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USING DESIGN OF EXPERIMENTS TO DETERMINE
MECHANICAL PROPERTIES OF WOOD PLASTIC COMPOSITES
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Absraci— Compaosites are of paramounnt importance in several fields, becanse of mechanical properties compared to
their weight ratic are hizher than matriz. One of these composites are wood plastic composites (WFCs) which are being
developed for many applications, like construction, antomotive, forniture and others. The wse of WPCs with sustainable
resources is an awareness that i growing in the world, and have advantazes such as recyclable, low cost, smstainable, high
strength, and others. Some factors have effect on mechanical properties like particle size, coupling agent, and weight
ratio.

The aim of thiz study was to mvestigate mechanical response of WFCs based in pecan shell and pine wood nsimgz statistical
design to estimate mechanical properties of WPCs using Hizh density polyethylene and Polybond 2009. In the stndy, parts
were manufaciored wsing injection molding. The characterization was based on the ASTM DE38 and ASTA DT90-03
standard to estimate tensile and Flexnral siremzth. The resulis obtained indicate that each of the factors above have effect
on the mechanical properties.
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Introduction

Composite materials are of paramount importance 1n several fields, since their mechanical properties
compared to their weight ratio are higher than matrix phase. Composites are used in several applications. Thev are
based on a matrix and dispersed phases. One of these composites are wood plastic composites (WPCs) which are
being developed for several applications, for instance construction, automotive, frmiture and others. The use of
WPCs with sustainable resources 1s an awareness that is growing in the world (Ortegza et al, 2018). In Europe, the
government 15 Imposing requirements of the minimum 85% of recyeling the car weight content sinee 2013,
including plastics composites (Komomick: et al , 2017). Some of the advantages of WPCs are the composihon based
on thermoplasties as recyelable, low cost, sustainable, high strength, and others. Ortega et al, (2018} desenbed that
recyeling can add value to a composite and will make 1t 2 greener matenal. As mentoned above, the WPCs are
based on thermoplastes, and the fillers (dizpersed phase) such as wood flowr or fiber from different types of
sources, like ozk, jute, flax sisal, cotton, among others. Some factors that can mmprove mechanical propertes are the
fiber type, particle size, coupling agent, weight ratio, ameong others. WPCs have been studied by several authors, and
most of these works reports WPCs charactenzation, and predicting properfies by using mieromechanical models and
general expenmentation. Other studies use statistical design for optimization. However, few works have been done
to analyzed parameters mteraction m the mechanical properhes of the composites. In these studies, parts have been
manufactured usmmg different processes, for instance 1mjection molding, extiusion molding and compression
molding. The characternization has been made by using the ASTM D638 standard or ISO 327 to eshmate tensile
strength and Young's elastic modulus.

Thas study will provide an mn=sight of the effect of the factors mentioned above, including fiber type, particle zize and
welght on the mechanical properties of the WPCs based mm agh density polyvethylene (HDPE) applyvmg statistical
desizn. These factors need to be analvred more in depth to understand how each of them affect the response of
tensile and flexural strength.

The objective of the rezearch was to determune the effect of the pine wood and pecan shell in the tenszile
response of the composite nsmg lgh density polyethylene (HDPE). This report prevndes the data for, pecan shell
and pine wood that were analyzed. The expenmentation was based i a split plot design. The parameters used were
to respond two bypotheses. The design was based in two fibers the pecan shell and pine wood of three mesh sizes 60
and 80. Weight ratios of 30 v 40%.
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Experimental Aethod: and Materialz
In this section, a methodology 1= presented of the proposed approach in vanous steps, which mainly
describes the teshing of the two-hypothesis considered.
Hypothesis 1: Mechameal propertes of wood plastic composites can be mmproved by using pecan shell and pine
woond as filler.
Mull Hypothesis Ho: He=Hw=Hdpe
Alternative Ha: He=Hw=Hdpe
Where Hpe polyethylene, Hs Pecan shell and Hw wood flour

Hypothesis 2: Parhele size has siagmificant effect m the tensile properties of WPCs.
Ho: Hmb0=HmE0

Ha: Hm60FHmED

Where 60 and 80 are mesh sizes.

The first part of the experimentation consisted on the preparation of the experimental design to produce
samples that can be tested for tensile and flexural strength. The samples should be manufactured baszed on specific
standards that will provide reliable data from each test.

Staristical Dezign

The production of samples was based on a sphit plot design considering HDPE with two factors: wood and
pecan shell, two mesh sizes 60 and 80 and two weizht contents 30% and 40% , Table 1 shows the rans of the spht
plot design. The table was generated nsing Mimtab. The weight factor was selected were based m several works
from (Mijivawa, Demagna, Bohuslav, & Ercluqui, 2015, (Stark & Berger, 1997), (Eszabir et al. 2013} amon others.
The particle size was selected bazed on the review of particle size paper such as {Stark & Berger, 1997} and (Cruz-
Salzado & Dominguez-Dominguez, 2015} where bigger particle had high strengh response.

StdOrder | BunOrder | Blocks [Fiber | Content %o | MAPE% |HDPE [Fiber Size
3 1 1 w 40 3.5 56.5 30
3 2 1 E 30 3.5 66.5 a0
4 3 1 W 30 3.5 66.5 a0
1 4 1 w 30 3.5 66.5 40
7 5 1 5 40 35 56.3 &0
2 {3 1 w 40 3.5 56.5 40
& 7 1 s 40 3.5 56.5 a0
8 8 1 5 30 3.5 66.5 &0

Table 1 Table of expenmental design (w: pine; =: pecan shell)

Mill flour process

The process preparation started with the mulling process using a commereial mill from Meadows Mill Ine.
Model 250E-5780-12. Shell was milled in the mill machine using 1/16 in. screen as imitial step. The wood flour was
from commercial company the Amencan wood Company using 80 and 30 mesh. Matrx was HDPE from
Exxonbobil part pumber HDGT33, and Poly bond 3009. The flowr from pecan shell was processed using a
commercial sieve machine from Tech-Lab model TLAME rom The value of 3.5% of MAPE (Polvbond 300%) was
considered from several papers were the average value was selected among 2 to 5% and this was the final value.
S1eve screen of 20, 60 and 30 mesh were used. The samples were produced in a two-step process which used a twin
extuder to mrx the polymer, coupling agent and the flour. Both flowrs were drned for 24 hes. at 50 °C prior to
injection meolding process.

Injection Mealding
Thke extrusion machine was a 15cc twin co-rotating screws by Xplore model DEM 15 ce capacity. The
samples were molded in a single piston mnjection molding unit. The injection molding machme was a Xplore DSMM
12 ce heating chamber, model Micre 12 co IMM figure 5.2 with the following parameters:
-Set up mold temperature according to maternal specification and from previous process data, 1t was at 43°C
- Molding temperature at 190°C
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The data of matenals 15 shown 1n table 2.

Property Pecan shell Pine wood HDEE
Tensile at wisld 11 2nfrupiure) 57.90Pa 26.7 MPa
Elastic Modulus HA 33 GPa 0.75 GPa
Poizzon Fano HA 0.38 0.46
Density{z/cm?) 0.46 0.44 0.98

Table 2 Matenals mechanical properhes

Mechanical testing

All samples were stored 1n a zip plaste bag with proper identification of mun mumber and matenal
combination. The mechanical tesiing of tensile and flexural strength was made using the umiversal tester Instron
machine model 5382 with Blu hill software for the data collection in CV5 format. The machine was set up at
lomm 'min speed head Usmg the load data, tensile strength caleulation was bazed on the general equation:

a=3 @

Where o= tensile stress, F= Force and 4= Area of the section
The area was estimated from measunng the cross secton of the sample Type V (dog bone shape) in the testing cross
sechon area see figure 1.

A
Figure 1. SolidWorks model based on ASTM 638-14 type V

The tensile testing was performed using ASTM 633-14 and the flexural testing was performed using the ASTR
D790-030 determine. According to the standards a require minimum of ¥ zamples per run 15 needed to determine the
tensile and flexural strength.

Eesults and Disenszsion

All samples were tested for tensile and flexural strength. Table 3 shows the Apnova analysis results for
tensile and flexural strength where shows the P values of pine wood and pecan shell with 60 and 80 mesh at two
levels of % weight. Based in the results all factors are significant sinee P=2 05 The values of P are very small which
indicates a strong correlation i all factors. Also, the results mdicate that interaction of factors 15 sigmficant meaning
that fiber v=. weight and particle size has different tensile and flexural strength The samples row which are the fiber
tyvpe had a sipmificant effect on the response since pine wood data has higher values see fipure 3. As results the
interaction which P=-0.05 also denotes that particle size for both fibers have significant effect on both strengths.
Figure 2 chart shows the effect of the fiber type in the response, where the pine wood(w) have the luighest tensile
values compares to pecan shell (). These results are sumilar mn the analv=is by (Meagn, Gamstedt, & Berthold, 2006)
and others on different wood fiber had significant different mechameal properties.
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Source af | &5 dar M5 F Pwalue | F eorit

Variation

Sample 6312667 | 8 TEIOB34 | 3846743 | 4 08E-66 | 2042936

Columns 402.5262 | 1 4025262 | 1962295 | 247E-24 | 3946876

Interaction | 3104226 | 8 3E.80283 | 1891619 | 235E-16 | 2042986

Withm 184.6173 | 90 2.051303

Total T210.233 | 107

Table 3 Anova Analy=is of tensile and flexural strength.

However, the data of pecan Shell 15 not higher than HDPE values. This condition could be hnked to a low mnterface
strength between pecan shell and HDPE. Also, from (Maldas, Eokta, & Mizos, 1992) degradation may have
occured that caused poor bonding due the injection molding temperature. Mever the less on pine samples shows that
bonding mechanizm may be stronger in the composite which the results are reflected in the tensile and flexural
response.

TENSILE AMD FLEXURAL STRENGTH BOX PLOT

HIFE Wil wiiaEd wiiald w3030 5030 wE0d0 sBOel SR

Fwpan shell (=G gl newond] w}

Figure 2. Companson of strengths m response for pecan Shell(s) and Pine Wood{w)

From figure 3 the results of effect on both strength for the pine Wood are sigmificant since at 40% weight response 1=
hugher for both particle size. These results have disagresment with (Cmz-5algado & Dommguez-Dominguez, 2015}
and (Mijivawa et al. 2015) where they mdicates that at 30% weizth value the strenght 15 lngher.

In the other hand lagger particle size (meszh 607 shows a shghtly higher value for both responses (tensile and
flexural). This data 15 1 some extent in agreement with results by (Stark & Berger, 1997) where maximum tensile
was observe about .2 mm particle size.
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Figure 3. Effect of weight and particle size on pine wood

It 1= observed in figure 4 that fiber has a significant impact on both tensile and flexural strength values for the
pecan shell. Addihonally, the results of pecan Shell are m agresment to some extent with (Maldaz, Kokta, & Nizos,
1992 for 30% weight in the strength response for both tensile and flexural which 15 higher. Also, the particle size
effect has similar response as observed in the pme wood, bigger size has lugher response in the strengthiStark &
Berger, 1997). On table 4 the summary of both tensile and flexural strength and 15 observed that overall fiber type
has sigmficant effect on both responses of tensile and flexural strength. This imples that fiber has the lngher impact.
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Figure 4. Effect of weight and parhicle size on tensile and flexural strength on pecan shell

Strength HDPE Weaz0 We040 WE040 WEe030
Tensile(Mpa) | 2645 3569 37.60 3518 3459
Flexural{Mpa) | 32.32 4331 4539 4034 0T

HDFE e030 Se040 52040 SED30
Tensile(Mpa) | 2645 2337 2234 2206 23.63
Flexural(Mpa) | 32.32 26.64 2132 2255 2337
Table 4 Results of fiber and weight effect on tensile and flexwral strength. Pecan shell(s) . pine(w).

Final comments

Summary of results

In this study was analvzed the response of two fibers in composites based in pine pecan shell and pme flour
usmg statistical desizn. The study analyzed the effect of both particle size and fiber type. The stafiztical analvsis
provided an mmsaght of the effect of weight and particle size in weood plastic composites with good stafistical results.
The Anova analysis gave significant results of P values and are small compared to P=20.03. However, with was
observed that for pecan shell the respense was not sigmficantly better than HDPE base values. For the pine wood all
values are higher than HDPE base values.

Conclusions

The results show that understand the bondmg mecham=m m wood plastic composites 15 npecessary m order
to mmprove the mechanical response. Is necessary to analvzed more in depth the parhcle size effect since bigzer
parficle size had the hagher response for both fibers. These resulis have impact on previous research sinee this data
does not agree In some extent with some of that data. One factor that may be necessary to analyze 15 iecton
molding temperature since this factor may cause degradation on the fiber
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Recommendarions

For those interested in composites with natural fibers will be recommended to vveshgate two factors: the
particle size and for the mjection melding temperature for a pessible effect of degradation at the temperature that
was used in this mvestgation
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