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ABSTRACT: The objective of this paper is the optimization of mechanical characteristics of low-priced 

breadfruit peel (BRP) waste by impregnating low density polyethylene (LPDE) for production printer components 
using appropriate standard procedure. The BRP at particle size (A) and fiber content (B) without modification was 

combined with LDPE melted and molded by injection molding machine. The characteristics of the BRP-LDPE 

composite that were evaluated are tensile strength (TS), tensile modulus (TSM), flexural strength (FS), flexural 
modulus (FM), Brinell’s hardness (BH), impact strength (IM) and water absorption resistance (WAR). The data 

obtained for the factors, A, B and the responses; TS, TSM, FS, FSM, BH, IS, and WAR of BRP-LDPE composite, 

respectively were inserted into design of experiment software using central composite design (CCD) package of 
response surface methodology (RSM) models. The outcomes obtained at critical optimal situation noticeable to be; 

A, B, TS, TSM, FS, FSM, BH, IS, and WAR were 180 µm (80 mesh), 14.39 wt%, 6.036284 MPa, 0.315798 GPa, 

18.62651 MPa, 0.31388 GPa, 151.8932 Pa, 43.04614 KJ/m2 and 4.830519 %, respectively.   With deviation of errors 
between experimental and CCD models differs by 2.232%.  The R2>98.3, Ad.R2>96.9 and Pr.R2>98.3 with errors 

of the entire process to be below 10 %. This is a confirmed indication that RSM models are very good for prediction 

of the characteristics of BRP-LDPE composite for primer components. 
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The involvement of plant comprises of non-edible 

fiber in polymer-agro-dependent fiber composite has 

reduced the cost of material in both cars and other 

manufacturing ventures (Supri and Lim, 2009; Obasi, 

2012; Dungani et al., 2016; Obasi, 2015; Government, 

2019(a); Government et al., 2019(b-e); Government et 

al., 2018(a-b); Government et al., 2021(a-b): Joseph et 

al., 2002; Lou et al., 2007; Kord, 2011; Salmah, et al. 

2013; Okeke, et al, 2023; Government and Okeke, 

2023; Government and Okeke, 2024; Government and 

Ngabea, 2023(a-d)). Some of engineering 

manufacturing products derived from biomass-fiber-

polymer composite includes printers components, 

boats, refrigerator components, lap top computer parts, 

television parts, etc (Blezki and Gassan, 1999; Ochi, 

2008; Lee et al., 2009; Kannappan and Dhuri, 2012; 

Atuanya et al., 2014; Obasi, 2015; Government, 

2019(a); Government et al., 2019(b-e); Yakubu et al., 

2013). Therefore, most investors have taking this 

opportunity for cost effectiveness posses by biomass-

fiber (Bawon et al., 2019;  Yakubu et al., 2013; Orji 

and McDonald, 2020; Rajak et al., 2019; Sood and 

Dwivedi, 2018). This is generally due to the enormous 

merits they have (Government and Onukwuli, 2016a; 
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Government et al, 2016(b); Government, 2019(b-d); 

Dungani et al, 2016; Obasi, 2015; Government, 

2019(a); Government et al, 2018(a-b): Government et 

al., 2021(a-b)). This can be enumerated as:  

minimization of energy cost, light weight, easily 

accessibility, etc (Government and Onukwuli, 2016a; 

Government et al., 2016b; Government et al., 2018(a-

b); Thakore et al., 1999; Ahmed et al., 1996; Obasi, 

2012). 

Biomass as fiber acts as additive which aid to amplify 

the characteristics of biomass-fiber-polymer 

composite (Government et al., 2019 (b-e); Obasi, 

2015; André et al., 2018; Verma et al., 2019; Zakaria 

et al., 2018)).  Most probably, the properties are 

strength, flexural, modulus, impact strength, etc 

(Haristov and Vasileva, 2003; Nunes et al., 2002; 

André et al., 2018; Fortunati et al.., 2019; Obasi and 

Onuegbu, 2013; Reddy et al., 2013; Azeez et al., 2019; 

Azeez et al., 2013; Azeez et al., 2018; Government et 

al., 2019(b-d); Government et al., 2022; Homkhiew et 

al., 2014; Laadila et al., 2017). The biomass is also 

does not affect the injection molding machine in 

contrast to non-metal fiber such as, Cao, CaCo3, Mgo, 

etc (Nachtigall et al., 2007; Aimi et al., 2014; Rashid 

et al., 2016 Government et al., 2019(b-d); Homkhiew 

et al., 2014; Feldmann et al., 2016; Government et al., 

2022; Hakeem et al., 2015; Zhang et al., 2020). Most 

importantly, it also minimizes material cost (Supri and 

Lim, 2009; Obasi, 2012; Netra et al., 2012). 

 The polymeric material is the major components 

material in composite production. It serves as a binder 

which forms a strong bond holding the biomass and 

other components of the composite (Salmal et al., 

2013; Blezki and Gassan, 1999; Ochi, 2008; 

Kannappan and Dhuri, 2012).  The nature of polymer 

introduces in the production process depends on the 

specific qualities. High structural materials involve 

high density polymeric material, while low density 

application requires low density polymers (Laadila et 

al., 2017; Turku et al., 2018).. Also, the characteristics 

of biomass waste polymer composite is proportional to 

the nature of polymers, kind of biomass, age of the 

biomass waste, cellulosic’ components, particle size, 

fiber components, etc (Chanda, 2015; Najafi et al., 

2013; Turku et al., 2018; Government et al., 2021(a); 

Government et al., 2022) . Optimization of research 

work is pertinent to ensure efficiently use of raw 

materials during design of experimental work and cost 

implications are paramount (Chanda, 2015; Harun and 

Geok, 2016; Laadila et al., 2017; Najafi et al.., 2013; 

Turku et al., 2018; Government et al., 2021(a); 

Government et al., 2022). This enables researchers 

and industry to optimal obtains the cost of raw 

materials with right the process variables for 

production of a specific products. This process 

minimizes cost of raw, increase profitability and 

removal of non-significant variables out of the process 

system(Chanda, 2015; Harun and Geok, 2016; Laadila 

et al., 2017; Najafi et al., 2013; Turku et al., 2018; 

Government et al., 2021(a); Obasi, 2015; Government 

et al., 2022). The commonly utilize software is design 

expert to achieve this process (Myers et al., 2002; 

Myers, 2004; Montgomery, 2001; Government et al., 

2018(a); Government et al., 2019(b); Kandar and Akil, 

2016; Rostamiyan et al., 2014: Government et al., 

2022; Government and Ngabea, 2023(a-c)). 

Meanwhile, several authors utilize many biomass fiber 

in polymeric fiber composite for engineering output 

for industrial commercialization. These biomass fibers 

are enumerated: date palm (Atuanya et al., 2014; 

Government et al., 2021(a)), groundnut shell (Obasi, 

2015; Government et al., 2022), flame of forest pod 

(Government et al., 2019(c)), avocado wood flour 

(Government and Onukwuli, 2016a; Government et 

al, 2016(b); Government et al., 2019(b, d); 

Government et al., 2018(a-b)), mango seed shell 

(Government et al., 2019(e)),etc. Hence, the focus of 

this paper is the optimization of mechanical 

characteristics of low-priced breadfruit peel waste by 

impregnating low density polyethylene for production 

printer components. 

 

MATERIALS AND METHODS 
Collection of breadfruit peel and preparation: The 

BRP was source in a local market, New Market at 

Enugu statate metropolis. The BRP was subjected to 

sunlight exposure for 480 mins daily for 14 day 

interval. The BRF was ground to a particle of 150-850 

µm (100-20 mesh). 

 

BRP-LDPE composite production: The BRP with 

fiber content of 5-25 wt% was compounded with 

LDPE supplied by Exxon Mobil, Saudi Arabia 95-75 

wt%. The unified component of BRP and LDPE was 

injected in injection molding machine where the 

mixture was allowed to melt and blended properly to 

form the BRP-LDPE composite.. 

 

BRP-LDPE composite mechanical testing: The 

tensile, flexural and hardness test were evaluated using 

houisefield tensile machine BSS1610, model no. 8889, 

made in England. Based on ASTM standard the 

samples were sized, tensile test (ASTM D638) 

comprised tensile strength and modulus; flexural test 

(ASTM D790) involving flexural strength and 

modulus, hardness analysis; Brinell hardness analysis 

(ASTM E103) for the sample of BRF-LDPE 

composite (ASTM, 1990). The tensile strength, young 

modulus, flexural strength, flexural modus and 

Brinell’s hardness were determined Eq. (1-6), 

respectively. These equations were stated below: 
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The following formulae were used for estimation of 

tensile strength, tensile modulus, flexural modulus, 

Brinell hard- ness, as stated in Equations (1) to (6), 

respectively. 

𝝈𝑻 =
𝒇𝒎

𝑨𝟏

    (1) 

 

𝑬
𝑴 = 

∆𝝈
∆𝜺

      (2)
 

 

𝜎 =
3𝐹𝐿

2𝑏𝑑2
    (3) 

𝐸𝐵𝐷 =
𝐿3𝑚

4𝑊𝑏3
   (4) 

𝑚 =
∆𝐹

∆𝑒
   (5) 

𝐵𝐻 =
2𝑓

𝜋𝐷⌊𝐷 − √𝐷2 − 𝑑2⌋
   (6) 

 

The variables σT,, fm, A1, EM, ∆σ, ∆ε, σ, f, d, l, b, denotes 

ultimate strength,  force at tensile mode, crossectional 

area of the material, bending modulus, change in stress 

and strain, flexural strength, force at bending, sample 

width, length and thickness of sample, respectively. 

Also EBD, m, ∆F, ∆e, BH, D, d and f represent the 

bending modulus, slope of load deflection, change in 

flexural force, difference in extension, Brinell’s 

hardness, bulb diameter, indentation height and the 

force exerted at hardness test, respectively. 

 

Furthermore, impact analysis was estimated by simple 

Charpy impact tester model no. 17562 made by 

German company. The sample of BRP-LDPE 

composite was sized to ASTM standard (ASTM 

D610-02 M). The impact strength was calculated 

applying Eq. (7). 

 

𝐼𝑆 =
𝐸𝑏

𝐴1

    (7) 

 

The IS, Eb and A1 are the Charpy impact strength, 

energy gained during impact and the cross-sectional 

area of BRP-LDPE composite specimen, respectively. 

 

Water absorption Analysis: The specimen of BRP-

LDPE composite was tested for water absorption 

analysis based ASTM D 570. The sample was tested 

for this analysis implementing Eq. (8). 

 

𝑊𝐴𝑅% =
𝐷2−𝐷1

𝐷1

×
100

1
       (8) 

 

The water sorption percentage, initial weight and final 

weight after water sorption are W%, P1 and P2, 

respectively. 

 

The 𝑊𝐴𝑅%,  D1, D2 stands for the water absorption 

resistance, initial mass of sample, final mass after 

immersion in water. 

 

Design of experiment for the preparation of BRP-

LDPE composite: The software used for this study was 

Design Expert 7.0. The BRP particle size ranged  from 

(A)(100-20 mesh (150-850 µm)) and BRP content (B) 

(5-25 wt%) were potential variables slotted in the 

RSM of CCD applying face cubic centre design of 

experiment with factor ranged low, lower, middle, 

high, highest. and also for the output factors, TS, TSM, 

FS, FSM, BH,IS, and WAR, respectively. These 

variables for input facts (A and B) and output factors 

(responses (characteristics of the composite) were 

slotted in the software to obtain models and other 

parameters corresponding to the optimization process. 

 

RESULTS AND DISCUSSION 
From Table 1 which demonstrates design matrix of 

BRP-LDPE composite, the factors A and B of the 

BRP-LDPE composite combined to connect response 

(TS, TSM, FS, FSM, BH,IS, and WAR ) which was 

inputted on RSM model.  

 

The following models which described the both A and 

B co-related to each of the mechanical characteristics 

of the BRP-LDPE composite was generated through 

regression analysis by quadratic equation of RSM in 

the CCD. These models created by the characteristics 

of BRP-LDPE composite by varying A and B through 

RSM estimated experimental values of the composite 

material. These are models that were produced  from 

CCD of RSM to illustrate the TS, TSM, FS, FSM, 

BH,IS, and WAR of BRP-LDPE composite as 

represented in Eq. 9-15, respectively. 

 

𝑇𝑆 = +6.77120 + 0.040766𝐴 − 0.062312𝐵 − 2.79104𝑥10−4𝐴2 −2.47258𝑥10−3 𝐵2    (9) 

𝑇𝑆𝑀 = +0.19458 + 1.43985𝑥10−3𝐴 + 4.30453𝑥10−3𝐵 − 9.70271𝑥10−6𝐴2 − 4.62465𝑥10−5 𝐵2  (10)   

  𝐹𝑆 = +15.13490+0.059918𝐴+0.11698B − 4.57163𝑥10−4𝐴2 − 1.42878𝑥10−3𝐵2     (11) 

𝐹𝑀 =  + 0.027382 + 1.92681𝑥10−3𝐴+0.019055B − 1.3531𝑥10−5A2 − 4.1891𝑥10−4B2    (12)  

𝐵𝐻 = −22.66478+1.60518 A+8.38833B − 9.93657𝑥10−3𝐴2 − 0.15587 B2    (13) 

𝐼𝑆 =  +41.88854 + 0.098379 A − 0.027030B − 7.31639𝑥10−4𝐴2 − 3.88959x10−3B2    (14) 

𝑊𝐴𝑅 = +3.69027 − 0.010733A +  0.12511B +6.71536𝑥10−5𝐴2 − 2.10202𝑥10−3𝐵2    (15) 
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Table 1: Design matrix and response of.BRP-LDPE composite 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2(a-g) illustrates ANOVA for the TS, TSM, FS, 

FSM, BH, IS, and WAR of BRP-LDPE composite, 

respectively. As traceable from Table 2, the models of 

TS, TSM, FS, FSM, BH, IS, and WAR with their 

probability values (P- value) < 0.000 l of BRP-LDPE 

composite, respectively. The factors A and B for all 

the models were significantly < 0.0071. The multiple 

terms AB were entirely insignificant for all the 

characteristics of BRP-LDPE composite. This means 

that the insignificant term of AB had to be eliminated 

the models of BRP-LDPE composite properties. Also, 

A2 and B2 variables exposed highly great values of p-

values with its significance of TS, TSM, FS, FSM, 

BH, IS, and WAR < 0.02. Finally, R2, Ad. R2 and Pr. R2 

yielded brilliant significant results > 98.2%, >96.9 and 

> 86.7% for TS, TSM, FS, FSM, BH, IS, and WAR of 

BRP-LDPE composite, respectively.  With differences 

of R2, Ad. R2 and Pr. R2 < 10% for models of the 

mechanical-characteristic of the BRP-LDPE 

composite. Moreover, these show highly significant 

and correlation of the models to predict the 

experimental values of qualities of BRP-LDPE 

composite. The research outcome of this study was 

near equals to the previous scholarly works (Khuri et 

al., 1987; Government et al., 2019(c-d); Kandar and 

Akil, 2016; Peng et al., 2015;  Rostamiyan et al., 2014; 

Rostamiyan et al., 2015(a); Rostamiyan et al.., 

2015(b); Government et al., 2018(a-b)).  

 
Table 2a: ANOVA for the TS of BRP-LDPE composite. 

Source SS df MS F-Value p-value  Prob > F 

TS 15.87 5 3.17 91.34 < 0.0001 Significant 

A 0.49 1 0.49 14.13 0.0071  

B 14.03 1 14.03 403.87 < 0.0001  

A2 1.03 1 1.03 29.59 0.0010  

B2 0.32 1 0.32 9.07 0.0196  

R2 0.9849      

Ad R2  0.9741      

Pr R2  0.8881      

 

Table 2b: ANOVA for the TSM of BRP-LDPE composite 

Source SS df MS F Value p-valuev Prob > F  

TSM 0.008809 5 0.001762 156.6094 < 0.0001 Significant 

A 0.000999 1 0.000999 88.81821 < 0.0001  

B 0.006456 1 0.006456 573.8878 < 0.0001  

A2 0.001243 1 0.001243 110.4506 < 0.0001  

B2 0.00011 1 0.00011 9.801659 0.0166  

R2 0.99114      

Ad R2 0.984811      

Pr. R2 0.935283      

 
Table 2c: ANOVA for the FS of BRP-LDPE composite 

Source SS 

 

df MS 

 

F 

Value 

p-value 

Prob > F 

 

FS 6.494859 5 1.298972 159.4302 < 0.0001 Significant 

A 0.170101 1 0.170101 20.87742 0.0026  

B 3.456862 1 3.456862 424.2804 < 0.0001  

A2 2.758424 1 2.758424 338.5572 < 0.0001  

B2 0.105247 1 0.105247 12.91763 0.0088  

R2 0.991295      

Ad R2 0.985077      

Pr. R2 0.938125      

 Factors Responses 

 mesh % MPa GPa MPa GPa KJ/m2 Pa % 

Run A B TM TSM FS FM IS BH WAR 

1 1.000 -1.000 7.65 0.258 16.98 0.165 78 43.91 3.82 

2 0.000 1.000 4.75 0.333 19.19 0.315 163 41.61 5.07 

3 -1.000 -1.000 7.29 0.24 16.64 0.147 52 43.21 4.05 

4 -1.000 1.000 4.29 0.3 18.08 0.276 120 40.3 5.29 

5 0.000 0.000 6.67 0.301 18.43 0.289 132 43.8 4.65 

6 0.000 0.000 6.67 0.301 18.43 0.289 132 43.8 4.65 

7 1.000 0.000 6.49 0.297 17.58 0.285 137 42.8 4.67 
8 1.000 1.000 4.57 0.32 18.29 0.301 152 40.93 4.99 

9 0.000 0.000 6.67 0.301 18.43 0.289 132 43.8 4.65 

10 0.000 -1 7.89 0.259 17.42 0.14 51 45.29 3.59 

11 0.000 0.000 6.67 0.301 18.43 0.289 132 43.8 4.65 

12 0.000 0.000 6.67 0.301 18.43 0.289 132 43.8 4.65 

13 -1.000 0.000 5.51 0.26 17.14 0.235 76 41.59 5.01 
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Table 2d: ANOVA for the FM of BRP-LDPE composite 

Source SS 

 

df MS 

 

F 

Value 

p-value 

Prob > F 

 

FM 0.0459 5 0.00918 198.6311 < 0.0001 Significant 

A 0.001569 1 0.001569 33.94086 0.0006  

B 0.032855 1 0.032855 710.8946 < 0.0001  

A2 0.002416 1 0.002416 52.28583 0.0002  

B2 0.009048 1 0.009048 195.7692 < 0.0001  

R2 0.993001      

Ad R2 0.988002      

Pr. R2 0.949207      

 

Table 2e: ANOVA for the BH of BRP-LDPE composite 

Source SS 

 

df MS 

 

F 

Value 

p-value 

Prob > F 

 

BH 16281.4 5 3256.28 76.53367 < 0.0001 Significant 

A 2538.347 1 2538.347 59.6598 0.0001  

B 11178.33 1 11178.33 262.7287 < 0.0001  

A2 1303.14 1 1303.14 30.62822 0.0009  

B2 1252.588 1 1252.588 29.44008 0.0010  

R2 0.982036      

Ad R2 0.969205      

Pr. R2 0.866527      

 

Table 2f: ANOVA for the IM of BRP-LDPE composite 

Source 
 

SS 
 

df MS 
 

F 

Value 

p-value 

Prob > F 

 

IS 24.42653 5 4.885305 82.42175 < 0.0001 Significant 

A 1.136842 1 1.136842 19.18008 0.0032  

B 15.44349 1 15.44349 260.5526 < 0.0001  

A2 7.06499 1 7.06499 119.196 < 0.0001  

B2 0.779984 1 0.779984 13.15938 0.0084  

R2 0.983298      

Ad R2 0.971368      

Pr. R2 0.881012      

 

Table 2g: ANOVA for the WAR of BRP-LDPE composite 

Source SS 
 

df MS 
 

F 

Value 

p-value 

Prob > F 

 

WAR 2.96318 5 0.592636 1935.377 < 0.0001 Significant 

A 0.12802 1 0.12802 418.0763 < 0.0001  

B 2.546616 1 2.546616 8316.507 < 0.0001  

A2 0.059519 1 0.059519 194.3726 < 0.0001  

B2 0.227799 1 0.227799 743.9262 < 0.0001  

R2 0.999277      

Ad R2 0.998761      

Pr. R2 0.994803      

 

The trend has been reported previously (Soury et al., 

2009; Hadi, 2011; Patpen et al., 2015; Government, 

2021(a); Government et al., 2022; Homkhiew et al., 

2014; Government, 2019(a); Government et al., 

2019(b-e); Peng et al., 2015; Rostamiyan, et al. 

2015(b); Government and Okeke, 2023: Government 

and Ngabea, 2023(a-c)).. 

 

Figure 1(a-g) demonstrates 3-D graph for factors A 

and B  forming quadratics model on the TS, TSM, FS, 

FSM, BH, IS, and WAR of BRP-LDPE composite, 

respectively. During the variation of the factors A and 

B in the LDPE polymeric matrix, the composition of 

the LDPE and BRP changes. This is leads to 

composition of contents and particle size of BRP to 

varies. This escalates making A and B which generates 

more interactions for the characteristic of BRP-LDPE 

composite. After sometime, as A and B continue to 

make reasonable impact on the interactions of TS, 

TSM, FS, FSM, BH, IS, and WAR of BRP-LDPE 

composite, respectively. There are focal points where 

the interactions between A and B matched on the 

composition of BRP and LDPE content led to the 

BRP-LDPE composite attaining the desire apex. At 

this apex, A and B had specific values leading to the 

mechanical-characteristics of BRP-LDPE composite 

achieved its corresponding values at that point. This is 

the ultimate condition of the composite for ideal 

predictions  with RSM model of A, B which 

maintained and yielded corresponding values of TS, 

TSM, FS, FSM, BH, IS, and WAR of BRP-LDPE 

composite, respectively. 
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Fig 1a: 3D Surface plots for the BRP-LDPE unmodified 

composite of TS as dependent on Particle size (A) and Filler 

content (B) 
 

 
Fig 1b: 3D Surface plots for the BRP-LDPE unmodified 

composite of TSM as dependent on Particle size (A) and Filler 

content (B) 

 
Fig 1c: 3D Surface plots for the BRP-LDPE unmodified composite 

of FS as dependent on Particle size (A) and Filler content (B) 

 
Fig 1d: 3D Surface plots for the BRP-LDPE unmodified 

composite of FM as dependent on Particle size (A) and Filler 

content (B) 
 

 
Fig 1e: 3D Surface plots for the BRP-LDPE unmodified composite 

of BH as dependent on Particle size (A) and Filler content (B) 

 
Fig 1f: 3D Surface plots for the BRP-LDPE unmodified composite 

of IM as dependent on Particle size (A) and Filler content (B) 
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Fig 1g: 3D Surface plots for the BRP-LDPE unmodified 

composite of WAR as dependent on Particle size (A) and Filler 

content (B) 

 

From Figure 1 at optimal situation, the A and B were 

80 mesh (180 µm) and 19.39 wt % which 

corresponded to TS, TSM, FS, FSM, BH, IS, and WAR 

of BRP-LDPE composite, respectively at this state. 

Similar height was recorded by past results 

(Government et al., 2022; Brent et al., 2014; 

Homkhiew et al., 2014; Government, et al. 2019(b-d); 

Nwanenyi et al.,2013; Government and Okeke, 2023: 

Government and Ngabea, 2023(a-c))  

 

Table 3 presents results of experimental data and that 

of the predicted value using CCD of RSM at ultimate 

condition. As can be seen in Table 3, when A and B 

were 80 mesh (180 µm) and 19.39 wt% at optimal 

moment; the experimental data were 5.943266 MPa, 

0.312324 GPa, 18.53303 MPa, 0.30684 GPa, 

147.1384 Pa, 42.79402 KJ/m2 and 4.842398 % for TS, 

TSM, FS, FSM, B, IS, and WAR of BRP-LDPE 

composite, respectively. For RSM predicted value at 

this state, the TS, TSM, FS, FSM, BH, IS, and WAR of 

BRP-LDPE composite were 6.036284 MPa, 0.315798 

GPa, 18.62651 MPa, 0.31388 GPa, 151.8932 Pa, 

43.04614 KJ/m2 and 4.830519 %, respectively. 

Furthermore, the relative error between the predicted 

RSM values and the one derived from the experiment 

of the entire process were <3.232%. This is an 

indication that the RSM model was highly 

commendable for predication of characteristics of 

BRP-LDPE composite for the printer parts production.  

Similar process is displayed by later 

scholars(Government et al., 2022; Homkhiew et al., 

2014; Government, et al. 2019 (b-d); (Yang, et al. 

2004; Rahman et al.2010; Government et al., 2022; 

Homkhiew et al., 2014; Government et al.,2019 (a-

e)).: Government and Ngabea, 2023(a-c)). 

 
Table 3: Variance of experimental and RSM of characteristics of BRP-LDPE composite at optimal state 

Characteristic  (mesh) A  (µm) A  (%) B Pr. V. Exp. V. Error (%) 
TS (MPa) 80 180 19.39 6.036284 5.943266 1.565101 

TSM (GPa) 80 180 19.39 0.315798 0.312324 1.112092 

FS (MPa) 80 180 19.39 18.62651 18.53303 0.504367 
FM (GPa) 80 180 19.39 0.31388 0.30684 2.294368 

BH (Pa) 80 180 19.39 151.8932 147.1384 3.231523 

IS (KJ/m2) 80 180 19.39 43.04614 42.79402 0.589143 
WAR (%) 80 180 19.39 4.830519 4.842398 0.24531 

 

Conclusion: This work studied on optimization of 

unmodified BRP waste by impregnation of LDPE 

matrix for engineering parts had been carried out. The 

parameter A, B had significant role in determining 

characteristics of BRP-LDPE composite. The CCD of 

RSM was able to give good prediction of TS, TSM, 

FS, FSM, BH, IS, and WAR of BRP-LDPE composite. 

Also, the relative deviational errors between the 

experimental data and the models generated by RSM 

were minimal. A better correlation exists between the 

factors A, B and the mechanical characteristics of the 

BRP-LDPE composite. From this reasonable outcome 

of this work, the RSM give an insight for immense 

predictor for characteristics of BRP-LDPE composite 

making it to be utilized as novel engineering material 

for printer parts production. 

 

Abbreviation 

A = Particle size 

B = Filler content 

BRP = breadfruit peel 

LPDE = low density polyethylene 

TS = tensile strength 

TSM = tensile modulus 

FS = flexural strength 

FM = flexural modulus 

BH = Brinell’s hardness 

IS = impact strength 

WAR = water absorption resistance 

CCD = central composite design 

RSM = response surface methodology  
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