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ABSTRACT

The influence of operating parameters on panel hardness was investigated in this study. The objective of
this work is to produce chicken feather fibre reinforced composite panels and develop statistical model
that predict the effect of various operating parameter on mechanical property of panel. This work is limited
to the utilization of chicken feather material locally produced in Nigeria for use in producing panels with
cement as binder, for low level stressing material. Response surface methodology (RSM) was used to
develop cubic model and investigate the effect changes in the level of feather mass, particle size, sand
and cement on hardness of panel using Box Behnken design.The contribution of square of significant to
the model developed feather mass, square of particle size, sand and cement, interaction between feather
mass and particle size and interaction between sand and cement (A%, B, C?, D?, AB, CD) are important. It
was observed that experimental data fitted better because of the Pred R-Squared of 0.9904 is in
reasonable agreement with Adj R-squared of 0.9712. The agreement between the predicted and actual
values describe the accuracy of the model developed and can be used to navigate within the design
space. The maximum value of hardness of 5.40 kN/mm?was achieved at feather mass, particle size, sand
and cement values 15 g, 1.50 mm, 180 g and 60 g, respectively.The indigenous chicken feather used
would make a good composite panel because of its high hardness value which is well compared with that
of the literature.
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1. INTRODUCTION

With increase processing and consumption of consumable materials, production of residues usually
labeled as waste products have considerably increased causing severe pollution. This is in respect of not
only non-degradable but also bio-degradable materials. Efforts at containing the adverse effects of
technology on human beings have been redoubled, especially in producing sustainable materials from
erstwhile waste products that are biodegradable and renewable (Hsie, Tu and Song, 2008). Chicken
Feather Fibre (CFF) has contributed to environmental pollution being presently of little demand for
utilization. Its two main disposal methods that are now in use are burning and burying. Both methods
have negative impacts on the environment (that is: emission of dangerous gases and low level bio-
degradation). Recent studies on chicken feathers waste demonstrated that the waste can be a potential
concrete reinforcement to produce composite. The composite reinforcement application of the CFF offers
effective solution to environmental challenges posed by chicken feathers than the traditional disposal
methods (Barone, Schmidt and Liebner, 2005; Bullions et al. 2006; Huda and Yang, 2008 and Reddy and
Yang, 2007).
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All of the chicken feathers produced yearly in the United States are useful which eventually raised the
market value (McGovern, 2000). The need to effectively contain the problems posed by the very large
production of chicken feathers which are of low bio-degradability has given rise to assorted uses such as
for automotive parts, packaging materials, filters, insulators, household products and soil control materials
(Chinta, Landage and Yadav, 2013).Composites panel produced from fibres are known to possess
desirable properties. These include; high strength, low density, high resistance to water absorption,
durability against chemical degradation, high electrical resistance, high thermal insulation, excellent
acoustic, non-abrasive behaviour, corrosion resistance and excellent hydrophobic properties when used
as composites reinforcements (Barone, Schmidt and Liebner, 2005).The properties, performances and
cost effectiveness of composites from fibres make composite to be particularly useful as constructional
materials (Ticoalu, Aravinthan and Cardona, 2010; Barone, Schmidt and Liebner, 2005; Bullions et al.
2006; Huda, and Yang, 2008 and Reddy and Yang, 2007).

The aim of this work was to develop structural and functional composite panel using locally produced
chicken feathers. This was with a view to determining panel’s hardness subject to different operating
parameter.

The following are the contribution of the study;
i. Set of processing parameters for the production of good quality panels from the blend of ground
chicken feathers, sand and cement for construction purpose have been established.
ii. Mathematical model was developed to show how the composition of each of the constituents
influences the properties of the end product and serve as predictive pattern.
iii. Processing method for chicken feathers to make it compatible with other constituents of the
composite panels was established.

2. MATERIALS AND METHOD

2.1 Sample Collection and Preparation

Indigenous chicken were purchased from local markets in Ibadan and Ogbomoso, Oyo State (Fig. 1).
These were slaughtered manually and de-feathered after soaking in hot water and their feathers were
used as test materials. Samples of different chicken feathers were collected due to hereditary factor. The
samples of chicken feathers were stored separately in sacks according to species and of the source of
the samples.

Chicken feathers (CF) collected from each of the chicken slaughtered were washed thoroughly using
detergent and ethanol to get rid of various foreign materials on the feathers because feathers are known
to harbour aerobic and anaerobic bacteria which if allow to grow on feathers, they use feather keratin
thereby degrading the feathers (Kornillowicz-Kowalska and Bohacz, 2011). It is therefore necessary to
clean chicken feathers to inhibit bacteria growth. Feathers were rewashed in water to remove the extra
soap and ethanol. The feathers were then spread on galvanized iron sheets and sun-dried for three days.
A simple and practical way to incorporate poultry feathers into composite panels is to bind them with
Portland cement as reported by (Hamoush and El-Hawary, 1994).

2.2 Sample Processing for the Production of Panels

Chicken feathers were subjected to size reduction using Disc Attrition Mill. Particle size selection was
carried out on the ground CF in order to obtain different degrees of fineness of the samples to be used in
panel fabrication. The three different levels of particle sizes selected for data analysis are lower, middle
and higher levels (that is 0.05 mm, 1.00 mm and 3.00 mm respectively) as shown in TABLE 1. The
ground feathers were sieved into different particle sizes of 0.05 mm, 1.50 mm and 3.00 mm as shown in
TABLE 2 based on levels generated by Box-Behnken Design of Response Surface Methods (RSM).
Sample of ground chicken feather and composite panel are shown in Fig. 2 and Fig. 3. Sharp sand was
used as fine aggregate in the panel.
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Figure 1: Pictorial view of indigenous Figure 2: Ground indigenous black chicken
black chicken feathers feathers

610 mm

Fig. 3: Pictorial View of the Composite Panel
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3. MODEL DEVELOPMENT
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Response surface methodology (RSM) is a collection of mathematical and statistical techniques that are
useful for modeling and analysis in applications where a response of interest is influenced by several
variables with limited number of experimental runs. It was observed from the study that feather mass,
particle size, sand and cement significantly affect the hardness of panel. After the identification of the
important parameters, the experimental range was tabulated in TABLE 1.A Box-Behnken statistical
design with four factors and three levels was employed to fit the cubic model and twenty-nine
experiments were required for this procedure. With the aid of Design-Expert software (Stat-Ease 2000),
the data obtained from the design of experiment, as shown in TABLE 2, were used for the analysis.

Table 1: Range of Independent Variables Used for Model Development

Levels
Independent variables Coded symbol -1 0 +1
Feather Mass (g) A 7.5 15 22.5
Particle Size (mm) B 0.05 1.5 3
Quantity of Sand (g) C 150 165 180
Quantity of Cement (g) D 60 84 108
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Table 2: Combination Sequence of the Four Factors

Run Factor A Factor B Factor C Factor D
1 0 0 0 0
2 0 0 -1 -1
3 0 0 0 0
4 -1 -1 0 0
5 0 0 0 0
6 0 -1 0 1
7 0 0 1 1
8 -1 0 1 0
9 -1 0 0 -1
10 1 1 0 0
11 0 0 1 -1
12 0 0 0 0
13 1 0 0 -1
14 0 -1 1 0
15 0 -1 0 -1
16 1 0 1 0
17 0 0 -1 1
18 0 0 0 0
19 -1 0 -1 0
20 -1 1 0 0
21 1 0 -1 0
22 0 1 1 0
23 -1 0 0 1
24 0 1 0 -1
25 0 -1 -1 0
26 1 0 0 1
27 0 1 0 1
28 0 1 -1 0
29 1 -1 0 0
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The graphical interpretation for each response with statistical significance was calculated using Design-
Expert software. The main and interactive relationship between the experimental variables and response
were evaluated by generating response surface and contour plots. The response of the experiment is
denoted in the form of Equation (1) as expressed by (Khuri and Mukhopadhyay, 2010).

=5 Ly Bix it Ly o Zj Bijxix +
LaBaxite . ()
where,
y = Predicted Response
(i=1,2,3...) = Input Predictors
= Constant Coefficient
= Coefficient of main term
= Coefficient of Interaction
= Coefficient of Quadratic Term
= Random Experimental Error

4. RESULT AND DISCUSSIONS

4.1 Development of Response Equation for the Hardness Test of Panels with Ground Chicken Feathers
as Input. Fig. 3 shows that at fixed weight of sand and cement of 165 g and 84 g, respectively with low
level of feather particle size of 0.05 mm hardness increased from 0.23 kN/mm? to 2.80 kN/mm?® as
weight of ground feather attained 22.50 g. High level of feather particle size of 3 mm caused hardness to
decrease to 0.23 kN/mm? from 2.80 kN/mm? as weight of ground feather increased from 7.50 g to 22.50
g. Fig.4 at low level weight of sand of 150 g and fixed weight of ground feather and cement of 15 g and
84 g, respectively caused hardness to increase from 2.67 kN/mm? to 2.90 kN/mm? as feather particle
size increased from 0.01 mm to 1.50 mm, further increase in feather particle size caused hardness to
decrease to a value of 2.80 kN/mm®. Similarlgl, high level weight of sand of 180 g led to increase in
hardness from 2.80 kN/mm? to 3.20 kN/mm® as feather particle size attained 1.50 mm but further
increase in feather particle size caused hardness to decrease to a value 2.77 kN/mm? as feather particle
size attained 3.00 mm.

Fig.5 at low and high level weight of cement value of 60 g and 108 g, respectively hardness increased to
a value of 3.30 kN/mm? from 3.10 kN/mm? as feather particle size increased from 0.01 mm to 1.50 mm.
Further increase in feather particle size to a value of 3.00 mm decreased the hardness to a value of 2.80
kN/mm? and 2.70 kN/mm? for low and high level weight of cement respectively. Fig. 6 at fixed weight of
ground feather of 15.00 g and feather particle size of 1.50 mm at low level cement weight of 60 g,
hardness increased from 2.70 kN/mm? from 5.40 kN/mm? as weight of sand increased from 150 g to 180
g. At high level weight of cement, hardness decreased from 5.30 kN/mm? to 2.70 kN/mm? at sand weight
of 180 g.
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Figure 4: Surface plot of interaction of panels with ground chicken feathers between particle size
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4.2 Interactions between Parameters Relating to Panel Constituents on Hardness of Ground
Chicken Feathers

The complete design matrix of 29 experimental runs, including the coded factors of variables together

with the results obtained for hardness were used in the determination of all constants in Equation (1).

The cubic model was selected by the software for the response which was the hardness of panels with

ground chicken feathers. This response equation is as in Equation 2:

Hardness = 2.72 + 2.50C — 2.50D — 6.2247 — 585B% 4+ 6.34C + 6.71D% — 1.20AB — 5.00BC —
2.50BD — 1.32CD + 2.50A%C + 7.50A’D — 5.00AC? + 5.00AD7 — 2.50B%C + 5.00BC?

The constants, were as obtained from the generic equation in Equation (1), where, A, B, C and D
represent the coded values for feather mass, particle size, sand and cement, respectively. Positive sign
in front of these four terms represents synergistic effect, while negative sign represents antagonistic
effect. The coefficients with one factor of feather mass, particle size, sand and cement represent the
effect of that particular factor for the hardness of panels.

4.3 Model Validation for Hardness of Panels with Ground Chicken Feathers

The coefficients with two factors and others with second order terms show the interaction between the
two factors and qzuadratic effect, respectively. The accuracy of the model developed can be understood
by the value of R", adjusted R? and standard deviation. The coefficient of regression R?, describes up to
what extent perfectly the model estimated experimental data points. Based on R?, it was observed that
the experimental data fitted better because of the “PredR-Squared” of 0.9904 is in reasonable
agreement with the "Adj R-Squared" of 0.9712. The accuracy of the predicted and actual values was
demonstrated in Table 3which shows the agreement between the predicted and actual using the model
response equation. Also, “Adeq Precision” of 36.931 indicates an adequate signal with standard
deviation of 9.0920 x10°, mean of 2.860x10°, and standard error of 6.2038x10°.

Table 3: Statistical Validation of the Model on Hardness of Panels Produced Using Ground
Indigenous Black Chicken Feathers

SIN Actual value (kN/mm?) Predicted value (kN/mm®)
1 5.40 4.96
2 5.30 5.10
3 5.30 5.28

4.4 ANOVA and Statistical Significance of the Model for Hardness of Panels with Ground Chicken
Feathers

The analysis of variance (ANOVA) shown in Table 4 justified the significance of the model on the

hardness of the panels. The Model F-value of 51.52 implies the model is significant. There is only

0.01% chance that a "Model F-Value" could occur. Values of Prob > F" less than 0.0500 indicate model

terms are significant. In this case A%, B?, C? D? AB, CD are significant model terms. Values greater

than 0.1000 indicate the model terms are not significant.
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Table 4: Statistical Analysis of the Model for Hardness of Panels with Ground Chicken Feathers

Source Sum of Squares DF Mean Square F-value Prob> F
Model 6.814E-006 16 4.259E-007 51.52 < 0.0001
C 8.333E-010 1 8.333E-010 0.10 0.7590

D 2.500E-009 1 2.500E-009 0.30 0.5974
A2 1.069E-006 1 1.069E-006 129.33 < 0.0001*
B2 9.441E-007 1 9.441E-007 114.22 < 0.0001*
c2 1.339E-006 1 1.339E-006 161.97 < 0.0001*
D2 1.502E-006 1 1.502E-006 181.71 < 0.0001*
AB 8.288E-007 1 8.288E-007 100.27 < 0.0001*
BC 1.000E-008 1 1.000E-008 1.21 0.3034
BD 2.500E-009 1 2.500E-009 0.30 0.5974
CD 2.341E-006 1 2.341E-006 283.20 < 0.0001*
A2C 6.250E-010 1 6.250E-010 0.076 0.7903
A2D 1.125E-008 1 1.125E-008 1.36 0.2770
AC2 1.000E-008 1 1.000E-008 1.21 0.3034
AD2 1.000E-008 1 1.000E-008 1.21 0.3034
B2C 6.250E-010 1 6.250E-010 0.076 0.7903
BC2 1.000E-008 1 1.000E-008 1.21 0.3034
Residual 6.612E-008 8 8.266E-009

* Significant at 95% confidence interval
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5. CONCLUSION

The modeling of effect of feather mass, particle size, sand and cement on hardness was successfully
done with minimum number of experimental runs using RSM. The behavior of each of the independent
variable was observed on dependent variables show that hardness can only be high at specified
conditions of independent variables. The Model F-value implies that the model is significant. The
contribution of square of all independent variable (i.e feather mass, particle size, sand and cement) and
interaction between feather mass and particle size sand and cement (A%, B®, C?, D? AB, CD) are
significant to the model developed. The agreement between the predicted and experimental values
describe the accuracy of the model developed and can be used to navigate within the design space.
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