ma trix re du ced the fle xu ral
strength in the ori gi nal con di tion by
30% com pa red to the pro fi les re in for ced
with ri ce and oat hu sks. Ad di tio nal ly,
the age ing of pro fi les with mil let hu sks
re du ced the fle xu ral  mo du lus by 22%
com pa red to the non -aged ma te rial, in -
di ca ting si gni fi cant de te rio ra tion in 
the ir per for man ce. The stu dies re ve aled

the best per for man ce of the pro fi les re -
in for ced with oat hu sks in the ori gi nal
con di tion. After age ing, the ir pro per ties
we re si mi lar to tho se of com mer cial pro -
fi les re in for ced with ri ce hu sks.
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Fig. 1. Comparison of tensile properties 
of NFPC composites before and after
ageing 
Rys. 1. Po rów na nie wy trzy ma ło ści na zgi na -
nie kom po zy tów NFPC przed sta rze niem oraz
po sta rze niu

▲ Flexural strength [MPa]

60

50

40

30

20

10

0

composites before 
Rice                 Oat               Millet

after ageing

Rys. 2. Porównanie modułu sprężystości
kompozytów NFPC przed starzeniem oraz
po starzeniu
Fig. 2. Comparison of elastic modulus
properties of NFPC composites before and
after ageing
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