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THE INFLUENCE OF IRRADIATED WOOD FILLER ON SOME
PROPERTIES OF POLYPROPYLENE - WOOD COMPOSITES

Abstract: The problem of compatibility between the wood filler and thermoplastic
matrix is of essential importance in composite production. Numerous methods have
been developed for increasing this compatibility, which is still representing a chal-
lenging objective of composite research throughout the world. The research into
these methods is primarily directed towards their efficiency from the viewpoint of
the composite performance and their economical acceptability. The latter is of par-
ticular importance for the composite production in the developing countries with
respect to the shortage of the corresponding funds. With this respect, the utilization
of ionizing radiation might have considerable advantages. In this research, the beech
wood flour was irradiated by a dose of 10 kGy of ®*Co gamma rays for purpose of
provoking the changes by the ionizing effect. The effects of ionizing radiation upon
the properties of wood particles have been examined by IR spectroscopy and by
determination of contents of hydroxyl groups in wood by acetylation as an indirect
method. All these methods have been expected to reveal the chemical effects of the
applied radiation treatment. The irradiated and the control wood flour were used in
order to produce the samples of composite with polypropylene. The polypropylene-
wood flour (PP-WF) composites were produced with 40% of wood particles having
fraction size 0.3 mm. The melt-blended composites were modified with amido-acryl-
ic acid (AMACA) as a new coupling agent synthesized for this propose in amount
of 6 wt.% (based on wood filler) and successively with 0.05 wt.% (based on PP) of
organic peroxide during mixing step. The composites containing coupling agents
showed superior mechanical properties, compared to the untreated one. The highest
extent of improvement of tensile was achieved in PP-WF1 composites modified with
AMACA coupling agent.

Key words: wood plastic composites, polypropylene, wood filler, radiation (y- rays)

YTHULAJ y-3PAKA HA HEKA CBOJCTBA ITOJIMIIPOIIUJIEH - IPBHUX
KOMIIO3UTA

Amncrpakr: [IpoGiem koMIaTHOMIHOCTH u3Mel)y IPBHOT MyHHUOLIA U TEPMOTLIACTH-
YHE MaTpHIIC je 0] OUTHE BaXKHOCTH 3a MPH3BOMY KOMIIO3UTA. bpojHe MeTone cy

gp Munanxa Buiioposuh, goyeniu, LLIymapcxu paxyniuieiti - Yuueepsuitieinl y beoipagy, Beoipag
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pa3BHjeHe 3a noeharme 0Be KOMIIATHOMIIHOCTH M jOII YBEK MPE/ICTaBIbajy U3a30BHE
LIJBEBE y UCTPAKUBALY KOMIIO3UTa IHPOM cBeTa. McTpaxknBama koja ce 0aBe OBUM
METO/IaMa Cy IIPBEHCTBEHO YCMEPEHE Ha IHXOBY €(DMKAaCHOCT ca acleKTa KBaJuTeTa
KOMITO3UTa M HUXOBE eKOHOMHYHOCTH. OBO 3a/ibe je OJ] MPaKTUYHE BaXHOCTH 3a
NPOU3BO/IHbY KOMIIO3HUTA Y Pa3BHjEHUM 3eMJbaMa ¢ 003UPOM Ha cBe Behy HecTaluuiy
pacnonoxuBux GpoHnoBa. Y CKIIamy ca THM, ynoTpeda jOHH30BaHOT 3paueHa MOXKe
MMAaTH 3Ha49ajHe IPEAHOCTH. Y OBOM HCTPAXKUBALY IPBHO OPAIIHO OyKBE 03padylBaHO
je rama spamuma msopa °Co nozom ox 10 kGy y umby Moaudukauuje mytem
joHmsyjyhux edekara. YTuuaj jonusyjyher 3pauerma Ha ApBHE YECTUIIC UCITUTUBAH
je myteM IR cnekTpockonuje u momohy onpehuBama caapixaja XUAPOKCHUIHUX TPy-
na y JIpBETy aleTHIOBalkEeM Kao MHAMpeKTHe Merone. O MOMEHYTHX METola je
OYEKHMBAHO J1a OCBETIIC XeMHjCKe e(eKTe MPUMEHEHOT 3padera. O3padyeHo u KOH-
TPOJIHO JPBHO OparrHo KOpUIINeHO je y HuJby MPOU3BOAKE Y30paKa KOMIIO3UTA ca
nonumnponwieHoM. [lomunponuen - apsao OpamHo (I111-/15) kommosuTu cy mpo-
m3Benenu ca 40% npeuux vectnna ¢paxnuje BemmuuHe 0,3 mm. Tommo-memranu
KOMIIO3UTH Cy MOIU(uKoBaHU mmoMohy amuuo-akpmiane kucenuae (AMACA) xao
HOBOT Besyjyher areHca koju je CHHTETH30BaH 3a IMOTpede OBOT MCTPaKHBamba, a
y KOIU4YKMHK 071 6 Mac.% (padyHaTo Ha Macy JIPBHOT OpalllHa) y3 HCTOBPEMEHO J10-
nmaBame 0,05 mac.% (pauynaro Ha macy I1I1) opraHckor mepokcuga y TOKy dase
Meruama. KoMnosuTy Koju cajipxe Besyjyhn areHc mokasaiu cy 6oJba MEXaHHYKa
cBojcTBa y nopehemy ca Herperupannma. Hajeehe moGossmiame 3are3ne uBpcrohe
je mocrurayto kxox IMI1-JIb xommnosura MoxndukoBannx ca AMACA kymuryjyhum
AreHCOM.

KibyuHe peun: ApBHO IUIACTHYHH KOMIIO3HT, IMOJHUIPOIKJICH, APBHH IyHUIIALL,

Y-3pademe

1. INTRODUCTION

The ever-increasing shortage of high-quality wood with the resulting price increas-
es as well as the environmental protection issues both emphasize the importance and ben-
efits from waste wood utilization (Piporovi¢ ef al., 1997, 2002). The composite pro-
duction can be a very profitable utilization of this waste, with the recently noticed trend of
combining wood particles with thermoplastic matrices. In the automotive industry, mainly
in Europe, components previously made with glass fiber composites that do not require
high load-bearing capabilities are now being replaced with hemp, flax and other natural
fiber composites. Wood flour and rise husks are commonly used as reinforcing materials
for plastic composite decking boards and railing systems in North America (80% of the ap-
proximately $3.2 billion market). The market for WPC decking is growing rapidly. Market
share grew from 2% of the decking market in 1997 to 8% in 2000 (Smith, 2001), and it
is expected to more than double by 2005 (Mapleston, 2001).

Low density, renewability, recyclability, low energy consumption, biodegradabil-
ity, low abrasion to tools, low health risk when inhaled and low cost make this material
environmentally, economically and socially friendly (Wambua et al., 2003). Some draw-
backs of the natural fiber plastic composites are: poor compatibility with hydrophobic
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thermoplastic matrix, poor thermal stability above 220°C, hygroscopicity, low bulk den-
sity and poor dispersion with ordinary plastic matrix (Piporovi¢ et al., 2002).

However, in the wood particles polar and hydrophilic substances prevail, as op-
posed to the nonpolar and hydrophobic thermoplastic matrix as a polypropylene (PP).
Therefore one of the major issues to be tackled in production of such composites is the
issue of compatibility. Different modifications known to increase the compatibility of the
wood particles and the thermoplastic matrix include acetylation (Piporovi¢, 1990),
grafting (Kokta et al., 1986, Diporovi¢ ef al., 1996), plasma (Young et al., 1994)
and radiation (Czvikovsky ef al., 1982) treatments, etc. The methods of acetylation and
plasma treatment with appropriate adjustments to conditions of our research have been al-
ready investigated (Piporovi¢ ef al., 1996/a, 2002/a, Todorovi¢ et al., 1996), and it
was only logical to investigate the effect of the radiation treatment. Furthermore, also ap-
plicable as the reason for this research, is the need for increased competitiveness through
improved product quality.

In this research ionizing radiation was used for preliminary wood particles modi-
fication. Further, such particles were used for composite production. The effects of ion-
izing radiation upon the properties of wood particles were examined by IR spectroscopy,
and by determining content of acetyl groups. The compatibility of irradiated wood par-
ticles and polypropylene (PP) matrix was followed by changes of mechanical properties
of composites.

2. EXPERIMENTAL

Materials: The following materials were used for production of polypropylene -

wood composites:

« POLYPROPYLENE (PP) powder, MFR.3 g/10 min; density 0.905 g-cm=3; stress
at break 23 MPa; elongation 570%; elasticity modulus 1,180 MPa; IZOD impact
resistance (notched) 34,6 J-m™!. Produced by HIPOL, Odzaci.

+ ADDITIVES

— neutralizer, Ca stearate (HICI Chemical);

— initiator, organic peroxide TRIGONOX 7.5P (AKZO Chemie), 7.5% peroxyde
carrier on PP powder;

— antioxidants: IRGANOX RA1010, IRGANOX PS802, ULTRANOX 626 (CIBA);

* COUPLING AGENT

— Amidoacrylicacid(AMACA)-3-[6-(3-carboxy-acryloylamino)-hexylcarbamoyl]-
acrylic acid (bruto formula C ,H,N,O,, density 1,259 g-cm, melting tempera-
ture 158°C), synthesized for this use;

*+ WOOD FILLER, dried wood flour (WFI) of beech (Fagus moesiaca) fraction size
0.30 mm (passed through 40 mesh sieve and retained on 50 mesh sieve).

Radiation treatment. In this research, the WF1 was treated by the absorption dose
of 10 kGy of ®°Co gamma rays, for purpose of provoking the changes due to the ionizing

75



Milanka Diporovi¢

effect. The irradiation was performed at the Institute of Nuclear Sciences “Vinca” Gamma
Laboratory.

IR spectrography and Acetylation metdods were described in previous study (P1i-
porovi¢ etal., 1996/a).

Preparation of composites. In the first step, the dry mixtures of ingredients in the

following quantities were used:

— 60% PP powder stabilized with additives: 0.67% TRIGONOX 7.5P (corresponds
to 0.05% pure organic peroxide) + 0.05% Ca stearate + 0.15% IRGANOX
RA1010 + 0.25% IRGANOX PS802 + 0.15% ULTRANOX 626;

—40% wood flour (irradiated WFI-y or control WFI);

— 0% and 6% of coupling agent: AMACA calculated on the weight of wood flour.

Conditions of test specimens preparation. In the second step dry mixtures were
melt-mixed in intensive mixer ,,RHEOMIX 600” under following conditions:

e Temperature . . ... ... 210°C e« Time/rotation frequency .. 7 min/70 rpm.

Conditions of test specimen preparation. In the second step dry mixtures were
melt-mixed in intensive mixer ,,RHEOMIX 600 under following conditions:

* Temperature . . ... ... 210°C  Time/rotation frequency. .. 7 min/70 rpm.

The samples for mechanical tests were prepared by press molding under the fol-
lowing conditions:

Press molding process Cooling process
» Temperature ..........c.cc........... 230°C » Temperature . . . . decreasing up to 20°C
s Time ... o .heatmg up 4-5 min, Tme....................... 7 min
press molding 3-4 min
* Specific pressure . . ......... 3.1 MPa < Specific pressure . .......... 3.1 MPa.

Mechanical tests. Tensile properties were measured by INSTRON 4204 testing
equipment according to ASTM D 638 standard method, using speed of 50 mm-min-! for
testing tensile strength and elongation, and 5 mm-min-! for testing modulus of elasticity.
The elongation testing was carried by extension-meter. Notched IZOD impact resistance
was tested according to ASTM D 256 standard by ZWICK 5101 testing pendulum. Me-
chanical properties were presented as the statistical averages of 6-9 measurements. The
coefficients of variation were for tensile strength about 7.4%, for elongation about 49%,
for modulus of elasticity about 14.6% and for impact resistance (Izod - notched) about
4.9%. The high variation coefficient is the consequence of the material heterogeneity. The
number of measurement does not decrease this coefficient significantly.

3. RESULTS AND DISCUSSION

The IR spectra for irradiated and control WF were presented in the previous study
(Piporovié et al., 1996/a). It was found that the presented spectra had similar shapes
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within the entire scan and that there were no new peaks appearing or the old ones disap-
pearing, with the introduction of radiation treatment. However, it was found that a quan-
titative difference in the peak heights existed, indicating changes in quantitative ratio of
molecular groups. It was noted that the ratio of the relative heights of peaks ascribed to
hydroxyls and alcanes decreased due to radiation treatment.

The effect of irradiation is also evident in the results of applying acetylation both
to the irradiated and the control samples which were presented in the previous study
(Piporovic etal., 1996/a). It was noted that the acetyl yield was reduced (about 10.1%)
by the radiation treatment. Generally, wood flour irradiation to the sufficient absorbed dose
value results in chemical modification of the wood tissue (most probably due to changes
regarding the hydroxyl groups).

The results of mechanical properties of PP-WF composites produced with 40%
nonirradiated and irradiated wood flour and by AMACA agent addition of 0-6 wt.% are
presented in Figures 1-4. The AMACA agent addition of 6% wt. (based on wood filler) was
chosen as optimal amount in composites in earlier study (Piporovi¢ ef al., 2003)

From Fig. 1 it can be noticed that TS values of control composites (PP+WF) are
lower than TS values of the original PP matrix. It was expected because of the incompat-
ibility of wood flour with PP matrix, resulting in the absence of adhesion on the surface
filler/matrix. By ionizing pretreatment, the hygrophobicity of the wood flour increase.
At the same time its better compatibility produces a significant improvement of TS of
PP+WFy composites. Futhermore, it was noticed an obvious improvement of TS compos-
ites with 6% of AMACA addition as a coupling agent. It was achieved an improvement

|
] PP+WEy+6% AMACA
LD PPHWFH6% AMACA
| pP
[ [ [ [ |
0 5 10 15 20 25 30

Tensile strength [MPa]

3are3na uBpcroha [MPa]
Figure 1. The influence of y-rays and addition of AMACA as a coupling agent on tensile strength
(TS) of PP composites filled with 40% beech wood flour
Cuamka 1. Ytunaj y-3paka u nogarka AMACA kao Besyjyher areHca Ha 3ate3ny uBpcrohy ITI1 xom-
nos3ura ucnymennx ca 40% OyKkoBor IpBHOTr OpariHa
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of about 90%, of TS composite with noniradiated wood flour (PP+WF+6% AMACA) and
about 60% of composites with irradiated wood flour (PP+WFy+6% AMACA).These re-
sults prove that AMACA improved the adhesion between wood particles and polymer ma-
trix. The higher values of TS of both composites, comparing to PP show that the addition
of 6% AMACA agent resulted in reinforcement of the matrix, which was the aim of the
research. The combination of AMACA agent and irradiated wood flour produced less im-
provement of TS PP composites due to chemical modification of wood tissue affected by
y-rays. The recorded reducing of hydroxyl groups of carbohydrate component and lignin
cause lower reactivity of wood particles, which is necessary for achieving the adhesion in
presence of any coupling agents.

However, we have to note that the irradiated wood particles, in combination
with AMACA agent, significantly improve the elongation of composites (PP+WFy+6%
AMACA) (Fig. 2). This effect can be a consequence of both the achieved adhesion be-
tween filler and matrix and probably better surface wetting of wood particles which, due
to irradiation, became similar to matrix polymer and in that way affected better homog-
enization during hot mixing in presence of AMACA agent. The elongation of other PP
composites was similar.

The influence of y-rays and addition of AMACA agent on modulus of elasticity of
PP composites was not significant, which could be seen in Fig. 3. However, it was obvious
that all the composites had significantly higher values of E comparing to PP, which was the
aim of the research. The addition of 40% beech wood flour improved this property approx-
imately by 144%. Similar values of E of all PP composites show that the addition of wood

PP+WFy+6% AMACA
............................................................. PP+WF+6% AMACA
/LS LI AL/ 7 /77777 A PP+WFy
V7772272777777 777774 PP+WF
0 0,2 0,4 0,6 0,8 1,0
Elongation [%]
Enonrammja [%]

Figure 2. The influence of y-rays and addition of AMACA as a coupling agent on elongation (g) of
PP composites filled with 40% beech wood flour

Cuamka 2. Ytuuaj y-3paka u noxarka AMACA kao Besyjyher arenca na exonranujy (¢) II1 komrmo-
3uTa UchymeHux ca 40% OykoBor ApBHOT OpairHa
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Figure 3. The influence of y-rays and addition of AMACA as a coupling agent on modulus of elas-
ticity (E) of PP composites filled with 40% beech wood flour
Camxka 3. Ytunaj y-3paka u nonarka AMACA kao Besyjyher arenca Ha moayn enactuanocts [1IT
KOMTIO3UTa UCTymheHuX ca 40% OyKoBOT JPBHOT OpaliHa

filler is responsible for this property, which was proved in previous studies (Piporovié
etal., 1997, 2002).

The results of the impact resistance of PP composite illustrated in Fig. 4 show that
the addition of wood flour in amount of 40% in composite improves toughness of PP com-
posites. This effect can be a consequence of better impact resistance of wood particles as
filler. The modification of wood particles by y-rays has negative effects on this property.
Therefore, the values of impact resistance of PP composite with irradiated wood flour
were lower than those for composite with nonirradiated wood particles. We have to say
that this effect is more emphasized in PP composites with AMACA agent (PP+WFy+6%
AMACA). These results suggest that chemical modification of wood tissue by y-rays may
leave consequence on the structure and internal bonds of carbohydrate components and
lignin making the wood brittle and more breakable. The addition of AMACA agent could
not neutralize the negative effect of y-rays. Therefore, the composites with nonirradiated
wood flour (PP+WF+6% AMACA) and this agent showed the best impact resistance.

3. CONCLUSIONS

Based on the results of the mechanical properties of PP - WF composites, it can be
stated that:
1. Beech wood flour irradiated by a dose of 10 kGy of ®Co y-rays can be used
for production of polypropylene (PP) composites, having improved elongation
charasteristics;

79



Milanka Diporovi¢
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PP+WFy+6% AMACA
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Figure 4. The influence of y-rays and addition of AMACA as a coupling agent on impact resistance
(Izod-notched) of PP composites filled with 40% beech wood flour

Cumka 4. Ytunaj y-3paxa u nogatka AMACA kao Besyjyher arenca Ha otriopHocT Ha yaap 11T kom-
no3ura ucnymwenux ca 40% OykoBor JpBHOT OpaiHa

2. The irradiated wood particles of beech wood flour in amount of 40% in PP com-
posites have a positive effect on tensile strength of composite without coupling
agents added. This is probably due to chemical modification of wood tissue,
caused by ionizing effect during the pretreatment;

3. However, irradiation of the some wood flour could not improve tensile strength
of these composites having coupling agent;

4. Somehow, irradiated wood flour interfere full coupling effect of AMACA agent.
Thus, interaction of irradiated wood filler with AMACA coupling agent, need
further investigation.

Hanomena: VcrpaxuBama H3HETA y OBOM pany pHHAHCHPAIO je MUHHUCTAPCTBO 3@ HAYKY U TEXHO-
norujy y okBupy npojekra BTN-361005A.
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Munanka Bunoposuh
YTHUILAJ y-3PAKA HA HEKA CBOJCTBA TITOJTUITPOITUJIEH-AIPBHUX KOMITO3UTA

Pesume
Pesyararn MexaHMYKHX CBOjCTaBa KOMIIO3UTa Ha 0a3u APBHOI OpalliHa U MOJUIPOIHICHA
N0OMjEHH Y OBOM Pajly, ykasyjy 1a ce OyKoBo OpalIHo 03pauMBaHO rama spanuma usopa °°Co g1o3om
oz 10 kGy Moyke KOPHCTHUTH 3a TIPO3BOJIEGY MTOOOJBITIAHUX MTOTHITPONUICHCKHX KoMITo3uTa. O3padeHe
YeCcTHIe APBHOT OpamrHa y KoaundrHu o1 40% y KOMIIO3UTY MO3UTHBHO YTy Ha 3aTe€3HY UBpcTohy
HOJIUTIPOITMIICHCKUX KOMIIO3UTa 300T XeMHjcke Mou(UKaIije APBHOT TKUBA N3a3BaHe jOHN3yjyhnm
e(eKTOM TOKOM INPEATPEeTMAaHA 3paunBarba.
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Jonarak amuno-akpuwine kucennne (AMACA), kao Besyjyher areHca, y KOJWYMHH O]
6 Mac.% (padyHaTo Ha Macy JPBHOT ITyHUOIA) 3HAYAJHO OjavyaBa MOJUIPOIIIICHCKE KOMIIO3HUTE HC-
nymeHe ca 40% npBHOTr OpalllHa, 3aXBajbyjyhin MoOOJbIIaAKY aJXe3Uj¢ Ha KOHTAKTHOj MOBPIINHHI
IyHHJIal/MaTpuIa.

O3paynBameM, Kao IPeJTPETMAHOM, JIPBHOT OpalrHo rokasyje 6osbe eexre Ha CBOjCTBA
MOJHUITPOITMIICHCKUX KOMITO3UTa KaJia Ce KOPHCTH CaMOCTAJIHO, jep 03pavyeHe YecTUlle 300T CBOje
yMameHe XEMHjCKEe PEeaKTHBHOCTH OMeTajy HoTHmyHH aaxesuBHH edekar AMACA, kao areHca
criajama.
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