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Intreduction

Thermoplastics reinforced with natoral fibers have been shudied in the last two decades. Many of these
composites have been analyzed with different rypes of reinforcements. The reinforcement has been made nsing
fibers from pine wood, plaots such as cotton, rapeseed, sisal, flax among others. The fibers many mized with alefin
plastics such as polypropylens, polysthylene, palyvinyl, ameng others. The studies made with thermoplastic
composites have analyzed the type of shape and length of the fiber nsed to obtam better mechaniral properties than
the matrix. In a study by (Adhikary et al, 2008) for example used wood dust to study recycled high density
polyethylene (HDPE) with wood pine dust. Others works have used long and short fibers where the length of the
fiber is key in the mechanical response of tensile strength and ether mechanical properties. A work fom (Stark &
Berger, 1997) analyzed pine wood flour properties considering particle size using mesh standard. Thedr results
mdicate smaller particle size hawe higher tensile response. A study with fiber length Mijiyama et al. (2017) used
long fiber for pelypropylene and birch and aspen fibers to improve mechanical properties. Oliver-Crtega et al.
(20118) used rapeseed short fiber to reinforce polypropylsne to Improve mechamnical properties as material suitable
for construction material In other study by Belzacem et al. (Belgacem et al., 2021) they analyzed the mechanical
properties of Diate palm short fibers with pelypropylene.

Mechanical properties of composites have been predicted using several micromechanical models. Howewver, the
predicted valoes by the models have a vanable comelation with experimental data; in fact. some of the models have
a linear response which does not fit with the composite test data. Various stadies (Adhikary et al , 2008; Facca et al..
2007, Ealaprasad et al, 1997; Oliver-Ortega et al., 2018) have analyzed tensile properties based on experimental
testing and theoretical modeling using model from Feuss, Vought, Hirsch, Halpin-Tsai, Modified Bowyer and
Bader's model, ameong others, where predicied values of the composites

Regarding waorks of composites from waste, few have been reponted. Some works reported were fonsed oo pecan
and peamat shell (Essabdr et al., 2015). (Maldas et al_, 1991) These composites had different responses. In these
works, the composzites were coupled with different types of coupling agents based in the matrix type which most
were polyolefin and paly-lactic acid. As for pecan wood particle composite no work was found The lack of
mformation of mechanical properties of pecan wood plastic composites of remforced high-density polyethylene
(HD'PE) gave the opporfunity to work in a study to assess the mechanical properties of such material for potential
application in different uses in construction or rtomative. In this work, development and predicting mechaniral
properties of WPCs based in pecan wood and pine wood flour are stadied The objective of the research is to nse
micro mechanic model fo predict tensile properties of pme weod and pecan weod of the composite using HDPE and
compare the results with the reported data from pecan wood and pine wood experimentation. The analysis was based
m two fibers the pecan wood and pine wood with two mesh sizes 40 and §0. Weight ratios of 30 y 40%.
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Experimental Methods and Materials
In this section, 2 methodology is presented of the propesed approach to estimate the tensile soength of the
composites for predicting tensile response and evaluate data with tested values.

Fabrication runs

The production of samples was considering HDPE with two factors: pine wood and pecan wood, two
mesh sizes 40 and §0 and two weight contents 30% and 40%, Table 1 shows the nuns to fabricate samples. The
weight factor was selected were based in several works from (Mijivawa. Demagna, Bobmslaw, & Erchiqui, 2015),
(Stark & Berger, 1997), (Essabir et al 2013) among others. The particle size was selected based on the review of
particle size paper from (Stark & Berger, 1997) and (Cruz-3algado et al, 201 §)where is not clear if small or higger
particle has hipher tensile strengh response.

Fun Fiber Weight [ Size
1 B 40 60
2 B 40 40
3 w 40 60
4 w 40 40
5 B 30 40
§ B 30 60
7 w 30 60
[] w 30 40

Table 1 Table of production nins (w:- pine; P: pecan wood)

Ml flour process

The process preparation started with the milling process using a commercial mill from Meadows Mill Inc.
Model 250E-5780-12. Pecan wood was milled in the mill machine nsing 1/16 m screen as inidal step. The pine
wi0d flour was from commercial company the American wood Company using 40 and 60 mesh. Matrix was HDPE
from ExxonMaebil part mamber HD733, and coupling agent was Poly bond 3009. The flour from pecan wood was
processed using a commercial sieve machine from Tech-Lab model TLA008. The coupling agent value of 3.5% of
MAPE (Polybond 3009) was considered from several papers where the average value was selected among 2 to 5%
and this was the final value. Sieve screen of 40 and §0 mesh were used. The samples were produced in a fwo-step
process which used a rwin extmader to mix the polymer, coupling agent and the flour. Both flours were dried for 24
brs. at 80 °C prier to injection molding process.

Injection Molding
The extrusion machine was a 15cc twin co-rofating screws by Xplore model DSM 15 cc capadity. The
samples were molded in a single piston injection moldme unit The injection molding machine was a Xplore DSM 12
cc heating chamber, model Micro 12 cc DM figare 5.1 with the following parameters:
-5t up maold temperature according to material specification and from previous process data, it was at 45°C
- Molding temperature at 190°C
The data of materials is shown in table 2.

Property Pecan wood Pine wood HOEE
Tensile at visld 54.1 Mpa 57.9MFPa 245 MPa
Elastic Modohs 11.93 GPa 509Gk 0.75 GPa
Poiszon Ratio 038 038 045
Diensity(g'cm®) 067 044 0.98

Table I Materials mechanical properties

Mechanical restmg

All samples were stored in a zip plastic bag with proper identification of run pumber and material
combination. The mechanical testing of tensile and flexural strength was made using the universal tester Instron
machine model 3882 with Blo hill software for the data collection in CV'5 format. The machine was set up at
Imm/min speed head. Using the load data, fensile strength calrulation was based on the peneral equation:
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"

g== (1)

Where = tensile siess, F= F-m:euui_!; Area of the section

The area was estimated from measuring the aross section of the sample Type V (dog bone shape) in the testing cross
section area see figore 1.

A
Figure 1. SolidWarks model per ASTM 638-14 type V

The tensile testing was performed using ASTM DE632-14. According to the standards a reguire minimom of 5 samples
per mun is needed fo determine the tensile strength.

Pradicing mechanical properties
Predicting mechanical properties of compesites is an area of high mterest in the industry and developing
madels that can make good prediction are being shudied in the past decades. Micomechamical models wsed to

predict tensile sirength are several. However, in this study will use the followimg
WVoight (Series) which is the most considered to estimate values as is considered in layers.

o = af¥f 4 omim )
The paralle] senes (Feuss) is also used when fibers are acting along the stress dmection
o = —omr 3)
ol 4 i

A combination of these models is the Hirsch equation where uses a factor to adjust the equation.

e = xiomVm + ofVF) + (1 —x) {ﬁ{m 4
The value of % was estimated of 0.1 for random fibers.
Far the Halpin-Tsai equation is an adjusted model of paralle] model:
At f
g =om (S0 3
. . LAY
Where n is the n is: n = )
[EA

And A §s a factor from Einstein coefficient K with value of 12.2.
The following is the (Facca et al , 2007) equation which uses adjust factors for shape and length-
g = wWf1jd + 5 (1 - Vf) 7
The Einstein equation has only one factor of tensile soength from matmix, which is correct with the Vi volume
fraction.
ge = om(1 + VF¥) )

Where in all equations g. is the tensile suength of the composite, om tensile of the matrix, of tensile of fiber, VI
volume fracton of fiber, Vm volume fraction of matrix; the v interfacial shear stress of fiker, 1 length of fiber, and d
diameter parameters are for the Facca equation.

Eesnlis and Discussion
Samples were tested for tensile sength. Table 3 shows the dimensional data for each particle size. The
expermmental testing the tensile data of pine wood and pecan wood both have better tensile strength than matmx. The
results indicate a good bonding process berween fiber and HOPE since values are higher than matrix walues of 24 5
mega pascals (MPa).
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MESH WEIGHTS Diamater Le
40 30, 40%% 0.425mm 0. 5mm
o [1] 30, 40% 0.3 50mm 0.4mm
Table 3 Particle dimensional data

The use of a coupling agent has improved the interfacial adhesion of both materials. The response from test dafa
concurs with (Adhikary et al.. 2008; Mijiyawa et al , 2015; Stark & Berger, 1997) where fiber characteristics have
sigmificant effect on tensile response. The table 4 shows the results of the micromechanical analy sis to predict tensile
sirength for both fibers at 40 mesh size with two weight ratios, and the experimental test dafa The table shows the
effect of the fiber fype in the response. where the pine wood has the highest tensile valies compares to pecan wood.
These resulfs are similar m the apakysis by (Meaga et al., 2006) and others on different fiber had sipnificant different
mechanical properties.

Test Halpin-

Weight Ratio | 40 hiesh Voigt Eenm | Einstein Tsai Hirsch Facca
Pecan
1 24.50 2450 2450 M35 450 4.5 2450
03 32380 3550 3081 EFJE] 00 nn .3071
04 35.480 ETy 3338 H3T 3710 3548 30547
Fine
03 3450 3701 3123 3713 3625 1355 25071
04 36,62 40051 33904 R 363 346,61 3847

Tahle 4 Micromechanical and test values of tensile strength for 40 mesh.

The vahes of tensile strength for 50 mesh were also calculated using the micromechanical models mentioned abave.
The results for mesh §0 are in table 3, values of both fibers have better values than base values of HDPE. Each of
the micromechanical model te predicted values are under or overpredicting the response. This implies that there are
other facters that could be affecting the model for berter predict the tensile response.

Test
Weight Batio | 80 Mesk Voigt Fews: | Eimstein | HalpisTesi Hirxch Faccn
Pecam
1] 3% .50 45 M5 450 M5 450
a3 e 3550 30081 YR 3480 nm 250498
o4 375 B’mn 3% 3057 3T 358 252009
Pime
03 1466 R 31325 TR 36235 ETEE] 15M
04 4180 061 EER 3057 38463 346.61 21520

Table 5 Micromechanical and test vahies of tensile srength for §0 mesh.

Arcording to Stark and Berger (Stark & Berger, 1997). smaller particle size could have higher responss. In this
stady, the fest results of §0 mesh are higher vahaes than 40 mesh for pine wood, which conours with them . One
factor that could be affecting the response is the coupling agent since other work by Adhikary et al. (Adhikary ef al.
2008) with smmilar fiber {pine wood) and using HD'PE response values are lower than the reparted i this stody. Far
pecan wood results are mixed smce at 30% weight, 40 mesh has higher tensile srength.

Is observed that most micromechanical medels have valnes overpredicted at 60 mesh at 30% for both fibers
as s in figure 2. This is significant since micromechanical models most of them does not correct for shape and size.
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Figure 1. Tensils stress prediction for pecan and pine at 50 mesh.
Far the 40% weight most are underpredicting the tensile value for both fibers. In the analysis for 40 mesh the valaes,
the Hirsch model is the one that best fits the test data, as is observed in the figure 3. This is observed for both weight

ratios. An observation in the micromechanical medel of Facca et al. (Facca et al, 2007) used: is underpredicting the
tensile sirenpth response for both fibers in all the parameters of weight and mesh.

4D
A0
/"'l.

Tensile stoess | APa)

Pasan a 0.3 a4 Ping a 0.3 o4
e 3': hratio
s T S 808 PSS ' ] s [ L5, o 1 D s L | - T s i S o 00

Figure 3. Tensile stress prediction for pecan and pine at 40 mesh.

This values can be affected by the shape factar that is used The Model that is mentioned uses a cylindrical
shape for the fiber. Howewer, the response does not fit the tested values. This could be affected by the factor of
shape and length which are used to comect the tensile responss.

However, the results illustate that these micromechanical models mest do not fit experimental data. The model of
Facca et al with comection factor, all values are underpredicted.
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Final comments

Summary af rezuits

In this study was analyzed the response of two fibers in composites based in pine flour and pecan wood.
The stady anatyzed the effect of both particle size on predicting tensile response The Hiosch moedel has best fit only
for 40 mesh. The other maodel lack of Gt was observed with the tested data

Conclusions

The results show a lack of fit between test data and predicted vahaes. The factor of particle size i the
bonding mechanizm in weod plastic composites is necessary to be understood to improve the mechanical responss.
Additionally, it is paramount #o analyzed more in depth the particle size effect since results in this snady have mixed
response; smaller particle size had the hizher response for pine. but for pecan fiber is mizad. Most of the
micromechanical models hawve lack of fit in the response; this could be caused for no comection factor for particle
size.

Recommendaiions
Far those interested in composites with natural fibers will be recommended to investigate these factors:

particle factors of shape and length that may affect the predicting response of micromechanical models.
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