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Abstract

The impact of mineral fillers to the moisture resistance of the wood-plastic composites (WPC) is studied. Five
inorganic fillers were tested for the wood-plastic composites calcium carbonate, two different types of wollastonite,
soapstone and talc. The amount of polypropylene, wood and mineral was held constant, only the mineral type was
changed during the tests. The studied composites were also compared with a reference sample, which was manufactured
without any mineral addition. All added minerals decreased the swelling and moisture absorption of the wood-plastic
composite considerably. Also the density of the wood-plastic composites increased when minerals were added. Without
any added mineral, clear openings could be seen in the composite structure in scanning electron microscope (SEM)
pictures. These openings could work as pathways for water into the inner parts of the WPC and increase swelling. It
could also be seen in the SEM pictures that when mineral was added, these pathways for moisture were closed. After
three weeks soak/freeze/dry cycles, the bending strength of the reference sample decreased considerably more than the
bending strength of the samples with added minerals. Of the studied minerals, talc was the most effective.
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Introduction

The use of wood-plastic composites (WPC) has
increased considerably in recent years. In most cases
wood-plastic composites are manufactured from recy-
clable plastic and wood or other natural fibers, which
make it ecological material. It is more durable, requires
less maintenance and absorbs less moisture compared
to timber (Klyosov 2007, Kuo et al. 2009). However, the
moisture absorption of WPCs is still distinctive, and it
is very important to decrease it as WPCs are often used
outdoors as garden decking or window profiles (Huang
et al. 2006). Moisture penetration has been found to
decrease the mechanical properties of wood-plastic
composites (Bledzki 1998, Huang et al. 2006).

A wood-plastic composite typically consists of
polymers, wood fibers and coupling agents, which
enhance the bonding between wood and plastic. The
most often used polymers are polyethylene (PE), pol-
yvinyl chloride (PVC) and polypropylene (PP). The
amount of fibers varies according to the manufactur-
er, but usually the wood/plastic ratio varies between
50 and 80 (Pritchard 2004). Other additives like miner-
als, lubricants, colourants, UV stabilizers, flame retard-
ants and antimicrobials are used to perform the proc-
ess or to improve the properties of the end product.

The mineral volume varies from 5 to 20%, and the lu-
bricant quantity in WPC is usually up to 6%.

According to the literature (Wang and Morrell
2004) the larger particles of wood are less likely to be
evenly coated with plastic, and they also present a more
continuous pathway for moisture ingress. The mois-
ture penetration increases when the amount of these
pathways increases (Stark 2006). When some mineral
is put in as an additive, these pathways are closed,
and the moisture uptake slows down. The minerals will
increase the density of the composite, but in the lit-
erature it is said that the higher the density, the lower
the moisture content in WPC and the less swelling in
the WPC boards (Klyosov 2007). According to the lit-
erature, the density of the composites can be decreased
for example by adding foaming agents into the WPC
(Reedy 2002, Rowell 2007). By adding minerals, the
wood content can be reduced and in that way the ten-
sile strength of the WPC can be increased. Some stud-
ies show that a decrease in the fiber content would
improve the tensile strength (Xue et al. 2007) and a
WPC with a higher wood content would absorb more
water (Stark 2001).

Only a few composite manufacturers use mineral
fillers, and they have big market potential. Mineral fill-
ers like talc, calcium carbonate and wollastonite increase

I 2010, Vol. 16, No. 1 (30) N,  (SSN 1392-1355 [

126



BALTIC FORESTRY

I IMPACT OF MINERAL FILLERS TO THE MOISTURE RESISTANCE /.../ I . HUUHILO ET AL. I

the bending strength and heat distortion capacity of
the WPC and decrease creep under load. They also
might improve the processing by absorbing moisture
in the wood fibers and working as a lubricating agent
(Sherman 2004). On the other hand, adding inorganic
minerals might induce brittleness in the WPC (Godara
et al. 2009), because the properties of the filled systems
or composites are affected by the type and amount of
mineral and also by its particle size. Also other proper-
ties, like particle shape and ability to absorb water, and
mechanical properties like hardness affect the proper-
ties of the composite (Klyosov 2007).

The minerals most commonly used as plastic fill-
ers are calcium carbonate and talc, but in WPC calcium
carbonate is not used much. Other possible minerals in
WPC are e.g. wollastonite. These minerals differ from
each other by their chemical and physical properties.

Talc is a hydrated magnesium silicate and it has
a complex chemical composition; Mg,Si, O (OH),. It is
a rather soft material, and its Mohs hardness is 1.
Calcium carbonate (CaCO,) is harder and its Moh’s
hardness is 3-4. Talc and calcite have different types
of structures. Talc particles have a platy shape, which
improves stiffening, and calcium carbonate has a rhom-
bohedral, blocky morphology (Dombrowski et al. 2005).

Wollastonite is fibrous mineral and its aspect ra-
tio is typically between 3 and 20, with a particle length
of 8-650 um. The general composition of wollastonite
is CaO (40-50%) and SiO, (40-50%). The formulation
also contains minor fractions of FeO,, A1203, MgO,
MnO and TiO, (Klyosov 2007). Moh’s hardness of wol-
lastonite is 4.5. Because of its acicular crystal habit
and relatively high hardness, wollastonite gives pol-
ymer composites reinforcing properties (Meng and Dou
2008).

In this study, different inorganic fillers were add-
ed into a wood-plastic composite, and the moisture
resistance of the WPC was studied. The used miner-
als were calcium carbonate, two different types of
wollastonite, talc and soapstone. The amount of wood,
polypropylene and coupling agent was held constant.
The results were also compared with a composite
manufactured without any mineral adding.

The fourth mineral filler used in this study was
soapstone. Soapstone is often used as a raw material
for fireplaces and also as other kinds of decoration
stone. The basic minerals of soapstone are talc and
carbonate minerals, like magnesite, dolomite and cal-
cite. Its color is blueish, greenish or yellowish grey.
Soapstone is extremely soft material due to the talc it
contains and it is highly heat-resistant. The objective
of this study was to understand how different miner-
al fillers affect the structure and moisture resistance
of WPC.

Materials and methods

Materials

The thermoplastic matrix in the composite was
polypropylene supplied by Ineos Polyolefins by the
trade name Eltex P HY001P. The melt flow index of the
PP was 45 g/10min (230°C), the melting point was
161°C, and the density was 910 kg/m*. The used cou-
pling agent was maleated polypropylene (MAPP) (OR-
EVAC® CA 100, by Arkema) with a melt flow index of
10 g/10min (190°C) and a melting point of 167°C. The
wood fiber was conifer sawdust from our own labora-
tory, and the specific gravity of the fiber was 158 g/
dm?®. According to the sieve analysis, the weighted
average for the fiber size was 1.6 mm. The used lubri-
cating agent was Struktol TPW 113.

Five inorganic fillers were obtained and their
mechanical properties were characterized. The studied
fillers were calcium carbonate, calcite FC2,5 (Nordkalk
Inc.), two different types of wollastonite, FW400 and
HARWOoll7 (Nordkalk Inc.), soapstone (Tulikivi Inc.),
and talc, Finntalc M30 (Mondo minerals). The soap-
stone was not a commercial product but waste dust
from a process line at Tulikivi Inc. The physical and
mechanical properties of the inorganic fillers are pre-
sented in Table 1.

Table 1. Characteristics of the used fillers; calcium carbon-
ate, wollastonite, soapstone and talc

Median

. Top cut
dSrl:Is'i(ty Density Moh’s pi?zlzle particle
¢ glm® hardness " size d90%,
glcm d50%,
um um
CaCO;(FC2,5) 0.52 270 3.0 14 70
WOIl (FW400) 0.75 2.94 45 10.6 40.0
WOIl (HARWoll7) 0.29 2.94 45 938 36.6
Soapstone 298 25 19.8 914
Talc (Finntalc M30) 0.75 2.75 1.0 14.5 374
WPC manufacturing

The composite recipe was maintained constant:
20% by weight of inorganic filler, 44% of wood fiber
and 30% of plastic. The remainder was 3% of coupling
agent (MAPP) and 3% of lubricant. In the control
sample without any mineral, the mineral amount was
replaced with wood, meaning that the wood amount
was higher, 75%. The control samples contained 22%
of plastic and the coupling agent (MAPP) amount was
the same as in the composites containing minerals, 3%.
Hollow-shape decking boards were produced in a coun-
ter-rotating twin-screw extruder Weber CE7.2. The tem-
perature of the mixing zone in the barrel was maintained
at 190 °C, and the die temperature was maintained at
approximately 180 °C. The screw speed was maintained
at 13 rpm. About 25 m of final product was made from
each composite type, and the samples were taken by
random sampling from it.
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Measurements

The particle size of the fillers was analyzed with
an LS 13 320 Laser Diffraction Particle Size Analyzer with
the Tornado (Dry Powder Module) System. Scanning
electron microscope (SEM) pictures were performed with
a JEOL-JSM 5600LV scanning electron microscope op-
erating at 20.0 keV. Because the composite material is
not conductive, the sample surface had to be covered
with a thin gold layer before testing.

The WPC density was determined according to
the EN ISO 1183-1 standard. The moisture content was
measured according to ISO 16979. Thickness swelling
and water absorption were determined according to EN
ISO 317. The moisture resistance under cyclic test
conditions was determined according to the standard
EN 321, and the three-point tests were carried out
according to the EN ISO 310 standard after three weeks
soak/freeze/dry cycles.

For the density, moisture, thickness swelling and
water absorption measurements, average of twenty
measurements was calculated, except for the three-
point tests, where average of ten measurements was
calculated.

Results

The used inorganic fillers were medium sized par-
ticles, except for calcium carbonate, which had small
sized particles, (Table 1). The length-to-diameter ratio
(L/D) for the wollastonite is quite high because of the
acicular nature of the wollastonite. This makes it dif-
ficult to measure the particle size accurately. The as-
pect ratios for the two used wollastonites were differ-
ent. According to the manufacturer, the L/D ratio for
FW400 wollastonite is 3-5:1 and for HARWoll7 wol-
lastonite the ratio is higher than 10:1. A microscopic
picture of the used wood particles can be seen in Fig-
ure 1 a), where the rather large particle size of the used
sawdust, over 1.6 mm is visible. SEM pictures of the
studied minerals are presented in Figure 1 b)-f). Also
the variable particle shapes of the mineral qualities can
be seen in the figure: spherical for calcium carbonate,
acicular for wollastonites, platy for soapstone and talc.

Figure 2 shows the water absorption and swell-
ing that happened during 28 days of immersion in water
baths. As seen in the figure, both water absorption
and thickness swelling happened during the immersion,
but mineral adding significantly diminished water ab-
sorption into the composites. When mineral was not
added into the WPC, maximum thickness swelling was
reached after the first 7 days of immersion in the wa-
ter bath. After 28 days, the thickness swelling was 10%
and water absorption 33% for the composite without
mineral addition. With added minerals, the thickness

Figure 1. a) Microscopic photograph of the used conifer
fiber (x12.6) and SEM pictures of the mineral particles
(x1000): b) calcium carbonate FC2,5 c) Wollastonitel FW400,
d) Wollastonite]l HARWOIl7, e) soapstone, and f) talc,
Finntalc M30

swelling varied between 4-6% and the water absorp-
tion was between 11-16%. It can also be seen that the
mineral type has an effect on the water absorption and
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thickness swelling. Adding minerals made the compos-
ites heavier. The density of the reference sample with-
out any mineral was 1.04 g/cm3, but after adding min-
erals the densities ranged between 1.17 and 1.21 g/cm?.

Figure 3 shows SEM pictures of the studied wood-
plastic composites. In Figure 3 a) is the reference com-

Figure 3. SEM pictures of the composites (magnification
x100 and x1000): a) and A) reference composite with no
mineral, b) and B) calcium carbonate FC2,5, ¢) and C) Wol-
lastonite]l FW400, d) and D) Wollastonite]ll HARWoll7, e)
and E) soapstone, and f) and F) talc Finntalc M30

I 2010, Vol. 16, No. 1 (30)

posite without any mineral adding, and the openings
between plastic and wood fibers are clearly visible.
Through these open pathways, the moisture can pen-
etrate the component structure. In Figure 3, the min-
erals are packed tightly between the wood fibers. The
mineral adding has closed the pathways and the struc-
ture is denser.

During the manufacturing process, the mineral
adding diminished the enlargement of the initial com-
posite board profiles. The reference sample without any
mineral swelled by 8% compared to the die profile,
whereas in the samples with mineral addition only 1%
swelling or shrinking in the profiles occurred, so the
boards stayed better at the die profile. In the manu-
facturing process, the WPC boards were pulled along
a roll table to the cutting unit, and during the pulling
the boards might have got thinner because of stretch-
ing. However, in the manufacturing process no clear
difference between the different minerals or mineral
particle structure was found.

Figure 4 shows the change in the bending
strength after three weeks of soak/freeze/dry cycles.
The bending strength was measured before and after
the soak/freeze/dry cycles. Before the cycles, there was
not much difference between the components, and the
strengths varied between 22.6 and 23.9 MPa. After the
soak/freeze/dry cycles, the bending strength varied
from 6.0 (no mineral) to 20.3 MPa (talc). Clear conclu-
sions can be drawn from the experiments; the bend-
ing strength decreased over 70 percent with the WPC
with no added mineral. When minerals were added to
the WPC, the boards were found to become more re-
sistant to the soak/freeze/dry cyclic treatment. The
20% drop of the bending strength was found for all
the WPCs with minerals, except that with the added
talc, for which the 12% reduction of the bending
strength was found. This shows that talc has a clear
influence on the bending strength of WPC.

aP 0"
'—E o 707
_gi 60
g e 40
£ % 307
g 201

104

0 ———

QD NS 2

00'5 qxo\ . " %@o &

¢ ® & S &

@A %@ S O

Q»

Figure 4. Decrease in bending strength after three weeks
soak/freeze/dry cycles (EN ISO 310)
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Discussion and conclusions

In this study, the effect of five different minerals
on the moisture-resistance of wood-plastic composites
was examined. The studied minerals were calcium car-
bonate, two different types of wollastonite, soapstone
and talc.

Mineral adding had a clear effect on the water
absorption and thickness swelling of the studied
wood-plastic composites. The reference composite with
no added mineral absorbed considerably more water,
and the swelling happened already during the first
week in water bath. This result was as expected, as
according to literature 30% talc adding would cut the
moisture absorption to half (Shutt 2004). The used
wood particles had a rather rough form, which could
affect the WPC quality. If the wood had been in small-
er chips or even as flour, more bonding between wood
and MAPP could have formed. Adding a mineral clearly
improves the resistance of a wood-plastic composite
against moisture by closing the pathways for water in
the composite. Mineral adding also diminishes the
swelling of the WPC at the manufacturing stage, which
would make the manufacturing more accurate.

After three weeks of soak/freeze/dry cycles, the
bending strength of the reference sample with no min-
eral weakened a lot more than the bending strength
of the samples with added minerals. At the same time,
also the density of the WPC increased remarkably.

Soapstone and talc are hydrophobic by nature,
and the composites having these minerals as fillers
were least swollen in the tests. Both wollastonite and
calcium carbonate are hydrophilic by nature, and in
the study these composites had the weakest water
resistance of the mineral-filled composites. Of the stud-
ied minerals, talc was the most effective one.

Fungal growth and weather resistance should be
kept down in composites. In many WPC types, the
fungus growing caused by the moisture content is
decreased by adding different chemicals, like zinc
borate (Morrell 2009). The results of this study show
that with minerals the moisture content in WPC can
be decreased in an environmental way, and there would
be no need to add extra chemicals.
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BJIASHUE MWHEPAJIBHBIX HAINOJHHUTEJENH HA YCTOWMYHUBOCTH
JAPEBECHO-IIVIACTUKOBBIX KOMIIO3UTOB K BJIAT'OIIOITIOINEHAIO

Tumna Xyyxmio, Occu Maprtuka, Cetiana Byreuiuna u Tunmo Kiepkn
Pesiome

Llenpio raHHOTO HCCIIENOBAHMS OBUIO H3YyUCHHUE BIMSIHUS MHHEPAIBHBIX HAIIOJHUTENEH Ha YCTOMYNBOCTE JIPEBECHO-
IUTACTHKOBBIX KOMITO3UTOB K BIaronomIomeHuo. B paboTe ObUIM HCHOIB30BaHBI MATh HANIOIHUTEICH HeopraHH4YeCcKon
HpUPOABI: KapOOHAT Kalbl¥s, JBE PAa3HOBUAHOCTH BOJJIACTOHHTA, MBUIBHBIH KaMeHb W TalbK. KoIHM4ecTBO
NOJUIIPONHUIICHA, JPEBECHOI'O BOJIOKHA U MUHEPAJBHOTO HAITOJHUTEIIA GBIJ'II/I OIMHAKOBBIMHU IS BCEX HU3YUYCHHBIX
KOMITO3UTOB. J{JIT CpaBHEHHS HCIIOIB30BaJCs 00Opasel JpeBEeCHO-TUIACTUKOBOTO KOMIIO3HMTA, HE CONEpIKaIIUH
MHHEPAILHOTO HAalOJHHUTE. Bce MIUHEepaTbHbIe HATOTHUTEH IPUBOIIIIN K 3HAYNTEIFHOMY CHIDKECHHUIO aOCOpOINH BIIary
1 HaOyXaHHs KOMIO3UTHBIX MaTepuasoB. B Toxke BpeMs INIOTHOCTH KOMIIO3MTHBIX MaTepHAlIOB yBEIHYUBANACH MPU
J00aBJICHUH MUHEPAIBHBIX HaronHuTeneid. M300paxeHus, MOMy4YeHHbIE ¢ IIOMOIIBI0 CKaHHUPYIOIIETO 3JIEKTPOHHOTO
MHKPOCKOIIa, MOKa3aJi HaJIMYHe OTKPBITHIX MOP B CTPYKType KOMIO3UTa 0e3 MHHEpalbHOro HamomHutelns. [lopuctas
CTPYKTypa CIHOCOOCTBYST MPOHHKHOBEHHIO BJIarM BO BHYTPEHHHE CJIOW KOMIIO3UTHOTO MaTrepuaya. OJIeKTPOHHAs
MHKPO CKOITUSI TI0Ka3aJla, 9T0 Ho0aBIeHne MIHEPATEHBIX HAIIOHUTENeH IPUBOAUT K OokupoBanuio mop. [Ipounocts npu
u3rube, onpeneseHHas B KOHIE UKINYECKOTO TECTa Ha YCTOHYMBOCTH KOMIIO3MTOB K BBIMAuMBAaHHIO-3aMOPaKHBAHUIO-
OTTaMBaHMUIO, OBbLIA BBIIIE JUI KOMIIO3UTOB ¢ MUHEPAJIFHBIMU HanoMHUTEIAMH. Tanbk Obu1 Hanbonee 3G GeKTUBHBIM Cpeau
U3YYCHHBIX MUHEPAJIbHBIX HAMOJIHUTEIICH.

KuawueBsle ciioBa: APEBCCHO-IUTACTUKOBBIC KOMITO3UTBI, MUHEPAJIbHBIC HATIOJIHUTEIIN, BJIaFOyCTOﬁ'{PIBOCTL
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