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Abstract The research was carried out to investigate the optimization of surface modification for
avocado wood flour (ACWF) and the characterization of the treated and untreated of avocado
wood flour-linear low density polyethylene composite (ACWF-LLDPE). The variation of treated
filler on the mechanical and water sorption properties was investigated. The untreated and treated
ACWEF-LLDPE composite was characterized using scanning electron microscopy (SEM) and Four-
ier transform infrared (FTIR). Central Composite design of response surface model (RSM) was
used to forecast the mechanical and water sorption properties of ACWF-LLDPE composite. The
properties of ACWF-LLDPE composite was statistically analysed and found to be significant.
The optimal treatment was particle size of 100 mesh and filler content of 22.97%. At optimum par-
ticle size and filler content, the mechanical properties were 24.972 MPa tensile strength (TS),
6.195% elongation (E), 0.863 GPa tensile modulus (TM), 62.664 MPa flexural strength (FS),
0.809 GPa flexural modulus (FM), 699.918 Pa Brinell hardness (BH), and 91.619 kJ/m? impact

strength (IM). The corresponding water sorption (WS) at this condition was 3.338%.
© 2019 The Authors. Published by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Abbreviations ACW, avocado wood; ACWF, avocado wood flour;
ACWEF-LLDPE, avocado wood flour-linear low density polyethylene
composite; BH, Brinell hardness; E, elongation; FM, flexural modulus;
FS, flexural strength; IM, impact strength; TM, tensile modulus; TS,
tensile strength; WS, water sorption
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1. Introduction

Thermoplastic—organic fillers composite has been the trendiest
research in the global market due to high demand on these
products [1]. With respect to this development, there is a need
to search for more organic fillers which can be used for the
production of organic filler-thermoplastic composite for local
and international marketing of these products. These fillers
when totally exploited would lead to significant growth of
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Nomenclature

List of symbols

o1 tensile strength

T tensile modulus

Jom maximum tensile force
A cross sectional area
ep elongation

AL change in length

L length of the sample
oy flexural strength

F applied load

d thickness

b width

Ly length of support span

m slope of the tangent to the initial line portion of
the load deflection curve

E (bend) flexural modulus

D diameter of the steel ball

d; depth of indentation

IS impact strength

E energy at break

M percentage of water absorbed

B, initial weight before soaking in water

B, final weight after soaking in water for time t.
BHN  Brinell hardness number

the GDP of Nigeria as a developing country and the world at
large. Natural filler such as avocado wood flour (ACWF) is
one of the filler that has the potential for manufacturing of
various thermoplastic products. ACWF is wood filler that is
present in avocado pear trees [2]. The trunk can be employed
as a timber for furniture, local heating purpose, erecting build-
ing and as filler in wood-polymer composites. In the prepara-
tion of ACWEF, there is the need for the chemical treatment of
the filler in order to reduce the impurities present in the ACWF
to achieve effective bonding between the filler and thermoplas-
tic matrix. The major impurities are lignin, hemicelluloses,
waxes material and other constituents [3]. Therefore, when
these impurities are removed in the ACWF for the production
of polymer-natural filler composites, the composites with
exceptional mechanical properties will be produced. The some
of the essential treatment process in which ACWF should
undergo before it is used in production of composites are:
acetylation, alkalization, silane process and use of coupling
agents [4]. Out of the treatment process, alkalization, acetyla-
tion and the use of coupling agent presents the best method for
treatment of ACWF. The target of combining the three treat-
ment process is: removal of contamination in the filler, plasti-
cization and improving the bond between the filler and the
polymer matrix, respectively. Alkalization involves soaking
of the filler in an alkaline solution. This leads to the upsetting
of hydrogen bonding in the filler to enhance the surface rough-
ness [5]. Acetylation is the process of the reaction of the filler
with acetic acid. It decreases the hygroscopic nature of filler
and increases the dimensional stability of composites [6-9].
Maleated coupling agent treatment is a process of reaction
between the hydroxyl groups of the filler and the active groups
of the polymer resin [10]. This results in improvement in the
properties of the polymer composites [11]. In recent time,
preparations of thermoplastic-natural filler composites do
not involve chemical treatment of the filler which was not
taken into account. Due to some abnormality in the properties
of the composites being produced, these led to chemical treat-
ment of organic fillers [12-15]. These include adequate water
sorption, inappropriate sticking of the filler and polymer resin,
low stress movement between the matrix and the filler, etc.
[16,17]. This set back call for chemical treatment of new filler
such as ACWF which the major reason it was considered in
this research work. It has been reported that avocado wood

tree (ACWF) is abundant in the eastern part of Nigeria. This
was use in the production of polymer—filler composite with
improved mechanical and water resistance properties [18,19].
Presently, there is no study on optimization and characteriza-
tion of avocado wood-linear density polyethylene (ACWEF-
LLDPE) composite using surface modification for car mirror
cover manufacturing. In this work, the gap of producing an
optimum products and properties was breached using opti-
mum materials so as to reduce cost of production and maxi-
mizing profit through chemical treatment.

2. Materials and methods
2.1. Material collection

2.1.1. Avocado wood flour (ACWF)

The avocado wood (ACW) was sourced from Trans Ekulu,
Enugu State Nigera. It was sun-dried for 14 days after the
extraction from its bark. The ACW was powdered and sieved
to 100 to 20 mesh size.

2.1.2. Linear low density polyethylene (LLDPE)

LLDPE was sourced from petrochemical manufacture com-
pany at Port-Harcourt, Rivers State Nigeria.

2.2. Treatment of ACWF

The ACWF was immersed in solution of 6 wt% of sodium
hydroxide for 16 h followed by 4% acetic acid for 1 h. The
ACWEF was rinsed with distilled water, filtered and sun-dried
for 10 h. The treated ACWF was mixed with 5 wt% maleated
polyethylene.

2.3. Composite preparations

The ACWF-LLDPE composite was molded at the Olikaeze
Plastic Factory, Onitsha, Anambra State Nigeria. The treated
and untreated ACWF was mixed with LLDPE by 5, 10, 15, 20,
and 25% wt. The ACWF-LLDPE was compounded using
injection moulding machine. The composites were cut accord-
ing to ASTM standards.
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2.4. Instrumental characterization for treated and untreated
ACWF-LLDPE composite

The Fourier transform infrared analysis of the samples was
carried out using Shimadzu Model 8400S FTIR spectrometer.
The surface morphology of samples was viewed via Model
PHENOM ProX scanning element microscope (SEM).

2.5. Determination of mechanical properties of composite
samples

2.5.1. Determination of tensile properties of composite samples

The tensile properties were conducted at the Civil Engineering
Workshop, University of Nigeria, Nsukka, Enugu State of
Nigeria using universal tensometer BSS1610 model no 8889.
The cross-head speed was between 10 and 100 cm/s. The sam-
ple was measured according to ASTM D638 of
3.2mm x 19 mm x 160 mm. The ultimate tensile strength
was evaluated using Eq. (1).

or=tn (1

where o is the tensile strength, f,, is the maximum tensile
force and A is the cross-sectional area of the material. The
elongation was calculated using Eq. (2).

ep = (AL)100/L (2)

where ep is the elongation, AL is the change in length and L is
the length of sample. The tensile modulus was calculated from
the slope of stress-strain graph.

2.5.2. Determination of flexural properties

The flexural properties was analysed using the same machine
for the tensile test. The dimensions of the flexural test samples
were taken according to ASTM D790 at 3.2 mm x 19 mm X
300 mm. The flexural strength was evaluated using Eq. (3)

_ 3FL,
- 2bd
where o is the flexural strength, F is the load (force) at the frac-
ture, d is the thickness, L is the length of the support span and

b is the width of the sample. The flexural modulus was evalu-
ated using Eq. (4).

3)

ar

LS3 m
4bd’

where E (bend) is the flexural modulus and m is the slope of
the initial straight-line portion of the load-deflection graph.

E(bend) = (4)

2.5.3. Determination of hardness properties composite sample

The test was performed according to ASTM EI103 at
32mm x 19 mm x 19 mm. The test was carried out with a
steel bulb of 10 mm diameter to record various indentations.
The Brinell hardness was calculated by applying using Eq. (5).

2F
BHN = (5)

D LD _ VD= d,-zJ

where BHN is Brinell hardness number (Pa), D is the diameter
of the steel ball (m), d is the depth of indentation (m) and F is
the load (N).

2.5.4. Determination of impact properties

Simple beam Charpy impact tester machine was used to per-
form the test at University of Nigeria, Nsukka, Mechanical
Engineering Department Workshop, Enugu State, Nigeria.
The test was conducted based on ASTM D610-02M with
dimension of 3.2 mm x 19 mm x 80 mm. The impact strength
was evaluated using Eq. (6).

E
IS =— 6
’ (6)
where IS is the impact strength, E is the energy at break and A

is the cross-sectional area of the specimen.

2.6. Water sorption test

The composite samples tested had the dimensions
32mm x 19 mm x 19 mm. The samples were conditioned at
50 °C for 30 min in an oven, cooled and weighed [20]. The
sample was soaked in water for 12 weeks at ambient tempera-
ture based on ASTM D96 — 06 and weighed again after the left
over water on the surface was detached. The water sorption
percentage was evaluated using Eq. (7).

BBy 100

M= 5 ] (7)

where M is the percentage of water absorbed, B, is the initial
weight and B, is the weight after soaking in water.

2.7. Experimental design and data analysis

Central composite design was used with particle size 100-20
mesh and filler content 5-25% as the main factor for the trea-
ted ACWF. This resulted to 13 trials for the different ACWF
content and size. Design expert software version 7.0 was used
for the statistical analysis, modeling and optimization. In addi-
tion, the effect of variation of treated ACWF on the composite
properties was evaluated.

3. Results and discussion

3.1. FTIR analysis of treated and untreated LLDPE/ACWF
composite

Figs. 1 and 2 show FTIR spectra for untreated and treated
LLDPE/ACWF composite. The distinct peaks of the specimen
were associated with the format in the FTIR chart [21]. In
Figs. | and 2, the region of 3972.36 to 3325.32 cm ™' is charac-
terised by the stretching of hydroxyl group of alcohol and phe-
nol in the celllulose. The hydroxyl group stretching of
carboxylic acid was observed at 3261.96cm™' and
2544.84cm™' in the filler. The peak of 2487.24 to
2140.64 cm ™! is characterised by phosphorus acid and ester
of the hydroxyl group stretching. The stretching of N-H and
hydroxyl groups of primary amide centred at 2062.92 to
2028.22 cm ™ '. The benzene ring aromatic compounds present
in lignin and hemicellulose was consigned to 1993.8 to
1719.24 cm™~!. The stretching C=H group of alkenes is the
properties of the region in 1636.48, 1630.92cm™' and
1626.12 cm ™! presents in the LLDPE. The aromatic nitro com-
pound of NO, asymmetric stretching is in the band of
1519.96 cm™', 1507.56cm™"' and 1504.2cm™'. The C=C
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Fig. 2 FTIR for treated LLDPE/ACWF composite.

skeletal vibration stretching of aromatic disubstituted benzene
is centred at 1468.68 cm ! and 1460.16 cm™!. The band ranges
at 1442.76 cm ™! is allocated to N=N stretching of Azo com-
pound. Aliphatic nitro compound of NO, symmetrical stretch-
ing is in the region of 1382.28cm™'. 1362.12cm™" and
1351.9 cm™!. The aliphatic C—O stretching of esters is related
to the region of 1259.4 to 1103.88 cm™'. The region of 1074.12
to 1005.91 cm ™! gave the presence of C—O stretching of alco-
hol and phenols. The C—H bending at peaks of 982.92 cm ™!,
648.1 cm™' and 621 cm™' is a characteristic of alkenes found
in LLDPE. The C—Cl stretching of alkyl halide is in the bands
of 562.88 cm™! to 405.06 cm ™. Fig. | indicates the presence of
aromatic compounds at 1460.16 cm ™" and 1360.82 cm™'. This
is an indication of lignin in the untreated composite. The car-
bonyl group near 1729.24 cm ™' showed the presence of hemi-
celluloses in the untreated filler. Figs. 1 and 2 show there is
change in the position of the peak from 1519.96 to
1351.18 cm ™' after chemical treatment of ACWF-LLDPE
composite. This is an evidence for reduction of lignin and dis-

appearance of carbonyl group as a result of chemical treatment
of ACWF.

3.2. SEM for treated and untreated ACWF-LLDPE composite

Fig. 3(a) and (b) represents SEM image for untreated and trea-
ted ACWF-LLDPE composite, respectively. Fig. 3(a) exposed
white spotted ACWF particles and voids on the surface of
SEM micrograph. Fig. 3(b) shows that the disappearance of
the spotted particle with treated ACWF. Better wettability of
fiber was observed in clearer image of SEM on Fig. 3(b) than
Fig. 3(a). This is a concrete indication of a significance adhe-
sion of ACWF and LLDPE due to chemical treatment.

Table 1 presents the design matrix of factors (particle size
and filler content) and the responses mechanical and water
absorption properties of LLDPE-ACWF treated composite.

Table 2 describes ANOVA analysis of the mechanical and
water absorption properties of LLDPE-ACWF treated com-
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Fig. 3 SEM for (a) untreated ACWF-LLDPE composite (b) treated ACWF-LLDPE composite.
Table 1 Design matrix and response for LLDPE-ACWF treated composite in coded unit.
Run Factors Mechanical and water absorption properties
Mesh % MPa % GPa MPa GPa Pa kJ/m? %
A, A, oT ep Tm o E(bend) BHN IS M
1 1 1 24.85 6.12 0.871 63.11 0.821 788 90.35 3.49
2 —1 1 23.13 5.72 0.837 51.96 0.77 720 66.79 3.94
3 1.267103 0 25.54 6.61 0.827 61.99 0.75 451 92.5 2.8
4 —1.2671 0 23.65 5.9 0.76 47.88 0.64 371.6 65.56 33
S 0 0 25.04 6.38 0.804 57.79 0.748 416 90.36 2.95
6 —1 -1 24.95 6.75 0.74 48.17 0.461 246 70.18 2.51
7 0 0 25.04 6.38 0.804 57.79 0.748 416 90.36 2.95
8 0 0 25.04 6.38 0.804 57.79 0.748 416 90.36 2.95
9 0 0 25.04 6.38 0.804 57.79 0.748 416 90.36 2.95
10 0 —1.2671 26.03 7.31 0.75 55.98 0.53 254 89.35 2.01
11 1 -1 26.3 7.21 0.783 60.52 0.627 278 93.43 2.13
12 0 1.267103 24.02 5.9 0.88 59.47 0.82 854.48 85.9 3.72
13 0 0 25.04 6.38 0.804 57.79 0.748 416 90.36 2.95

Where A is the Particle Size, A, is the Filler Content, ot is the Tensile Strength, ep is the Elongation, T,, is the Tensile Modulus, o is the
Flexural Strength, E(bend) is the Flexural Modulus, BHN is the Brinell Hardness, IS is the Impact Strength and M is the percentage of water

Sorption.

posites. It is shown that the properties (tensile strength, elon-
gation, tensile modulus, flexural strength, flexural modulus,
Brinell hardness, impact strength and water sorption, respec-
tively, have low p value. The R? of the predicted model values
of the properties were close to 100%. These envisaged that the
model values are consistent and significant [22,23]. From the
Table 2, the square of particle size (A?) found to be non-
significant on hardness and the filler content (A3) also non-
significant on ot and ¢y, and interactive term (A;A,) indicates
non-significant effect on ep, Ty, IS, and M, respectively. This
is as a result of p-value greater than 0.05. Egs. (8)-(15) indicate
the empirical models developed after eliminating the terms that
are not significant using central composite design of experi-
ment. The second degree models (tensile strength, elongation,
tensile modulus, flexural strength, flexural modulus, hardness,
impact strength and water absorption) in actual factors after
eliminating insignificant terms for LLDPE-ACWF composite
are:

or = 24.7566 + 0.0348654, — 0.0973354,
+2.3125 x 107 4,4, + 9.31587 x 107° 43 (8)

ep = 6.9444 1 0.0123024, — 0.0947664,
—4.69932 x 1047 + 1.42805 x 107° 43

T,, = 0.6983 + 1.04703 x 1074, +2.77553 x 10° 4,
—3.34489 x 107°4] +8.03922 x 107°4;

o = 42.12233 4 0.288884,; + 0.210194,
—7.5%x107%4,4, — 1.11814 x 1043

E(bend) = 0.25188 + 4.78354 x 10774, + 0.034,
— 71875 x 104, 4, — 2.05824 x 1042
—4.53886 x 10°*

BHN = 231.76209 + 0.348844, — 3.898184,
+0.02254, 4 + 0.8915143

IS = 54.15239 + 0.843574, + 0.49545A4,
—4.71543 x 1042 — 0.021914 42

(10)

(11)

(12)

(13)

(14)
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Table 2 ANOVA for the eight responses of LLDPE-ACWEF treated composite: o, ep, T, o, E(bend), BHN IS and M.
Source Sum of squares Df Mean square F Value p-value Prob > F Sum of squares Df Mean square F Value p-value Prob > F
o1 Ep
Model 9.212848 5 1.84257 2020.813 <0.0001 2.680981 5 0.536196 421.9177 <0.0001
A, 4.141436 1 4.141436 4542.063 <0.0001 0.429386 1 0.429386 337.8716 <0.0001
A, 4.692219 1 4692219 5146.127 <0.0001 2.11641 1 211641 1665.343 <0.0001
A A, 0.034225 1 0.034225 37.5358 0.0005 0.0009 1 0.0009 0.708185 0.4279
A2 0.344521 1 0.344521 377.8489 <0.0001 0.029147 1 0.029147 22.93462 0.002
A2 0.000447 1 0.000447 0.490713 0.5062 0.105139 1 0.105139 82.73072 <0.0001
Residual ~ 0.006383 7 0.000912 0.008896 7 0.001271
Lack of Fit 0.006383 3 0.002128 0.008896 3 0.002965
Cor Total 9.219231 12 2.689877 12

R? = 0.999308 Adj R* = 0.998813 Pred R? = 0.99502 R? = 0.996693 Adj R* = 0.99443 Pred R? = 0.975439
Tm Q/'
Model 0.021097 5 0.004219 189.7945 <0.0001 270.4967 5 54.09933 1490.263 <0.0001
A, 0.003635 1 0.003635 163.4969 <0.0001 237.4405 1 237.4405 6540.723 <0.0001
A, 0.016961 1 0.016961 762.9344 <0.0001 16.18162 1 16.18162 4457518 <0.0001
A A, 2.02E—05 1 2.02E-05 0.910887 0.3717 0.36 1 036 9.916845 0.0162
A2 0.000148 1 0.000148 6.642329 0.0366 16.50099 1 16.50099 454.5494 <0.0001
A2 0.000333 1 0.000333 14.98807 0.0061 0.013569 1 0.013569 0.373779 0.5603
Residual  0.000156 7 2.22E—05 0.254113 7 0.036302
Lack of Fit 0.000156 3 5.19E—05 0.254113 3 0.084704
Cor Total 0.021252 12 270.7508 12

R? = 0.992678 Adj R* = 0.987447 Pred R* = 0.945883 R? = 0.999061 Adj R? = 0.998391 Pred R? = 0.993028
E(bend) BHN
Model 0.142206 5 0.028441 454.9447 <0.0001 469086.8 5 93817.36 1947.95 <0.0001
A 0.017613 1 0.017613 281.7346 <0.0001 5580.78 1 5580.78 115.8749 <0.0001
A, 0.105074 1 0.105074 1680.768 <0.0001 422206.2 1 422206.2 8766.359 <0.0001
Al A, 0.003306 1 0.003306 52.88683 0.0002 324 1 324 6.727282 0.0358
A"2 0.005591 1 0.005591 89.43778 <0.0001 0.076696 1 0.076696 0.001592 0.9693
A2 0.010621 1 0.010621 169.8961 <0.0001 40975.73 1 40975.73 850.7879 <0.0001
Residual  0.000438 7 6.25E—05 337.1347 7 48.1621
Lack of Fit 0.000438 3 0.000146 337.1347 3 112.3782
Cor Total 0.142643 12 469423.9 12

R? = 0.996932 Adj. R? = 0.994741 Pred R? = 0.977206 R? = 0.999282 Adj R? = 0.998769 Pred R? = 0.99475
IS M
Model 1243.179 5 248.6358 332.6503 <0.0001 3.745968 5 0.749194 831.2105 <0.0001
A, 908.6291 1 908.6291 1215.657 <0.0001 0.29704 1 0.29704 329.5577 <0.0001
A, 16.29963 1 16.29963 21.8073 0.0023 3.407155 1 3.407155 3780.148 <0.0001
Al A, 0.024025 1 0.024025 0.032143 0.8628 0.001225 1 0.001225 1.359105 0.2819
A"2 293.4682 1 293.4682 392.6317 <0.0001 0.034985 1 0.034985 38.81535 0.0004
A2 24.75808 1 24.75808 33.12388 0.0007 0.005563 1 0.005563 6.172035 0.0419
Residual ~ 5.232072 7 0.747439 0.006309 7 0.000901
Lack of Fit 5.232072 3 1.744024 0.006309 3 0.002103
Cor Total 1248.411 12 3.752277 12

R? = 0.995909 Adj. R> = 0.992815 Pred R? = 0.969689

R? = 0.998319 Adj R? = 0.997117 Pred R> = 0.987974

A and A, represent Particle Size and Filler Content, respectively.

M =2.29104 — 0.010596A4, + 0.0812174,

+5.14854 x 107° 4% — 3.28486 x 10142 (15)

Fig. 4 (a—h) presents the predicted versus actual plots for
the mechanical and water absorption properties of the com-
posites. It was observed that the predicted and actual plots
of all the properties of the composite converged on the diago-
nal line. These confirmed that the actual properties of compos-
ite were in harmony with predicted values.

Fig. 5(a—h) shows the 3D surface plots of quadratic models
for the mechanical: (o, ep, Ty, of E(bend), BHN, IS) and
water sorption (M) properties of LLDPE-ACWF treated com-

posite varies with particle size and filler content. The optimum
properties of the composite which include tensile strength,
elongation, tensile modulus, flexural strength, flexural modu-
lus, Brinell hardness, impact strength and water absorption
was depicted at Fig. 4 (a—h). It was inferred that ultimate prop-
erties of the composite at mesh particle size of 100 and filler
content of 22.97 wt%.

Table 3 presents verification study of the model predicted
using optimum values for the properties of LLDPE-ACWF
composites. It was observed that the predicted value of the
whole properties at optimum conditions depicts good agree-
ment with experimental results. It was confirmed that from



Optimization and characterization of the properties of treated ACWF-LLDPE composites 897
Predicted vs. Actual Predicted ws. Actual
26.30 —| e TA40 —
25.50 —| - Ges | -
) e -
Sy i
o™ i
Fa.T0 — g G50 —p
~ _—
23.90 — —"BJV sS4 - ol B
- =
o -
23.%0 — - 5 B0 —f
T i T T T T T T T T
2313 23 52 2471 2551 2530 553 E.DE E.23 630 Tz
X: Actual P Suctuad
¥ Predicted w2 Predcted
(@) (®)
Predicted vs. Actual Predicted vs. Actual
0.88 — - e 5400
-~ = -
-
o8 ,l:l ',,"( s9.75 —| - _G’:) -
- — Ser
.80 ?-' ) 5550 — - - =
- ) —
077 — - i 5125 — el
073 — - 2700 — -
T T T T T
0.73 o7 0.31 082 0.55 .:.Tles 5.1!51 ssl:a 59124 53?1 1
X: Actual .
Y: P.regi‘é?ed v?isif.‘#?.'m
© (@
Predicted vs. Actual Predicted vs. Actual
0.83 - 7000 —| -
- e
= ’ e
o.va —| )-‘}E g izan.| P -
0.65 ! 55500 — -
e -
) -
055 | - as7.50 —| !,.f’“’
. -
oas | =7 2000 —| wl
o ~l!$ a I55 o :54 o '}'-1 a IBB ZIJI &2 399'.1] 554'44 709'.75 BBS‘_DT
X: Actual X: Actual
Y: Predicted Y: Predicted
(e ®
Predicted vs. Actual Predicted vs. Actual
.00 — <.00 —
-
g
8850 — 350 | - .
1 -
7200 | e 3.00 — - o
i -’
7150 —f e 2.50 — e
-'( - gl ~ -
s100 —| —"'-/ 200 — -
T T T T T T T T T
5413 T145 T8.78 86.10 9343 201 2.29 2.97 346 3.9a
X: Act : Actual

e ual
Y: Predicted

(®

Fig. 4  Predicted vs actual plots for the mechanical and water sorption properties of LLDPE-ACWF composite: (a) ot (b) ep (c) Ty, (d)

or (e) E(bend) (f) BHN (g) IS (h) M.



898

R.M. Government et al.

Table 3, the ultimate errors were very low but less than 1.5%.
This shows that response surface methodology was able to
forecast the experimental results very well.

More so, frequent shock load from external agents, bending
effect during moulding and water absorption capability as
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environmental factor during washing of automobile and rain
season, LLDPE/treated ACWF composite can be used in
automobile side-mirror application. The properties needed
for this application include tensile modulus, flexural proper-
ties, hardness, impact strength and water absorption. The
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Fig. 5 3D Surface plots for the mechanical and water sorption properties of LLDPE-ACWF treated composite: (a) o (b) ep (¢) Ty, (d)
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Table 3 Verification study of the model predicted using optimum values for mechanical and water absorption properties of LLDPE-

ACWEF composites.

Properties Particle size (mesh) Filler content (%) Predicted value Experimental value Error (%)
TS (MPa) 100 22.97 24.972 24.931 0.164445
E (%) 100 22.97 6.195234 6.145 0.817482
TM (GPa) 100 22.97 0.862804 0.857 0.677252
FS (MPa) 100 22.97 62.66374 62.395 0.430712
FM (GPa) 100 22.97 0.808934 0.799 1.243251
BH (Pa) 100 22.97 699.9178 692.288 1.102113
IM (kJ/m?) 100 22.97 91.61887 90.372 1.379709
WS (%) 100 22.97 3.338035 3.357 0.56493

increase in properties of LLDPE/ACWF by sodium hydroxide
treated ACWF commingled with 5 wt% maleated polyethylene
improved the durability, flexibility, elasticity, ability to resist
shock or sudden stress of LLDPE composite and hydrophilic-
ity. Thus, sodium hydroxide treated ACWF commingled with
5 wt% maleated polyethylene enhance the quality of LLDPE
composite in automobile side-mirror application.

4. Conclusion

It was shown that the optimization of properties of the ACWF
varied with particle size and filler content. The characterization
of the composite by FTIR and SEM analysis also described the
essence of optimization of the treated composite. The optimum
conditions of the factors were particle size of 100 mesh and fil-
ler content of 22.97%, while the properties of the composite at
these points were 24.972 MPa of tensile strength, 6.195% of
elongation, 0.863 GPa of tensile modulus, 62.664 MPa of flex-
ural strength, 0.809 GPa of flexural modulus, 699.918 Pa of
Brinell hardness, impact strength of 91.619 kJ/m? and
3.338% of water absorption. It is recommended that treatment
of ACWF should be employed as filler for the optimization of
LLDPE-composite in automobile side-mirror application.
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