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Natural fibres have been commonly utilized to reinforced materials for
many years. Recently due to advantages of natural fibres such as low cost,
high physical and mechanical resistance, plastic-composite materials are
produced by mixing various proportions. In addition, in plastic composites,
natural fibres including agricultural wastes (wheat straw, rice straw, hemp
fibre, shells of various dry fruits, etc.) are used. In this study, polymer
composites are manufactured using waste nutshell flour as filler and poly-
propylene (PP) as polymer matrix. The nutshell-PP composites are manu-
factured via extrusion and compression methods. The final products are
tested to determine their tensile, flexural, impact strength properties as
well as some physical features such as thickness swelling and water absorp-
tions. The best results are demonstrated by obtained composites containing
30% nutshell flour. In addition, composites, which are produced with nut-
shell, provide the values of ASTM D6662 standard. The data collected in
our country, which wastes a large portion of nutshell, allow for the evalua-
tion of the production of polymer composites. The incorporation of nutshell
flour feasible to produce plastic composites when appropriate formulations
are used. As a result, hazelnut shell, which is considered as agricultural
waste, can be utilized in polymer composite production.

HarypasnbHi BoJIOKHA 3BUYaiiHO BUKOPUCTOBYIOTHCSA JIsI ApMYBaHHSA MaTePisaiB
ysKe IpoTAroM 6ararhox pokiB. OcTaHHIM yacoM uepes mepeBaru HaTypPaJbHUX
BOJIOKOH, TAKMX SIK HM3bKAa BapTiCTh, BUCOKA (hidmuHa Ta MexXaHiuHa CTiHKicTh,
OJIePrKYIOTH IMJIaCTMAaCOBi KOMITOSUITiHI MaTepidAay MIJIAXOM 3MillTyBaHHA B Pi-
3HUX TpomopIiax. KpiMm Toro, y miacTMacoBuX KOMIIO3UTaX BUKOPUCTOBYIOTH-
cA HATypaJIbHi BOJIOKHA, IO BKJIIOYAIOTH CiIbCBKOTOCIIONAPChKi Bigxoau (mire-
HUYHA COJIOMAa, PUCOBA COJIOMA, BOJIOKHO 3 KOHOIIEJIb, IITKAPAJYITN PiBHUX CYXO0-
GpyKTiB TOIIO0.). ¥ IILOMY JOCJiMKEHH] MoJiMepHi KOMIIO3UTH BUTOTOBJIEHO 3
BUKOPUCTAHHAM BiIXOJAiB ropix0oBOT0 GOPOINTHA AK HAIIOBHIOBAYA Ta IOJiIPOIIi-
aeny (IIII) sk momimepHoOi MaTpuiti. KommosuTu ropixosoi mikapanynou B IIT1
OyJI BUTOTOBJIEHI METOAOM eKCTPy3ii Ta cruckauusd. Kinmesi mpoagykTu Tecty-
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BaJIUCS AJSA BUBHAUEHHS 1XHiX MIiIHICHMX, 3TMHAJIbHUX, VAAPHUX BJIACTHUBOC-
Teii, a TAaKOMXK HAeAKUX (PisMUHMX XapaKTepPUCTUK, TAKUX AK HaOPAKAHHA TOB-
ImyHY Ta BOupaHHa Bogu. Hallkpari pesyabTaTu IpoieMOHCTPYBAJIU OJeprKaHi
KOMIIO3UTH, 10 MictaATh 30% GoporrHa ropixosoi mkapaaynu. Kpim Toro,
KOMIIOBUTH, AKi OyJIX BHUTOTOBJIEHI 3 TOPiXOBOIO IITKApPAJIyIIOi0, 3abesleuyBa-
Ju 3HaueHHA 3a nmokasHukamu cranzapry ASTM D6662. Ilawi, 3i6pani B Ha-
mIiA Kpaimi, o BuUTpauae GiJIBINTY YAaCTMHY IOPiXOBOl HMIKapaJIydH, YMOMKJIM-
BJIIOIOTH OITIHUTH MOJKJIMBOCTI BUPOOHUIITBA IOJiMEePHUX KOMMIO3UTiIB. BKJIIO-
yeHHS OOPOIITHA TOPiXOBOI IIKAPAJyIN MOKJIWBE IIPKU BUPOOHUIITBI IJIACTH-
KOBUX KOMIIOBUTIB 3 BUKOPUCTAHHAM BiATIOBIIHMX TEXHOJIOTi#l roryBaHHA. Y
pesyabTaTi 060JI0HKA PYHAYKA, IO BBaXKalacs CiJIbChKOrOCHOAapCLKUM BiXo0-
IOM, MOKe OyTH BUKOPHCTAaHA Y BUPOOHUIITBI ITOJiMEePHUX KOMIIO3UTIB.

HarypanbHble BOJIOKHA OOBIYHO HCIIOJB3YIOTCS AJIS apMHPOBAHUSA MaTepua-
JIOB y)Ke B TeUeHHe MHOTHUX JieT. B mocienHee BpeMsl u3-3a IPEUMYIIIECTB
HaATYpPaJILHBIX BOJIOKOH, TAKMX KaK HU3KAas CTOMMOCTb, BHICOKas (hU3NUECKas
¥ MexXaHWUYecKas CTOHKOCTh, IIOJIyUalOT ILIACTMACCOBBIE KOMIIO3UIIMOHHEIE
MaTepuaJbl IIyTEM CMeIIWBAHWA B PA3JUYHBIX Mpomoprusx. Kpome Toro, B
ILJJACTMACCOBBIX KOMIIO3UTAaX MCHOJb3YIOTCA HATypaJbHBIE BOJOKHA, BKJIIO-
Yalolue CeJbCKOX03ANCTBEHHBIE OTXOMABI (IIIIEHWYHAs COJI0OMa, PUCOBas CO-
JioMa, BOJIOKHO M3 KOHOILIW, CKOPJIYIBI PA3JUYHBIX CyXO(DPyKTOB M T.1.). B
9TOM HCCJIEOBAHUY IIOJIMMEDHbIEe KOMIIO3UTHI M3TOTOBJIEHBI C MCIOJIb30BAHU-
€M OTXOJOB OPEeXOBOIl MYKM B KauyecTBe HAIOJHUTEIS U IOJUIPONUJIEeHA
(IITI) B KauecTBe MOJMMEPHOU MATPUIILI. KOMIIOBUTHI OPEXOBOM CKOPJYIIBI B
IIIT 6BLIM MBTOTOBJIEHLI METOAOM SKCTPY3UU U C:KATHA. KoHeUHbIe IPOAYKTHI
TECTUPOBAJINCH [JIs1 OIpPeAeeHUs WX IIPOYHOCTHBIX, WUSTUOHBIX, YAAPHBIX
CBOMCTB, a TaKKe HEKOTOPHIX (MUBUUYECKUX XaPaKTEePUCTUK, TAKUX Kak
HabyxaHue TOJIIUHLI U MOTJIOIIIeHue BoAbl. Hamiyuilive pesyJbTaThl IIPOJe-
MOHCTPUPOBAJIU IOJIyUeHHBIE KOMIIO3UTHI, cofepsxaiiue 30% MyKU OopexoBoit
cKopaynsl. KpoMe TOro, KOMIIO3UTHI, KOTOPbIe OBLIM H3TOTOBJIEHBI C OPEXO-
BOM CKOpJIyHoO#l, obeclieunBaayu 3HAUEHUs IO TOKasaredaMm craugapra ASTM
D6662. Mamnbie, cobpaHHBIe B HAaIlleil CTpaHe, KOTOpas TPATUT OOJIBIIYIO
YaCTh OPEXOBOM CKOPJIYIBI, MO3BOJISAIOT OI[EHUTH BO3MOYKHOCTH ITPOM3BOACTBA
MIOJIMMEPHBIX KOMIO3UTOB. BKJIIOUEHIE MYKUM OPEXOBOH CKOPJIYIBI BO3MOYKHO
TPU TPOM3BOJCTBE ILJIACTUKOBBIX KOMIIOSUTOB C WCIIOJH30BAHMEM COOTBET-
CTBYIOIIMX TEXHOJOTWIl NPUrOTOBIeHUs. B pesyibrare obosouka (GyHAyKAa,
KOTOpasi CUMTAJIACh CEJIHCKOXO3ANCTBEHHBIM OTXOJOM, MOJKET OBITH MCIIOJb-
30BaHa B MIPOU3BO/[CTBE IOJMMEPHBIX KOMIIOSUTOB.
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1. INTRODUCTION

Forest resources in both the world and our country have dropped due to
the increase in the population and consumption. For this reason, it has
become so important to use raw materials consciously, to recycle used
materials, and to find new resources of raw materials. It is obvious
that there is an inevitable imbalance between the demand for wood raw
material and the current supply. That is why, instead of wood fibre,
the use of agricultural and alternative fibres from other resources has
become essential. In our country after the agricultural harvest, the
remaining parts either mingle with the soil again or are destroyed by
burning. The demands for the evaluation of these wastes in different
forms are increasing day-by-day (Cooper and Balatinecz 1999; Rowel
2001; Mengeloglu and Alma 2002).

It is necessary to reduce the amount of waste for a cleaner and livea-
ble environment. This can only be achieved by reducing waste genera-
tion, increasing recycling and reuse, and rational use of natural re-
sources. In this context, the ‘3R’ rule is being tried to carry out in
many countries. The purpose here is to reduce the amount of raw mate-
rial used (Reduce) in order to produce less waste, to ensure that any
product is recycled (Reuse), and to recycle the material (Recycle)
(Karakush 2008; Hill 2010).

There are approximately 60 million agricultural wastes in our soil
and waste generated by 5-:10° m? forest industry (Mengeloglu et al.
2002; Kurt et al. 2002; Korucu and Mengeloglu 2007).

Composite production is the most common modification process on
polymer materials. Materials formed by combining two or more materi-
als often have properties, which are better than the materials they are
composed, and are described as composite (Simonsen 1995; Mengeloglu
et al. 2002). Composite sheets, which are formed by the mixing of wood
flour and lignocellulosic agricultural wastes (wheat stalks, string,
hemp, sugar cane, hazelnut shell, efc.) with thermoplastic based poly-
mers (PE, PP, PVC, PS, etc.), are called thermoplastic based composite
materials (Matuana and Heiden 2004; Karakush 2008).

In this study, polymer-composite production is done using pure pol-
ypropylene plastic and hazelnut shell flour, and the mechanical and
physical properties of the produced material have been investigated.

2. MATERIAL AND METHOD
2.1. Material
The hazelnut shell used as a filler material for polymer composite pro-

duction was obtained from Gazakh province and pure polypropylene in
the case of granules was used as polymer.
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2.2. Method
2.2.1. Lignocellulosic material production

The hazelnut shells were turned into flour with the help of Willey mill
after had been dried completely in the drying oven. In order to make the
size of the filler material effective on the performance of the manufac-
tured material, the flour materials were classified and divided info 40—
60—80—100 mesh groups with the help of a pound sieve. The lignocellu-
losic fill material used in this study was taken from the part of the graf-
fiti of 40 mesh size, which is suitable for industrial production.

2.2.2. The production of polymer composites

Three different ratios have been used in the production of polymer
composites and detailed information about them is given in Table 1.
The prepared hazelnut shell meal and the polymer matrix mixer
were homogenized by adhering to the production prescription given in
Table 1. After this process, the pellet with a temperature of 170°C to
190°C and a rate of 40 revs per minute was pulled from a single screw

TABLE 1. Production prescription.

Composite groups Shell percentage Polypropylene (PP), %
PP — 100
N1 30 70
N2 40 60
N3 50 50

Notes: PP—Polypropylene; N—Nutshell + Polypropylene.

Fig. Extruder machine.
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extruder Rondal and pelletized. The pellets were plated in a hot press
heated to 180°C. Rondal extruder machine is seen in Figure.

2.2.3. Mechanical tests

The mechanical properties of the produced polymer composites have
been carried out according to the American Standards (ASTM). Bend-
ing resistance and tensile strength tests were done using the
Zwick/Roell Z010 Universal tester. Bending resistance has been car-
ried out according to the ASTM D 790, and tensile strength for ASTM
D 638 standards. Impact resistance tests were conducted according to
ASTM D 256 standard with Zwick/Roell HIT 5,5 P machine.

2.2.4. Identification of physical properties

Water uptake rate and thickness increments are determined according
to ASTM D 1037 and EN 317 standards.

2.2.5. Statistical method

The data obtained were analysed using the SPSS packet program and
based on a 95% confidence level. Duncan test was applied to investi-
gate the effect of the obtained differences.

3. FINDINGS AND DISCUSSION

SPSS analysis was carried out after making the mechanical test values
of the plates formed by adhering to the manufacturing prescription.
Firstly, the homogeneity tests were performed, followed by (ANOVA)
with P < 0.05 confidence interval in order to investigate the effect of
hazelnut shell flour ratio on mechanical properties. After that, multi-
ple comparisons were performed to determine which sample averages
the differences between the groups were subjected to and the DUNCAN
test was applied for this purpose. The statistical analysis results and
the averages are given in Table 2. As a result of the mechanical tests
performed, it became clear that the resistance values fell as the ratio of
lignocellulosic material increased.

Mengeloglu and his colleagues made clear that the tensile, bending
and impact resistance values in a work using a wheat stalk had close
values when compared with the N1 sample tensile, bending and impact
resistance values. Table 3 and Table 4 indicate the mean values for the
long-term rates of water uptake and thickness increase of plates pro-
duced with lignocellulosic material and thermoplastic polymer. Meas-
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TABLE 2. Mechanical test values and applied ANOVA and DUNCAN test

results.

Composite Tensile gy ooty in| BeRdNg g ibility in| 1mPact
groups, |resistance, tensile. MPa resistance, bendine. MPa resistance,
% MPa ’ MPa g J/m
PP (0%) 23.87(1.14)A384.52(29.85)A32.22(3.01)A968.72(87.95)A 26.74(5.12)D

N1 (30%) 8.34(0.77)B 248.26(31.62)B 16.55(1.02)B 847.24(82.87)B 72.90(12.89)A
N2 (40%) 6.69(0.31)C 240.05(14.57)B 13.86(0.48)C 822.73(65.44)B 58.21(6.43)B
N3 (50%) 5.66(0.33)D 233.22(11.27)B 11.96(1.80)D 745.90(94.88)C 43.55(6.96)C

TABLE 3. Thickness increase percentages (% ).

Composite 2 hours 24 hours 48 hours 1 week 4 weeks
groups (%)
PP (0%) 0 0 0 0 0
N1 (30%) 0.92 1.50 1.57 2.11 3.10
N2 (40%) 0.89 4.31 2.55 3.87 5.66
N3 (50%) 1.51 4.74 5.92 9.03 11.12
TABLE 4. Water absorption percentages (%).
Comp0310te 2 hours 24 hours | 48 hours 1 week 4weeks
groups (%)
PP (0%) 0 0 0 0 0
N1 (30%) 0.43 1.37 1.66 3.77 6.74
N2 (40%) 0.62 1.93 2.37 6.12 10.60
N3 (50%) 0.56 1.90 2.57 5.86 12.83

urements were performed periodically for each plate type at times of
2.24 and 48 hours, 1 and 4 weeks. It was observed that the proportion
of thickness rise and water uptake increased with rising ratio of ligno-
cellulosic material in the composites produced.

4. RESULTS

In this study, polymer composite was produced by using hazelnut shell
meal and polypropylene, which is an agricultural waste. The physical
and mechanical test values of the produced composites were determined.
It was found that the shock resistance values of all composites using ha-
zelnut shell flour were higher than the shock resistance value of the lean
produced using pure polypropylene. It became clear that the rise in the
proportion of hazelnut shell flour used in different amounts reduced the
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mechanical values and increased the swelling and water uptake rates to
the thickness. It has been determined that the best result is obtained in
composites using 30% hazelnut flour. It was found that the composites
produced together with the bending resistance and elasticity modulus
values provided the values indicated in ASTM D 6662 (2001).
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