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Abstract: A method for recycling aluminium alloy chips by hot extrusion was studied as well as the possibility of using to 

recycle aluminium chips. As a result, according to an ANOVA analysis, preheat temperature is the most significant factor 

influencing the response variables investigated. Preheat temperature and the quadratic effect of factor preheat temperature 

provided a primary contribution to the responses investigated. Additionally, factor preheat time did not provide a 

significant contributing factor to the Ultimate Tensile Strenght. This developed the Response Surface Methodology (RSM) 

model for ER12, which can now be used for analysis and predicting the Ultimate Tensile Strenght for recycling aluminium 

chip using the hot extrusion process. The Miscellaneous Design and Response Surface Methodology enabled the 

determination of optimal operating conditions for obtaining hot extrusion production. The optimization of the analyzed 

responses demonstrated that the best results for hot extrusion process parameter. It reveals the empirical models developed 

were reasonably accurate, particularly for UTS at 550°C temperature and 3 hours preheating time. All the actual values for 

the confirmation run are within the 95% prediction interval. 
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1. INTRODUCTION 

 

The extrusion process capitalizes on the built-in 

advantages in aluminium and increases their use and 

applications. Repeating the experiment to achieve 

desired optimized extrusion process condition will be 

expensive and time-consuming. For improving 

recyclability of aluminium there are some areas should 

be focused for instance ram speed (Vr), preheat 

temperature (T) and preheat time (t) in the recycling of 

aluminium. Study for modelling of hot extrusion 

parameter process are not really established especially 

for optimization method. Extrusion ratio is another 

parameter that was considered which is influenced by 

using a higher or lower ratio for optimizing the extruded 

aluminium [1]. By using though the flat-face die, an ER 

of lower than 4 did not guarantee sufficient chip 

bonding. While at the higher extrusion ratio (ER > 10), 

the extruded profiles were found to gain superior strength 

and ductility [2]. It is also stated that at high extrusion 

ratio, excessive strain, high compressive pressure and high 

shear forces can be imposed on the extruded profiles. 

 

Moreover, a mathematical modeling technique 

was used to determine the optimum extrusion parameters 

with respect to various objectives and response criteria [3] 

Furthermore, it helps us to obtain the surface contour that 

provides a good way of visualizing the parameter 

interaction. RSM uses statistical models, and therefore 

practitioners need to be aware that even the best statistical 

model is an approximation to reality. The idea behind the 

RSM is building an approximate functional relationship 

between the input variables and the output objective [4] . 

Among the objectives of the RSM not only to investigate 

the response over the entire space, but also to detect areas 

of interest in which the reaction reached optimum or near 

the optimum value. 
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1.1 Aims and Objectives 

This study is to explore the effects of hot 

extrusion parameters and die performances (Extrusion 

ratio 12) in the solid-state recycling of aluminium 

AA6061 which specifically focused on the following 

objectives: 

i) To investigate the mechanical properties for both 

recycled and originally based of aluminium billet 

AA6061.  

ii) To develop a modeling and optimization on the 

effects of hot extrusion parameter over the mechanical 

properties responses by employing the Response 

surface methodology (RSM).  

 

 

1.2 Scope of Works 

 

The scope of this study is to investigate were: 

i) Ram Speed, Vr (1 mm/s constant), Preheat 

temperature, T (450°C, 500°C & 550°C) and 

the Preheat time, t (1, 2 & 3 hours). 

ii) Modelling and optimization of the extrusion 

quality characteristics through the use of 3 

Level Factorial Design (2 factors, 3 levels), 

Miscellaneous Response surface methodology 

(RSM) optimization method.  

 

 

2. METHODOLOGY 

 

2.1 Experimental Design with Miscellaneous 

RSM  

The experimental design of the research work consisted 

of two phases. During the first phase, experimentation is 

performed in the full factorial design whereby three 

main parameters (i.e. preheat time and preheat 

temperature) were being chosen whereas experiments 

incorporating miscellaneous RSM were conducted in 

the second phase. For the second phase, the 

experimental runs were designed based on the 

Miscellaneous RSM. The total number experiments for 

full factorial design is 9 (2 factors and 3 levels) whereby 

for RSM with three center point is 11 (Rahim S. N. et. 

al, 2017). Table 2.1 shows the experimental design with 

RSM. Linear and quadratic models are directly 

generated from the Design Expert software after 

ANOVA analysis. In the optimization process, a 

technique called Desirability Function (DF) was applied 

to generate the contour plot of the feasible region with 

respect to the responses and parameter constraints. 

 

 

 

 

 

 
Table 2.1 : Experimental design with Miscellaneous RSM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Modelling and Optimization by using RSM 

(ER12) 

 

A predictive model for mechanical properties and 

physical properties of extrusion for ER 12 have been 

developed and presented in this chapter. RSM was 

used to identify the factors that influenced the main 

responses such as Ultimate Tensile Strength (UTS), 

elongation to failure (%) and hardness (HV). 

Additionally, these relationships were quantified using 

empirical modelling. Table 2.2 shows the Design of 

Experiments matrix and results in the hot extrusion 

process. 

 
Table 2.2 : Experimental result of response surface 

methodology (RSM) 
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The corresponding data on the three response variables 

were evaluated and recorded as shown on the right hand 

column of Table 2.3. The 11 experiments were 

conducted in the average value of the ultimate tensile 

test (UTS), elongation (%) and hardness (HV). Analysis 

of variance (ANOVA) was performed for this purpose. 

The Model F-value of 19.75, which implies the model is 

significant. There is only a 0.26% chance that a "Model 

F-Value" this large could occur due to noise. Values of 

"Prob > F" less than 0.0500 indicates model terms are 

significant. In this case, A, B and A2 are significant 

model terms. Values greater than 0.1000 indicate the 

model terms are not significant. If there are many 

insignificant model terms (not counting those required 

to support hierarchy), the model reduction may improve 

that model. The "Lack of Fit F-value" of 0.27 implies 

that the Lack of Fit is not significantly relative to the 

pure error. There is an 84.58% chance that a "Lack of 

Fit F-value" this large could occur due to noise. Non-

significant lack of fit is good where it makes the model 

to fit. The values of R2 and adjusted R2 are over 90%. 

This means that regression model provides an excellent 

explanation of the relationship between the independent 

variables (factors) and the response (UTS). The 

associated p-value for the model is lower than 0.05 (i.e. 

α = 0.05, or 95% confidence) which indicates that the 

model is considered to be statistically significant 

(Montgomery et al., 2008). The lack-of-fit term is non-

significant as it is desired. Furthermore, factor A 

(temperature) and factor B (preheat time), and second 

order term of factor A (temperature) have a significant 

effect. These significant effects, in descending order, are 

factor A (temperature) and the quadratic effect of factor 

A (temperature). This situation demands that appropriate 

second order or quadratic terms should be included in 

the model with which the variability of the predictive 

equation could be better explained. The result proves 

that the preheat temperature enhances the UTS [2][6][7]. 

Other model terms are said to be non-significant.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 2.3 : ANOVA table for UTS (before modified second 

order) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The fit summary recommended that the quadratic 

model is statistically significant in the analysis of UTS. 

The results of the quadratic model for UTS in the form 

of ANOVA are given in Table 2.3. To fit the quadratic 

model for UTS appropriate, the non-significant terms 

are eliminated from the backward elimination process. 

The ANOVA table for the reduced quadratic model for 

UTS is shown in Table 2.4. The reduced model results 

indicate that the model is significant (R2 and adjusted 

R2 are 91.91% and 88.44%, respectively), while lack of 

fit is non-significant (p-value is less than 0.05). The 

predicted R2 is 78.66%. Figure 2.1 displays the normal 

probability plot of the residuals for UTS. Residuals fall 

in a straight line, which means that the errors are 

normally distributed. Furthermore, each observed value 

is compared with the predicted value calculated from the 

model in Figure 2.2. It can be seen that the regression 

model fits fairly well with the observed values [8]. After 

eliminating the non-significant terms, the final response 

equation for UTS is given as follows with the statistical 

significance of Eq. 2.1. 

 

(In actual factors)  

UTS = 2175.101 – 8.226T + 7.173t + 0.0083T2 …..(2.1) 
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Table 2.4 : ANOVA table for UTS (after modified of 

second order) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.1 : Normal probability plot residuals for UTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.2 : Plot of actual vs. Predicted the response of UTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 2.3 : Perturbation plot for UTS 

 

 

Figure 2.3 shows the perturbation plot for UTS. It shows 

the interaction of the relative effect of input parameters on 

the response with respect to the change in the initial 

experimental conditions. Perturbation plot reveals a 

scenario of the relative effect of input parameters on the 

response with respect to the change in initial experimental 

conditions [9]. Factor A (temperature) gives more 

influence to factor B (preheat time) resulting in better 

results for UTS. A similar trend is evident in the model. 

Figure 2.4 shows the effect of temperature and preheat 

time on UTS on 3D graphic.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2.4 : Effect of temperature and preheat time 

on UTS 
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Determination of optimal extrusion parameters by 

using optimization techniques is a continuous 

engineering task with the main aim to reduce 

production cost and achieve the desired product 

extrusion, the forming conditions play an important 

role in the efficient use of a machine tool. Since the 

cost of the extrusion process is sensitive to the 

quality [10]. In the forming process such as forward 

forming conditions maximum values have to be 

determined before a part is put into production. 

Preheating time has a minor influence on UTS while 

increase of extrusion temperature causes its 

increment. These results occur probably due to solid 

solution strengthening effect [11]. 

 

 

4. CONCLUSION 

 

The effect of the invention prior to the heating 

temperature and heating time using hot extrusion 

process in extrusion ratio of 12 are :-  

 

i. According to an ANOVA analysis, results showed that 

preheat temperature is the most significant factor 

influencing the response variables investigated.  

 

ii. Factor A (preheat temperature) and the quadratic 

effect of factor A (preheat temperature) provided a 

primary contribution to the responses investigated. 

When the temperature increased, ultimate tensile 

strength increased too.  

 

iii. This empirical model can be used for analysis and 

predicting the UTS for recycling aluminium chip using 

the hot extrusion process. 3D surface counter plots are 

useful in determining the optimum condition.  

 

iv. Response surface optimization showed that the 

optimal combination of extrusion parameters is (550°C, 

3 hours) for temperature and preheat time respectively.  

 

 

5. Limitation and recommendation 

 

From this study, a comprehensive knowledge 

about recycling aluminium alloy regarding the 

sustainability has been issued. Further research should 

focus on combination with other hot extrusion machine 

parameters to get better results (extrusion speed, 

extrusion ratio, type of die, porthole, and ECAP) and 

also combination of reinforcing agents (alumina, 

magnesium, aluminium pure). 
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